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AUTHOR’S DISCLAIMER
The contents of this report reflect the views of the authors who are responsible for the facts

and the accuracy of the data presented herein. The contents do not necessarily reflect the
official view of policies of the Texas Department of Transportation or the Federal Highway
Administration. This report does not constitute a standard, specification, or regulation.

PATENT DISCLAIMER

There was no invention or discovery conceived or first actually reduced to practice in the
course of or under this contract, including any art, method, process, machine, manufacture,
design or composition of matter, or any new useful improvement thereof, or any variety of
plant which is or may be patentable under the patent laws of the United States of America
or any foreign country.

ENGINEERING DISCLAIMER
Not intended for construction, bidding, or permit purposes.

TRADE NAMES AND MANUFACTURERS’ NAMES

The United States Government and the State of Texas do not endorse products or
manufacturers. Trade or manufacturers’ names appear herein solely because they are
considered essential to the object of this report.
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 8/10/2010 10:24:00 AM P
Test Identification: TS09.13-S-L4-Z5-T T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 40

Width, b (in.): 2 |

Skew Angle, 8 (°): 0o b
Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 116.4 2.8
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.8 0.7%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 935 +2.3%

Pullout Test Results
Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.65 637 3429 5.1 4.03
Load-Displacement Curve
4000
— Load Cell Measured Force
vs Digital Disp.
3000 -
— Jack Applied Force
f vs Digital Disp.

_.f' Load Cell Measured Force
vs Optical Disp.

pull force, Pr o)

! + +ackapplied Force
i v5 Optical Disp.

1000 4 o PulloutResistance, Pr
Reported

f === Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
. Tested:  TWASMB
Prepared: SBTW
__Checked: WLPJ

TS09.13-S-L4-Z5-T Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Vertical Stress, o, (psf)

EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
805 1044 375 980 776 796 2.85 635

200

600 — Jack Applied Stress
vs Digital Disp.

Awerage Earth Pressure
Cell Measured Stress

overburden, av {psf)

Owerburden Stress, av
o Reported

0 0.25 0.5 075 1 1.25 1.5
displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
1.00 0.26 0.21
05
T 04 ﬂ K l‘ ‘n LI I lh H Instantaneous Strain Rate
E 03 JI H | ]I Jl . n] ] ]IIL || | T vs Digital Disp.
£ o2 CEEEmA IOV T WEh 4] — erececino swaimmte
= I [} il'l"ﬂl Ih[ H lll B | HT\[T Reported
-E 0.1 1 | ’
nstantaneous Strain Rate
o Reported
0 025 0.5 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2

TS09.13-S-L4-Z5-T Issue Date: October 17, 2012 Page 2 of 2
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 8/10/2010 10:34:00 AM P
Test Identification: TS09.14-S-L4-Z5-T T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement

Type: Ribbed Strip

Length, L, (ft): 40

Width, b (in.): 2 |

Skew Angle, 8 (°): 0o b
Backfill Material

Specification: TxDOT ltem 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 116.4 2.8
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.8 0.7%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 935 +2.3%

Pullout Test Results
Measured Calculated
Reinforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
Pr (/b) Zeff (ft) F*
Pullout 0.51 642 2890 5.2 3.38

Load-Displacement Curve

3000
| Jack Applied Force
I vs Digital Disp.
= i
E . + JackApplied Force
o 1500 w5 Optical Disp.
2 :
-E 1
=
(=1
1000 o PulloutResistance, Pr
Reported
&00
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Load cell error; no load cell data. Tested: TW AS MB
Prepared: SBTW
. Checked: WL PJ

TS09.14-S-L4-725-T Issue Date: October 17, 2012 Page 1 of 2
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4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
807 1043 384 982 784 800 2.84 642
1000
E 800 — Jack Applied Stress
. vs Digital Disp.
E_ &00 i
[ =
= _ Average Earth Pressure
E 400 Cell Measured Stress
o
= 200 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.40 0.34 0.58
iy LI gt I g 1T A
T 04 Instantaneous Strain Rate
£ L — [ehones
E 03 L F"l \. |!|] Hl || vs Digital Disp.
ﬁ ( u I| — Preceding Strain Rate
= 0.z | | Reported
-'E 0.1 J
’ J - Instantaneous Strain Rate
o Reported
0 025 0.5 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2

TS09.14-S-L4-725-T Issue Date: October 17, 2012 Page 2 of 2
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Test Information Test Specimen Sketch
Test Date: 8/10/2010 10:55:00 AM P
Test Identification: TS09.15-S-L4-Z5-B T’
Test Facility: 12'x12'x4' MSE Test Box B
L
Type: Ribbed Strip | )
Length, L. (ft): 40
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 116.4 2.8
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.8 0.7%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 935 +2.3%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (/b) Zeff (ft) F*
Pullout 0.74 627 3012 5.0 3.61

Load-Displacement Curve

4000
T Load Cell Measured Force
vs Digital Disp.
3000
Jack Applied Force
- vs Digital Disp.
=
= [ |
o Load Cell Measured Force
E 2000 v5 Optical Disp.
h
E i o JackApplied Force
{ vs Optical Disp.
1000 .!' ¢ PulloutResistance, Pr
i Reported
,' === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
. Tested:  TWASMB
Prepared: SBTW
__Checked: WLPJ

TS09.15-5-L4-75-B Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
844 1110 485 915 700 811 3.14 626
1000
E 800 — Jack Applied Stress
. vs Digital Disp.
E_ GO0 —
[ =
= _ Average Earth Pressure
E 400 Cell Measured Stress
o
= 200 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.60 0.29 0.29
AT T
T 04 | ) Instantaneous Strain Rate
E 03 ll Um l vs Digital Disp.
g . H I Preceding Strain Rate
= 02 1 Reported
G 01
E ’ - Instantaneous Strain Rate
o "‘“~| Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2

TS09.15-5-L4-75-B Issue Date: October 17, 2012 Page 2 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation

TxDOT Research Project 0-6493: MSE Pullout

REPORT OF
MSE REINFORCEMENT PuLLOUT TEST

Test Specimen Sketch

Test Information

Test Date: 8/10/2010 11:15:00 AM R
Test Identification: TS09.16-5-L6-240-B T’
Test Facility: 12'x12'x4' MSE Test Box B
|
Type: Ribbed Strip | )
Length, L. (ft): 6.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 116.4 2.8
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.8 0.7%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 935 +2.3%

Pullout Test Results

Measured Calculated
i Pull E; j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.74 5064 10400 40.7 1.03
Load-Displacement Curve
12000
10000 - Lnaq {}ell I'-.-'I_easured Farce
vs Digital Disp.
— Jack Applied Force
8000 vs Digital Disp.

I,'f ™ Load Cell Measured Force
vs Optical Disp.

Jack Applied Force

pull force, Pr o)

4000 * s Optical Disp.
I!!:' . El;lplﬂc;u&t;esistance: Pr
2000 —+
‘i === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
| Tested: TW MB AS
. Prepared: SBTW
. Checked: WL PJ
Page 1 of 2

TS09.16-S-L6-240-B Issue Date: October 17, 2012
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Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
6389 6419 5683 6786 5826 6221 1.02 5064
2000
T Jack Applied St
— Jack Applie ress
‘g 6000 o vs Digital Disp.
o
E 4000 _ Average Earth Pressure
5 Cell Measured Stress
E 2000
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.08 0.08 0.08
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
£ 03
o . .
Preceding Strain Rate
E 0.z Reported
_E 0.1 e /ﬁl'\ﬁ oy - ;._Jl._' Ay .-‘r"ﬁl o ﬁl
JI{“ WA - Instantaneous Strain Rate
o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2

TS09.16-S-L6-240-B Issue Date: October 17, 2012 Page 2 of 2
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Test Information Test Specimen Sketch
Test Date: 8/16/2010 11:42:00 AM i
Test Identification: TS10.13-S-L4-Z12-T T’
Test Facility: 12'x12'x4' MSE Test Box B
L
Type: Ribbed Strip | )
Length, L. (ft): 40
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 119.0 0.8
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.6 0.6%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 95.6 0.7%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (/b) Zeff (ft) F*
Pullout 0.71 1517 5757 11.8 2.85

Load-Displacement Curve

2000
‘F—V‘/‘I{"’MW’ Load Cell Measured Force
“L—MV_"A‘ vs Digital Disp.
000
Jack Applied Force
vs Digital Disp.
J,f'f @ LoadCell MeasuredForce

vs Optical Disp.

pull force, Pr o)

f + +ackapplied Force
| vs Optical Disp.

2000 !: . Pullout Resistance, Pr
: Reported

i === Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
 Tested: TW AS DH
Prepared: SBTW
__Checked: WLPJ

TS10.13-5-L4-712-T Issue Date: October 17, 2012 Page 1 of 2
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4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
3701 3192 2865 3116 2999 3174 1.07 1516
3500
E — Jack Applied Stress
‘E' 2500 vs Digital Disp.
= 2000
= _ Average Earth Pressure
E 1500 Cell Measured Stress
E 1000
& 500 @ Overburden Stress, ov
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.14 0.18 0.15
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ 0z N N i Preceding Strain Rate
E - "'_'"Lr._-""W' "n "‘MWM ﬂ l* Reported
+ 01 U Iulll"[ & |nstantansous Strain Rate
o Reported
0 025 0.5 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2

TS10.13-5-L4-712-T Issue Date: October 17, 2012 Page 2 of 2
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 8/16/2010 11:58:00 AM i
Test Identification: TS10.14-S-1L12-Z5-T T’
Test Facility: 12'x12'x4' MSE Test Box B
i
Type: Ribbed Strip | )
Length, L. (ft): 12.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 119.0 0.8
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.6 0.6%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 95.6 0.7%

Pullout Test Results

Measured Calculated
i Pull E; j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Pullout 0.75 645 10457 5.0 4.06
Load-Displacement Curve
12000
10000 - Lnaq {}ell I'-.-'I_easured Farce
vs Digital Disp.
— Jack Applied Force
8000 vs Digital Disp.

Load Cell Measured Force
vs Optical Disp.

pull force, Pr o)

! + +ackapplied Force

4000 .'! v5 Optical Disp.
. Pullout Resistance, Pr
2000 .i Reported
‘I === Load-Disp. Trend
0
0 025 05 075 1 1.25 15

displacement(in.)

Comments Personnel
 Tested: TW AS DH
Prepared: SBTW
__Checked: WLPJ
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Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
2494 2339 1904 2036 2105 2176 2.37 644
2500
=
& 2000 ____ Jack Applied Stress
vs Digital Disp.
& 1500
[ =
= _ Average Earth Pressure
E 1000 Cell Measured Stress
T sn ®
= Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.15 0.16 0.14
05
T 04 Instantaneous Strain Rate
5 J vs Digital Disp.
E 03
o . .
" 0z N , i ) Preceding Strain Rate
; i} 1l 1 Reported
B, et taaravs Dav N IS e A
E ’ ! Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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Center for Multidisciplinary Research in Transportation

TxDOT Research Project 0-6493: MSE Pullout

REPORT OF
MSE REINFORCEMENT PuLLOUT TEST

Test Specimen Sketch

Test Information

Test Date: 8/16/2010 11:04:00 AM T,,_F’r

Test Identification: TS10.15-S-1L4-212-B

Test Facility: 12'x12'x4' MSE Test Box B
L

Type: Ribbed Strip | ‘

Length, L, (ft): 40

Width, b (in.): 2 |

Skew Angle, 8 (°): 0o b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 119.0 0.8
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.6 0.6%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 95.6 0.7%

Pullout Test Results
Measured Calculated
Reinforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
Pr (/b) Zeff (ft) F*
Pullout 0.70 1526 4914 11.9 2.42

Load-Displacement Curve

5000 Mww* +
+*
! Wq”\'f W
ADDD ?' — Jack Applied Force
/:/ vs Digital Disp.
=
= 3000 5
g f + +ackapplied Force
= { vs Optical Disp.
2
2
5 2000
(=1 H
H . Pullout Resistance, Pr
_i' Reported
1000 -}
ii === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Personnel

Comments

Load cell error; no load cell data. Tested: TW MB AS

Prepared: SBTW
. Checked: WL PJ
TS10.15-S-L4-712-B Issue Date: October 17, 2012 Page 1 of 2
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X esearch Project O- : ullout EINFORCEMENT PULLOUT I EST
4 TxDOTR h Project 0-6493: MSE Pull MSE REINFORC PuLLouT TES
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
3538 2873 2642 2910 2765 2946 1.17 1526
3000
E 2500 — Jack Applied Stress
‘E' 2000 vs Digital Disp.
g 1500 * _ Average Earth Pressure
E 1000 Cell Measured Stress
o
= 500 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.10 0.19 0.39
y J Il
T 04 l Instantaneous Strain Rate
E J IM I vs Digital Disp.
£ 03
o . .
Preceding Strain Rate
E 02 l U‘ I Reported
F 1 Al
£ 01 - e
Lﬂ/’\\f ] '[ & |nstantaneous Strain Rate
o Reported
0 0325 05 075 1 128 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 8/16/2010 11:21:00 AM P
Test Identification: TS10.16-S-L12-Z5-B T’
Test Facility: 12'x12'x4' MSE Test Box B
|
Type: Ribbed Strip | )
Length, L. (ft): 12.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 119.0 0.8
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.6 0.6%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 95.6 0.7%

Pullout Test Results

Measured Calculated
i Pull E j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.74 653 10679 5.1 4.09
Load-Displacement Curve
14000
WW *
12000 g — Load CellMeasuredForce
‘t/”_d:‘/f-"_-** » vs Digital Disp.
P I
10000 = .
] — Jack Applied Force
_ A [ = vs Digital Disp.
5 .
T 8000 -
o ,// Load Cell Measured Force
E Iy vs Optical Disp.
£ 000
2 + dJackApplied Force
r.-' v5 Optical Disp.
4000 -
Pullout Resistance, Pr
Reported
20001
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 1.25 15

displacement(in.)

Comments Personnel
. Tested:  TWASMB
Prepared: SBTW
__Checked: WLPJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
2155 2097 1600 1733 1727 1863 2.73 653
2000
=
& ____ Jack Applied Stress
g 1500 vs Digital Disp.
g 1000 _ Average Earth Pressure
5 - Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.14 0.14 0.13
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
" 0z Preceding Strain Rate
= - Reported
% 0.1 =y nh.r""”‘\ﬁﬂi“’"“"ﬁﬁﬁ ﬂn
’ u UU“ l”" W h| \| vw ||J| |i' \]UL/ - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 8/20/2010 12:22:00 PM i
Test Identification: TS11.13-S-L12-75-T T’
Test Facility: 12'x12'x4' MSE Test Box B
i
Type: Ribbed Strip | )
Length, L. (ft): 12.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 116.9 1.5
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.6 0.2%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 939 +1.2%

Pullout Test Results

Measured Calculated
Reinforcement , , Pullout Effective Pullout
I . Displacement  Vertical Stress, u u .ff v .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.74 637 11117 5.1 4.36
Load-Displacement Curve
14000
Load Cell Measured Force
vs Digital Disp.
10000 Jack Applied Force
- vs Digital Disp.
o
i} ’ Load Cell Measured Force
E 7 vs Optical Disp.
£ 5000 -
2 + dJackApplied Force
! vs Optical Disp.
{ Pullout Resistance, Pr
i Reported
20001+
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 1.25 15

displacement(in.)

Comments Personnel
. Tested: ~ TW MB DH
Prepared: SBTW
__Checked: WLPJ
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Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
665 525 503 693 827 643 9.74 637
200
600 J — Jack Applied Stress

vs Digital Disp.

Awerage Earth Pressure
Cell Measured Stress

overburden, av {psf)

Owerburden Stress, av
o Reported

0 0.25 0.5 075 1 1.25 1.5
displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.07 0.06 0.06
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
£ o1 A |
’ ——— A n e, W \JU e |nstantansous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch

Test Date: 9/16/2010 3:44:00 PM T/_P,
Test Identification: TS13.13-S-L4-75-B
Test Facility: 12'x12'x4' MSE Test Box B

L
Type: Ribbed Strip | ‘
Length, L, (ft): 40
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 1203 2.1
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 49 +0.6%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 96.6 +1.6%

Pullout Test Results
Measured Calculated
Reinforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
Pr (/b) Zeff (ft) F*
Pullout 0.63 885 4447 7.0 3.77

Load-Displacement Curve

000
. X — Load Cell Measured Force
40005 idalies’ vs Digital Disp.
Jack Applied Force
- vs Digital Disp.
£ 3000
= i
o i Load Cell Measured Force
E ; vs Optical Disp.
E I!
T 2000+ o JackApplied Force
: vs Optical Disp.
i Pullout Resistance, Pr
1000 i Reported
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
 Tested: TW SH DH
Prepared: SBTW
__Checked: WLPJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1020 No Data 765 304 908 749 6.58 885
1000
E 800 — — Jack Applied Stress
. vs Digital Disp.
E 00
[ =
= _ Average Earth Pressure
E 400 Cell Measured Stress
o
= 200 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.43 0.47 0.37
0.5 ! T m ” w l U ”

T 04 1 i Instantaneous Strain Rate
E 03 ||I l| \l vs Digital Disp.
ﬁ 1 l UJF \ 1 Preceding Strain Rate
c 02 Reported
B
% 01 Instantaneous Strain Rate

o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 9/16/2010 3:52:00 PM P
Test Identification: TS13.14-S-L4-75-T T’
Test Facility: 12'x12'x4' MSE Test Box B
|
Type: Ribbed Strip | )
Length, L. (ft): 40
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 1203 2.1
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 49 +0.6%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 96.6 +1.6%

Pullout Test Results

Measured Calculated
Reinforcement . , Pullout Effective Pullout
l . Displacement  Vertical Stress, u u .ff v .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.75 635 4098 5.0 4.84
Load-Displacement Curve
000
Load Cell Measured Force
A000 vs Digital Disp.
Jack Applied Force
- F vs Digital Disp.
£ 3000 7
o / Load Cell Measured Force
E { vs Optical Disp.
£
2 2000 4— + dJackApplied Force
! vs Optical Disp.
; . Pullout Resistance, Pr
1000 i Reported
:I === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
 Tested: TW SH DH
Prepared: SBTW
__Checked: WLPJ
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Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
762 No Data 551 154 849 579 8.19 635
200
600 S— l—— — Jack Applied Stress

vs Digital Disp.

Awerage Earth Pressure
Cell Measured Stress

overburden, av {psf)

Owerburden Stress, av
o Reported

0 0.25 0.5 075 1 1.25 1.5
displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
3.00 0.84 0.67
05 1 | ||
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 02 Reported
m
% 01 Instantaneous Strain Rate
o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 11/12/2010 12:13:00 PM i
Test Identification: TS17.13-S-L4-Z5-T T’
Test Facility: 12'x12'x4' MSE Test Box B
i
Type: Ribbed Strip | )
Length, L. (ft): 40
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Backfill Material
Specification: TxDOT ltem 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 118.4 2.0
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 59 0.4%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 95.1 +1.6%

Pullout Test Results

Measured Calculated
i m Pull E j
Relnforce- ent Displacement  Vertical Stress, l.JI out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.75 639 3917 5.1 4.60
Load-Displacement Curve
000
4
r\r/_n/-n-ww — Load Cell MeasuredForce
A000 = vs Digital Disp.
— Jack Applied Force
- vs Digital Disp.
£ 3000 7
o Load Cell Measured Force
E vs Optical Disp.
£ ;
2 2000 + dJackApplied Force
! vs Optical Disp.
,'I . Pullout Resistance, Pr
1000 : Reported
; === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
 Tested: TW JL MB
Prepared: SBTW
__Checked: WLPJ

TS17.13-S-L4-Z5-T Issue Date: October 17, 2012 Page 1 of 2
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4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1061 No Data 722 937 1128 962 7.95 638
1000
E 200 — Jack Applied Stress
E_ 500 vs Digital Disp.
[ =
= _ Average Earth Pressure
E 400 Cell Measured Stress
o
= 200 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.12 0.15 0.11
05 l
T 04 J Instantaneous Strain Rate
5 ¢ vs Digital Disp.
E 03 -
ﬁ 0z IUN Preceding Strain Rate
c . T 1 Reported
E oo, 0, Mo As i M
’ W WU R ‘| o |nstantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 11/12/2010 12:32:00 PM i
Test Identification: TS17.14-S-L4-712-T T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement

Type: Ribbed Strip |
Length, L. (ft): 40
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Backfill Material
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 118.4 2.0
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 59 0.4%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 95.1 +1.6%
Pullout Test Results
Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.69 1500 4770 12.0 2.38
Load-Displacement Curve
6000
— Load Cell Measured Force
¢ vs Digital Disp.
— Jack Applied Force
4000 vs Digital Disp.
O
DI_-_ Load Cell Measured Force
E vs Optical Disp.
h
2 + dJackApplied Force
000 4 vs Optical Disp.
: Pullout Resistance, Pr
: Reported
i === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
 Tested: TW JL MB
Prepared: SBTW
__Checked: WLPJ

TS17.14-S-14-712-T Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
2250 No Data 1682 1843 2090 1966 3.38 1500
2000
[rot
& - ____ Jack Applied Stress
g 1500 l vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.19 0.11 0.11
05 ‘l
T 04 Instantaneous Strain Rate
5 \h vs Digital Disp.
E 03 ]I
= ll . .
Preceding Strain Rate
E 0.z 1[ T\ i Reported
_‘E 0.1 | ﬂl.l'x - %M‘_‘ e bl /JL’\‘\_
. U \_,\M/J VT ot v o |nstantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 11/12/2010 1:59:00 PM R
Test Identification: TS17.15-S-L4-Z5-M T’
Test Facility: 12'x12'x4' MSE Test Box B
i
Type: Ribbed Strip | )
Length, L. (ft): 40
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Backfill Material
Specification: TxDOT ltem 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 118.4 2.0
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 59 0.4%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 95.1 +1.6%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (/b) Zeff (ft) F*
Pullout 0.73 629 5225 5.0 6.23
Load-Displacement Curve
8000
— Load Cell Measured Force
vs Digital Disp.

6000

Jack Applied Force
vs Digital Disp.

Load Cell Measured Force
vs Optical Disp.

pull force, Pr o)

Jack Applied Force

I.r' *
I vs Optical Disp.
K
2000 o PulloutResistance, Pr
! Reported
i'l === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
 Tested: TW MBJL
Prepared: SBTW
__Checked: WLPJ

TS17.15-5-L4-725-M Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1051 No Data 709 938 928 906 8.29 628
1000
E 800 — Jack Applied Stress
. vs Digital Disp.
E_ GO0 " S
[ =
= _ Average Earth Pressure
E 400 Cell Measured Stress
o
= 200 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.09 0.11 0.10
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
’ s A VVT'—V\"‘/ T - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 11/12/2010 2:17:00 PM P
Test Identification: TS17.16-S-L4-Z12-M T’
Test Facility: 12'x12'x4' MSE Test Box B
L
Type: Ribbed Strip | )
Length, L. (ft): 40
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 118.4 2.0
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 59 0.4%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 95.1 +1.6%

Pullout Test Results

Measured Calculated
i Pull E; j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.72 1510 6710 12.0 3.33
Load-Displacement Curve
8000
— Load Cell Measured Force
M vs Digital Disp.
vl
— Jack Applied Force

’ vs Digital Disp.

4 Load Cell Measured Force
vs Optical Disp.

Jack Applied Force
vs Optical Disp.

pull force, Pr o)

/ *

2000 :.' e PulloutResistance, Pr
) Reported

! === Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
 Tested: TW JL MB
Prepared: SBTW
__Checked: WLPJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
2271 No Data 1692 1915 1886 1941 3.49 1510
2000
=
& ____ Jack Applied Stress
g 1500 . vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.14 0.13 0.12
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
"E 01 — Fot ww | A
’ h v Instantaneous Strain Rate
o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 11/12/2010 12:59:00 PM i
Test Identification: TS17.17-S-L4-Z5-B T’
Test Facility: 12'x12'x4' MSE Test Box B
L
Type: Ribbed Strip | )
Length, L. (ft): 40
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 118.4 2.0
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 59 0.4%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 95.1 +1.6%

Pullout Test Results

Measured Calculated
Reinforcement , , Pullout Effective Pullout
. Displacement  Vertical Stress, . .ff .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.73 632 4603 5.0 5.46
Load-Displacement Curve
6000
Load Cell Measured Force
vs Digital Disp.
Jack Applied Force
4000 vs Digital Disp.
o
i} / @ LoadCell MeasuredForce
E ' v5 Optical Disp.
=
2 + dJackApplied Force
2000 4. vs Optical Disp.
i Pullout Resistance, Pr
; Reported
i === Load-Disp. Trend
0
0 0.25 05 0.75 1 1.25 15

displacement(in.)

Comments Personnel
 Tested: TW MBJL
Prepared: SBTW
__Checked: WLPJ

TS17.17-S-L4-75-B Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1059 No Data 757 862 920 900 8.42 632
1000
E 800 — Jack Applied Stress
. vs Digital Disp.
E_ GO0 i
[ =
= _ Average Earth Pressure
E 400 Cell Measured Stress
o
= 200 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.09 0.11 0.10
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03 ll
o . .
Preceding Strain Rate
E 0.z IL Reported
_‘E 0.1 - A - A "\'V" lelwlr
: A —‘T = e & |nstantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 11/12/2010 1:27:00 PM P
Test Identification: TS17.18-S-L4-Z12-B T’
Test Facility: 12'x12'x4' MSE Test Box B
i
Type: Ribbed Strip | )
Length, L. (ft): 40
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Backfill Material
Specification: TxDOT ltem 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 118.4 2.0
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 59 0.4%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 95.1 +1.6%

Pullout Test Results

Measured Calculated
Reinforcement . , Pullout Effective Pullout
l . Displacement  Vertical Stress, u u .ff v .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.65 1517 6363 12.1 3.15
Load-Displacement Curve
2000
Load Cell Measured Force
vs Digital Disp.
000
Jack Applied Force
- vs Digital Disp.
F=]
DI_-_ I m LoadCell MeasuredForce
E 4000 + v5 Optical Disp.
5 J
=] Jack Applied Force
= / * s Optical Disp.
2000 ¢ PulloutResistance, Pr
i Reported
: === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
 Tested: TW MBJL
Prepared: SBTW
__Checked: WLPJ

TS17.18-S-L4-712-B Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
2267 No Data 1706 1847 1843 1916 3.60 1517
2000
=
& ____ Jack Applied Stress
g 1500 vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.16 0.10 0.10
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
% 0.1 N . 3 I uﬂwn Voo
’ IIFIU{ R R = Rkl Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information _ Test Specimen Sketch
Test Date: 11/22/2010 4:20:00 PM i
Test Identification: TS18.13-S-L6-Z40-T T’
Test Facility: 12'x12'x4' MSE Test Box B
L
Type: Ribbed Strip | )
Length, L. (ft): 6.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 117.5 #1.0
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.7 0.3%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 94.4 +0.8%

Pullout Test Results

Measured Calculated
Reinforcement . , Pullout Effective Pullout
l . Displacement  Vertical Stress, u u .ff v .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (/b) Zeff (ft) F*
Pullout 0.72 5089 7151 40.6 0.70
Load-Displacement Curve
10000
— Load Cell Measured Force
2000 vs Digital Disp.
— Jack Applied Force
- vs Digital Disp.
£ 5000 =
o Load Cell Measured Force
E ; vs Optical Disp.
5 4
2 4000 ] + dJackApplied Force
; vs Optical Disp.
f Pullout Resistance, Pr
2000 i Reported
: === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
 Tested: TW JL MB
Prepared: SBTW
__Checked: WLPJ

TS18.13-5-L6-240-T Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
7697 No Data 5096 6283 No Data 6358 1.03 5089
2000
T Jack Applied St
— Jack Applie ress
‘g‘: 6000 - vs Digital Disp.
E 4000 _ Average Earth Pressure
5 Cell Measured Stress
E 2000
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.11 0.12 0.12
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ 0z Preceding Strain Rate
- Reported
E o = __r‘)L"\w-._‘ = ‘Wmh o
E ’ Y ]L - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 11/22/2010 4:58:00 PM i
Test Identification: TS18.14-S-L12-725-T T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 12.0

Width, b (in.): 2 |

Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 117.5 #1.0

Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.7 0.3%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 94.4 +0.8%

Pullout Test Results

Measured Calculated
i Pull E j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.74 652 9537 5.2 3.66
Load-Displacement Curve
12000
10000 — Load Cell Measured Force
vs Digital Disp.
1 _ Jack spplied Force
G000 = vs Digital Disp.
= 2
DI_-_ Load Cell Measured Force
E &000 v5 Optical Disp.
E f‘
2 / + dJackApplied Force
A000 vs Optical Disp.
,'I o PulloutResistance, Pr
2000 .!;' Reported
,' === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
 Tested: TW JL MB
Prepared: SBTW
__Checked: WLPJ

TS18.14-S-L12-75-T Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
993 No Data 674 982 No Data 883 7.81 651
1000
E 200 — Jack Applied Stress
g I - vs Digital Disp.
E- . Awerage Earth Pressure
E 400 T Cell Measured Stress
o
= 200 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.18 0.17 0.17
05
c 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 02 — ‘N“'hv el Reparted
I s
’ J U - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 11/22/2010 4:43:00 PM P
Test Identification: TS18.15-S-L12-212-T T’
Test Facility: 12'x12'x4" MSE Test Box |

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 12.0

Width, b (in.): 2 |

Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 117.5 #1.0

Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.7 0.3%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 94.4 +0.8%

Pullout Test Results

Measured Calculated
Reinforcement . , Pullout Effective Pullout
l . Displacement  Vertical Stress, u u .ff v .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.74 1539 14685 12.3 2.39
Load-Displacement Curve
20000
— Load Cell Measured Force
vs Digital Disp.
15000
— Jack Applied Force
- vs Digital Disp.
o
DI_-_ Load Cell Measured Force
E 10000 v5 Optical Disp.
h
=] H Jack Applied Force
= ; ¢ vs Optical Disp.
5000 fl e PulloutResistance, Pr
H Reported
: === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
 Tested: TW JL MB
Prepared: SBTW
__Checked: WLPJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
2337 No Data 1635 2328 No Data 2100 3.31 1539
2500
=
& 2000 ____ Jack Applied Stress
vs Digital Disp.
& 1500 -
[ =
= _ Average Earth Pressure
E 1000 Cell Measured Stress
o
= 500 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.19 0.11 0.14
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
£ 03
o . .
" 0z A . ﬁl J Preceding Strain Rate
c : ) > WA et Reported
j= 0.1 Aﬂ.J/ '\\Nvu"ﬂ w L/‘m|
E ’ J e ) L_— - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation

TxDOT Research Project 0-6493: MSE Pullout

REPORT OF
MSE REINFORCEMENT PuLLOUT TEST

Test Specimen Sketch

Test Information

Test Date: 11/24/2010 10:16:00 AM P
Test Identification: TS18.16-S-L6-Z40-M T’
Test Facility: 12'x12'x4" MSE Test Box |
|
Type: Ribbed Strip | ‘
Length, L. (ft): 6.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o ~b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 117.5 #1.0
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.7 0.3%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 94.4 +0.8%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Pullout 0.29 5112 13928 40.8 1.36
Load-Displacement Curve

16000

Load Cell Measured Force
vs Digital Disp.

Jack Applied Force
vs Digital Disp.

10000
.i ™ Load Cell Measured Force
vs Optical Disp.

go00 -k Jack Applied Force
¢ vs Optical Disp.

pull force, Pr o)

4000 i Pullout Resistance, Pr
Reported
2000
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
. Tested: TW JL DH
Prepared: SBTW
. Checked: WL PJ

TS18.16-S-L6-240-M Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
7762 No Data 5420 6516 6110 6452 1.02 5112
2000
T Jack Applied St
— Jack Applie ress
‘g‘: 6000 e vs Digital Disp.
E 4000 _ Average Earth Pressure
5 Cell Measured Stress
E 2000
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.21 0.16 0.18
05
T 04 Instantaneous Strain Rate
5 | vs Digital Disp.
E 03
ﬁ o _ J,I'vafhl M,l"l.- MAJLJ‘.‘W il Preceding Strain Rate
= 02 il | \n.,hu,wf"’ i m Reported
B
% 01 Instantaneous Strain Rate
o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 11/24/2010 10:57:00 AM R
Test Identification: TS18.17-S-L12-Z5-M T’
Test Facility: 12'x12'x4' MSE Test Box B
|
Type: Ribbed Strip | )
Length, L. (ft): 12.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 117.5 #1.0
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.7 0.3%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 94.4 +0.8%

Pullout Test Results

Measured Calculated
Reinforcement . , Pullout Effective Pullout
l . Displacement  Vertical Stress, u u .ff v .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.54 626 17741 5.0 7.08
Load-Displacement Curve
20000
- Load Cell Measured Force
e vs Digital Disp.
150001
.." Jack Applied Force
- | vs Digital Disp.
2 {
DI_-_ i Load Cell Measured Force
E 10000 v5 Optical Disp.
£ |
=] : Jack Applied Force
= ; ¢ vs Optical Disp.
5000 . Pullout Resistance, Pr
Reported
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
 Tested: TW JL DH
Prepared: SBTW
__Checked: WLPJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
965 No Data 686 924 918 863 9.62 626
1000
E 800 — Jack Applied Stress
. vs Digital Disp.
E_ 600 -
[ =
= _ Average Earth Pressure
E 400 Cell Measured Stress
o
= 200 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.02 0.15 0.16
05

T 04 Instantaneous Strain Rate

5 vs Digital Disp.

E 03 .

ﬁ L. L l Amﬁ.-. H‘J A ,.A,_‘ [ ||| h — Preceding Strain Rate

= 02 oy r!‘k/‘uv” v 1'I T V=) wl Reported

m

% 01 I - Instantaneous Strain Rate
o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 11/24/2010 10:43:00 AM i
Test Identification: TS18.18-S-L12-212-M T’
Test Facility: 12'x12'x4' MSE Test Box B
i
Type: Ribbed Strip | )
Length, L. (ft): 12.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 117.5 #1.0
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.7 0.3%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 94.4 +0.8%

Pullout Test Results

Measured Calculated
Reinforcement . , Pullout Effective Pullout
l . Displacement  Vertical Stress, u u .ff v .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (/b) Zeff (ft) F*
Pullout 0.74 1544 18795 12.3 3.04
Load-Displacement Curve
20000
— Load Cell Measured Force
vs Digital Disp.
15000
— Jack Applied Force
- vs Digital Disp.
o
i} i Load Cell Measured Force
E 10000+ v5 Optical Disp.
2
= | Jack Applied Force
= : ¢ vs Optical Disp.
5000 ; . Pullout Resistance, Pr
f Reported
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
 Tested: TW JL DH
Prepared: SBTW
__Checked: WLPJ

TS18.18-5-L12-7212-M Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
2227 No Data 1404 2036 2083 1937 3.39 1544
2000 T
Z ’l— i
— Jack Applied Stress
g 1500 vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.19 0.19 0.19
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
£ 03 1 "
ﬁ n A A ’L A ﬁl JL_M 1R ,-J1| A |1\ — Preceding Strain Rate
c VT e e T g ey Reported
m
% 01 Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2

TS18.18-5-L12-7212-M Issue Date: October 17, 2012 Page 2 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information _ Test Specimen Sketch

Test Date: 11/24/2010 9:55:00 AM T,,_F’r
Test Identification: TS18.19-5-1L6-240-B B
Test Facility: 12'x12'x4' MSE Test Box

L
Type: Ribbed Strip | ‘
Length, L, (ft): 6.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 117.5 #1.0
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.7 0.3%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 94.4 +0.8%

Pullout Test Results
Measured Calculated
Reinforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
Pr (/b) Zeff (ft) F*
Pullout 0.40 5043 11546 40.2 1.14

Load-Displacement Curve

12000
/ﬁ_,dﬂf""“'-.‘ “\/—A—&m\,\_/r,

1 I Jack Applied Force
] vs Digital Disp.

Jack Applied Force
vs Optical Disp.

pull force, Pr o)

4000 o PulloutResistance, Pr
Reported
2000
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Load cell error; no load cell data. Tested: TW JL DH
Prepared: SBTW
. Checked: WL PJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

X esearch Project O- : ullout EINFORCEMENT PULLOUT I EST
4 TxDOT R h Project 0-6493: MSE Pull MSE REINFORC PuLLouT TES
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
7465 No Data 5326 6245 5868 6226 1.06 5043
2000
T Jack Applied St
— Jack Applie ress
‘g 6000 - vs Digital Disp.
g 4000 _ Average Earth Pressure
5 Cell Measured Stress
E 2000
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.21 0.34 0.20
05 ‘I
T 04 = “f_f Instantaneous Strain Rate
E ol —— /—-f“"' [\ 1 vs Digital Disp.
.ﬁ . ﬂ, /ﬁ/ LJ l L Precedin i
N g Strain Rate
E 02 ""JL‘.J"‘ Nll\ . i =7 'h Reported
= 0.1 \Jll
w ’ ]' - Instantaneous Strain Rate
o Reported
0 025 0.5 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information _ Test Specimen Sketch
Test Date: 11/24/2010 9:19:00 AM i
Test Identification: TS18.20-S-L12-Z5-B T’
Test Facility: 12'x12'x4' MSE Test Box B
i
Type: Ribbed Strip | )
Length, L. (ft): 12.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 117.5 #1.0
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.7 0.3%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 94.4 +0.8%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.74 636 12985 5.1 5.10

Load-Displacement Curve

16000

1 Load Cell Measured Force
vs Digital Disp.

12000+

Jack Applied Force
vs Digital Disp.

Load Cell Measured Force
vs Optical Disp.

pull force, Pr o)

6000 f Jack Applied Force
' ¢ vs Optical Disp.

4000 :: o PulloutResistance, Pr
i Reported
2000
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
 Tested: TW JL DH
Prepared: SBTW
__Checked: WLPJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
912 No Data 598 829 831 793 8.39 636
200
600 J — Jack Applied Stress

vs Digital Disp.

Awerage Earth Pressure
Cell Measured Stress

overburden, av {psf)

Owerburden Stress, av
o Reported

0 0.25 0.5 075 1 1.25 1.5
displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.20 0.18 0.19
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ M s ‘M,_}'\ R L ﬁwl”)\/ Preceding Strain Rate
c 1]2 Uﬂ . g L m——— Y | L b REDDI’tEd
-E 01
Instantaneous Strain Rate
o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 11/24/2010 9:33:00 AM P
Test Identification: TS18.21-S-L12-Z12-B T’
Test Facility: 12'x12'x4' MSE Test Box B
i
Type: Ribbed Strip | )
Length, L. (ft): 12.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 117.5 #1.0
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.7 0.3%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 94.4 +0.8%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (/b) Zeff (ft) F*
Pullout 0.74 1523 16996 12.1 2.79

Load-Displacement Curve

20000
Load Cell Measured Force
vs Digital Disp.
15000
Jack Applied Force
- vs Digital Disp.
0 K
':‘I_-_ ] ' Load Cell Measured Force
E 10000 ." vs Optical Disp.
h
2 f + JackApplied Force
i vs Optical Disp.
: ¢ PulloutResistance, Pr
i Reported
| === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
 Tested: TW JL DH
Prepared: SBTW
__Checked: WLPJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
2095 No Data 1483 1791 1695 1771 3.51 1523
2000 I
E 1500 J — Jack Applied Stress
E' vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.22 0.16 0.17
05
c 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ ) /—ﬂlh . ‘n J ndll.i. ﬂ ﬂ R [ jl‘ ) — Preceding Strain Rate
E 02 7 T e ) I e A i VT Reparted
m
% 01 Instantaneous Strain Rate
o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information _ Test Specimen Sketch

Test Date: 12/21/2010 4:06:00 PM T/,_P,
Test Identification: TS19.13-S-L4-720-T
Test Facility: 12'x12'x4' MSE Test Box B

L
Type: Ribbed Strip | ‘
Length, L, (ft): 40
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 117.5 #1.0
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.7 0.3%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 94.4 +0.8%

Measured Calculated
Reinforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
Pr (/b) Zeff (ft) F*
Pullout 0.75 2502 4762 20.0 1.43

Load-Displacement Curve

000
Load Cell Measured Force
' vs Digital Disp.
Jack Applied Force
4000 vs Digital Disp.

| Load Cell Measured Force
{ vs Optical Disp.

; + +ackapplied Force
] vs Optical Disp.

pull force, Pr o)

i' . Pullout Resistance, Pr
i Reported

=== Load-Disp. Trend

0 025 0.5 075 1 125 15

displacement(in.)

Comments Personnel
. Tested:  TW YW DH
. Prepared: SBTW
. Checked: WL PJ
TS19.13-5-L4-7220-T Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
3863 No Data 2679 3109 No Data 3217 2.06 2502
3500
E — Jack Applied Stress
‘E' 2500 L 2 vs Digital Disp.
= 2000
= _ Average Earth Pressure
E 1500 Cell Measured Stress
E 1000
& 500 @ Overburden Stress, ov
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.11 0.12 0.11
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Jﬂl Reported
_‘E 0.1 0" T '_"'-rAn_ 'II' — N"k\_n o /‘I"\f_”\ﬁ..""'l Pl
J T K Instantaneous Strain Rate
o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 12/21/2010 3:44:00 PM P
Test Identification: TS19.14-S-18-Z40-T T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 8.0

Width, b (in.): 2 |

Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 117.5 #1.0

Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.7 0.3%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 94.4 +0.8%

Pullout Test Results

Measured Calculated
Reinforcement . , Pullout Effective Pullout
l . Displacement  Vertical Stress, u u .ff v .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.74 5016 13551 40.0 1.01
Load-Displacement Curve
20000
Load Cell Measured Force
vs Digital Disp.
15000
Jack Applied Force
- vs Digital Disp.
o
DI_-_ Load Cell Measured Force
E 10000 = v5 Optical Disp.
=] _x"
3 / Jack Applied Force
= ! * s Optical Disp.
5000 ,-'I . Pullout Resistance, Pr
{ Reported
_.!. === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
. Tested:  TW YW DH
Prepared: SBTW
__Checked: WLPJ

TS19.14-5-1L8-240-T Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
7359 No Data 5620 6098 No Data 6359 1.04 5016
2000
T Jack Applied St
— Jack Applie ress
< 6000 vs Digital Disp.
B -
E 4000 _ Average Earth Pressure
5 Cell Measured Stress
E 2000
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.11 0.09 0.10
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ 0z Preceding Strain Rate
= - Reported
£ o1 £ L A A M"‘\—mrﬁ
’ v ]l.f\ Instantaneous Strain Rate
o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 12/21/2010 3:11:00 PM i
Test Identification: TS19.15-S-L12-720-T T’
Test Facility: 12'x12'x4' MSE Test Box B
i
Type: Ribbed Strip | )
Length, L. (ft): 12.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 117.5 #1.0
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.7 0.3%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 94.4 +0.8%

Pullout Test Results

Measured Calculated
i Pull E j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.73 2530 12136 20.2 1.20
Load-Displacement Curve
14000
12000 — Load Cell Measured Force
vs Digital Disp.
10000 / — Jack Applied Force
— ' vs Digital Disp.
=
DI_-_ Load Cell Measured Force
E vs Optical Disp.
2 60001+
2 ! + dJackApplied Force
i v5 Optical Disp.
4000+
g' . Pullout Resistance, Pr
| Reported
2000
’ === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
. Tested:  TWSHYW
Prepared: SBTW
__Checked: WLPJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
3724 No Data 2974 3157 No Data 3285 1.21 2530
3500
E — Jack Applied Stress
‘E' 2500 o vs Digital Disp.
= 2000
= _ Average Earth Pressure
E 1500 Cell Measured Stress
E 1000
& 500 @ Overburden Stress, ov
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.16 0.12 0.13
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ 0z i Preceding Strain Rate
£ WWMW\ l Reparted
% 01 U|| - Instantaneous Strain Rate
o Reported
0 025 0.5 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information _ Test Specimen Sketch
Test Date: 12/22/2010 12:41:00 PM P
Test Identification: TS19.16-S-L4-Z20-M T’
Test Facility: 12'x12'x4' MSE Test Box B
L
Type: Ribbed Strip | )
Length, L. (ft): 40
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 117.5 #1.0
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.7 0.3%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 94.4 +0.8%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.74 2545 6382 20.3 1.88
Load-Displacement Curve
8000

Load Cell Measured Force

M.@aw.w}ﬁ:i_“—»_ﬂiﬂq vs Digital Disp.
6000 -

! Jack Applied Force
vs Digital Disp.

Load Cell Measured Force
vs Optical Disp.

Jack Applied Force

¢ vs Optical Disp.

pull force, Pr o)

2000 o PulloutResistance, Pr
Reported

=== Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
 Tested: TW YW PJ
Prepared: SBTW
__Checked: WLPJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
3941 No Data 2869 3409 2924 3286 2.02 2545
3500
o 3000 )
— Jack Applied Stress
? 2500 * vs Digital Disp.
= 2000
= _ Average Earth Pressure
E 1500 Cell Measured Stress
E 1000
& 500 @ Overburden Stress, ov
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.14 0.17 0.15
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 02— .rlllx Jn1 1 J'kwj - |l1 } I Reported
5 01 A w.J \/\/\.\
E ’ ]I,‘ - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information _ Test Specimen Sketch
Test Date: 12/22/2010 12:02:00 PM i
Test Identification: TS19.17-5-L8-Z40-M T’
Test Facility: 12'x12'x4' MSE Test Box B
L
Type: Ribbed Strip | )
Length, L. (ft): 8.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 117.5 #1.0
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.7 0.3%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 94.4 +0.8%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.73 5083 14469 40.5 1.07

Load-Displacement Curve

20000
— Load Cell Measured Force
vs Digital Disp.
*
12000 +— 1 .
—— Jack Applied Force
- vs Digital Disp.
=
n"__ Load Cell Measured Force
E 10000 v5 Optical Disp.
h
E + +ackapplied Force
vs Optical Disp.
5000 i' e PulloutResistance, Pr
] Reported
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
 Tested: TW YW PJ
Prepared: SBTW
__Checked: WLPJ
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
7504 No Data 6030 6528 5360 6355 1.01 5083
2000
%\ .
£ 5000 I Jackﬁ_ppllgd Siress
E_ vs Digital Disp.
E 4000 _ Average Earth Pressure
5 Cell Measured Stress
E 2000
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.11 0.11 0.11
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ 0z Preceding Strain Rate
= - Reported
_E o1 J L M /leJl’ WFM
’ )J " \|l| - Instantaneous Strain Rate
o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation

TxDOT Research Project 0-6493: MSE Pullout

REPORT OF
MSE REINFORCEMENT PuLLOUT TEST

Test Specimen Sketch

Test Information

Test Date: 12/22/2010 12:22:00 PM i
Test Identification: TS19.18-S-L12-220-M T’
Test Facility: 12'x12'x4' MSE Test Box B
i
Type: Ribbed Strip | )
Length, L. (ft): 12.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 117.5 #1.0
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.7 0.3%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 94.4 +0.8%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.73 2545 18313 20.3 1.80
Load-Displacement Curve
20000
— Load Cell Measured Force

_ vs Digital Disp.

15000 ya

Jack Applied Force
vs Digital Disp.

Load Cell Measured Force
vs Optical Disp.

: + +ackapplied Force
vs Optical Disp.

pull force, Pr o)

5000 I‘ e PulloutResistance, Pr
Reported

=== Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
. Tested: TW YW PJ
Prepared: SBTW
. Checked: WL PJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
3948 No Data 2868 3351 3189 3339 2.02 2545
3500
e 3000 )
— Jack Applied Stress
? 2500 i vs Digital Disp.
= 2000
= _ Average Earth Pressure
E 1500 Cell Measured Stress
E 1000
& 500 @ Overburden Stress, ov
0 Reported
o 0.25 05 075 1 1.25 1.5
displacement{in.)
Strain Rate
instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.12 0.13 0.13
05
T 04 __ Instantaneous Strain Rate
5 vs Digital Disp.
£ 03
ﬁ 0z N ) ﬂ — Preceding Strain Rate
= - [J Reported
’ UFL Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 12/21/2010 4:28:00 PM i
Test Identification: TS19.19-S-L4-Z20-B T’
Test Facility: 12'x12'x4' MSE Test Box B
L
Type: Ribbed Strip | )
Length, L. (ft): 40
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 117.5 #1.0
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.7 0.3%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 94.4 +0.8%

Pullout Test Results

Measured Calculated
i m Pull E j
Relnforce- ent Displacement  Vertical Stress, l.JI out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.71 2534 4852 20.2 1.44
Load-Displacement Curve
000
— Load Cell Measured Force
A000 vs Digital Disp.
— Jack Applied Force
- vs Digital Disp.
£ 3000
o i Load Cell Measured Force
E H vs Optical Disp.
2 -'
2 2000 7 + dJackApplied Force
! vs Optical Disp.
{ Pullout Resistance, Pr
1000 7 Reported
: === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
. Tested:  TWYWTW
Prepared: SBTW
__Checked: WLPJ

TS19.19-S-L4-720-B Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
3751 No Data 2616 3210 2870 3112 2.08 2534
3500
E — Jack Applied Stress
‘E' 2500 - vs Digital Disp.
= 2000
= _ Average Earth Pressure
E 1500 Cell Measured Stress
E 1000
& 500 @ Overburden Stress, ov
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.13 0.12 0.12
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ 0z . Preceding Strain Rate
= - Reported
_E 0.1 P"'LM -'\VM""‘”J\“"'\ ,ﬂwrl\w""ﬂ\l
’ ' ||.f - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 12/22/2010 11:41:00 AM i
Test Identification: TS19.20-S-L8-Z40-B T’
Test Facility: 12'x12'x4' MSE Test Box B
L
Type: Ribbed Strip | )
Length, L. (ft): 8.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 117.5 #1.0
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.7 0.3%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 94.4 +0.8%

Pullout Test Results

Measured Calculated
i m Pull E j
Relnforce- ent Displacement  Vertical Stress, l.JI out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.75 5046 14029 40.2 1.04
Load-Displacement Curve
20000
— Load Cell Measured Force
vs Digital Disp.
15000
— Jack Applied Force
- vs Digital Disp.
o
DI_-_ Load Cell Measured Force
E 10000 - v5 Optical Disp.
5 /
= { Jack Applied Force
= ¢ v5 Optical Disp.
5000 ; . Pullout Resistance, Pr
i Reported
: === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
 Tested: TW YW PJ
Prepared: SBTW
__Checked: WLPJ

TS19.20-5-1L8-240-B Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
7285 No Data 5843 6347 5201 6169 1.04 5046
2000
5 )
£ 5000 I Jackﬁ_ppllgd Siress
vs Digital Disp.
E—
E 4000 _ Average Earth Pressure
5 Cell Measured Stress
E 2000
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.18 0.10 0.11
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ L Preceding Strain Rate
c 02 w M Reported
% o1 S | A M
’ ||_||| m - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 12/21/2010 4:49:00 PM P
Test Identification: TS19.21-S-L12-Z20-B T’
Test Facility: 12'x12'x4" MSE Test Box |

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 12.0

Width, b (in.): 2 |

Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 117.5 #1.0

Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.7 0.3%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 94.4 +0.8%

Pullout Test Results

Measured Calculated
i m Pull E j
Relnforce- ent Displacement  Vertical Stress, l.JI out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.74 2557 17685 20.4 1.73
Load-Displacement Curve
25000
— Load Cell Measured Force
20000 vs Digital Disp.
— Jack Applied Force
- vs Digital Disp.
£ 15000
o Load Cell Measured Force
E vs Optical Disp.
5
E 10000 i o JackApplied Force
vs Optical Disp.
_f'l o PulloutResistance, Pr
5000 Reported
=== Load-Disp. Trend
0 y
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
. Tested:  TWYWTW
Prepared: SBTW
__Checked: WLPJ

TS19.21-S-L12-720-B Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
3716 No Data 2585 3328 2885 3147 2.06 2557
3500
o 3000 )
— Jack Applied Stress
? 2500 =t vs Digital Disp.
= 2000
= _ Average Earth Pressure
E 1500 Cell Measured Stress
E 1000
& 500 @ Overburden Stress, ov
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.12 0.12 0.11
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ 0z Preceding Strain Rate
= - Reported
% 01 _‘m,,h — _}““JL"Jvuﬁ'\u_rf"l‘l‘\r/ﬁ\-"\“\
’ |lL - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 1/7/2011 10:42:00 AM R
Test Identification: TS20.13-S-L8-Z5-T T’
Test Facility: 12'x12'x4' MSE Test Box B
i
Type: Ribbed Strip | )
Length, L. (ft): 8.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Backfill Material
Specification: TxDOT ltem 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 116.1 0.8
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 89 +0.3%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 93.3 0.6%

Pullout Test Results

Measured Calculated
i m Pull E; j
Relnforce- ent Displacement  Vertical Stress, l.JI out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.74 632 8266 5.0 4.90
Load-Displacement Curve
10000
W — Load Cell Measured Force
2000 vs Digital Disp.
.—I’_IVV“—‘F—!U\A,—"“P
,"f _ Jack spplied Force
. P vs Digital Disp.
£ 5000
o ! m LoadCellMeasuredForce
E I vs Optical Disp.
2
E 4000 —— o JackApplied Force
; vs Optical Disp.
{ e PulloutResistance, Pr
2000 7 Reported
I === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
 Tested: AS YW DH
Prepared: SBTW
__Checked: WLPJ

TS20.13-S-L8-Z5-T Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
745 No Data 568 706 No Data 673 2.60 632

200

600 L — Jack Applied Stress
vs Digital Disp.

Awerage Earth Pressure
Cell Measured Stress

overburden, av {psf)

Owerburden Stress, av
o Reported

0 0.25 0.5 075 1 1.25 1.5
displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.17 0.16 0.15
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
| . —_—
E 02 B - *W m Reported
S 01 NG "\'\f'ﬂ\n =
E ’ Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2

TS20.13-S-L8-Z5-T Issue Date: October 17, 2012 Page 2 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 1/7/2011 10:54:00 AM R
Test Identification: TS20.14-S-1L8-Z12-T T’
Test Facility: 12'x12'x4' MSE Test Box B
L
Type: Ribbed Strip | )
Length, L. (ft): 8.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 116.1 0.8
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 89 +0.3%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 93.3 0.6%

Pullout Test Results

Measured Calculated
i m Pull E j
Relnforce- ent Displacement  Vertical Stress, l.JI out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (/b) Zeff (ft) F*
Pullout 0.72 1520 8738 12.0 2.16
Load-Displacement Curve
10000
Load Cell Measured Force
2000 — vs Digital Disp.
Jack Applied Force
- ! vs Digital Disp.
£ 5000 i
o .: Load Cell Measured Force
E : vs Optical Disp.
5 .I
2 4000 ; + dJackApplied Force
vs Optical Disp.
i Pullout Resistance, Pr
2000 Reported
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
. Tested:  TWYWAS
Prepared: SBTW
__Checked: WLPJ

TS20.14-5-18-212-T Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1748 No Data 1676 1563 No Data 1662 1.06 1519
2000
=
& ____ Jack Applied Stress
g 1500 . vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.17 0.18 0.17
05

T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E,. 03 3 |
ﬁ 02 AL B * Il L1 Preceding Strain Rate
E X — j.-—f'LH“ﬁ 1 fu_-w!l ﬁ)ww MWFW Reported
% 01 Instantaneous Strain Rate

o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 1/7/2011 11:20:00 AM P
Test Identification: TS20.15-5-L8-Z20-M T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 8.0

Width, b (in.): 2 |

Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 116.1 0.8

Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 89 +0.3%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 93.3 0.6%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Pullout 0.74 2649 12390 21.0 1.75

Load-Displacement Curve

14000 W
12000 Load Cell Measured Force
VVHJ’;"‘ vs Digital Disp.
10000 ’ Jack Applied Force
- / vs Digital Disp.
o ;
T 3000
DI_-_ J Load Cell Measured Force
E H vs Optical Disp.
£ gooo——
2 ; + dJackApplied Force
vs Optical Disp.
! Pullout Resistance, Pr
i Reported
2000 :I
] === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
. Tested:  TWYWAS
Prepared: SBTW
__Checked: WLPJ

TS20.15-5-1L8-220-M Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
665 No Data 512 597 No Data 591 3.14 2651
-
E 2500 — Jack Applied Stress
E' 2000 vs Digital Disp.
g 1500 _ Average Earth Pressure
E 1000 Cell Measured Stress
o
= 500 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.15 0.16 0.15
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ 0z Preceding Strain Rate
E ’ =y LTp WMM‘ Reparted
% 01 | Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 1/7/2011 11:09:00 AM R
Test Identification: TS20.16-5-L8-Z12-M T’
Test Facility: 12'x12'x4' MSE Test Box B
L
Type: Ribbed Strip | )
Length, L. (ft): 8.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 116.1 0.8
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 89 +0.3%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 93.3 0.6%

Pullout Test Results

Measured Calculated
i m Pull E j
Relnforce- ent Displacement  Vertical Stress, l.JI out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.22 1542 9204 12.2 2.24
Load-Displacement Curve
10000
/ R S — Load Cell MeasuredFaorce
8000 - vs Digital Disp.
: — Jack Applied Force
- i vs Digital Disp.
£ 5000 i
o i Load Cell Measured Force
E ] vs Optical Disp.
h
2 4000 + dJackApplied Force
vs Optical Disp.
Pullout Resistance, Pr
2000 Reported
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
. Tested:  TWYWAS
Prepared: SBTW
__Checked: WLPJ

TS20.16-S-L8-212-M Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1788 No Data 1643 1574 No Data 1668 1.11 1541
2000
=
& ____ Jack Applied Stress
g 1500 vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.19 0.20 0.17
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03 : :
o . .
" 0z ]ll JIL J . ]L ||l _ )"L_ ﬁ | 1 * — Preceding Strain Rate
. L R R = Reported
£ W e VA AN :
E ’ Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 1/7/2011 10:26:00 AM R
Test Identification: TS20.17-S-L8-Z5-B T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement

Type: Ribbed Strip
Length, L, (ft): 80
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 116.1 0.8
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 89 +0.3%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 93.3 0.6%

Measured Calculated
Reinforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
Pr (/b) Zeff (ft) F*
Pullout 0.25 637 5968 5.0 3.51

Load-Displacement Curve

2000
L——"’.“—“ Load Cell Measured Force
Digital Disp.
Y 4.~,.VJV_A_*/VMAA_T"WV_VI V5
[
000 - .
] Jack Applied Force

vs Digital Disp.

Load Cell Measured Force
vs Optical Disp.

Jack Applied Force
vs Optical Disp.

pull force, Pr o)

*

2000 o PulloutResistance, Pr
Reported

=== Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
. Tested:  TWYWAS
Prepared: SBTW
__Checked: WLPJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
700 No Data 464 652 No Data 605 3.30 637
200
600 l — Jack Applied Stress

vs Digital Disp.

Awerage Earth Pressure
Cell Measured Stress

overburden, av {psf)

Owerburden Stress, av
o Reported

0 0.25 0.5 075 1 1.25 1.5
displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.15 0.15 0.15
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ 0z ﬁ | ‘l 1 j“ 1 J 1 [ | Preceding Strain Rate
= : W | Reported
I e 2 N LAV AV e | O
E ’ T Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information _ Test Specimen Sketch
Test Date: 1/7/2011 10:06:00 AM R
Test Identification: TS20.18-S-L8-Z12-B T’
Test Facility: 12'x12'x4' MSE Test Box B
L
Type: Ribbed Strip | )
Length, L. (ft): 8.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 116.1 0.8
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 89 +0.3%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 93.3 0.6%

Pullout Test Results

Measured Calculated
i m Pull E j
Relnforce_ ent Displacement  Vertical Stress, l.JI out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.65 1546 11396 12.2 2.76
Load-Displacement Curve
12000
10000 — Load Cell Measured Force
i vs Digital Disp.
_-" _ Jack spplied Force
I vs Digital Disp.
= !
i} i @ LoadCell MeasuredForce
g E000 -+ vs Optical Disp.
s |
2 .I + dJackApplied Force
aoo0 -k vs Optical Disp.
E Pullout Resistance, Pr
2000 Reported
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 1.25 15

displacement(in.)

Comments Personnel
. Tested: TW YW AS
Prepared: SBTW
. Checked: WL PJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1864 No Data 1702 1658 No Data 1741 1.15 1546
2000
=
& ____ Jack Applied Stress
g 1500 - vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.12 0.11 0.11
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ 0z ) Preceding Strain Rate
= - Reported
’ N L—-'f""ﬂ - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 1/20/2011 3:33:00 PM i
Test Identification: TS21.13-S-L4-Z40-T T’
Test Facility: 12'x12'x4' MSE Test Box B
L
Type: Ribbed Strip | )
Length, L. (ft): 40
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 119.1 2.0
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 8.0 +0.4%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 95.6 +1.6%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.74 5060 7473 39.3 1.11

Load-Displacement Curve

10000
— Load Cell Measured Force
2000 vs Digital Disp.
— Jack Applied Force
- vs Digital Disp.
£ 5000 K
= /
o Load Cell Measured Force
E vs Optical Disp.
2
E_ 4000 —— + +ackapplied Force
i vs Optical Disp.
; . Pullout Resistance, Pr
2000 T Reported
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
 Tested: AS YW DH
Prepared: SBTW
__Checked: WLPJ
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
5874 No Data 6293 6338 No Data 6168 1.05 5059
2000
T Jack Applied St
— Jack Applie ress
< 6000 vs Digital Disp.
B -
E 4000 _ Average Earth Pressure
5 Cell Measured Stress
E 2000
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.23 0.22 0.21
05
T 04 Instantaneous Strain Rate
5 4 A vs Digital Disp.
£ 032 |
ﬁ 02 \'_;lr"l"ﬂn n, An”J'-HL"IA/JM‘J _ ,At_,fk /"v"\/“ — Preceding Strain Rate
= - VT = '|I|l Reported
= 0.1
K ’ |I Instantaneous Strain Rate
o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information _ Test Specimen Sketch
Test Date: 1/20/2011 3:45:00 PM R
Test Identification: TS21.14-S-18-720-T T’
Test Facility: 12'x12'x4' MSE Test Box B
L
Type: Ribbed Strip | )
Length, L. (ft): 8.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 119.1 2.0
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 8.0 +0.4%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 95.6 +1.6%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (/b) Zeff (ft) F*
Pullout 0.74 2550 15983 19.8 2.35

Load-Displacement Curve

20000
— Load Cell Measured Force
vs Digital Disp.
15000 =
< — Jack Applied Force
- vs Digital Disp.
=
n"__ i Load Cell Measured Force
E 10000 _,' v5 Optical Disp.
g I
E + +ackapplied Force
vs Optical Disp.
5000 i' e PulloutResistance, Pr
: Reported
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
 Tested: AS YW DH
Prepared: SBTW
__Checked: WLPJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
3302 No Data 3313 3676 No Data 3430 1.99 2550
3500
o 3000 )
— Jack Applied Stress
? 2500 - vs Digital Disp.
= 2000
= _ Average Earth Pressure
E 1500 Cell Measured Stress
E 1000
o 500 @ Overburden Stress, ov
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.20 0.21 0.21
05
T 04 __ Instantaneous Strain Rate
£ | A vs Digital Disp.
g | | N
o f\J\J ) .
— Preceding Strain Rate
E g_z_%a&%éﬁ&gnédﬁ\ﬁ\ ﬂ..vuﬂ“ Reportad
g
W

Instantaneous Strain Rate
o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 1/20/2011 2:32:00 PM i
Test Identification: TS21.15-5-L4-240-M T’
Test Facility: 12'x12'x4' MSE Test Box B
L
Type: Ribbed Strip | )
Length, L. (ft): 40
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 119.1 2.0
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 8.0 +0.4%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 95.6 +1.6%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.48 5079 11974 39.5 1.77

Load-Displacement Curve

¢..

Load Cell Measured Force
vs Digital Disp.

Jack Applied Force

- vs Digital Disp.
=) {
P
DI_-_ ! m LoadCell MeasuredForce
E ' vs Optical Disp.
2 ED00—
2 i + dJackApplied Force
] vs Optical Disp.
4000
: Pullout Resistance, Pr
f Reported
2000
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
 Tested: AS YW DH
Prepared: SBTW
__Checked: WLPJ
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
5757 No Data 6151 6289 No Data 6066 1.06 5079
2000
%‘ .
£ 5000 I Jackﬁ_ppllgd Siress
E_ o vs Digital Disp.
E 4000 _ Average Earth Pressure
5 Cell Measured Stress
E 2000
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.22 0.20 0.18
05

T 04 Instantaneous Strain Rate
E 03 ' vs Digital Disp.
ﬁ 'L.\_ Jk ,_/\)LLM A N\ A A Illl ) Preceding Strain Rate
c 0z o Ul -._va Y \muv L el Reported
: N
E ’ l - Instantaneous Strain Rate

o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 1/20/2011 2:43:00 PM P
Test Identification: TS21.16-5-L8-Z20-M T’
Test Facility: 12'x12'x4' MSE Test Box B
L
Type: Ribbed Strip | )
Length, L. (ft): 8.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 119.1 2.0
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 8.0 +0.4%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 95.6 +1.6%

Pullout Test Results

Measured Calculated
i Pull E j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.73 2606 20133 20.3 2.90
Load-Displacement Curve
25000
— Load Cell Measured Force
20000 vs Digital Disp.
— Jack Applied Force
- Y, vs Digital Disp.
2 150004—+
o Load Cell Measured Force
E ! v5 Optical Disp.
5
2 10000—— + dJackApplied Force
| v5 Optical Disp.
! . Pullout Resistance, Pr
5000 T Reported
I === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
 Tested: AS YW DH
Prepared: SBTW
__Checked: WLPJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
3235 No Data 3288 3668 No Data 3397 1.99 2605
3500
o 3000 )
— Jack Applied Stress
? 2500 » vs Digital Disp.
= 2000
= _ Average Earth Pressure
E 1500 Cell Measured Stress
E 1000
& 500 @ Overburden Stress, ov
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.16 0.19 0.18
05
T 04 Instantaneous Strain Rate
5 A vs Digital Disp.
E 03 L
ﬁ b nh _AUJ.L . J[ 1 ,ﬂ* . /\.‘J\‘J/lhpﬂ — Preceding Strain Rate
c 0z i S LA ! Reported
£ il
E ’ U - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 1/20/2011 3:19:00 PM i
Test Identification: TS21.17-5-L4-7240-B T’
Test Facility: 12'x12'x4' MSE Test Box B
L
Type: Ribbed Strip | )
Length, L. (ft): 40
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 119.1 2.0
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 8.0 +0.4%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 95.6 +1.6%

Pullout Test Results

Measured Calculated
Reinforcement . , Pullout Effective Pullout
. Displacement  Vertical Stress, . .ff .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.55 5038 6342 39.2 0.94
Load-Displacement Curve
2000
Load Cell Measured Force
vs Digital Disp.
000
Jack Applied Force
- vs Digital Disp.
o
DI_-_ Load Cell Measured Force
E 4000 4— v5 Optical Disp.
g i
§_ ! + +ackapplied Force
i vs Optical Disp.
i
2000 — e PulloutResistance, Pr
; Reported
' === Load-Disp. Trend
0

0 025 0.5 075 1 125 15

displacement(in.)

Comments Personnel
 Tested: AS YW DH
Prepared: SBTW
__Checked: WLPJ
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Center for Multidisciplinary Research in Transportation REPORT OF
Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
5756 No Data 6229 6369 No Data 6118 1.08 5038

2000

6000 Jack Applied Stress
vs Digital Disp.

Awerage Earth Pressure
Cell Measured Stress

overburden, av {psf)

Owerburden Stress, av
0 Reported

o 0.25 05 075 1 1.25 1.5
displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.26 0.20 0.21
05
T 04 Instantaneous Strain Rate
E 03 vs Digital Disp.
E 3 § §
ﬁ = ﬂfﬂwﬂ_\_ﬁ.‘ \)‘WMW Preceding Strain Rate
= 0.z T i N T Reported
: |
w ’ | - Instantaneous Strain Rate
o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 1/20/2011 3:03:00 PM i
Test Identification: TS21.18-S-L8-Z20-B T’
Test Facility: 12'x12'x4' MSE Test Box B
i
Type: Ribbed Strip | )
Length, L. (ft): 8.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Backfill Material
Specification: TxDOT ltem 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 119.1 2.0
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 8.0 +0.4%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 95.6 +1.6%

Pullout Test Results

Measured Calculated
i Pull E; j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Pullout 0.75 2545 12973 19.8 1.91
Load-Displacement Curve
16000
14000 — Load Cell Measured Force
vs Digital Disp.
12000

Jack Applied Force
vs Digital Disp.

10000

) Load Cell Measured Force
vs Optical Disp.

pull force, Pr o)

6000 i Jack Applied Force
¢ vs Optical Disp.

4000 : o PulloutResistance, Pr
i Reported
2000
] === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
 Tested: AS YW DH
Prepared: SBTW
__Checked: WLPJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
3266 No Data 3320 3785 No Data 3457 2.09 2545
3500
E — Jack Applied Stress
‘E' 2500 » vs Digital Disp.
= 2000
= _ Average Earth Pressure
E 1500 Cell Measured Stress
E 1000
& 500 @ Overburden Stress, ov
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.23 0.18 0.15
05

T 04 Instantaneous Strain Rate
E 03 ‘ i vs Digital Disp.
£ o2 e\ L A Lo MW ereceding swainmate
= - i ¥ NI | u” i Reported
. Tl

’ ” ]’ LI ” U - Instantaneous Strain Rate

0 ” Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY

TxDOT Research Project 0-6493: MSE Pullout

Test Information

Center for Multidisciplinary Research in Transportation

REPORT OF
MSE REINFORCEMENT PuLLOUT TEST

Test Specimen Sketch

Test Date: 2/3/2011 12:17:00 PM
Test Identification: TS22.07-S-L8-815°-Z5-T
Test Facility: 12'x12'x4' MSE Test Box

MSE Reinforcement

Type: Ribbed Strip |
Length, L. (ft): 80 |
Width, b (in.): 2

Skew Angle, 8 (°): 15

Ty

Backfill Material

TxDOT Item 423 - Type B

In-Place Density (TEX-115-E)

Specification:

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 116.7 2.8
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 5.6 0.6%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 93.8 +2.2%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.72 639 10865 5.2 6.38

Load-Displacement Curve

14000

10000

Load Cell Measured Force
vs Digital Disp.

Jack Applied Force
vs Digital Disp.

Load Cell Measured Force
vs Optical Disp.

pull force, Pr o)

Jack Applied Force

¢ vs Optical Disp.

Pullout Resistance, Pr
Reported

=== Load-Disp. Trend

0 025 0.5 075

1

displacement(in.)

Comments

125 15

Personnel

No earth pressure cell data. Pullout force was measured for two reinforcements

Tested: JLWLDH

pulled in tandem. Reported pullout force, Pr, is half the measured pullout force; Prepared: SBTW
i.e. for a single, skewed strip. . Checked: WL PJ
Issue Date: October 17, 2012 Page 1 of 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 1.00 639

200

500 — >

Jack Applied Stress
vs Digital Disp.

overburden, av {psf)

QOverburden Stress, av
Reported

0 0.25 0.5 075 1 1.25 1.5
displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.22 0.17 0.17
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ 02 *'Jhrﬂﬂﬂ' ., m..l‘hk.ﬂ-"'- A e — Preceding Strain Rate
c . A L e v L —all Reported
= 0.1
w ’ i - Instantaneous Strain Rate
o Reported
0 025 0.5 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch

Test Date: 2/3/2011 12:50:00 PM
Test Identification: TS22.08-S-L8-815°-Z5-M
Test Facility: 12'x12'x4' MSE Test Box

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 8.0 |
Width, b (in.): 2 Ay
Skew Angle, 8 (°): 15 '
Backfill Material
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 116.7 2.8
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 5.6 0.6%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 93.8 +2.2%
Pullout Test Results
Measured Calculated
i Pull E; j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.72 629 15880 5.1 9.47
Load-Displacement Curve
20000
— Load Cell Measured Force
vs Digital Disp.
15000
— Jack Applied Force
vs Digital Disp.
= [ ]
E'_ L
o Load Cell Measured Force
E 10000 y v5 Optical Disp.
h /
=] I Jack Applied Force
= ¢ vs Optical Disp.
5000 . Pullout Resistance, Pr
H Reported
=== Load-Disp. Trend
ol
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Pullout force was measured for two reinforcements pulled in tandem. Reported Tested: JLWLDH
pullout force, Pr, is half the measured pullout force; i.e. for a single, skewed strip. Prepared: SBTW
. Checked: WL PJ

TS22.08-5-L8-R15°-Z5-M Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
582 No Data 625 543 No Data 583 1.54 629

200

Jack Applied Stress
600 vs Digital Disp.

Awerage Earth Pressure
Cell Measured Stress

overburden, av {psf)

Owerburden Stress, av
o Reported

0 0.25 0.5 075 1 1.25 1.5
displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.19 0.20 0.18
05

T 04 Instantaneous Strain Rate

5 vs Digital Disp.

£ 032 A -

ﬁ o Mj‘l\ IIL ﬂ\. Preceding Strain Rate

= 0.z v ki — Reported

£ 01 "M ']l

w ’ Instantaneous Strain Rate
o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information _ Test Specimen Sketch

Test Date: 2/8/2011 8:50:00 AM
Test Identification: TS22.09-S-L8-R15°-Z5-B
Test Facility: 12'x12'x4' MSE Test Box
MSE Reinforcement
Type: Ribbed Strip |
Length, L. (ft): 8.0
Width, b (in.): 2 Ay :
Skew Angle, 8 (°): 15 '
Backfill Material
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 116.7 2.8
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 5.6 0.6%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 93.8 +2.2%
Pullout Test Results
Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.73 626 14562 5.1 8.73
Load-Displacement Curve
20000
— Load Cell Measured Force
vs Digital Disp.
15000
— Jack Applied Force
- vs Digital Disp.
e
DI_-_ Load Cell Measured Force
E 10000 v5 Optical Disp.
h
=] Jack Applied Force
= ] ¢ vs Optical Disp.
5000 I!I . Pullout Resistance, Pr
i Reported
: === Load-Disp. Trend
0

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
Pullout force was measured for two reinforcements pulled in tandem. Reported Tested: JLYW DH
pullout force, Pr, is half the measured pullout force; i.e. for a single, skewed strip. Prepared: SBTW
. Checked: WL PJ

TS22.09-S-L8-R15°-Z5-B Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
562 No Data 1098 489 No Data 716 1.42 626

200

600 J — Jack Applied Stress
vs Digital Disp.

Awerage Earth Pressure
Cell Measured Stress

overburden, av {psf)

Owerburden Stress, av
o Reported

0 0.25 0.5 075 1 1.25 1.5
displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.21 0.17 0.17
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03 L
o . .
.,JL_,J Preceding Strain Rate
E 0z Jh.‘li.-_,\.-"-.-‘ "'\-'hﬂ"-».-‘w‘v'”"“v nw‘\ﬂv')—\'muu“# ““V'Lw i Reported
§ l |
% 01 || - Instantaneous Strain Rate
o Reported
0 025 0.5 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch

Test Date: 2/23/2011 2:02:00 PM
Test Identification: TS23.07-S-L4.5-R15°-212-T
Test Facility: 12'x12'x4' MSE Test Box

MSE Reinforcement

Type: Ribbed Strip | \
Length, L, (ft): 45 B
Width, b (in.): 2 A,
Skew Angle, 8 (°): 15 '
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 119.4 19
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 5.7 0.5%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 96.0 +1.5%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.29 1528 5120 12.1 2.23

Load-Displacement Curve

&000
Load Cell Measured Force
s vs Digital Disp.

I — Jack Applied Force

4000 ? vs Digital Disp.
o g
n"__ f Load Cell Measured Force
E vs Optical Disp.
h
E H + +ackapplied Force

2000 | vs Optical Disp.

Pullout Resistance, Pr
Reported

=== Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
No earth pressure cell data. Pullout force was measured for two reinforcements Tested: YW AS DH
pulled in tandem. Reported pullout force, Pr, is half the measured pullout force; Prepared: SBTW
i.e. for a single, skewed strip. Checked: WL PJ

TS23.07-5-L4.5-815°-212-T Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 1.00 1528
2000
=
& 1500 Lo
o — Jack Applied Stress
B vs Digital Disp.
£ 1000
=
g
z 500 Overburden Stress, av
= Reported
0
0 0.25 05 075 1 1.25 15

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.25 0.32 0.28
05
T 04 ! I ! | Instantaneous Strain Rate
5 l_ rL ﬂ\ h’l vs Digital Disp.
£ 02 oy '—\J TR Bl § (SRS
ﬁ VL'VAU VU Preceding Strain Rate
c 02 T Reported
B
% 01 Instantaneous Strain Rate
o Reported
0 025 0.5 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
MSE REINFORCEMENT PULLOUT TEST

TxDOT Research Project 0-6493: MSE Pullout

Test Information Test Specimen Sketch

Test Date: 2/23/2011 1:45:00 PM
Test Identification: TS23.08-S-L4.5-R15°-212-M
Test Facility: 12'x12'x4' MSE Test Box

MSE Reinforcement
Type: Ribbed Strip |
Length, L. (ft): 45
Width, b (in.): 2 Ay
Skew Angle, 8 (°): 15

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 119.4 19
Maximum Dry Unit Weight, Ygmax (PCf): 124.5  Moisture Content, w (%): 5.7 10.5%
Optimum Moisture Content, OMC (%): 7.8% | Relative Compaction, Cy (%): 96.0 *1.5%

Pullout Test Results
Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Pullout 0.75 1504 10447 11.9 4.63
Load-Displacement Curve
12000
10000 - Lnaq {}ell I'-.-'I_easured Farce
vs Digital Disp.
— Jack Applied Force
8000 vs Digital Disp.
/
] m LoadCellMeasuredForce

vs Optical Disp.

] Jack Applied Force

pull force, Pr o)

4000 ::. ¢ vs Dptical Disp.
.E: Pullout Resistance, Pr
2000 il Reported
: === Load-Disp. Trend
0
0 025 05 075 1 1.25 15

displacement(in.)

Personnel

Comments
No earth pressure cell data. Pullout force was measured for two reinforcements

Tested: YW AS DH

pulled in tandem. Reported pullout force, Pr, is half the measured pullout force; Prepared: SBTW
i.e. for a single, skewed strip. . Checked: WL PJ
Page 1 of 2
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 1.10 1504
2000
=
S 1500 PR
o — Jack Applied Stress
B vs Digital Disp.
£ 1000
=
=
z 500 Overburden Stress, av
= Reported
0
0 0.25 05 075 1 1.25 15

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.26 0.25 0.24

05

04 Instantaneous Strain Rate
]I h 1 ] A )l|L vs Digital Disp.
03 I .

= LTA Preceding Strain Rate
02 i Reported

strain rate {in.Jmin)
L
4
<
<
[i

Instantaneous Strain Rate
o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 2/23/2011 1:26:00 PM

Test Identification: TS23.09-S-L4.5-815°-212-B
Test Facility: 12'x12'x4' MSE Test Box

MSE Reinforcement

Type: Ribbed Strip |
Length, L. (ft): 45
Width, b (in.): 2 A,
Skew Angle, 8 (°): 15 |

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 119.4 19
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 5.7 0.5%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 96.0 +1.5%

Pullout Test Results

Measured Calculated

Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*

Pullout 0.09 1500 6147 11.9 2.73

Load-Displacement Curve

2000

Load Cell Measured Force

E -~
R e vs Digital Disp.

. B S . Jack Applied Farce

vs Digital Disp.

Load Cell Measured Force
vs Optical Disp.

Jack Applied Force
vs Optical Disp.

pull force, Pr o)

*

2000 o PulloutResistance, Pr
Reported

=== Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
No earth pressure cell data. Pullout force was measured for two reinforcements Tested: YW AS DH
pulled in tandem. Reported pullout force, Pr, is half the measured pullout force; Prepared: SBTW
i.e. for a single, skewed strip. Checked: WL PJ
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 1.19 1500
2000
G
= 1500 —e — Jack Applied Stress
B vs Digital Disp.
£ 1000
=
g
z 500 Overburden Stress, av
= Reported
0
0 0.25 05 075 1 1.25 15

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.21 0.23 0.24
05 '
T 04 __ Instantaneous Strain Rate
5 nLA llll A vs Digital Disp.
£ 032 A A "U"‘
ﬁ W fJ 1“' — Preceding Strain Rate
= 0.2+ Reported
-E 0.1

Instantaneous Strain Rate
o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch

Test Date: 4/8/2011 3:00:00 PM
Test Identification: TS24.13-S-L4.5-R30°-212-T
Test Facility: 12'x12'x4' MSE Test Box

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 45
Width, b (in.): 2 .,
Skew Angle, 8 (°): 30
Backfill Material
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 1179 1.5
Maximum Dry Unit Weight, Ygmax (PCf): 124.5  Moisture Content, w (%): 7.3 #1.0%
Optimum Moisture Content, OMC (%): 7.8% | Relative Compaction, Cy (%): 94,7 +1.3%

Pullout Test Results
Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Pullout 0.72 1517 3656 12.0 1.61
Load-Displacement Curve
B000

L
MN/ Load Cell Measured Force
A000 N vs Digital Disp.

I -/_/-’h" ___ Jack Applied Forcs

— e vs Digital Disp.

= 3000 jj'i/‘ - --—-"I-—-__,//\

':‘I_-_ ,"; m LoadCellMeasuredForce
E : vs Optical Disp.

=

3 00— » JackApplied Force

vs Optical Disp.

; e PulloutResistance, Pr
1000 4+ Reported

i === Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
Pullout force was measured for two reinforcements pulled in tandem. Reported Tested: AS YW DH
pullout force, Pr, is half the measured pullout force; i.e. for a single, skewed strip. Prepared: SBTW
. Checked: WL PJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1806 No Data 1624 1503 1288 1555 1.13 1517
2000
=
& ____ Jack Applied Stress
g 1500 . vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.33 0.35 0.34
ol J

T 04 'r - A j ﬁ ||| I" Instantaneous Strain Rate

E [ LAY | —_— intameo

E 03 I!F R w.J li/ ﬂl.-"rn\llul\vd UJWL—” vs Digital Disp.

= — Preceding Strain Rate

E 0.z Reported

= 0.1

w ’ Instantaneous Strain Rate
o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch

Test Date: 4/8/2011 2:50:00 PM
Test Identification: TS24.14-S-L4.5-R15°-212-M
Test Facility: 12'x12'x4"' MSE Test Box AN
Type: Ribbed Strip | \
Length, L, (ft): 45 B
Width, b (in.): 2 4,
Skew Angle, 8 (°): 15 '
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 1179 1.5
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.3 +1.0%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 94.7 +1.3%

Pullout Test Results

Measured Calculated
i Pull E; j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Pullout 0.73 1526 7271 12.1 3.18
Load-Displacement Curve
8000
! - — Load Cell Measured Force
vs Digital Disp.
6000 .

Jack Applied Force
vs Digital Disp.

Load Cell Measured Force
vs Optical Disp.

pull force, Pr o)

; + +ackapplied Force
| vs Optical Disp.

2000 :‘ e PulloutResistance, Pr
| Reported

; === Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
Pullout force was measured for two reinforcements pulled in tandem. Reported Tested: AS YW DH
pullout force, Pr, is half the measured pullout force; i.e. for a single, skewed strip. Prepared: SBTW
. Checked: WL PJ
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Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1982 No Data 1713 1610 1346 1663 1.09 1526
2000
- |
2 1500 P - ____ Jack Applied Stress
g vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.43 0.29 0.30
05
T 04 n h * h | ]l' ﬂ h h —— Instantaneous Strain Rate
E o Ul RIITN L OOA] — e
ﬁ \‘II ‘“' — Preceding Strain Rate
= 0.z Reported
-E 0.1 ll
’ Instantaneous Strain Rate
o Reported
0 025 0.5 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 4/8/2011 2:27:00 PM
Test Identification: TS24.15-5-14.5-815°-Z12-B
Test Facility: 12'x12'x4' MSE Test Box
MSE Reinforcement
Type: Ribbed Strip |
Length, L. (ft): 45
Width, b (in.): 2 Ay ;
Skew Angle, 8 (°): 15 '
Backfill Material
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 1179 1.5
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.3 +1.0%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 94.7 +1.3%
Pullout Test Results
Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.70 1527 5797 12.1 2.53
Load-Displacement Curve
6000
f/_/-ﬂ"/_mf’_m . — LoadCell Measured Force
I vs Digital Disp.
.-" — Jack Applied Force
. 4000 5— vs Digital Disp.
2 i
DI_-_ f' Load Cell Measured Force
E H vs Optical Disp.
= i
2 ; + dJackApplied Force
2000 K vs Optical Disp.
i Pullout Resistance, Pr
: Reported
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Pullout force was measured for two reinforcements pulled in tandem. Reported Tested: AS A) DH
pullout force, Pr, is half the measured pullout force; i.e. for a single, skewed strip. Prepared: SBTW
. Checked: WL PJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
2094 No Data 1781 1650 1334 1715 1.15 1527
2000
=
& ____ Jack Applied Stress
g 1500 . vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.32 0.29 0.31
05
T 04 it A" A h ﬂ ﬂ”l II'I‘., I'I 'ﬂ .,JLIIJ{L __ Instantaneous Strain Rate
£ FAE A A A NNl
e - M.r ¥ T L L) ‘
ﬁ 0z r — Preceding Strain Rate
= - Reported
= 0.1
w ’ Instantaneous Strain Rate
o Reported
0 025 0.5 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 5/5/2011 2:17:00 PM
Test Identification: TS25.13-5-14.5-830°-Z212-T
Test Facility: 12'x12'x4' MSE Test Box
MSE Reinforcement
Type: Ribbed Strip |
Length, L. (ft): 45
Width, b (in.): 2 Ly |
Skew Angle, 8 (°): 30 | '
Backfill Material
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 120.3 3.7
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 5.6 0.5%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 96.6 +2.9%
Pullout Test Results
Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Pullout 0.66 1516 2015 11.9 0.89
Load-Displacement Curve
2500
— Load Cell Measured Force
2000 vs Digital Disp.
— Jack Applied Force
- vs Digital Disp.
2 1500
o Load Cell Measured Force
E vs Optical Disp.
E II!
2 1000 i + dJackApplied Force
; vs Optical Disp.
|I . Pullout Resistance, Pr
500 1 Reported
5 === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Pullout force was measured for two reinforcements pulled in tandem. Reported Tested: TW JL DH
pullout force, Pr, is half the measured pullout force; i.e. for a single, skewed strip. Prepared: SBTW
. Checked: WL PJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1874 No Data 1524 1461 No Data 1620 1.12 1516
2000
=
& ____ Jack Applied Stress
g 1500 . vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.29 0.27 0.29
iy I fl
T 04 b I' | ] n Instantaneous Strain Rate
5 '\1 ﬂ A fl ‘th_ vs Digital Disp.
£ 03 A q.&ﬁm P
= I YAV AW N TR
ﬁ JI Preceding Strain Rate
= 0.z Reported
G 01
E ’ Instantaneous Strain Rate
o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch

Test Date: 5/5/2011 2:32:00 PM
Test Identification: TS25.14-S-L4.5-R30°-212-M
Test Facility: 12'x12'x4' MSE Test Box

MSE Reinforcement

Type: Ribbed Strip |

‘ l

Length, L. (ft): 4.5
Width, b (in.): 2 4
Skew Angle, 8 (°): 30
Backfill Material

Specification: TxDOT ltem 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 120.3 3.7
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 5.6 0.5%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 96.6 +2.9%

Pullout Test Results

Measured Calculated
i Pull E; j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.75 1535 5587 12.1 243
Load-Displacement Curve
8000
— Load Cell Measured Force
) vs Digital Disp.
.
G000 = n

Load Cell Measured Force

ST — Jack Applied Force
B vs Digital Disp.
|

pull force, Pr o)

4000 v5 Optical Disp.
+ +ackapplied Force
vs Optical Disp.

2000 Pullout Resistance, Pr

| Reported

i

! === Load-Disp. Trend

0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Pullout force was measured for two reinforcements pulled in tandem. Reported Tested: TW JL DH
pullout force, Pr, is half the measured pullout force; i.e. for a single, skewed strip. Prepared: SBTW
. Checked: WL PJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1740 No Data 1378 1339 No Data 1486 1.21 1535
|
=
& ____ Jack Applied Stress
g 1500 vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.33 0.23 0.24
05

T 04 | | | __ Instantaneous Strain Rate
5 I ® A h vs Digital Disp.
s 03 ' *y I VARVl &
ﬁ ™ e Hﬂrlll/‘lunu‘vu W u W u \a\ l"'"N — Preceding Strain Rate
E 0.z ||"I[ ¥ |l Reported
w 01 1 o |nstantaneous Strain Rate

o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch

Test Date: 5/5/2011 2:56:00 PM
Test Identification: TS25.15-S-L4.5-830°-212-B
Test Facility: 12'x12'x4' MSE Test Box

MSE Reinforcement

Type: Ribbed Strip |

‘ l

Length, L. (ft): 4.5
Width, b (in.): 2 4
Skew Angle, 8 (°): 30
Backfill Material

Specification: TxDOT ltem 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 120.3 3.7
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 5.6 0.5%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 96.6 +2.9%

Pullout Test Results

Measured Calculated
Reinforcement . , Pullout Effective Pullout
I . Displacement  Vertical Stress, u u .ff v .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.75 1546 4087 12.2 1.76
Load-Displacement Curve
000
Load Cell Measured Force
A000 vs Digital Disp.
Jack Applied Force
- vs Digital Disp.
£ 3000 -
o £ m LoadCell MeasuredForce
E J.*' v5 Optical Disp.
=
2 2000 F + dJackApplied Force
v5 Optical Disp.
.". . Pullout Resistance, Pr
1000 Reported
.‘: === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Pullout force was measured for two reinforcements pulled in tandem. Reported Tested: TW JL DH
pullout force, Pr, is half the measured pullout force; i.e. for a single, skewed strip. Prepared: SBTW
. Checked: WL PJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1695 No Data 1352 1303 No Data 1450 131 1546
.
[rot
& ____ Jack Applied Stress
g 1500 vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.29 0.25 0.27
05
E D4 AL\F.’"F[ i —— Instantaneous Strain Rate
£ 03 i "1- MA ﬂ ‘Jﬂb rj‘_'\«.\.!_[‘I L"?IIIM vs Digital Disp.
= LT~V v . .
" 1IN — Preceding Strain Rate
c 02 T | Reported
i
% 01 Instantaneous Strain Rate
o Reported
0 025 0.5 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch

Test Date: 6/1/2011 10:22:00 AM
Test Identification: TS27.07-S-L8-R30°-Z5-T
Test Facility: 12'x12'x4' MSE Test Box

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 8.0 |
Width, b (in.): 2 4, |
Skew Angle, 8 (°): 30 |
Backfill Material
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 119.8 1.2
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 8.0 +0.2%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 96.2 +0.9%
Pullout Test Results
Measured Calculated
i Pull E; j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.74 642 9086 5.0 5.31
Load-Displacement Curve
10000
— Load Cell Measured Force
2000 ] vs Digital Disp.
/ "
3 — Jack Applied Force
— A vs Digital Disp.
£ 6000 .
DI_-_ ;" Load Cell Measured Force
o ] vs Optical Disp.
2 !
E |"'
E 4000 f o JackApplied Force
vs Optical Disp.
.". . Pullout Resistance, Pr
2000+~ Reported
:. === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Pullout force was measured for two reinforcements pulled in tandem. Reported Tested: AS AJ YW
pullout force, Pr, is half the measured pullout force; i.e. for a single, skewed strip. Prepared: SBTW
. Checked: WL PJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1113 No Data 724 893 No Data 910 7.77 641
1000
E 800 — Jack Applied Stress
. vs Digital Disp.
€ &m0 -
[ =
= _ Average Earth Pressure
E 400 Cell Measured Stress
o
= 200 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.25 0.13 0.16
05
T 04 | Instantaneous Strain Rate
5 I |1| I vs Digital Disp.
E'_ {:IS i h i i
ﬁ L.rf 0 Wwwwfk«)\_\ / Preceding Strain Rate
= 0.z | N Reported
i 1
% 01 LJ Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch

Test Date: 6/1/2011 10:01:00 AM
Test Identification: TS27.08-S-L8-30°-Z5-M
Test Facility: 12'x12'x4' MSE Test Box A\
MSE Reinforcement
Type: Ribbed Strip | \
Length, L. (ft): 8.0 B
Width, b (in.): 2 g,
Skew Angle, 8 (°): 30 | '
Backfill Material
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 119.8 1.2
Maximum Dry Unit Weight, Ygmax (PCf): 124.5  Moisture Content, w (%): 8.0 0.2%
Optimum Moisture Content, OMC (%): 7.8% | Relative Compaction, Cy (%): 96.2 0.9%
Pullout Test Results
Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Pullout 0.75 646 11504 5.0 6.68
Load-Displacement Curve
14000
12000 —— - Lnaq {}ell I'-.-'I_easured Farce
- - vs Digital Disp.
e
10000 / _ Jack spplied Force
_ y vs Digital Disp.
= 2000 i g
DI_-_ .r’;’ Load Cell Measured Force
E vs Optical Disp.
2 6000+
2 f + dJackApplied Force
! vs Optical Disp.
4000 ——
Pullout Resistance, Pr
! Reported
2000
i === Load-Disp. Trend
0
0 0.25 05 0.75 1 1.25 15

displacement(in.)

Comments Personnel
Pullout force was measured for two reinforcements pulled in tandem. Reported Tested: AS AJ YW
pullout force, Pr, is half the measured pullout force; i.e. for a single, skewed strip. Prepared: SBTW
. Checked: WL PJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1123 No Data 720 861 No Data 901 7.91 646
1000
E 200 — Jack Applied Stress
E_ 500 . vs Digital Disp.
[ =
= _ Average Earth Pressure
E 400 Cell Measured Stress
o
= 200 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.22 0.21 0.21
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
£ 02 s
ﬁ |\_ A wﬂ\ ____ Preceding Strain Rate
= 0.z e |Il L Reported
£ T
E ’ i Instantaneous Strain Rate
o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch

Test Date: 6/1/2011 9:44:00 AM
Test Identification: TS27.09-S-L8-330°-Z5-B
Test Facility: 12'x12'x4' MSE Test Box

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 8.0 |
Width, b (in.): 2 Ay
Skew Angle, 8 (°): 30 | '
Backfill Material
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 119.8 1.2
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 8.0 +0.2%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 96.2 +0.9%
Pullout Test Results
Measured Calculated
i Pull E; j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.74 636 15872 4.9 9.37
Load-Displacement Curve
20000
— Load Cell Measured Force
vs Digital Disp.
15000
— Jack Applied Force
- vs Digital Disp.
O
DI_-_ Load Cell Measured Force
E 10000 : v5 Optical Disp.
j= i
3 ,-" Jack Applied Force
= ¢ vs Optical Disp.
5000 .'I . Pullout Resistance, Pr
; Reported
‘ === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Pullout force was measured for two reinforcements pulled in tandem. Reported Tested: ASYW AJ
pullout force, Pr, is half the measured pullout force; i.e. for a single, skewed strip. Prepared: SBTW
. Checked: WL PJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1163 No Data 829 787 No Data 926 8.25 635
1000
E 800 — Jack Applied Stress
. vs Digital Disp.
€ &m0 o
[ =
= _ Average Earth Pressure
E 400 Cell Measured Stress
o
= 200 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.32 0.25 0.28

05

0s [

E . - A Insta_lntan £0US Strain Rate
o3 I I DU LY ATN TN
= PP P N AT ‘.I.l | . )
B oo TN i Preceding Strain Rate
c : - Reported
B
% 01 Instantaneous Strain Rate
o Reported
0 025 0.5 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2

TS27.09-S-L8-R30°-Z5-B Issue Date: October 17, 2012 Page 2 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation

TxDOT Research Project 0-6493: MSE Pullout

REPORT OF
MSE REINFORCEMENT PuLLOUT TEST

Test Specimen Sketch

Test Information

Test Date: 6/20/2011 1:08:00 PM T,,_F’r

Test Identification: TS29.01-S-L12-Z5-T

Test Facility: 12'x12'x4' MSE Test Box B
L

Type: Ribbed Strip | ‘

Length, L, (ft): 120

Width, b (in.): 2 |

Skew Angle, 8 (°): 0o b

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 119.4 2.5
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.1 0.5%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 95.9 +2.0%

Measured Calculated
Reinforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
Pr (lb) Zeff (ft) F*
Pullout 0.75 626 12595 4.9 5.03

Load-Displacement Curve

14000
12000 Load Cell Measured Force
vs Digital Disp.
f Jack Applied Force
|

10000
vs Digital Disp.

i
T 3000
DI_-_ H Load Cell Measured Force
E vs Optical Disp.
2 E000——
2 f + dJackApplied Force
; vs Optical Disp.
4000 :I
! . Pullout Resistance, Pr
i Reported
2000 ;
' === Load-Disp. Trend
0 il
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
. Tested: TW RH DH
Prepared: SBTW
. Checked: WL PJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
720 613 No Data 665 597 649 1.06 625
200
600 e l — — Jack Applied Stress

vs Digital Disp.

Awerage Earth Pressure
Cell Measured Stress

overburden, av {psf)

Owerburden Stress, av
o Reported

0 0.25 0.5 075 1 1.25 1.5
displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.09 0.06 0.06
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
= 0.1
o — T’J\/""\w e |nstantansous Strain Rate
0 __,l' Reported
0 025 0.5 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2

TS29.01-S-L12-75-T Issue Date: October 17, 2012 Page 2 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 6/20/2011 1:41:00 PM R
Test Identification: TS29.02-S-L12-212-T T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement

Type: Ribbed Strip
Length, L, (ft): 120
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 119.4 2.5
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.1 0.5%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 95.9 +2.0%

Measured Calculated
Reinforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
Pr (/b) Zeff (ft) F*
Pullout 0.75 1569 14261 12.3 2.27

Load-Displacement Curve

g ‘

Load Cell Measured Force
vs Digital Disp.

| |
15000
Jack Applied Force
vs Digital Disp.
™ Load Cell Measured Force

10000 v5 Optical Disp.

pull force, Pr o)

._."
|ll'I
+ +ackapplied Force
_.I vs Optical Disp.
5000 I." e PulloutResistance, Pr
/ Reported
; === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
. Tested: ~ TW RH DH
Prepared: SBTW
__Checked: WLPJ
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Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1759 1548 No Data 1627 1513 1612 1.04 1569
—
=
& ____ Jack Applied Stress
g 1500 vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.07 0.07 0.08
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z _/J Reported
"E 01 ot o e
' e vuw‘T-J‘*’"J A Y & |nstantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 6/20/2011 2:40:00 PM i
Test Identification: TS29.03-S-L12-Z20-T T’
Test Facility: 12'x12'x4' MSE Test Box B
i
Type: Ribbed Strip | )
Length, L. (ft): 12.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 119.4 2.5
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.1 0.5%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 95.9 +2.0%

Pullout Test Results

Measured Calculated
i Pull E j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (/b) Zeff (ft) F*
Pullout 0.74 2547 20972 19.9 2.06
Load-Displacement Curve
25000
— Load Cell Measured Force
20000 — vs Digital Disp.
— Jack Applied Force
- vs Digital Disp.
£ 15000
o Load Cell Measured Force
E vs Optical Disp.
h
2 10000 7 + dJackApplied Force
i vs Optical Disp.
Pullout Resistance, Pr
5000 Reported
Ii:. === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
 Tested: TW RH AJ
Prepared: SBTW
__Checked: WLPJ
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4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
2965 2720 No Data 2847 2614 2786 1.01 2547
3000 T
E 2500 4 — Jack Applied Stress
E' 2000 vs Digital Disp.
g 1500 _ Average Earth Pressure
E 1000 Cell Measured Stress
o
= 500 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.06 0.08 0.07
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z ||jh|l Reported
£ o1 f"“'ﬂ s
X _III ¥ Ww - Instantaneous Strain Rate
o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 6/20/2011 3:15:00 PM P
Test Identification: TS29.04-S-L12-240-T T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 12.0

Width, b (in.): 2 |

Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 119.4 2.5

Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.1 0.5%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 95.9 +2.0%

Pullout Test Results

Measured Calculated
i m Pull E j
Relnforce_ ent Displacement  Vertical Stress, l.JI out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Rupture 0.74 5026 20954 39.3 1.04
Load-Displacement Curve
25000
— Load Cell Measured Force
20000 vs Digital Disp.
— Jack Applied Force
- vs Digital Disp.
£ 15000
o | Load Cell Measured Force
E J,." vs Optical Disp.
i=] w
§_ 10000 ] + +ackapplied Force
vs Optical Disp.
.-" Pullout Resistance, Pr
5000 ;-' Reported
_.’: === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Connection rupture at 0.74in. Tested: TW RH AJ
Prepared: SBTW
. Checked: WL PJ
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Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
6223 5687 No Data 5962 5551 5856 1.03 5025

R S I |

=
2 — Jack Applied Stress
‘E' ADDD vs Digital Disp.
E Awerage Earth Pressure
E 2000 Cell Measured Stress
o
3 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.01 0.04 0.04
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
G 01
E ’ o S o, Instantaneous Strain Rate
o ~ MR | Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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Test Information Test Specimen Sketch
Test Date: 6/21/2011 4:24:00 PM P
Test Identification: TS29.05-5-L12-75-T T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 12.0

Width, b (in.): 2 |

Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 119.4 2.5

Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.1 0.5%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 95.9 +2.0%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (/b) Zeff (ft) F*
Pullout 0.75 623 13611 49 5.46

Load-Displacement Curve

g ‘

Load Cell Measured Force

vs Digital Disp.
’F_.,.é.-n-

15000
; Jack Applied Force
- vs Digital Disp.
™ Load Cell Measured Force
10000 7 v5 Optical Disp.

+ +ackapplied Force
vs Optical Disp.

pull force, Pr o)

5000 + e PulloutResistance, Pr
Reported

=== Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
 Tested: TW RH AS
Prepared: SBTW
__Checked: WLPJ
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Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
711 742 No Data 667 786 726 8.88 619

200 I

600 ——-—-*_qd_:— Jack Applied Stress

vs Digital Disp.

Awerage Earth Pressure
Cell Measured Stress

overburden, av {psf)

Owerburden Stress, av
o Reported

0 0.25 0.5 075 1 1.25 1.5
displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.09 0.12 0.10
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z f Reported
_‘E 0.1 o i A — ramn .l‘—'f-\rj" M J
’ = \"lew W Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 6/21/2011 12:11:00 PM P
Test Identification: TS29.06-S-L12-212-M T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 12.0

Width, b (in.): 2 |

Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 1219 3.3

Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.4 0.8%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 97.9 +2.6%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Rupture 0.51 1539 22427 11.9 3.64
Load-Displacement Curve
25000

f Load Cell Measured Force
20000 vs Digital Disp.

Jack Applied Force

- vs Digital Disp.

£ 15000

| -

o / ™ Load Cell Measured Force
E L vs Optical Disp.

2 10000 ? o JackApplied Force

vs Optical Disp.

.'; . Pullout Resistance, Pr
5000+ Reparted

] === Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
Connection rupture at 0.51in. Tested: TW RH DH
Prepared: SBTW
. Checked: WL PJ
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4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1833 1587 No Data 1667 1608 1674 3.68 1539
=
& :L ____ Jack Applied Stress
g 1500 vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.04 0.11 0.08
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
G 01
w - L W e |nstantansous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 6/21/2011 10:48:00 AM i
Test Identification: TS29.07-S-L12-220-M T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement

Type: Ribbed Strip |
Length, L. (ft): 12.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Backfill Material
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 1219 3.3
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.4 0.8%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 97.9 +2.6%
Pullout Test Results
Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Rupture 0.50 2573 23009 19.8 2.24
Load-Displacement Curve
25000
— Load Cell Measured Force
20000 ", vs Digital Disp.
_ Jack spplied Force
- _.f vs Digital Disp.
£ 15000
o I m LoadCell MeasuredForce
o vs Optical Disp.
b f
5
E 10000—— o JackApplied Force
] vs Optical Disp.
:. . Pullout Resistance, Pr
5000 ; Reported
:I === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Connection rupture at 0.50in. Tested: TW YW DH
Prepared: SBTW
. Checked: WL PJ
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Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
3037 2657 No Data 2842 2711 2812 2.20 2573
3000
E 2500 — Jack Applied Stress
E' 2000 vs Digital Disp.
g 1500 _ Average Earth Pressure
E 1000 Cell Measured Stress
o
= 500 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.05 0.10 0.07
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 02 Reported
m
% 01 ._,_MW - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 6/21/2011 10:22:00 AM i
Test Identification: TS29.08-S-L12-240-M T’
Test Facility: 12'x12'x4' MSE Test Box B
i
Type: Ribbed Strip | )
Length, L. (ft): 12.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 1219 3.3
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.4 0.8%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 97.9 +2.6%

Pullout Test Results

Measured Calculated
i Pull E; j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Rupture 0.34 5667 21725 43.7 0.96
Load-Displacement Curve
25000
/. — Load Cell Measured Force
20000 / vs Digital Disp.
— Jack Applied Force
- vs Digital Disp.
2 15000 .
DI_-_ Load Cell Measured Force
E vs Optical Disp.
2
S 10000 Jack Applied Force
= f ¢ vs Optical Disp.
Pullout Resistance, Pr
5000 Reported
=== Load-Disp. Trend
0 |
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Connection rupture at 0.34in. Tested: TW YW DH
Prepared: SBTW
. Checked: WL PJ
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REPORT OF
MSE REINFORCEMENT PuLLOUT TEST

Vertical Stress, o, (psf)

EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
6216 5438 No Data 5843 5549 5762 2.00 5040

6000 — T
= ——
2 — Jack Applied Stress
E' ADDD vs Digital Disp.
g _ Average Earth Pressure
E 2000 Cell Measured Stress
o
= Owerburden Stress, av

0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)

0.01 0.13 0.06
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 02 Reported
B 1
% 01 W Instantaneous Strain Rate
0 w'L. Reported
0 025 0.5 075 1 125 15

displacement(in.)

Incidental Skew
skew angle
(degrees)
Not Applicable

Differential Displacement

right-left
(in.)
Not Applicable

right-center
(in.)
Not Applicable

center-left
(in.)
Not Applicable

elongation
(in.)
Not Applicable

skew rotation

Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2

TS29.08-5-L12-740-M
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 6/21/2011 9:15:00 AM R
Test Identification: TS29.09-5-L8-Z5-M T’
Test Facility: 12'x12'x4' MSE Test Box B
i
Type: Ribbed Strip | )
Length, L. (ft): 8.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Backfill Material
Specification: TxDOT ltem 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 1219 3.3
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.4 0.8%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 97.9 +2.6%

Pullout Test Results

Measured Calculated
i Pull E j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.72 635 11278 4.9 6.66
Load-Displacement Curve
14000
N
12000 =y — Load Cell Measured Force
vs Digital Disp.
10000 — Jack Applied Force
- vs Digital Disp.
o
DI_-_ Load Cell Measured Force
E vs Optical Disp.
2 6000
2 ! + dJackApplied Force
f v5 Optical Disp.
A000 1~
| Pullout Resistance, Pr
] Reported
2000 .I
! === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
. Tested:  TW YW DH
Prepared: SBTW
__Checked: WLPJ
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Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
708 665 No Data 614 583 642 9.46 635

200

600 i Jack Applied Stress
vs Digital Disp.

Awerage Earth Pressure
Cell Measured Stress

overburden, av {psf)

Owerburden Stress, av
o Reported

0 0.25 0.5 075 1 1.25 1.5
displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.11 0.09 0.10
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
_‘E 0.1 A Fal. W N A ‘F’V'\N"\‘ " JIM
’ T | o |nstantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information _ Test Specimen Sketch
Test Date: 6/21/2011 8:53:00 AM R
Test Identification: TS29.10-5-L8-Z12-M T’
Test Facility: 12'x12'x4' MSE Test Box B
L
Type: Ribbed Strip | )
Length, L. (ft): 8.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 1219 3.3
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.4 0.8%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 97.9 +2.6%

Pullout Test Results

Measured Calculated
Reinforcement . , Pullout Effective Pullout
l . Displacement  Vertical Stress, u u .ff v .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.74 1529 16037 11.8 3.93
Load-Displacement Curve
20000
Load Cell Measured Force
vs Digital Disp.
15000
Jack Applied Force
- vs Digital Disp.
o
DI_-_ Load Cell Measured Force
E 10000 : v5 Optical Disp.
h /
=] ."I Jack Applied Force
= / ¢ vs Optical Disp.
5000 ¢ PulloutResistance, Pr
H Reported
:I === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
. Tested:  TW YW DH
Prepared: SBTW
__Checked: WLPJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1713 1601 No Data 1595 1512 1605 3.79 1529
2000
T J Jack Applied St
— Jack Applied Stress
‘g 1500 vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
o 0.25 05 075 1 1.25 1.5
displacement{in.)
Strain Rate
instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.12 0.10 0.10
05
T 04 __ Instantaneous Strain Rate
5 vs Digital Disp.
£ 03
= — Preceding Strain Rate
E 0.z Reported
% 01 — S ety
’ WAL v v e |nstantansous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 6/21/2011 12:47:00 PM R
Test Identification: TS29.11-S-L8-Z20-B T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 8.0

Width, b (in.): 2 |

Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 124.4 +1.5

Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 5.8 +0.5%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 99.9 +1.2%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.75 2560 17762 19.5 2.60

Load-Displacement Curve

% ‘

Load Cell Measured Force
20000 " vs Digital Disp.
Jack Applied Force
- vs Digital Disp.
£ 15000
| .
o . m LoadCell MeasuredForce
o I vs Optical Disp.
5
§_ 10000 + +ackapplied Force
A vs Optical Disp.
f Pullout Resistance, Pr
5000 —— Reported
Ii; === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
. Tested: ~ TW RH DH
Prepared: SBTW
__Checked: WLPJ

TS29.11-5-1L8-7220-B Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
2788 2485 No Data 2571 2557 2600 2.34 2559
:
E 2500 — Jack Applied Stress
E' 2000 vs Digital Disp.
g 1500 _ Average Earth Pressure
E 1000 Cell Measured Stress
o
= 500 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.08 0.08 0.08
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
£ o1 — S I
: b= = \T-«n/""’\f""’w i & |nstantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 6/21/2011 1:17:00 PM R
Test Identification: TS29.12-S-L8-Z40-B T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 8.0

Width, b (in.): 2 |

Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 124.4 +1.5

Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 5.8 +0.5%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 99.9 +1.2%

Pullout Test Results

Measured Calculated
i m Pull E j
Relnforce- ent Displacement  Vertical Stress, l.JI out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.74 5116 20289 38.9 1.49
Load-Displacement Curve
25000
rﬁﬂ"' — Load Cell Measured Force
20000 vs Digital Disp.
— Jack Applied Force
- vs Digital Disp.
£ 15000 -r
o s m LoadCell MeasuredForce
E S v5 Optical Disp.
2 .’I
2 10000 T + dJackApplied Force
i vs Optical Disp.
Pullout Resistance, Pr
5000 7 Reported
! === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
. Tested: ~ TW RH DH
Prepared: SBTW
__Checked: WLPJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
5687 5290 No Data 5632 5536 5536 1.13 5116
6000 T
I S
E | — Jack Applied Stress
g ADDD vs Digital Disp.
E _ Average Earth Pressure
E 2000 Cell Measured Stress
o
= Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.09 0.08 0.07
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
= 0.1
wou R AW/‘j = N‘\JI & |nstantaneous Strain Rate
o Reported
0 025 0.5 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Specimen Sketch

Test Information

Test Date: 6/21/2011 2:32:00 PM P

Test Identification: TS29.13-5-1L8-Z5-B T’

Test Facility: 12'x12'x4' MSE Test Box B

|

Type: Ribbed Strip | )

Length, L. (ft): 8.0

Width, b (in.): 2 |

Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 124.4 +1.5

Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 5.8 +0.5%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 99.9 +1.2%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.74 634 12255 4.8 7.25

Load-Displacement Curve

e )
12000 Load Cell Measured Force
vs Digital Disp.
10000 Jack Applied Force
4 vs Digital Disp.

i
T soo0-—R
o ; ™ Load Cell Measured Force
8 ! vs Optical Disp.
2 50001—
E_ i + +ackapplied Force
! vs Dptical Disp.
i . Pullout Resistance, Pr
i Reported
2000 :I
J === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
| Tested: TW RH AS
. Prepared: SBTW
. Checked: WL PJ
Page 1 of 2
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
611 456 No Data 513 607 547 11.23 636
200
600 J»’_’ — Jack Applied Stress

vs Digital Disp.

Awerage Earth Pressure
Cell Measured Stress

overburden, av {psf)

Owerburden Stress, av
o Reported

0 0.25 0.5 075 1 1.25 1.5
displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.11 0.08 0.09
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z A_J Reported
_‘E 0.1 .l'i|1 {\_,—’,L M Pl ."J-'lw .
. Y = \‘H‘W'l/ - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation
TxDOT Research Project 0-6493: MSE Pullout

REPORT OF
MSE REINFORCEMENT PuLLOUT TEST

Test Specimen Sketch

Test Information

Test Date: 6/21/2011 2:57:00 PM R
Test Identification: TS29.14-S-1L8-Z12-B T’
Test Facility: 12'x12'x4' MSE Test Box B

L
Type: Ribbed Strip | )
Length, L. (ft): 8.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 124.4 +1.5
Maximum Dry Unit Weight, Ygmax (PCf): 124.5  Moisture Content, w (%): 58 10.5%
Optimum Moisture Content, OMC (%): 7.8% | Relative Compaction, Cy (%): 999 +1.2%

Pullout Test Results
Measured Calculated
Reinforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
Pr (/b) Zeff (ft) F*
Pullout 0.75 1520 13887 11.6 3.43

Load-Displacement Curve

20000
— Load Cell Measured Force
vs Digital Disp.
15000 i
— Jack Applied Force
- vs Digital Disp.
o
n"__ Load C_-ell I'-.-'In_aasured Farce
E 10000 i v5 Optical Disp.
=] s
§_ i + JackApplied Force
i vs Optical Disp.
5000 Pullout Resistance, Pr
Reported
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
. Tested: TW RH AS
Prepared: SBTW
. Checked: WL PJ

TS29.14-5-18-712-B Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1515 1274 No Data 1414 1506 1427 4.35 1520
|
=
& ____ Jack Applied Stress
g 1500 vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.08 0.09 0.08
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
£ o I | S A :
v T "T*”%W T » |nstantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 6/21/2011 3:36:00 PM i
Test Identification: TS29.15-S-L8-Z20-B T’
Test Facility: 12'x12'x4' MSE Test Box B
i
Type: Ribbed Strip | )
Length, L. (ft): 8.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Backfill Material
Specification: TxDOT ltem 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 124.4 +1.5
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 5.8 +0.5%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 99.9 +1.2%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (/b) Zeff (ft) F*
Pullout 0.75 2555 16350 19.4 2.40
Load-Displacement Curve
20000

[ |
Load Cell Measured Force
vs Digital Disp.
15000
Jack Applied Force
vs Digital Disp.
™ Load Cell Measured Force
10000 v5 Optical Disp.
i

/ + +ackapplied Force
i vs Optical Disp.

pull force, Pr o)

5000 T . Pullout Resistance, Pr
/ Reparted

=== Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
 Tested: TW RH AS
Prepared: SBTW
__Checked: WLPJ
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
2656 2610 No Data 2611 2623 2625 2.34 2552
3000
E 2500 J ; — Jack Applied Stress
E' 2000 vs Digital Disp.
g 1500 _ Average Earth Pressure
E 1000 Cell Measured Stress
o
= 500 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.11 0.10 0.10
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
_E o1 - : S W.r"
’ e i - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 6/21/2011 12:00:00 PM i
Test Identification: TS29.16-S-L8-Z40-B T’
Test Facility: 12'x12'x4' MSE Test Box B
i
Type: Ribbed Strip | )
Length, L. (ft): 8.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Backfill Material
Specification: TxDOT ltem 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 124.4 +1.5
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 5.8 +0.5%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 99.9 +1.2%

Pullout Test Results

Measured Calculated
i Pull E j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Rupture 0.36 5118 21479 38.9 1.57
Load-Displacement Curve
25000
/. — Load Cell Measured Force
20000 . vs Digital Disp.
i ___ Jack Applied Forcs
- vs Digital Disp.
£ 15000 &
o " m LoadCell MeasuredForce
E 1 v5 Optical Disp.
£ {
2 10000 ." + dJackApplied Force
f vs Optical Disp.
J Pullout Resistance, Pr
5000 ] Reported
il === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Connection rupture at 0.36in. Tested: TW RH AS
Prepared: SBTW
. Checked: WL PJ

TS29.16-5-L8-240-B Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
977 776 No Data 858 898 877 7.00 5118
6000
E — Jack Applied Stress
E' ADDD vs Digital Disp.
E _ Average Earth Pressure
E 2000 Cell Measured Stress
o
= — Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.01 0.10 0.05
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
£ 03
o . .
Preceding Strain Rate
E 02 Reported
m
% 01 __.L. - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 5/27/2010 9:26:00 AM i
Test Identification: TS01.04-S-L8-Z5-T T’
Test Facility: 12'x12'x4' MSE Test Box B
L
Type: Ribbed Strip | )
Length, L. (ft): 8.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 113.7 2.6
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.4 +0.9%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 913 +2.1%

Pullout Test Results

Measured Calculated
Reinforcement . , Pullout Effective Pullout
I . Displacement  Vertical Stress, u u .ff v .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.72 597 4352 4.9 2.73
Load-Displacement Curve
000
Load Cell Measured Force
A000 vs Digital Disp.
;’z. Jack Applied Force
- I vs Digital Disp.
£ 3000 ;
o Load Cell Measured Force
E ¢ vs Optical Disp.
g
E 2000 H o JackApplied Force
! vs Optical Disp.
il Pullout Resistance, Pr
1000 Reported
I === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
One inch displacement gage used. No earth pressure cell data. Tested: TW AS MB
Prepared: SBTW
. Checked: WL PJ

TS01.04-S-L8-Z5-T (UNDER-COMPACTED) Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 1.18 597

200

00 —

Jack Applied Stress
vs Digital Disp.

overburden, av {psf)

QOverburden Stress, av
Reported

0 0.25 0.5 075 1 1.25 1.5
displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.13 0.17 0.15
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z P 1 Reported
i 0.1 MWJLW"M
E ’ Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2

TS01.04-S-L8-Z5-T (UNDER-COMPACTED) Issue Date: October 17, 2012 Page 2 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation

TxDOT Research Project 0-6493: MSE Pullout

REPORT OF
MSE REINFORCEMENT PuLLOUT TEST

Test Specimen Sketch

Test Information

Test Date: 5/27/2010 9:51:00 AM P
Test Identification: TS01.05-S-L8-Z5-T T’
Test Facility: 12'x12'x4' MSE Test Box B
L
Type: Ribbed Strip | )
Length, L. (ft): 8.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 113.7 2.6
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.4 +0.9%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 913 +2.1%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (/b) Zeff (ft) F*
Pullout 0.69 617 5867 5.0 3.57
Load-Displacement Curve
8000
— Load Cell Measured Force
vs Digital Disp.
6000

Jack Applied Force
vs Digital Disp.

™ Load Cell Measured Force
vs Optical Disp.

{ Jack Applied Force
{ vs Optical Disp.

pull force, Pr o)

2000 4+ e PulloutResistance, Pr
Reported

' === Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Personnel

Comments

One inch displacement gage used. Tested: TW AS MB

Prepared: SBTW
. Checked: WL PJ
TS01.05-5-L8-Z5-T (UNDER-COMPACTED) Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
656 561 841 814 680 710 1.80 617

200

GO0 i Jack Applied Stress
vs Digital Disp.

Awerage Earth Pressure
Cell Measured Stress

overburden, av {psf)

Owerburden Stress, av
o Reported

0 0.25 0.5 075 1 1.25 1.5
displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.17 0.14 0.11
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ ] Preceding Strain Rate
c 02 ; . | \.\;"LJ Reported
% 01 [ T — AV Y
’ Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2

TS01.05-S-L8-Z5-T (UNDER-COMPACTED) Issue Date: October 17, 2012 Page 2 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 5/26/2010 2:47:00 PM P
Test Identification: TS01.06-5-L8-Z5-M T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 8.0

Width, b (in.): 2 |

Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 113.7 2.6

Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.4 +0.9%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 913 +2.1%

Pullout Test Results

Measured Calculated
i Pull E; j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.72 827 1490 6.8 0.68
Load-Displacement Curve
2500
— Load Cell Measured Force

2000 | A il vs Digital Disp.

Jack Applied Force
vs Digital Disp.

iy
1500 J{_r,_/-/JV
/’“JAL\\\“ m LoadCell MeasuredForce

vs Optical Disp.

1000

pull force, Pr o)

+ +ackapplied Force
vs Optical Disp.

Pullout Resistance, Pr
500 7 Reported

/ === Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
One inch displacement gage used. Overburden jack transducer error; no Tested: TW AS MB
overburden jack data. Prepared: SBTW
. Checked: WL PJ

TS01.06-S-L8-725-M (UNDER-COMPACTED) Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
702 753 858 945 878 827 1.82 No Data
1000
T 800 .
o — Awverage Earth Pressure
E_ 600 Cell Measured Stress
[ =
(1]
E 400
2 200 o Overburden Stress, av
= Reported
]
o 0.25 05 075 1 1.25 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.13 0.18 0.13
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ i Preceding Strain Rate
E 02 an Reported
E o4 "
E ’ || Instantaneous Strain Rate
o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2

TS01.06-S-L8-725-M (UNDER-COMPACTED) Issue Date: October 17, 2012 Page 2 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 5/27/2010 11:41:00 AM R
Test Identification: TS01.10-S-L4-Z12-B T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 40

Width, b (in.): 2 |

Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 113.7 2.6

Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.4 +0.9%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 913 +2.1%

Pullout Test Results

Measured Calculated
i Pull E; j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Pullout 0.75 1773 10488 14.5 4.44
Load-Displacement Curve
12000
— Load Cell Measured Force
10000 ./zz"’ﬁw‘? vs Digital Disp.
({»«" ___ Jack Applied Forcs
8000 vs Digital Disp.

Load Cell Measured Force
vs Optical Disp.

pull force, Pr o)

i Jack Applied Force

A000 ¢ vs Optical Disp.
; Pullout Resistance, Pr
2000k Reported
| === Load-Disp. Trend
0
0 025 05 075 1 1.25 15

displacement(in.)

Comments Personnel
One inch displacement gage used. Overburden jack transducer error; no Tested: TW AS MB
overburden jack data. Prepared: SBTW
. Checked: WL PJ

TS01.10-S-L4-712-B (UNDER-COMPACTED) Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1503 1361 2195 2099 1708 1773 1.02 No Data
2000
T ’
= 1300 — Awverage Earth Pressure
E_ Cell Measured Stress
S 1000
E
g
z 500 Owerburden Stress, av
= Reported
]
o 0.25 05 075 1 1.25 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.16 0.15 0.14
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ Preceding Strain Rate
= 0.z N N Reported
£ on i i r"’J‘L‘W‘.
’ U Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2

TS01.10-S-L4-712-B (UNDER-COMPACTED) Issue Date: October 17, 2012 Page 2 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch

Test Date: 5/27/2010 11:25:00 AM T,,_F’r
Test Identification: TS01.11-S-1L4-7212-B
Test Facility: 12'x12'x4' MSE Test Box B

L
Type: Ribbed Strip | ‘
Length, L, (ft): 40
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 113.7 2.6
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.4 +0.9%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 913 +2.1%

Pullout Test Results
Measured Calculated
Reinforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
Pr (lb) Zeff (ft) F*
Pullout 0.58 1506 3017 12.3 1.50

Load-Displacement Curve

0'&_

Jack Applied Force
vs Digital Disp.

g

g
T

=
E 7 Jack Applied Force
o i vs Optical Disp.
£ i
2 1500+
= i
(=1 1
; . Pullout Resistance, Pr
1000 Reported
500 -f
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
One inch displacement gage used. Load cell error; no load cell data. Tested: TW AS MB
Prepared: SBTW
. Checked: WL PJ

TS01.11-S-L4-712-B (UNDER-COMPACTED) Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1654 1351 2167 2087 1697 1791 1.01 1506
2000
T Jack Applied St
— Jack Applied Stress
‘g 1500 ® vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5
displacement{in.)
Strain Rate
instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.26 0.31 0.44
o LT l
T 04 v J __ Instantaneous Strain Rate
5 H HH 1 1[ vs Digital Disp.
£ 035 e {
A RRA R ) g ra
" 0z — Preceding Strain Rate
= - | | N 1 'H l Reported
i
% 01 Instantaneous Strain Rate
o Reported
0 025 05 075 1 128 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2

TS01.11-S-L4-712-B (UNDER-COMPACTED) Issue Date: October 17, 2012 Page 2 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 5/27/2010 11:06:00 AM i
Test Identification: TS01.12-S-L4-Z12-B T’
Test Facility: 12'x12'x4' MSE Test Box B
|
Type: Ribbed Strip | )
Length, L. (ft): 40
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Backfill Material
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 113.7 2.6
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.4 +0.9%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 913 +2.1%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.59 1518 3694 12.4 1.83

Load-Displacement Curve

L,}F——L\
I//_f — Load CellMeasuredForce
] + 4 vs Digital Disp.
000 —- JW"U_
S Jack Applied Force
S vs Digital Disp.

Load Cell Measured Force
vs Optical Disp.

pull force, Pr o)

.'I + +ackapplied Force
vs Optical Disp.

1000 e PulloutResistance, Pr
| Reported

i === Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
One inch displacement gage used. Tested: TW AS MB
Prepared: SBTW
. Checked: WL PJ

TS01.12-S-14-712-B (UNDER-COMPACTED) Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1629 1341 2160 2082 1696 1782 1.00 1517
2000
=
& ____ Jack Applied Stress
g 1500 ® vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
1.20 0.20 0.17
05 U. q\
T 04 __ Instantaneous Strain Rate
5 h L \ vs Digital Disp.
£ 03 ]
= \1 \ Il L ]\ ‘[ Precedin i
— g Strain Rate
E 0z ]thu'i u-'li 'u ‘ |l Reported
£ o 1| .
’ i ! \ - Instantaneous Strain Rate
o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2

TS01.12-S-14-712-B (UNDER-COMPACTED) Issue Date: October 17, 2012 Page 2 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation

TxDOT Research Project 0-6493: MSE Pullout

REPORT OF
MSE REINFORCEMENT PuLLOUT TEST

Test Specimen Sketch

Test Information

Test Date: 5/27/2010 10:45:00 AM R
Test Identification: TS01.13-S-L8-Z12-B T’
Test Facility: 12'x12'x4' MSE Test Box B

L
Type: Ribbed Strip | )
Length, L. (ft): 8.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 113.7 2.6
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.4 +0.9%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 913 +2.1%

Pullout Test Results

Measured Calculated

i Pull E; j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout

Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,

' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.67 1510 4570 124 1.13
Load-Displacement Curve
5000
o
M
A000 “:W,:N'/\Juu ___ Jack Applied Forcs
/N/ vs Digital Disp.
8 300017
E + +ackapplied Force
o vs Optical Disp.
2
=]
§ 2000 .'I
i . Pullout Resistance, Pr
! Reported
1000
; === Load-Disp. Trend
0
0 0.25 05 0.75 1 1.25 15

displacement(in.)

Personnel

Comments
One inch displacement gage used. Load cell error; no load cell data.

| Tested: TW AS MB
. Prepared: SBTW
. Checked: WL PJ
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Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1616 1313 2140 2076 1691 1767 1.00 1510
2000
=
& ____ Jack Applied Stress
g 1500 . vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.14 0.33 0.47
05
U

T 04 Instantaneous Strain Rate
£ 03 llm '|| vs Digital Disp.
ﬁ 0z u th A L Preceding Strain Rate
= - " =T Reported
5 o = AL
W . Y - Instantaneous Strain Rate

o Reported

0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 5/27/2010 10:24:00 AM i
Test Identification: TS01.14-S-L8-Z12-B T’
Test Facility: 12'x12'x4' MSE Test Box B
L
Type: Ribbed Strip | )
Length, L. (ft): 8.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 113.7 2.6
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.4 +0.9%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 913 +2.1%

Pullout Test Results

Measured Calculated
Reinforcement , , Pullout Effective Pullout
l . Displacement  Vertical Stress, u u .ff v .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.74 1508 5631 12.3 1.40
Load-Displacement Curve
6000
Load Cell Measured Force
vs Digital Disp.
Jack Applied Force
4000 vs Digital Disp.
o
DI_-_ Load Cell Measured Force
E vs Optical Disp.
=
2 { + dJackApplied Force
000 24— vs Optical Disp.
: Pullout Resistance, Pr
i Reported
: === Load-Disp. Trend
0
0 0.25 05 0.75 1 1.25 15

displacement(in.)

Comments Personnel
One inch displacement gage used. No earth pressure cell data. Tested: TW AS MB
Prepared: SBTW
. Checked: WL PJ
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Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 1.00 1508
2000
=
S 1500 l
o — Jack Applied Stress
B vs Digital Disp.
£ 1000
=
=
z 500 Overburden Stress, av
= Reported
0
0 0.25 05 075 1 1.25 15

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.15 0.20 0.16
05 .lJ
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ 0z . Preceding Strain Rate
g ° v NN ST o Reporied
% o1 ||.,|r‘v~’\.\||lkm-‘u i
’ Instantaneous Strain Rate
o Reported
0 025 0.5 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 6/3/2010 10:40:00 AM P
Test Identification: TS02.01-S-L8-Z212-T T’
Test Facility: 12'x12'x4' MSE Test Box B
|
Type: Ribbed Strip | )
Length, L. (ft): 8.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Backfill Material
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 113.7 2.6
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.4 +0.9%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 913 +2.1%

Pullout Test Results

Measured Calculated
i Pull E; j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Pullout 0.70 1493 10249 12.2 2.58
Load-Displacement Curve
12000
10000 - Lnaq {}ell I'-.-'I_easured Farce
vs Digital Disp.
2000 — Jack Applied Force

vs Digital Disp.

i m LoadCell MeasuredForce
vs Optical Disp.

pull force, Pr o)

+ +ackapplied Force
A000 ! vs Optical Disp.

.': Pullout Resistance, Pr
2000 Reparted
:'I === Load-Disp. Trend
0
0 025 05 075 1 1.25 15

displacement(in.)

Comments Personnel
One inch displacement gage used. Tested: AS MB DH
Prepared: SBTW
. Checked: WL PJ
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Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
971 769 929 1154 1106 986 1.53 1493
2000
T Jack Applied St
] — Jack Applie ress
? 1500 [||' —& vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.13 0.12 0.09
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 02 Reported
" o1 i W%&M/"‘]
E ’ Jll || - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 6/3/2010 11:20:00 AM i
Test Identification: TS02.02-S-L12-212-T T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 12.0

Width, b (in.): 2 |

Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 113.7 2.6

Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.4 +0.9%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 913 +2.1%

Pullout Test Results

Measured Calculated
Reinforcement . , Pullout Effective Pullout
I . Displacement  Vertical Stress, u u .ff v .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.74 1479 7280 12.1 1.23
Load-Displacement Curve
10000
Load Cell Measured Force
2000 vs Digital Disp.
Jack Applied Force
— 4 e vs Digital Disp.
0
= 6000 G
o / e m LoadCell MeasuredForce
E ] vs Optical Disp.
s
E "/
2 4000 7 + dJackApplied Force
/ vs Optical Disp.
,-’. Pullout Resistance, Pr
2000 7 Reported
=== Load-Disp. Trend
od
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
One inch displacement gage used. No earth pressure cell data. Tested: AS MB DH
Prepared: SBTW
. Checked: WL PJ
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Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 1.01 1479
2000
=
S 1500
o - — Jack Applied Stress
B vs Digital Disp.
£ 1000
=
=
z 500 Overburden Stress, av
= Reported
0
0 0.25 05 075 1 1.25 15

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.12 0.16 0.12
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
A N v S oo
. 1 - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 6/3/2010 11:45:00 AM P
Test Identification: TS02.03-S-L12-212-T T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 12.0

Width, b (in.): 2 |

Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 113.7 2.6

Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.4 +0.9%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 913 +2.1%

Pullout Test Results

Measured Calculated
i m Pull E j
Relnforce_ ent Displacement  Vertical Stress, l.JI out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.74 1473 11953 12.1 2.03
Load-Displacement Curve
14000
12000 — Load Cell Measured Force
vs Digital Disp.
10000 — Jack Applied Force
- vs Digital Disp.
o
DI_-_ Load Cell Measured Force
E vs Optical Disp.
2 6000 -
2 i + dJackApplied Force
vs Optical Disp.
4000+
Pullout Resistance, Pr
Reported
20001+
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
One inch displacement gage used. No earth pressure cell data. Tested: AS MB DH
Prepared: SBTW
. Checked: WL PJ
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Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 1.01 1473
2000
G
= 1300 > — Jack Applied Stress
B vs Digital Disp.
£ 1000
=
g
z 500 Overburden Stress, av
= Reported
0
0 0.25 05 075 1 1.25 15

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.13 0.15 0.12
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
’ Instantaneous Strain Rate
o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 6/3/2010 12:03:00 PM P
Test Identification: TS02.04-S-L12-212-T T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 12.0

Width, b (in.): 2 |

Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 113.7 2.6

Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.4 +0.9%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 913 +2.1%

Pullout Test Results

Measured Calculated
i m Pull E j
Relnforce_ ent Displacement  Vertical Stress, l.JI out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.74 1494 9456 12.2 1.58
Load-Displacement Curve
12000
o ¥
45.,_’—4""_”
10000 =l — Load Cell Measured Force
vs Digital Disp.
[ |
— Jack Applied Force
G000 vs Digital Disp.
o
DI_-_ Load Cell Measured Force
E &000 v5 Optical Disp.
h
2 + dJackApplied Force
A000 { vs Optical Disp.
f Pullout Resistance, Pr
2000 Reported
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 1.25 15

displacement(in.)

Comments Personnel
One inch displacement gage used. No earth pressure cell data. Tested: AS MB DH
Prepared: SBTW
. Checked: WL PJ

TS02.04-S-L12-712-T (UNDER-COMPACTED)  Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 1.00 1494
2000
G
= 1500 — — Jack Applied Stress
B vs Digital Disp.
£ 1000
=
g
z 500 Overburden Stress, av
= Reported
0
0 0.25 05 075 1 1.25 15

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.19 0.16 0.13
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ 0z e A Preceding Strain Rate
= : T Jru VNWPMVNW Y oY W‘l Reported
i
% 01 J I\_ ‘l - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 6/4/2010 11:00:00 AM R
Test Identification: TS02.05-5-L4-Z20-T T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement

Type: Ribbed Strip |
Length, L. (ft): 40
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Backfill Material
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 113.7 2.6
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.4 +0.9%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 913 +2.1%
Pullout Test Results
Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.71 2498 5349 20.4 1.61
Load-Displacement Curve
6000
— Load Cell Measured Force
vs Digital Disp.
— Jack Applied Force
4000 vs Digital Disp.
O
DI_-_ Load Cell Measured Force
E vs Optical Disp.
5
2 ¥ + dJackApplied Force
2000 4 vs Optical Disp.
: Pullout Resistance, Pr
i Reported
il === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
One inch displacement gage used. Tested: AS MB DH
Prepared: SBTW
. Checked: WL PJ
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Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
2280 1490 2159 2714 2589 2246 1.05 2498
3000
E 2500 — Jack Applied Stress
E' 2000 vs Digital Disp.
g 1500 _ Average Earth Pressure
E 1000 Cell Measured Stress
o
= 500 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.10 0.16 0.12
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 02 _le ) Reported
_E 01 Ullvh A A n‘r-wﬂ'hl""'"lw'\f\ I
’ 1 Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 6/4/2010 10:35:00 AM P
Test Identification: TS02.06-S-L4-Z20-M T’
Test Facility: 12'x12'x4' MSE Test Box B
L
Type: Ribbed Strip | )
Length, L. (ft): 40
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 113.7 2.6
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.4 +0.9%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 913 +2.1%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.48 2474 4933 20.2 1.50

Load-Displacement Curve

000
Load Cell Measured Force
A000 vs Digital Disp.
Jack Applied Force
- vs Digital Disp.
£ 3000
= i
o i Load Cell Measured Force
E : vs Optical Disp.
5
2 2000 — + dJackApplied Force
vs Optical Disp.
Pullout Resistance, Pr
1000 Reported
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
One inch displacement gage used. Tested: AS MB DH
Prepared: SBTW
. Checked: WL PJ

TS02.06-S-L4-720-M (UNDER-COMPACTED) Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
2286 1711 2227 2861 2628 2343 1.02 2479
2500
=
& 2000 ____ Jack Applied Stress
vs Digital Disp.
& 1500
[ =
= _ Average Earth Pressure
E 1000 Cell Measured Stress
o
= 500 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
6.00 0.62 0.47

Instantaneous Strain Rate
vs Digital Disp.

[
5]

Preceding Strain Rate
Reported

strain rate {in.Jmin)
[=]
%

Instantaneous Strain Rate
o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information _ Test Specimen Sketch
Test Date: 6/4/2010 10:25:00 AM P
Test Identification: TS02.07-S-L4-Z20-M T’
Test Facility: 12'x12'x4' MSE Test Box B
|
Type: Ribbed Strip | )
Length, L. (ft): 40
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 113.7 2.6
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.4 +0.9%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 913 +2.1%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Pullout 0.70 2458 3902 20.1 1.19

Load-Displacement Curve

000
4
r_/’\rr\-/_m Load Cell Measured Force
A000 vs Digital Disp.
Jack Applied Force
- 1 vs Digital Disp.
£ 3000 -
| . N
o / Load Cell Measured Force
E i vs Optical Disp.
h
2 2000 —— + dJackApplied Force
i v5 Optical Disp.
: Pullout Resistance, Pr
1000 : Reported
’ === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
One inch displacement gage used. Tested: AS MB DH
Prepared: SBTW
. Checked: WL PJ

TS02.07-S-L4-220-M (UNDER-COMPACTED) Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
2281 1706 2216 2858 2631 2339 1.02 2462
2500 >
=
& 2000 ____ Jack Applied Stress
vs Digital Disp.
& 1500
[ =
= _ Average Earth Pressure
E 1000 Cell Measured Stress
o
= 500 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
3.00 0.48 0.42
05 I
_ il
c 04 1 Instantaneous Strain Rate
5 ! vs Digital Disp.
£ 03 |
o . .
Preceding Strain Rate
E 02 Reported
m
% 01 Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2

TS02.07-S-L4-220-M (UNDER-COMPACTED) Issue Date: October 17, 2012 Page 2 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 6/4/2010 9:50:00 AM P
Test Identification: TS02.08-S-L8-Z20-M T’
Test Facility: 12'x12'x4' MSE Test Box B
i
Type: Ribbed Strip | )
Length, L. (ft): 8.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Backfill Material
Specification: TxDOT ltem 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 113.7 2.6
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.4 +0.9%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 913 +2.1%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.74 2340 7473 19.1 1.20
Load-Displacement Curve
8000

Load Cell Measured Force
vs Digital Disp.

Jack Applied Force
vs Digital Disp.

Load Cell Measured Force
vs Optical Disp.

pull force, Pr o)

+ +ackapplied Force
vs Optical Disp.

2000 ; o PulloutResistance, Pr
Reported

i === Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
One inch displacement gage used. Tested: AS MB DH
Prepared: SBTW
. Checked: WL PJ

TS02.08-S-L8-720-M (UNDER-COMPACTED) Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
2266 1699 2211 2824 2615 2323 1.06 2340
2500 —— ru Y
E 2000 ____ Jack Applied Stress
vs Digital Disp.
& 1500
[ =
= _ Average Earth Pressure
E 1000 Cell Measured Stress
o
= 500 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.07 0.10 0.09
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z I'l\ Reported
_‘E ﬂl -I I ﬂ. l.w-\.lﬁl. _rwa I‘l — A
’ = W - TR Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2

TS02.08-S-L8-720-M (UNDER-COMPACTED) Issue Date: October 17, 2012 Page 2 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 6/3/2010 3:45:00 PM P
Test Identification: TS02.09-S-L8-Z20-M T’
Test Facility: 12'x12'x4' MSE Test Box B
L
Type: Ribbed Strip | )
Length, L. (ft): 8.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 113.7 2.6
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.4 +0.9%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 913 +2.1%

Pullout Test Results

Measured Calculated
i Pull E; j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.59 2485 6250 20.3 0.94
Load-Displacement Curve
8000
— Jack Applied Force
000 _ . B vs Digital Disp.
e
-~
.-f. + +ackapplied Force

! vs Optical Disp.

pull force, Pr o)

Pullout Resistance, Pr
Reported

j === Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
One inch displacement gage used. Load cell error; no load cell data. Tested: AS MB DH
Prepared: SBTW
. Checked: WL PJ

TS02.09-S-L8-720-M (UNDER-COMPACTED) Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
2168 1776 2137 2868 2667 2323 1.01 2485
3000
E 2500 - — Jack Applied Stress
E' 2000 vs Digital Disp.
g 1500 _ Average Earth Pressure
E 1000 Cell Measured Stress
o
= 500 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.10 0.12 0.62
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 02 f Reported
E H‘I. i T LA i T
% 01 " M - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2

TS02.09-S-L8-720-M (UNDER-COMPACTED) Issue Date: October 17, 2012 Page 2 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 6/3/2010 2:00:00 PM P
Test Identification: TS02.10-S-L8-Z20-B T’
Test Facility: 12'x12'x4' MSE Test Box B
L
Type: Ribbed Strip | )
Length, L. (ft): 8.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 113.7 2.6
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.4 +0.9%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 913 +2.1%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (/b) Zeff (ft) F*
Pullout 0.74 2376 6504 19.4 1.03
Load-Displacement Curve
8000
— Load Cell Measured Force
vs Digital Disp.
6000

Jack Applied Force
vs Digital Disp.

J ™ Load Cell Measured Force
vs Optical Disp.

Jack Applied Force
vs Optical Disp.

pull force, Pr o)

*

2000 o PulloutResistance, Pr
i Reported

i === Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
One inch displacement gage used. Tested: AS MB DH
Prepared: SBTW
. Checked: WL PJ

TS02.10-S-L8-720-B (UNDER-COMPACTED) Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1908 1838 2326 2762 2512 2269 1.05 2376
2500
- |
& 2000 ____ Jack Applied Stress
vs Digital Disp.
& 1500
[ =
= _ Average Earth Pressure
E 1000 Cell Measured Stress
o
= 500 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.20 0.19 0.16
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
" 0z N I Preceding Strain Rate
= - T HH Reported
B WYY . m
E ’ Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2

TS02.10-S-L8-720-B (UNDER-COMPACTED) Issue Date: October 17, 2012 Page 2 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 6/3/2010 2:15:00 PM P
Test Identification: TS02.11-S-L12-Z20-B T’
Test Facility: 12'x12'x4' MSE Test Box B
i
Type: Ribbed Strip | )
Length, L. (ft): 12.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 113.7 2.6
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.4 +0.9%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 913 +2.1%

Pullout Test Results

Measured Calculated
i Pull E j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Pullout 0.70 2478 11539 20.3 1.16
Load-Displacement Curve
14000
- ——
12000 — Load Cell Measured Force
. vs Digital Disp.
[ ] e
b =T jL_,—_w
10000 - *—" — Jack Applied Force
. A vs Digital Disp.
% ...__. ‘:/f’_/-/vv
DI_-_ g Load Cell Measured Force
E ! vs Optical Disp.
2 o0+
2 ! + dJackApplied Force
{ vs Optical Disp.
40001
Pullout Resistance, Pr
| Reported
2000
i === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
One inch displacement gage used. No earth pressure cell data. Tested: AS MB DH
Prepared: SBTW
. Checked: WL PJ

TS02.11-S-L12-720-B (UNDER-COMPACTED)  Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 1.00 2478
3000
E 2500 -
o — Jack Applied Stress
g 2000 vs Digital Disp.
£ 1500
=
2 1000
z Overburden Stress, av
E 500 . Reported '
0
0 0.25 05 075 1 1.25 15

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.21 0.20 0.18
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
. A Preceding Strain Rate
E 02 VL"‘U‘-'\A R e "\,"h'fn"d'p’llill Reported
= 0.1
w ’ Instantaneous Strain Rate
o Reported
0 025 0.5 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information _ Test Specimen Sketch
Test Date: 6/3/2010 2:37:00 PM P
Test Identification: TS02.12-S-L12-Z20-B T’
Test Facility: 12'x12'x4' MSE Test Box B
i
Type: Ribbed Strip | )
Length, L. (ft): 12.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 113.7 2.6
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.4 +0.9%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 913 +2.1%

Pullout Test Results

Measured Calculated
Reinforcement , , Pullout Effective Pullout
I . Displacement  Vertical Stress, u u .ff v .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.52 2506 10743 20.5 1.07
Load-Displacement Curve
12000
10000 B = . J ___ Load Cell Measured Force
o T vs Digital Disp.
4 J/’_/
/ — Jack Applied Force
G000 vs Digital Disp.
o
DI_-_ / m LoadCell MeasuredForce
E &000 v5 Optical Disp.
= .
2 / + dJackApplied Force
A000 .'; vs Optical Disp.
f Pullout Resistance, Pr
2000 :! Reported
ii === Load-Disp. Trend
0
0 0.25 05 0.75 1 1.25 15

displacement(in.)

Comments Personnel

| Tested: AS MB DH
. Prepared: SBTW
. Checked: WL PJ

One inch displacement gage used. No earth pressure cell data.
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 1.00 2506
3000
E 2500 lc
o — Jack Applied Stress
g 2000 vs Digital Disp.
£ 1500
=
2 1000
z Overburden Stress, av
E 500 . Reported '
0
0 0.25 05 075 1 1.25 15

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.15 0.14 0.13
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
" 0z J"lll s I||| A _.q Preceding Strain Rate
c . ]Ef f" ﬂ F—m""' S Reported
E ’ I | - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 6/3/2010 2:50:00 PM P
Test Identification: TS02.13-S-L12-Z20-B T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 12.0

Width, b (in.): 2 |

Skew Angle, 8 (°): 0o b
Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 113.7 2.6
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.4 +0.9%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 913 +2.1%

Pullout Test Results
Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Pullout 0.74 2483 10419 20.3 1.05
Load-Displacement Curve
14000
[ P
12000 ?u""mﬂ __ Load Cell Measured Force
vs Digital Disp.
* _‘__',_,—-u— | |
10000 — Jack Applied Force

vs Digital Disp.

2000
™ Load Cell Measured Force
§ vs Optical Disp.

Jack Applied Force
vs Optical Disp.

pull force, Pr o)

*

! Pullout Resistance, Pr
! Reported

[ === Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
One inch displacement gage used. Tested: AS MB DH
Prepared: SBTW
. Checked: WL PJ

TS02.13-S-L12-720-B (UNDER-COMPACTED)  Issue Date: October 17, 2012 Page 1 of 2
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4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
2109 1918 2094 2860 2603 2317 1.03 2484
Il
E 2500 — Jack Applied Stress
E' 2000 vs Digital Disp.
g 1500 _ Average Earth Pressure
E 1000 Cell Measured Stress
o
= 500 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.22 0.21 0.19
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03 l
o . .
| I P P Preceding Strain Rate
E 0.z W\-va N A "ﬂ.f"dh''l"-'l-ﬁrl1 Reported
P |
w ’ | Instantaneous Strain Rate
o Reported
0 025 0.5 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information _ Test Specimen Sketch

Test Date: 6/4/2010 11:43:00 AM R
Test Identification: TS02.14-S-1L4-240-B T’_
Test Facility: 12'x12'x4"' MSE Test Box '

MSE Reinforcement .
Type: Ribbed Strip | )
Length, L. (ft): 40
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 113.7 2.6
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.4 +0.9%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 913 +2.1%

Pullout Test Results
Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Pullout 0.62 4852 3431 39.7 0.53
Load-Displacement Curve
000
A + — Load Cell Measured Force
+* 4 Digital Disp.
A000 N_,J" § o 'I_I_WP,FL‘ vs Digital Disp

h
. Jack Applied Force
i I I vs Digital Disp.

Load Cell Measured Force

[/"’_, ® s Optical Disp.
T Jack Applied Force

?
f

g

¢ vs Optical Disp.

pull force, Pr o)

Pullout Resistance, Pr
Reported

1000

=== Load-Disp. Trend

0 025 0.5 075 1 125 15

displacement(in.)

Comments Personnel
One inch displacement gage used. Tested: AS MB DH
Prepared: SBTW
. Checked: WL PJ
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4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
4332 1843 4051 5446 5068 4148 1.03 4852
5000 &
E 4000 — Jack Applied Stress
. vs Digital Disp.
€ 3000
[ =
= _ Average Earth Pressure
E 2000 Cell Measured Stress
o
= 1000 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.43 0.76 0.57
05 I u
D4 i __ Instantaneous Strain Rate
03 vs Digital Disp.

Preceding Strain Rate
Reported

strain rate {in.Jmin)
[=]
%

Instantaneous Strain Rate
o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch

Test Date: 6/10/2010 11:47:00 AM
Test Identification: TS03.01-S-L8-830°-Z5-T
Test Facility: 12'x12'x4' MSE Test Box

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 8.0 |

Width, b (in.): 2 .,

Skew Angle, 8 (°): 30 | '
Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 113.7 2.6
Maximum Dry Unit Weight, Ygmax (PCf): 124.5  Moisture Content, w (%): 7.4 10.9%
Optimum Moisture Content, OMC (%): 7.8% | Relative Compaction, Cy (%): 91.3 +2.1%

Pullout Test Results
Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.74 632 5469 5.2 3.25
Load-Displacement Curve
2000

Load Cell Measured Force
vs Digital Disp.

Jack Applied Force
vs Digital Disp.

Load Cell Measured Force
vs Optical Disp.

pull force, Pr o)

; + +ackapplied Force
H vs Optical Disp.

2000 + o PulloutResistance, Pr
Reported

f === Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
Pullout force was measured for two reinforcements pulled in tandem. Reported Tested: TW MB DH
pullout force, Pr, is half the measured pullout force; i.e. for a single, skewed strip. Prepared: SBTW
. Checked: WL PJ
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Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
745 711 663 701 698 704 2.34 631

200

600 o ..4_ S — — Jack Applied Stress
vs Digital Disp.

Awerage Earth Pressure
Cell Measured Stress

overburden, av {psf)

Owerburden Stress, av
o Reported

0 0.25 0.5 075 1 1.25 1.5
displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.12 0.13 0.10
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
_‘E 0.1 N‘W‘_J'\N'\ e Ay - M
’ T \ Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information _ Test Specimen Sketch

Test Date: 6/10/2010 11:22:00 AM
Test Identification: TS03.03-5-14.5-815°-Z12-T
Test Facility: 12'x12'x4' MSE Test Box

MSE Reinforcement
Type: Ribbed Strip |
Length, L. (ft): 45
Width, b (in.): 2 ., ;
Skew Angle, 8 (°): 15 '

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 113.7 2.6
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.4 +0.9%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 913 +2.1%

Pullout Test Results
Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.74 1478 3620 12.1 1.63
Load-Displacement Curve
4000 e

Load Cell Measured Force
vs Digital Disp.

Jack Applied Force
vs Digital Disp.

{ m LoadCellMeasuredForce
vs Optical Disp.

Jack Applied Force

¢ vs Optical Disp.

pull force, Pr o)

1000 !:- Pullout Resistance, Pr
H Reported
; === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Pullout force was measured for two reinforcements pulled in tandem. Reported Tested: TW MB DH
pullout force, Pr, is half the measured pullout force; i.e. for a single, skewed strip. Prepared: SBTW
. Checked: WL PJ
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Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1471 1437 1415 1449 1457 1446 1.12 1505
2000
T Jack Applied St
— Jack Applie ress
? 1500 " vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.12 0.15 0.14
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 02 ) l Reported
E o oy A Jin
w ’ Instantaneous Strain Rate
o Reported
5

0 025 0.

075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch

Test Date: 6/10/2010 12:18:00 PM
Test Identification: TS03.05-S-L4.5-R30°-212-M
Test Facility: 12'x12'x4' MSE Test Box

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 45
Width, b (in.): 2 Ay
Skew Angle, 8 (°): 30
Backfill Material
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 113.7 2.6
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.4 +0.9%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 913 +2.1%
Pullout Test Results
Measured Calculated
i Pull E; j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.74 1516 3359 12.4 1.48
Load-Displacement Curve
5000
& — Load Cell Measured Force
A000 vs Digital Disp.
[3 [~
. M.-J_/.-’_'J‘l
— Jack Applied Force
- vs Digital Disp.
£ 3000 =
o y m LoadCell MeasuredForce
E vs Optical Disp.
h
2 2000 ;,' + dJackApplied Force
S vs Optical Disp.
Pullout Resistance, Pr
1000 ;’ Reported
=== Load-Disp. Trend
od
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Pullout force was measured for two reinforcements pulled in tandem. Reported Tested: TW MB DH
pullout force, Pr, is half the measured pullout force; i.e. for a single, skewed strip. Prepared: SBTW
. Checked: WL PJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1504 1497 1500 1530 1503 1507 1.14 1516
L
=
& - ____ Jack Applied Stress
g 1500 vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.13 0.14 0.11
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
_E 0.1 P vnum'wm a.f‘-v“."'-._.l'lf“"u.l"\
Instantaneous Strain Rate
o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch

Test Date: 6/10/2010 9:54:00 AM
Test Identification: TS03.07-S-L8-815°-Z5-M
Test Facility: 12'x12'x4' MSE Test Box

MSE Reinforcement

Type: Ribbed Strip |

‘ l

Length, L. (ft): 8.0
Width, b (in.): 2 4
Skew Angle, 8 (°): 15
Backfill Material

Specification: TxDOT ltem 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 113.7 2.6
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.4 +0.9%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 913 +2.1%

Pullout Test Results

Measured Calculated
Reinforcement . , Pullout Effective Pullout
. Displacement  Vertical Stress, . .ff .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.75 551 6396 4.5 4.35
Load-Displacement Curve
2000
Load Cell Measured Force
vs Digital Disp.
6000 s
Jack Applied Force
vs Digital Disp.
) [ ]
DI_-_ ; Load Cell Measured Force
g 4000 + vs Optical Disp.
5
E J o JackApplied Force
Fi vs Optical Disp.
2000 —— e PulloutResistance, Pr
Reported
_." === Load-Disp. Trend
od
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Pullout force was measured for two reinforcements pulled in tandem. Reported Tested: TW MB DH
pullout force, Pr, is half the measured pullout force; i.e. for a single, skewed strip. Prepared: SBTW
. Checked: WL PJ
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Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
511 485 521 483 482 497 1.17 551

200

] Jack Applied Stress
600 —— vs Digital Disp.

Awerage Earth Pressure
Cell Measured Stress

overburden, av {psf)

Owerburden Stress, av
o Reported

0 0.25 0.5 075 1 1.25 1.5
displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.09 0.08 0.08
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
.E 01 e /Iﬂlvu " A el -~
’ - M'TIT Ve - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch

Test Date: 6/9/2010 11:04:00 AM
Test Identification: TS03.09-S-L8-330°-Z5-B
Test Facility: 12'x12'x4' MSE Test Box

MSE Reinforcement

Type: Ribbed Strip |

‘ l

Length, L. (ft): 8.0
Width, b (in.): 2 4
Skew Angle, 8 (°): 30
Backfill Material

Specification: TxDOT ltem 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 113.7 2.6
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.4 +0.9%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 913 +2.1%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.73 626 5720 5.1 3.42
Load-Displacement Curve
8000

Load Cell Measured Force

W‘“ vs Digital Disp.
G000
',_/JJ L Jack Applied Force

vs Digital Disp.

Load Cell Measured Force
vs Optical Disp.

pull force, Pr o)

Jack Applied Force

¢ vs Optical Disp.

2000 - o PulloutResistance, Pr
Reported

=== Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
Pullout force was measured for two reinforcements pulled in tandem. Reported Tested: TW MB DH
pullout force, Pr, is half the measured pullout force; i.e. for a single, skewed strip. Prepared: SBTW
. Checked: WL PJ

TS03.09-S-L8-R30°-25-B (UNDER-COMPACTED) Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
564 470 529 411 446 484 1.07 627
200
600 Py — L - — Jack Applied Stress

vs Digital Disp.

Awerage Earth Pressure
Cell Measured Stress

overburden, av {psf)

Owerburden Stress, av
o Reported

0 0.25 0.5 075 1 1.25 1.5
displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.07 0.09 0.09
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
"E 01 et S
’ M = ‘] Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2

TS03.09-S-L8-R30°-Z5-B (UNDER-COMPACTED) Issue Date: October 17, 2012 Page 2 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch

Test Date: 6/10/2010 10:43:00 AM
Test Identification: TS03.11-S-L4.5-R15°-212-B
Test Facility: 12'x12'x4' MSE Test Box

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 45

Width, b (in.): 2 iy

Skew Angle, 8 (°): 15 '
Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 113.7 2.6
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.4 +0.9%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 913 +2.1%

Pullout Test Results

Measured Calculated

Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.74 1509 3468 12.3 1.53
Load-Displacement Curve
4000
— Load Cell Measured Force
vs Digital Disp.

3000

Jack Applied Force
vs Digital Disp.

Load Cell Measured Force
vs Optical Disp.

pull force, Pr o)

,-f; + +ackapplied Force
f v5 Optical Disp.

1000 e PulloutResistance, Pr
f Reported

=== Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
Pullout force was measured for two reinforcements pulled in tandem. Reported Tested: TW MB DH
pullout force, Pr, is half the measured pullout force; i.e. for a single, skewed strip. Prepared: SBTW
. Checked: WL PJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1475 1472 1509 1387 1383 1445 1.03 1511
2000
T _J Jack Applied St
a — Jack Applie ress
‘g 1500 vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.10 0.18 0.12
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
" 0z . , 1 Preceding Strain Rate
= - ¥ Reported
£ 01 ol .pz\.,l'hu o JWM&‘/‘WJKJ\
’ 7 e - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 6/16/2010 10:45:00 AM
Test Identification: TS04.01-S-L8-R30°-Z5-T
Test Facility: 12'x12'x4' MSE Test Box
MSE Reinforcement
Type: Ribbed Strip |
Length, L. (ft): 8.0
Width, b (in.): 2 i E
Skew Angle, 8 (°): 30 | '
Backfill Material
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 114.4 09
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.7 0.1%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 91.8 0.7%
Pullout Test Results
Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Pullout 0.75 624 4972 5.1 2.99
Load-Displacement Curve
6000
— Load Cell Measured Force
vs Digital Disp.
— Jack Applied Force
4000 vs Digital Disp.
e
i} 7 Load Cell Measured Force
E vs Optical Disp.
h
2 { + dJackApplied Force
2000 41— v5 Optical Disp.
.!: Pullout Resistance, Pr
i Reported
: === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Pullout force was measured for two reinforcements pulled in tandem. Reported Tested: AS MB AS
pullout force, Pr, is half the measured pullout force; i.e. for a single, skewed strip. Prepared: SBTW
. Checked: WL PJ
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4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
593 453 584 521 432 516 1.11 624
200
600 | /—L\ — Jack Applied Stress

vs Digital Disp.

Awerage Earth Pressure
Cell Measured Stress

overburden, av {psf)

Owerburden Stress, av
o Reported

0 0.25 0.5 075 1 1.25 1.5
displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.16 0.08 0.09
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
_‘E 0.1 [ty A1WW
Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information _ Test Specimen Sketch

Test Date: 6/16/2010 12:40:00 PM
Test Identification: TS04.03-5-14.5-815°-Z12-T
Test Facility: 12'x12'x4' MSE Test Box

MSE Reinforcement
Type: Ribbed Strip |
Length, L. (ft): 45
Width, b (in.): 2 .,
Skew Angle, 8 (°): 15

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 114.4 09
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.7 0.1%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 91.8 0.7%

Pullout Test Results
Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.74 1521 4926 125 2.16
Load-Displacement Curve

6000

Load Cell Measured Force

vs Digital Disp.
L )
Jack Applied Force

#
4000 vs Digital Disp.

Load Cell Measured Force
vs Optical Disp.

Jack Applied Force

pull force, Pr o)

20001 *  usOptical Disp.
.!: e PulloutResistance, Pr
{ Reported
:= === Load-Disp. Trend
0
0 0.25 05 075 1 125 15

displacement(in.)

Comments Personnel
Pullout force was measured for two reinforcements pulled in tandem. Reported Tested: AS MB AS
pullout force, Pr, is half the measured pullout force; i.e. for a single, skewed strip. Prepared: SBTW
. Checked: WL PJ

TS04.03-S-14.5-815°-Z12-T (UNDER-COMPACTED)Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1654 1164 1526 1542 1605 1498 1.02 1522
.
=
& ____ Jack Applied Stress
g 1500 vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.14 0.09 0.11
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ Preceding Strain Rate
= 0.z Reported
’ v B Instantaneous Strain Rate
o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch

Test Date: 6/16/2010 12:00:00 PM
Test Identification: TS04.05-S-L4.5-R30°-212-M
Test Facility: 12'x12'x4' MSE Test Box

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 45
Width, b (in.): 2 4, .
Skew Angle, 8 (°): 30 | '
Backfill Material
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 114.4 09
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.7 0.1%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 91.8 0.7%
Pullout Test Results
Measured Calculated
i Pull E; j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.74 1503 3700 12.3 1.64
Load-Displacement Curve
5000
" — Load Cell Measured Force
A000 vs Digital Disp.
“J_'-/\_/‘_.--/_ o — Jack Applied Force
L vs Digital Disp.
2 3000 LI
DI_-_ - m LoadCellMeasuredForce
g ’ vs Optical Disp.
5
2 2000 + dJackApplied Force
I,-" v5 Optical Disp.
,-" Pullout Resistance, Pr
1000 7 Reported
i === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Pullout force was measured for two reinforcements pulled in tandem. Reported Tested: AS MB AS
pullout force, Pr, is half the measured pullout force; i.e. for a single, skewed strip. Prepared: SBTW
. Checked: WL PJ

TS04.05-S-L4.5-830°-Z12-M (UNDER-COMPACTED)Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1659 1215 1575 1566 1574 1518 1.04 1503
2000
=
& ____ Jack Applied Stress
g 1500 * vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.00 0.16 0.32
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
= Preceding Strain Rate
E 0.z Reported
E o TP L PSS iy A
’ J ‘IJ ‘il U l Instantaneous Strain Rate
o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch

Test Date: 6/16/2010 10:01:00 AM
Test Identification: TS04.07-S-L8-815°-Z5-M
Test Facility: 12'x12'x4' MSE Test Box

MSE Reinforcement

Type: Ribbed Strip \
Length, L, (ft): 80 B
Width, b (in.): 2 g,

Skew Angle, 8 (°): 15 '
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 114.4 09
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.7 0.1%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 91.8 0.7%

Measured Calculated
Reinforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
Pr (lb) Zeff (ft) F*
Pullout 0.75 608 6001 5.0 3.70

Load-Displacement Curve

g ‘

Load Cell Measured Force

N vs Digital Disp.
000 =
Jack Applied Force
//_/—’ vs Digital Disp.

o
n"__ ﬁ Load Cell Measured Force
E 4000 !f v5 Optical Disp.
=
E I + +ackapplied Force
! vs Optical Disp.
2000 T e PulloutResistance, Pr

! Reported

{ === Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
Pullout force was measured for two reinforcements pulled in tandem. Reported Tested: AS MB AS
pullout force, Pr, is half the measured pullout force; i.e. for a single, skewed strip. Prepared: SBTW
. Checked: WL PJ

TS04.07-S-L8-R15°-Z5-M (UNDER-COMPACTED)Issue Date: October 17, 2012 Page 1 of 2
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Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
608 489 670 572 519 572 1.06 624
200
600 l/ — Jack Applied Stress

vs Digital Disp.

Awerage Earth Pressure
Cell Measured Stress

overburden, av {psf)

Owerburden Stress, av
o Reported

0 0.25 0.5 075 1 1.25 1.5
displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.13 0.14 0.12
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z |VJ Reported
§ o1 m%vwwwmx el
’ w U Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information _ Test Specimen Sketch

Test Date: 6/16/2010 11:25:00 AM
Test Identification: TS04.09-S-L4.5-330°-212-B
Test Facility: 12'x12'x4' MSE Test Box

MSE Reinforcement

Type: Ribbed Strip \
Length, L, (ft): 45 B

Width, b (in.): 2 g,

Skew Angle, 8 (°): 30 | '
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 114.4 09
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.7 0.1%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 91.8 0.7%

Measured Calculated
Reinforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
P, (Ib) Zefs (ft) F*
Pullout 0.75 1506 3782 12.3 1.67

Load-Displacement Curve

Load Cell Measured Force
vs Digital Disp.

%

Jack Applied Force
/ vs Digital Disp.

Load Cell Measured Force
vs Optical Disp.

pull force, Pr o)

Jack Applied Force

¢ vs Optical Disp.

1000 4— e PulloutResistance, Pr
Reported

| === Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
Pullout force was measured for two reinforcements pulled in tandem. Reported Tested: AS MB AS
pullout force, Pr, is half the measured pullout force; i.e. for a single, skewed strip. Prepared: SBTW
. Checked: WL PJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1663 1237 1636 1549 1461 1509 1.03 1504
2000
=
& ____ Jack Applied Stress
g 1500 » vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.13 0.14 0.11
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z 1 Reported
_E 01 J‘“‘\-’\.ﬁfkﬁn T T P T A L PN LV
v v A - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch

Test Date: 6/15/2010 3:39:00 PM
Test Identification: TS04.11-S-L8-815°-Z5-B
Test Facility: 12'x12'x4' MSE Test Box

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 8.0 |

Width, b (in.): 2 Ay

Skew Angle, 8 (°): 15 '
Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 114.4 09
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.7 0.1%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 91.8 0.7%

Pullout Test Results

Measured Calculated

Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.74 628 6113 5.1 3.65
Load-Displacement Curve
8000
— Load Cell Measured Force
vs Digital Disp.

6000

Jack Applied Force
vs Digital Disp.

Load Cell Measured Force
vs Optical Disp.

pull force, Pr o)

Jack Applied Force

¢ vs Optical Disp.

2000 4 o PulloutResistance, Pr
Reported

| === Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
Pullout force was measured for two reinforcements pulled in tandem. Reported Tested: AS MB DH
pullout force, Pr, is half the measured pullout force; i.e. for a single, skewed strip. Prepared: SBTW
. Checked: WL PJ

TS04.11-S-L8-R15°-Z5-B (UNDER-COMPACTED) Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
652 619 854 650 492 653 1.09 628
200
600 = 4—J — Jack Applied Stress

vs Digital Disp.

Awerage Earth Pressure
Cell Measured Stress

overburden, av {psf)

Owerburden Stress, av
o Reported

0 0.25 0.5 075 1 1.25 1.5
displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.18 0.14 0.15
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ 0z _ " Preceding Strain Rate
g AT NN Reported
§ o1 I AT W
’ | Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 6/23/2010 3:19:00 PM P
Test Identification: TS05.01-S-L4-Z40-T T’
Test Facility: 12'x12'x4' MSE Test Box B
i
Type: Ribbed Strip | )
Length, L. (ft): 40
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Backfill Material
Specification: TxDOT ltem 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 114.4 09
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.7 0.1%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 91.8 0.7%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (/b) Zeff (ft) F*
Pullout 0.73 5070 6256 41.6 0.93
Load-Displacement Curve
8000
— Load Cell Measured Force
vs Digital Disp.

6000

Jack Applied Force
vs Digital Disp.

Load Cell Measured Force
vs Optical Disp.

pull force, Pr o)

Jack Applied Force

¢ vs Optical Disp.

2000 4 o PulloutResistance, Pr
Reported

=== Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
 Tested: AS MB AS
Prepared: SBTW
__Checked: WLPJ

TS05.01-S-L4-Z40-T (UNDER-COMPACTED) Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

X esearch Project O- : ullout EINFORCEMENT PULLOUT I EST
4 TxDOT R h Project 0-6493: MSE Pull MSE REINFORC PuLLouT TES
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
6424 7191 4504 6724 6033 6175 1.01 5070
2000
T Jack Applied St
— Jack Applie ress
‘g 6000 o vs Digital Disp.
g 4000 _ Average Earth Pressure
5 Cell Measured Stress
E 2000
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.14 0.16 0.11
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ Preceding Strain Rate
c 02 1 N Reported
£ o AL, WA VAT FWSN
’ ‘_M = - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2

TS05.01-S-L4-Z40-T (UNDER-COMPACTED) Issue Date: October 17, 2012 Page 2 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information _ Test Specimen Sketch
Test Date: 6/23/2010 3:39:00 PM P
Test Identification: TS05.02-5-L4-Z40-T T’
Test Facility: 12'x12'x4' MSE Test Box B
L
Type: Ribbed Strip | )
Length, L. (ft): 40
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 114.4 09
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.7 0.1%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 91.8 0.7%

Pullout Test Results

Measured Calculated
i m Pull E j
Relnforce- ent Displacement  Vertical Stress, l.JI out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (/b) Zeff (ft) F*
Pullout 0.63 5019 5406 41.1 0.81
Load-Displacement Curve
8000
— Load Cell Measured Force
vs Digital Disp.
s000 Y PN e WS Sy YN - * 5
‘:"VJ—M s e — Jack Applied Force
;"f @ LoadCell MeasuredForce
vs Optical Disp.

f + dJackApplied Force
{ v5 Optical Disp.

pull force, Pr o)

2000 4+ o PulloutResistance, Pr
Reported

i === Load-Disp. Trend

0 025 0.5 075 1 125 15

displacement(in.)

Comments Personnel
 Tested: AS MB AS
Prepared: SBTW
__Checked: WLPJ

TS05.02-S-L4-Z40-T (UNDER-COMPACTED) Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
6435 7237 4506 6739 6050 6194 1.01 5016
2000
T Jack Applied St
— Jack Applie ress
‘g 6000 P vs Digital Disp.
g 4000 _ Average Earth Pressure
5 Cell Measured Stress
E 2000
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.13 0.12 0.11
05
T 04 M‘ Instantaneous Strain Rate
5 , l vs Digital Disp.
E 03
ﬁ 0z ,J ‘l Preceding Strain Rate
= - Reported
% 0.1 ftohs p"‘i\. NWWM L‘
’ (| \! K - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 6/23/2010 4:01:00 PM P
Test Identification: TS05.03-S-L4-Z40-T T’
Test Facility: 12'x12'x4' MSE Test Box B
i
Type: Ribbed Strip | )
Length, L. (ft): 40
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Backfill Material
Specification: TxDOT ltem 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 114.4 09
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.7 0.1%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 91.8 0.7%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (/b) Zeff (ft) F*
Pullout 0.66 5074 5564 41.6 0.82
Load-Displacement Curve
8000
— Load Cell Measured Force
vs Digital Disp.

6000

Jack Applied Force
vs Digital Disp.

Load Cell Measured Force
vs Optical Disp.

pull force, Pr o)

i + +ackapplied Force
rd vs Optical Disp.

2000 —+ o PulloutResistance, Pr
/ Reparted

=== Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
 Tested: AS MB AS
Prepared: SBTW
__Checked: WLPJ

TS05.03-S-L4-740-T (UNDER-COMPACTED) Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
6483 7274 4499 6740 6043 6208 1.01 5074
2000
T Jack Applied St
— Jack Applie ress
‘g 6000 . vs Digital Disp.
g 4000 _ Average Earth Pressure
5 Cell Measured Stress
E 2000
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.10 0.19 0.11
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 02 f Reported
E |l ety o~ pry A h r‘»—'vNJ
w 01 "8 v — v ]|Jll Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2

TS05.03-S-L4-Z40-T (UNDER-COMPACTED) Issue Date: October 17, 2012 Page 2 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 6/23/2010 4:22:00 PM P
Test Identification: TS05.04-S-L4-Z40-T T’
Test Facility: 12'x12'x4' MSE Test Box B
i
Type: Ribbed Strip | )
Length, L. (ft): 40
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Backfill Material
Specification: TxDOT ltem 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 114.4 09
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.7 0.1%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 91.8 0.7%

Pullout Test Results

Measured Calculated
Reinforcement , , Pullout Effective Pullout
I . Displacement  Vertical Stress, u u .ff v .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.74 5059 9365 41.5 1.39
Load-Displacement Curve
12000
10000 — Load Cell Measured Force
vs Digital Disp.
— Jack Applied Force
G000 .P; vs Digital Disp.
0
= r
DI_-_ ri m LoadCell MeasuredForce
E &000 - v5 Optical Disp.
g /
E f o JackApplied Force
4000 I-' v5 Optical Disp.
;'I ¢ PulloutResistance, Pr
2000 { Reported
;’. === Load-Disp. Trend
0
0 0.25 05 0.75 1 1.25 15

displacement(in.)

Comments Personnel
 Tested: AS MB AS
Prepared: SBTW
__Checked: WLPJ

TS05.04-S-L4-Z40-T (UNDER-COMPACTED) Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
6521 7314 4504 6746 6050 6227 1.01 5059
2000
T Jack Applied St
£ 6000 — JackApplie ress
E_ - vs Digital Disp.
E 4000 _ Average Earth Pressure
5 Cell Measured Stress
E 2000
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.12 0.15 0.12
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ Preceding Strain Rate
c 02 ™ W Reported
£ o1 S| BRSNS Ty
’ Instantaneous Strain Rate
o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 6/23/2010 4:41:00 PM P
Test Identification: TS05.05-5-L6-Z40-T T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement .

Type: Ribbed Strip |

Length, L. (ft): 6.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 114.4 09
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.7 0.1%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 91.8 0.7%

Pullout Test Results

Measured Calculated
Reinforcement . , Pullout Effective Pullout
l . Displacement  Vertical Stress, u u .ff v .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.75 5058 8113 41.5 0.80
Load-Displacement Curve
10000
* I — Load Cell Measured Force
2000 al vs Digital Disp.
+ !"ﬂ. .
— Jack Applied Force
- vs Digital Disp.
£ 5000 7
o . Load Cell Measured Force
E i vs Optical Disp.
5
2 4000 J-' + dJackApplied Force
! vs Optical Disp.
Pullout Resistance, Pr
2000 ] Reported
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
 Tested: AS MB AS
Prepared: SBTW
__Checked: WLPJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
6496 7079 4503 6733 6037 6170 1.02 5055
2000
T Jack Applied St
— Jack Applie ress
‘g 6000 - vs Digital Disp.
g 4000 _ Average Earth Pressure
5 Cell Measured Stress
E 2000
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.18 0.16 0.15
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ 0z . Preceding Strain Rate
£ ﬂ'1 M*Mﬂ-ﬂﬂ I ‘WW Reported
w i l - Instantaneous Strain Rate
o Reported
0 025 0.5 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation

TxDOT Research Project 0-6493: MSE Pullout

REPORT OF
MSE REINFORCEMENT PuLLOUT TEST

Test Specimen Sketch

Test Information

Test Date: 6/23/2010 1:45:00 PM P
Test Identification: TS05.06-5-L6-240-M T’
Test Facility: 12'x12'x4' MSE Test Box B
L
Type: Ribbed Strip | )
Length, L. (ft): 6.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 114.4 09
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.7 0.1%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 91.8 0.7%

Pullout Test Results

Measured Calculated
Reinforcement . , Pullout Effective Pullout
l . Displacement  Vertical Stress, u u .ff v .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.70 5084 7426 41.7 0.73
Load-Displacement Curve
2000
Load Cell Measured Force
vs Digital Disp.
000
Jack Applied Force
- vs Digital Disp.
o
i} Load Cell Measured Force
E 4000 4— v5 Optical Disp.
z
= | Jack Applied Force
= h ¢ vs Optical Disp.
2000 — e PulloutResistance, Pr
i Reported
: === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
. Tested: AS MB AS
Prepared: SBTW
. Checked: WL PJ

TS05.06-S-L6-240-M (UNDER-COMPACTED) Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
6586 6993 4447 6669 6018 6143 1.00 5083
2000
T Jack Applied St
ac ie ress
< 6000 T ws Digil:t:SDisp.
B -
E 4000 _ Average Earth Pressure
5 Cell Measured Stress
E 2000
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.11 0.11 0.11
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ 0z N 1 Preceding Strain Rate
= - Reported
_‘E 0.1 } i A;‘ — Pﬂ!y _‘1"ﬂuhnlﬁ.fj1‘_ J\'ﬂ fin /-/Mkﬁ;_
. ]J v T Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 6/23/2010 2:07:00 PM P
Test Identification: TS05.07-S-L8-Z40-M T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement .

Type: Ribbed Strip |

Length, L. (ft): 8.0 |
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 114.4 09
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.7 0.1%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 91.8 0.7%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.73 5070 13003 41.6 0.96
Load-Displacement Curve
16000

4000 *
1 W‘“—'L__{ Load Cell Measured Force
vs Digital Disp.
oA |L_,f Jack Applied Force
10000 “,.ﬁ"’l vs Digital Disp.

Load Cell Measured Force
vs Optical Disp.

pull force, Pr o)

6000 Jack Applied Force
! ¢ vs Optical Disp.

4000 e PulloutResistance, Pr
/ Reported
2000
=== Load-Disp. Trend
0 f
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
Load cell error at displacements greater than 0.75in. Tested: AS MB AS
Prepared: SBTW
. Checked: WL PJ

TS05.07-S-L8-240-M (UNDER-COMPACTED) Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
6570 7047 4451 6669 6012 6150 1.00 5066
2000
T Jack Applied St
ac ie ress
< 6000 T ws Digil:t:SDisp.
B -
E 4000 _ Average Earth Pressure
5 Cell Measured Stress
E 2000
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.14 0.13 0.11
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 02 Reported
_E 01 YA v uﬂhﬂauﬂmrw; arg 1l
’ W Instantaneous Strain Rate
o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 6/23/2010 2:38:00 PM P
Test Identification: TS05.08-S-L8-Z40-M T’
Test Facility: 12'x12'x4' MSE Test Box B
i
Type: Ribbed Strip | )
Length, L. (ft): 8.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Backfill Material
Specification: TxDOT ltem 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 114.4 09
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.7 0.1%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 91.8 0.7%

Pullout Test Results

Measured Calculated
i Pull E; j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.68 5064 11355 41.5 0.84
Load-Displacement Curve
12000
Mwwwb
4 =
el
10000 + - — Jack Applied Force
vs Digital Disp.
/|
8000 .
o
T Jack Applied Force
o ! -* H .
E- 5000 vs Optical Disp.
E H
2
4000 4—+ e PulloutResistance, Pr
| Reported
2000
| === Load-Disp. Trend
0
0 0.25 05 0.75 1 1.25 15

displacement(in.)

Comments Personnel
Load cell error; no load cell data. Tested: AS MB AS
Prepared: SBTW
. Checked: WL PJ
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
6558 7097 4467 6659 6068 6170 1.00 5058
2000
T Jack Applied St
ac ie ress
< 6000 T ws Digil:t:SDisp.
B .
E 4000 _ Average Earth Pressure
5 Cell Measured Stress
E 2000
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.12 0.15 0.26
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
= Preceding Strain Rate
E 02 I L | Reported
= i M ».-‘d
| I e W s TN T
’ U' ﬁ"u' - Instantaneous Strain Rate
o Reported
0 025 0.5 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 6/23/2010 2:55:00 PM P
Test Identification: TS05.09-S-L8-Z40-M T’
Test Facility: 12'x12'x4' MSE Test Box B
L
Type: Ribbed Strip | )
Length, L. (ft): 8.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 114.4 09
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.7 0.1%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 91.8 0.7%

Pullout Test Results

Measured Calculated
i Pull E; j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.73 5038 9949 41.3 0.74
Load-Displacement Curve
12000
10000 - Lnaq {}ell I'-.-'I_easured Farce
vs Digital Disp.
— Jack Applied Force
8000 vs Digital Disp.

Load Cell Measured Force
vs Optical Disp.

/ Jack Applied Force

pull force, Pr o)

anoo *  usOptical Disp.
:I.'I . El;lplﬂc;u&t;esistance: Pr
2000 —
:il === Load-Disp. Trend
0
0 025 05 075 1 1.25 15

displacement(in.)

Comments Personnel
 Tested: AS MB AS
Prepared: SBTW
__Checked: WLPJ

TS05.09-S-L8-740-M (UNDER-COMPACTED) Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
6544 7103 4483 6656 6048 6167 1.01 5035
2000
T Jack Applied St
— Jack Applie ress
< 6000 vs Digital Disp.
B - -
E 4000 _ Average Earth Pressure
5 Cell Measured Stress
E 2000
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.12 0.12 0.11
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
*E 0.1 b LJ“M}H*’*—JU\MWM Laflnul
1]' VWL Instantaneous Strain Rate
o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation

TxDOT Research Project 0-6493: MSE Pullout

REPORT OF
MSE REINFORCEMENT PuLLOUT TEST

Test Specimen Sketch

Test Information

Test Date: 6/23/2010 10:13:00 AM T/_P,
Test Identification: TS05.10-S-L8-Z5-B B
Test Facility: 12'x12'x4' MSE Test Box

L
Type: Ribbed Strip | ‘
Length, L, (ft): 80
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 114.4 09
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.7 0.1%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 91.8 0.7%

Pullout Test Results
Measured Calculated
Reinforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
Pr (/b) Zeff (ft) F*
Pullout 0.63 616 4416 5.1 2.69

Load-Displacement Curve

6000

Load Cell Measured Force

JJ\/ vs Digital Disp.
4000 M ' vs Digital Disp.

Jack Applied Force

Load Cell Measured Force
vs Optical Disp.

Jack Applied Force

pull force, Pr o)

;
2000 4L * s Optical Disp.
.!I . Pullout Resistance, Pr
i Reported
i. === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
. Tested: AS MB AS
. Prepared: SBTW
. Checked: WL PJ
TS05.10-5-L8-Z5-B (UNDER-COMPACTED) Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Vertical Stress, o, (psf)

EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
866 550 668 581 529 639 1.04 616

200

600 —_— —— — Jack Applied Stress
vs Digital Disp.

Awerage Earth Pressure
Cell Measured Stress

overburden, av {psf)

Owerburden Stress, av
o Reported

0 0.25 0.5 075 1 1.25 1.5
displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.10 0.20 0.13
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
" 0z Preceding Strain Rate
= - Reported
_‘E 0.1 ‘llL 1'_.Jwﬂ. J"'ﬁ'\' — }Il.l‘“\u wj\ ‘ul'v'\-'\. Jlﬂv\
’ ~ Wu - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 6/23/2010 10:36:00 AM P
Test Identification: TS05.11-S-L4-Z12-B T’
Test Facility: 12'x12'x4' MSE Test Box B
|
Type: Ribbed Strip | )
Length, L. (ft): 40
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 114.4 09
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.7 0.1%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 91.8 0.7%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.38 1507 1553 12.4 0.77
Load-Displacement Curve

2000

Jack Applied Force
r 1T n 1 . an* vs Digital Disp.

TV Ty T [T
P |

il Jack Applied Force
] vs Optical Disp.

pull force, Pr o)

Pullout Resistance, Pr
Reported

g

=== Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
 Tested: AS MB AS
Prepared: SBTW
__Checked: WLPJ

Load cell error; no load cell data.

TS05.11-S-L4-712-B (UNDER-COMPACTED) Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1633 1540 1517 1630 1407 1545 1.01 1507
2000
=
& ____ Jack Applied Stress
g 1500 . vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
1.50 0.77 0.86
iy L/
T 04 Instantaneous Strain Rate
5 |[ || \ ml vs Digital Disp.
T —
o . .
Preceding Strain Rate
E 02 T Reported
G 01
E ’ Instantaneous Strain Rate
o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information _ Test Specimen Sketch
Test Date: 6/23/2010 10:50:00 AM P
Test Identification: TS05.12-S-L8-Z12-B T’
Test Facility: 12'x12'x4' MSE Test Box B
|
Type: Ribbed Strip | )
Length, L. (ft): 8.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 114.4 09
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.7 0.1%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 91.8 0.7%

Pullout Test Results

Measured Calculated
Reinforcement , , Pullout Effective Pullout
l . Displacement  Vertical Stress, u u .ff v .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (/b) Zeﬁ (ft) F*
Pullout 0.62 1507 4523 12.3 1.13
Load-Displacement Curve
6000
Load Cell Measured Force
vs Digital Disp.
Jack Applied Force
4000 vs Digital Disp.
o -
T &
o I Load Cell Measured Force
E ; vs Optical Disp.
= /
E : o JackApplied Force
2000 4 vs Optical Disp.
,i Pullout Resistance, Pr
i Reported
i === Load-Disp. Trend
0
0 0.25 05 0.75 1 1.25 15

displacement(in.)

Comments Personnel
 Tested: AS MB AS
Prepared: SBTW
__Checked: WLPJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1661 1572 1745 1661 1429 1614 1.02 1506
2000
E 1500 P — Jack Applied Stress
E' vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.08 0.12 0.10
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
_‘E 01 T — Ill A - “'r‘l. A J"-’hh__'n..
’ ju T e = [ L Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2

TS05.12-S-18-712-B (UNDER-COMPACTED) Issue Date: October 17, 2012 Page 2 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 6/23/2010 11:09:00 AM i
Test Identification: TS05.13-S-L12-Z12-B T’
Test Facility: 12'x12'x4' MSE Test Box B
i
Type: Ribbed Strip | )
Length, L. (ft): 12.0
Width, b (in.): 2 |
Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 114.4 09
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.7 0.1%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 91.8 0.7%

Pullout Test Results

Measured Calculated
i Pull E j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.71 1508 9394 12.4 1.56
Load-Displacement Curve
12000
‘W'\f—«—»ﬂ—"\fwb
10000 =] — Load Cell Measured Force
. * vs Digital Disp.
) W
— Jack Applied Force
2000 o b, "
| | vs Digital Disp.
5 ¥ alaiise
i} / Load Cell Measured Force
E &000 7 v5 Optical Disp.
z
2 H + dJackApplied Force
4000 ; v5 Optical Disp.
,"I . Pullout Resistance, Pr
20001 Reported
i‘I === Load-Disp. Trend
0
0 0.25 05 0.75 1 1.25 15

displacement(in.)

Comments Personnel
 Tested: AS MB AS
Prepared: SBTW
__Checked: WLPJ

TS05.13-S-L12-712-B (UNDER-COMPACTED)  Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1667 1567 1355 1673 1434 1539 1.07 1507
2000
=
& ____ Jack Applied Stress
g 1500 - vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.10 0.09 0.10
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
% o1 _ TN Ry . TP . M,.-"v*wxh-m-\v s
’ _.ll - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 6/23/2010 11:34:00 AM i
Test Identification: TS05.14-S-L8-Z20-B T’
Test Facility: 12'x12'x4' MSE Test Box B

MSE Reinforcement

Type: Ribbed Strip |

Length, L. (ft): 8.0

Width, b (in.): 2 |

Skew Angle, 8 (°): 0o b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 114.4 09

Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.7 0.1%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 91.8 0.7%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (/b) Zeff (ft) F*
Pullout 0.73 2527 7761 20.7 1.15

Load-Displacement Curve

10000

Load Cell Measured Force
vs Digital Disp.

Jack Applied Force
vs Digital Disp.

\%L

2 gpoo .

n"__ Load Cell Measured Force
E ; vs Optical Disp.

=l

2 4000 + + JackaApplied Force

! vs Optical Disp.

; - Pullout Resistance, Pr
2000 7 Reported

=== Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
 Tested: AS MB AS
Prepared: SBTW
__Checked: WLPJ

TS05.14-S-18-720-B (UNDER-COMPACTED) Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
2949 2539 2334 3049 2638 2702 1.03 2516
2000 I
E 2500 .- — Jack Applied Stress
E' 2000 vs Digital Disp.
g 1500 _ Average Earth Pressure
E 1000 Cell Measured Stress
o
= 500 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.14 0.12 0.11
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z J|||\ Reported
_‘E 0.1 vy -u'fv\' s S W .\FM‘-.._.-A
’ \ Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
right-left right-center center-left elongation skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)

Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2

TS05.14-S-18-720-B (UNDER-COMPACTED) Issue Date: October 17, 2012 Page 2 of 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 8/10/2010 3:15:00 PM P
Test Identification: TS09.01-G-9x12-W20xW11-L12-25-T o [ORT
Test Facility: 12'x12'x4' MSE Test Box W
T
Type:  Welded Steel Grid Transverse Bars Longitudinal Bars ¢
Length, L. (ft): 12.0 | Number, N,: 12 | Number, N;: 3 J
Width, b (in.): 18 | Diameter, t (in.): 0.37 = Diameter, t;(in.):  0.50 5
Skew Angle, 8 (°): 0 Spacing, S:(in.): 12 | Spacing, S, (in.): 9 b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 116.4 2.8
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.8 0.7%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 935 +2.3%

Pullout Test Results

Measured Calculated
inforcem Pull E j
Reinfo ce- ent Displacement  Vertical Stress, l.JI out .ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.75 630 27653 5.1 1.22
Load-Displacement Curve
35000
30000 — Load Cell Measured Force
vs Digital Disp.
25000 — Jack Applied Force
- [ ] vs Digital Disp.
= 50000 A
DI_-_ m LoadCell MeasuredForce
E vs Optical Disp.
2 15000 -
2 + +ackapplied Force
vs Optical Disp.
10000 3
{ . Pullout Resistance, Pr
i Reported
000
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
No earth pressure cell data. No incidental skew data. Tested: TW AS DH
Prepared: SBTW
. Checked: WL PJ

TS09.01-G-9x12-W20xW11-L12-Z5-T Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 7.64 630
200 l
500 'l"'p—f“"““r_ — Jack Applied Stress
vs Digital Disp.

overburden, av {psf)

QOverburden Stress, av
Reported

0 0.25 0.5 075 1 1.25 1.5
displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.12 0.09 0.08
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
_‘E 0.1 o Al s ﬂuf‘.'\.-. A =N ol
’ lll JI - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
r/gi?t-/eft r/ghtjcen ter cen tgr-/eft elongat/on skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)
No Data No Data No Data No Data No Data No Data

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2

TS09.01-G-9x12-W20xW11-L12-Z5-T Issue Date: October 17, 2012 Page 2 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 8/9/2010 10:05:00 AM P
Test Identification: TS09.02-G-9x12-W20xW11-L9-Z5-T LT T’ RT
Test Facility: 12'x12'x4' MSE Test Box S
MSE Reinforcement \
Type:  Welded Steel Grid Transverse Bars Longitudinal Bars )
Length, L. (ft): 9.0  Number, N;: 9 Number, N;: 3
Width, b (in.): 18 | Diameter, t (in.): 0.37 = Diameter, t;(in.):  0.50 S+,
Skew Angle, 8 (°): 0 Spacing, S:(in.): 12 | Spacing, S, (in.): 9
Backfill Material
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 116.4 2.8
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.8 0.7%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 935 +2.3%
Pullout Test Results
Measured Calculated
i Pull E; j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.75 633 18682 5.1 1.09
Load-Displacement Curve
25000
— Load Cell Measured Force
20000 vs Digital Disp.
— Jack Applied Force
- vs Digital Disp.
£ 15000 -
o ya m LoadCell MeasuredForce
E f vs Optical Disp.
h
2 10000 F + dJackApplied Force
i vs Optical Disp.
." Pullout Resistance, Pr
5000 i Reported
il === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
No incidental skew data. Tested: TW AS MB
Prepared: SBTW
. Checked: WL PJ

TS09.02-G-9x12-W20xW11-L9-Z5-T Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
955 781 705 879 753 815 1.03 633
1000
E 200 ____ Jack Applied Stress
vs Digital Disp.
E_ GO0 .
[ =
= _ Average Earth Pressure
E 400 Cell Measured Stress
o
= 200 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.13 0.11 0.10
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
% 0.1 P e Arrprdinen ol A A e e
’ Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
r/gi?t-/eft r/ghtjcen ter cen tgr-/eft elongat/on skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)
No Data No Data No Data No Data No Data No Data

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2

TS09.02-G-9x12-W20xW11-L9-Z5-T Issue Date: October 17, 2012 Page 2 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 8/9/2010 10:46:00 AM P
Test Identification: TS09.03-G-9x12-W20xW11-L9-712-T LT T’ RT
Test Facility: 12'x12'x4' MSE Test Box S
MSE Reinforcement \
Type:  Welded Steel Grid Transverse Bars Longitudinal Bars )
Length, L. (ft): 9.0  Number, N;: 9 Number, N;: 3
Width, b (in.): 18 | Diameter, t (in.): 0.37 = Diameter, t;(in.):  0.50 S+,
Skew Angle, 8 (°): 0 Spacing, S:(in.): 12 | Spacing, S, (in.): 9
Backfill Material
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 116.4 2.8
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.8 0.7%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 935 +2.3%
Pullout Test Results
Measured Calculated
i Pull E; j
Relnforce_ment Displacement  Vertical Stress, l.JI out .ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.75 1515 29385 12.2 0.72
Load-Displacement Curve
35000
3 L,  _ LoadCell Measured Force
/‘f:pfr;:ﬂ\ﬁ vs Digital Disp.
25000 — Jack Applied Force
_ [ ] vs Digital Disp.
= 50000 A
DI_-_ # Load Cell Measured Force
E ! vs Optical Disp.
£ 15000 y
2 + +ackapplied Force
vs Optical Disp.
100001
/ Pullout Resistance, Pr
Reported
5000+
i === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
No incidental skew data. Tested: TW AS MB
Prepared: SBTW
. Checked: WL PJ

TS09.03-G-9%x12-W20xW11-L9-212-T Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
2046 1831 1634 2037 1730 1855 1.03 1514
2000 T
T l ; .
£ 1500 I ack.A_pplle.d Siress
g vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5
displacement{in.)
Strain Rate
instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.10 0.09 0.10
05
T 04 __ Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ 02 I — Preceding Strain Rate
= - Reported
’ - Instantaneous Strain Rate
o Reported
0 025 05 075 1 128 15

displacement(in.)

Differential Displacement Incidental Skew
r/gi?t-/eft r/ghtjcen ter cen tgr-/eft elongat/on skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)
No Data No Data No Data No Data No Data No Data

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2

TS09.03-G-9%x12-W20xW11-L9-212-T Issue Date: October 17, 2012 Page 2 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch

Test Date: 8/9/2010 11:20:00 AM P

Test Identification: T509.04-G-9x12-W20xW11-13-212-T LT T/ RT

Test Facility: 12'x12'x4' MSE Test Box W
smmk

Type:  Welded Steel Grid Transverse Bars Longitudinal Bars l )

Length, L. (ft): 3.0 | Number, N: 3 Number, N;: 3

Width, b (in.): 18 | Diameter, t (in.): 0.37 : Diameter, t;(in.): 0.50 5=

Skew Angle, 8 (°): 0 Spacing, S:(in.): 12 | Spacing, S, (in.): 9 ~—b—

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 116.4 2.8
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.8 0.7%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 935 +2.3%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:.'ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.73 1542 11061 12.4 0.80

Load-Displacement Curve

14000

12000 Load Cell Measured Force
vs Digital Disp.

10000 +

™ Jack Applied Force
_ ;‘f vs Digital Disp.
= -
T 3000 2
DI_-_ g m LoadCell MeasuredForce
E : vs Optical Disp.
£ 6000
2 + dJackApplied Force
{ vs Optical Disp.
4000
Pullout Resistance, Pr
Reported
2000 .
f === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
No incidental skew data. Tested: TW AS MB
Prepared: SBTW
. Checked: WL PJ

TS09.04-G-9x12-W20xW11-L3-Z212-T Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
2001 1647 1596 2059 1807 1822 1.05 1518
2000 T
E 1500 J — Jack Applied Stress
E' vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.14 0.11 0.11
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
" 0z h Preceding Strain Rate
= - N Reported
jal o1 /J\J'U-'M MM ‘\‘\q
E W Instantaneous Strain Rate
o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
r/gi?t-/eft r/ghtjcen ter cen tgr-/eft elongat/on skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)
No Data No Data No Data No Data No Data No Data

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 8/9/2010 4:08:00 PM P
Test Identification: TS09.05-G-9x12-W20xW11-L12-725-M o [ORT
Test Facility: 12'x12'x4' MSE Test Box W
T
Type:  Welded Steel Grid Transverse Bars Longitudinal Bars ¢
Length, L. (ft): 12.0 | Number, N,: 12 | Number, N;: 3 J
Width, b (in.): 18 | Diameter, t (in.): 0.37 = Diameter, t;(in.):  0.50 5
Skew Angle, 8 (°): 0 Spacing, S:(in.): 12 | Spacing, S, (in.): 9 b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 116.4 2.8
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.8 0.7%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 935 +2.3%

Pullout Test Results

Measured Calculated
Reinforcement , , Pullout Effective Pullout
I . Displacement  Vertical Stress, u u .ff v .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.74 811 38033 6.5 1.30
Load-Displacement Curve
50000
Load Cell Measured Force
AD000D vs Digital Disp.
'3
Jack Applied Force
_ / vs Digital Disp.
£ 30000 /‘i’l,/
o Y m LoadCell MeasuredForce
E y vs Optical Disp.
=
E 20000 o JackApplied Force
J vs Optical Disp.
{ o PulloutResistance, Pr
100001 Reported
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 1.25 15

displacement(in.)

Comments Personnel
No incidental skew data. Tested: TW MB AS
Prepared: SBTW
. Checked: WL PJ

TS09.05-G-9%x12-W20xW11-L12-Z5-M Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY
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X esearch Project O- : ullout EINFORCEMENT PULLOUT I EST
4 TxDOTR h Project 0-6493: MSE Pull MSE REINFORC PuLLouT TES
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1848 1327 436 1263 797 1134 2.12 716
1200
E 1000 — Jack Applied Stress
‘E' 200 - vs Digital Disp.
g 500 _ Average Earth Pressure
E 400 Cell Measured Stress
o
= 200 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.09 0.11 0.11
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z J ]I ,h, Jult Reported
£ o1 _— LR N N N
’ W= = . - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
r/gi?t-/eft r/ghtjcen ter cen tgr-/eft elongat/on skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)
No Data No Data No Data No Data No Data No Data

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 8/9/2010 4:40:00 PM P
Test Identification: TS09.06-G-9x12-W20xW11-L9-725-M LT T’_RT
Test Facility: 12'x12'x4' MSE Test Box S
|
Type:  Welded Steel Grid Transverse Bars Longitudinal Bars )
Length, L. (ft): 9.0  Number, N;: 9 Number, N;: 3
Width, b (in.): 18 | Diameter, t (in.): 0.37 = Diameter, t;(in.):  0.50 S+,
Skew Angle, 8 (°): 0 Spacing, S:(in.): 12 | Spacing, S, (in.): 9

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 116.4 2.8
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.8 0.7%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 935 +2.3%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:.'ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Pullout 0.74 668 26666 5.4 1.48
Load-Displacement Curve

35000
30000 — Load Cell Measured Force

vs Digital Disp.

25000 i Jack Applied Force
vs Digital Disp.
20000
|

=
n"__ 1 Load Cell Measured Force
E I vs Optical Disp.
£ 15000
= + +ackapplied Force
i vs Optical Disp.
10000
! . Pullout Resistance, Pr
{ Reported
B000 1+
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
No incidental skew data. Tested: TW MB AS
Prepared: SBTW
. Checked: WL PJ

TS09.06-G-9%x12-W20xW11-L9-Z25-M Issue Date: October 17, 2012 Page 1 of 2
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Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
896 1247 475 935 713 853 2.81 647
1000
E 200 — Jack Applied Stress
g 500 - vs Digital Disp.
=
= _ Average Earth Pressure
E 400 Cell Measured Stress
o
= 200 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.18 0.21 0.16
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ 0z 1 L Preceding Strain Rate
c : [ L] T T T Reported
E ’ Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
r/gi?t-/eft r/ghtjcen ter cen tgr-/eft elongat/on skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)
No Data No Data No Data No Data No Data No Data

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 8/10/2010 9:22:00 AM P
Test Identification: TS09.07-G-9x12-W20xW11-L9-212-M LT T’_RT
Test Facility: 12'x12'x4' MSE Test Box S
|
Type:  Welded Steel Grid Transverse Bars Longitudinal Bars )
Length, L. (ft): 9.0  Number, N;: 9 Number, N;: 3
Width, b (in.): 18 | Diameter, t (in.): 0.37 = Diameter, t;(in.):  0.50 S+,
Skew Angle, 8 (°): 0 Spacing, S:(in.): 12 | Spacing, S, (in.): 9

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 116.4 2.8
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.8 0.7%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 935 +2.3%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.75 1536 33179 12.4 0.80
Load-Displacement Curve
40000

N Load Cell Measured Force
/w\ﬂ vs Digital Disp.
30000

Jack Applied Force
vs Digital Disp.

J.f" m LoadCellMeasuredForce
20000 - v5 Optical Disp.

pull force, Pr o)

_f + +ackapplied Force
' vs Optical Disp.

10000—— e PulloutResistance, Pr
Reported

/ === Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
No incidental skew data. Tested: TW MB AS
Prepared: SBTW
. Checked: WL PJ
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4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1892 2245 1281 1966 1701 1817 1.32 1515
2000 [
E 1500 * — Jack Applied Stress
E' vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.12 0.12 0.12
05
T 04 Instantaneous Strain Rate
E H vs Digital Disp.
i I _
o . .
Preceding Strain Rate
E 0.z I,J [ Reported
_E 0.1 —— A — l\AHVJ _.-J'"‘-*-...AV_J'
Instantaneous Strain Rate
o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
r/gi?t-/eft r/ghtjcen ter cen tgr-/eft elongat/on skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)
No Data No Data No Data No Data No Data No Data

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch

Test Date: 8/10/2010 9:55:00 AM P

Test Identification: T509.08-G-9x12-W20xW11-13-7212-M LT T/ RT

Test Facility: 12'x12'x4' MSE Test Box —{
smmk

Type:  Welded Steel Grid Transverse Bars Longitudinal Bars l )

Length, L. (ft): 3.0 | Number, N: 3 Number, N;: 3

Width, b (in.): 18 | Diameter, t (in.): 0.37 : Diameter, t;(in.): 0.50 5=

Skew Angle, 8 (°): 0 Spacing, S:(in.): 12 | Spacing, S, (in.): 9 ~—b—

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 116.4 2.8
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.8 0.7%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 935 +2.3%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Pullout 0.75 1519 12531 12.2 0.92

Load-Displacement Curve

g ‘

Load Cell Measured Force
vs Digital Disp.

15000
Jack Applied Force
vs Digital Disp.
™ Load Cell Measured Force
10000 v5 Optical Disp.

=

C

o

E_

5 Vv

E Vi + +ackapplied Force

_(." vs Optical Disp.
/
B000 o PulloutResistance, Pr
! Reported

=== Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
No incidental skew data. Tested: TW MB AS
Prepared: SBTW
. Checked: WL PJ

TS09.08-G-9%x12-W20xW11-L3-Z12-M Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY
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4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1877 2452 1210 1956 1726 1844 1.30 1519
2000 T
E 1500 l — Jack Applied Stress
E' vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.14 0.16 0.14
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ 0z Preceding Strain Rate
- Reported
E o1 A e W"""\M
E ’ Instantaneous Strain Rate
o Reported

0 025 0.5 075 1 125 15
displacement(in.)

Differential Displacement Incidental Skew
r/gi?t-/eft r/ghtjcen ter cen tgr-/eft elongat/on skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)
No Data No Data No Data No Data No Data No Data

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 8/9/2010 1:15:00 PM P
Test Identification: TS09.09-G-9x12-W20xW11-L12-75-B o [ORT
Test Facility: 12'x12'x4' MSE Test Box W
MSE Reinforcement Stt )
Type:  Welded Steel Grid Transverse Bars Longitudinal Bars ¢
Length, L. (ft): 12.0 | Number, N,: 12 | Number, N;: 3 J
Width, b (in.): 18 | Diameter, t (in.): 0.37 = Diameter, t;(in.):  0.50 5
Skew Angle, 8 (°): 0 Spacing, S:(in.): 12 | Spacing, S, (in.): 9 b
Backfill Material
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 116.4 2.8
Maximum Dry Unit Weight, Ygmax (PCf): 124.5  Moisture Content, w (%): 6.8 0.7%
Optimum Moisture Content, OMC (%): 7.8% | Relative Compaction, Cy (%): 93.5 2.3%
Pullout Test Results
Measured Calculated
i Pull E; j
Relnforce_ment Displacement  Vertical Stress, l:ll out 'ffectlve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Progressive Rupture 0.69 795 38289 6.4 1.34
Load-Displacement Curve
40000
— Load Cell Measured Force
vs Digital Disp.
30000
— Jack Applied Force
- vs Digital Disp.
=
i} / Load Cell Measured Force
E 20000 + v5 Optical Disp.
5
=] :-' Jack Applied Force
= ! * vs Optical Disp.
10000 ;'. ¢ PulloutResistance, Pr
¥ Reported
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
No incidental skew data. Tested: TW AS MB
Prepared: SBTW
. Checked: WL PJ

TS09.09-G-9x12-W20xW11-L12-75-B Issue Date: October 17, 2012 Page 1 of 2
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Center for Multidisciplinary Research in Transportation REPORT OF

4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1413 852 728 1459 800 1050 2.25 664
1200
E 1000 — Jack Applied Stress
E' 200 - vs Digital Disp.
g 800 _ Average Earth Pressure
E 400 Cell Measured Stress
o
= 200 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.27 0.15 0.12
05 1|
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
" 0z ?l' ﬂ Preceding Strain Rate
= - | ] \ Reported
£ o1 ¥, ematn vavi L el I W &)
’ 'Ifb" ]b - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
r/gi?t-/eft r/ghtjcen ter cen tgr-/eft elongat/on skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)
No Data No Data No Data No Data No Data No Data

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 8/9/2010 1:58:00 PM P
Test Identification: TS09.10-G-9x12-W20xW11-L9-725-B LT T’_RT
Test Facility: 12'x12'x4' MSE Test Box S
|
Type:  Welded Steel Grid Transverse Bars Longitudinal Bars )
Length, L. (ft): 9.0  Number, N;: 9 Number, N;: 3
Width, b (in.): 18 | Diameter, t (in.): 0.37 = Diameter, t;(in.):  0.50 S+,
Skew Angle, 8 (°): 0 Spacing, S:(in.): 12 | Spacing, S, (in.): 9

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 116.4 2.8
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.8 0.7%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 935 +2.3%

Pullout Test Results

Measured Calculated
Reinforcement . , Pullout Effective Pullout
I . Displacement  Vertical Stress, u u .ff v .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.75 656 28687 53 1.62
Load-Displacement Curve
A0000
Load Cell Measured Force
vs Digital Disp.
30000
Jack Applied Force
- vs Digital Disp.
F=]
DI_-_ Load Cell Measured Force
E 20000 .f v5 Optical Disp.
5 ;
= Vi Jack Applied Force
= I ¢ vs Optical Disp.
10000 . Pullout Resistance, Pr
d Reported
=== Load-Disp. Trend
od
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
No incidental skew data. Tested: TW AS MF
Prepared: SBTW
. Checked: WL PJ

TS09.10-G-9%x12-W20xW11-L9-75-B Issue Date: October 17, 2012 Page 1 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
814 695 534 1195 737 795 2.75 655

200

Jack Applied Stress
600 vs Digital Disp.

Awerage Earth Pressure
Cell Measured Stress

overburden, av {psf)

Owerburden Stress, av
o Reported

0 0.25 0.5 075 1 1.25 1.5
displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.11 0.12 0.11
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
£ 03 f
o . .
Preceding Strain Rate
E 0.z N lk Reported
_‘E 0.1 - T v e P e _uhh .I“\..l"
’ v Instantaneous Strain Rate
o Reported
0 025 0.5 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
r/gi?t-/eft r/ghtjcen ter cen tgr-/eft elongat/on skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)
No Data No Data No Data No Data No Data No Data

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2

TS09.10-G-9%x12-W20xW11-L9-75-B Issue Date: October 17, 2012 Page 2 of 2



TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 8/9/2010 2:38:00 PM P
Test Identification: TS09.11-G-9x12-W20xW11-L9-712-B i) T’ RT
Test Facility: 12'x12'x4' MSE Test Box S

MSE Reinforcement

—

Type:  Welded Steel Grid Transverse Bars Longitudinal Bars
Length, L. (ft): 9.0  Number, N;: 9 Number, N;: 3
Width, b (in.): 18 | Diameter, t (in.): 0.37 = Diameter, t;(in.):  0.50 S+,
Skew Angle, 8 (°): 0 Spacing, S:(in.): 12 | Spacing, S, (in.): 9
Backfill Material
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 116.4 2.8
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.8 0.7%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 935 +2.3%

Pullout Test Results
Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Progressive Rupture 0.67 1518 36425 12.2 0.89
Load-Displacement Curve
A0000

/‘//’V Load Cell Measured Force

/ vs Digital Disp.

30000
./ Jack Applied Force
vs Digital Disp.

/ ™ Load Cell Measured Force
- vs Optical Disp.

pull force, Pr o)

+ +ackapplied Force
vs Optical Disp.

10000—— e PulloutResistance, Pr
{ Reparted

=== Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
No incidental skew data. Tested: TW AS MB
Prepared: SBTW
. Checked: WL PJ
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TEXAS TECH UNIVERSITY

Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1877 1477 1107 2223 1652 1667 1.32 1518
2000
E 1500 —» — Jack Applied Stress
E' vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.10 0.12 0.11
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
" A {1 Preceding Strain Rate
5 S AL
_‘E 0.1 MA r".‘-'_'_"'.‘-.ql T Lo La ! M‘-n._ »J'M
’ ~F Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
r/gi?t-/eft r/ghtjcen ter cen tgr-/eft elongat/on skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)
No Data No Data No Data No Data No Data No Data

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch

Test Date: 8/9/2010 3:15:00 PM P

Test Identification: T509.12-G-9x12-W20xW11-13-712-B LT T/ RT

Test Facility: 12'x12'x4' MSE Test Box —{
smmk

Type:  Welded Steel Grid Transverse Bars Longitudinal Bars l )

Length, L. (ft): 3.0 | Number, N: 3 Number, N;: 3

Width, b (in.): 18 | Diameter, t (in.): 0.37 : Diameter, t;(in.): 0.50 5=

Skew Angle, 8 (°): 0 Spacing, S:(in.): 12 | Spacing, S, (in.): 9 ~—b—

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 116.4 2.8
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 6.8 0.7%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 935 +2.3%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Pullout 0.73 1512 17275 12.2 1.27

Load-Displacement Curve

Load Cell Measured Force
20000 vs Digital Disp.
Jack Applied Force
vs Digital Disp.
=

% ‘

£ 15000
| -
T '/ @ LoadCell MeasuredForce
E E vs Optical Disp.
e
5 /
—_— I
2 10000 4 Jack Applied Force

.-'rl ¢ vs Optical Disp.

Pullout Resistance, Pr
5000 4 Reported

=== Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
No incidental skew data. Tested: TW MB AS
Prepared: SBTW
. Checked: WL PJ
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Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
1926 2713 1173 2198 1690 1940 131 1512
2000
=
& ____ Jack Applied Stress
g 1500 i vs Digital Disp.
g 1000 _ Average Earth Pressure
5 Cell Measured Stress
E 500
=] Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.16 0.02 0.04
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
= Preceding Strain Rate
E 0.z Reported
% 0.1 Hr“lr”‘""ﬂﬁﬁﬂf’ pa A g
’ '| ‘||| || ul ]il u u H ‘i[ U - Instantaneous Strain Rate
0 . —1 e Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
r/gi?t-/eft r/ghtjcen ter cen tgr-/eft elongat/on skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)
No Data No Data No Data No Data No Data No Data

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 8/13/2010 11:17:00 AM P
Test Identification: TS10.01-G-9x12-W20xW7.5-L6-Z5-T i T’ﬁm
Test Facility: 12'x12'x4' MSE Test Box . __"{
.
Type:  Welded Steel Grid Transverse Bars Longitudinal Bars ' LT
Length, L. (ft): 6.0 | Number, N: 6 Number, N;: 3 L1
Width, b (in.): 18 | Diameter, t (in.): 0.31 = Diameter, t;(in.):  0.50 5 -
Skew Angle, 8 (°): 0 Spacing, S:(in.): 12 | Spacing, S, (in.): 9 b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 119.0 0.8
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.6 0.6%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 95.6 0.7%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:.'ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.73 632 10412 49 0.92
Load-Displacement Curve
14000

12000 —— " Load Cell Measured Force

Jack Applied Force
vs Digital Disp.

= -~
= 8000 :
n"__ ! Load Cell Measured Force
E ; vs Optical Disp.
2 00—
3 I o JackApplied Force
] vs Optical Disp.
{ Pullout Resistance, Pr
i Reported
20007
i === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
No earth pressure cell data. No incidental skew data. Tested: TW AS DH
Prepared: SBTW
. Checked: WL PJ
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Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 1.00 632

200

00 —

Jack Applied Stress
vs Digital Disp.

overburden, av {psf)

QOverburden Stress, av
Reported

0 0.25 0.5 075 1 1.25 1.5
displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.13 0.13 0.32
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
Preceding Strain Rate
E 0.z Reported
£ o A e VAN | o
’ T ]l- - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
r/gi?t-/eft r/ghtjcen ter cen tgr-/eft elongat/on skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)
No Data No Data No Data No Data No Data No Data

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 8/13/2010 11:48:00 AM P
Test Identification: TS10.03-G-9x6-W20xW7.5-L3-Z5-T i T’ﬁm
Test Facility: 12'x12'x4' MSE Test Box . __"{
.
Type:  Welded Steel Grid Transverse Bars Longitudinal Bars ' LT
Length, L. (ft): 3.0 | Number, N: 6 Number, N;: 3 L1
Width, b (in.): 18 | Diameter, t (in.): 0.31 = Diameter, t;(in.):  0.50 5 -
Skew Angle, 8 (°): 0 Spacing, S:(in.): 6 Spacing, S, (in.): 9 b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 119.0 0.8
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.6 0.6%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 95.6 0.7%

Pullout Test Results

Measured Calculated
Reinforcement . , Pullout Effective Pullout
. Displacement  Vertical Stress, . .ff .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.75 637 5986 5.0 1.04
Load-Displacement Curve
2000
Load Cell Measured Force
vs Digital Disp.
000
Jack Applied Force
- vs Digital Disp.
o
DI_-_ Load Cell Measured Force
g 4000 - vs Optical Disp.
5 J
2 { + dJackApplied Force
;-' vs Optical Disp.
2000 .!: ¢ PulloutResistance, Pr
i Reported
,' === Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
No earth pressure cell data. No incidental skew data. Tested: TW AS DH
Prepared: SBTW
. Checked: WL PJ

TS10.03-G-9x6-W20xW7.5-L3-Z5-T Issue Date: October 17, 2012 Page 1 of 2
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Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 1.00 637

200

o 4

Jack Applied Stress
vs Digital Disp.

overburden, av {psf)

QOverburden Stress, av
Reported

0 0.25 0.5 075 1 1.25 1.5
displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.13 0.14 0.31
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ 0z N Preceding Strain Rate
g MWL W pb ] Reportes
£ o1 [ AV AN Ay
v ]|J| U 1.. - Instantaneous Strain Rate
o Reported
0 025 0.5 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
r/gi?t-/eft r/ghtjcen ter cen tgr-/eft elongat/on skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)
No Data No Data No Data No Data No Data No Data

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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Center for Multidisciplinary Research in Transportation REPORT OF

TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 8/13/2010 1:44:00 PM P
Test Identification: TS10.04-G-9x6-W20xW7.5-L3-Z12-T i T’ﬁm
Test Facility: 12'x12'x4' MSE Test Box . __"{
.
Type:  Welded Steel Grid Transverse Bars Longitudinal Bars ' LT
Length, L. (ft): 3.0 | Number, N: 6 Number, N;: 3 L1
Width, b (in.): 18 | Diameter, t (in.): 0.31 = Diameter, t;(in.):  0.50 5 -
Skew Angle, 8 (°): 0 Spacing, S:(in.): 6 Spacing, S, (in.): 9 b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 119.0 0.8
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.6 0.6%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 95.6 0.7%

Pullout Test Results

Measured Calculated
i Pull E j
Relnforce_ment Displacement  Vertical Stress, l.JI out .ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.75 1525 12316 11.9 0.90
Load-Displacement Curve
1&000
1 — Load Cell Measured Force
* vs Digital Disp.
12000
P - Jau:k_ﬁ._pplie_d Force
5 10000 I = vs Digital Disp.
i} / @ LoadCell MeasuredForce
E 2000 i v5 Optical Disp.
z
2 GO0 Jack Applied Force
= I." ¢ v5 Optical Disp.
4000 ;' ¢ PulloutResistance, Pr
f Reported
2000
=== Load-Disp. Trend
0
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
No earth pressure cell data. No incidental skew data. Tested: TW MB AS
Prepared: SBTW
. Checked: WL PJ
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Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 1.00 1525
2000
=
& 1500 Al
o — Jack Applied Stress
B vs Digital Disp.
£ 1000
=
g
z 500 Overburden Stress, av
= Reported
0
0 0.25 05 075 1 1.25 15

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.10 0.11 0.11
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ 0z Preceding Strain Rate
= - Reported
i [~ /""\ﬁiw-’\ﬂ L. M‘—\ﬂﬂ'! )
% 01 ¥ — .
J Lﬂl—/ - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
r/gi?t-/eft r/ghtjcen ter cen tgr-/eft elongat/on skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)
No Data No Data No Data No Data No Data No Data

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TEXAS TECH UNIVERSITY
Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch

Test Date: 8/16/2010 9:23:00 AM P

Test Identification: TS10.06-G-9x12-W20xW7.5-L6-Z212-M i T’ﬁm

Test Facility: 12'x12'x4' MSE Test Box . __"{
.

Type:  Welded Steel Grid Transverse Bars Longitudinal Bars ' LT

Length, L. (ft): 6.0 | Number, N: 6 Number, N;: 3 L1

Width, b (in.): 18 | Diameter, t (in.): 0.31 = Diameter, t;(in.):  0.50 5 -

Skew Angle, 8 (°): 0 Spacing, S:(in.): 12 | Spacing, S, (in.): 9 b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 119.0 0.8
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.6 0.6%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 95.6 0.7%

Pullout Test Results

Measured Calculated
Reinforcement , , Pullout Effective Pullout
! . Displacement  Vertical Stress, u u .ff v .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Pullout 0.74 1520 24810 11.9 0.91
Load-Displacement Curve
30000
5000 Lo aq {}ell I'-.-'I_easured Farce
vs Digital Disp.
Jack Applied Force
20000 vs Digital Disp.
O
DI_-_ Load Cell Measured Force
E 15000 v5 Optical Disp.
=
2 i + dJackApplied Force
10000 ! vs Optical Disp.
..-" ¢ PulloutResistance, Pr
5000 .- Reported
f === Load-Disp. Trend
od
0 0.25 05 0.75 1 1.25 15

displacement(in.)

Comments Personnel
No incidental skew data. Tested: TW AS DH
Prepared: SBTW
. Checked: WL PJ
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Center for Multidisciplinary Research in Transportation REPORT OF

Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
3522 3263 2632 2990 2799 3041 1.09 1519
3500
E 000 — Jack Applied Stress
‘E' 2500 vs Digital Disp.
= 2000
= —— _ Average Earth Pressure
E 1500 Cell Measured Stress
E 1000
& 500 @ Overburden Stress, ov
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.10 0.11 0.10
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03 i
o . .
Preceding Strain Rate
E 0.z ) ﬂ Reported
_E o1 . ol B A ‘.ul'\v\,\m [Tt
’ )'f \[WU VV T r U H[ lLl[ ]f || - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
r/gi?t-/eft r/ghtjcen ter cen tgr-/eft elongat/on skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)
No Data No Data No Data No Data No Data No Data

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch

Test Date: 8/16/2010 10:00:00 AM P

Test Identification: TS10.07-G-9x6-W20xW7.5-L3-25-M i T’ﬁm

Test Facility: 12'x12'x4' MSE Test Box . __"{
.

Type:  Welded Steel Grid Transverse Bars Longitudinal Bars ' LT

Length, L. (ft): 3.0 | Number, N: 6 Number, N;: 3 L1

Width, b (in.): 18 | Diameter, t (in.): 0.31 = Diameter, t;(in.):  0.50 5 -

Skew Angle, 8 (°): 0 Spacing, S:(in.): 6 Spacing, S, (in.): 9 b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 119.0 0.8
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.6 0.6%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 95.6 0.7%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Pullout 0.74 655 15658 5.1 2.66
Load-Displacement Curve
20000

o Load Cell Measured Force
vs Digital Disp.
15000 .‘#,-

Jack Applied Force
vs Digital Disp.
[ |

y Load Cell Measured Force
10000 v5 Optical Disp.

pull force, Pr o)

+ +ackapplied Force
i vs Optical Disp.

B000 7 o PulloutResistance, Pr
Reported

/ === Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
No incidental skew data. Tested: TW AS MB
Prepared: SBTW
. Checked: WL PJ
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4 TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
2291 2199 1733 1975 1869 2013 2.53 654
2500
=
& 2000 ____ Jack Applied Stress
vs Digital Disp.
& 1500
[ =
= _ Average Earth Pressure
E 1000 Cell Measured Stress
—A—
o
= 500 Owerburden Stress, av
0 Reported
0 0.25 0.5 075 1 128 1.5

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.17 0.16 0.15
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
o . .
" 0z E;ec;g;rég Strain Rate
= et B .
E o ~ AN
’ u L - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
r/gi?t-/eft r/ghtjcen ter cen tgr-/eft elongat/on skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)
No Data No Data No Data No Data No Data No Data

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 8/16/2010 11:39:00 AM P
Test Identification: TS10.08-G-9x6-W20xW7.5-L3-Z12-M i T’ﬁm
Test Facility: 12'x12'x4' MSE Test Box . __"{
.
Type:  Welded Steel Grid Transverse Bars Longitudinal Bars ' LT
Length, L. (ft): 3.0 | Number, N: 6 Number, N;: 3 L1
Width, b (in.): 18 | Diameter, t (in.): 0.31 = Diameter, t;(in.):  0.50 5 -
Skew Angle, 8 (°): 0 Spacing, S:(in.): 6 Spacing, S, (in.): 9 b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 119.0 0.8
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.6 0.6%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 95.6 0.7%

Pullout Test Results

Measured Calculated
Relnforce_ment Displacement  Vertical Stress, Pgllout l:"ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.75 1517 19684 11.9 1.44
Load-Displacement Curve
25000

Load Cell Measured Force
20000 k vs Digital Disp.
) .
Jack Applied Force

/ vs Digital Disp.
15000

i

il ]

o f ™ Load Cell Measured Force
E / vs Optical Disp.

k=] !

2 10000 .I,f + JackApplied Force

vs Optical Disp.

! Pullout Resistance, Pr
5000 4— Reported

/ === Load-Disp. Trend

0 0.25 05 0.75 1 125 15
displacement(in.)

Comments Personnel
No incidental skew data. Tested: TW MB AS
Prepared: SBTW
. Checked: WL PJ
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Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
3495 3048 2709 2948 2842 3009 1.13 1517
3500
E — Jack Applied Stress
‘E' 2500 vs Digital Disp.
= 2000
= _ Average Earth Pressure
E 1500 * Cell Measured Stress
E 1000
& 500 @ Overburden Stress, ov
0 Reported
o 0.25 05 075 1 1.25 1.5
displacement{in.)
Strain Rate
instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.12 0.12 0.11
05
T 04 __ Instantaneous Strain Rate
5 vs Digital Disp.
£ 03
o . .
" 0z — Preceding Strain Rate
= - Reported
E o1 i T 'U\Nl'knl L
’ W v ll _j - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
r/gi?t-/eft r/ghtjcen ter cen tgr-/eft elongat/on skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)
No Data No Data No Data No Data No Data No Data

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 8/13/2010 2:33:00 PM P
Test Identification: TS10.09-G-9x12-W20xW?7.5-L6-Z5-B i T’ﬁm
Test Facility: 12'x12'x4' MSE Test Box . __"{
.
Type:  Welded Steel Grid Transverse Bars Longitudinal Bars ' LT
Length, L. (ft): 6.0 | Number, N: 6 Number, N;: 3 L1
Width, b (in.): 18 | Diameter, t (in.): 0.31 = Diameter, t;(in.):  0.50 5 -
Skew Angle, 8 (°): 0 Spacing, S:(in.): 12 | Spacing, S, (in.): 9 b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 119.0 0.8
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.6 0.6%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 95.6 0.7%

Pullout Test Results

Measured Calculated
Reinforcement , , Pullout Effective Pullout
! . Displacement  Vertical Stress, u u .ff v .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Progressive Rupture 0.72 911 24732 7.1 1.51
Load-Displacement Curve
35000
30000 Load Cell Measured Force
+* vs Digital Disp.
25000 Jack Applied Force
- vs Digital Disp.
o
DI_-_ Load Cell Measured Force
E vs Optical Disp.
£ 15000 -
2 i + +ackapplied Force
a vs Optical Disp.
10000 ;‘I
Pullout Resistance, Pr
Reported
I.fr === Load-Disp. Trend
od
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
No earth pressure cell data. No incidental skew data. Tested: TW AS MB
Prepared: SBTW
. Checked: WL PJ
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Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 1.96 911
1000
T 800
o — Jack Applied Stress
E_ 600 vs Digital Disp.
c
)
E 400
2 200 e Overburden Stress, av
= Reported
0
0 0.25 05 075 1 1.25 15

displacement{in.)

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.17 0.14 0.13
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ 0z Preceding Strain Rate
= - Reported
£ o1 ”meﬂ\ww WA
’ l””'LJ - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
r/gi?t-/eft r/ghtjcen ter cen tgr-/eft elongat/on skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)
No Data No Data No Data No Data No Data No Data

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch

Test Date: 8/13/2010 3:16:00 PM P

Test Identification: TS10.10-G-9x12-W20xW7.5-L6-Z12-B i T’ﬁm

Test Facility: 12'x12'x4' MSE Test Box . __"{
.

Type:  Welded Steel Grid Transverse Bars Longitudinal Bars ' LT

Length, L. (ft): 6.0 | Number, N: 6 Number, N;: 3 L1

Width, b (in.): 18 | Diameter, t (in.): 0.31 = Diameter, t;(in.):  0.50 5 -

Skew Angle, 8 (°): 0 Spacing, S:(in.): 12 | Spacing, S, (in.): 9 b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 119.0 0.8
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.6 0.6%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 95.6 0.7%

Pullout Test Results

Measured Calculated
i Pull E; j
Relnforce_ment Displacement  Vertical Stress, l.JI out .ffect/ve . Pullout
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' Y Pr (lb) Zeff (ft) F*
Pullout 0.74 1529 21118 11.9 0.77
Load-Displacement Curve
30000
5000 [ = ___ Load Cell Measured Force
/Q%f vs Digital Disp.
— Jack Applied Force
20000 vs Digital Disp.
5 Y
T Load Cell Measured Force
E- 15000 / - vs Optical Disp.
=] Jack Applied Force
= 10000 é?l ¢ vs Optical Disp.
7 Pullout Resistance, Pr
5000 / Reported
; === Load-Disp. Trend
0+
0 0.25 05 0.75 1 1.25 15

displacement(in.)

Comments Personnel
No earth pressure cell data. No incidental skew data. Tested: TW MB AS
Prepared: SBTW
. Checked: WL PJ
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Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST
Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 1.16 1529
2000
[rot
& 1500 J
o — Jack Applied Stress
B vs Digital Disp.
S 1000
E
g
z 500 Overburden Stress, av
= Reported
0
0 0.25 0.5 075 1 128 1.5
displacement{in.)
Strain Rate
instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.11 0.10 0.11
05
T 04 __ Instantaneous Strain Rate
5 vs Digital Disp.
E 03
= — Preceding Strain Rate
E 0.z Reported
_‘E 0.1 - A, P, 1 Lak
’ wlﬂ - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
r/gi?t-/eft r/ghtjcen ter cen tgr-/eft elongat/on skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)
No Data No Data No Data No Data No Data No Data

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch
Test Date: 8/13/2010 3:50:00 PM P
Test Identification: TS10.11-G-9x6-W20xW7.5-L3-25-B i T’ﬁm
Test Facility: 12'x12'x4' MSE Test Box . __"{
.
Type:  Welded Steel Grid Transverse Bars Longitudinal Bars ' LT
Length, L. (ft): 3.0 | Number, N: 6 Number, N;: 3 L1
Width, b (in.): 18 | Diameter, t (in.): 0.31 = Diameter, t;(in.):  0.50 5 -
Skew Angle, 8 (°): 0 Spacing, S:(in.): 6 Spacing, S, (in.): 9 b
Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)
Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 119.0 0.8
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.6 0.6%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 95.6 0.7%

Pullout Test Results

Measured Calculated
Reinforcement . , Pullout Effective Pullout
I . Displacement  Vertical Stress, u u .ff v .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.74 656 13622 5.1 2.31
Load-Displacement Curve
20000
Load Cell Measured Force
vs Digital Disp.
15000 py
Jack Applied Force
- vs Digital Disp.
o
DI_-_ Load Cell Measured Force
o 10000 | v5 Optical Disp.
2 L
=] B
3 i Jack Applied Force
= A ¢ vs Optical Disp.
5000 ,-'r . Pullout Resistance, Pr
/ Reported
/ === Load-Disp. Trend
od
0 0.25 05 0.75 1 125 15

displacement(in.)

Comments Personnel
No earth pressure cell data. No incidental skew data. Tested: TW AS MB
Prepared: SBTW
. Checked: WL PJ
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Y TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Vertical Stress, o, (psf)
EPCO EPC1 EPC2 EPC3 EPC4 Avg. EPC OCR Jack
No Data No Data No Data No Data No Data No Data 2.72 656

200

00

Jack Applied Stress
vs Digital Disp.

overburden, av {psf)

QOverburden Stress, av
Reported

0 0.25 0.5 075 1 1.25 1.5
displacement{in.

Strain Rate

instantaneous rate (in./min) rate to reported displacement (in./min) overall rate (in./min)
0.15 0.16 0.13
05
T 04 Instantaneous Strain Rate
5 vs Digital Disp.
E 03
ﬁ 0z Preceding Strain Rate
= - N . Reported
£ o1 T AV
’ 'I'r L‘[W l| ]Iﬂl - Instantaneous Strain Rate
o Reported
0 025 05 075 1 125 15

displacement(in.)

Differential Displacement Incidental Skew
r/gi?t-/eft r/ghtjcen ter cen tgr-/eft elongat/on skew angle skew rotation
(in.) (in.) (in.) (in.) (degrees)
No Data No Data No Data No Data No Data No Data

Backfill Material Properties

Unified Soil Classification (ASTM D 2487): SP-SM Shear Strength Properties (ASTM D 3080)
Resistivity (TEX-129-E) (ohm-cm): 8004 Cohesion, c (psf): 112
Soil pH (TEX-128-E): 7.9 Internal Friction Angle, ¢ (deg.): 43
Gradation TEX-110-E ASTM D422 D1140 Atterberg Limits (TEX-104-E, TEX-105-E,
Sieve Size Percent Retained Percent Retained TEX-106-E, TEX-107-E)
3" 0.0% 0.0% Liquid Limit, LL (%): non-plastic
No. 4 1.5% 0.8% Plastic Limit, PL (%): non-plastic
No. 40 28.3% 33.7% Plasticity Index, Pl (%) non-plastic
No. 200 90.6% 91.4% Bar Linear Shrinkage, LS (%) 2
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Center for Multidisciplinary Research in Transportation REPORT OF
TxDOT Research Project 0-6493: MSE Pullout MSE REINFORCEMENT PULLOUT TEST

Test Information Test Specimen Sketch

Test Date: 8/13/2010 4:20:00 PM P

Test Identification: TS10.12-G-9x6-W20xW7.5-L3-Z12-B i T’ﬁm

Test Facility: 12'x12'x4' MSE Test Box . __"{
.

Type:  Welded Steel Grid Transverse Bars Longitudinal Bars ' LT

Length, L. (ft): 3.0 | Number, N: 6 Number, N;: 3 L1

Width, b (in.): 18 | Diameter, t (in.): 0.31 = Diameter, t;(in.):  0.50 5 -

Skew Angle, 8 (°): 0 Spacing, S:(in.): 6 Spacing, S, (in.): 9 b

Backfill Material

Specification: TxDOT Item 423 - Type B In-Place Density (TEX-115-E)

Moisture Density Relationship (TEX-114-E) Dry Unit Weight, y4 (pcf): 119.0 0.8
Maximum Dry Unit Weight, Ygmax (PCf): 124.5 | Moisture Content, w (%): 7.6 0.6%
Optimum Moisture Content, OMC (%): 7.8%  Relative Compaction, Cg (%): 95.6 0.7%

Pullout Test Results

Measured Calculated
Reinforcement . , Pullout Effective Pullout
I . Displacement  Vertical Stress, u u .ff v .
Behavior (in.) o, (psf) Resistance, Fill Depth, Resistance Factor,
' ! Pr (lb) Zeﬁ (ft) F*
Pullout 0.75 1523 20084 11.9 1.47
Load-Displacement Curve
25000 5
