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CHAPTER 1. INTRODUCTION

INTRODUCTION

Repair of damaged bridge rails due to vehicular impacts is a common occurrence. These
repairs are often extensive and require considerable time, manpower, and other resources. These
repairs also expose workers to hazardous work zone conditions. Often it is desirable to retrofit
existing bridge structures with different railing systems. There is a need to develop alternative
anchorage systems for select Texas Department of Transportation (TXxDOT) bridge rails that
have acceptable structural performance, yet are easily constructed in the field. It is preferable
that a common anchorage system be used for both repair and retrofit applications.

This project focused on developing alternative rail anchorage systems for the TXDOT
types T501 and T203 bridge rail systems. The project considered only epoxy adhesive anchoring
systems for each of these railings, for use in repair and retrofit situations. Strength data on the
existing T501R “bolt-through” retrofit design is not well-defined. A tested retrofit design for the
T203 did not exist at the time of starting this project. During this project, documented data on
the strength characteristics of the conventionally anchored T501 and T203 bridge rail systems
were obtained. Researchers analyzed and used these data to develop alternate rail anchorage
systems for both the T501 and T203 bridge rails. Long-term durability of epoxy anchoring
systems was also considered. Data obtained from this project can be used to retrofit and repair
the T501 and T203 bridge rails, as well as better define the required “bolt-through” forces for the
T501R bridge rail.

BACKGROUND

Current American Association of State Highway and Transportation Officials
(AASHTO) design requires that bridge rails be designed to withstand a transverse impact force
of 54 kips for AASHTO Test Levels 3 and 4. All safety appurtenances located along high-speed
roadways must, at a minimum, meet the crash requirements of Test Level 3. The design
transverse loading of 54 kips has been determined through research to be the required design
transverse loading for bridge rails. The load application heights and lengths vary slightly for each
of these test levels. It is very possible that impact forces from errant vehicles exceed this limit
under some situations. Depending on the geometry and details of the railing systems, forces that
exceed this value can and typically do cause concrete failure in the railing members and even the
concrete superstructure supporting the railing system.

The geometry and details of the rail system and the location and magnitude of the impact
force determine the amount of impact force transmitted to the rail supporting superstructure.
Excessive force transmitted to the rail support superstructure (concrete decking or concrete
exterior support beams) from the bridge rail can cause failure in the support superstructure.
Repairs made to damaged rail anchorage or rail support superstructure should have sufficient
strength to resist the applied loading as stated in the current AASHTO rail loading requirements.
Before an acceptable repair can be made, the magnitude and distribution of force to the rail



support anchorage and superstructure must be determined. This project focused on determining
the magnitude and location of force to the rail anchorage members for two current TXDOT
bridge rail systems, the T501 and the T203 concrete bridge rails. These rails were studied so that
an acceptable structural repair could be made to rails damaged due to impacts.

Another problem similar to repair of rail anchorage members due to impacts is
retrofitting new or modified rails onto existing, undamaged bridge support superstructures.
Oftentimes, the existing bridge rail anchorage is incompatible or is deficient in strength. In cases
such as this, a retrofit anchorage system into the existing superstructure is required. Like the
requirements for a repair, the retrofit anchorage must be sufficient to withstand the transmitted
forces from the errant vehicles. These transmitted forces vary, depending on bridge rail
geometry, rail anchorage details, and magnitude and location of force to the rail anchorage
members. As part of this project, retrofit anchorage designs were studied for both the T501 and
T203 TXDOT bridge rails. These repair and retrofit designs considered the use of epoxy
anchoring systems and the long-term effects on the use of these epoxy systems.

The current AASHTO Load Resistance Factor Design (LRFD) Bridge Design
Specifications do not address in detail the design of bridge rail anchorage to the concrete bridge
superstructure (1). Section 13, A13.1.2 Anchorages of the AASHTO LRFD states the following:

“The yield strength of anchor bolts for steel railing shall be fully
developed by bond, hooks, attachment to embedded plates, or any combination.
Reinforcing steel for concrete barriers shall have embedment length sufficient to
develop the yield strength.”

Depending on the railing geometry and details of the bridge superstructure, designing rail
anchorage bolts or reinforcing steel to be fully developed for a specific rail design might be
difficult to achieve. For a typical rail location near the edge concrete, concrete shear failure near
the edge of the deck may govern the strength of the bridge railing. In addition, the distribution of
force to rail anchorage from impact loads can influence the overall strength of the bridge rail
system. This project focused the actual distribution of force to the rail anchorage systems for
both the T501 and T203 bridge rails with the intent to develop suitable repair and/or retrofit
designs for these rails.

OBJECTIVES/SCOPE OF RESEARCH
To accomplish the objectives of this project, the following steps were taken:
e Researchers constructed a full-scale test installation of the T501 and T203 bridge
rail systems with a simulated deck overhang for static load testing. The
conventional rail anchorage reinforcement for both rails was instrumented with

strain gages. Strain generated in the rail anchorage was recorded.

e Researchers constructed a minimum of three full-scale test specimens of the T501
and T203 bridge rails for dynamic testing. Like the static testing, the rail



anchorage reinforcement for both rails was instrumented with strain gages. Strain
generated in the rail anchorage was recorded during the dynamic testing.

e Based on the data obtained from the static and dynamic testing, Texas
Transportation Institute (TTI) worked closely with TXDOT personnel to develop a
repair and/or retrofit design for the T501 and T203 bridge rails. The use of epoxy
anchoring systems was considered in the repair and/or retrofit designs.
Information on the long-term strength of the systems considered was provided by
the manufacturers. Analyses were performed on the new designs using the data
obtained from the static and dynamic testing. Details were developed for each
design and submitted to TXDOT for review and approval. Data obtained from the
dynamic testing of the conventional anchored systems can be useful in developing
other repair and/or retrofit rail anchorage designs.

e A repair and/or retrofit design was constructed using the previously tested
samples for the T501 and T203 bridge rails. Researchers tested these new designs
to validate that the strengths of the repair and/or retrofit design were acceptable.

e This project provided TXxDOT with a repair and/or retrofit design for both the
T501 and T203 bridge rails. These designs will be suitable for implementation
into TXDOT Bridge Railing Standards. In addition, valuable data that can be used
for further bridge rail design research were obtained from the static and dynamic
testing. These data can be used to design other anchorage repair or retrofit
designs for these same bridge rails and possibly for other rail types. A detailed
description of the work for the specific tasks for this project and the data obtained
for implementation is presented herein.

This project was divided into four separate tasks, and a detailed explanation of each task
along with the data and results are provided herein.






CHAPTER 2. TASK 1-STATIC LOAD TESTING OF
CONVENTIONALLY ANCHORED T501 AND T203 DESIGNS

TEST ARTICLE DESCRIPTION

Prior to performing static testing on full-scale test installation specimens, analytical
calculations were performed on the TXDOT Type T501 and Type T203 bridge rails. These
analytical calculations were performed to determine the ultimate resistances of these railing
systems with respect to the AASHTO LRFD. Strengths were calculated within a wall segment
(mid-span case) as well as at the end of a wall segment or joint (end/joint case). The strength
results obtained from these calculations are presented in Table 1. The rails used in this project
were anchored to 8-inch thick concrete deck specimens similar to decks constructed by TxDOT.
The reinforcement was Grade 60 and the concrete strength was specified as Class “S” (4000 psi
strength) material. Appendix A presents the analytical calculations from both the T501 and
T203 bridge rails.

Table 1. Summary of Analytical Strengths in Accordance
with AASHTO LRFD Bridge Specifications.

Calculated
Conventionally
No. Cia-e Anchored (AS-IS)
Strength
(kips)
1 | T501 Mid-Span Strength 59.7
Locations A & B
2 T501 End/Joint Strength 36.4
Location C
3 T203 End/Joint Strength 23.2
Location D
4 | T203 Mid-Span Strength 71.0
LocationsE & F

TTI constructed approximately 40 ft of standard T501 bridge rail and 60 ft of T203
bridge rail anchored on top of a 30-inch wide by 8-inch thick concrete deck cantilever
constructed adjacent to the runway at the TTI testing facility. This construction effectively
simulated the typical deck overhang used on Texas bridges. The concrete deck was anchored
into the existing runway with top transverse reinforcement doweled into the existing concrete
and spaced approximately 24 inches on centers. The transverse reinforcement in the top layer of
reinforcing in the deck cantilever consisted of #5 bars spaced at 6 inches on centers. The
longitudinal reinforcement in the top of the deck cantilever consisted of #4 bars spaced
approximately 9 inches on centers. The transverse reinforcement in the bottom layer of
reinforcing consisted of #5 steel bars spaced at 6 inches on centers. The longitudinal



reinforcement in the bottom of the deck consisted of two #5 steel bars on the field side of the
deck spaced 3 inches on centers with the next adjacent #5 steel bar spaced approximately 12
inches away, toward the traffic face. All steel reinforcement used in the deck cantilever was bare
steel (not epoxy-coated) with minimum specified yield strength of 60 ksi. All concrete for this
project was provided by Transit Mix Concrete and Materials in Bryan, Texas. The average
compressive strength of the deck cantilever concrete on the day the static tests were performed
(51 curing days) was 4465 psi.

The TXDOT T501 bridge rail installation was 32 inches in height. Reinforcement in the
T501 installation consisted of vertical VV-shaped #5 bars (“S” bars) spaced at 10 inches on centers
with the three bars located at the end of the rail spaced 6 inches apart. The S bars did not extend
into the concrete foundation. Longitudinal reinforcement in the rail consisted of seven #4 bars
approximately evenly spaced with a single bar located at the top of the wall immediately beneath
the S bars. The T501 installation was anchored to the deck cantilever with #5 U-shaped bars cast
in the deck. The concrete used to construct the T501 installation had an average concrete
compressive strength of 3914 psi (28 days after construction) at the time of testing.

The TXDOT T203 bridge rail consists of a 1 ft-1.50 inch x 1 ft-2 inch concrete bridge rail
supported by 7.50 inch thick x 5 ft-0 inch wide concrete posts spaced every 10 ft-0 inch on
centers. Vertical reinforcement in each post consists of 13 #4 L-shaped bars spaced on the front
face (traffic side) and five straight #4 bars spaced on the back face (field side). Longitudinal
reinforcement in each post consisted of a #4 bar located on the front and back faces.
Reinforcement in the rail consisted of three longitudinal #4 bars equally spaced on both the front
and back faces of the rail and one bar located in the top center of the rail (seven total). This
longitudinal reinforcement was enclosed by #3 stirrups spaced at 6 inches on centers. All the
reinforcement used in the bridge rail was bare steel (not epoxy-coated), with a minimum
specified yield strength of 60 ksi. All the remaining steel reinforcement in the posts and in the
bridge rail was bare steel. Concrete for this project was provided by Transit Mix Concrete and
Materials in Bryan, Texas. The average compressive strength of the concrete on the day the
static tests were performed (42 curing days) was 4162 psi. Figures 1 through 4 show details of
the test installation.

Single-active-arm strain gages were constructed on several U bars in the T501 and
several V bars in the T203 posts. These gages were used to measure the amount of strain in the
reinforcement from static and dynamic loading on the barrier types. The amount of measured
strain was used to compute force in each bar from the static and dynamic testing. Locations of
the strain gages are shown on the test installation drawings in Appendix B.

STATIC TEST RESULTS

T?203 Static Testing

Three static tests were performed on the T203 bridge rail test installation. Two tests were
performed within a wall (or rail) segment, as defined by the AASHTO LRFD, and one test was



performed near the end of the rail at a wall segment. Eight #4 V bars in each of the three posts
tested were instrumented with single-active-arm bridge strain gages (one strain gage per bar).
These V bars are used to reinforce the posts. Also, these bars anchor the T203 bridge rail to the
concrete deck. The static loading was applied by a hydraulic arm at a rate of approximately

30 kips per minute. The loading was applied near the top of the rail over a length of 3 ft-6 inches.
This length is based on the longitudinal length of distribution of impact force as stated in the
current AASHTO LRFD. This longitudinal length of 3 ft-6 inches of load distribution was used
throughout the course of this project, including the dynamic testing. During the loading, the
strain in the V bars was recorded for the purpose of determining the forces generated in the

#5 V bars.

The first two tests were performed within a wall (post) segment of the T203. During
these first two static tests, loads of 73,000 Ib and 72,000 Ib were achieved just prior to lateral
shear and flexural failure in the rail and post in the immediate area of the applied loading. For
the third test on the T203, which was performed near the end of the rail, a load of 33,000 Ib was
achieved. The failure mechanism for this test included failure of the smaller end post in flexure
at the post and deck interface as well as flexural failure in the rail at the face of the next adjacent
full post. Appendix B presents data from these tests.

T501 Static Testing

Three static tests were performed on the T501 bridge rail test installation. Two tests were
performed within a wall segment, as defined by the AASHTO LRFD, and one test was
performed near the end of a wall segment or joint. Eight #5 U bars closest to the applied loading
were instrumented with single-active-arm bridge strain gages (one strain gage per bar). These
U bars are used as the rail anchorage reinforcement for the T501 bridge rail. The static loading
was applied by a hydraulic arm at a rate of approximately 30 kips per minute. The loading was
applied near the top of the rail over a uniform length of 3 ft-6 inches. During the loading, the
strain in the U bars in the immediate area of applied loading was recorded for the purpose of
determining the forces generated in the anchorage reinforcement.

The first two tests on the T501 were performed within a wall segment. During these first
two static tests on the T501, loads of 67,000 Ib and 75,000 Ib were achieved just prior to lateral
shear. Flexural failure occurred in the rail in the immediate area of the applied loading. For the
third test on the T501, which was performed near the end of the wall segment, a load of 40,000
Ib was achieved. The failure mechanism in the end of the wall segment resulted in a flexural
failure (diagonal cracking) extending at the base of the rail near the end upwards to the top of the
rail at an approximate angle of 45 degrees. Data from these tests are also presented in Appendix
B.

A typical setup of the static testing load frame is presented as Figure 5. A summary of
the static testing data obtained for the T203 and T501 bridge rails is presented in Table 2. Photos
of the static testing are presented as Figures 6 to 11.



Table 2. Summary of T203 and T501 Static Strengths.

Static Strength

(kips)
1 T501 Mid-Span Location A 66.0
2 T501 Mid-Span Location B 75.0
3 T501 End/Joint Location C 41.0*
4 T203 End/Joint Location D 33.0*
5 T203 Mid-Span Location E 72.0
6 T203 Mid-Span Location F 73.5

* - Less Than Required Minimum of 54 Kips




39'—10" TXDOT T501% 0" TXDOT T20

FOR ENLARGED VIEW SEE SHEET 3
— T —
—~ ~
- N

7/ "\ PROPOSED TEST LOCATIONS

PROPOSED TEST LOCATIONS
SECTION

T203 S\BAR-119 SPACES @ 6" 0.C.= 59'=6"
~

o

T |

J -8 - " 37(T
5 T L wolpel o —_— SN2
59 SPACES @ 8" 0.C. = 39'-4 3 60 1] 11-#4(BARS V)
e L4 Ly LIl ke g ey
1A |34 |5 e oF| e 8F C.=4"—
P 28 48 o8 88 VAR 3F 6F

a6 2 ° ¢ -~ 5-#4(BARS V) @ 57 0.C.= 1'-8”
BAR 23

—002 SPACES @ 8" 0.C. — 101"
ELEVATION

STRAIN GAUGE

8 U BARS (#5) , .
EACH LOGATION 1. DECK CONCRETE SHALL BE CLASS S AND HAVE A MINIMUM COMPRESSIVE STRENGTH (F'c) OF 4000 psi.

2. REINFORCING STEEL SHALL BE GRADE 60 AND HAVE A MINIMUM YIELD STRENGTH (FY) OF 80 Ksi.

@ STRAIN GAUGE 3. RAIL CONCRETE SHALL BE CLASS C AND HAVE A MINIMUM COMPRESSIVE STRENGTH OF 3600 psi.
7 V BARS (#4)

@ STRAIN GAUGE
8 V BARS (#4)
EACH LOCATION

The Texas A&M University System

NOTE:
KEEP POST STEEL AS SPECIFIED Revisions TEXAS TRANSPORTATION INSTITUTE

ADJUST DECK STEEL IF NECESSARY | Date |By COLLEGE STATION, TEXAS 77843

Project No. Date Drawn By Scale
448234 |02/04 JWK

T501 & T203 BRIDGE RAILS Sheet No.
TEST INSTALLATION 1 of 4

T:\2005-2006\448235 TxDOT Bogie Tests\Project 0—4823 Final Report Information\448234FINALDRAWINGS.dwg

Figure 1. Layout of Test Sections.



1

" CHAMFER

CLR. (Typ)
4 3/16"

CLR.

8
f

— BARS C(#5)
24" 0C

1/47CLR

Jw 1/2" L] |

2"

4 3/16"

5

9 5/18”

1 g

#a's '@ 9" oC

R(#4)

1 1/27°CLR,
2’6"

SECTION _A—A

IXDOT 1501

i 1 1/47CLR.

19/16" cLr. (Typ)

R(#4)(Typ)
V(#4) (Ei?@!sit

0L4 1/2" BARS A (#5) 6" OC

1 1/2" CLr. =
BARS B (#5) 6" OC ‘

S(#3) @ 6" 0.C. —

11/
R(#4) TYP.—N

N
" 71/2—
2 CLRW =

I,

—BARS C(#5)
@ 24" 0.C.

#4's @ 9" OC
R(#4)

1 1/2"CLR.

1 1/27°CLR,
2’6"

SECTION B-B
IXDOT T203

The Texas A&M University System

TEXAS TRANSPORTATION INSTITUTE
COLLEGE STATION, TEXAS 77843

Project No. Date Drawn By Scale
448234 |02/04 JWK

T501 & T203 BRIDGE RAILS
TEST INSTALLATION

Revisions
Date By

T:\2005-2006\448235 TxDOT Bogie Tests\Project 0—4823 Final Report Information\448234FINALDRAWINGS.dwg

Sheet No.

Figure 2. Cross Section of Test Sections.



1

11/16"CLR,
- BARS S5(#5) @ 10" 0.C. (TYP)— = "=~

— B

5

~1 3/8"CLR.

(OPENING)

BARS S(#B/)ﬂ 8" 0.C.

7

BARS U(#5) 58 oc. (TYP)

1

1 11/16" CLR.

3/4°CLR. (TYP)

D(#5) @ 6" 0.C. (TYP)

3

V(#4) 4 SPACES
@ 5" 0.c=1"-8"

216"
TYPICAL T203 POST
@ SLAB EXPANSION

JOINTS

3/4°CLR. (TYP)

1 3/4" CLR. (TYP)

1 3/4” CLR. (TYP)

V(#4) 10! spaces
@ 57 0.c.=4'=2" (TYP)

5
TYPICAL T203
POST

The Texas A&M University System

Revisions
Date By

TEXAS TRANSPORTATION INSTITUTE
COLLEGE STATION, TEXAS 77843

T:\2005-2006\448235 TxDOT Bogie Tests\Project 0—4823 Final Report Information\448234FINALDRAWINGS.dwg

Project No. Date Drawn By Scale
448234 |02/04 JWK

T501 & T203 BRIDGE RAILS| Sheet No.

TEST INSTALLATION

Figure 3. Details of Reinforcement Placement in Test Sections.



3 5/8"1—.
R1 1/16™-

9/16”

BARS S (#5)

# REQUIRED 50

l

1o 378"

BARS S (#3)

# REQUIRED 130

\
1"-0 15/16”

%7/8”
A —R1-13/16"
/16" F

o) 5/
BARS U (#5)

# REQUIRED W/GAGES = 24

# REQUIRED W/OUT GAGES =

,ﬁ 1/2”

9

;Rw 1/27

»‘wo 14l

BARS V (#4)
# REQUIRED WITH GAGES =

# REQUIRED W/OUT GAGES

9 1/4"¢
STRAIN GAGE
SEE NOTE

45

1/4”
STRAIN GAGE
SEE NOTE (1)

23

(M)

¢

60

"

BARS A (#5)

# REQUIRED = 210

BARS B (#5)

# REQUIRED = 210

BARS C (#5)

# REQUIRED = 55

@ NOTE:

SINGLE-ARM—ACTIVE
STRAIN GAGES

1/2" OFF TOP OF
DECK

The Texas A&M University System

Revisions

Date

By

TEXAS TRANSPORTATION INSTITUTE
COLLEGE STATION, TEXAS 77843

Project No. Date Drawn By Scale
448234 |02/04 JWK

T501 & T203 BRIDGE RAILS [ Sheet No.

TEST INSTALLATION

T:\2005—-2006\448235 TxDOT Bogie Tests\Project 0—4823 Final Report Information\448234FINALDRAWINGS.dwg

Figure 4. Reinforcement Bending Details.



€T

1 1/8" DIA. HOLE
FOR 1" DIA. GRADE 5 *‘
DROP—IN ANCHOR\

3-8 1/16”

Tsexem/z/

2'2"x3'8"x1” THK.
BASEPLATE

8"x1'=2 1/4"x3/4" THK.
ENDPLATE

3 1/2°x1-3"x1/2"
STIFFENERS
EACH SIDE

WELD ALL AROUND

W/ 3/8" FILLET
WELDS WHERE

-—1"=5"—=

NEEDED

RAM

FYDRAULIC. —f- —

CENTERLINE HOLES
FOR 1" DIA,
A325 BOLTS

\TSOW BRIDGE RAIL &

CONCRETE DECK

9'—7 3/16”

10°-4"

The Texas A&M University System

Revisions

Date By

TEXAS TRANSPORTATION INSTITUTE
COLLEGE STATION, TEXAS 77843

Project No. Date Drawn By Scale
448234 WEW

TxDOT RETROFIT BRIDGE RAILS Sheet No,
STATIC LOADING FRAME

1 OF 1

Figure 5. Details of Static Load Frame.




Figure 6. Bridge Rail T203 at Location F after Test S1.
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Figure 7. Bridge Rail T203 at Location E after Test S2.
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Figure 8. Bridge Rail T203 at Location D after Test S3.
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Figure 9. Bridge Rail T501 at Location A after Test S4.
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Figure 10. Bridge Rail T501 at Location B after Test S5.
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Figure 11. Bridge Rail T501 at Location C after Test S6.
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CHAPTER 3. TASK 2 - DYNAMIC LOAD TESTING OF
CONVENTIONALLY ANCHORED T501 AND T203 DESIGNS

TEST ARTICLE DESCRIPTION

After the testing in Task 1 was completed, the test installations for both the T203 and the
T501 were reconstructed as previously described for Task 1 for dynamic load testing planned for
Task 2. This included reconstructing the strain gages on the T203 V bars as well as the T501
U bars. All concrete for this project was provided by Transit Mix Concrete and Materials in
Bryan, Texas. The average compressive strength of the deck cantilever concrete on the day the
static tests were performed was 4801 psi. The average compressive strength of the T501 and
T203 bridge rail concrete was 4380 psi. The average compressive strength of the T203 post
concrete was 7033 psi. This strength is considerably higher the targeted strength, however, the
influence of this higher post strength was not considered to greatly impact the overall strength of
bridge rail. Please refer to Figures 1 through 4 for additional information.

DYNAMIC TESTING USING CRUSHABLE NOSE BOGIE

For this project, a crushable nose for a surrogate vehicle was designed, tested, and
implemented. Dynamic testing of bridge rail specimens typically provides more realistic strain
rate in the anchoring reinforcement when compared to static testing. The surrogate vehicle
(bogie) consisted of a steel frame with a fixed rear axle and a front stirring axle. The crushable
nose was designed using three segments of 12-inch diameter, Schedule 40, A53 Pipe, each 8.0
inches in length. The combined crush strength of these three segments was approximately 100
kips when fully crushed. This crush strength and pipe crush combination was selected for the
bogie since the adequate crush could be achieved while imparting significant force to cause
failure in the bridge rails. Dynamic testing with some energy absorbing crush in the surrogate
was necessary to obtain accurate acceleration data from the vehicle. Without some crush in the
surrogate vehicle, extremely high acceleration values (spikes) would be obtained from the
dynamic testing. In addition, the combined crush of the pipe segments provided energy data to
accurately determine the speed of the bogie necessary to impart enough force to fracture the
barrier segments. Additional weight was added to the bogie to achieve a final testing weight
(with crushable nose mechanism) of 5000 Ib. Details of the crushable nose mechanism are
presented as Figure 12. Photos of the bogie with crushable nose are presented as Figure 13.

DYNAMIC TEST RESULTS
T203 Dynamic Testing

Three dynamic bogie tests were performed on the T203 bridge rail test specimens. Two
tests were performed at post locations within a wall segment (mid-span of a section), as defined

by the AASHTO LRFD, and one test was performed near the end of the rail at a wall segment.
Eight #4 V bars in each of the two posts tested were instrumented with single-active-arm bridge
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strain gages (one strain gage per bar). These V bars are used to reinforce the posts, as well as
anchor the T203 bridge rail to the concrete deck. The impact force was applied near the top of
the rail over a length of 3 ft-6 inches. This length is based on the longitudinal length of
distribution of impact force as stated in the current AASHTO LRFD. The magnitude of the force
applied was sufficient to cause failure in the concrete rail. During the dynamic loading, the
strain in the V bars was recorded for the purpose of determining the forces generated in these
bars which serve to anchor the rail to the concrete deck.

During the first test, the concrete beam cracked to the left of impact, with hairline cracks
extending into the deck. The same pattern occurred during the second test; however, it cracked
to the right side of impact. During the third test, which was near the end of the rail, the post
rotated toward the field side with rupture of the beam on both sides of impact and hairline cracks
extending into the deck. Data from the dynamic testing are presented in Appendix C.

T501 Dynamic Testing

Three dynamic bogie tests were performed on the T501 bridge rail test installation. Like
the dynamic testing performed on the T203, two tests were performed within a wall segment
(mid-span of a segment), as defined by the AASHTO LRFD, and one test was performed near
the end of a wall segment or joint. Eight #5 U bars closest to the applied loading were
instrumented with single-active-arm-bridge strain gages (one strain gage per bar). These U bars
are used as the rail anchorage reinforcement for the T501 bridge rail. The dynamic impact
loading applied was sufficient to cause failure of the impacted rail element. The loading was
applied near the top of the rail over a length of 3 ft-6 inches. During the loading, the strain in the
U bars in the immediate area of applied loading was recorded for the purpose of determining the
forces generated in the anchorage reinforcement from the dynamic impact force applied to the
rail.

During the first two dynamic tests on the T501, the bridge rail fractured fairly uniformly
on both sides of impact with hairline cracks extending into the deck. For the third dynamic test
on the T501, which was near the end of the rail, the bridge rail ruptured primarily on the left side
of impact, with a 33.5-inch section ruptured on the field side of the rail. Some hairline cracks
extended into the deck.

Appendix C presents data from the dynamic testing. The dynamic testing strengths
compared very closely to the static strengths for both rail types. A summary of the dynamic
testing data obtained for the T203 and T501 bridge rails is presented in Table 3. Photos of the
dynamic testing are presented in Figures 14 through 19.

22



Table 3. Summary of T203 and T501 Dynamic Strengths.

Dynamic Strength
Conventionally

No. e Anchored Design
50 millisecond Avg.

(kips)
1 T501 Mid-Span Location A 66.0
2 T501 Mid-Span Location B 70.0
3 T501 End/Joint Location C 46.0
4 T203 End/Joint Location D N/A
5 T203 Mid-Span Location E 72.0
6 T203 Mid-Span Location F 70.0
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Figure 13. Bogie Vehicle Used in Dynamic Load Testing.
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Figure 14. Bridge Rail T203 at Location F after Test B1.
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Figure 15. Bridge Rail T203 at Location D after Test B2.
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Figure 16. Bridge Rail T203 at Location E after Test B3.
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Figure 17. Bridge Rail T501 at Location A after Test B4.
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Figure 18. Bridge Rail T501 at Location B after Test B5.
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Figure 19. Bridge Rail T501 at Location C after Test B6.
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CHAPTER 4. TASK 3 -T501 RETROFIT/REPAIR

After completion of the two previous tasks, TTI personnel met with the TxDOT project
team to define the retrofitting/repair methodology required for the T501 bridge rail. Several
different adhesive anchoring systems were considered for this project. Hilti’s RE 500 is typical
of epoxy adhesive anchoring systems on the commercial market. The RE 500 epoxy adhesive
has very good bond strength and curing time. Hilti’s RE 500 Adhesive Anchoring System was
selected as the preferred anchoring system for this project. After the methodology was defined
and the preferred repair and/or retrofitting design was determined, the project supervisor
performed engineering analyses on the preferred design using the data obtained in Tasks 1 and 2
and the design data provided by Hilti for the RE 500 Adhesive Anchoring System. Based on the
data obtained from the strain gages in the T501 static and dynamic testing, the average tension
obtained in the U bars was approximately 10 kips and 12 kips for the mid-span and end/joint
cases, respectively. These average forces were used to design the retrofit/repair anchorage for
the T501 bridge rail. The effects of temperature and the long-term effects on this adhesive
anchoring system were also considered in the design. After these analyses were completed, the
analyses were submitted to TxDOT, along with engineering details for the new repair and/or
retrofitting details for the T501 bridge rail for review. For the T501 retrofit design, #6 bent
dowel bars widely spaced on 16 inches on centers was selected. A #6 bent dowel bar was
selected since this anchor type could be easily fabricated and was more cost effective over a fully
threaded bar. The #6 bent bar was designed to maximize the anchoring distance (eccentricity)
from the field side edge of the barrier to the centerline of the anchors. These retrofit bars were
more closely spaced on the ends to achieve a comparative strength for the barrier end/joint case.
Appendix D presents calculations and final design details for the T501 retrofit design for both
the mid-span and end/joint cases.

TEST ARTICLE DESCRIPTION

After the details were finalized, TTI reconstructed the specimens used in Task 2. The
concrete deck was reconstructed with the U bars cast within the concrete deck. Prior to
constructing the T501 retrofit bridge rail, these #5 U bars were removed above the deck surface.
An acetylene torch was used to remove the portion of the U bars above the concrete deck. After
removing the U bars, the T501 was constructed using the proposed retrofit design shown in
Figure 20. The new retrofit anchorage design for the T501 consisted of #6 bent bars anchored
approximately 11 inches from the field side edge of the 8-inch thick concrete deck. These bars
were anchored approximately 5.25 inches into the concrete deck using the Hilti RE 500
Adhesive Anchoring System. Several days after these #6 anchoring bars were installed, the
T501 bridge rail was reconstructed similar to previous installations. Reinforcement was not
instrumented in this installation. At the time of testing, the average compressive strength of the
T501 bridge rail concrete was 3937 psi. The average compressive strength of the deck concrete
was 5305 psi. Calculations and details of the T501 retrofit/repair design are presented in
Appendix D. Photos of the T501 retrofit installation are presented as Figure 21.
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Figure 21. Retrofit/Repair for the T501 Bridge Rail before Testing.

TEST RESULTS

Researchers performed three dynamic bogie tests on the T501 bridge rail test specimens
incorporating the proposed repair/retrofit design. Two tests were performed within a wall
segment (mid-span case), as defined by the AASHTO LRFD, and one test was performed near
the end of a wall segment (end/joint case). Like the testing performed in Task 2, the dynamic
impacting force was sufficient to cause failure in the impacted rail element. The dynamic
loading was applied over a length of 3 ft-6 inches. The results for the T501 repair/retrofit design
were compared with the dynamic testing results for the conventionally anchored T501 design
tested in Task 1. Dynamic testing on the T501 end consisted of anchoring reinforcement spaced
at 1 ft-4 inches on centers similar to the spacing in the middle of the rail segment. The dynamic
testing on the T501 end/joint with the #6 bent retrofit bars spaced on 16-inch centers yielded
undesirable results. The T501 was reconstructed after the dynamic testing and additional
reinforcement was added to improve the performance. The final design consisted of the
reinforcement as shown in the preceding details. A static test was performed on the new design
for the T501 end/joint anchoring design. The failure modes for the mid-span and end/joint cases
using the retrofit designs were very similar to failure modes observed for the static and dynamic
testing of conventionally anchored T501 design. Data obtained from the dynamic testing is
presented in Appendix E. Photos of the dynamic testing are presented in Figures 22 through 24.
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Figure 22. Bridge Rail T501 Retrofit/Repair at Location A after Test B7.
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Figure 23. Bridge Rail T501 Retrofit/Repair at Location B after Test B8.
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Figure 24. Bridge Rail T501 Retrofit/Repair at Location C.
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CHAPTER 5. TASK 4 - T203 RETROFIT/REPAIR

After completion of the three previous tasks, TTI personnel met with the TxDOT project
team to define the retrofitting/repair methodology required for the T203 bridge rail. After the
methodology was defined and the preferred repair and/or retrofitting design was determined, the
project supervisor performed engineering analyses on the preferred design using the data
obtained in Tasks 1 and 2 and the design data provided by Hilti for the RE 500 Adhesive
Anchoring System. For the T203 static and dynamic testing, the average tension obtained from
the strain gages in the #4 V bars was approximately 8 kips and 10 kips, for the mid-span posts
and end/joint post, respectively. These average forces were used to design the retrofit/repair
anchorage for the T203 bridge rail. The use of epoxy anchoring systems and the long-term
effects on these systems was considered in this task. After these analyses were completed, the
analyses were submitted to TxDOT, along with engineering details for the new repair and/or
retrofitting details for the T203 bridge rail for review. After review of all available data,
analyses, and details, TTI worked closely with the TXxDOT project team to develop a repair
and/or retrofit design for the T203 bridge rail. Calculations and final design details for the T203
retrofit design for both the mid-span posts and end/joint posts are presented in Appendix F.

TEST ARTICLE DESCRIPTION

After the details were finalized, TTI reconstructed/repaired the specimens used in Task 2.
Reinforcement was not instrumented in these specimens. The concrete deck was reconstructed
with the #4 V bars cast within the concrete deck. Prior to constructing the T203 retrofit bridge
rail, these V bars were removed above the deck surface. An acetylene torch was used to remove
the portion of the V bars above the concrete deck. After removing the V bars, the T203 was
constructed using the proposed retrofit design shown in Figures 25 and 26. The new retrofit
anchorage design for the T203 consisted of #5 straight dowel bars anchored approximately
7 inches from the field side edge of the 8-inch thick concrete deck. These #5 retrofit bars were
more widely spaced in the retrofit design when compared to the bar size and spacing used in the
conventionally anchored design to maximize the pull-out strength using the Hilti RE 500 epoxy
adhesive anchoring system. These bars were anchored approximately 5.25 inches into the
concrete deck using the Hilti RE 500 Adhesive Anchoring System. After these #5 dowel bars
were installed, several days later the T203 posts and bridge rail were reconstructed similar to
previous installations. Reinforcement was not instrumented in this installation. At the time of
testing, the average compressive strength of the T203 bridge rail concrete was 3937 psi. The
average compressive strength of the T203 post concrete was 4887 psi. The average compressive
strength of the deck concrete was 5305 psi. Calculations and details of the T203 retrofit/repair
design are presented as Appendix F. Photos of the T203 retrofit installation are presented in
Figure 27.
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Figure 26. Details of the Retrofit/Repair for the T203 Bridge Rail — End Post.
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Figure 27. Retrofit/Repair for the T203 Bridge Rail before Testing.
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TEST RESULTS

Three dynamic bogie tests were performed on the T203 bridge rail test specimens
incorporating the proposed repair/retrofit design. Two tests were performed within a wall
segment, as defined by the AASHTO LRFD, and one test was performed near the end of a wall
segment. Like the testing performed in Task 2, the dynamic impacting force was sufficient to
cause failure in the impacted rail element. The dynamic loading was applied over a length of
3 ft-6 inches. The results for the T203 repair/retrofit design were compared with the dynamic
testing results for the current T203 design tested in Task 2. The failure modes for the mid-span
and end/joint cases using the T203 retrofit designs were very similar to failure modes observed
for the static and dynamic testing of conventionally anchored T203 design. However, the T203
End/Joint strength (39.5 Kips) using the 2°-6” wide post was still below the desired strength of 54
kips. Table 4 presents a summary of the dynamic testing data obtained for the T501 and T203
retrofit/repair designs. Data obtained from the dynamic testing are presented in Appendix G.
Photos of the dynamic testing are presented in Figures 28 through 30.

Table 4. Summary of T501 Retrofit Design (Dynamic) Strengths.

Retrofit Design Strength
No. Case (Dynamic)
50-ms Avg. (kips)
1 T501 Mid-Span Location A 64.5
2 T501 Mid-Span Location B 61.0
3 T501 End/Joint Location C 50*
4 T203 End/Joint Location D 39.5
5 T203 Mid-Span Location E 67.0
6 T203 Mid-Span Location F 69.5

* Denotes Result Obtained From Static Testing on 5-12-06
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Figure 28. Bridge Rail T203 Retrofit/Repair at Location F after Test B10.




Figure 29. Bridge Rail T203 Retrofit/Repair at Location E after Test B11.
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Figure 30. Bridge Rail T203 Retrofit/Repair at Location D after Test B12.
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CHAPTER 6. CONCLUSIONS

SUMMARY OF FINDINGS

Table 5 presents a summary of the static and dynamic testing data.

Table 5. Summary of Analytical and Full-Scale Testing.

Cg [ElETED Static Strength | Dynamic Strength | Retrofit Design
onvent.
No. Case Anchored Convent. Convent. Strengt_h
Strength Anc_hored Anchored _ (Dynamlc)_
(Kips) (kips) 50-ms Avg. (kips) | 50-ms Avg. (kips)
T501
1 Mid-Span 59.7 66.0 66.0 64.5
Location A
T501
2 Mid-Span 59.7 75.0 70.0 61.0
Location B
T501
3 End/Joint 36.4 41.0 46.0 50*
Location C
T203
4 End/Joint 23.2 33.0 N/A 39.5
Location D
T203
5 Mid-Span 71.0 72.0 72.0 67.0
Location E
T203
6 Mid-Span 71.0 73.5 70.0 69.5
Location F

* Denotes Result Obtained From Static Testing on 5-12-06

The retrofit/repair strengths from the dynamic and static testing for both the T501 and the
T203 compared very closely to the dynamic and static strengths of the conventionally anchored
strengths. However, the T203 End/Joint strength (39.5 kips) using the 2°-6” wide post was still
below the desired strength of 54 kips. The static strengths were very close to the dynamic 50
millisecond average strengths recorded from the bogie testing.

CONCLUSIONS

The new retrofit/repair designs developed and tested for this project are recommended for

implementation for use on any new or existing bridge projects. The use of epoxy adhesive
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anchors were very successful in achieving the strengths needed to adequately anchor the
retrofit/repair reinforcement for both the T501 and the T203 bridge rails. The information
learned from this project can be used to retrofit and repair other bridge rail designs in the future.
The T501 conventional anchorage in the end/joint regions is deficient and needs improvements.
Additional (more closely spaced) anchorage is needed to improve the strength of the barrier in
the end/joint regions. The T203 conventional and retrofit anchorage is deficient in the end/joint
regions and also needs improvements. Additional (more closely spaced) anchorage for both the
conventional and retrofit designs is needed in the smaller post (2 ft-6 inch length) to improve the
strength of the barrier in the end/joint regions. One option would be to eliminate the use of the
smaller 2 ft-6 inch length T203 posts altogether in new bridge construction. Additional
longitudinal reinforcement in the T203 Bridge Rail in the end/joint regions would also improve
the strength capacity of this rail in the end/joint regions. Based on the results of this study,
retrofit/repair anchorage to thinner decks is not recommended. In addition, retrofit/repair
anchorage installed at shallower depths of embedment (less than 5 %™ depth) is also not
recommended.
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APPENDIX A. ANALYTICAL CALCULATIONS FOR BOTH THE T501
AND T203 BRIDGE RAILINGS

Z= [exas
<= Transportation
/‘-

Institute

SUBJECT

T501 Yield Line Analysis

__Conventional Design
crrent _ TxXDOT

1.) Given the Following Details & Design Data for the T501 Parapet

T
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o Face of Rail
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\ \ ] o _.)
\ w2
{_E?}lop longitudinal slab bar

may, be adjusted laterally
- 11
9

(N

) -
‘o=

fol

to tie reinforcing.

ON BRIDGE SLAB

T501LRFD.xmed

William Williams, P.E.
Ph. #(979)862-2297
w-williams@tamu.edu

PAGE 1
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z Texas
<N Transportation

Al institute

susarcT___1901 Yield Line Analysis

Conventional Design

sponsor I XDOT

— :-;_E
Lo
8o
., . Material Properties:
0
r IS ;
: > 28 day compressive fic := 3600 psi
= B i T~ strength of the wall concrete:
& I o| Yield Strength of the F. = 60-ksi
o s | = i i : Y=
' = Reinforcing Steel (F):
pdl o &
. O| Concrete Factor for B, =085
o —| B = 3600 *psi Concrete
= ;- L] . "
>t o (2% kips = kip
= 1 = [
! = =
1 i i :’, (@]
o 512 5 ] ) o |
e == L = b
° w8 W l—|
;,-: & 2 l‘r‘-l')l
o % i"_._ 1 i ;
o B =
i — S
) 0
1 ™ 5 |
2 ( = o —
u'T\ ~ o4 E =B <|
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O ) H Ll
S e I -/ - "
8 i
3 e
% ; i g
3 TR i ;—
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o g f'§§ wi B
& 298528 o
[ rJ‘-E 2ES % 2
® Le8e-5
@
TE01LRFD.xmed William Williams, P.E.

Ph. # (979)862-2297
w-williams @tamu .edu PAGE 2
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Z Texas .
/ Transportation
Al nstitute

supgrer 1901 Yield Line Analysis

Conventional Design
cuzent __TXDOT

Specifications, for TL4 Loading Conditions:

T
2 | i | R 1F
., T ~ I

|

H, = 32in Height of Parapet/Load
Application (inches).

2.) Design Information from AASHTO LRFD, Section 13, 2000 Interim

Figure 2: Failure Mechanism @ End Of
. ’ : Parapet or at a Joint
Flgure 1: Failure Mechanism @ Mid-Span

Fy := S4dkips ...... Transverse Force on the Rail I;:= 3.5ft ..... Length of Transverse Force
(Fy) Distributed on the Rail
Fy, == 18kips ....... Longitudinal Force on the Rail
F. = 18Kkins _ Ly, = 3.5t ....... Length of Longitudinal Force
L Ps ...... Vettical (Downward) (F|) Distributed on the Rail
Force on the Ralil
T501LRFD.xmed

William Williams, P.E.
Ph. # (979)862-2297
w-williams @tamu .edu
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Z= Texas
/ Transportation
Al nstitute

suesecr 1501 Yield Line Analysis

Conventional Design
sponsor I xDOT

3.) Calculate the flexural Resistance (M,,) of the wall about the vertical axis per foot of
parapet:

do = 8.0 — 1.75in — —-in — Lin do = 5g0ig bending about the vertical axis
L ’ 16 4 S @ critical section
H, = 2.67ft dy = 5.69in ... amount of longitudinal steel per foot
1 4~ #4's spaced over the 32 inches
Ay = .20in" -4
Agtw Fy

Ay = —mm———

"1 0.85-rcH,
i -
0.85-A g Fyv(dw = %‘]
M,, = = M, = 6.94ft™ kip-ft

4.) Calculate the flexural Resistance (M.) of the wall about the longitudinal axis per foot of
parapet at two locations: 1.) 13" Above Base, 2.) At Base:

.... bending about the longitudinal axis

d.1 = 8.0in — 1.75in d¢1 = 6.25in @ Section 13" Above the Base
deq = 625 Distance from compression face of the field side to center of
"S" BarS
Ager = 3lin’— .... amount of Vertical steel per foot
10 #5"s @ 10" 0.c.
Agier Fy
By 1= —— 2. = 0.61in

0.85-f"c-12in

i« " Al
0.85-Agc1 'I‘y- deg— T

ft

Nlcl ]

kip-ft

M, = 9.4 Strength @ 13" Above the Base

TE01LRFD.xmed William Williams, P.E.
Ph. # (979)862-2297 PAGE 4
w-williams @tamu .edu
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Z= Texas
/ Transportation
Al nstitute

suegecr 1501 Yield Line Analysis

Conventional Design

crient _ TxDOT
. . . .... bending about the longitudinal axis
dg2 = 3in + 4.25in de = 7.25in & Se ctimgl B e, Eias 9
de2 = 7.25in This is the distance from field side compression face to
center of "U" bar

12 :

Agter = 3lin® — .... "U" Bars Spaced on 8-inch centers therefore
8 #5"'s @ 8" o.c.

AAslcl * F)‘ 0.76i
a e —— a = u./oIn
2 0.85-fc-12in X
acy
0.85' ‘{\Stcz ‘F)- . [d{‘2 — TJ
Mg =

c2 fit

Kkip-ft

Mg = 13.58——  Strength @ Base of Barrier
ft

Strength @ Base is greater than Strength @ 13 inches above base, therefore
use Mc at 13 inches above base.

M, = M

§.) Calculate the flexural Resistance (M,) of any additional
resistance of beam in addition to M,,, if any, at the top of wall (K-FT/FT):

e Oldm e no additional strength about the vertical axis
Mg = 0kip:lt of the rail at the top of the T501 Rail,

TE01LRFD.xmed William Williams, P.E.
Ph. # (979)862-2297
w-williams @tamu .edu
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z= Texas .
/ Transportation
Al institute

svearcT___T1901 Yield Line Analysis
Conventional Design

crrent _ IXDOT

6.) Calculate the Total Transverse Resistance of the T501 Parapet at Mid-Span:

L, = 3.5ft
Mp = 0
kip-ft
M,, = 6.94
ft
kip-ft
M, = 9.4——
fit
H:=32in ... Total Height of T501 Wall
Le  [(L)? 8H(My+ M, H)
Le=—+ (|—]| +
3 2 M,
L = 8.46ft
Calculate Ry,

- 8-Mp + 8- My, -H+ Ms L
i Y = b W H

Ry = 59.66 kips

TE01LRFD.xmed William Williams, P.E.
Ph. # (979)862-2297
w-williams @tamu .edu
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Z Texas
/ Transportation
Al nstitute

T501 Yield Line Analysis
Conventional Design
TxDOT

SUBJECT

CLIENT

7.) Check conditions for impacts at the end of the Parapet or at a joint:

d, = 8.0in - 1.75in

12
= 31m —
8.667

Agte'Fy
0.85-f'c:12in

. ¢l
0.85- Ay Fy-| de— T

A1 =

M, =

ft

kip-ft
M, = 10.76

.. bending about the longitudinal axis
@ critical section

.... amount of Vertical steel per foot
#5"'s@ 10" o.c.w/2Spaces @ 6inoc. @
the end. Average last 4 feet of barrier

e

4.32 ft

2
Ry i= | ———— |-| My + My-H+
" (Z-Lc—LJ( "

R, = 36.44kips

=

K
M, L.~
H

TS01LRFD.xmed

William Williams, P.E.

Ph. # (979)862-2297
w-williams @tamu .edu
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Z= Texas .
4 Transportation
AN nstitute

suBJECT TxDOT T203 Bridge Rail
LRFD Section 13 Analysis

sPONSOR _ TxDOT
1.) Given Details:

1.) Given the Following T203 Bridge Rail Details.
2.) Find the Ultimate Resistance (R) for the Bridge Rail for Mid-Span & End/Joint
Conditions in Accordance with AASHTO LRFD Section 13, 1998, Second Edition.

=1 127 -

rﬂ-—ﬂr 1/2
|
1 9/16" CLR. (Typ) .
- — REHOyp) |
: )
S(#3) @ 6” 0.C. |— v(#4)
,, -
112 {112 cLr.
R(#4) TYP.—h o
/ /
8"
7 1/2"—| /
T203LRFD.xmed William Williams, P.E.
Ph. # (979)862-2297 PAGE 1

w-williams@tamu.edu
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2'—6" MIN.—

EXPANSION JOINT

b—2'—B" MIN.%

3°

|-—4 e 5”—-|

15" WAK | 15" MAX.
T

2.) Given Design Information: $ =09
Concrete Strength: f'c := 3600psi  B; = 0.85

Reinforcing Yield Strength: £, := 60ksi

Dpaqp := 14in ... depth of rail
H,.; = 13.5in ... height rail (lateral direction)
d H 1.751 3 i
1 := Hyain — 1.75in — —in — —in
ra 1 6
5
d; = 11.31in  d; := 13.5in-0.5 A = 0.2in"

Ag = 3..20in° (3 ~#4's Long. in tension)
Aqrdy +Agr-da

'_
=
Ll
=
Ll
&
> A =Ag+A il =
i o slateral -— “3s1 T £3s52 rail =
o Agjateral
£
= . . 2
3} % i Calculate p: A ateral = 0.8in
o % Aslateral 2
W = o Prail = ———— Prain = 0.01124
W ] Z o X Dyail Grail
= s 9 .
g b LSS calculate pp,i
. = /E N Q.L - _ 3./ fe-psi
5 | A =¥ g Pmin1 - L Pominy = 0.003
n = LN § N
> £ or
[ m M LT .
. _ 200-psi
Iy _T_ 5 L f, Pmin2 = 0.00333
2 )
T o« <
o T E Calculate pyy:
% &
N (0.85-f'c) [ 87000psi
o = % Poal = |31" ‘ :
o "= . & ) | 87000psi + 1y
: 2+ ]
g ¢ Ppal = 0.0257
n o
T _*‘ Pmax = 0-75-Ppa Pmax = 0.0192
RlT . ,
T Steel Ratio is O.K. .... steel yieldsl!
S calculate "a":
Asateral’ fy
Apailhor = ——————— .
p railhor 0.85-F'c- by Arailhor = 1.12in
T203LRFD xmed William Williams, P.E.

Ph. # (979)862-2297
w—willi;;;ms@}?tamu.edu PAGE 2
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= Texas .
4 Transportation
Al |nstitute

suBJecT_TXDOT T203 Bridge Rail
LRFD Section 13 Analysis

SPONSOR __TxDOT
3.) Calculate the Strength of the Rail due to Lateral Impact Force (CONTINUED):
Calculate Nominal Strength of Rail (Horizontal):
Agateral = 0.8in” (Area of 3 ~ #4 Bars)

fy = 60ksi

dpa = 10.17in

Arailhor = 1.121n depth of the compression block
' Arailhor )
Muyjateral = 4}'Aslareral'f}" dyail — 2
\ /
i _ Muylateral .
Myjateral = 34.6 Kip-ft Mujateral = T Myjatera1 = 38.45kip-ft
T203LRFD xmed William Williams, P.E.
Ph. # (979)862-2257 PAGE 3

w-williams@tamu.edu
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o raspera
ransportation
A |nstitute

suBJECT TxDOT T203 Bridge Rail
LRFD Section 13 Analysis

sponsor - TxDOT

4.) Calculate the Strength of the Posts for the Entire 5-foot Width:
Postyiaen = 7.5in bpost == Sft

dpost == Postyqq, — 1.75in
Agpost = 13-0.2in” Aspost = 2.6in’ 13 ~ #4 bars total on the tension face

Calculate ppeq:
Aspost

Ppost ==
Apost Ppost Ppost = 0.00754

Pminz = 0.00333

= 0.01924 Steel Ratio OK. ..... steel yields

p]IIflI

Calculate Compression Block "a" for post:

Aspclst' f‘

a e
post
0.85-1'¢-Dpgst

apost = 0.851n

Calculate Nominal Strength M,, of Post section:

Aqost = 2.6i0° £, = 60ksi  dpost = 5.75I0  Apost = 0.851n

( “post\1
‘—\"Iupost = ¢'Aspost'r}" dpost_ )
5 ) . }"Iupost
Mupost = 62.3Kip-1t Mupost = T Mppost = 69.23kip-ft
T203LRFD.xmed William Williams, PE.

Ph. # (979)862-2297
w-willi:;ms@}ﬁamu.edu PAGE 4
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z Texas )
< Transportation
Al Institute

suBJecT__TxDOT T203 Bridgerail
LRFD Section 13 Analysis

sPponNsor  TxDOT

5.) Check T203 Rail Strength at Mid-Span in accordance with AASHTO LRFD Section 13
Specifications:

'|' ‘I%’ = jr] ~ & . o
i h T'... Re& P, H:=27in Height of Rail

.I L := 4.0ft Longitudinal length of distribution
of impact force (feet).

=] q

ol

d

H————

I | H & Y =27" L := 5ft ... Post Spacing (feet)

widthpe = 5ft ... Post Width (feet)

l ‘ :P‘ Hy = 27in ...... Height of Rail (inches)
—7
R — g AASHTO TL-3 SECTION 13
RAIL EVALUATION — IMPACT AT POST
: R REQUIREMENTS:
5a.) Calculate Pp for the Post @ 27 inches: Fi = 54 kips
Mppost = 69.23kip-ft ~ H = 27in F_ = 18 kips
p o Mnpost Fy = 4.5 kips
P H
Liand L = 4.0 feet
P, = 30.77kips
L, = 18 feet
Sb.) Calculate Mp of the Rail:
Mp, = Myateral He = 24 inches (min.)
M, = 38.45kip-ft Min. Height = 27 inches
T203LRFD.xmecd William Williams, P.E.
Ph. #(979)862-2297 PAGE &5

w-williams @tamu .edu
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/ }.gfgponaﬁon
A nstitute

susJecT__TxDOT T203 Bridgerail
LRFD Section 13 Analysis

sponsor  TxDOT

5c.) Calculate the The total ultimate resistance "R", i.e., nominal resistance of the railing
in kips for a single span:

Ni;:=1 ....number of spans

M, = 38.45kip-ft Pp=30.77kips L= 4ft
R; = 16-Mp, + (N1 —1)-(Ng +1)-PpL, PostSpa. L = 5ft
2NgL - Ly

Ry = 102.52kips (OK. .... Ry > 54kips min)

5d.) Calculate the The total ultimate resistance "R", i.e., nominal resistance of the railing
in Kips for two spans:

Ny =2 ... number of spans M,, = 38.45kip-ft P, =30.77kips L= 4ft
16-Mp, + sz-l‘p-L PostSpa. L =5t
R, =
2 2.N; L- Ly
Rz = 76.91kips (O.K. .... Ro > 54 Kips min)

5e.) Calculate the The total ultimate resistance "R", i.e., nominal resistance of the railing
in Kips for three spans:

Ns=3 .. number of spans M, = 38.45kip-ft Pp = 30.77kips L= 4ft
R; = 16-Mp + (N-‘ N l)'(N3 + l)'PP'L Post Spa. L = 5ft
2-N3-L - L,
R3; = 70.99kips (O.K. .... R3 > 54 kips min)

5f.) Calculate the The total ultimate resistance "R", i.e., nominal resistance of the railing
in Kips for four spans:

M, = 38.45kip-ft P, = 30.77kips Ly = 4ft
2 Post Spa. L = 5ft
Ngy:=4 ... number of spans iy 16:Mp, + Ny~ Pp-L
L 2Ny L-Lg

Ry = 85.46kips

T203LRFD.xmecd William Williams, P.E.
Ph. # (979)862-2297 PAGE 6
w-williams @tamu .edu
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Z Texas
/ Transportation
Al nstitute

T501 Yield Line Analysis
Conventional Design
TxDOT

SUBJECT

SPONSOR

7.) Check conditions for impacts at the end of the Parapet or at a joint:

d, = 8.0in - 1.75in

12
= 31m —
8.667

Agte'Fy
0.85-f'c:12in

. ¢l
0.85- Ay Fy-| de— T

A1 =

M, =

ft

kip-ft
M, = 10.76

.. bending about the longitudinal axis
@ critical section

.... amount of Vertical steel per foot
#5"'s@ 10" o.c.w/2Spaces @ 6inoc. @
the end. Average last 4 feet of barrier

e

4.32 ft

2
Ry i= | ———— |-| My + My-H+
" (Z-Lc—LJ( "

R, = 36.44kips

=

K
M, L.~
H

TS01LRFD.xmed

William Williams, P.E.

Ph. # (979)862-2297
w-williams @tamu .edu
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APPENDIX B. DATA FROM STATIC TESTING

TEST S1-T203 - LOCATION F

= Texas
/“' Transportation Page: 1of4
Institute Tob # 448234
Subject: _T203 Rail Static Load Test 1 ~Mid-Span Case By: _William Williams
Strain Gage Data Analvsis ~ Test 1 - Location F e,
Checked:
Sponsor: _TxDOT
A ¢
TEST #1 3'—8" DISTRIBUTED LOAD
‘ (RAM FORCE APPLIED
. VIA W24%X84)
/
// ¥-8 7 \ CENTERLINE
! 7 7 STRAIN GAGES
4 V" BARS
713 ﬂ \ TRAFFIC SIDE
/
—_— P -
i -l el ki i el P s i el P el 31 L/a‘
S s e —————— Ty ey o e e i A
3" (Typ 11—#4(BARS V)
L4(BARS "V") el 4R | 7F © 5" 0.C.=4"-2"
oF | 5F| BF T~ STRAIN GAGE
DESIGNATION
3F  BF
T203 LOAD APPLICATION
A (TRAFFIC SIDE VIEW)
1'=1 1/2"
71— |_ | 4 172"
5(#3) @ 8" 0.C.
RN SRR
41 2'53"
. . v(#4)
R(#4) TYP \“"‘““-ﬂ..; ‘/‘/
fi &
g 1{/4" a] - 77
Y= ?\STRAIN CAGES
CLR. {TYP.) TRAFFIC FACE
SECTION A-A 74 V' BARS
448234FData(S).xmcd William Williams, P.E.
5/16/2006 Ph. #(979) 862-2297 PAGE 1
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= Texas
/“’ Transportation Page: 2 0f 4
e Job #: _448234

Subject: _T203 Rail Static Load Test 1 ~ Mid Span Case By: _William Williams
Strain Gage Data Analysis ~Test 1 - Location F .
Checked:
Sponsor: _TxDOT Strain Data in Excel Format from Static Testing
Performed 7-16-04:
E; := 29000000psi e ;
Modulus of Steel (psi) Fdata ‘=
. T203FData(Ss).xls
5 s . - finh
Ay = 0.20in> Area of rebar (in"2)
Time = Fdatam % sec o .
¢ - - " L8/
StrainlF = Fclata"3> Force := Fdata Ibf Strain6F = Fda‘ra; ..
. (@) . {6) Strain7F := Fdata"
Strain2F := Fdata’ Strain4F := Fdata’ ' T L
{ { : — L10/
Strain3F = l—"data"ﬁ> Strain5F := l—"clata"-"> Strain8F := Fdata

#4 "V" Bar Strain vs. Time (sec.)

2500

o 2000
StramnlF

Strain?F

Strain3F1500
StraindF

Strain6F

Strain7F

500
Strain8F

#4 "V" Bar Strain (x107-6)

10 20 30 40 50 60 70 80 90
Time (sec)

448234FData(S).xmcd William Williams, P.E.
5/16/2006 Ph. #(979) 862-2297 PAGE 2
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= Texas
/‘ Transportation Page: 3 of 4
Al institute

Job # _448234
Subject: _T203 Rail Static Load Test 1 ~Mid Span Case

By: _William Williams

Strain Gage Data Analvsis ~ Test 1 - Location F

Checked:
ForcelF := StrainlF = Eg % Ag > 0.000001 ForceSF := StrainSF = Eg x Ag < 0.000001
Force2F := Strain2F x E; x A, % 0.000001 Force6F := Strain6F x E¢ x A % 0.000001
Force3F = Strain3F x E, x A x 0,000001 Force7F = Strain7F = Eg x A % 0,000001
ForcedF := StraindF =« Eg x A > 0.000001 Force8F := Strain8F x Eg x Ag » 0.000001
Tension Force in #4 ~ "V" Bars
80
ForcelF g '-__,_..---_‘
kips 70 — T . N
” [}
Force2F J -7 '\\
kips ’ \
5 60 7 S
Force3F ,f' :
4 1
w  kips r . :
= 0 ‘ RAM FORCE |
¢ ForcedF - ,o" (DOTTED BLACK LINE) | !
£ kips ' '
3 ; I
& ForceSF 4 o ]
£ kips ; ;
= ] |
2 Force6F - ! H
S kips H '
= ’ i
-2 ForceTF 'f, ':
E kips 20 ry )
' [ ]
ForcelF i H
Kkips ( \
----- P ‘.
Force . Y
. ! i
s /
0 S
—10
0 10 20 30 40 50 60 70 80 90
Time (sec)
448234FData(S).xmcd William Williams, P.E.
5/16/2006 Ph. #(979) 862-2297 PAGE 3
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= Texas
/- Transportation Page: 4 004
‘ Institute Tob #: 448234

Subject: _T203 Rail Static Load Test 1 ~Mid-Span Case

By: _William Williams
Strain Gage Data Analysis ~ Test 1 - Location F

Checked:
Sponsor: _TxDOT

Tension Force in #4 ~ "V" Bars

14

M e

12 1 .

ForcelF /,] |8
kips PJ" 1

Force?F 1
kips

Force3F
kips
ForcedF
kips

ForceSF
kips
ForcetF
kips
Force7F
kips
ForceSF
kips

Tension Force (kips) in #4 "V" Bars

0 10 20 30 40 50 60 70 80 90

Time (sec)

448234FData(S).xmcd William Williams, P.E.
5/16/2006 Ph. #(979) 862-2297 PAGE 4
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TEST S2 - T203 - LOCATION E

= Texas
/" Transportation Page: 10of4
Al nstitute b # 448234
Subject: _T203 Rail Static Load Test 2 ~Mid-Span Case Bv:  William Williams
Strain Gage Data Analysis ~Test 2 - Location E Checked:
Sponsor: _TxDOT
A ¢
TEST #2 3'—8" DISTRIBUTED LOAD
(RAM FORCE APPLIED
N VIA W24X84)
e /
v-8 7 \ CENTERLINE
7 STRAIN GAGES
; W' BARS
- H TRAFFIC SIDE
8 11— H4HH—-—-
o o I ol 0 e e T~ 8 —a ™ 5 —a” o s /S"
e e =
3"(Typ 11-#4(BARS V)
LA(BARS V") | [4E] |7E 9@ 5 0.C.=4-2
JE| BE| 8E \STF&AIN GAGE
DESIGNATION
ki GE
T203 LOAD APPLICATION
%& (TRAFFIC SIDE VIEW)
1'—1 173"
7o | | 4 172"
S{#3) @ §" 0.C.
SR oo L
41 2-3"
_ ) V{#4)
R{##4) TYP .l ‘rff‘/
Ti &
g 1{4" ] - 77
ozl J\STRNN GAGES
CLR. {TYP.} TRAFFIC FACE
SECTION A—A #4 V" BARS

448234EData(S).xmcd
5/16/2006

William Williams, P.E
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/“‘]’-{-m(mj rtat
ransportation
A institute

Page:

Job #: 448234

2 of 4

Subject: _T203 Rail Static Load Test 2 ~Mid-Span Case By: _William Williams
Strain Gage Data Analvsis ~Test2 - Location E .
Checlked:
Sponsor: _TxDOT Strain Data in Excel Format from Static Testing

E := 29000000psi
. 2
Ag = 0.20in

Time = ]—Zdata(]>

* sec

StrainlE = Edata<3>

Strain2E = Edata<4>
(s)

Strain3E := Edata

Modulus of Steel (psi)

Area of rebar (in"2)

x 1bf
Strain4E = Edata<6>

(7

Strain5E := Edata

Force ;= Eclata<2>

Performed 7-16-04:

Edata =
T203EData(s).xls

(9
Strain6E := Edata’

FPAN
Strain7E = Eda‘ra\g’f

{1a
Strain®E = Edata' 1"

#4 "V" Bar Strain vs. Time (sec.)

1600
1400
Stl-amlElm|J ] —
Strain2E gt wﬁr"”‘"‘m v
S Strain3g1000 ey O i i
i train P == o e . P
S — i plémgfr";”' IO s L M N M
#  StraindE e Jbﬁfiﬁ
= 800 v =
£ StrainSE A g™ |
Z |
% Strain6E 600 P i
ﬂ ]
> Strain7E
=
-200
0 10 0 30 40 50 60 70 80 90 100
Time (sec)

448234EData(S).xmcd
516/2006

William Williams, P.E.
Ph. #(979) 862-2297
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= Texas
/'- Transportation Page: 3 of 4
Al institute ok 4ss2ns

Subject: _T203 Rail Static Load Test 2 ~ Mid-Span Case By: _William Williams
Strain Gage Data Analysis ~ Test 2 - Location E .
Checked:
ForcelE := StrainlE x Eg % A % 0.000001 ForceSE := StrainSE x Eg » Ag x 0.000001
Force2E := Strain2E x E_ x A, = 0.000001 Force6E = Strain6E = E, x A % 0.000001
Force3E := Strain3E x E, x A = 0.000001 ForceTE = Strain7E = E, » A % 0.000001
Force4E := StraindE x E; x Ag = 0.000001 Force8E = Strain8E x Eg » Ag x 0.000001
Tension Force in #4 ~ "V" Bars
80
ForcelE J S PR
kips 70 f."— —= N[
Force2E ':" E
kips - '
1ps 60 2 .
’ \
Force3E _ \
¥ b
b klp% e . ™
2 50 ,a RAM FORCE
: ForcedE ~ K (DOTTED BLACK LINE)
'_{ kips ’,’
= ForceSE 4 4
= : '
£ lips il
_'£ ¥
= Force6E i
2 : 0 [
2 kips !
é Force7E "J
E kips 20 2
: [
ForceBE :'
kips
----- P 10 7
Force i e e e e e S
' e e .t v
ki ; | e
= ob—t! ]
-10 -
0 10 20 30 40 50 60 70 80 90 100
Time (sec)
448234EData(S).xmcd William Williams, P.E.
516/2006 Ph. # (979) 862-2297 PAGE 3
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= Texas
/“’ Transportation Page: 4 0fd
L2 Job #: _448234

Subject: _T203 Rail Static Load Test 2 ~ Mid Span Case

By: _William Williams

Strain Gage Data Analysis ~ Test 2 - Location E

Checked:
Sponsor: _TxDOT

Tension Force in #4 ~ "V" Bars

ForcelE
kips 7 »

v
_?"_\L

Force2E
kips

_E\
r{_ !

’2-

Force3E
kips
ForcedE
kips

th

ForceSE 4
kips
Force6E
kips
Force7E
kips
ForceB8E
kaps

Tension Force (kips) in #4 "V" Bars

(]

0 10 20 30 40 50 60 70 80 90 100

Time (sec)

448234EData(S).xmcd William Williams, P.E.
5/16/2006 Ph. #(979) 862-2297 PAGE 4

74




TEST S3-T203 - LOCATIOND

Z Texas
/‘ Transportation Page: 1004
Al |nstitute b 448234
Subject: _T203 Rail Static Load Test 3 ~ End Case Bv-  William Williams
Strain Gage Data Analysis ~Test 3 - Location D Checked:
Sponsor: _TxDOT
¢
TEST #3 3’ —8" DISTRIBUTED LCAD
| (RAM FORCE APPLIED
- VIA W24X84)
26
| I ; CENTERLINE
7% et f STRAIN GAGES
: : 7 V7 BARS
Per ! 7 TRAFFIC SIDE
Wim -
B — P I — ]
g gy iy T e ey 7
/ /
3”(Typ)_/:/7 T 5—#4(BARS V)
#4(BARS V") 40| bp @ 5 0C.=4-2
0| sD| T STRAIN GAGE
DESIGNATION
3D 6D
T203 LCAD APPLICATION
(TRAFFIC SIDE VIEW)
1T—1 142
7 1/2— T—T~—+ 1/2"
S(#3) @ 8" 0.C.
AU o) |
X ! sy
253"
Ry P — Ul ‘f,,,f—'\'(#ﬂr)
—— e/
¢ o i
o 4 STRAIN GAGES
CLR. (TYR.) TRAFFIC FACE
END VIEW #4 V" BARS

4482340DData(S).xmed
5/16/2006

William Williams, P.E.

Ph. # (979) 862-2297 PAGE 1
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= Texas
/“’ Transportation Page: 2 0f 4
Institute Tob# _448234

Subject: _T203 Rail Static Load Test 3 ~End Case

By: _William Williams

Strain Gage Data Analvsis ~Test 3 - Location D

Checlked:
Sponsor: _TxDOT Strain Data in Excel Format from Static Testing
Performed 7-16-04:
L 5= 2o DL L L Modulus of Steel (psi) Ddata =
"203DData(S).xl
> z . . (311 *
Ay = 0.20in> Area of rebar (in"2)
(v
Time := Ddata™ x sec . .
" Force := Ddata'” x Ibf StrainéD := Ddata”™

StrainlD := Dda‘ra‘“s"‘ .
{4) {6 inThD ‘= L9/
Strain2D := Dda‘ra"‘l’ StraindD := Dda‘ra"ﬁ" L TLUiDIe b L

. () L. ()
Strain3D = Dda‘ra""‘ Strain5D = Dda‘ra‘ £

#4 "W" Bar Strain vs. Time (sec.)

2500

2000 /,J- =

1500

StrainlD

Stramn?D

Strain3D
StraindD

) 1000
Strain>D
Strain6D

#4 "V" Bar Strain (x10"-6)

Strain7D 500

0
—500
0 10 20 30 40 50 60 70
Time (sec)
448234DData(S) . xmcd William Williams, P.E.
516/2006 Ph. #(979) 862-2297 PAGE 2
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Z Texas
/‘ Transportation Page: 3 ol 4
‘ Institute Tob#: 448234

Subject: _T203 Rail Static Load Test 3 ~End Case Bv-  William Williams
Strain Gage Data Analvsis ~Test 3 - Location D .
Checlked:
ForcelD := StrainlD x Eg x Ag * 0.000001 Force5D := StrainSD x Eg x A x 0.000001
Force2D := Strain2D x E, x A = 0.000001 Force6D := Strain6D x E x A »x 0.000001
Force3D := Strain3D x E, x A = 0.000001 Force7D := Strain7D x E  x A » 0.000001

Force4D := StraindD = Eg x Ag * 0.000001

Tension Force in #4 ~ "V" Bars

35

ForcelD 30 _'." -

kips R

Force?D '."

kips 25 i
% Force3D RAM FORCE
= laps . : (DOTTED BLACK LINE)
_—{ F01‘ce4D- .‘l
= kips !
-_,i ForceSD 15 ';
g kips L —1 |
; Force6D :’ f,_«—”"ﬂ_’—/") —__|
T 10— e
R : A LT i s W
f Force7D H P I

Force

kips

0
-5
0 10 20 30 40 S0 60 70
Time (sec)
448234DData(S) xmcd William Williams, P.E.
5/16/2006 Ph. #(979) 862-2297 PAGE 3
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P

Subject:

Texas

Transportation

Institute

T203 Rail Static Load Test 3 ~End Case

Strain Gage Data Analvsis ~Test 3 - Location D

Sponsor:

ForcelD

kaps

Force2D

kips

kips

kaps

kips

Tension Force (kips) in #4 "V" Bars

kips

Force7D

kaps

Force3D

ForcedD

ForceSD

Force6D

IxDOT

Tension Force in #4 ~ "V" Bars

Page: 4

Job #:

of 4

448234

By: _William Williams

Checked:

14

12

10

10

20

30 40

Time (sec)

70

448234DData(S) . xmcd

o/16/2006

William Williams, P.E.
Ph. #(979) 862-2297
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TEST S4 - T501 - LOCATION A

Subject:

o [ieiportat
ransportation
A institute

T501 Rail Static Load Test 4 ~Mid-Span Case

Sponsor:

Page: 1 of 4

Job #: _448234

T501 LOAD APPLICATION
(TRAFFIC SIDE VIEW)

—1'— 5"

2
el

r

R(#4) —

SECTION A-A

- S{#5) @ 10" D.C.

STRAIN GAGES
TRAFFIC FACE

45 "U” BARS

By: _William Williams
Strain Gage Data Analysis ~ Test 4 - Location A .
Checked:
TxDOT
A ¢ 3'—6" DISTRIBUTED LOAD
TEST #4 {(RAM FORCE APPLIED
VIA W24X84) CENTERLINE
gt STRAIN GAGES
/\"U" BARS
/ . TRAFFIC SIDE
) \
AN R
i e | e i e e _;;L,;—__ i s e e i e W
_________ ___________"_________________1\
L 1A 34 DA TA \STRAIN GAGE
A DESIGNATION
2A 4A BA gh

448234AData(S).xmed
5/16/2006

William Williams, P.E.
Ph. # (979) 862-2297
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= Texas
/" Transportation Page: 2004
Al institute Job# 448234

Subject: _T501 Rail Static Load Test 4 ~ Mid-Span Case

By: _William Williams

Strain Gage Data Analvsis ~Test 4 - Location A

Checked:
Sponsor: _TxDOT Strain Data in Excel Format from Static Testing
Performed 7-16-04:
L = e DL Modulus of Steel (psi)
Adata =
> s y - (i
‘A'SI' = 0.31]'11" ‘Areq Oflebal (J.ﬂ 2) r501ADatE(S)X|E
(v
Time := Adata™ x sec . L
} Force := Adata'> x Ibf Strain6A = Adata’™

Strainl A = Ada‘ra"'s-"’ :
Strain7A = Adat a‘-.Q.-'

(10)

StrainZA = Ada‘ra‘”"’"‘ StraindA = Ada‘ra‘”ﬁ"}
s 7 Strain8A := Adata

. 5 . 77
Strain3A = Adata™ StrainSA = Ada‘ra'-"'

#5 "U" Bar Strain vs. Time (sec.)

2000

Strainl A1500 4/

Strain2A L
—_ o ] i
% Strain3A ]
S e /r"/ "
% Strain4A 1000 P o]
£ StramSA S :
& V4
g Strain6A

500 7

%, Strain7A If _‘,‘_,Aﬁ—"‘f‘;h ]
y gt R T
Wy = , =1
3= StramnmSA | e

T ﬁiq/‘gi;..-u_. U P B P b Adeiesn ""-....',__.\. S —

0f 1 _-|Lu' = T s ¥ y : co
—500
0 10 20 30 40 50 60 70 80 20 100 110
Time (sec)
448234AData(S).xmcd William Williams, P.E.
5/16/2006 Ph. # (979) 862-2297 PAGE 2
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Z Texas
/- Transportation Page: 3 0f4
Al |nstitute Tob# 448234

T501 Rail Static Load Test 4 ~ Mid-Span Case By: _William Williams

Subject:
Checked:

Strain Gage Data Analvsis ~Test 4 - Location A

ForcelA := StrainlA = E  x A, » 0.000001 Force5SA := StrainSA x E, x A % 0.000001

Force2A = Strain2A x E; x Ag x 0.000001 ForceBA := Strain6A x Eg x Ay x 0.000001

Force3A = Strain3A = Eg x Ag < 0,000001 Force7A := Strain7A x Eg x Ay % 0.000001

Forced4A ;= StraindA » Eg x Ag x 0.000001 Force8A := Strain8A = Eg x Ag » 0.000001

Tension Force in #5 ~ "U" Bars

70

ForcelA .
,
kaps o i
Force2A .
#

kips ’
’

Force3A 50 7y
kips ’

- -

ForcedA 10 ':' RAM FORCE
kips i (DOTTED BLACK LINE)

-

ForceSA
kips
Force6A
kips
Force7A 20

kips
Force8A ,
kips 10—

30

Tension Force (kips) in #5 "U" Bars

L
]
Force I :
I e
P

kips )
— 0 &

40 60 80 100

Time (sec)

448234AData(S).xmcd William Williams, P.E.
Ph. #(979) 862-2297 PAGE 3

5/16/2006
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= Texas
/‘ Transportation Page: 4 014
‘ Institute Tob # 448234

Subject: _TS501 Rail Static TLoad Test 4 ~Mid-Span Case

By: _William Williams

Strain Gage Data Analvsis ~ Test 4 - Location A

Checked:
Sponsor: _TxDOT

Tension Force in #5 ~ "U" Bars

25

24

23

22

21

Force1A 20

kips 19
Force2A 18

17 e~

16 / /

Force3A 15 ]

kips 14 /

ForcedA 13 /

- 12 —

kips T
P 1 Al

Force5A 4

kips

I" Bars

g
I

kips

Force6A
kips

S =1 G0 O
s
—

I'ension Force (kips) in #5 "L

Force7A i } /
kips :

Lh
—
)

ForceBA

<3

7
_lﬁ
<
3

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105110

=]
¥

Time (sec)

448234 AData(S) xmced William Williams, P.E.
5/16/2006 Ph. #(979) 862-2297 PAGE 4
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TEST S5-T501 - LOCATION B

/ Tl;%ﬁ:portaﬁon
Al |nstitute

Subject: _TS01 Rail Static Load Test 5~ Mid-Span Case

Strain Gage Data Analysis ~ Test 5 - Location B

Sponsor:

TxDOT

3'—8&" DISTRIBUTED LOAD
(RAM FORCE APPLIED
VIA W24X84)

Page:
Job #: _448234
By: _William Williams

Checked:

STRAIN GAGES
/\ "U" BARS
TRAFFIC SIDE

1 of 4

CENTERLINE

18 3B 5B 7B

2B 4B &8 8B

1501 LOAD APPLICATION
(TRAFFIC SIDE VIEW)

H(#4)_ I —S{;¥5) & 10" 0L

L#3) @ 8" 0C,

STRAIN GAGES
TRAFFIC FACE

#5 "U” BARS

SECTION A—A

\STRAIN GAGE

DESIGNATION

448234BData(S).xmcd

William Williams, P.E.
5/16/2006

Ph. # (979) 862-2297
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= Texas .
<4 Transportation
Al Institute

Page:

2 of 4

Job #: _448234

Subject: _T501 Rail Static Load Test 5 ~Mid-Span Case By: _William Williams
Strain Gage Data Analvsis ~Test S - Location B .
Checked:
Sponsor: _TxDOT Strain Data in Excel Format from Static Testing

E, = 29000000psi
. 2
A = 0.31in

Time := Bdata'l’  sec

{: Y
StrainlB = Bda‘ra"s”

(4)
Strain2B = Bdata’

Y

. {5
Strain3B := Bdata™

Area of rebar (in”2)

Force = Bdata{‘z":' « Ibf

StraindB = Bdata

StrainSB := Bdata'

Performed 7-16-04:

Modulus of Steel (psi)

Bdata =
T501BData(S).xls

Strain6B := Bdata'>
) s (9)
6/ Strain7B = Bdata

7) StrainsB := Bdata'l”

#5 "U" Bar Strain vs. Time (sec.)

2000

StrainlB1500

Stran?B

Strain3B

Strain4g1000

Strain5B

StrainéB

- 500
Strain7B

#5 "U" Bar Strain (x10"-6)

Stramn8B

b 5 L
i R B T

007 10 20

30 40 50 60 70 80 20 100

Time (sec)

110

448234BData(S).xmcd
5/16/2006

William Williams, P.E.
Ph. #(979) 862-2297
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Z Texas .
< Transportation
A |nstitute

Subject:

ForcelB := StrainlB x E; % A »x 0.000001
Force2B = Strain2B x E; % Ag = 0.000001
Force3B = Strain3B x Eq x Ag = 0.000001

Force4B = StraindB = Eq x Ag » 0.000001

Tension Force (kips) in #5 "U" Bars

T501 Rail Static Load Test 5 ~ Mid-Span Case

Strain Gage Data Analysis ~Test 5 - Location B

ForcelB
kips

Force?B

kips

Force3B

kips

ForcedB
kips

ForcesB

kips
Force6B

Tension Force in #5 ~ "U" Bars

Page: 3 of 4

Job #: 448234

By: _William Williams

Checked:

Force5B := StrainSB x E_ x A, » 0.000001
Force6B = Strain6B x E¢ x A = 0.000001
Force7B = Strain7B x E¢ x A = 0.000001

Force8B = Strain8B » Eg »x A » 0.000001

80

-
-

70 "

60 e

’
S (POTTED BLACK LINE)

40

kips
Force7B
kips

Force8B
kips

Force
kips

10 T

0 20 40 60 80 100

Time (sec)

120

448234BData(S).xmcd William Williams, P_E

5/16/2006

Ph. # (979) 862-2297
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= Texas
/- Transportation Page: 4 of 4
Al Institute ok assans

Subject: _T501 Rail Static Load Test 5~ Mid Span Case

By: _William Williamns
Strain Gage Data Analysis ~ Test 5 - Location B

Checked:
Sponsor: _TxDOT
Tension Force in #5 ~ "U" Bars
15
14 ‘Jp.
L]
13 ]
,r’f’ AT
,}“, "‘I'h-'r 1
ForcelB12 “ E
ErT— A
A | A
1 7T 7
Force2B {K)'f( Z
kips L. i /
Ps 10 / "FT‘ j:
£ Force3B 0 s /
5 kips  ° J) i \
w ForcedB § T/I .'I l
= - .__.' I|
e
& Force5SB ."'I Al | '
= = 2 ! j‘ﬂ#wﬁ '
g kips 6 ] f Zat |
= / |II :‘:_I{ '
= Force6B I." | .«‘# : W | L
§ kips i P,;ﬁ.w:r .I 1
B 4 ."/;j (. _1.4‘“
= Pop_ce B ,-71.(_ 4 V,ﬁ
kips / 2 4
3 r'.l.l:r ] //‘ '
Force3B A; A{ L/
kips 2 M [
K A A
A
1 ' _r\" 4 /";ﬁ
0l 1 [ T A *{L;ﬁf
'TII"I"' TT' 'H'II]‘ T |": i ) i
-1
2
D 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105110
Time (sec)
448234BData(S).xmcd William Williams, P.E.
5/16/2006 Ph. #(979) 862-2297 PAGE 4
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TEST S6 - T501 - LOCATION C

Subject:

o o
ransportation
A Institute

T501 Rail Static Load Test 6 ~ End Case

Strain Gage Data Analysis ~ Test 6 - Location C

Sponsor: _TxDOT

A

3'—8" DISTRIBUTED LOAD
(RAM FORCE APPLIED

VIA W24X84)

r'

¢

TEST £6

(TRAFFIC SIDE VIEW)

R{#4)—

SE

CTION A—A

S(#5) € 10" O.C

U{#5) & B" O.C.

STRAIN GAGES
TRAFFIC FACE

#5 "U” BARS

Page:
Job #:

By:

1of 4

448234

William Williams

Checked:

CENTERLINE
STRAIN GAGES
"U" BARS
TRAFFIC SIDE

MO
0 e F"—————'gj&f%r-: === 3%
1 o o .
/ | ”
1€ | 3¢ | 5¢ | 7¢ | ™~ STRAIN GAGE
DESIGNATION
2C 4c  8C 8C
T501 LOAD APPLICATION

448234CData(S).xmecd
5/16/2006

William Williams, P.E.
Ph. #(979) 862-2297
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Page: 2 of 4

z Texas .
<4 Transportation
Al institute

Job #: _448234

Subject: _T501 Rail Static Load Test 6 ~End Case By: _William Williams
Strain Gage Data Analysis ~ Test 6 - Location C .
Checked:
Sponsor: _TxDOT Strain Data in Excel Format from Static Testing

Performed 7-16-04:

£: = b LI Modulus of Steel (psi)
Cdata =

Area of rebar (in"2) I501CData(S).xls

o K
Ag = 0.31in

Time = C.‘data"‘l" X §ec

Force := Cdata""'z’:' « 1bf Strain6C = C.‘data"‘&}

c:" Y
Strain1C := Cdata"™’ 0
Strain7C = C-‘data\"g’:
0/

(o o)
Strain2C := Cdata"” StraindC := Cdata'® )
5) Strain8C := Cdata'’

Strain3C = Cdata™ Strain3C = Cda‘ra'?’f

#5 "U" Bar Strain vs. Time (sec.)

2500 —
2000
Stramn1C
Strain2C
3 Strain3C 1500
=
:f Strain4C P D At \/ \
‘= = o e el
g Smam3Ciogp / 7 L S
5 Strain6C A 2 I
- »v“'?’l‘f-l"-p..,._, | s | REPTa ha
5, Strain7C T L e ey ".
.
[
—500
0 10 20 30 40 50 60 70 80 90
Time (sec)
4485234CData(3) xmcd William Williams, P E.
5/16/2006 Ph. #(979) 862-2297 PAGE 2
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Subject:

= Texas .
<4 Transportation
Al nstitute

TS501 Rail Static Load Test 6 ~ End Case

Strain Gage Data Analvsis ~ Test 6 - Location C

Force2C = Strain2C

ForcelC = StrainlC »

E, x A x 0.000001

¢ Eq % Ag % 0.000001

Force5C := Strain5C x E >

Force6C = Strain6C = Eg »

Page:
Job #:

By: _William

3 of 4

448234

Williams

Checked:

A, * 0.000001

Ag » 0.000001

Force3C := Strain3C » E; % A » 0.000001 Force7C = Strain7C = Eg % Ag = 0.000001
Forced4C = StraindC » Eg % Ag = 0.000001 Force8C = StrainS8C x Eg x Ag » 0.000001
Tension Force in #5 ~ "U" Bars
45
ForcelC e
kips 0 e T
. e
Force2C ,,' 1
o p I
e I~ L -
kips 33 ", v -
Force3C :
1
kips 30 4
P J3 RAM FOR{E :
& ForcedC ; (DOTTED BLACK LINE)
D kips g }
v 1
= Force5C !
; kips i
& = T
=< Force6C g !
2 kips / H
£ 15 n -
g Force7C '
Z  kips !
o 10 s
Force3C o T 1
- L___;"‘ ¥
ks T
Force ﬁ
kips o
- 1'.\‘;‘:;--
"o 10 20 30 40 50 60 70 80 20
Time (sec)

448234CData(S).xmcd
5/16/2006

William Williams, P.E.
Ph. #(979) 862-2297
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= Texas
/ Tra.r!sportation Page: 4 of 4
A institute Tob# 448234
Subject: _T501 Rail Static Load Test 6 ~End Case

By: _William Williams

Strain Gage Data Analvsis ~Test 6 - Location C

Checked:;
Sponsor: _TxDOT
Tension Force in #5 ~ "U" Bars
25
24
23
22
21
ForcelC g
kips 19
ForceEClS
G 17
.3 16
é Force3C 15
¢ kips 14
[_,:_, Force4C13
= kaps ii ~ L'“““'Y_"I
=z . .
.__% Force5C w4 L™ / l
e i 1T L=yl l
o kips o r . =y l
2 ——
£ ForcesC 8 L/ ) . ¢ . “‘“‘I
g ey 7 P = e v I ,L”r
£  ForceTC 5 : // T e e H
k-lP‘J 4 F‘:*l_ﬂb .ru
Force8C 3 F. .
kips 2 l',l'\
l .l
|
0 {
-1 |
- |
-3
-4
005 10 15 20 25 30 35 40 45 S50 55 60 65 70 75 80 85 90
Time (sec)
448234CData(S) . xmcd William Williams, P.E.
5/16/2006 Ph. #(979) 862-2297 PAGE 4
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APPENDIX C. DATA FROM DYNAMIC TESTING

TEST B1-T203 - LOCATION F

Z Texas )
/- Transportation Page: 1 of §
Al Institute .

Job #: _448235
Subject: _T203 Rail Dvnamic Load Test 1 ~Mid-Span Case

By: _William Williams

Strain Gage Data Analysis ~ Test 1 - Location F

TES$#1 3'—6” DISTRIBUTED LOAD
(BOGIE FORCE APPLIED
VIA WEX25 &
5! i CRUSHABLE PIPE)
// r i /] \ CENTERLINE
, e STRAIN GAGES
/ E? V" BARS
e \ TRAFFIC SIDE
/ |
— b b b —-
§ e | o P i i Pl el irsli W | l/a"
S ey e g g ey g = }
3" (Tyo 11—#4(BARS V)
44(BARS ™) el LA F @ 5 0.C.=4-2
or | 5F | 8F T~ STRAIN GAGE

DESIGNATION
3F  6F
T203 LOAD APPLICATION

A (TRAFFIC SIDE VIEW)
1'—1 1/2"
[T

4 142"
S(#3) @ B8” 0.C.
\ TR (Tve} 1.L.
oy
4 23"
R(#4) | Y
| L4

4 1{4 B
S y\smmw GAGES

7 172

'Y

CLR. (TYP.) TRAFFIC FACE
SECTION A—A #4 V' BARS
448235FData(Drev1) xmcd William Williams, P .E.
4/4/2006 Ph. #(979) 862-2297 PAGE 1
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Z Texas
b Tob #: _448235
Subject: _T203 Rail Dynamic Load Test 1 ~Mid-Span Case

By: _William Williams

Strain Gage Data Analysis ~Test 1 - Location F

E; == 29000000psi Modulus of Steel (psi) Ea? 1n E?c}elzgogglat from Dynamic Testing
erformed 2-25-05:

= -
A, = 0.20in> Area of rebar (in”2)

Dvynamic Strain Gage Data from "V" Bars Here in Collapsed Region:

[¥] Dynamic Strain Gage Data

#4 "V" Bar Strain vs. Time (sec.)

1500
1250 4
’I’ N
StrainlF b
1000 A X
Strain2F
-~ Stram3F =30 AN N L | RN
=) N ; :.'*-'\.*:,:“_‘.‘i_-.r’ \
7 StraindF fjfﬁz"“—/ '. \
‘= StrainSF 500 C % S TS L S= \ B
; : | \\ \\\
= Stram6F R %
;:l . | l' ", \‘Q:W\"‘h.l._._ [ N ————
- Stramn7F 2507 | T . = —— e
..E Strain®F L 'ln'lln { 3 \—\E‘R‘MWM
_____ |\ . v
0 T T
\
II\ rd ’ --.,\\H O e
~250 \ = ———
—500 !
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
Time
Time (Sec.)
448235FData(Drev1).xmcd William Williams, P.E.
47412006 Ph. #(979) 862-2297 PAGE 2
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Z= Texas .
4 Transportation
Al institute

Subject: _T203 Rail Dynamic Load Test 1 ~Mid-Span Case

Strain Gage Data Analysis ~ Test 1 - Location F

Page: 3 of 5

Job#: _448235

By: _William Williams

ForcelF := StrainlF x E, x A » 0.000001 Force5F :
Force2F := Strain2F x E, x A > 0.000001 Force6F :
Force3F ;= Strain3F x Eq x Ag = 0.000001 Force7F :
ForcedF := StraindF = Eg x Ag » 0.000001 Force8F :

StrainSF » E, » A » 0.000001
Strain6F = E, x A < 0.000001
Strain7F = Eg = A < 0.000001

StrainSF » Eg » Ag » 0.000001

448235FData(Drev1).xmcd
4/4/2006

William Williams, P.E.
Ph. #(979) 862-2297
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Z Texas
/“-_Traqsportaﬁon Page: 4 of S
Institute Job #: _448235

Subject: _T203 Rail Dynamic Load Test 1 ~ Mid-Span Case By: _William Williams

Strain Gage Data Analvsis ~ Test 1 - Location "F"

Tension Force in #4 ~ "V" Bars

14

11.4

8.8

ForcelF /

kips 6.2 e —) —

For_chZF 6 e = .
kips S -

Force3F 1 B T g

klp‘; e S

Forced4F
ﬂ < 4.2

ForceSF

kips  —6.8 /vr,f—
ForceoF
kips 4 \

Force7F

o \ )

ForceSF~14.6

Ten Force (kips) in #4 "V" Bars

—17.2

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
Time

Time (sec.)

448235FData(Drev1).xmed William Williams, P.E.
12/13/20086 Ph. # (979) B62-2297 PAGE 4
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= Texas
/- Transportation Page: 5 of §
A institute

Job #: _448235
Subject: _T203 Rail Dvnamic Load Test 1 ~Mid Span Case By: _William Williams

Strain Gage Data Analvsis ~Test 1 - Location F

Dyvnamic Bogie Data Here in Collapsed Region:

m Dynamic Bogie Data

)

. A .42 . Y .
Timegggie = FbogLe'l x sec  Forcel := Fbogie™ x —5kips Forcespmeaye := Fbogie™ x —Skips

Bogie Force (kips) vs. Time (sec)

170
160 1
150 \
140
130
120
110

Forcel 100
kips 90

30
Foreespmsavg J |

_kips - \ . n
% A

s P

20 W m\

10 pTa v~

[
re=l_ |
£

e e Far. o

10
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2

Timepog;e
sec

448235FData(Drev1) xmcd William Williams, P.E.
41412006 Ph. # (979) 862-2297 PAGE 5
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TEST B2 -T203 - LOCATION D

o [1eiportat
ransportation
A Institute

Subject: _T203 Rail Dynamic Toad Test 2

Page: 1ofS

+Ha

Tob#: _448235

~End Case By: _William Williams

Strain Gage Data Analvsis ~ Test 2 - Location D

¢
TEST

3'—6" DISTRIBUTED LOAD
{(BOGIE FORCE APPLIED
VIA WBX25 &
CRUSHABLE PIPE)

#2

|
3 —B"
55

|

CENTERLINE

STRAIN GAGES

V" BARS

TRAFFIC SIDE

#4(BARS V")

2| =D

3D
1203 LOAD A

7 1/2”_’—]‘_—%

(TRAFFIC SIDE VIEW)

—1'=1 172"
L4 1/2"

5—#4(BARS V)
® 5" 0.C.=4'-2"

7D
T~ STRAIN GAGE

DESIGNATION

6D
PPLICATION

1.

S(#3) @ 5" 0.C.
\L Ay

R(#4) TYP. —

o (st

2]

4 /’F‘/

R(#4) (Typ) |

|

V(#4)

or_ar

END VIEW

—
9 1/4" .
1 L Ly\
P STRAIN GAGES
CLR. (TYR.)

TRAFFIC FACE
#4 V" BARS

448235DData(Drevl) xmcd
4/4/2006

William Williams, P.E.

Ph. # (979) 862-2297 PAGE 1
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= Texas
/ Transportation Page: 2 of 5
Al institute yg—

Subject: _T203 Rail Dynamic Load Test 2 ~ End Case

By: _William Williams
Strain Gage Data Analvsis ~ Test 2 - Location "D"

E, = 29000000psi

Data in Excel Format from Dynamic Testing

Modulus of Steel (psi) Performed 2-25-05:

™
Ay = 0.20in> Area of rebar (in"2)

Dynamic Strain Gage Data from "V" Bars Here in Collapsed Region:

[¥] Dynamic Strain Gage Data

#4 "V" Bar Strain vs. Time (sec)

4000

3333.33 { \

2666.67
Strainl D

2000
Strain2D

Strain3p 133333

StraindD)  666.67

Strain5D 0

Strain6D

—666.67

vl

Strain7D

—1333.33

#4 "V" Bar Strain (x10"-6)

Strain§D

2000

—2606.67

—3333.33

—4000
0 0.02 0.04 0.00 0.08 0.1 0.12 0.14 0.16 0.18 0.2

Time

Time (sec)

4482350Data(Drev1).xmed William Williams, P.E.
12/13/2008 Ph. # (979) B62-2297 PAGE 2
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o

Texas

Transportation

Institute

Subject: _T203 Rail Dynamic Load Test 2 ~End Case

Strain Gage Data Analvsis ~ Test 2 - Location D

ForcelD := StrainlD x E, x A = 0.000001 Force5D :

Force2D := Strain2D = Eg x Ag * 0.000001 Force6D :

Force3D = Strain3D x Eg x A = 0,000001

ForcedD := StraindD x E, x A > 0.000001

Page: 3 of 5

Job #: _448235

By: _William Williams

StrainSD » E, » A » 0.000001

Strain6D = Eg % Ag x 0.000001

Force7D := Strain7D x E; x A x 0.000001

Force8D := Strain8D x E, x A > 0.000001

448235DData(Drev1).xmcd
4472006

William Williams, P.E.
Ph. #(979) 862-2297
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= Texas . Page: 4 of §
<N Transportation -
Al Institute Job #: _448235

Subject: _T203 Rail Dvnamic Load Test 2 ~End Case By: _William Williams

Strain Gage Data Analvsis ~ Test 2 - Location D

Tension Force in #4 ~ "V" Bars

40
34
ForcelD
kips 28
Force2D
kips » -
£ Force3D |
::' kips I
'—.)_ |
'}" Force4D L [RY
E kips | '-\\
-] |
-;:5- ForceSD 4 i —
w kips ' AT
N
E Force6D \\\ E‘J I R IN—
2 kips - :
5 r/ N e ——
= Force7D y ] N e I —
kips —
Force8D
kips
o ]
—14
20
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
Time
Time (Sec.)
448235DData(Drev1).xmcd William Williams, P.E.
4/4/2006 Ph. #(979) 862-2297 PAGE 4
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% Texas ' Page: S of §
<4 Transportation Tob #: _448235
Al institute o ]

By: _William Williams

Subject: _T203 Rail Dynamic Load Test 2 ~End Case

Strain Gage Data Analvsis ~ Test 2 - Location D

Dvnamic Bogie Data Here in Collapsed Region:

E| Dynamic Bogie Data

. 1 . {2) . (3 .
Timegggje = Dbogie ™ x sec Forcel := Dbogie™ = —Skips Forcesomsavg = Dbogle\ " x —5kips

Bogie Force (kips) vs. Time (sec)

180
160 r/
140 (
120 '

Forcel L r

kips

80

Forcesomsave

kips T~
| i

\
AL T T

—20
0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18
Ti—"ﬂeBogle
sec
448235DData(Drev1) xmed William Williams, P E.
4/4/2006 Ph. # (979) 862-2297 PAGE 5
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TEST B3-T203-LOCATION E

= Texas <
/ = Transportation Page: 1of5
Institute Job #: _4482335
Subject: _T203 Rail Dynamic Load Test 3 ~Mid-Span Case By: _William Williams
Strain Gage Data Analysis ~ Test 3 - Location E
A Q L "
TEST #3 3'—6" DISTRIBUTED LOAD
‘ {BOGIE FORCE APPLIED
VIA WEBX25 &
7 CRUSHABLE PIPE)
A \ CENTERLINE
% STRAIN GAGES
V" BARS
73 ” ) TRAFFIC SIDE
7S | N | N | N | —!
" - £ I l:‘II 1T 1T T 1T = II_ _II _II_ II_ _II _II _______ 2 = T _\\ 1 1 ‘/Hm
B e ———— e e i_ ________ — |
3"(Typ 11—#4(BARS V)
44(BARS V") el [4E] |7E @ 5" 0.C.=4-2"
2E| BE 8E \STRAIN GAGE
DESIGNATION
3F GE
T203 LOAD APFLICATION
A {TRAFFIC SIDE VIEW)
1'—1 1/2"
71/ 4 172"
S(43) @ 8" D.C. | \L 1
ﬁ ™
\“ T R(#4) CTyp) 1
P iy
R( 4 D | V(#‘*)
g 1{4" _[ F
F(Z STRAIN GAGES
(Tve) TRAFFIC FACE
SECTION A—A #4 V7 BARS
448235EData(Drev1) xmed William Williams, P.E.
4/4/2006 Ph. #(979) 862-2297 PAGE 1
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Z [exas
/ Transportation Page: 2 of S
Al institute

Job #: _448235
Subject: _T203 Rail Dynamic Load Test 3 ~ Mid-Span Case

By: _William Williams
Strain Gage Data Analysis ~ Test 3 - Location "E"

E, = 29000000psi

Data in Excel Format from Dynamic Testing

Modulus of Steel (psi) Performed 2-28-05:

Ag = 0.20in° Area of rebar (in”2)

Dynamic Strain Gage Data from "V" Bars Here in Collapsed Region:

[¥] Dynamic Strain Gage Data

#4 "V" Bar Strain vs. Time (sec)

1600

1400

StrainlE

1200
Strain2E

Strain3E
1000

StraindE

StraintE

Strain7E 600

H4 "Y' Bar Strain (Kloa\'ﬁ)

Strain§E
""" 400

‘I.l- 4"‘ L -.l"'“\! -]

prof

Pt P
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2

Time

Time (sec)

448235EData(Drev1).xmcd William Williams, P.E.
12/13/20086 Ph. # (979) B62-2297 PAGE 2
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= Texas
/ Transportation Page: 3 of §
A nstitute

Job#: _448235
Subject: _T203 Rail Dynamic Load Test 3 ~ Mid-Span Case

By: _William Williams

Strain Gage Data Analvsis ~ Test 3 - Location E

ForcelE := StrainlE x E, x A x 0.000001 Force5E := Strain5E % E¢ x Ag; = 0.000001

ForceZE := Strain2E x E_ x A » 0.000001 ForceGE = Strain6E = E; x A = 0.000001

Force3E := Strain3E x Eg x Ag x 0.000001 Force7E := Strain7E x Eg x Ag » 0.000001

ForcedE := StraindE x E; x A x 0.000001 Force8E := Strain8E x Eg x Ag » 0.000001
448235EData(Drev1) xmed William Williams, P.E.
4/4/2006 Ph. #(979) 862-2297 PAGE 3
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= Texas
/- Transportation Page: 4015
Al |nstitute lob % 448235

Subject: _T203 Rail Dynamic Load Test 3 ~Mid-Span Case

By: _William Williams

Strain Gage Data Analvsis ~ Test 3 - Location E

Tension Force in #4 ~ "V" Bars

14

13

12
ForcelE
kips 11

ForceZE
kips

10

Force3E 9 ry
kips IRy TN

ForcedE 3 | n b
kips A M
Por@SE fr*’\m‘bﬁf y U
kips 6 N 7B\
Force6E (] ane
kips .

Tension Force (kips) in #4 "V" Bars

Force7E
kips

Force8E 3

1
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2

Time
Time (Sec.)

448235EData(Drev1) xmcd William Williams, P.E.
4/4/2006 Ph. #(979) 862-2297 PAGE 4
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Z Texas
/ Transportation Page: Sof S
Al Institute

Job #: _448235
Subject: _T203 Rail Dvnamic l.oad Test 3 ~ Mid-Span Case By: _William Williams

Strain Gage Data Analysis ~ Test 3 - L.ocation "E"

Dynamic Bogie Data Here in Collapsed Region:

[¥] Dynamic Bogie Data

Timepogie = Ebogic<1> X sec Forecel = Ebogic<2> x —Skips Forcesomsavg = Ebcag,ic<3> x —Skips

Bogie Force (KIPS) vs. Time (sec.)

170
160
150
140
130
120
110
Forcel 100

i
kips 90
: 80
F Orees0msavg i
— 70 “
kips
- 607 l

st/

20
10

~

—10
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2

Timepogie
sec

448235EData(Drev1).xmcd William Williams, P.E.
12/13/20086 Ph. # (979) B62-2297 PAGE 5
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TEST B4 - T501 - LOCATION A

= Texas
/- Transportation Page: 1of5
Al institute obE 448235
Subject: _TS01 Rail Dynamic Load Test 4 -~ Mid-Span Case Bv:  William Williams
Strain Gage Data Analvsis ~ Test 4 - Location A
A ¢ 3'—8" DISTRIBUTED LOAD
TEST #4 (BOGIE FORCE APPLIED
VIA WBX25 & CENTERLINE
e CRUSHABLE PIPE) STRAIN GAGES
/ /\ "U” BARS
j / \  TRAFFIC SIDE
/ 7 i
2lg J, / \
m__l* I3 r;_'__ i '_____'%:_______ﬂ_'_ _L” = e e __3\ o e
/,t_______L_‘T__'____: ______ = _________L_____a,\—*'
L 1A | 3a | 5A | 7a | ™~ STRAIN GAGE
A DESIGNATION
2A 44 BA 8A
T501 LOAD APPLICATION
{TRAFFIC SIDE VIEW)
R(#4) —
1%] CLR.
- -
g 1/4" 3 : /s
| Ei_ ~_ STRAIN GAGES
7 TRAFFIC FACE
SECTION A—A  #5 "U" BARS
448235AData(Drev1) xmed William Williams, P E.
4/4/2006 Ph. # (979) 862-2297 PAGE 1
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Z Texas ,
Al institute

Job #: _448235
Subject: _TS501 Rail Dynamic Load Test 4 ~ Mid-Span Case

By: _William Williams
Strain Gage Data Analvsis ~ Test 4 - Location "A"

Eg = 29000000psi Data in Excel Format from Dynamic Testing

Modulus of Steel (psi) Perf 12.28.05
erformed 2-28-05:

; g
Agt = 031 jnz Area of rebar (in"2)

Dynamic Strain Gage Data from "U" Bars Here in Collapsed Region:

[*] Dynamic Strain Gage Data

#5 "U" Bar Strain vs. Time (sec)

2000
1500 Pray
’,-‘ v
i
1000 n,
StrainlA :"" ﬂ
. 500| 1~
Strain2 A p I = A \ 2o o
o . 0 L X e S —
g Strain3A ‘_/ _.____.‘\““-/ . —— ) .
% StraindA 500 [ = = -
", cm—
-E SirainSA—moo
7
g StrainﬁA‘lSOO
e
5 Strain7A \ P j/~
;, - =000 \ —
# StrainSA
---- —2500 \\
=3000 ‘\—‘
||
~3500 e ~
—4000
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
Time
Time (sec)
448235AData(Drev1).xmecd William Williams, P.E.
12/13/2006 Ph. # (979) 862-2297 PAGE 2
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Z Texas
/‘ Transportation Page: 3 of 5
A nstitute

Job#: _448235
Subject: _T501 Rail Dynamic Load Test 4 ~ Mid-Span Case

By: _William Williams

Strain Gage Data Analysis ~ Test 4 - Location A

Forcel A := StrainlA x Eg x Ag x 0.000001 Force5A := StrainSA x Eg x Ag % 0.000001

ForceZ A = Strain2A = Eg = Ag x 0.000001 Force6A := Strain6A x Eg x Ay % 0.000001

Force3A ;= Strain3A = E x A x 0,000001 Force7A := Strain7A x E, x Ay % 0.000001

ForcedA = StraindA = E, = A x 0.000001 ForceS8A := Strain8A x E, x A >« 0.000001
448235AData(Drev1).xmcd William Williams, P.E.
4/4/2006 Ph. # (979) 862-2297 PAGE 3
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Z Texas
/" Transportation Page: 4 of3
A Institute Job# 448235

Subject: _T501 Rail Dynamic Load Test 4 ~ Mid-Span Case

By: _William Williams

Strain Gage Data Analvsis ~ Test 4 - Location A

Tension Force in #3 ~ "U" Bars

20
16
Forcel A
kips
ForceZA
kips
£ Force3A
ﬂ kips
.? ForcedA
g kips gt ESVAS TR
_% ForceSA A (e o s B B I S s ot
% kips
g P R s W
: Force6A _ RS . S .‘_':f:'jft::'.'_—;\_-m&;—.m-#\‘a-,.—,.-- ,Lur.:..n_n- SLIC SREPEER sy
% kips 4
= Force7A
kips 3
Force8A
kips
T 12
/- ﬁ%_mu%‘_”ﬁ-’ﬂh’rrﬂ_ " s
-16 i
.' /
il
=20
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
Titme
Time (Sec.)
448235AData(Drev1) xmecd William Williams, P.E.
4/4/2006 Ph. #(979) 862-2297 PAGE 4
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/“-“T?:ewas rati
ransportation
A institute

Subject: _TS501 Rail Dvnamic Load Test 4 ~ Mid-Span Case

Strain Gage Data Analysis ~ Test 4 - Location "A"

Client: _TxDOT

Dvnamic Bogie Data Here in Collapsed Region;

[*] Dynamic Bogie Data

Timegggie = Abogie"‘l"' xsec  Forcel := Abogie‘"z"' x —5kips

Page: S of §
Job #: _448235

By: _William Williams

ORIGIN := 1

APNRRRAIRAAAAY

Forcesgmeave = Abogieﬁ> = —5kips

Bogie Force (kips) vs. Time (sec)

N\

138 l

Forcel 101
kips

|
;

E 82.5
OICes0msavg _‘_ﬁ L

|
|
|
|
= T
A\

10
0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
TimeBogie
sec
448235AData(Drev1) xmcd William Williams, P E.
4/4/2006 Ph. #(979) 862-2297 PAGE 5
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TEST B5-T501-LOCATION B

/‘-“;exas rtati
ransportation
A Institute

Subject: _T501 Rail Dynamic Load Test 5§ ~Mid-Span Case

Page

Job #: _448235

Strain Gage Data Analysis ~ Test 5 - Location B

3’—6&" DISTRIBUTED LOAD

By:

A (BOGIE FORCE APPLIED ¢
VIA WEX25 & TEST #5
r CRUSHABLE PIPE)
< e

\

lof 5

William Williams

CENTERLINE
STRAIN GAGES
"U" BARS

TRAFFIC SIDE

(TRAFFIC SIDE VIEW)

— R

1/

RG4) —] 5(#s) @ 10° 0.C.

/U{#&) g 8" 0C

STRAIN GAGE

SECTION A—A

—{]—— — — — g 7 — —%—1‘— /— — —int — —j}
1" S/E'L[i g rf_____- PR P | i r— | — _-_TF_""-___-___-_ ______-'llii/q‘-
A U O U S J o . N O . il
/ \
L 1B 3B 5B 7B \STRNN GAGE
A DESIGNATION
2B 4B 6E 8B
1501 LOAD APPLICATION

5

TRAFFIC FACE
#5 "U” BARS

448235BData(Drev1).xmcd William Williams, P.E.
4/4/2006

Ph. # (979) 862-2297
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Z Texas ,
Al institute

Job #: _448235
Subject: _TS501 Rail Dynamic Load Test S ~ Mid-Span Case

By: _William Williams
Strain Gage Data Analvsis ~ Test S - Location "B"

Eg = 29000000psi Dynamic Data in Excel Format from Dynamic

Modulusof:Sbeel (s Testing Performed 2-25-05:

; i g
e 0.31in% Area of rebar (in"2)

Dynamic Strain Gage Data from "U" Bars Here in Collapsed Region:

[*] Dynamic Strain Gage Data

#5 "U" Bar Strain vs. Time (sec)
2000
1500
1000 f
Strainl B J 2 W T~
500 . A = P e I, e
Strain2B - 7
— S :: " “ - LT T — Y —
S Swain3B N !ﬁ ; W S
. HY o
% StraindB 500 [ AR
£} ea— : ': v '.ﬂ
-E SirainSB—looﬁ !.’: - LW k :l £
P “i"‘ HY]
5 Strain6B way ¥
m -1500
5  Strain7B
= - =2000
#  Strain§B
oo s
=3000
=3500
4000
0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
Time
Time (sec)
448235BData(Drev1).xmcd William Williams, P.E.
12/13/2006 Ph. # (979) 862-2297 PAGE 2
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= Texas
A institute Job# 448235
Subject: _TS01 Rail Dynamic T.oad Test § ~Mid-Span Case

By: _William Williams

Strain Gage Data Analvsis ~Test S - Location B

ForcelB := StrainlB x Eg x Ag = 0.000001 Force5B = Strain5B x E¢ x Ag = 0.000001

Force2B := Strain2B x E, x A » 0.000001 Force6B = Strain6B x E x A, » 0.000001

Force3B = Strain3B x E; x A = 0.000001 Force7B = Strain7B x E, x A » 0.000001

ForcedB = StraindB x Eg x Ag > 0.000001 Force8B = Strain8B x E x A = 0.000001
448235BData(Drev1).xmcd William Williams, P.E.
4/4/2006 Ph. # (979) 862-2297 PAGE 3
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Z Texas
/ ; Transportation Page: 4 of §
Institute Job #: _448235

Subject: _T501 Rail Dynamic Load Test 5 ~Mid-Span Case

By: _William Williams

Strain Gage Data Analysis ~Test S - Location B

Tension Force in #5 ~ "U" Bars

20
16
ForcelB
kips 2 J\
{l *\\
Force2B f r
kips A ﬂl\"‘
8 .'J ‘ N \
£ Force3B i s N, “\,\ "yl
2 s JHEN TN
- - | I D s o S u\‘\-\r PR b, !
v, ForcedB 4 L Al LY P BT et AR A S I e
= . —y /J A by T R oSt o e Py i s
T | 7 B NEE E TS St o v e e e R 8
.__? ForceSB M s : ' '!II ‘ —— T S
§ k_lpS .I : :I'.:' E .: ',‘ ;
< Force6B . e '-‘.:
; kips 4 : i
& Force7B ¥ ! ' I"i'i'
: KRN ‘
kips I R ;
Force8B 1 : i i '
kips P 5' Vo
—12— -
16
—20
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
Time
Time (Sec.)
448235BData(Drev1) xmed William Williams, P_E.
4/4/2006 Ph. # (979) 862-2297 PAGE 4
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= Texas
/- Transportation Page: 5 of §
A institute

Job #: _448235
Subject: _TS501 Rail Dyvnamic Load Test S ~ Mid-Span Case

By: _William Williams

Strain Gage Data Analysis ~ Test 5 - Location B

Client: _TxDOT

Dyvnamic Bogie Data Here in Collapsed Region;

E Dynamic Bogie Data
{1}
Timeggeie = Bbogie(]> % sec Foreel = Bbogie<2> » —5kips Forcespmeavg = Bbogie"s” x —Skips

Bogie Force (kips) vs. Time (sec)

180

160 \'\
140 \

120 \
Forcel 100 n
LR

Foreesomsavg

— TN

40 J \\\
v RS YEN

T
T
F

20 ) U v A"
0
—20
0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
TimeBOgle
sec
448235BData(Drev1).xmcd William Williams, P _E.
41412006 Ph. # (979) 862-2297 PAGE 5
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TEST B6 - T501 - LOCATION C

/;Trexas rtati
ransportation
A institute

Subject: _T501 Rail Dvnamic Load Test 6 ~End Case

Strain Gage Data Analysis ~ Test 6 - Location C

Page: 1 of §

Job #: _448235

By: _William Williams

3'—6" DISTRIBUTED LOAD

(BOGIE FORCE APPLIED G
VIA WEX25 & TEST #B
CRUSHABLE PIPE) |

AP Nt

/ .

CENTERLINE
STRAIN GAGES
"U" BARS
TRAFFIC SIDE

== o {4

_7’ *

T __STRAIN GAGE

DESIGNATION

T3C01 LOAD ARPLICATION
(TRAFFIC SIDE VIEW)

2C 40 &C 8C

RGF4) — 5(#5) @ 10" O.C.
|~ U{#5) @ 8" D.C.

STRAIN GAGES
TRAFFIC FACE

SECTION A—A  #5 "U" BARS

448235CData(Drev1) xmcd William Williams, P.E.
4/4/2006 Ph. #(979) 862-2297
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Z Texas _
/ Transportation Page: 2 of 5
Al institute o

Subject: _TS01 Rail Dynamic Load Test 6 ~ End Case By: _William Williams

Strain Gage Data Analvsis ~ Test 6 - Location "C"

Data in Excel Format from Dynamic Testing

E; := 29000000psi Modulus of Steel (psi) sl RS
erformed 3-01-05:

Area of rebar (in"2)

Sl
Agt = 0.31in

Dynamic Strain Gage Data from "U" Bars Here in Collapsed Region:

[*] Dynamic Strain Gage Data

#5 "U" Bar Strain vs. Time (sec)

2000

1500

1000
StrainlC

- 500
Strain2C /

0

Strain3C

e —— Aanles

StraindC —500 \

Strain3 C—l 000
Strain6C ‘
—150

500
Strain7C \

= 2000
Strain8C \\‘\

—2500 \.\‘

#5 "U" Bar Strain (x10"-6)

—3000

—3500

{
i
|

L. Feessheassi

(5]

—4000
0 0.14 0.16 0.18 0.2

&
=
=

0.02 0.04 0.06 0.08
Time

Time (sec)

448235CData(Drev1).xmed William Williams, P.E.
12/13/20086 Ph. # (979) B62-2297 PAGE 2
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= Texas
Institute Job #: _448235
Subject: _TS501 Rail Dynamic Load Test 6 ~ End Case By: _William Williams
Strain Gage Data Analysis ~Test 6 - Location C

ForcelC := StrainlC x Eg x Ag x 0.000001 Force5C = Strain5C x Eg x A » 0.000001

Force2C := Strain2C x E, x A » 0.000001 Force6C = Strain6C x E x A, » 0.000001

Force3C = Strain3C »x Eg x A > 0.000001 Force7C := Strain7C x E_ x A > 0.000001

Forced4C = StraindC x Eg x Ag » 0.000001 Force8C = Strain8C x Eg x A = 0.000001
448235CData(Drev1) xmcd William Williams, P.E.
4/4/2006 Ph. # (979) 862-2297 PAGE 3
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P

Subject: _T501 Rail Dvnamic Load Test 6 ~End Case

* Texas . ,
Transportation Page:
Institute Tob #:

4 of §

448235

By: _William Williams

Strain Gage Data Analvsis ~Test 6 - Location C

ForcelC
kips

Force2C
kips
Force3C
kips

ForcedC
kips

Force5C
kips
Force6C
kips

Tension Force (kips) in#5 "U" Bars

Force7C
kips

Force8C

Tension Force in #35 ~ "U" Bars

16

12

-4

R I e e S
]
\J
i

—20

0.02

0.04 0.06 0.08 0.1 0.12 0.14 0.16
Time
Time (Sec.)

0.2

448235CData(Drev1) xmed

4/4/2006

William Williams, P.E.
Ph. # (979) 862-2297

119
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/‘-“;exas rtath
ransportation
7 | Inetiute

Subject:

T501 Rail Dynamic Load Test 6 ~ End Case

Page: 5 of 5
Job#: _448235

William Williams

By:

Strain Gage Data Analvsis ~ Test 6 - Location C

Dynamic Bogie Data Here in Collapsed Region:

El Dynamic Bogie Data

Timegogie = C‘bogie<1> % sec

{9)
Forcel := Cbogie'” x —5kips

{2t
. . 83 .
Forcespmsavg = C.bc-gle\ /% —5Skips

Bogie Force (kips) vs. Time (sec)

70
62 \
54 Um‘
I NIV
[l AN
Forcel 38 v
kips v
30
Forcespmsavg \
kips o
— =2 V\\
y P L
v \‘M.\
. P
J -
-2 -
-10
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
TimeBOgie
sec
448235CData(Drev1).xmcd William Williams, P.E.
41412006 Ph. #(979) 862-2297 PAGE 5
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APPENDIX D. ANALYTICAL CALCULATIONS FOR
RETROFIT/REPAIR OF THE T501 BRIDGE RAILING

Z Texas . Page: 1 of 6
/" Transportation :
Al institute Tob #:

Subject: _Adhesive Anchors Retrofit/Repair Design By:

448235

William Williams

Hilti RE 500 Anchoring Svstem for T501

11" Offset Distance for #6 Dowel Bars

1.) Given Design Information & Details, Determine Equivalent #6 Dowel Spacing Requirements :

1'_§"

2
7 1/2",( 7"

1" CHAMFER \

i
z R(F4) —
1'-7"
o . #6 DOWEL (SEE DETAIL 1)
| 11/2 28"
™
. - 17/18" | BARS A (#3) 8" OC
[ = o 10°
- s CLR. {T 0
= (Tye) 1" R ARS B (#5) 6" OC r
s 1an __ i
3
3'"ClR}— . } - _ m\{: }
j . ' . T ,5: “/ 4.‘? /47 -
1 1/4“CLRJ 11720 CLR | EARS D '
2" (#5) TYP. 6 7/18
4 37187 BOTT.
5 LONG.
" | ' 2'-3 374"
1"—5"
f ‘ s R3™
45 @ 97 GC
# 5] & 7/18"
DETAIL 1 — #6 DOWEL
HiltIRESD0TS01FINAL xmed William Williams, P.E.
5M1M6/2006 Ph. #(979) 862-2297 PAGE 1
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= Texas . Page: 2 of 6
/- Transportation S
A nstitute Tob # 448235

Subject: _Adhesive Anchors Retrofit/Repair Design By: _William Williams

Hilti RE 500 Anchoring Svstem for T501

Design Information:

f. ;= 4000psi  Concrete Strength, f'c (psi)
S,=12in Minimum Anchor Spacing (@ end) (in)
C.=11.0in  New Edge Distance for anchor (in.)

d:=C-1.5in Distance from Barrier Edge to CL of Tension Steel (in.) d=29.5in

hef ;= 5.25in Actual Embedment (in.)

Smin == 0.5-hes Minimum Anchor Spacing (in.) for Hilti Anchor Sy, = 2.631in

Ser = 1.5-her Preferred Min. Spacing (in.) for Hilti Anchor Ser = 7.88in

Npmid = 10kips Nend = 12kips Actual Rebar Tension (kips) from Dynamic & Static Testing

Sactual == 8in dactyal == 7.25in AS-IS Transverse & Longitudinal "U" Bar Locations

From Hilti 2002 Design Guide, pg. 115

Ultimateggpgs = 27.8kips Ultimateyielgs := 18.6Kips ... #5 Anchor Information
Ultimategnds = 32.1kip Ultimatev;eqs = 26.4kips ... #6 Anchor Information

kips = 10001bf

HiliRES00T501FINAL. xmcd William Williams, P.E.
5/16/2006 Ph. # (979) 862-2297 PAGE 2
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z Texas )
/ Transportation
Al institute

Subject: _Adhesive Anchors Retrofit/Repair Design

Hilti RE 500 Anchoring Svstem for TS501

Longitudinal Spacing "8, 44"

¢y = 0.75 Reduction factor for bar strength

Aaetual = 7-25in
Centerline of Tension "U" Bar (inches)

Sactual = 8in

Nmig = 10kips  Actual "As-Is" Tension (kips)

Select a New Longitudinal Spacing "8 awmid & Snewend' -

Select a New Transverse "d" Spacing "dpew":

Calculate/Check Reduction Factors for Spacmg (Tension & Shear),

¢'tcmp = 0.90

i Spawmid o= 16in

Page: 3 of 6
Job #: _448235
By: _William Williams

2.) Calculate the Actual Resistance of the #5 "U" Bars considering the forces in the bars observed from the
static & dynamic testing, actual "U" Bar "d" Spacing (7 1/4") (.... or 8 3/4" from Deck Edge) and the

Strength Reduction for 135 deg.
temp.

As-Is (Current) transverse distance from barrier field side edge to

As-Is (Current) Spacing of Tension "U" Bars (inches)

Nmid- dactual . SR Target "U" Bar
R e e e kip: ft kip-fi 2
actualmid Suptaai Ractualmid = 9-06 Ractualmid = 6.04 8i Strength
o o Values from Testing
Nend Qactual kip-ft :
e = s kip-ft
Ractualend = S Ractualend = 10.87 il Rutuslend = '}'_ZSL
8 8in

Shewend = 16in

dpew: = 11in

3.) Calculate the Usable Resistance ¢R ;4 & 9R 4 for new #6 Anchor Spacing & "d" Distance

np Spacing (inches) Edge Dist. (inches)
A

g S =12in C =11in
fo = |fae 03— |+055 if S¢r > S > Smin
hef
fa< 1.0 if S = S
fae 0 if S < Spin
=l
HIlIRES00T501FINAL xmed William Williams, P.E.
12/13/2006 Ph. # (979) 862-2297 PAGE 3
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= Texas . Page: 4 of 6
/- Transportation T
Al institute Job#: _448235

Adhesive Anchors Retrofit/Repair Design By: _William Williams

Subject:

Hilti RE S00 Anchoring System for TS01

Calculate Reduction Factors for Edge Distance Tension, "fzy"

Cinin = 0.5-hgs Minimum Edge Distance (in.) Cg = L.5-hgy Preferred Clearance (in.)

Cpin = 2.631in

f A
fan = | 0.3-| — ‘ +0.55 if C 2 C 2 Copin
\hef

y,

fry < 1.0 if C = Cy

fry < 0 if C < Chpin fry = 1

Calculate total combined Reduction Factors for tension:
fa=1 e =1 \
A RN Drension = (fA'fR_\') Otension = 1

Calculate the allowable Tension Strength of #6 Anchor considering Spacing & Edge Distance:

Fiensions = q}tension' [TltilnateB011d6

....0k. fractured bond strength still

L = 32.1ki . .
fensiont P greater than yield strength ..... use yield
strength!!
2 Ultimatevieigs = 26.4kips Limiting strength of #6 Bar

dpew = 11in New "d" Spacing (in.)
Spewmid = 16in New Longitudinal Anchor Spacing (in.)
Strength Reduction Factor Used for This Analysis

b, = 0.75
Therefore: Otemp = 0.9 Strength Reduction Factor for 135-degree temperature
Ultimateyields dnew .
ORomid = S O Premp dR g = 12.25 kipft ok.... greater than or near
2newmid 1d = e
equal t0 R, iuaimid
Ultimateyieds: dnew :
PRopg = . & Dremp R g = 12.25 kipft ok... greater than or near
Snewend nd I equal t0 R yatend
HiltIRES00TS01FINAL xmcd William Williams, P.E.
PAGE 4

2/16/2006 Ph. # (979) 862-2297
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= Texas Page: 5 of 6
/‘r Transportation )
Al institute Job#: _448235

Subject: _Adhesive Anchors Retrofit/Repair Design By: _William Williams

Hilti RE 500 Anchoring Svstem for T501

4.) Retrofit/Repair Option using Hilti RE 500 Anchoring Sysytem & 11" Offset Distance for #6 Dowel Bars:

175"
om
7 1/2"|[ 7" 1/2"
1" CHAMFER \
fe
! R(#4) ——|—
1=7"
) 1 172" #6 DOWEL (SEE DETAIL 1)
5 2'—g"
(]
o . 17/18" | BARS A (#5) 8" OC
| "
AL . CLR. (T . !
SIR= (Tye 1" R ARS B (#5) 8" OC T
5 1/4" N
3
QEGLRI/— I' - 3w *
9 1 . T g m/ 4—|? 1/47 -
. s i
" I
1 1/4"r:u=c.J U (e XBARS D ¥
" {:#5 6 7/16]
4 3/16" BOTI' |
gm LONG.
" | -3 3447
1'-5" ‘
4s @ 9" oC R3"
# (rre. 6 7/16"
DETAIL 1 — #5 DOWEL
FINAL DESIGN DETAILS: #6 DOWEL BARS IN MID-SPAN SPACED @ 16" O.C.
HIKIRESD0TS01FINAL xmed William Williams, P.E.
5/16/2006 Ph. # (979) 862-2297 PAGE 5
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Page: 6 of 6

Job#: _448235

Z Texas
/- Transportation
Al Institute
Adhesive Anchors Retrofit/Repair Design By: _William Williams

Subject:
Hilti RE 500 Anchoring Svstem for TS01

7~#6 RETROFIT

A
4/ BARS @ 8 O.C.
(TYP.) END/JOINT

5]
|
=)
==
-,
|
It
|
|
i
|
|
|
)

Il 1 i |
‘l ;:—.——.—.——.—"—E—. -
8 {
iG] U S S B i U i Pl
/ .'_,] 1) 4 Ll "—8 ”—"'I-_B “_"|"—B M___ "‘—8 L "‘—B H___ "—B ”—"'3 " __/
A

FINAL DESIGN DETAILS: #6 DOWEL BARS @ 8" O.C. END/JOINT

William Williams, P.E.
Ph. #(979) 862-2297

PAGE 6

HiltiRES00T501FINAL xmcd
5/16/2006
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APPENDIX E. DATA FROM DYNAMIC TESTING OF
REPAIR/RETROFIT OF THE T501 BRIDGE RAILING

TEST B7-T501 - LOCATION A

= Texas _
/- Transportation Job #: _452106
A institute

Subject: _T501 Rail Retrofit Location A ~Mid-Span Case

¢

3'—6" DISTRIBUTED LOAD
A FROM BOGIE NOSE TEST LOC. A

#6 RETROFIT ‘\ .
BAR (TYP.) SIE

e

e T T F

g gy | e g S s i | S S —" S —C—— g g o s | Sy |

T301 TRAFFIC SIDE VIEW
(#6 ADHESIVE RETROFIT DESIGN @ MID—SPAN CASE

Note: Hilti HIT RE 500 Injection Adhesive Anchoring System used with Grade 60 Reinforcement

452106AData(Rrev1) xmcd William Williams, P.E.
4/4/2006 Ph. # (979) 862-2297 PAGE 1
w-williams@tamu.edu
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/‘-‘ Texas

Subject:

Transportation
Institute

Job #:

T501 Rail Retrofit Location A ~ Mid-Span Case Section A-A

1" CHAMFER \

115"

2
7 1/2':( 7"

1/2"

452106

5_g"

1 —

R(#4) ——

11/7

17/18" L

CLR. (Typ)

#6 DOWEL (SEE DETAIL 1)

1'=7"

BARS A (#5) 6" OC

ARS B (#5) 6" aC 11]“

_/B

"

Tl s 1/421

. 1/4'0|.HJ 1.1/2° CIR,

2"

4 3718

5n

[ Bogie Acceleration Data

SECTION A-A

4—|7 144"

5 7/16

/4"

R3*
(TYR.)

1

65 7/165"

DETAIL 1 — #6 DOWEL

452106 AData(Rrev1) xmed
47472006

William Williams, P.E.
Ph. #(979) 862-2297
w-williams@tamu_edu
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Z Texas
/‘ Transportation Job #: _452106
Al institute
Subject: _T501 Rail Retrofit Location A ~ Mid Span Case
120 H
i
[N ]
110 A .
Vi g
100 :ﬂ"._
i il vf
90 A
Forcel 30 v
kips
P 70 S =
Foreelsomsavg 60 R P . \A
kips ’t : i’ TN
50 . "
Foree2 - n i, \
kips 40 ;
_____ L u v zk\
ol
Pomeziﬂmsa\rg 30 i Jv * \
_—— ) L)
kips ] \ \
—emem 20
O\
“ I N
° TP
—10
20—
0 001 002 003 004 005 006 007 008 009 01 011 0.12

Timel Time?2

)

sec

sec

452106AData(Rrev1).xmcd
4412006

William Williams, P.E.
Ph. # (979) 862-2297
w-williams@tamu_edu
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TEST B8 -T501-LOCATION B

= Texas _
/- Transportation Job #: _452106
Al Institute
Subject:

T501 Rail Retrofit Location B ~ Mid-Span Case

¢
A oy SOLNBJTED LOAD TEST LOC. B
46 RETROFIT x
BAR (TYP.)

_____ —
= 1" —4" " 1 4" 1’4" 1 — 4" 1 4"l \
T501 TRAFFIC SIDE VIEW

{#6 ADHESIVE RETRCFIT DESIGN @ MID—SFAN CASE

Note: Hilti HIT RE 500 Injection Adhesive Anchoring System used with Grade 60 Reinforcement

452106BData(Rrev1).xmecd
4/4/2006

William Williams, P.E.
Ph. # (979) 862-2297
w-williams@tamu.edu

PAGE 1
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/‘-‘ Texas

Subject:

Transportation
Institute

Job #:

T501 Rail Retrofit Location B ~ Mid-Span Case Section A-A

1"—5"

2
71/2" f 7"

1/2"

452106

2_g"

1" CHAMFER \

1'_g"

R(#4) ——

11/7

17718 L

CLR. (Typ)

#6 DOWEL (SEE DETAIL 1)

1'=7"

BARS A (#5) 6" OC

ARS B {#5) 6" OC T"

"

g

2"GLR:]

Tl s 1/4’;{

. mr.mj 1 172" CLR:

2"

4 3/16"

5=

[¥] Bogie Acceleration Data

_—‘? 174"

5 7/16

3fa"

R3"
(TYP.)

1

6 7/16"

DETAIL 1 — #6 DOWEL

SECTION A-A

452106BData(Rrev1).xmcd

4/4/2006

William Williams, P .E.
Ph. #(979) 862-2297
w-williams@tamu edu

PAGE 2



Z Texas )
W Transportation
Al institute

Job #: _452106

Subject: _TS01 Rail Retrofit Location B ~ Mid-Span Case
Bogie Force (kips) vs. Time (sec)
180
170 A
160
150
140
130
Forcel 120 E
— 1o
Forcel 50msavg 100 i
kips 90
Force2 80
kips 70
-%;zcziihns;wg i
e 50
— oy kips 40
30
20
10
N
-10 “
20—
0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
Timel Time2
sec | sec
452106BData(Rrev1).xmed William Williams, P.E.
12/13/2006 Ph. # (979) 862-2297 PAGE 3

w-williams@tamu.edu
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TEST B9 -T501-LOCATION C

Job #: _452106_

Z Texas .
< Transportation
Al Institute

Subject: _TS501 Rail Retrofit Location C ~ End Case
3'—6" DISTRIBUTED LOAD a
FROM BOGIE NOSE ‘\ TEST Loc. €
A \ 36"
J #6 RETROFIT
% d/fBAR (TYP.)
i I il i i
F
2'-g" / I
J'___I____i == _____I_'__'_ = /
L — PRl | A | SR | B )
8 | 7
gz 7 r F F_* 1 X _F Fl_T T _[E]
-_.]I_4H 14_4)! 11_4!4 1)_4!1_J3IJ

T501 TRAFFIC SIDE VIEW
{(#6 ADHESIVE RETROFIT DESIGN @ END)

Note: Hilti HIT RE 500 Injection Adhesive Anchoring System used with Grade 60 Reinforcement

PAGE 1

452106CData(Rrev1) xmcd

4/4/2006

William Williams, P.E.
Ph. #(979) 862-2297

w-williams@tamu edu
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= Texas _
/‘ Transportation Job#: 452106
Al nstitute
Subject: _T501 Rail Retrofit Location C ~ End Case Section A-A
175"
om
7 1/2':( 7" 1/2"
1" CHAMFER \
) R(#4) ——|—
1-7"
'En? s #6 DOWEL (SEE DETAIL 1)
™
= - 1 7/18" L BARS A (#5) 6" oC
S CLR. . 19"
* (Tye) 1" R ARS B (#5) 68" OC r
T g 1/4% —/B »
3 .
2CRA . f < _ o }
;g -~
7 T % 7 /A —
: ; LN Fii Y i) __‘
1 1/+'C|_HJ 11727 CIR. | EhRS D
2" {(#5) TYP 8 7/18
+ 318" BOTT.
- LONG
n 2'-3 3/8"
1'—5"
s [@ n R3"
#4S ® 9" OC ™ || s e

[*] Bogie Acceleration Data

DETAIL 1 — #6 DOWEL

SECTION A-A

452106CData(Rrev1) xmcd

4/4/2006

William Williams, P.E.
Ph. #(979) 862-2297
w-williams@tamu edu

134
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Z= Texas
/ Trar!sportaﬁon Job #: _452106
Al Institute

Subject: _TS01 Rail Retrofit Location C ~ End Case

Bogie Force (kips) vs. Time (sec)

100
90
80 P
b
]
70 g
Forcel
kips 60
Foreel s0msavg 50
kips
Force2 40
kips
-5 30
F ‘UTWZ:SOmsan
kips 20
10
0 ‘*
-10
20 .
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
Timel
sec
452106CData(Rrev1).xmcd William Williams, P.E.
12/13/2008 Ph. # (979) B62-2297 PAGE 3

w-williams@tamu.edu
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APPENDIX F. ANALYTICAL CALCULATIONS FOR
RETROFIT/REPAIR OF THE T203 BRIDGE RAILING

Z Texas . Page: 1 of 6
/‘- Transportation B
A institute Job# 448235

Subject: _Adhesive Anchors Retrofit/Repair Design By: _William Williams

Hilti RE 500 Anchoring Svstem for T203 7" Offset Distance for #5 Dowel Bars

1.) Given Design Information & Details, Defermine Equivalent #5 Dowel Spacing Requirements :

T

1916 cLr. (Typ) | @&
i -— R(#4) (Typ)
V(#5) @ 14" 0.C. BAGK FACE— | |h|| 1'-3"
5(#3) ® 6" 0.C. ] V(#5) @ B" 0.C. FRONT FACE
" 1/2" 3Lz
W{#"") '| 1/2" __/ n
R(F4Y TYP. —|4| . BARS A (#3) B" OC
\9 CLR '
71/ . "
2"CLR s i N[ Lot BARS B (#5) 6" OC
J , o / -
‘ 1 1/47CLR~] ala ﬁ)‘ P:a/ I
-~
1 172" BARS D
o (£5) TvP.
BOTT.
5" LONG.
. 2-5 1/2"
7
15"
2'—g" :
#4's @ 9" oC
DETAIL AT TYPICAL 5 —0" POST LOCATION V(#5) DETAILS
HIltIRES00T203FINAL . xmcd William Williams, P.E.
5/16/2006 Ph. # (979) 862-2207 PAGE 1
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Subject: _Adhesive Anchors Retrofit/Repair Design By: _William Williams

Hilti RE 500 Anchoring Svystem for T203

Design Information;

f. := 4000psi  Concrete Strength, f'c (psi)

S,:= 6.5in Minimum Anchor Spacing (@ end) (in)
C = 7.0in New Edge Distance for anchor (in.)
d:=C-1.5in Distance from Barrier Edge to CL of Tension Steel (in.) d=>55m

hef = 5.25in Actual Embedment (in.)

Smin = 0.5-her Minimum Anchor Spacing (in.) for Hilti Anchor S, = 2.63in

Ser = 1.5 her Preferred Min. Spacing (in.) for Hilti Anchor S.. = 7.88in
Ninig = 8kips Nepd == 10kips  Actual Rebar Tension (kips) from Dynamic & Static Testing
Sactual -= Sin daemal == 5.75in AS-IS Transverse & Longitudinal "V" Bar Locations
From Hilti 2002 Design Guide, pg. 115
Ultimategg,gs = 27.8kips Ultimateyielgs == 18.6kips ... #5 Anchor Information
Ultimategongs == 18.54kip Ultimatevyiega ;= 12.0kips ... #4 Anchor Information
kips = 10001bf
HiliRES00T203FINAL xmcd William Williams, P.E.
5/16/2006 Ph. #(979) 862-2297 PAGE 2
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Subject: _Adhesive Anchors Retrofit/Repair Design By: _William Williams

Hilti RE 500 Anchoring System for T203

2.) Calculate the Actual Resistance of the #4 "V" Bars considering the forces in the bars observed from the
static & dynamic testing, actual "V" Bar "d" Spacing (5 1/4") (.... or 7 1/4" from Deck Edge) and the
Longitudinal Spacing "S, .

o, = 0.85 Reduction factor for bar strength ¢y, = 0.90 Strength Reduction for 135 deg.

temp.
dacrual = 5.75in - As-Is (Current) transverse distance from barrier field side edge to Centerline of Tension "U"
(inches)
Sactual = Sin As-Is (Current) Spacing of Tension "V" Bars (inches)
R o Nmid' dactual- 13 kip-ft kip-ft
aikiiotel. = T Ractualmid = 997——  Ractalmid = 415——  Target "V" Bar
It Sin Strength
Nend: dactual* 7 kip-ft . Values from Testing
Ractualend = — Ructualund =13.42—— R = 5,59 klpﬁ
2.5t ft actualend . .
Sin
Select a New Longitudinal Spacing "Scwmid & Snewend -+ Snewmid = 8in Shewend = 6.5in
Select a New Transverse "d" Spacing "d,.,": dnew = S50

3.) Calculate the Usable Resistance ¢R ;4 & $R 4 for new #6 Anchor Spacing & "d" Distance

for:

Ultimateyjegs = 18.6kips Limiting strength of #5 Bar
dpew = 5.5in New "d" Spacing (inches)
Shewmid = 8in New Longitudinal Anchor Spacing (inches)
b, = 0.85 Strength Reduction Factor Used for This Analysis
Therefore: Premp = 0.9 Strength Reduction Factor for 135-degree temperature

Calculate Reduction Factor for Spacing (Tension & Shear), "f,"

S
o= |fae 0.3‘(—] +0.55 if Se; > S 2 Spin

ef

Spacing (in.) Edge Dist. (in.)

S = 6.5in C="7in
fae1.0 if S =S,

i . fa = 0.92
fae0 if S < Spin et
HiltiRESO0T203FINAL xmed William Williams, P.E.
12/13/2006 Ph. # (979) 862-2297 PAGE 3
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Subject: _Adhesive Anchors Retrofit/Repair Design By: _William Williams

Hilti RE S00 Anchoring System for T203

Calculate Reduction Factor for Edge Distance Tension, "fzy"

Cmin = 0.5:-her Minimum Edge Distance (in.) Cg = 1.5-hes  Preferred Clearance (in.)
Cin = 2.631n Cor = 7.88in
4 C‘ \
fan = ey« 03| — | +0.55 if Cor 2 C 2 Chin

\ hef J
fax < 1.0 if C = Cg

fR_‘[\"‘<— 0 if C < C.‘Inm
fr = 0.95

Calculate total combined Reduction Factors for tension:

fa = 0.92 fryy = 0.95
¢
¢'Iension = (fA'fR_\T)
= (.88

¢'Iension

Calculate the allowable Tension Strength of #5 Anchor considering Spacing & Edge Distance:

. : ;= 5.5in
Fiensions = ¢Iensi0n'UlmnateBondS dnerw
: ... 0k fractured bond strength still Spewmid = 8in
F e p— 24'331{1 = newimi
fension> | greater than yield strength ..... use yield
strength Ultimatey.qs = 18.6kips
Ultimatev;ejgs- dpew- 8 Kin-ft

= i 110

PRinig - sft Pt Dremp ORpiq = 10.43 3 o.k.... greater than or near

equal to Ructyatmid

Ultimateyields: dpew' 3 .
R pg = e O Dremp kip-ft  ok.... greater than or near

R..g = 13.04
2.51 ORend equal 10 Rycyatend
dacipal = 5.751in
HiltiRES00T203FINAL .xmed William Williams, P.E.
5/16/2006 Ph. #(979) 862-2297 PAGE 4
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Hilti RE. 500 Anchoring System for T203

By:

Page: 5 of 6
Job #: _448235

William Williams

4.) Retrofit/Repair Option using Hilti RE 500 Anchoring System & 7" Offset Distance for #5 Dowel Bars:

’—'I'—'l 1,’"2"7

19/16" CLR. (Typ) e W _
T g—— R(#4) (Typ)
V(#5) @ 14" 0.C. BACK FACE— - | 1'=-2"
S(#3) @ 6" 0.C. . - V(#5) @ 8" 0.C. FRONT FACE ‘
e S i F / /")1 1/2" ! at_3"*
W(#E].) 1 1/2,, . _-‘_,,-' 2'=3
R(#4) TYP. — o1 o BARS A (#5) 6" OC f
h: CLR 7 i
2"clr— 7 /22—~ | ™ BARS B (#5) 8" OC L
7' ~5 1/4" 7
; L~
8" v & i g B L
+ 1 1/4"CLR~_ ple / @l VA || \
~] ] x \\ - J_,..;Vj
i
1 /2 BARS D
(#5) TYP.
= BOTT.
5 LONG.
N R 2'-5 1/2"
17=5> e -
= |
2'-6
|
#4's @ 9" 0OC
DETAIL AT TYPICAL 5—0” POST LOCATION V(#5) DETAILS
Recommended Retrofit Design (5'-0" Post in Mid-Section):
#5 "V" Dowel Bars (@ 8 Inches O.C. in Mid-Section Post (8 Bars) FRONT FACE
#5 "V" Dowel Bars (@ 14 Inches O.C. in Mid-Section Post (5 Bars) BACK FACE
Recommended Retrofit Design (2'-6" End Post):
#5"V" Dowel Bars (@ 6.5 Inches O.C. in 2'-6" End Post FRONT FACE
#5 "V" Dowel Bars @ 13 Inches O.C. in 2'-6" End Post (3 Bars) BACK FACE
HiltiRESO0T203FINAL. xmed William Williams, P.E.
12/13/2006 Ph. # (979) 862-2297 PAGE 5
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Subject: _Adhesive Anchors Retrofit/Repair Design By: _William Williams

Hilti RE 500 Anchoring System for T203

}
T T
8C 1 S S S Y O

] ﬂg-.k

PLAN VIEW o—FT POST

T

»

Ny

PLAN VIEW 2'—6" END POST

P
{

HiliRES00T203FINAL xmcd William Williams, P.E.

2/16/2006 Ph. # (979) 862-2297 PAGE 6
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APPENDIX G. DATA FROM DYNAMIC TESTING OF
REPAIR/RETROFIT OF THE T203 BRIDGE RAILING

TEST B10-T203 - LOCATION D

= Texas _
/" Transportation Job #: _452106
A nstitute

Subject: _T203 Rail Retrofit Location D ~ End Case

¢

3'—6" DISTRIBUTED LOAD
TEST LOC. D FROM BOGIE NOSE

/ 1"—1
/i || P | S| Y |
[T i i
/I I g [ R A
f ]
R 5-#5 BARS
® 8.5" 0C.

T203 TRAFFIC SIDE VIEW
(#5 ADHESIVE RETROFIT DESIGN @ END)

Note: Hilti HIT RE 500 Injection Adhesive Anchoring System used with Grade 60 Reinforcement

452106DData(Rrev1) xmed William Williams, P E.
4/4/2006 Ph. # (979) 862-2297 PAGE 1
w-williams@tamu edu
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Subject: _T203 Rail Retrofit Location D ~End Case

|—r1’—1 1/2“"
19/18" GLR. (Typ)

M T
V(45) ® 13" O.C. \g__ ROHAY (T
BK. FACE (3} W] ) {Typ) 1'—2"
S(#3) @ 6" 0.C. —~—-—¥{(#5) @ B 1/2" 0.C. FRT. FACE
i 1/2" -
W(#-‘l—) 1 1/2" -/ 2 =3
R(#4) TYP. — [ || BARS A (#5) B" OC
N CIR "7
. 7 1720 . »
zcm.—* /| - BARS B (#5) 6" OC
* e — > A
j 1 1/4"CLR~_} L fq‘ r\\f/ o
-~
1 172" BARS D
. (#5) TYP.
2 BOTT.
5 LONG. . .
- 2-51/2
13"
2'—g" :
#4's @ 9" Oc
SECTION AT TYPICAL 2'—6" END POST v{(#5) DETALS
76"
T
7 'ﬁ/?“ t ¥ t
‘ 3 L3 ] L [ 3
N i
6 1/2"

PLAN VIEW 2'—6" END PQST

[*] Bogie Acceleration Data

452106DData(Rrev1) xmcd William Williams, P.E.
4/4/2006

Ph. #(979) 862-2297 PAGE 2
w-williams@tamu edu
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Subject:

Job #:

T203 Rail Retrofit Location D ~ End Case

100

Forcel

kips

Foreel somsay o
-

kips

Force2

Forcc?mmsavg

kips

Bogie Force (kips) vs. Time (sec)

452106

=20
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
Timel
B&C
452106DData(Rrev1).xmed William Williams, P.E.
12/13/2006 Ph. # (979) 862-2297 PAGE 3

w-williams@tamu.edu
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TEST B11-T203 -

LOCATIONE

P

Subject:

Texas .
Transportation

Institute

-

¢

T203 Rail Retrofit Location E ~ Mid-Span Case

TEST LOC. E

Job #: _452106_

3'—6" DISTRIBUTED LOAD
FROM BOGIE NOSE

T203 TRAFFIC SIDE VIEW

U R | P | e . — o _____n__n_n__ﬂ_T_\l
LY
—————— e~ e\
=
2 B—#5 BARS
@ 8" 0.C.

{#5 ADHESIVE RETROFIT DESICN @& 5'—0" POST

Note: Hilti HIT RE 500 Injection Adhesive Anchoring System used with Grade 60 Reinforcement

452106EData(Rrev1).xmcd
4472006

William Williams, P.E.
Ph. #(979) 862-2297
w-williams@tamu edu
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Subject:
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T203 Rail Retrofit Location E ~ Mid-Span Case

19/16" cLR. (Typ)

T

Job #: _452106

SECTION A-A

DETAIL AT TYPICAL 5'-C" POST

e A
Vi) o 1 0 ‘Gc\ R (Typ)
. ] 17=-2"
5{#3) @ 8" D.C. . . w(#5) ® 8" 0.C. FRT. FACE
[ .- 1/2" .
W[:#‘4} ,l 1/211 —_/ / -3
R(f14) TYP. —\\ d BARS 4 (#5) E" OC N
. " n
2"elR— 7 /277~ | e Uf,,LR' BARS/B (#5) 6" OO
. o yd o
j 1 1/4"CLR~) . ;E?‘ m{ 1
-
1172 BARS D
" (#5) TYP.
e BOTT.
5% LONG. , .
- 2'—5 1/2
15"
—g" :
4a's @ 9" oC

V(#5) DETAILS

7 1/2"

e,
(1 -
i 4L

PLAN VIEW S5—FT POST

[¥] Bogie Acceleration Data

452106EData(Rrev1).xmcd
4472006

William Williams, P.E.

Ph. #(979) 862-2297

w-williams@tamu_edu
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Subject: _T203 Rail Retrofit Location E ~ Mid-Span Case

Bogie Force (kips) vs. Time (sec)

Job #:

452106

Forcel

kips

Forcel 5
_DUmsavg 110
kips 160
Force2 90

e 80
Force2s0msavg 70

kips 60

s e T ARV

0.01

0.02 0.03 0.04 0.05

Timel

5&C

0.06

452106EData(Rrev1).xmec
12/13/2006

d

William Williams, P.E.
Ph. # (979) 862-2297
w-williams@tamu.edu
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TEST B12 - T203 - LOCATION F

= Texas _
/" Transportation Job #: _452106
A institute

Subject: _T203 Rail Retrofit Location F ~ Mid-Span Case

A

TEST LOC. F 3'—6" DISTRIBUTED LOAD
FROM BOGIE NOSE

4
/ ] \)
|

= T e . L
- Y
8 PG S S S A N ) AU U U B JU |
mall R
s B—#5 BARS
@ 8" 0.C.
T203 TRAFFIC SIGE VIEW
{(#5 ADHESIVE RETROFIT DESIGN @ 5'-0" POST
A
Note: Hilti HIT RE 500 Injection Adhesive Anchoring System used with Grade 60 Reinforcement
452106FData(Rrev1).xmcd William Williams, P.E.
41472006 Ph. #(979) 862-2297 PAGE 1

w-williams@tamu edu
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T203 Rail Retrofit Location F ~ Mid-Span Case

Subject:

Job #:

452106

SECTION A-A

T

19/16" cLR. (Typ)

EI 11 /4"CLR.\

e
V#5014 0o NG wea ()
S(#3) @ 6" 0.C. ! i V(#5) ® 8" 0.C. FRT. FACE
Ly 1/2"
VT 11 —
R(f4) TYP. —|4 HARS A (#5) 6" OC
9
2"elR— 7 /7~ LR BARS B (#5) 6" OC
_} ~ = 5 1/4" /
, ~ S
fa S/
] x ~3

-
1 1/2" BARS D
N (#5) TYP.
BOTT.
5° LONG.
-
1'-5"
e :
#4'5 ® 9" oC

DETAIL AT TYPICAL 5—0" POST

T

7 1/32"

L

ji==

e
f

PLAN VIEW S—FT POST

[*] Bogie Acceleration Data

—and

1/2"

V(#5) DETAILS

452106FData(Rrev1).xmcd
4/4/2006

William Williams, P.E.
Ph. #(979) 862-2297
w-williams@tamu_edu
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Subject: _T203 Rail Retrofit Location F ~ Mid-Span Case

Texas f
Transportation Job #: _452106
Institute

Forcel

kips

Forcel 50msavg

kips

Force2

Foree250msave

kips

200
190
180
170
160
150
140
130
120
110
100

90

Bogie Force (kips) vs. Time (sec)

=

0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11 0.12 0.13 0.14 0.15

Timel Time2

S€C SCC

452106FData(Rrev1).xmcd William Williams, P.E.

12/13/2006

Ph. # (979) 862-2297 PAGE 3
w-williams@tamu.edu
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