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CHAPTER 1:
INTRODUCTION

A settlement at the bridge approach slab expansion joint often develops at the end
of a bridge near the interface between the abutment and the embankment. The approach
slabs are reinforced concrete slabs that are used to span problematic areas between the
pavement and the bridge abutment. The problem of the bump at the end of the bridge
exists at 25 percent of all bridges in Texas. It is estimated that TxXDOT spends 7.0 million
dollars each year for the maintenance associated with the problem of the bump at the end
of the bridge. This number is based on the results of the survey completed during the first
year of this project and uses 2001 dollars. This number rises to $100 million for the USA.
Also in the United States, 35 percent of bridges are deficient and the cost of repair is
estimated at $78 billion (Transportation Builder, 1995).

The public feels those bumps regularly. Reduction in steering response,
distraction to the driver, added risk and expense to maintenance operations, and reduction
in a transportation agency’s public image are all undesirable effects of these uneven and
irregular transitions. In spite of all these problems, many state departments of
transportation regard the settlement of bridge approach slabs as a substantial maintenance
problem, and guidelines affecting the use, design methodology, material specifications,
and construction techniques vary greatly from state to state (Hoppe, 1999). The intended
function of an approach slab is to (Briaud et al., 1997):

1. span the void that may develop below the slab;

2. prevent slab deflection, which could result in settlement near the abutment;

3. provide a ramp for the differential settlement between the embankment and
the abutment (This function is affected by the length of the approach slab
and the magnitude of the differential settlement.); and

4. provide a better seal against water percolation and erosion of the
embankment.

The bump at the end of the bridge may look like a simple problem at first glance:
the embankment settles more than the bridge because embankments on soil compress
more than abutment on deep foundations. In fact, the bump at the end of the bridge is a

very complex problem including factors such as compaction, drainage, embankment



height, traffic level, temperature cycles, and downdrag on the abutment. The first year
work is briefly described in Chapter 2. Current construction practices are shown in
Chapter 3. ABAQUS was used to simulate the behavior of the transition zone, and the
results of this simulation are summarized in Chapter 4. The new approach slab is
proposed in Chapter 5. Ten model scale simulations have been carefully done by using
the Bridge Embankment Simulator of Transition (BEST) device, which is a 1/20 model
scale of the real transition. The test and results are discussed in Chapter 6. Conclusions
and possible recommendations for future work are found in Chapter 7.

The primary goals of this project are to investigate the settlement at the bridge
approach slab expansion joint, identify the reasons for the differential settlement, define
current design and construction problems, and find a way to minimize the bump at the
end of the bridge. The second year work was mainly focused on finding a way to
minimize the bump at the end of the bridge. The type of approach slab studied was the
articulated wide flange approach slab used in the Houston area, many of which have

developed dips at the articulation joint with unacceptable ride comfort indices.



CHAPTER 2:

REVIEW OF THE FIRST YEAR WORK

Review of Previous Work

Many reports related to the differential settlement along bridge approach slabs

have been published by several departments of transportation and researchers. These

reports were studied and summarized in the first year report. While many causes have

been identified, the interaction between the cause and the effect remains complex.

Kramer and Sajer (1991) studied the contributing causes of the bump formation.

Table 2.1 shows a summary of their findings.

Table 2.1. Causes of Bridge Approach Problems Categorized

(after Kramer and Sajer, 1991).

1. Differential Settlement

Compression of natural soils

Primary consolidation, secondary compression, and creep

Compression of embankment
soils

Volume changes and distortional movements/creep of embankment
soils

Local compression at
bridge/pavement interface

Inadequate compaction at bridge/pavement interface, drainage and
erosion problems, rutting/distortion of pavement section, traffic
loading, and thermal bridge movements

2. Movement of Abutments

Vertical movement

Settlement of soil beneath, downdrag, erosion of soil beneath and
around abutment

Horizontal movement

Excessive lateral pressures, thermal movements, swelling pressures
from expansive soils, and lateral deformation of embankment and
natural soils

3. Design/Construction Problems

Engineer-related

Improper materials, lift thickness, and compaction requirements

Contractor-related

Improper equipment, overexcavation for abutment construction, and
survey/grade errors

Inspector-related/
Poor quality control

Lack of inspection personnel and improper inspection personnel
training

Design-related

No provision for bridge expansion/contraction spill-through design
resulting in the migration of fill material from behind the abutment




Questionnaire

This task consisted in sending an email and hard copy survey to all the TxDOT
districts, collecting the answers, analyzing them, and summarizing them. Some results are
shown below. This survey indicated that the problem is widespread (about 25 percent of
21,291 bridges surveyed have a bump problem) and that it is costly (about 7.0 million
dollars per year in maintenance and repair for 49,100 bridges in Texas in 2001). Details

and a summary of the survey are in the first year report.

For 18 Responding Districts

Houston
12%

Ft. Worth
16%

Others
53%
San Antonio

11%

Yoakum
8%

Total: 21,291 Bridges

Figure 2.1. Number of Bridges with Bump Problem.

For 18 Responding Districts
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Yoakum 43%
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San Antonio
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Ft. Worth
25%

Total: $3,032,500/year

Figure 2.2. Maintenance Cost.



Site Survey

As part of this research work, a total of 18 sites in the TxDOT Houston District
were surveyed (Tables 2.2 and 2.3). The methodology for this field survey was simple
visual inspection. Among the 18 sites that they visually investigated, researchers
classified 10 sites as poor performance locations. The primary factor to classify a test site
was the ‘bump rating’ that was obtained by visual inspection and drive-by survey. Based
on this ‘bump rating’ and other site factors, the researchers selected US290 over FM362

and SH249 at Grant Rd. for the advanced study.

Table 2.2. Bad Performing Locations.

Highway | Highway Intersection | County Comment

Both directions treated with Uretech 3 years ago
1H45 Almeda Genoa Harris Approach Embankment: 16°- 17’
Bump Scale': 1

Eastbound treated with Uretech 3 years ago
BWS At SH3 Harris Approach Embankment: 16 - 17’
Bump Scale': 1

Approach Embankment: 16’

SH99 At Owens Rd. Ft. Bend Bump Scale’: 0 - 1

Approach Slab: PCC & 40’
SH99 At Oyster Ck. Ft. Bend | Approach Embankment: 10’
Bump Scale': 0 - 1

Approach Embankment: 16° - 17’

US59 Before Hillcroft exit ramp Harris Bump Scale': 1

Repairs are planned
SH225 Center St. and Rohm-Hass Harris Approach Embankment: 16’ - 17’
Bump Scale': 1

Approach Embankment: 16* - 17’

1H45 At Parker Rd. Harris Bump Scal el 1

Repaired but still rough
US59 Saunders/Parker Rd. Harris Approach Embankment: 16’ - 17’
Bump Scale': 1

Approach Embankment: 16* - 17’

SH249 At Grant Rd. Harris Bump Scale!: 2

Repaired but still rough
US290 Over FM362 Waller Approach Embankment: 16° - 17’
Bump Scale': 1 -2

! Bump Scale is explained in Chapter 5 of the first year report.




Table 2.3. Good Performing Locations.

Highway | Highway Intersection | County Comment

Approach Slab: PCC & 40’
SH6 At Flat Bank Ck. Ft. Bend | Approach Embankment: 10’
Bump Scale': 0

Approach Slab: PCC & 16’
FM1876 | At A22 Ditch Ft. Bend | Approach Embankment: 10’
Bump Scale': 0

Approach Slab: PCC & 16’
FM1876 | AtKeegans Bayou Ft. Bend | Approach Embankment: 10’
Bump Scale': 0

Approach Slab: PCC & 16’
SH99 At Bullhead Slough Ft. Bend | Approach Embankment: 10’
Bump Scale': 0

Approach Slab: PCC & 17°

SH99 At Brazos River Ft. Bend | Approach Embankment: 0’
Bump Scale': 0
FM3345 | East of FM1092 Ft. Bend | Roadway End of CRCP (not a bridge)
FM3345 | West of FM2234 Ft. Bend | Roadway End of CRCP (not a bridge)
Approach Slab: PCC & 16’
FM3345 | At Stafford Run Ft. Bend | Approach Embankment: 10’

Bump Scale': 0

Site Description

The approach slabs at both sites are two-span approach slab (2SAS) with a wide
flange beam (Figures 2.3 and 2.4). Figure 2.5 shows the cross sections of US290 over
FM362 and SH249 at Grant Rd. Circled numbers on Figures 2.3 and 2.4 indicate the
bump scale explained in Chapter 5 of the first year report.
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Field and Laboratory Tests

Researchers performed several field and laboratory tests. Ground penetration
radar tests, continuous shelby tube sampling, cone penetration tests (CPTs), and
Geogauge tests were performed in the field. Water content tests, unit weight tests,
atterberg limit tests, sieve analyses, triaxial tests, compaction tests, and Geogauge tests
were also done in the laboratory. Typical results are presented in Figures 2.6 to 2.10 and
Tables 2.4 and 2.5. The profilometer elevation profiles and the acceleration profiles
obtained by double differentiation of the elevation profiles are shown in Figures 2.11 to
2.14. The first year report gives the detailed test results.
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Figure 2.6. Atterberg Limit Test Results.
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Figure 2.10. Sieve Analysis Test Results of US290 over FM362.

Table 2.4. Dry Density Test Results.

Test Site Field Dry Density (pcf) Lab. Max. Dry Density (pcf)
US290 WE 108.45 (94%) 114.86
US290 WW 109.45 (98%) 111.29
SH249 NS 91.44 (77%) 117.90
SH249 SS 107.43 (95%) 113.65

Table 2.5. Summary of Bump Indices.

Method Site Rating Remark
Visual Inspection 1-2 Slope > 1/200
IRI 820 A Rough Unpaved Road Condition
PSR 0 Really Poor Condition

11




Y Profile (in)

Y Profile (in)

1.5

I
3

o
L

I
3

-1.5

I
o
.

o

I
o
|

50

o o o o o o o o o o o o o o o

o w o ‘el o 0 o 0 o w (=3 w0 o 2] o

— - N N ™ 3¢l < < el Tel © © ~ ~ @
Distance (ft)

(a) Profile of US290 Eastbound Measured on April 6, 2001

Z

o

o
[re}

o o o o o (=} o
o il o i'e} (=] 0 o
- ~ N N @ ® <

450
500
550
600
650
700
750

Distance (ft

-~

(b) Profile of US290 Eastbound Measured on March 18, 2002

Figure 2.11. Profilometer Test Results of US290.
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Figure 2.11. Profilometer Test Results of US290 (cont.).
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Figure 2.13. Profilometer Test Results of SH249 (cont.).
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Conclusions

1.

The profilometer gave bump amplitudes varying from 1.15 to 2.35 inches on
April 2001 and from 0.76 to 2.12 inches on March 2002; transition slopes as
steep as 1/100; international roughness indices (IRI) as high as 820, indicating
a rough unpaved road condition; and present serviceability indices of 0,
indicating really poor condition.

The profilometer test performed one year after the first one indicated that
some of the bumps had decreased and some had stayed the same, while others
had increased. Therefore, bumps are dynamic features that may be tied to the
weather through the shrink-swell nature of some soils used for embankment
fills.

The vertical acceleration of the car-wheel obtained by double differentiation
of the elevation profile was up to 40 m/sec” or 4 g’s at the bump location.
Close to the bridge abutment, the cone penetrometer (CPT) resistance was
33.8 percent lower on the average and the water content was 10.5 percent
higher on the average than the values away from the abutment.

The compaction level within the embankment below the bump averaged 96
percent of the Standard Proctor maximum dry unit weight.

The soil of the embankment fill had a PI varying from 8.52 to 33.77 with an
average equal to 20.96.

The ground penetrating radar indicated that there were no voids under the

pavement.
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CHAPTER 3:
CURRENT PRACTICE

Many components are involved in the development of the bump at the end of the
bridge, and many factors contribute to its existence. Briaud et al. (1997) identified those
components and the factors contributing to its existence (Figure 3.1). To understand those
components and factors, current U.S. practices for the connection between the bridge and
the embankment including approach slabs are reviewed in this chapter. This chapter
consists of three sections. The first section covers planning, design, and construction
practices. The second section describes the existing maintenance methods for approach

slabs. The current practice in Houston, Texas is discussed in the third section.

Figure 3.1. Problems Leading to the Existence of a Bump (after Briaud, 1997).
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Planning, Design, and Construction Practices

Geotechnical Investigations

Geotechnical investigations are integrated in the investigation for the bridge
structure. The American Association of State Highway and Transportation (AASHTO)
manual (1984) on subsurface investigation and the TxDOT Geotechnical manual (2000)
present the guidelines and very comprehensive information on methodology for
subsurface investigations. This investigation provides information on the depth,
thickness, and classification of all soil strata. The AASHTO subsurface investigation
manual (1984) also presents suggested guidelines for the spacing and depth of borings for
structures and embankments. For embankments higher than 15 ft, the recommended
boring spacing is a maximum of 200 ft, with the interval decreased to 100 ft when erratic
conditions or compressible soils are encountered. For each bridge abutment, a maximum
of two borings is recommended, and additional borings are suggested when the abutment
exceeds 100 ft in length or has wingwalls more than 20 ft long. The recommended depth
of borings is the depth at which the net stress increase caused by imposed foundation
loads is less than 10 percent of the effective overburden pressure at that depth, unless

rock or dense soil known to lie on rock is encountered above that depth (Wahls, 1990).

Bridges

Two major design concepts, conventional bridges and integral abutment bridges,
are currently used for road bridges. The conventional design type has a superstructure
resting on an abutment at each end as shown in Figure 3.2. The basic concept of this
design is to make the superstructure unconstrained. Expansion joints and bearings at each
end of the superstructure are used to accommodate the seasonal relative movement
between superstructure and abutment and to prevent temperature-induced stress from
developing within the superstructure. Conventional bridges have shown good
performance for a long time, but they lead to a high maintenance cost because of the

corrosion and other physical deterioration of the bridge bearings and joints.
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Figure 3.2. Traditional Design Concept (after Horvath, 2000).

Because of these flaws, a new design concept consists of physically and
structurally connecting the superstructure and abutments as shown in Figure 3.3. This
type of bridge usually has an approach slab to provide a smooth transition between the
integral abutment bridge (IAB) and adjacent approach embankments. In doing so, some
problems associated with the conventional bridge concept can be minimized but other
problems such as the bump at the end of the bridge can be exacerbated. Horvath (2000)
described that in this scenario the root cause of problems has shifted from being

primarily structural to being primarily geotechnical in nature.

Approach Slab
/Wof Thermally Induced Movement .

Pavement Superstructure Pavement
Abutments
(a)

Approach Slab
/ Primary Direction of Thermally Induced Movement .

Pavement

Pavement Superstructure

(®)
Figure 3.3. Integral Abutment Bridge Design Concept (after Horvath, 2000).
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Approach Embankments

Most bridge approach embankments are constructed by conventional rolled earth
procedures, and there are many types of approach fill materials that can be used. Fill
material that is readily available may be more economical but may not perform as well as
a select fill material. For this reason, some states specify select materials and increased
compaction requirements, especially near the abutment. For example, California specifies
fill with a maximum Plastic Index (PI) of 15 and fewer than 40 percent fines within 150
ft of an abutment wall (Figure 3.4), and the required relative compaction is increased to
95 percent from 90 percent within this zone. The approach embankment typically is
compacted in 6 to 24-inch layers, depending on the type of soil and compaction of clean
granular fills, and even for such soils thin lifts must be used adjacent to the abutment

(Wahls, 1990).

Wingwall
‘ Abutment
\ |
Br*dge ; 150 ft
o
‘ ! Structure Approach Embankment
| (i _ Embankment Material Material

Figure 3.4. Limits of Structure Approach Embankment Material (after Caltrans).

Transportation Research Board (TRB) syntheses (TRB, 1969, and TRB, 1971)
presented the placement procedures and compaction requirements for construction of
rolled earth embankments in the late 1960s. Most agencies still require 90 to 95 percent
of the maximum dry density achieved in the AASHTO T 99 Compaction Test for
roadway embankments and 95 to 100 percent for bridge approaches without changing

these procedures in the past 20 years (Wahls, 1990). The use of well-graded backfill with
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less than 5 percent finer than the 75 um (No. 200) sieve is ideal and is strongly
recommended.

Even with proper compaction, fills with significant clay content may develop
time-dependent movements. Lightweight fills have been used to prevent the movements.
Wahls (1990) and Elias and Christopher (1996) described the lightweight fills that have

been used.

Abutments

Bridge abutments support the structural loads and are subjected to lateral earth
pressures from the approach embankments. There are five types of abutment in use: 1)
closed or high abutment, 2) stub or perched abutment, 3) pedestal or spill-through
abutment, 4) integral abutment, and 5) mechanically stabilized abutment.

Closed abutments (Figure 3.5) have a full-height wall and wingwalls on each side.
These abutments can decrease the required span length of the bridge but they must be
constructed before the adjacent embankment. Therefore, it is difficult to place and
compact the embankment fills at the confined space. Closed abutments are also subjected

to higher lateral earth pressure than other abutment types.

Bridge v% :
‘ 4 [ —
Bagkfill 7E11Enk§:nt7 -
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Figure 3.5. Typical Full-Height Closed Abutment (after Wahls, 1990).
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Stub or perched abutments (Figure 3.6) are relatively short abutments supported
on a shallow foundation in the embankment or on piles. Because stub or perched
abutments are constructed in the upper part of the fill after the embankment has been
completed, the lateral earth pressure is relatively small. This type of abutment is most

common in Texas (Figure 3.6(b)).

Embankment

Original Ground

(a) Spread Footing

— |
% Bridge s

Embankment

(b) Piles

Original Ground

Figure 3.6. Typical Stub or Perched Abutment (after Wahls, 1990).

Pedestal or spill-through abutments, which must be constructed before the
embankments, are stub abutments supported on columns, as seen in Figure 3.7. This type

of abutment gets lower lateral earth pressures than closed abutments but the compaction
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around the pedestal is difficult. Compared to full-height closed abutments, perched

abutments generally lead to smaller continuing lateral movement after construction.

Crown of Pavement Reinforced Approach Slab

Bridge Seat j
-] .

Reinforcement |- B Embankment Slope
Not Shown ‘ ’

.

Natural Ground Surface

Front Elevation Cross Section

Figure 3.7. Typical Pedestal or Spill Through Abutment (after Wahls, 1990).

Integral abutments (Figure 3.8) are very similar to pedestal or spill-through
abutments except that the end bend is connected to the superstructure without expansion
joints. The basic concept of this abutment is to fully transfer the stress caused by thermal
effect to the abutment. It can save construction and maintenance costs by eliminating

expansion joints and bearing systems.
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Figure 3.8. Typical Integral Abutment (after Wabhls, 1990).
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Mechanically stabilized abutments are stub or perched abutments founded on a
spread footing resting on the reinforced embankment fill (Figure 3.9). The embankment
fill is reinforced with geosynthetics or metallic reinforcement. This reinforcement
absorbs the lateral pressures caused by the embankment fill. The construction of

mechanically stabilized backfill (MSB) is simple and time-efficient.

J \ Bridge 3

Panel

Reinforcement J -

Backfill Material of Good Quality —

T Leveling Pad

Figure 3.9. Schematic Diagram of Mechanically Stabilized Abutment (after Wahls,
1990).

A wingwall (Figure 3.10) is usually constructed to contain the approach fill
material near the abutment. It can be perpendicular to the abutment or extend out at an
angle.

Bridge abutments are usually supported on bored piles, driven piles, or spread
footings. The foundation type depends on the soil, the type of bridge, and environmental

factors.
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Note: This detail is only one way of handling the bridge/fill interface.
An approach slab with expansion between the superstructure
and the approach slab without a sleeper slab is another.

Figure 3.10. Plan View of an Approach System (after Tadros and Benak, 1989).

Approach Slabs

Approach slabs are reinforced concrete slabs used to provide a smooth transition
between the bridge deck and the roadway pavement (Figure 3.11). They are used in about
80 percent of new bridges (Schaefer and Koch, 1992). Most approach slabs are 20 to 40 ft
long. The thickness of approach slabs also varies. Typically they are 9 to 12 inches thick.
The slab width is the same as the bridge deck. The slabs may be supported at both ends;
the bridge end is supported by the abutment and the pavement end by a sleeper slab or
directly by the roadway embankment. The sleeper slab is a slab that underlies and
supports the ends of the approach slab and the adjacent roadway pavement. Figure 3.12
shows some typical joints at integral and non-integral abutments. Expansion joints at the
roadway end of the approach slab are shown in Figures 3.11 and 3.13. A pressure-relief

joint, which is used when there is an expansion joint at the abutment, is shown in Figure
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3.14. Some approach slab details and questionnaire results about approach slabs (Hoppe,

1999) are presented in Appendices A and B.
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Figure 3.11. Examples of Approach Slabs (after Burke, 1987).
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Figure 3.12. Approach Slab/Abutment Joints (after Burke, 1987).
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Figure 3.14. Pressure-Relief Joint (after Briaud et al., 1997).

Drainage Provisions

Both surface and subsurface drainage systems are very important at bridge
approaches. The surface runoff should be routed away from the bridge/approach joint. It
is essential to keep water from infiltrating the fill beneath the approach slab and behind
the abutment. One recommendation for an appropriate surface drainage system is to place
the wingwalls beyond the bridge end panel (Bellin, 1993). Another recommendation is to

have a pavement wingwall assembly as shown in Figure 3.15 (Briaud et al., 1997).
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Figure 3.15. Cross Section Showing Wingwall and Drainage Detail (after Briaud et
al., 1997).

Chini et al. (1993), Wahls (1990), and Stark et al. (1995) discussed bridge
approach drainage. Wahls suggests the use of gutters and paved ditches to direct surface
water away from the bridge approach system. Figure 3.16 shows a geocomposite
drainage system, which is a prefabricated subsurface drainage system. Note that these
types of drainage systems must be designed for site-specific conditions and they must be
able to withstand the earth pressure (Briaud et al., 1997). Examples of bridge approach

drainage details are shown in Appendix C.
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Figure 3.16. Geocomposite Drain (after Wahls, 1990).
Construction Methods

Construction methods can play a significant role in the development of the bump
at the end of the bridge. The approach embankment can be constructed either before or
after the bridge and the abutment. As described before, closed, spill-through, and integral
abutments require the abutment first, but perched and MSE abutments are constructed
after the embankment is finished. A typical cross section and construction sequence for a

perched abutment is shown in Figure 3.17.

CONSTRUCTION SEQUENCE

Construct embankment slopes to ABCFG.
Excavate to CDEF for End Bent SELECT GRANULAR
Drive piles. FILL

Place 2" Mortar Bed or Class "A" Concrete along DE.
Construct concrete End Bent.
Backfill to CJHG with Select Granular Fill.

oapwNn

Figure 3.17. Example of Recommended Sequence for Embankment/Abutment
Construction (after Hopkins, 1985).
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Maintenance and Rehabilitation

Small movement of the abutments is inevitable but should not affect the
performance of the bridge and approach system. Moulton et al. (1986) suggest a tolerable
angular distortion (differential settlement between the ends of a span/span length) of
1/250 for continuous-span bridges and 1/200 for simply supported spans (Figure 3.18).

Preformed grout holes, physical jacking provisions, sleeper jacking provisions,
pneumatic adjustable sleeper, and removable precast pavement panels have been
considered to facilitate maintenance in the approach area for new construction. Mud-
jacking, polyurethane jacking, overlay, and mechanical lifting of sleeper are currently
available to repair existing bridge approaches. Figures 3.19 and 3.20 show the paved
approach slab with asphalt roadway and the paved approach slab with concrete roadway,

respectively.

Bridge ‘ Approach Slab

| ——

Change of Slope

| Embankment

Figure 3.18. Definition of Approach Slab Slopes (after Wahls, 1990, and Burke,
1987).

35



Figure 3.19. Paved Approach Slab with Asphalt Roadway (after Briaud et al., 1997).

Figure 3.20. Paved Approach Slab with Concrete Roadway (after Briaud et al.,
1997).
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Current Practice in Houston, Texas

Abutment

Most bridges designed in Texas have “stub” or “perched” abutments as shown in
Figures 3.21 and 3.6. Abutments must be compatible with the bridge approach roadway.
They have backwalls to keep the embankment from covering up the beam ends and to
support possible approach slabs. They usually have wingwalls to keep the sideslopes
away from the structure and to transition between the guardrail and the bridge rail. The
design of abutments with backwalls has been standardized through trial and error

(TxDOT Bridge Design Manual, 2000) and is shown in Appendix D.

Begin Bridege |-

I=EEEli=E

Begin Bridge |
R B A jﬁ l 1 I
1.

Begin Bridge |-

STUB TYPE

Figure 3.21. Stub Abutment (after TxDOT, 2001).

37



Wingwall

A wingwall is used to confine the abutment backfill material and roadway soil on
each side of the side of the embankment, behind the abutment backwall. Wingwalls can
be either cantilevered or founded. The limitation of the cantilevered wing wall is 12 ft.
Wingwalls greater than 12 ft in length must be founded by drilled shaft(s) or pile(s). The
TxDOT “Standard Details” for abutments including wingwall details are presented in
Appendix D. Additional information can be found in the TxDOT Bridge Detailing
Manual (http://manuals.dot.state.tx.us/dynaweb/ colbridg/des/@Generic___BookView).

Retaining Walls

Several types of walls may be used in conjunction with bridge abutments. In cut
situations, the walls will often be cantilevered drilled shaft type walls, tied-back walls, or
even spread footing type walls. The wall and bridge abutment will often become a single
structure in these cases. Soil or rock nailed walls also may be used to support abutments
in cut situations. In the most common situation, the walls will be mechanically stabilized
earth (MSE) walls. Although the abutment cap can be placed directly on the MSE fill
without deep foundations, this has not been a common practice in Texas; therefore,
drilled shaft or piling foundations must be provided. The foundations are required to be
installed prior to construction of the MSE wall, in order to avoid damage to the wall

reinforcements during foundation installation (TxDOT Bridge Design Manual, 2000).

Approach Slabs

TxDOT uses 12-inch-thick approach slabs with lightly reinforced concrete that
precede the abutment at the beginning of the bridge, and follow the abutment at the end
of the bridge (Figures 3.22 and 3.23). The use of approach slabs is optional. The TxDOT
Bridge Design Manual suggests that the approach slab should be supported by the
abutment backwall and the approach backfill only. Therefore, an appropriate backfill
material is essential. TxDOT is currently supporting the placement of a cement stabilized
sand (CSS) “wedge” in the zone behind the abutment. CSS solves the problem of difficult
compaction behind the abutment, and it is resistant to the moisture gain and loss of

material that is common under approach slabs. The use of CSS has become standard
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practice in several districts and has shown good results (TxDOT Bridge Design Manual,
2000).
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Figure 3.22. Approach Slab (after TxDOT, 1999).

Approach Slab (40ft) | Pavement

[
PP PU

kol - R
Support Slab Wide Flange Sleeper Slab

Abutment

Embankment

= 2 Span Approach Slab
= 1 Span =20 ft
= 2~3 ft Support Slab & 10 ft Sleeper Slab

Figure 3.23. Sketch of Approach Slab.

Table 3.1 describes the design and construction of continuously reinforced

concrete pavement (CRCP) construction joints and terminal in several states, including

Texas.
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Embankment

Suitable fill material is a soil with a liquid limit less than 45 percent, a plasticity

index less than 15 percent, and a bar linear shrinkage more than 2 percent (Appendix E).

The guide schedules for sampling and testing of embankment soils are also presented in

Appendix F. It shows that the sampling locations are determined by the engineer and that

the frequency of sampling is one test per 5,000 C.Y. for project tests and one test per

50,000 C.Y. for independent assurance tests.

Table 3.1. Design and Construction Feature of CRCP (after CRSI, 2000).

Lo South s
State Texas Ilinois Oklahoma Oregon Virginia
Dakota
Design Modified Modified
Procedure AASHTO AASHTO AASHTO AASHTO AASHTO AASHTO
Design Crack . .
Width, inches 0.025 Not specified 0.04 0.04 0.04 Not specified
Slab -Thlckness, 8-15 l‘0 (min. on 9-12 8-12 8-11 10-11
inches interstate)
Outside Lane
Width, inches 12 12 12 14 12 or 14 12 or 14
PCC Strength |0 .0 flexural | 1442y comp. & 28-day 28-day 28-day 28-day
Measurement 3" point flexural Compressive Compressive Compressive Compressive
Method P strength P P P P
PCC Strength, 3,500 comp. 3,000 comp.
psi 650 flexural 650 flexural (Class A PCC) 4,000 comp. 4,000 comp. 3,000 comp.
. Limestone, and Gravel, crushed Quartzite, .
Primary o . gravel, stone, Crushed ) Various non-
siliceous river . Crushed basalt limestone, .
Aggregate Type concrete, slag limestone . polished
gravel granite
or sandstone
Max. Aseregate AASHTO 357
X Agereg 0.75-1.5 15 15 15 1.0 (100% passing
Size, inches L
2.0-in. sieve)
. 2 coats of Wet cure or White resin . .Whlte .
PCC Curing . Curing pigmented Curing
curing type I1I cur. based wax .
Method . compound curing compound
compound Comp. curing comp.
compound
Placement . All year (except Spring, Spring,
Season All year Not specified extreme cold) All year summer, fall summer, fall
Place;n;]e:;l;yTlme Day or night Not specified Day Day or night Day Day
. Granular, CTB
Base Type®? | CTB with HMA BAM ATB, OGPB, ATB or it HMA CTB
breaker, ATB Econocrete Granular
breaker, ATB
Permeable Base No No Sometimes Sometimes No Yes
Base Thickness, CTB: 6 ATB: 4 .
inches ATB: 4 4 4 Granular: 6 Granular: 6 6-8
Remove prob. Occasionall
Improved 6-8 in. lime Line e areas & fill ceasiona’tly
S - . Stabilization None soil cement
Subgrade stabilization modification w/granular o
s stabilization
mat’]
. Plain PCC
Outside Same as travel pCC (doweled in AC AC or PCC AC or PCC
Shoulder Type lane
urban areas)
Amount of 8—(;11‘._%1?:
Longitude T 0.7 0.71-0.73 0.6-0.7 0.7 0.7
Steel. % 15-in. slab:
i 0.71-0.78
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Table 3.2. Design and Construction Feature of CRCP (cont.).

. South s
State Texas Illinois Oklahoma Oregon Virginia
Dakota
Long: 60
Steel Grade, ksi 60 Transv.: 40 or 60 60 60 60
60
Steel Placement . . Chairs or tube- . . .
Method Chairs Chairs fed Chairs Chairs Chairs
Epoxy Coated No In Chicago area Urban: yes No No No
Steel only Rural: no
Depth of Steel Mid-slab :
(from slab (2 layers if > 35 Mid-slab 40 3.0-4.0 ( iy;di‘i‘;zs)
surface), inches 13” thick) i
Amount of #5 or #6 bars at | #4 bars at 48-in. . . .
Transverse 30-36 in. spacing (0.04% # besirzgitn44—m. 4 b;sirz(z:itn%—m. 0.15% # b;sirz(z:itn48—m.
Steel spacing max) pacing pacing pacing
Construction If slab<9 Additional #6 @ No extra steel Additional #6 @
Joint Design inches then® bars @ bars @
Occasionally
. use anchor lugs, . . Manufactured
Terminal but moving Wide-flange Sleeper slab Wide-flange beam embedded Anchor slab
Design . beam beam .
toward wide- in a sleeper slab
flange beam

() BAM = Bituminous-Aggregate Mix; ATB = Asphalt-Treated Base; OGDB = Open-
Graded Drainable Base; CTB = Cement-Treated Base; HMA = Hot Mix Asphalt

@ Additional 72-inch-long bars placed adjacent to every other longitude bar (same
diameter as longitudinal steel), unless noted.
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CHAPTER 4:
NUMERICAL ANALYSIS

The purpose of the numerical analyses was to evaluate the behavior of the current
approach slab and of a possibly more effective approach slab. The researchers used
ABAQUS to simulate the behavior of the transition zone including the bridge abutment,
the approach slab, and the embankment. The first section of this chapter covers the
assumptions and the model used. The second section describes the results. A summary of

the results is presented in the third section.

Assumptions and Model

One of the most important steps in numerical simulations is to determine where
the boundaries should be placed. Normally the bottom of the mesh is the depth of a
notably harder soil. In this project, it was assumed that the hard boundary is located 7 m
below the bottom of the fill. This value came from the CPTs done during the first year
work at two Houston sites. Indeed the tip resistance of the CPT at that depth increased
significantly. Briaud and Lim (1997) recommended boundary distances for the simulation
of the removal of the embankment soil-wedge in front of the abutment on piles and the
nailing of the exposed vertical force. Figure 4.1 shows their recommendations and
results. The horizontal distance from the wall face to the mesh boundary at the end of the
embankment is B, and W, is the horizontal distance from the wall face to the other end
of the mesh. D is the distance from the bottom of the excavation to the hard layer, and H,
is the height of the soil-wedge to be removed. For a given D and H., it was found that
when W, increased beyond 3D and B, increased beyond 3(H, +D), the horizontal
deflection at the top of the wall due to the removal of the soil wedge only increased by a
few percent. Therefore, since in this research project D = H.=7 m, a W, of 21 m and B,

of 42 m were used for all simulations.
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Figure 4.1. Influence of Mesh Size on Horizontal Deflection (after Briaud and Lim).

Figure 4.2 shows a finite element model to simulate the bump at the end of the

bridge. A schematic of the approach slab is shown in Figure 4.3. This model was

simplified by employing elastic materials with a plain strain condition. The bottom of the

model was a fixed boundary. The left and right sides of the model were on vertical rollers
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and were restrained horizontally. The top of the abutment was also placed on rollers
because the bridge prevents the movement of pavement. All the analyses were done with
static loads. Four loading cases were applied to the model. Three loading cases (case 1,
case 2, and case 3) consisted of a 100 kN point load placed at the center of the support
slab, at the center of the sleeper slab, and 27 m away from the abutment wall,
respectively, and one loading case (Case 4) consisted of a uniform load placed on top of
the pavement. Figure 4.4 shows the material zones and loading cases. Several
permutations of modulus values were used in zone 3 (Figure 4.4) to simulate different
soil conditions. The modulus values for the various zones of Figure 4.4 are shown in

Table 4.1 along with Poisson’s ratio.

. Approach
Bridge Slab Pavement

>

Con’c SupportSleeper
Wall Slab  Slab

. 0.3m
Tm
21 6m 6m 30m
< e
0.5m

Figure 4.2. Finite Element Model.
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| Wall Embankment

Figure 4.3. A Schematic of the Approach Slab.
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Figure 4.4. Zones and Load Cases of the Finite Element Model.
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Table 4.1. Material Properties.

Material Young’s Modulus | Poisson’s Ratio Zone
Fill Soil 10x10° kPa 0.35 4
Natural Soil 20x10° kPa 0.35 1
Weak Soil 2.5x10° kPa 0.35 3
Soft Soil 5x10° kPa 0.35 3
Stiff Soil 10x10° kPa 0.35 3
Concrete Pavement 2x10’ kPa 0.30 2
Approach Slab 2x10" kPa 0.30 2
Expansion Joint 2x10° kPa 0.35 5

For verification purposes, a simple rectangular model was subjected to a pressure
of 100 kPa as shown in Figure 4.5. The numerical result was compared with the
theoretical solution. A displacement of 0.043 m was calculated using equations (4.1) to

(4.8). The numerical result also gave 0.043 m as shown on Figure 4.5.

&, =l{az—v(ax+av)} 4.1)
E J
1
&= {o,-v(o,+0,)} (4.2)
1
&, = E{Jy -v(o, +0,)} 4.3)
e =0, o =v(o,+0.) (4.4)
¢,=0, o,=v(c,+0,) (4.5)
2v
o,+o,=2vo_+v(o,+0,)= 1—0'2 (4.6)
—v
AH o 2v?
== =1 1— 4.7
* H E { l—v} 4.7)
2 2
A = -2y 14 00 2X035 6 043 m) (4.8)

E l-v 20000 1-0.35
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Figure 4.5. Numerical Verification.

Numerical Simulation Results

Using the finite element model described above, the research team simulated
several cases. The thickness of the wall, the stiffness of the soil, the height of the
embankment, and the length of the slab were changed to study their influence on the
bump at the end of the bridge. A total of 36 analyses were done and the results are shown

in Appendix G.

Thickness of Wall and Stiffness of Soil

Three different thicknesses of abutment wall (Figure 4.3) (no wall, 0.5 m wall,
and 1.0 m wall) were considered to study their effect on the settlement of the approach
slab. There is a differential settlement between the bridge abutment and the embankment
soil because the settlement of the bridge abutment, which is usually supported on piles, is
smaller than the settlement of the embankment. The effect of the wall thickness on this

differential settlement was studied in this section. Figures 4.6 to 4.8 show the deformed
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meshes for a soft soil in zone 3 (Figure 4.4 and Table 4.1) (Young’s modulus of 5,000
kPa and load case 4). The settlement profiles for the soft soil case are shown in Figure
4.9. As described in the first year report, the stiffness of the soil near the abutment was
quite different from that away from the abutment. In this section, three different soils
stiffnesses, 2,500 kPa, 5,000 kPa, and 10,000 kPa, were also considered in zone 3 (Figure
4.4 and Table 4.1) to study the effect of soil stiffness on the settlement. Typical deformed
meshes for load case 4 are shown in Figures 4.10 to 4.12. The settlement profiles for a

0.5 m wall thickness are shown in Figure 4.13.
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Figure 4.6. No Wall, Load Case 4, and E = 5,000 kPa in Zone 3.
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Figure 4.7. 0.5 m Wall, Load Case 4, and E = 5,000 kPa in Zone 3.
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Figure 4.8. 1.0 m Wall, Load Case 4, and E = 5,000 kPa in Zone 3.
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Figure 4.9. Settlement Profile for Three Different Walls (Load Case 4).
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Figure 4.10. 0.5 m Wall, Load Case 4, and E = 2,500 kPa in Zone 3.
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Figure 4.11. 0.5 m Wall, Load Case 4, and E = 5,000 kPa in Zone 3.
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Figure 4.12. 0.5 m Wall, Load Case 4, and E = 10,000 kPa in Zone 3.
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A and A, are the gradients of the slope between the abutment and the support slab

and the support slab and sleeper slab, respectively, as shown in Figure 4.14. The

numerical results for the three different walls and three different soils conditions are

summarized in Table 4.2. As can be seen in Table 4.2, the biggest bumps are developed

when load case 4 is applied to the pavement, and the smallest bumps are developed when

there is no wall. The results also show that the bumps decreased when the stiffness of the

soil in zone 3 increased.

Al

L, Abutment

Support Slab

A2

Sleeper Slab

Figure 4.14. Gradient of Slope.

Table 4.2. Summary of Results (See also Table 4.1 and Figure 4.4).

(a) No Wall
Loading Weak Soil in Zone 3 Soft Soil in Zone 3 Stiff Soil in Zone 3
Case Al A, Ay A, A A,
Case 1 -0.04/100 | 0.13/100 | -0.06/100 | 0.10/100 | -0.06/100 | 0.07/100
Case 2 -0.04/100 | -0.06/100 | -0.03/100 | -0.07/100 | -0.04/100 | -0.07/100
Case 3 -0.12/100 | -0.03/100 0.01/100 -0.04/100 | -0.01/100 | -0.04/100
Case 4 0.57/100 0.63/100 0.13/100 0.23/100 -0.12/100 | -0.02/100
(b) 0.5 m Wall
Loading Weak Soil in Zone 3 Soft Soil in Zone 3 Stiff Soil in Zone 3
Case Ay A; Ay A Ay Ay
Case 1 -0.12/100 0.08/100 -0.10/100 0.07/100 -0.09/100 0.06/100
Case 2 -0.04/100 | -0.06/100 | -0.04/100 | -0.07/100 | -0.03/100 | -0.07/100
Case 3 -0.00/100 | -0.04/100 0.00/100 -0.04/100 0.00/100 -0.04/100
Case 4 -0.94/100 | -0.08/100 | -0.84/100 | -0.15/100 | -0.72/100 | -0.23/100
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Table 4.2. Summary of Results (cont.).

(c) 1 m Wall

Loading Weak Soil in Zone 3 Soft Soil in Zone 3 Stiff Soil in Zone 3
Case A] Az A] Az A] Az
Case 1 -0.10/100 0.07/100 -0.09/100 0.06/100 -0.08/100 0.05/100
Case 2 -0.79/100 | -0.22/100 | -0.03/100 | -0.07/100 | -0.03/100 | -0.07/100
Case 3 -0.04/100 | -0.07/100 0.03/100 -0.07/100 | -0.03/100 | -0.07/100
Case 4 -0.79/100 | -0.22/100 | -0.71/100 | -0.25/100 | -0.63/100 | -0.30/100

Height of Embankment

The height of the embankment influences the bump at the end of the bridge. In

this section, two different heights of embankment with 0.5 m wall thickness are chosen to

evaluate the effect: a high approach embankment of 6.4 m and a low approach

embankment of 3 m. Table 4.3 shows the settlement results. The deformed meshes are

shown in Figure 4.15 and 4.16.

Table 4.3. Settlements for Different Embankment Height.

Maximum Settlement (m) of Pavement

Embankment Type Profile for 0.5 m Wall, Loading Case 4,
and Soft Soil in Zone 3
Low Embankment (H;=3 m) S = 5.22x107
High Embankment (H,=6.4 m) S, =6.82x10

The model height includes the height of the embankment and the height of the natural

soil (7 m in the model). Table 4.3 shows that the ratio of model heights

((H,+7)/(Hy+7)=1.34) is close to the ratio of settlement (S;/S,= 1.31) as can be expected.
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Figure 4.15. Settlement Profile of Low Embankment (H;=3 m) Embankment.
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Length of Slab

The two-span approach slab is supported by two slabs: the support slab and the
sleeper slab (Figure 4.3). The lengths of the support slab and of the sleeper slab
underneath the pavement can influence the bump size. The researchers used various
support and sleeper slab lengths to study their influence on the settlement of the support
slab and the sleeper slab. The loading case was case 1 for the support slab and case 2 for
the sleeper slab (Figure 4.4) and the soil in zone 3 was the soft soil (Table 4.1). Table 4.4
and Figure 4.17 show the results of the simulations. The settlement decreases as the slab
length increases because the pressure on the soil decreases. Figure 4.17 shows that an

optimum length for the support slab and for the sleeper slab is about 5 ft.

Table 4.4. Settlements as a Function of the Length of Slab.

Sl%enog::ls(;:‘lb Max. Settlement Length of Max. Settlement
pp(m) (m) of the Pavement | Sleeper Slab (m) | (m) of the Pavement

0.00 0.0125 0.00 0.0113
0.20 0.0105 0.23 0.0098
0.60 0.0081 0.69 0.0083
1.00 0.0068 1.15 0.0077
3.12 0.0056 1.62 0.0074

- - 2.08 0.0072

- - 2.54 0.0069

- - 3.00 0.0067
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Figure 4.17. Settlements as a Function of the Length of Slab.

Summary of Results

1. The slope of the pavement near the abutment (Figure 4.14) is shown in Table
4.5 for two thicknesses of the abutment wall. The results show that the

influence of the thickness of the abutment wall on the bump is limited.

Table 4.5. Gradient of the Differential Settlement on the Approach Slab

for the Soft Soil.
Loading Case 4 0.5 m Wall 1.0 m Wall
(Figure 4.4) and Ay Ay Ay Ay
Modulus in Zone 3
= 5,000 kPa -0.84/100 | -0.15/100 | -0.71/100 | -0.25/100
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The soil stiffness near the abutment (zone 3 in Figure 4.4) affects the slope
between the abutment wall and the support slab, and therefore the bump size.
If the stiffness is decreased by half, the slope is increased by 20 percent
(Figure 4.13). Therefore, a higher stiffness (higher compaction) near the
abutment can minimize the bump although the relationship between soil
stiffness and bump size is not a linear relationship.

The presence of the wall creates a major difference in settlement between the
soil right behind the abutment wall and the soil away from the wall. The soil
close to the wall is held up by the vertically rigid wall, while the soil away
from the wall remains unsupported and settles more. This differential
settlement creates a bump. The pavement slope between the abutment wall
and the support slab was -0.84/100 with a 0.5 m thickness abutment and
0.13/100 with no abutment wall. These results refer to loading case 4 (Figure
4.4) and a soft soil in zone 3 (Table 4.1).

. The pavement profiles detailed in the simulations indicate that the transition
zone is about 40 ft with 80 percent of the maximum settlement occurring in
the first 20 ft for a uniform loading case. Therefore, the bump occurs near the
support slab, which is 20 ft away from the bridge abutment.

. As shown in Figure 4.17, the settlement of the support slabs and the sleeper
slab keeps decreasing as the length of both slabs increases. This decrease
becomes small when the slabs are over 5 ft. Therefore, the optimum length for
both slabs is 5 ft.

The high approach embankment (6.4 m) showed 31 percent more settlement
of the pavement than the low approach embankment (3 m), and the ratio of
settlement is proportional to the ratio of the total height of the model

(embankment + natural soil).

64



CHAPTER 5:
NEW APPROACH SLAB

All the accumulated data indicate that the current bridge approach slab system can
lead to a bump. The current system is an articulated double-span approach slab with a
significant weakness at the middle hinge (Figure 5.1). This system often experiences a V-
shaped dip, which was found at the two test sites. The first section in this chapter
describes the current approach slab. The researchers propose two conceptual replacement

solutions in the second and third sections.

Current Approach Slab

TxDOT uses a 12-inch-thick approach slab made of reinforced concrete. The
approach slab has two 20 ft spans. It is supported by the abutment backwall, the approach
backfill, and two slabs: the support slab and the sleeper slab (Figure 5.1). To
accommodate the movement of the pavement, a wide flange (WF) steel beam is used on
top of the sleeper slab. The pavement side of the wide flange beam can move horizontally

and freely in the beam.

Bridge ‘ Approach Slab (40ft) ‘ Pavement
1 Support Slab Wide Flange Sleeper Slab
Abutment
Embankment

Figure 5.1. Current Approach Slab.

One-Span Approach Slab Designed in Free Span

This solution would consist of a 20-ft-long single slab (possibly ribbed) from the
abutment to the sleeper slab (Figure 5.2). It would be designed to carry the full traffic
load without support on the soil except at both ends. The current practice is for an
approach slab of the same thickness as the adjacent approach pavement, which can
likely accommodate a 20-ft free span with support of traffic. The articulation would be

removed and the wide flange would be kept on the embankment side as a temperature
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elongation joint for the pavement. This solution will simplify construction significantly,
be less expensive, and place less emphasis on the need for very good compaction close

to the abutment wall, which is usually difficult.

Bridge ‘ Approach Slab (20ft) ‘ Pavement
[ |
7 Z. =

M S

Wide Flange Sleeper Slab

Abutment

Embankment

Figure 5.2. One-span Approach Slab.

Abutment on Sleeper Slab

This solution is more bold but it is well worth considering. The approach slab is
essentially another span of the bridge. That span rests on deep foundations (most of the
time) on the abutment side and on a shallow spread footing on the embankment side
(Figure 5.3). This proposed solution of the abutment on the sleeper slab (spread footing)
would use the first bridge span as the approach slab and place the abutment on the sleeper
slab. This solution requires careful considerations of several issues, but it is a very

economical solution that would work very well in principle.

Bridge | Pavement

Footing

Embankment

Figure 5.3. Abutment on a Sleeper Slab.
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Numerical Simulation for New Approach Slab

A numerical simulation was done for the one-span approach slab. The results for
the current approach slab and the one-span approach slab are shown in Figures 5.4 and
5.5, respectively. The maximum settlement and the deformed mesh of those two cases
show a little difference. The maximum settlement for the current approach slab is 0.068
m (0.5 m wall, load case 4, and soft soil in zone 3) and 0.071 m for the new approach
slab. More detailed results are shown in Appendix G for 0.5 m wall, load case 4, and a

soft soil in zone 3.
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Figure 5.4. Current Approach Slab for a 0.5 m Wall, Load Case 4, and Soft Soil in Zone 3.
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CHAPTER 6:
MODEL SCALE SIMULATIONS

The BEST device was been designed and built to simulate the bump at the end of
the bridge problem. BEST stands for Bridge to Embankment Simulator of Transition. It is
a 1/20" scale model of the typical transition. The researchers studied the scaling laws and
made decisions on the choice of parameters. One problem was that some parameters scale
directly with length (e.g. embankment height), while others do not (e.g. dynamics). An
optimum combination of parameters was studied and finally selected. It was chosen to
model properly the most important parameters in the system. The soils to fill the
container were clay and sand. Filling the BEST device and preparing the experiment took
about one week. Running the test for a week generates about 300,000 cycles of loading.
Each test, therefore, took two weeks. The purpose of this test is to study the various
factors influencing the differential settlement between the embankment and the bridge
and to develop alternative solutions for eliminating or minimizing this differential
settlement.

The first section of this chapter deals with the dimensional analysis of the
problem. The second section describes the BEST device and the soils used. The
simulation results are shown in the third section. A summary of results is shown in the

fourth section.

Dimensional Analysis

Dimensional analysis is a technique used in physical sciences and engineering to
reduce physical properties such as acceleration, viscosity, and energy to their
fundamental dimensions of length, mass, and time. This technique facilitates the study of
interrelationships of systems (or models of systems) and their properties. Dimensional
analysis is often the basis of theoretical and physical models of real situations.
Fundamental units (length, time, and either force or mass) are used in analyses. All other
quantities such as stress, moment, and velocity are derived from the fundamental units.
These units usually come from the fundamental balance laws such as conservation of

mass, conservation of energy, and so on.
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Buckingham r theory

The Buckingham © theorem states that a function describing a relationship among
n quantities, Xj, such as

SX, X, X5, X,)=0 (6.1)
where m primary units are requiring to express the X; variables can be reduced to the
form

g(I1,,I1,,I1,,---,IT,_ )=0 (6.2)
where I1; are nondimensional products of powers of the X; of the form

I, =X/ X X5 (6.3)
Thus, this very powerful result reduces by the number of primary units, m, the number of

variables required to describe the dependent variables.

Application of Dimensional Analysis

The dimensional analysis begins with defining the variables affecting the
settlement of the embankment. Figure 6.1 and Table 6.1 show the variables and their

dimensions.

m g

.

A
D1 y El

>
> [«
(o7]

D2 E2

A

Figure 6.1. Variables for Dimensional Anaylsis.

72



Table 6.1. Parameters and Dimensions.

Quantity Parameters Dimension
Settlement S L
Mass M FT*/L
Gravity G L/T*
Pavement Property E;xI; F-L°
Pavement Depth D, L
Soil Young’s Modulus E, F/L?
Soil Depth D, L
Velocity \Y L/T
Acceleration A L/T*

After defining the variables, grouping according to the fundamental units such as
force group (F group), time group (T group), and length group (L group) is performed as
shown in Table 6.2. All the variables should be placed in three groups (F group, L group,
and T group) with a dimension, and then one variable is selected from each group as a
repeating variable. The dependent variable, in this case settlement (3) , can not be the
repeating variable. The selection of repeating variable depends on experience, but any of
them will work. In this study, the researchers selected the mass (m), the pavement depth
(D1), and the gravity (g) for repeating variables.

Table 6.2. Fundamental Units.

Group Variables Repeating Variable
F Group m, Eix1;, E; M
L Group Dy, D, 8 D,

T Group g, V,a G

The product of power of repeating variables and each nonrepeating variable in terms of
dimensions as shown in Equation (6.4) become 1 for this product to be dimensionless
(Equation (6.5)). Equations (6.4) to (6.10) show one example of the calculation procedure

and the result.
I, =m"-g" D (E-1,)" (6.4)

FT*
L

M =m"-g"-D(E 1) = () () L) F-L) =1 (6.5)

L
T
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F“F'=a+d=0 (6.6)

L' LI =—-a+b+c+2d=0 (6.7)

T° . T =2a-2b=0 (6.8)

if a=lthend =-1,b=1,and c=2 (6.9)
.o.D?

lemg—l (6.10)
E x1,

The dimensions for the model can be determined from Equation (6.11).

2 2

m-g-D m-g-D

(Hl)prototype :|: E x] 1 :| = (Hl)modd = |:T[1:| (611)
1 1 prototype 1 1 model

In the same manner, Equations (6.12) to (6.16) were obtained and used.

I, = D’l’z '.gEz (6.12)
I, :% (6.13)
1
1, =Di1 (6.14)
I, = gV; (6.15)
M
m, =2 (6.16)
g

Based on these relationships, the results of the dimensional analysis for a model scaled
1/20™ of the length are presented in Table 6.3. The actual variables being used in the field
are represented in the prototype column (Field). For a perfect model simulation, the
parameters should be scaled directly in the model (Target) values, but this is not always
possible and the model (Actual) values were used throughout the BEST test for practical

reasons.
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Table 6.3. Dimensional Analysis Results.

. Prototype Model Model
Quantity Symbol (Fiel(}i’;) (Target) |  (Actual)
Settlement (m) S 0.05 0.0025 | 0.0012-0.005
Mass (kg) m 10,000 20 8
Gravity (m/sec”) g 9.8 9.8 9.8
Pavement Elastic Modulus (Pa) E, 30x10° 10x10° 10x10°
Moment of Inertia (m") ! 8.7x10° | 8.87x10° 1.71x107
Pavement Property (N-m°) ExI; | 1.73x10° | 8.87x10° 1.71x10°
Pavement Depth (m) D, 0.3 0.015 0.019
Soil Young’s Modulus (MPa) E, 28 23 10.0
Soil Depth (m) D, 5.19 0.26 0.26
Velocity (km/h) Vv 112 25 6.9
Acceleration (m/sec”) a 20-40 20-40 15-30

BEST Device and Soil

BEST Device

The BEST device was constructed to carry out model tests on the approach slab,
bridge, and pavement assembly. It consists of a laboratory-scale driven wheel guided
around a circular track by a rotating arm as shown in Figure 6.2. A motor in the center of
the tank runs the wheel at various speeds. The wheel passes over the embankment,
approach slab, and bridge once during each cycle around the track. The data obtained
during a test are the elevations of the riding surface as a function of time and cycles.

Shackel and Arora (1978) and Road Transport Research (1985) gave a description
of many of the test tracks developed for pavement studies. Almost all of these test tracks
can either be classified as linear or circular tracks. Linear tracks have a test wheel move
forward and forth. Circular tracks have a rotating arm carrying a test wheel that runs
around a circular test pavement or track containing the test section (Barenberg and

Hazarida, 1976; Paterson, 1972).
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(a) Photo of BEST Device
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(b) Cross Section of BEST Device

Figure 6.2. BEST Device.
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(c) Plan View of BEST Device

Figure 6.2. BEST Device (cont.).

Setup of the BEST Device

Sand and porcelain clay were used to simulate the embankment in the BEST tests.
The setup procedure is shown in Figures 6.3 to 6.5. Sand was placed in the tank except at
the bridge sections, which were supported by columns on the floor of the device (Figure
6.3). The compaction was done by using a hand tamper with an area 10 inch by 10 inch
and weighing 10 lbs. Each test for the sand has three layers. To keep the density of the
sand consistent throughout the tests, 9 blows/ft*/layer for the high level of compaction
effort, and 3 blows/ft*/layer for the low level of compaction effort at the approach slab
sections which are 2 ft away from each end of the bridge, were used. The pavement
section as shown in Figure 6.2 was compacted 9 blows/ft*/layer. For the clay case, the
porcelain clay blocks were placed at the approach slab sections as shown in Figure 6.4
and then the gaps between the clay blocks were filled and leveled with sand. Figure 6.5
shows finished setup for the BEST test. The finished height of the embankment was
about 10 inches. The pavement was made of % -inch plywood and simply placed over the

embankment.
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Figure 6.3. Setup for Sand and Compaction.

Figure 6.4. Setup for Clay.

Figure 6.5 Finished Setup before Placing the Pavement and Approach Slab on the
Embankment.
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Velocity

The velocity of the rotating arm is V, (1 cycle/2 seconds, 6.89 km/hr) with an 8
kg weight on the top of the wheel. Velocities equal to 0.4 V and 2 V, are also available
by changing the gears. Figure 6.6 shows the rotating arm at a speed of V.

Figure 6.6. Rotating Arm.

Loading and Measurement

The loading carriage consists of a loading system with a wheel and a driving unit
(see Figure 6.2). The tire is 1/20" the size of a full-scale truck tire and is connected to a
rod that slides up and down freely through the rotating arm. A spring is placed between
the rotating arm and the weight to simulate the suspension system. A weight of up to 8 kg
is placed on the spring to simulate the vehicle weight.

To monitor the acceleration of the weight, an accelerometer is fitted on top of the
weight. An analog to digital signal converter is used to transmit the data from the linear
variable differential transformer (LVDT) to a laptop computer. Figure 6.7 shows the
measuring system. When the elevation of the roadway is to be measured, the test with the
wheel is interrupted, the cart shown in Figure 6.7 is placed, and the elevation is recorded

with respect to the sides of the device through the use of an LVDT placed on the wheel.
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Figure 6.7. Elevation Measuring System.

Test Plan

The research team performed ten tests to evaluate the effectiveness of the one-
span approach slab. Four tests are for the current (two-span) approach slab configuration
and six tests are for the proposed one-span approach slab. Table 6.4 shows the test

matrix.

Table 6.4. Combination of Tests.

ove] Approach | gop | COMPACHO | yraos (kg) Velocity (km/h)
1 One-Span | Sand High 8 6.89
2 One-Span | Sand Low 8 6.89
3 One-Span | Clay - 8 6.89
4 One-Span | Sand Low 8 6.89
5 One-Span | Sand Low 8 2.76, 6.89, and 13.78
6 One-Span | Sand Low 1 6.89
7 Current Sand High 8 6.89
8 Current Sand Low 8 6.89
9 Current Clay - 8 6.89
10 Current Clay - 8 2.76, 6.89, and 13.78
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Soil

Sand and clay were used for this test. Basic soil tests were done for these two
soils to determine the soil properties. Table 6.5, Figure 6.8, and Figure 6.9 show dry unit
weights, compaction test results, and moduli results from triaxial tests for the sand. To
measure the unit weight and its water content, a consolidation ring that is 1 2 inch in
diameter and 1 inch thick was pushed into the sand after finishing the compaction of the
sand. After that pushing, the consolidation ring was carefully taken out with the sand by
placing a thin plate at the bottom of the ring. The unit weight and the water content were
measured using the cored sand sample, and the dry unit weight was then calculated.

Figure 6.10 shows sieve analysis for the clay. The consolidation ring was used to
measure the unit weight and the water content of the clay. Sampling was done before the
test by pushing the consolidation ring into the clay block and taking it out with clay. The
dry unit weight (Table 6.6) was calculated from the measured unit weight and the water
content. Table 6.7 presents other basic test results for the clay, including moduli values

obtained from unconfined compression tests. The detailed results are shown in Appendix

H.

Table 6.5. Dry Unit Weight of Sand.

Test No. 1 2 4 5 6 7 8
o (%) 4.67 7.17 4.92 4.89 4.90 5.00 7.03
va (pcf) 102.0 85.4 4.2 85.7 86.6 101.2 85.6
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Figure 6.9. Modulus of Sand.
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Table 6.6. Dry Unit Weight of Clay.

Sample No. 1 2 3 4
o (%) 26.8 26.5 26.1 26.4
Y4 (pef) 90.87 96.36 98.04 94.97
Sieve Analysis
for BEST Test
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Figure 6.10. Sieve Analysis Result of Clay.
Table 6.7. Basic Test Results of Clay.
Sample Liquid Limit | Plastic Limit | Plastic Index | Young’s modulus (Es)
No. (%) (%) (psi)
2 34.44 18.29 16.15 165
3 34.56 18.54 16.02 146
4 34.23 18.10 16.13 119
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Simulation Results

Ten tests were done as shown in Table 6.4. Different conditions were used to
evaluate the bump at the end of the bridge. The accelerometer gave the acceleration in
flight for each measured cycle. The settlement at designated points was measured using
the measuring system shown in Figure 6.7. The repeatability of this measurement was

about 0.0005 inch or 0.00127 mm.

Test 1

This test was done with a one-span approach slab, sand, a high compaction effort,
and 200,000 cycles. The results are shown in Figures 6.11 and 6.12. All the test data are
shown in Appendix I.

Test 2

This test was done with a one-span approach slab, sand, low compaction efforts
and 200,000 cycles. The results are shown in Figures 6.13 and 6.14. All the test data are
shown in Appendix I.

Test 3

This test was done with a one-span approach slab, clay, and 200,000 cycles. The
results are shown in Figures 6.15 and 6.16. Acceleration results detained with the
accelerometer on the ridging mass are shown in Figures 6.17 and 6.18. All the test data

are shown in Appendix I.

Test 4

This test was done to check the repeatability of the BEST device. This test is the
same as Test No. 2. The results are shown in Figures 6.19 and 6.20. The comparison with
Test No. 2 is very good and verifies the repeatability of the BEST tests. All the test data

are shown in Appendix I.

Test 5

This test was done with a one-span approach slab, sand, low compaction effort,

and various velocities (0.4 V,, V,, and 2 V,), and 500,000 cycles. The results are shown
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in Figures 6.21 and 6.22. The three curves in Figure 6.22 represent the settlement of the
sleeper slab at the beginning of bridge, at the end of the bridge, and the average of those
two. All the test data are shown in Appendix I.
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Figure 6.12. Settlement of the Sleeper Slab at Different Cycles for Test No. 1.
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Test 6

This test was done with a one-span approach slab, sand, low compaction effort, a
smaller weight on the wheel, and 200,000 cycles. The results are shown in Figures 6.23

and 6.24. All the test data are shown in Appendix I.

Test 7

This test was done with the current approach slab, sand, high compaction effort,
and 400,000 cycles. The results are shown in Figures 6.25 and 6.26. All the test data are

shown in Appendix I.

Test 8

This test was done with the current approach slab, sand, low compaction effort,
and 200,000 cycles. The results are shown in Figures 6.27 and 6.28. All the test data are

shown in Appendix I.

Test 9

This test was done with the current approach slab, clay, and 200,000 cycles. The
results are shown in Figures 6.29 and 6.30. Acceleration results detained with the
accelerometer on the riding mass are shown in Figures 6.31 and 6.32. All the test data are

shown in Appendix I.

Test 10

This test was done with the current approach slab, clay, and 100,000 cycles. The
results are shown in Figures 6.33 and 6.34. Acceleration results are shown in Figures 6.35

and 6.36. All the test data are shown in Appendix I.
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Summary of Results

l.

By repeating two tests with the same conditions, the researchers found that the
BEST device has a good repeatability (Figure 6.37 for Tests No. 2 and No. 4).
The sand with the higher compaction (Test No. 1) developed less settlement at
the sleeper slab than the lower compaction sand (Test No. 2) as shown in Figure
6.38.

The one-span approach slab (Tests No. 1, 2, and 3) with a 20-ft simulated
approach slab experienced less settlement on the average than the current two-
span approach slab (Tests No. 7, 8, and 9) as shown in Figures 6.39 and 6.40.
The velocity of the traveling wheel in the BEST device has little effect on the
total settlement under the approach slab as shown in Figure 6.41 (Test No. 5 for
0.4V, 2V, and Test No. 10 for 0.4 V, 2 V,).

The mass loading the wheel affects the settlement as shown in Figure 6.42.
(Test No. 2 with an 8 kg weight and Test No. 6 with a 1 kg weight). When the
weight increased from 1 to 8 kg, the settlement at 200,000 cycles increased from
0.023 to 0.60 inch.

The settlement of the approach slab (the sleeper slab for the one-span approach
slab and the support slab for the current approach slab) versus the number of
cycles is reasonably well approximated by a straight line on a log-log plot
(Figure 6.40). The slope of the line varies between 0.1377 log (settlement)/log
(cycle) and 0.2957 log (settlement)/log (cycle) for these model tests.

The measured maximum accelerations of the BEST test were 18 m/sec” at V, (1
cycle/2 seconds, 6.89 km/hr) and 32 m/sec” at 2 V, (1 cycle/1 second, 13.78
km/hr). Considering that the field values of the maximum acceleration obtained
by double differentiation of profilometer profile data are 30-40 m/sec?, the
measured maximum acceleration are smaller than the field acceleration. The
reason is that the field acceleration represent the acceleration of the wheel
below the suspension, while the model acceleration are the accelerations of the

weight above the spring simulating the car suspension.
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CHAPTER 7:
CONCLUSIONS AND RECOMMENDATIONS

Conclusions from Report 4147-1

The research team investigated the bump at the end of the bridge by a literature

survey, by a questionnaire distributed to the 25 districts of the Texas DOT, and by a

detailed investigation of two bridge sites in Houston, Texas.

The literatures surveyed led to the following conclusions:

1.

On the average, 25 percent of all bridges in the USA are affected by the bump
problem.

The maintenance cost for the bump problem in the USA is estimated at 100
million dollars per year (1997 dollars).

The main reasons for the development of a bump are the settlement of the
embankment due to a weak natural soil or to the compression of the
embankment fill, voids under the pavement due to erosion, and abutment
displacement due to pavement growth, slope instability, or temperature cycles.
The bump is more severe if there is a high embankment, an abutment on piles,
high average daily traffic, soft natural soil, intense rain storms, extreme
temperature cycles, and steep approach gradients.

The bump is less severe when there is an approach slab, appropriate fill
material, good compaction or stabilization, effective drainage, good
construction practice and inspection, and an adequate waiting period between
fill placement and paving.

A tolerable bump has a slope of 1/200 or less.

The best approach recommended in the literature is:

1.

Treat the bump problem as a stand-alone design issue and make prevention a
design goal.

Assign the responsibility of this design issue to an engineer.

Stress teamwork and open-mindedness among the geotechnical, structural,

pavements, construction, and maintenance engineers.
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7.
8.
9.

Carry out proper settlement versus time calculations.

If differential settlement is excessive, design an approach slab.

Provide for expansion/contraction between the structure and the approach
roadway (fabric reinforcement, flow fill).

Design a proper drainage and erosion protection system.

Use and enforce proper specifications.

Choose knowledgeable inspectors especially for geotechnical aspects.

10. Perform a joint inspection including joints, grade specifications, and drainage.

The questionnaire results led to the following conclusions:

1.
2.

On the average, 24.5 percent of the bridges in Texas have a bump problem.
The maintenance cost for the bump problem in Texas is estimated at 6.3

million dollars per year (2001 dollars).

. The number one reason for the bump is the settlement of the embankment fill,

followed by the loss of fill by erosion.
The problem is worse when the embankment is high and the fill is clay.
The problem is minimized when an approach slab is used and the fill behind

the abutment is cement stabilized.

Two bridge overpass sites on major highways in Houston were subjected to a

detailed investigation. Both bridge sites had articulated two-span approach slabs with a

wide flange beam. The investigation led to the following conclusions:

1.

The profilometer gave bump amplitudes varying from 1.15 to 2.35 inches on
April 2001 and from 0.76 to 2.12 on March 2002, transition slopes as steep as
1/100; international roughness indices as high as 820, indicating a rough
unpaved road condition; and present serviceability indices of 0.00, indicating
really poor condition.

The profilometer test performed one year after the first one indicated that
some of the bumps had decreased and some had stayed the same, while others

had increased. Therefore, bumps are dynamic features that may be tied to the
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weather through the shrink-swell nature of some soils used for embankment
fills.

3. Close to the bridge abutment, the cone penetrometer resistance was 33.8
percent lower on the average and the water content was 10.5 percent higher on
the average than the values away from the abutment.

4. The compaction level within the embankment below the bump averaged 96
percent of the Standard Proctor maximum dry unit weight.

5. The soil of the embankment fill had a PI varying from 8.52 to 33.77 with an
average equal to 20.96.

6. The ground penetrating radar indicated that there were no voids under the
pavement.

The data seem to indicate that the soil near the abutment is more exposed to water

than the soil away from the abutment. This exposure leads to a higher water content, a
lower strength, and therefore, a higher compressibility of the soil, which leads to the
bump.

A bump rating (BR) number and a bump index (BI) were developed as part of this
research project. The bump number goes from 0 for no bump to 4 for a dangerous bump
and is typically obtained by guessing at the BR number after riding over the pavement at
full speed. The number refers to the differential settlement in inches between the low and
high point of the bump. The bump ratings at the two sites investigated ranged from 0 to 2.
The BI gives an estimate for the likelihood that a bump will develop for a given situation.
The equation giving the bump index includes the height of embankment, average daily
traffic (ADT), bridge life, average yearly precipitation, temperature cycle, resistance of
abutment, resistance of embankment, and gradient of approach. Further research is

needed if the coefficients involved in that equation are to be determined.
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Conclusions from This Report (4147-2)

Researchers summarized the first year work by reviewing the literature survey,

the questionnaire results, and the investigation of two bridge sites in Houston with

significant bump problems. It led to the following conclusions:

1.

10.

1.

Twenty five percent of all bridges in the USA and in Texas are affected by the
bump problem.

The maintenance cost for the bump problem in the USA is estimated at 100
MS per year (1997) and 7.0 MS$ per year in Texas (2001).

A tolerable bump has a slope of 1/200 or less.

In Texas the number one reason for the bump is the settlement of the
embankment fill followed by the loss of fill by erosion.

The problem is worse when the embankment is high and the fill is clay.

The problem is minimized when an approach slab is used and the fill behind
the abutment is cement stabilized.

The soil near the abutment of the two sites studied was weaker and wetter than
the soil away from the abutment.

The soil near the abutment of the two sites studied had a relatively high PI for
an embankment fill.

There were no voids under the pavement according to the ground penetrating
radar.

The vertical acceleration of the wheel of the vehicle reached 4 g’s at one of
the bump sites.

A bump rating number and a bump index number are proposed to document
the severity of existing bumps and to evaluate the likelihood of developing a

bump at a site.

Researchers surveyed planning, design, and construction, maintenance and

rehabilitation practices for the approach slab. It led to the following conclusions:

1.

For embankments higher than 15 ft, the recommended boring spacing is a

maximum of 200 ft. For each bridge abutment, a maximum of two borings is
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recommended, and additional borings are suggested when the abutment
exceeds 100 ft in length or has wingwalls more than 20 ft long.

2. Two major design concepts, conventional bridges and integral abutment
bridges, are currently used for road bridges. The conventional design type has
a superstructure resting on an abutment at each end, but the integral abutment
bridges are connected with superstructure and abutment.

3. Some states specify fill with a maximum PI of 15 and fewer than 40 percent
fines within 150 ft of an abutment wall, and the required relative compaction
is increased to 95 percent from 90 percent within approach embankments.

4. Five types of abutment are in use: closed or high abutment, stub or perched
abutment, pedestal or spill-through abutment, integral abutment, and
mechanically stabilized abutment.

5. Approach slabs are used in about 80 percent of new bridges (Schaefer and
Koch, 1992). Most approach slabs are 20 to 40 ft long and 9 to 12 ft thick.

6. The approach embankment can be constructed either before or after the bridge
and the abutment. Closed, spill-through, and integral abutments require that
the abutment be built first, but perched and MSE abutments are constructed
after the embankment is finished.

7. Moulton et al. (1985) suggest a tolerable angular distortion of 1/250 for
continuous-span bridges and 1/200 for simply supported spans.

8. Most bridges designed in Texas have stub or perched abutments with the

approach slab and wide flange terminal joint.

Researchers proposed a new approach slab that has a one-span slab. They arrived
at this new design by reviewing the components related to the settlement at the bridge
approach slab expansion joint, performing numerical analyses, and conducting model

scale simulations.
The numerical analyses led to the following conclusions:

1. The presence of the abutment wall on piles creates a major difference in

settlement between the abutment wall and the embankment.
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The differential settlement is drastically reduced in the absence of the wall.
The transition zone is about 40 ft with 80 percent of the maximum settlement
occurring in the first 20 ft for a uniform load case.

The size of the sleeper slab and support slab influences the settlement of the
slab when load is applied to the slab. The optimum width of both slabs is 5 ft.

The height of the embankment influences the settlement of the embankment.

The new proposed approach slab has the following characteristics:

1.

2.

The new approach slab is 20 ft long and has one span from the abutment to the
sleeper slab.

It is designed to carry the full traffic load without support on the soil except at
both ends; the support slab is removed and the wide flange is kept on the
embankment side as a temperature elongation joint.

This new approach slab will simplify construction, will be less expensive, and
will place less emphasis on the need for very good compaction close to the

abutment wall.

The Bridge to Embankment Simulator of Transition device, which is a 1/20" scale

model of the typical transition, was designed, built, and used to simulate the problem.

The results of the BEST tests led to the following conclusions:

1.

The proposed new approach slab (one-span) with a 20 ft simulated approach
slab gave a smaller bump than the current two-slab approach slab.

The soil with the higher compaction developed less bump at the sleeper slab
than the lower compaction soil.

The bump size increases with the number of cycles in a straight line on a log-
log plot.

The maximum acceleration the BEST test recorded, 32 m/sec” at the velocity
of 13.78 km/hr, was smaller than the maximum field acceleration, 40 m/sec?,

obtained by double differentiation of the profilometer data.
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Final Recommendations

The following recommendations are made for the zone located within 100 ft from

the abutment:
1. Use quality backfill: PI less than 15, less than 20 percent passing sieve #200,
coefficient of uniformity larger than 3.
2. Compact the soil to 95 percent of Modified Proctor, controlled by
inspection, with an increased rate of measurement more frequent than
required by current TxDOT specifications.

If such a quality backfill cannot be achieved, the embankment fill within that 100-ft zone

should be cement stabilized.

The following recommendation is made for the approach slab.

1. Use a single-slab approach slab that is at least 20 ft long and 13 inches thick.
The articulation that exists in the current approach slab is removed, and the
wide flange is kept on the embankment side as a temperature elongation joint.

Design the approach slab to handle the full load in free span.
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APPENDIX D
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APPENDIX H

APPENDIX I

EXAMPLE OF APPROACH SLAB DETAILS
QUESTIONNAIRE RESULTS (HOPPE, 1999)
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DRAINAGE DETAILS (BRIAUD AT AL.,
1997)

APPROACH SLAB OF HOUSTON, TX
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NUMERICAL SIMULATION RESULTS
BASIC SOIL TEST
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APPENDIX A EXAMPLE OF APPROACH SLAB DETAILS (BRIAUD

ET AL., 1997)
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DEPARTMENT OF TRANSPORTATION

TP
$\A35030 @ 6" EF.
\

12" | 9" 2-*4 BARS AS SHOWN

EXPANDED POLYSTYRENE APPROACH SLAB
SEE NOTE

DETAILL "C" DETAIL "G"
(PLANTMIX BITUMINOUS PAVING) (APPROACH SLAB JOINT PROTECTION-PLANTMIX BITUMINOUS PAVING)

SEE NOTE 7

APPROACH SLAB

(502)
CHIEF BRIDGE_ENGINEER ADOPTED:12 /9O|REVISION: 10/ 0!

NOTE: FOR INFORMATION & DIMENSIONS NOT SHOWN SEE SECTION A-A
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APPROACH SLAB LENGTH L

NOTE: X SHALL NEVER

SECTION A-A

APPROACH SLAB STATION

BRIDGE LIMIT AND

LQ ROADWAY

L

DBOI BARS @ I’-6"
C/C MEASURED
PERPENDICULAR TO
€ ROADWAY (TYP.)

PLAN BE LESS THAN T
BRIDGE LIMIT B850/ BARS @ /'-6” + C/C TOP 3"
8501 _| B850/ BARS @ N C/C BOTTOM EZ APPROACH SLAB FOR SKEWED STRUCTURE
<, ‘5 SP. @ ‘6” r}” CLEAR . paRS @ 16" + csC
! ! 5 SRS e 67 ¢ - — GENERAL: THIS DRAWING PROVIDES DESIGN AND GENERAL
I e SIS T CONSTRUCTION DETAILS. THE PROJECT PLANS WILL SHOW
> SR == — -4 LENGTH, SKEW, CURBS (IF ANY), ESTIMATED QUANTITY
e A - BARS 37 CLEAR J \f (SOUARE YARDS), AND SPECIAL NOTES AND DETAILS
ZVZ’J 1] 2/ + Yi" CLEAR (DIMENSION SHALL BE SHOWN WHERE ~NECESSARY.  FOR CONDITIONS OTHER THAN THOSE
I Le” ON PROJECT PLANS) INDICATED HEREON, THE APPROACH SLAB SHALL BE ADAPTED
be0l OfR .8 10 11 NOTE: PRESSURE RELIEF TO FIT THE ENDS OF THE BRIDGE AND THE APPROACH
@ - (/4-3") SEC § (AS MEASURED ALONG THE JOINT NOT SHOWN PAVENENT.
LENGTH OF THE DBOI OR D802 BAR)
THE D80! OR D802 ANCHOR BARS SHALL BE DIMENSTONED IN
THE CONTRACT PLANS AND [NCLUDED WITH ITEM 509 FOR
SECTION B-B PAYMENT FOR EACH SPECIFIC BRIDGE. D801 BARS CANNOT
—_— BE USED AS SHOWN |F APPROACH SLABS ARE SUPPORTED ON
BACKWALLS LESS THAN 14 INCHES THICK. DBO2 BARS SHALL
REINFORCING STEEL (FOR ONE APPROACH SLAB) BE USED ON PRESTRESSED CONCRETE BOX BEAM BRIDGES
LENGTH | THICK= A-BARS B50/ (BOTTOM) B50/ (TOP) C-BARS gggé OR VT/LIZKAPPROACH SLABS SUPPORTED ON BACKWALLS |1 INCHES
NESS 0 * Mot NO. * NO. N
. = SPCE yark |LeweTH Dmgﬁsm/« IS - SPNCG reo D LENGTHIRES p| MARK |LENGTH | L0 o T
= = = DBOI BARS CANNOT BE USED AS SHOWN WHERE APPROACH SLABS
15-0" | 12 | 10" | AIOOI | 157117 14-67 | T ® 9 |22 @ L i i . ARE SUPPORTED ON BACKWALLS LESS THAN 14 INCHES THICK.
200" | 137 | 756 | a00z | 20-1| 196" 8 IE 8 4 | csoz | 1967 | o n D802 BARS SHALL BE USED ON PRESTRESSED CONCRETE BOX
3 2 2 ol 9w BEAM BRIDGES WHERE THE APPROACH SLAB [S SUPPORTED
2507 | 157 | 77 | w003 | 25117 | pa-sr | L|X| & 87 | 39 S 18 | c503 | 2a-67 | L|2] LR ON AN I/ INCH THICK BACKWALL.
;
30-0" | 17" | 6lp” | AIOO4 | 3OI17| 296" | TN S 8%~ | 44 s 2l | €504 | 296" | o * AT THE OPTION OF THE CONTRACTOR AND AT
NO ADDITIONAL COST TO THE STATE, BS0/
BARS MAY BE LAPPED 2’ -6 MINIMUM AT THE
W = APPROACH SLAB WIDTH, OUT TO OUT, IN FEET CENTERLINE OF ROADWAY , OR WHERE REQUIRED
6 - ANGLE OF SKEW ' FOR LONGITUDINAL CONSTRUCTION JOINTS, IN
K = A-BAR SPACING IN INCHES / ! / LIEU OF FROVIDING FULL LENGTH BARS AS
N = B-BAR SPACING IN INCHES ]/ 080/ X D802 1z SHOWN
X = APPROACH SLAB THICKNESS AT A-BAR
ABUTMENT END IN FEET
-0~ ‘ (1.414X+.823 FTISEC 6 ‘ 10" ‘(/,4/4)('4202 FTJSEC e‘ '-0” ‘ ax |

= 0UT TO OUT

DESIGN SPECIFICATIONS: THIS STANDARD DRAWING CONFORMS
TO “STANDARD SPECIFICATIONS FOR HIGHWAY BRIDGES”
ADOPTED BY THE AMERICAN ASSQOCIATION OF STATE HIGHWAY
AND TRANSPORTATION OFFICIALS, 1996, INCLUDING THE 1997,
1998 & 1999 INTERIM SPECIFICATIONS AND THE ODOT BRIDGE
DESIGN MANUAL.

DESIGN DATA:
DESIGN LOADING: DEAD LOAD - 60 LB/FT? (F.W.S.)
LIVE LOAD - HS25 AND THE ALTERNATE
MILITARY LOADING.

CONCRETE - COMPRESSIVE STRENGTH = 4500 PSI.

REINFORCING STEEL - MIN. YIELD STRENGTH = 60, 000 PSI.
REINFORCING STEEL FOR SKEWED BRIDGES: THE A AND C
BARS SHALL BE PLACED PARALLEL TO THE CENTER LINE OF
ROADWAY AND THE B BARS SHALL BE PLACED PARALLEL TO
THE ABUTMENTS.

LONGITUDINAL CONSTRUCTION JOINTS REQUIRED FOR STAGE
CONSTRUCTION SHALL BE ACCORDING TO 511.12

CURBS, BRIDGES WITH SIDEWALKS : FOR BRIDGES CONSTRUCTED
WITH RAISED SIDEWALKS, DEFLECTOR PARAPETS OR OTHER
TYPES OF CONSTRUCTION WHICH RETAIN ROADWAY SURFACE
DRAINAGE, THE APPROACH SLABS SHALL EITHER INCLUDE
INTEGRAL CURBS OR BE CONSTRUCTED IN CONJUNCTIGN WITH
BRIDGE CURBS. CURB HEIGHT SHALL BE TRANSITIONED UNIFORMILY
BETWEEN BRIDGE CURB HEIGHT AND ROADWAY CURB HEIGHT
IN A LENGTH AS FOLLOWS: WHERE WINGWALL EXTENDS BE-
YOND END OF APPROACH SLAB, USE A MINIMUM LENGTH OF
10 FEET BEYOND END OF WINGWALL. WHERE THE APPROACH SLAB
EXTENDS BEYOND THE END OF WINGWALL ,TRANSITION [N THIS
LENGTH. HOWEVER, THE TRANSIT]ON LENGTH SHALL NOT BE
LESS THAN 10 FEET AND THE TRANSITION SHALL EXTEND
BEYOND THE END OF APPROACH SLAB |F NECESSARY.

APPROACH SLAB WIDTH (W): APPROACH SLABS SHALL BE THE
SAME WIDTH AS THE BRIDGE ROADWAY .

APPROACH SLAB LENGTH (L}: THE LENGTH SHOULD BE BASED
ON FACTORS SUCH AS THE SIZE AND AMOUNT OF EXCAVAT[ON
BEHIND THE ABUTMENTS, NEW OR EXISTING EMBANKMENTS AND
SKEW OF THE BRIDGE. THE LENGTH SHALL BE SHOWN ON THE
PROJECT PLANS.

DECK CROWN AND SLOPE: THE LOCATION OF THE CROWN POINT
AND THE RATE OF CROSS SLOPE ON THE APPROACH SLAB SHALL
CONFORM TO THAT OF THE BRIDGE DECK AND APPROACH PAVE-
MENT. IF THE RATE OF CROSS SLOPE OF THE BRIDGE DECK
DIFFERS FROM THAT OF THE APPROACH PAVEMENT, A SMOOTH
TRANSITION SHALL BE PROVIDED WITHIN THE LIMITS OF THE
APPROACH SLAB WHENEVER POSSIBLE.

WEARING SURFACE- GENERALLY APPROACH SLABS SHALL HAVE
AN ASPHALT CONCRETE WEARING SURFACE ONLY WHEN BOTH
THE APPROACH PAVEMENT SURFACE AND THE BRIDGE WEARING
SURFACE ARE ASPHALT CONCRETE.

PRESSURE RELIEF JOINTS: RELIEF JOINTS, TYPE A, ARE
TO BE PROVIDED REGARDLESS OF ABUTMENT DESIGN AT ALL
BRIDGE APPROACHES WHERE APPROACH PAVEMENT IS RIGID, OR
COMPOSITE CONSISTING OQF A RIGID BASE. SEE STANDARD
CONSTRUCTION DRAWING BP-2.3 FOR DETAILS

BASI'S OF PAYMENT: I[N ADDITION TO THE [NCIDENTAL ITEMS
LISTED IN 526.08, THE DEPARTMENT WILL [NCLUDE THE
FOLLOWING ITEMS FOR PAYMENT: THE PREFORMED EXPANSION
JOINT FILLER AND JOINT SEALER AT THE CORNERS AND
SIDES OF THE APPROACH SLAB; AND THE TYPE “A" WATER-
PROOFING  AND THE PREFORMED ELASTOMERIC COMPRESSION
JOINT SEAL AT THE BRIDGE LIMIT END OF THE APPROACH
SLAB.

THE DEPARTMENT WILL PAY FOR THE PRESSURE RELIEF JOINTS
AND ANCHOR BARS ( D80/ OR DB802) SEPARATELY.
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/ NOTE 6 /NOTE 6

NOTE 1 NOTE 2 ” -
- NOTE 4 NOTE 4 NOTE 3 NOTE 3 NOTE
A
DETAIL A DETAIL B DETAIL C DETAIL D DETAIL E DETAIL F
BRIDGE LIMIT
B BRIDGE LIMIT
BRIDGE LIMIT NOTE |: PREFORMED ELASTOMERIC COMPRESSION JOINT SEAL,
B | 705. 11 (1" WIDE FOR A Y4 WIDE GROOVE) PLACED
| ) N Y% x 2%’ GROOVE.
: NOTE 2: FREFORMED ELASTOMERIC COMPRESSION JOINT SEAL,
705. 11 (1" WIDE FOR A "4 WIDE GROOVE) PLACED
IN Y x 2 GROOVE.
POROUS NOTE 3: |* PREFORMED EXPANSION JOINT FILLER, 705.03.

BACKFILL (TYP.)
ON SLAB BRIDGES

CONCRETE WEARING
SURFACE ON BRIDGE DECK
AND APPROACH SLAB

BRIDGE LIMIT

ON_PRESTRESSED CONCRETE BOX BEAM BRIDGES®

BRIDGE LIMIT

APPROACH SLAB SUPPORTED ON ABUTMENT BACKWALL

ASPHALT CONCRETE WEARING
SURFACE ON BRIDGE DECK
AND APPROACH SLAB

ON BRIDGES WITH INTEGRAL CONSTRUCTION
(SEMI - INTEGRAL SIMILAR)

BRIDGE LIMIT

ey

ON_PRESTRESSED CONCRETE BOX BEAM BRIDGESQ’

BRIDGE LIMIT

APPROACH SLAB SUPPORTED ON ABUTMENT BACKWALL

CONCRETE WEARING
SURFACE ON BRIDGE DECK
AND APPROACH SLAB

APPROACH SLAB SUPPORTED ON ABUTMENT BACKWALL

BRIDGE LIMIT

; \ ’ ;

ON_PRESTRESSED CONCRETE BOX BEAN B.‘?/DGESe

CONCRETE WEARING
SURFACE ON BRIDGE
DECK ONLY

@ - THE APPROACH SLAB SEAT FOR THIS PRESTRESSED
CONCRETE BOX BEAM BRIDGE 1S SHOWN AT THE
SAME ELEVATION AS THE BEAM SEAT. HOWEVER,
IT MAY ACTUALLY BE HIGHER OR LOWER THAN THE
BEAM SEAT DEPENDING ON THE BOX BEAM DEPTH.

NOTE 4: TYPE “A” WATERPROOFING.

NOTE 5: SEE PLAN INSERT SHEET, “ABUTMENT JOINTS IN
BITUMINOUS CONCRETE, BOX BEAM BRIDGES.”

NOTE 6: SEE PLAN INSERT SHEET, “POLYMER MODIFIED
ASPHALT EXPANSION JOINT SYSTEM.”

TYPE ”“A” WATERFROOFING SHALL NOT EXTEND ABOVE
THE BOTTOM OF THE GROOVE INTO WHICH THE PREFORMED
ELASTOMERIC COMPRESSION JOINT SEAL IS TO BE PLAC-
ED. IT SHALL BE APPLIED TO THE ENTIRE AREA OF
THE ABUTMENT OR SUPERSTRUCTURE WHICH COMES
INTO CONTACT WITH THE APPROACH SLAB.

FOR PRESTRESSED CONCRETE BOX BEAM BRIDGES WITH
ASPHALT CONCRETE ON BOTH BRIDGE DECK AND APPROACH
SLAB, THE TOP OF APPROACH SLAB AT THE BRIDGE END
SHALL BE CONSTRUCTED TO THE LEVEL OF THE TOP OF THE
BEAMS TO FACILITATE WATERFPROOFING OF THE JQINT. THE
THICKNESS OF ASPHALT CONCRETE AT THE APPROACH END
OF THE SLAB SHALL BE THE THICKNESS OF ASPHALT
CONCRETE USED ON THE ROADWAY PAVEMENT. THE THICK-
NESS OF ASPHALT CONCRETE SHALL VARY UNIFORMLY, IF
NECESSARY, IN THE LENGTH OF THE APPROACH SLAB. THE
SUBGRADE  (SUBBASE) SHALL BE GRADED TO PERMIT THE
BOTTOM OF THE APROACH SLAB TO BE PARALLEL TO THE
TOP.

FOR STRUCTURES WITHOUT STRIP SEAL, COMPRESSION
SEAL OR POLYMER MODIFIED ASPHALT EXPANSION JOINTS,
THAT HAVE AN ASPHALT CONCRETE WEARING SURFACE ON
BOTH THE BRIDGE DECK AND APPROACH SLAB, EXTEND THE
DECK WATERPROOFING 2°-0" BEYOND THE BRIDGE LIMITS.
FOR STRUCTURES WITH STRIP SEAL AND COMPRESSION
SEAL  EXPANSION JOINTS, END THE DECK WATERPROOGFING
AT THE PRESTRESSED BOX BEAM NOTCH. FOR STRUCTURES
WITH POLYMER MODIFIED ASPHALT EXPANSION JOINTS,
EXTEND THE DECK WATERPROOFING TO THE CENTERLINE OF
THE JOINT.
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SIDEWALK 1 APPROACH SLAB “W”
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APPENDIX B QUESTIONNAIRE RESULTS (HOPPE, 1999)
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Table B-1. Advantages of Using Approach Slabs.

State Smooth Reduced Control Uniform Lower Seismic Minimum | None

Ride Impact Drainage | Settlement | Maint. | Stability Deviation
Cost at Joints

AL X X

AZ X X

CA X

CT X

DE X

FL X

GA X

ID X X

IL X X

IN X X

10 X X X

KS X X X

KY X

LA X

ME X X X

MD X

MA X

MN X X

MS X

MO X X

MT X X

NE X X X X

NH X

NJ X X

NM X

NY X

ND X X

OH X

OK X

OR X X X X

SD X X X

TX X

VT X X

VA X X X

WA X X

WI X X X

wY X X X
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Table B-2. Disadvantages of Using Approach Slabs.

State

Higher
Initial
Cost

Maint.

Erosion

Bending
Stress
at Backwall

Problems
w/Staged
Construction

Joints

Rough
Surface

Increased
Construction
Time

CA

DE

X
X

GA

ol

ke

IL

IN

10

KS

KY

ltaitadlallel

ellalke

LA

ME

>~

MN

MO

=

MT

NE

>~

NJ

ellalle

ND

OK

OR

ol

SD

eltalkadkel

VA

ol

WA

WI

WY

ellalls
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Table B-3. Current Use of Approach Slabs (%).

State Interstate System Primary System Secondary System
AL 100 100 20
AZ 100 100 80
CT <50 <50 <50
DE 90 65 20
FL 100 100 100
GA 100 100 100
ID “small” “small” “very small”
IL 100 100 90
IN 100 100 100
1A 100 75 10
KS 90 50 20
KY 35 35 35
LA 100 100 100
ME >50 >50 >50
MD <1 <2 0
MA 100 100 100
MN 90 69 8
MO 100 100 10
MS 100 100 85
MT <5 <5 <1
NE 100 100 100
NV 100 100 100
NH 95 30 7
NM 80 80 80
NY 100 100 100
ND 75 60 0
OH 100 95 75
OK 100 >90 0
OR 100 100 100
SC 100 100 30
SD 95 90 5
VT 100 100 100
VA 98 75 <4
WA 75 50 25
WI 100 100 25
WY 90 75 50
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Table B-4. Criteria for Use of Approach Slabs with Conventional Abutments.

State

Use on
All
Bridges

ADT,
AADT,
DHV

Pavement
Type

Settlement
Expected

Road
Functional

Classification

Embankment
Height

Engineer’s
Option

Not
Used

AL

X

X

AZ

X

CA

X

CT

ol

DE

ol

FL

GA

el

ID

IL

IN

IA

KS

ol

el

KY

MA

MD

ME

MN

|

MS

MO

ol

MT

NE

NH

ol

NJ

NM

NV

NY

ellalle

ND

OH

OK

OR

SC

ke

SD

X

VT

VA

WA

WI

WY
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Table B-5. Criteria for Use of Approach Slabs with Integral Abutments

State | Use on ADT, | Pavement | Settlement Road Embankment | Engineer’s Not
All AADT, Type Expected Functional Height Option Used
Bridges DHV Classification

AL X

AZ X

CO X

CT X X

DE

ke

FL

GA

ID

IL

eltaltadkel

IN

IA

ke
|
ol

KS

KY

ol

MA

MD X

ME X X X

MN X

MS X

MO X

MT X X

NE

ol

NH

NJ X

NM

NV

ellalle

NY

ND X

OK X

OR

ke

SC

SD X

X X

VT

el

VA

WA X

WI X

WY X
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Table B-6. Special Inclusion Circumstances.

State

Skew

Expected
Settlement

Road
Class

Engineer’s
Option

Traffic
Volume

Span
Length

Pavement
Type

Seismic
Stability

All
Bridges

None

AL

X

AZ

CT

ol

FL

GA

ol

ID

IL

IN

10

KS

KY

MA

ME

ke

MS

MO

ol

MT

NE

NH

el

NJ

NY

ND

OH

OK

OR

SC

SD

X

VT

VA

ke

WA

WI

WY
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Table B-7. Special Exclusion Circumstances.

State

No
Settle.
Expected

Excessive
Settle.
Expected

Engineer’s
Option

Traffic
Volume

Existing
Embank.

Span
Length

Pvmt.
Type

Rocky
Terrain

Retro-
fit

None

AL

X

AZ

CT

|

DE

FL

GA

ID

IL

IN

eltaitallallel

10

KS

>~

KY

ME

ke

MA

MS

MT

eltalls

NE

NV

NH

NJ

NY

ND

OH

OK

OR

SC

ke

SD

X

VT

VA

el

WA

WI

WY
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Table B-8. Typical Approach Slab Dimensions.

State Length, Thickness, Width Miscellaneous
m (ft) mm (in)
AL 6.1 (20) 230 (9) Pavement
AZ 4.6 (15)
CA 3.0-9.1 (10-30) | 305 (12) Curb-Curb
DE 5.5-9.1 (18-30)
FL 6.1 (20) 305 (12) Curb-Curb
GA 6.1-9.1 (20-30) | 254 (10) Curb-Curb
ID 6.1 (20) 305 (12) Length varies with skew angle
IL 9.1 (30) 380 (15) Curb-Curb
IN 6.2 (20.5) Length varies with skew angle
10 6.1 (20) 254-305 (10-12) | Pavement Length varies with skew angle
KS 4.0 (13) 254 (10) Curb-Curb
KY 7.6 (25) Curb-Curb
LA 12.2 (40) 405 (16) Curb-Curb | Length varies with skew angle
ME 4.6 (15) 203 (8) Curb-Curb
MA 254 (10) Slab is sloped longitudinally
MN 6.1 (20) 305 (12) Pavement T-beams
MS 6.1 (20) Curb-Curb
MO 7.6 (25) 305 (12) Timber header at sleeper slab
NV 7.3 (24) 305 (12) Curb-Curb
NH 6.1 (20) 380 (15)
NJ 7.6 (25) 457 (18) Used with transition slab 9.1 m X 230-457 mm
(30 ft x 9-18 in)
NM 4.6 (15) Curb-Curb
NY 3.0-7.6 (10-25) | 305 (12) Curb-Curb | Sleeper slab, length varies with abutment type
ND 6.1 (20) 356 (14) Curb-Curb
OH 4.6-9.1 (15-30) | 305-432 (12-17) Length varies with embankment and skew
angle

OK 9.1 (30) 330 (13) Curb-Curb
OR 6.1-9.1 (20-30) | 305-356 (12-14) | Curb-Curb | Length varies with fill height and skew angle
SC 6.1 (20)
SD 6.1 (20) 230 (9)
TX 6.1 (20) 254 (10)
VT 6.1 (20)
VA 6.1-8.5 (20-28) | 380 (15) Pavement Length varies with skew angle
WA 7.6 (25) 330 (13) Pavement Length varies with skew angle
WI 6.2 (20.5) 305 (12)
WY 7.6 (25) 330 (13) Curb-Curb | Sleeper slab 1.7 m x 254 mm (5.5 ft x 10 in)
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Table B-9. Slab to Backwall Connection.

State

Conventional Bridges

Integral Bridges

Doweled or No
Tied Connection

Doweled or
Tied

No
Connection

Integral Abutments Not Used

AL

X

X

AZ

X

CA

X

CT

DE

X
X

FL

|

GA

ID

IL

ke

IN

eltalke

1A

KS

ol

KY

LA

ME

MD

MA

MN

MO

MS

MT

|

NV

NH

ke

NJ

NM

o

NY

ND

ol

OH

OK

OR

ke

SC

Sltaikad ke

SD

X

VT

ke

VA

WA

ke

WI

wY
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Table B-10. Embankment Material Specifications.

State Same/Different % Passing Miscellaneous
from Regular 75 pm (No. 200)
Embankment Sieve

AL Same A-1to A-7

AZ Different

CA <4 Compacted pervious material

CT Different <5 Pervious material

DE Different Borrow type C

FL Same A-1,A-2-4 through A-2-7,A-4,A-5,A-6,A-7 (LL<50)

GA Same GA Class I, IT or III

1D A yielding material

IL Different Porous, granular

IN Different <8

10 Different Granular; can use Geogrid

KS Can use granular, flowable or lightweight

KY <10 Granular

LA Granular

ME Different <20 Granular borrow

MA Different <10 Gravel Borrow type B, M1.03.0

MI Different* <7 *Only top 0.9 m (3 ft) are different (granular materials
Class II)

MN <10 Fairly clean granular

MS Different Sandy or loamy, non-plastic

MO Approved material

MT Different <4 Pervious

NE Granular

NV Different Granular

NH Same <12

NJ Different <8 Porous fill (Soil Aggregate 1-9)

NM Same

NY <15 <30% Magnesium Sulfate loss

ND Different Graded mix of gravel and sand

OH Same Can use granular material

OK Different* *QGranular just next to backwall

OR Different Better materials

SC Same

SD Varies* *Different for integral; same for conventional

TX Same

VT Same Granular

VA Same Porous backfill

WA Gravel borrow

WI Different <15 Granular

WY Different Fabric reinforced
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Table B-11.

Lift Thickness and Percent Compaction Requirements.

State Lift % Miscellaneous
Thickness, Compaction
mm (in)
AL 203 (8) 95
AZ 203 (8) 100
CA 203 (8) 95* *For top 0.76 m (2.5 ft)
CT 152 (6)* 100 *Compacted lift indicated
DE 203 (8) 95
FL 203 (8) 100
GA 100
1D 203 (8) 95
IL 203 (8) 95* *For top, remainder varies with embankment height
IN 203 (8) 95
10 203 (8) None One roller pass per inch thickness
KS 203 (8) 90
KY 152 (6)* 95 *Compacted lift indicated; Moisture = +2% or -4% of
optimum
LA 305 (12) 95
ME 203 (8) At or near optimum moisture
MD 152 (6) 97* *For top 0.30 m (1 ft), remainder is 92%
MA 152 (6) 95
MI 230 (9) 95
MN 203 (8) 95
MS 203 (8)
MO 203 (8) 95
MT 152 (6) 95 At or near optimum moisture
NE 95
NV 95
NH 305 (12) 98
NJ 305 (12) 95
NY 152 (6)* 95 *Compacted lift indicated
ND 152 (6)
OH 152 (6)
OK 152 (6) 95
OR 203 (8) 95% *For top 0.91 m (3 ft), remainder is 90%
SC 203 (8) 95
SD 203-305 97 *0.20 m (8 in) for embankments, 0.30 m (12 in) for bridge
(8-12)* end backfill
TX 305 (12) None
VT 203 (8) 90
VA 203 (8) 95 + or —20% of optimum moisture
WA 102 (4)* 95 *Top 0.61 m (2 ft), remainder is 0.20 m (8 in)
WI 203 (8) 95% *Top 1.82 m (6 ft and within 60 m (200 ft)), remainder is
90%
wY 305 (12) Use reinforced geotextile layers
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Table B-12. Drainage Provisions.

State | Plastic Weep Joint Granular Miscellaneous
Pipe holes Seal Fill
AL Open joint on bridge side of abutment
AZ Geocomposite
CA X Filter fabric; geocomposite
CT X* *or 152 mm (6 in) underdrain
DE X X
FL X Divert water from abutment
GA X* *or curb and gutter
ID X
IL X X 76 x 127 mm (3 X 5 in) curb; can use inlet box
IN X X
10 X X Subdrain at bottom of fill
KS X X Filter fabric and strip drain
KY X X
LA Wedge of drainable material
ME X French drains at abutment and wingwalls
MA Box culvert, curb, waterproofing
MI X X Underdrain at top of footing
MN X Curb and gutter, underdrain at top of footing
MS No special provisions
MO X* *or steel pipe; geotextile fabric
MT X Geocomposite
NE Drainage matting; rock riprap
NH X* X *102 mm (4 in) in diameter
NJ X* X X *or steel pipe
NM No special provisions
NY X Drainage board
ND X* *if soil heave is expected; trench at bottom of
backfill.
OH X X* *0.61 m (2 in) thick; underdrain
OK Underdrain at back of bridge seat
OR X End panels; catch basin
SC X Geotextile fabric and drains
SD X Drainage fabric and waterproofing
X No special provisions
VT No special provisions
VA X X X
WA Catch basins and deck grading
WI X Underdrains if impervious soil
WY X Drainage and filtration geotextile
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Table B-13. Construction Issues.

State | Contractors Difficulties Obtaining Recycled or Manufactured
Closely Specified Degree of Materials Ever Used for
Monitored? | Compaction at Abutments? Backfilling Abutments?

AL X

AZ

CA

CT

DE

FL

GA

ID

IN

lieitaiialisltaitaiialialls

IA

KS

KY

ellalle

LA

ol
it ks

MA

MD

ME

ol
ol

MI

MS

o

MO

>~

MT

NE

NH

eltaikadke

NJ

NM

eltalkadkel

NY

OH

OK

ltalke

OR

SC

> P

SD

ke

X

VT

VA

ol

WA

WI

eltsitaitalialtaitaliad kel

wY
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Table B-14. Do You Typically Build Approach Embankments Before or After Abutment Construction?

State Before After
AL X
AZ X
CA
CT
DE
FL
GA
1D
IN
IA
IL
KS
KY
LA
MA
MD
ME
MI
MS X
MO
MT
ND
NE
NH
NJ
NM
NY
OH
OK
OR
SC
SD
TX
VT
VA
WA
WI
WY

> | <

oltadke

el ltalialialtaltalls

il ltaltaite

eltalle

eltalke

eltaitaitaltalialtalle

eltalke

eltalkalkel
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Table B-15. Is Approach Slab Settlement a Significant Problem?

State Yes No Moderate
AZ X
CA X
CT X
DE X
FL X
GA
1D
IN
IA
IL
KS
KY
LA
MA
MD
ME X
MI X
MN
MS
MO
MT
ND
NE
NH X
NJ X
NM
NY
OH
OK
OR
SC
SD
TX
VT
VA X
WA
WI
wY X

|

| <

lialtalls

> | <

lisitdialialls

>~

ke

eltalkadkel

|

el
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APPENDIX C EXAMPLE OF BRIDGE APPROACH DRAINAGE DETAILS

(BRIAUD ET AL., 1997)
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Plug ends of plpes with some materlal

that underdraln is composed of.

—b6"¢Perforated PVC circular
plpe underdrain,

<—0rdln In edch direction from
midpolnt @ Y4/ ft. slope (Typ.)

Rliad At d R i Ko TR R R PV U U

15"t (Typlcal)

Outlet as shown through the
cbutment onto the slope
protection or finlshed ground.

'6”4>perforofed PVC
underdraln behind
wing wall

PLAN
Scale: None

6" + length
6”9PVC pipe

Notes: ' cbutment
I.To be used for all abutments, regardiess of the
direction of the approach roadway grades.
2.Minimum slope of Plpe Underdraln guﬂe‘rs Is Yirtt,
3.For Sectlon A-A see Sheet No.2, 3 or 4 _
4.The dralnage system behind each wing wall can be
connected to the dralnage system behind the
abutment using 2 - 90* bends and g short length

30°* bend from
underdrain
behind

wing wall

90° bend

6”9 perforated PVC
underdrain behind

of pipe. This will necessitgte the APPROVAL
STATE OF MARYLAND
ggog;l%ghefliyg{;r%r?ehmd the wing wall W—L—’m““‘mmm DEPARTMENT OF TRANSPORTATION é
5.For wing walls over 25 f1.long, the e STATE HIGHWAY ADMINISTRATION 4
;‘.lrolnoge sysh;m behind them may be |™™ :r:f
ndependent of the dralnage system REVISIONS -
behind the abutment. They con be SHA FHWA 8 Bgl?[-pl\lLALCEFOSRYSATBEUN%MAE%DTS =
outletted directly through the wing 9-1-82 | 6-8-90 "
wall. 6-24-87 | 6-8-90
e STANDARD NO. BR-SB(0.01)-80-10I sheeT_|_or 4 F
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097

6"¢ Perforated PYC Circular

Pipe Underdrain

6¢ Non-Perforated PVC Circular
Pipe Underdrain Outlet:

BB

2B

%

b3
o |58
gw é 13
5|1 38

(4]

—‘

Z

o

>

8

bd o

Sl n= 4n

81 D oA

g B ﬁ:g%

2 = =

4 2“{2 ‘%gaﬂ

o mﬂ 5)00

© Zm 8-('!1’1’1

S| 32 kxg

2| _» °§§
22 237
o gma
OR g:no
— g:j;
> > 3
— 05
- 22
-

30’-0” Max, (measured along € approach roadway)

—Approach Roadway

Pavement ,

i
tTop of

e © subgrade
AASHTO M43, Size No, 57 stone fill placed and gl B T, ubere
tamped In accordance with Section 210 EI8 ?Iope Jo drfoin

58583 oward abutment
~Slope as steep as ground /|2 e84
Wil llow (TypJ1:2 maxinum 4 nj& S8 ond wing walls

Place Closé C geotextlle between Size No. 57
stone and approach embankment

> | f—Vorles - 1'-4” Min.

NN

—1*5’s spaced
os shown.

M35 @ I-6" ¢/¢c.

21_01/

*5 Threaded \ ;
rebar dowfel L - -\ - = -1
coupler @ —T "
I'-6" ¢c/¢ '?
Slope
Protection

Concrete Base (Mix
No.l or better)

Notes:
l. 6raded aggregote base to be placed and compacted
in 6” [ifts In accordance Section 501.
2. AASHTO M 43, Size No.57 stone “shall be placed
.as shown behind the cbutment ond to the same
geometrics behind the abutment wingwalls when
SECTION A-A they parallel the highway.

Scale: None 3.The Contractor must provide a well compacted
surface to place the geotextile and stone fill
ogainst.In fill areos It will be necessary to overfil
o sufficient distonce so that a well compacted
surface will be produced when the overfill is
removed. The removed material will be pald for
as Class 2 Excavation. The maximum pay limits
for the stone will be the 2 ft.base and the
slope as steep 0s ground will allow with the
I+2 moximum slope.

4.The cost of the stone and geotextile will be
Incidental to the pertinent structure concrete item.

25207 133ms
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30’-0” Max. (measured along ¢ opproach roadway)

191

—

—Approach Roadway
Pavement K
6”9 Perforated PVC Circulor L
o7 Pipe Underdrain el t |
A % Top of
| guerterie e RSy 4z
S Outlet. abutment and wing walls E|gS
ilor o
- AASHTO M43, Size No.57 stone fill placed and 5 §8
ARE g tamped In occordance with Sectlon 210 ~ “
< .
2 g 3 Slope as steep as ground /]2
g § 2 will allow (Typ.J1:2 maximum
z gg |
i Place Class C geotextile between Size No.57
3 stone and approach embankment
%
):;
2| 3o
8 °g c_g% 'SbThr%odecli I s l Notes:
3| B 32 revar dowe -TC —Varles - I-4" Min, l. Graded aggregate base to be placed and compacted
al S8 gigg ﬁ?g,‘?'g;c at — e In 6”1Ifts In accordance Section 501
S| B 530> 2.AASHTO M 43, Size No.57 stone shall be placed
ol =X mg-ﬁ{ .0s shown behind the abutment and to the same
1 A4 Sg)og geometrics behind the abutment wingwalls when
Sl -2 g=<" 2'-0” they parallel the highway.
sl B8 62% ] 3.The Contractor must provide a well compacted
Tl EZ 22 Siope surface to place the geotextlle and stone fill
o é%g Protection ogainst.In fiil areas it will be necessary to overfill
Zom agc a sufficlent distance so that @ well compacted
=5 833 Concrete Base surface will be produced when the overfll Is
ma F (Mix No.|or removed. The removed material will be pald for
2| m= 2Z better) SECTION A-A as Class 2 Excavation, The maximum pay limits
181 =27 5 o "6/ ' Scale: Nors for the stone will be the 2 ft.base and the
A ° c¢/e : Islo2pe os} sfeeq as ground will dllow with the
, 12 maximum slope,
}w *3's spaced 4.The cost of the stone and geotextile will be
Q hown
F‘ as shown. incidental to the pertinent structure concrete ltem.
18
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6"¢ Perforated PVC Circular

30°-0" Max. (measured along € approach roadway)

—Approach Roadway
Pavement N

Pipe Underdrain

[ |
Top of
/- -Siope to drain toward o £ subgrade
/ abutment and wing walls 22
=° oL o
ooOw
JIo OO0
NSO CO

AASHTO M43, Size No.57 stone fill placed and
tamped In accordonce with Section 210

Slope as steep as ground AZ '
will allow (Typ.}I:2 maximum I

Place Closs C geotextile between Size No.517
stone and approach embankment a

Notes:

L—Varies - 1’-4” Min. I. Graded aqgregate base to be placed and compacted

2:_0::

In 6”1Ifts In accordance Section 501,

2.AASHTO M 43, Size No.57 stone shall be placed

. as shown behind the abutment ond to the same
geometrics behind the abutment wingwalls when

they paradllel the highway.

3.The Contractor must provide a well compacted
surface to place the geotextile and stone fliil
against.In fill areas It will be necessary to overflll
a sufficient. distance so that a well compacted
surface will be produced when the overfillis -

B
LALS B
6"¢ Non-Perforoted PVC
% Circular Pipe Underdroin
5 Outlet.
g8
£, g
i
g g é E
5l % :
3
8 Finished Ground"
é Line
-
z| 83 o *5 Threoded
=l == 35 rebar dowel
2| 8% gH3 coupler at
8 2% 3z g‘é I'-6” ¢/¢
S m 5
o| =% 8 z A/ [ Concrete Base
o = 25991 Mix No.ior
S| z@ 87 better)—]
Ll 2% n P 4
(o]
®| Fg B2
L 388
=L & g 25
= E:j;
= =< =5
mm 28
sE 22
Er—

5 e "6 c/c.

n 133HS
A7 H0 T

removed. The removed material will be paid for
as Class 2 Excavation, The maximum pay limits

- for the stone will be the 2 ft.bose and the
slope as steep as ground will allow with the
1+2 maximum slope.

SECTION A-A

Scale: None

4.The cost of the stone ond geotextile will be
Incidental o the pertinent structure concrete item.
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APPENDIX D APPROACH SLAB OF HOUSTON, Texas
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TYPE [
GUTTER 7'-0" ror sections: (D -0, @-@, a0 [~® 18" SPACING EDGE ® 187sPacInG
o (D -(P)SEE SHEET 2 0F 2 \ﬁ l SPAGING f
s
tjﬂ . I
S "F/% © 24"SPACING \(\L‘__’(‘ |
B BACK OF ——
° MONO CURB / { \ l |
T EDGE |
- SPACING,
CONSTR. = 0 BEND LINE B
- ® ) ] | VT LE
3
1 x * REQUIRED BEND t % .
T FACE OF MONO CURB | g3
| (IF CURB [S USED) @ AT 24" SPACING Il am
BRIDGE
| ‘ K e } BRI0cE / TYP]CAkTR$g)gF.STL. l anilEE
I 2%
. | g
: BEND 35 NECESSARY — 8
| 1 N TYPICAL REINF.STL. } / / T0 WAINTAIN SPACING e
SPACING (REQUIRED FOR
: AT TOP N BOTH TOP & BOTTOM STEEL) (CONC. PAV. ONLY) !
2 T | NI « < ‘ :
.2 %TH# © 24"SPACING / Y, N APPROACH SLAB | z
2l s
g2l N AN ® 6"SPACING : :
2 \ 6"SPACING @ =
25 \‘T“Jr -<_| / / N STEEL TIED \\ TYPICAL REINF,STL, ! 2
z 25 ® 18"SPACING N 2o j— """\ AT BOTTOM [>T ] =
5 g : y NN 2 AT BOTTOM 2 ‘ ,) Il V' T
= =2 o] I
EXPANSION JOINT " —
3 | —Expansion oIt @® AT 18" TOP SPACING Y N \\ \\w ‘“V" M*—k@zwwx. // z | _
H | I i \ SPACING ——f=e—————
] ——
2 | APPROACH SLAB NN 3 vIN, k) i \ \ i
| SPACING o [l ]/ | 1
w < A t { I m
@ | ® 6"SPACING N N x } { v‘ |
| |
,t ! TYPICAL REINF. STL. \ O 1 7 \ T
T i \ AT BOTTOM f KA ok N\ ]
i m— \ . 1 AN L =5
" / © 24"SPACING | “ W N \\ @
T 1 o ——— © AT 24" SPACING 2070
] ] [ 1} N
¥ | [~ FACE OF MONO CURB [ [ N N NORMAL BRIDGE APPROACH SLAB
S T ] (IF CURB IS USED) [ T N N\
] 1
=3 ] \ 1 \ SEE STRUCTURE DETAILS
al T i ] 1 ‘ 1y ff(\:{\ \\ FOR THIS DIMENSION L
N | ﬁ_‘ " SEE CONCRETE PAVEMENT DETAIL
L \ \ \ | JOINT SEALS (JS-94) |
3'-0"
"@ 20" 0" ’ ~\\®AT 6" SPACING BRIDGE T-THICKNESS OF
@L J@ APPROACH SLAB CONCRETE
EDGE F - !
SPACING 2 2 LAYERS OF 30%
3 PERMISSIBLE //iLAB SUPPORT e ROOFING FELT
TYPE I SKEWED BRIDGE APPROACH SLAB CONSTR. JOINT
30 GENERAL NOTES
3 ABUTVERT REINFORCEMENT —1 (<2 M- CLEAR 1. THE APPROACH SLAB SHALL HAVE THE SAME TRANSVERSE CROWN THROUGHOUT
zumaem] [T o lz“wN.cLEAR K (r‘) TP ) S SEE STRUCTURE DETAILS EXPANSION JOINT ITS LENGTH AS THE STRUCTURE WHICH IT ADJOINS.
(TYP.) A TYPL )
| ! || L } lol O OSSIBLE EXPANSION DETAIL A 2. ALL REINFORCEMENT BARS ON THIS STANDARD SHALL BE NUMBER 5 BARS.
CONCRETE + - - - —_— = @L : REINFORCING STEEL SHALL CONFORM TO ASTM DESIGNATION A-615,
CoNeRE 1 22 i fr\j\ FOR THE CONTRACTOR INFORMATION QUANTITIES OR A-616, GRADE 60. WHERE BENDING OF THE STEEL IS REQUIRED A-615,
~ ~ 1 — ————— ¥ \‘ WERE CALCULATED USING THE FOLLOWING : GRADE 60 SHALL BE USED.
G L A -9t BB LpeE DEFINITION OF TERMS 3. ADDITIONAL DETAILS FOR POSSIBLE CURB AND GUTTER AND LONGITUDINAL
N ® ® ® e W = THE WIDTH OF THE SLAB IN FEET JOINTS ARE SHOWN ON SHEET 2 OF 2 OF THIS STANDARD DRAWING.
g SECTLON THROUGH SLAB SUPPORT SHOWING = S = ANGLE OF SKEW [N DEGREES
2z TYPICAL REINFORCING AND DIMENSIONS. TAPER TO THICKNESS T \ N
o = THE SLAB SUPPORT SHALL BE OMITTED FOR = e Y.
§ 3 THE SLAD SUPPORT SHALL BE ONITTED FOR - umvent ass = AREA OF BRIDGE APPROACH SLAB (S.Y.)
2 < PAVEMENTS. L REINFORCING )
8 9 sow+ WETAN S
2 & TYPICAL SECTION A-A Aaus = — I;" Texas Department of Transportation
- Design Division (Pavement)
P
S = EDGE OF APPROACH SLAB
- 3 S e BRIDGE APPROACH SLAB
L SLOPE. SAME 45 f— TABLE FOR STEEL FOR USE WITH ASPHALT
" BRIDGE DECK-
— & ‘ \ L JOINT DETAIL SHOWN AND CONCRETE PAVEMENTS
o ELSEWHERE IN PLANS
g . XY B35 SHeeT 2 oF 21 s NORMAL OR SKEW
=z (5 T3 T 3
B 38.0/5.Y.
B —— OF BAS BAS-94
fed 13" 23"
= | WINGWALL
= BAR DETAIL® BAR DETAIL@ ©% /N _________ | L 9.5/FT. OF (©TxDOT SEPTEMBER 1994 [ow-LJB
/ SUPPORT SLAB oo S
sLAB
SUPPORT-

TYPICAL SECTION B-B

GRADE 60

SHEET 1 OF 2

LJB [w-BGD [oe-GLG [ws v ROO0D
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Fe/ACC:  /usc/dd81303

LEVELS DISPLAYED

BAS94. DCN

FILE:

42"

21" MIN.

21" MIN.

LANE LINE
1%/2" VINYL OR PLASTIC JOINT FORMER

SHOULDER STR]PE (STRESS CAP, ZIP STRIP, STRESS LOAD, END TRANSVERSE 33"
OR EQUAL) AS APPROVED BY THE ENGINEER STEEL © &« © Ny
WITH 2"CLEARANCE *‘-‘
| FROM JOINT

METHOD A OR B

Nk

| ®

— .

[.1.»

©

\ A |
\

\ " CHAMI
(f

FER
R 1 BY | BOARD)

CONTROLLED LONGITUDINAL JOINT DETAIL
THE TOP JOINT MAY OF SAWED PROVIDED A LIGHT WEIGHT
SAW 1S USED WITHIN 6 HOURS OF PLACEMENT.

SAWING OPERATION SHALL BE USED. THE SAW CUT SHALL
BE LESS THAN % " WIDE.

THE CHAMFER SHALL BE PLACED TO BE APPROXIMATELY
MIDWAY BETWEEN THE LONGITUDINAL BOTTOM-STEEL.

A REFERENCE LINE SHALL BE ESTABLISHED TO INSURE
THAT THE INSERT OR SAW CUT IS DIRECTLY ABOVE THE
CHAMFER. MINOR ADJUSTMENT IN THE A AND B BARS
SPACINGS MAY BE REQUIRED TO INSURE THAT THE JOINT
WILL BE APPROXIMATELY 2" FROM THE LANE LINE AND
NOT ABOVE A REINFORCING BAR.

ALL BARS TO BE NO.5 BARS

FACE OF CURB SPACED AS SHOWN
LINE

MULTIPLE PIECE TIE BAR AT 24" SPACING
SHALL MEET THE REQUIREMENTS OF ITEM 360,
"CONCRETE PAVEMENT". PLACE JOINT APPROX.
2" FROM LANE LINE OR SHOULDER STRIPE

3" ‘ -3 3“‘ X
NO.5 BARS SPACED -
AS SHOWN \ b I

T

<

T N FACE OF CURB
. LINE
T
EDGE OF APPROACH . =
SLAB_AND PERMISSIBLE -
CONSTRUCTION JOINT : A
o
|
i
T ! 5 SPACES @ 1°-3" C-C !
TYPE 11 3" TYPE 1

REINFORCING LAYOUT FOR GUTTER

DRAIN AS SHOWN ON

FACE OF CURB
BRIDGE LAYOUT LINE

| 40"

<—[ON TYPICAL SECTION

%ﬁ,

‘ SIDE SLOT AS SHOWN

2” BOTTOM OF TROUGH

SECTION AT @ -(@

SECTION AT (D -(D
TYPES I & II GUTTER

APPROACH
SLAB

LONGITUDINAL CONSTRUCTION JOINT DETAIL

——SEE CONCRETE PAVEMENT
DETAIL, JOINT SEAL

CLASS 4 OR 5
SEALANT 7%

EDGE OF
APPROACH
SLAB AND
PERMISSIBLE
CONSTR. JT.

GENERAL NOTES

1. TTIEBARS AT CONSTRUCTION JOINTS
SHALL MEET THE REQUIREMENTS OF
ITEM 360, "CONCRETE PAVEMENT. "

2.1F A CURB [S USED ON THE STRUCTURE,
A CURB WITH HEIGHT AND INSIDE FACE
MATCHING THE STRUCTURE CURB SHALL
BE USED ON THE APPROACH SLAB. THE
CURB SHOULD TAPER TO A TWO INCH
HEIGHT AND BE TERMINATED AT THE END
OF THE SLAB OR AT THE DRAINAGE
GUTTER, IF A DRAINAGE GUTTER IS USED.

3. DETAILS AND QUANTITIES FOR CURB ARE
TO BE AS SHOWN ELSEWHERE IN THE PLANS.

IS

. TYPE I GUTTER SHOULD BE USED IN LIEU
OF TYPE II GUTTER WHEN SPACE PERMITS.

o

. WHEN STAGE CONSTRUCTION [S USED TO
BUILD A PORTION OF A BRIDGE, THE LONG-
ITUDINAL CONSTRUCTION JOINTS OF THE
APPROACH SLAB SHALL ALIGN WITH THE
LONGITUDINAL CONSTRUCTION JOINTS OF
OF THE BRIDGE STRUCTURE.

>

- ALL REINFORCEMENT STEEL ON THIS STANDARD
SHEET SHALL BE NUMBER 5 (#5)BARS.

BACKER ROD

PREFORMED FIBER
MATERIAL BOARD
OR EQUIVALENT

130

EXPANSION JOINT
BETWEEN SLAB AND WINGWALL

PLACE IN ACCORDANCE WITH ITEM 438
"CLEANING AND/OR SEALING JOINTS AND CRACKS".

SEE CURB DETAILS FOR DIMENSIONS
AND STEEL PLACEMENT OF MONO CURB

SECTION AT -3

SHOWING MONO CURB

APPROACH
SLAB

= Texas Department of Transportation

Design Division (Pavement)

BRIDGE APPROACH SLAB

FOR USE WITH ASPHALT
AND CONCRETE PAVEMENTS
NORMAL OR SKEW

BAS-94 SHEET 2 OF 2

©TxDOT SEPTEMBER 1994 [ow-LJB [cw-LJB |oe-BGD |oa-GLG |wes .. ROOOD

VIO | T ‘
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"Texas Engineering Practice

XDOT for any purpose whatsoever.
inversion of this stondard fo
domages resulting from its use.

Wy the

L9T

The use of this st

DISCLAIMER:
Act".

Acc:

No warranty of ar

TXDOT assumes no respor

ofher formats or for it

EVELS DISPLAYE

Level w/ wood
float finish

Top

€ Beam —-
1oy

of Cap

_ — Dowel D ~ 1 4" Dio p— _
x 1'-8" (smooth)
outside beam only
BEARING SEAT DETAIL
(Bear ing surface shall be clean
N and free of all loose material N
° before placing bearing pad.) >
3 - Level for 1-a - 8
N' TT ( &re seot (Typ) TT =~
(Typ)
1~7‘E Structure -
¢ Dr Shafts € Piling
| P el
- = I 1T u s
T \/lil l" { \7 } ‘-i 4 7 P
~| o\ _ L i |
1 T ]
BN
L T " BEENE
Face of Dowel D—, .
Backwal |
& ¢ Cap | ¢ Brg | ¢ &m
! -
‘ I
Beam Spa | 3.000" | 3 Spa ot 6.667' = 20.000’ ' | 3.000" |Beom Spa
T
Dr Shaft 4.000" I 2 Spag at 9.000° = 18.000 I 4.000" Pile Spa
- T
Spacing 13.000° | 13.000°
T
26.000"
HALF PLAN HALF PLAN
(Drilled Shaft Bent) (Pile Bent)
T
_See Loyout, for Siope Bors v~
Parallel to ! agi %Wf;gm
Roadway Surface Lézxggg E,‘,Oze ‘ ‘I? R Wingwa 1)
| i WL Y ||
—= I [ [ 1] | AL o
= \ T [ =
L—f— J | 1 & F—}%—‘—‘ —_
1 l v S J—‘.
! | ~ ;
! |
| } — >u
. |

§o

]

ZW —

. Il 1 L L
1T I [ C
SJ wcons‘r Jt (Typ) b AE A s
Bors S Spo |2 E.5.| 2' 6" | 7 Equal Spoces -6’ 6" ‘ 5 Equol Sposes =5'-0" |1-8]i2"[1~61~3"|Bars S Spa
=2'-0" (Typ per Dr Sh Bay) | (Typ per Pi1ing BaY) \ote:  For Piling larger than
16", adjust Bars S spacing as
reqlired to avoid Piling.
HALF ELEVATION HALF ELEVATION
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v - | v F+__|Tons/shaft| Tons/Pile || D 2 [1Vo] 17- 8" 4
H > L —w 30 37 31 H 6 | #5 |25°- 8" 161
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P R u 40 44 34 S 22 | #4 9 - 8" Tz
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A ﬁ wH3 4 »6 [ 5- 09" 35
wH 4 4 [ % | 4a'- 0" 24
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wu 6 | =4 [EEEE 6
RNER TA WV 12 [ #s | 5°- 7" 70
CO E DE ILS wV 2-5 16 *5 3'- 2"Av 53
7 -o" Reinforcing Steel Lb 889
f Class "C" Concrete cY 1.1
16 ¥y - e
Bars wV Spa ~ 2 ‘/4”‘ % | ; Eq Spa at 1/-0" (Max) | 3"
T | 1°-0" @ Quantities shown are for
Flush with M Q/P Paral lel to one Abutment only (with
Top of Siab w Roadway Grade Approach Slab). With no
| [We W s 1 w Approach Slab, add 1.0 CY
R | 2 Class "C" Concrete and 54 Lb
T R S S W B Reinforcing Steel for 2
- . i g additional H Bars.
> e ==l X i ]
: a | ! T J— = (@ 1norease as, required to
@ o L : < wv maintain 3 %" from Finished
' ==:. WH 1 ‘ 2 Vz” rade.
b o~ | i (3 see Layout to determine if
. ~—r7h | M wH2 Approach Siab 1s present.
X u— = wyn
a { N/- w3\ () see span sheet for "v'.
1 wHa

5Ya"

Const L ’\BS
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WINGWALL ELEVATION

— Approach Slab
‘& (Flush with

See Layout for
joint type
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= Face of

of Slab) Backwal |

2" (Typ

BACKWALL DETAIL

SECTION B-B

Roadway Surface

unless other-
J| wise noted)

Const Jt

YVa!

_SECTION A-A_

(3) with Approcen Siap)

@ (Without Approach Siab)

GENERAL NOTES:

Designed according to current AASHTO

Standard and Interim Specifications.

Concrete strength f'c = 3,600

Grade 60.

Designed for normal embankment header

si.
Al'l cap and wall reinforcing shall be

siope of 2 to 1 and a moximum span length

of 50 Ft.
See Layout for foundation fype.
See Foundation Detall
FD,

HS20 LOADING

Standard Sheet,
for all foundation details and notes.
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LEVELS DISPLAYED

a3 Var a3 Yy
4
By N
PCS PCS
sl % o ¢
L A INITIAL [ i —
SAW CuT
I, oo B
B Ve "'~ Va
SAWED LONGITUDINAL

LONGITUDINAL JOINT CONSTRUCTION JOINT

LONGITUDINAL JOINT SEALS

a3 Vow_q s

_l P 1TV R 4y
_ %I PCS T

o o

B PCS

X A INITIAL ° =

SAW CUT
.

CONTRACTION JOINT

Ve "~ Yo" PREFORMED
— BITUMINOUS FIBER

MATERTIAL BOARDS
EQUIVALENT

SAWED FORMED
FORMED EXPANSION JOINT

TRANSVERSE JOINT SEALS

METHOD A: PREFORMED COMPRESSION SEALS (PCS)

N

(CLASS 6 PREFORMED JOINT SEALANT)

GENERAL NOTES FOR METHOD “"A"

UNLESS OTHERWISE SHOWN IN THE PLANS, EITHER METHOD "A" OR
METHOD "B" MAY BE USED.

THE LOCATION OF JOINTS SHALL BE AS SHOWN ELSEWHERE IN THE
PLANS.

DIMENSIONS d1, d2, AND d3 SHALL BE IN ACCORDANCE WITH THE
PREFORMED COMPRESSION SEAL MANUFACTURES RECOMMENDATION.

THE JOINT RESERVOIR FOR SEALANT SHALL BE SAWED UNLESS OTHER-
WISE SHOWN ON THE PLANS FOR THE LONGITUDINAL AND TRANSVERSE
CONSTRUCTION AND THE TWO SAWED JOINTS.

THE JOINTS SHALL BE CLEANED IN ACCORDANCE WITH THE ITEM 438
AND PRIOR TO BEGINNING OPERATIONS, THE CONTRACTOR SHALL SUBMIT
A STATEMENT FROM THE SEALANT MANUFACTURER SHOWING THE
RECOMMENDED EQUIPMENT AND INSTALLATION PROCEDURES TO BE USED.

THE SAW CUT FOR THE LONGITUDINAL JOINT SHALL BE ONE FOURTH THE SLAB
THICKNESS WHEN CRUSHED LIMESTONE IS USED AS THE COARSE AGGREGATE.

JOINT RS
SeaLIng 4l /o
COMPOUND

Va JOINT

COMPOUND

INITIAL
SAW CUT

Ve - Vo
PANNRAE

L

SAWED LONGITUDINAL
LONGITUDINAL JOINT

AR
seaLing o LotV

JOINT SEALING
COMPOUND

OR TRANSVERSE

CONSTRUCTION JOINT

3% JOINT SEALING y
Ve - Va" COMPOUND CLASS 1 1" A
lu 4,5 OR 7 7
: T
z (i T
5| <4 JOINT SEALING
|3 COMPOUND CLASS
AN = 4,5 OR 7
N BACKER - \22;“”
ROD
INITIAL L
SAW CUT PREFORMED
W BITUMINOUS FIBER
I Ve "= Va MATERIAL BOARDS
e~ /A OR EQUIVALENT.

TRANSVERSE SAWED
CONTRACTION JOINT

TRANSVERSE FORMED
EXPANSION JOINT

METHOD B: JOINT SEALING COMPOUND

GENERAL NOTES FOR METHOD "B"

UNLESS OTHERWISE SHOWN IN THE PLANS, EITHER METHOD "A" OR
METHOD "B" MAY BE USED.

THE LOCATION OF JOINTS SHALL BE AS SHOWN ELSEWHERE IN THE
PLANS.

THE ENGINEER SHALL SELECT A TARGET PLACEMENT THICKNESS FOR
THE SEALANT DETAILS WHICH SHOW RANGES IN THICKNESS. TH
TARGET THICKNESS WILL NORMALLY BE THE MIDPOINT OF THE
RANGE

THE JOINT RESERVOIR FOR SEALANT SHALL BE SAWED UNLESS OTHER-
WISE SHOWN ON THE PLANS FOR THE LONGITUDINAL AND TRANSVERSE
CONSTRUCTION AND THE TWO SAWED JOINTS.

THE JOINTS SHALL BE CLEANED IN ACCORDANCE WITH THE ITEM 438
AND_PRIOR TO BEGINNING OPERATIONS, THE CONTRACTOR SHALL SUBMIT
A STATEMENT FROM THE SEALANT MANUFACTURER SHOWING

RECOMMENDED EQUIPMENT AND INSTALLATION PROCEDURES TO BE USED.

THE SAW CUT FOR THE LONGITUDINAL JOINT SHALL BE ONE FOURTH THE SLAB
THICKNESS WHEN CRUSHED LIMESTONE IS USED AS THE COARSE AGGREGATE.
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OF PAYMENT FOR J.R.C.P. AND/OR C.R.C.P.

20¢

BRI DGE

SHOULDER

FACE OF ABUTHENT §:|
- BACKMALL (FOR ER1DGE

WIDE FLANGE BEAM =
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0500 § [0
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SHOULOER =%, i 1 aq\
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(AT BRIDGES)
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FOR PORTLAND CEMENT
.~ TREATED BASE AND LIME

TREATED SUBGRADE

AT ANCHORAGE

CLASS 4 OR 5 JOINT SEALING
MATER AL (TOF OF SLA8 ONLY)

KRN

LIMIT OF PAYMENT FOR
o JR.C.P. AND/OR C.R.L.P.
]
—
SHOULDER |
FOR THE ADJACENT <=
PAVEMENT |KFORMAT ION
- EXPLNT.SEE THE ROADWAY PLAN
AND PROFILE SHEETS
WIDE FLANGE BEAM —h| <=
PERMISSIBLE
LONGITUDTAL 91 <=
Pl
W o -~ € ROADWAY AR §

PERMISS1BLE —

LONGITUDIAL JT. FOR THE PAVEMENT

TERMINUS SEE THE
FAVEMENT JUNCTURE

=

—>
DETAILS SHOWK IN [
! THE PLANS
i =
SHOULDER <% |

TYPICAL ROADWAY LAYOUT
Ii JAN A

MY
DOWEL BARS

BEGiH Of ENG BRIDGE
QR ROAWAY FAVEMENT

4. C.P. ANDAOR C.F.C.F.

207 -0- 20°-0° MIN

£ EXPANSION JOINT -

* (SLEEPER SLAB!

|
l
|

200 -0° 1
5 o ‘ | EOGE OF SUFPORT SLus |
] ETHYLENE WINYL ACETATE {
JOINT SEAL PLACED UNDER . COAT THIS MALF OF DOWEL |
DL N w% ¥t ow | Va* FORMED - £ WIDE FLANGE BEMM COMPRESS ION (EPOXY BONDED LA BaR WITH B1TUMINOUS MASTIC 1
27 SAMCUT - BLOCK-CUT T0 CONC). = | II."; o TO PREVENT BOND —
ey i [ el
1+ BOND - SEE DETAIL T8 §Va# ¥ 227 EPOXY 50“50 DOWEL E BRI
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-5.8.1 1y FOAM (G* DENSITY) —-— 3y . T N
i | | ExPaHSION JOINT . Yi' 8 x 8" 5TUDS — e vaad o iy BARS A @ 187 C-C
? \ I —2° CLR 7\, ! { 1 E
T = T o7, ] i {_ \ T k] . .
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D 1 e nmss AL s! JT. L
\\ ] L & BEATED PASE bl 1
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RIPRAP OR STAB. BASE.

THE BLOCKED OUT AREA SHALL BE FILLED WITH

POLYETHTLENE FOAM (6% DENSITYI.

2. FOR ADDITIONAL DETAILS ON REINFORCEMENT WEMBER
QUANT (TIES AND THE WIDE FLANGE BEAM
SEE SHEET 2 OF

i !
\ I II N J 6° MIN, PORTLAKD
PORTLAND — Eit s
y GEMENT TREATED BASE CEMENT TREATED
SLEEPER SLAR
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POLYETHLENE
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DISCLAIMER:

LEVELS DISPLAYED

The use of this standard is governed by fhe

r.

other formats or for incorrs

90’ - 0" FOR FIVE 73°- 0" FOR FOUR 56'- 0" FOR THREE 39°- 0" FOR TWO
FOR TERMINAL ANCHOR SYSTEMS CONTAINING LUG SYSTEM LUG SYSTEM LUG SYSTEM LUG SYSTEM
EEESBEHQQTE%xEDLg$SéE&g5AERSEEgNgIggNaéSQS 84'- 0" FOR FIVE 67'- 0" FOR FOUR 50"- 0" FOR THREE 33'- 0" FOR TWO ] GENERAL NOTES
OF THESE 177~ 0" LUG SECTIONS. LUG SYSTEM LUG SYSTEM LUG SYSTEM LUG SYSTEM | EXPANSION JOINT
6 - o , - ) 17 o , o , 17 o oo o FOR CONNECTION To - THE BRIDGE APPROACH SLAB DETAILS ARE AS SHOWN ELSEWHERE
i i i i i JOINTED PAVEMENT IN THE PLANS.
1 T T S S S S | 2. THE LOCATIONS OF THE TERMINAL ANCHORAGE SYSTEMS AND NUMBER
e 0 I I i i OF LUGS PER SYSTEM SHALL BE AS SHOWN ELSEWHERE IN THE PLANS
(N [l o o on on 3. DETAILS AS TO PAVEMENT SLAB WIDTH, THICKNESS, AND CROWN
‘///END OF STRUCTURE | || iy ey ey oy oy CROSS-SLOPE SHALL BE AS SHOWN ELSEWHERE ON THE PLANS
BIN I I I I |
o 0 0 0 0 0 4. THE CONCRETE PAVEMENT SLAB SHALL CONTINUE ACROSS THE ANCHOR
LUGS AS SHOWN. ALL REQUIREMENTS AS TO CONSTRUCTION
Y e e e e e MEASUREMENT, AND PAYMENT FOR THE PAVEMENT SLAB SHALL BE MADE
[t expansion 0ln nn nn e i CONCRETE UNDER THE ITEM "CONCRETE PAVEMENT." DETAILS FOR THE SLAB
1L JoInT A il il nln nln PAVEVENT, SHALL BE SHOWN IN THE "CONCRETE PAVEMENTS DETAILS
Bind e nen nen (Inntl (INaT! CONTINUOUSLY CONTINUOUSLY REINFORCED STEEL BARS
e i i i nn nn REINFORCED OR
U 0 o o o o JOINTED PAVEMENT 5. REINFORCING FOR THE ANCHOR LUGS SHALL BE STEEL CONFORMING
BRIDGE | | H ! H H ! i H ! i H ! H H ! H TO ASTM DESIGNATION A615, GRADE 60 OR A-616, GRADE 60. BARS
TO BE BEND SHALL BE A -615, GRADE 60. ALL STEEL IN LUGS
APPROACH SLAB i [ JLuG 1 ‘ |LuG 2 ‘ |LUG 3 [ |LUG 4 [ \LUG 5 AND SUPPORT SLAB SHALL BE #5 BARS.
BRI u u \\ u \\ u \\ u \\ \
h w T T i i 6. DETAILS OF LONGITUDINAL JOINTS (TRANSVERSE JOINTS, IF
. . . . \ NECESSARY) AND REQUIRED JOINT SEALS ARE SHOWN ON THE
: : ::‘:: ::‘H H‘:: ::‘:: H ‘H APPROPRIATE PAVING DETAIL SHEET
BIN nen nen nen en e 7. TRANSVERSE CONSTRUCTION JOINTS WILL NOT BE PERMITTED WITHIN
h i i i I I THE LIMITS OF THE ANCHOR LUGS WITHOUT THE APPROVAL OF
THE ENGINEER
BIN o n n o \\‘\
BRI \\‘\\ nyn \\‘\\ \\‘\\ wn
BRI I I I I |
t/*J\J tIHJ\J t/”HxJ tjhﬁxj MJLH\J t/LH\J
BRI I I I I |
¥ Ll H‘\\ H‘H \\‘H H‘\\ H‘H
SEE JS STANDARD FOR
DETAILS OF EXPANSION FRTAL S A
SEE JOINT SEAL STANDARD JOINT
FOR JOINT DETAILS ORAPHITE LICHTLY
T . Wy SPRINKLED BETWEEN
2 MIW LA [, LAYERS
| CRCP f |
1 ( J ( 1 ( T=THICKNESS OF
LUG 1 LUG 2 LUG 3 PLACE TRANSVERSE BAR > — i CONCRETE PAVEMENT
SEE SECTION A-A FOR SUPPORT OF SLAB STEEL : - %
FOR DETAILS . S =i
PERMISSIBLE 3 Vo] = APPROX
L CONSTRUCTION  APPROX. E &y T
16'- 0" TO CENTERLINE OF FIRST LUG JOINT PAVEMENT
! 2" 15" SLAB SUPPORT
1 SEE CONCRETE PAVEMENT DETAIL . 2
%* JOINT SE ;,
- . TYPICAL SECTION C-C
BRIDGE - T T3 450 EXPANSION JOINT FOR JOINTED
APPROACH SLAB - CONCETE PAVEMENT TERMINAL
T=THICKNESS OF
— > CONCRETE PAVEMENT Asgi;grgeJ Leij
2 LAYERS OF 30% DR
‘DESTLAAIBL R *ﬂ)‘ L ROOF ING FELT WITH
GRAPHITE LIGHTLY " M M
BAS STANDARD ] CRAPHITE LioHrLy. (G) #5 BAR AT 18 (H) ®5 BAR AT 18
****** LAYERS BAR SPACING SHALL AVERAGE 18"
EXPANSION JOINT SPACING MAY VARY % 2"T0 FIT
TYPICAL SECTION A-A BETVEEN PAVEMENT STEEL
FOR CPCR PAVEMENT WITH TWO
LAYERS OF STEEL THE ANCHOR
L L, LUG STEEL SHALL BE TIED TO
i -6 | [ AL S THE TOP LAYER OF STEEL. PERMISSIBLE VATERLAL ESTIMATING QUANTITIES FOR ANCHOR LUG
= J CONSTRUCTION 24 FOOT LENGTH PER FOOT OF LENGTH
! i T JOINT EXCAVATION AND 6.2
y \\<;‘ CONCRETE (CU. YD.) . 0.26
- I ] = *STEEL (LBS.) 631 26.3
- of §l’ Texas Department of Transportation
PAVEMENT Design Division (Pavement)
SLAB STEEL PAVEMENT SLAB STEEL

UPPER LIMIT OF PAYMENT

LUG CONCRETE (SEE DETAIL
FOR PERMISSIBLE CONSTRUCTION
JOINT)

ANCHOR LUG DETAIL

SECTION B-B

ANCHOR LUG DETAIL
SHOWING PERMISSIBLE
CONSTRUCTION JOINT

QUANTITIES FOR SUPPORT SLAB USED WITH JOINTED CONCRETE
(Cl

ONCRETE, EXCAVATION AND STEEL
FART OF CONCRETE PAVEMENT ITEM
MATERTAL 24 FOOT LENGTH | PER FOOT OF LENGTH
EXCAVATION AND
CONCRETE (CU. YD.) .7 0.07
XSTEEL (LBS.) 144 6

*STEEL WEIGHT WILL INCREASE SLIGHTLY FOR PAVEMENTS THICKER THAN 10".

TERMINAL ANCHORAGE
FOR
CONCRETE PAVEMENT
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When proof rolling is shown on the plans and directed by the
Engineer, it will be paid for in accordance with Item 216, "Rolling
(Proof)".

ITEM 132
EMBANKMENT

132.1. Description. This Item shall govern for the placement and
compaction of all materials necessary for the construction of roadway
embankments, levees and dykes or any designated section of the roadway
where additional material is required,

132.2. Material. Materials may be furnished from required
excavation in the areas shown in the plans or from off right of way sources
obtained by the Contractor and meeting the requirements herein. All
embankment shall conform to one of the following types as shown on the
plans, except that material which is in a retaining-wall-backfill area shall
meet the requirements for backfill material of the pertinent retaining-wall
item:

Type A. This material shall consist of suitable granular material,
frec from vegeta;io:i or other objectionable matter, and reasonably free from
lumps of earth. This material shall be suitable for forming a stable
embankment and, when tested in accordance with Test Methods Tex-104-E,
Tex-105-E, Tex-106-E and Tex-107-E, Part II shall meet the following
requirements:

The liquid limit shall not exceed . . . ................ 45
The plasticity index shall not exceed. . . .. ............ 15
The bar linear shrinkage shall not be less than . . ........ 2

Type B. This material shall consist of suitable earth material such
as rock, loam, clay, or other such materials as approved by the Engineer
that will form a stable embankment.

Type C. This material shall be suitable and shall conform to the
specification requirements shown on the plans.

Type D. This material shall be that obtained from required
excavation areas shown on the plans and will be used in embankment.

132.3

132.3. Construction Methods.

(1) General. When off right of way sources are involved, the
Contractor’s attention is directed to Item 7, "Legal Relations and
Responsibilities to the Public". Prior to placing any embankment, all work
in accordance with Item 100, "Preparing Right of Way", shall have been
completed on the areas over which the embankment is to be placed. Stump
holes or other small excavations in the limits of the embankments shall be
backfilled with suitable material and thoroughly tamped by approved
methods before commencing embankment construction. The surface of the
ground, including disk-loosened ground or any surface roughened by small
washes or otherwise, shall be restored to approximately its original slope by
blading or other methods. Where shown on the plans or required by the
Engineer, the ground surface thus prepared shall be compacted by
sprinkling and rolling.

The Engineer shall be notified sufficiently in advance of opening any
material source to allow performance of any required testing.

Unless otherwise shown on the plans, the surfaces of unpaved areas
(except rock) which are to receive embankment shall be loosened by
scarifying to a depth of at least 150 millimeters. Hillsides shall be cut into
steps before embankment materials are placed. Placement of embankment
materials shall begin at the low side of hillsides and slopes. Materials
which have been lqos;ened shall be recompacted simultaneously with the new
embankment materials placed upon it. The total depth of loosened and new
materials shall not exceed the permissible depth of the layer to be
compacted, as specified in Subarticle 132.3.(3).(a) and (b).

Trees, stumps, roots, vegetation or other unsuitable materials shall
not be placed in embankment.

Unless otherwise shown on the plans, all embankment shall be
constructed in layers approximately parallel to the finished grade of the
roadbed,

Embankments shall be constructed to the grade and sections shown
on the plans or as established by the Engineer. Each section of the

~ embankment shall correspond to the detailed section or slopes established

by the Engineer. After completion of the roadway, it shall be continuously
maintained to its finished section and grade until the project is accepted.
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132.3

(2) Constructing Embankments.

(a) Earth Embankments. Earth embankments shall be defined as
those composed principally of material other than rock, and shall be
constructed of acceptable material from approved sources.

Unless otherwise specified, earth embankments shall be constructed
in successive layers for the full width of the individual roadway cross
section and in such lengths as are best suited to the sprinkling and
compacting methods utilized.

Layers of embankment may be formed by utilizing equipment and
methods which will evenly distribute the material.

A minor quantity of rock or broken concrete encountered in the
construction of this project may be incorporated in the lower layers of the
embankment if acceptable to the Engineer. Or, it may be placed in the
deeper fills, in accordance with the requirements for the construction of
rock embankments, provided such placement of rock is not immediately
adjacent to structures or in areas where bridge foundations are to be
constructed. Also, rock or broken concrete may be placed in the portions
of embankments outside the limits of the completed roadbed width where
the size of the rock or broken concrete prohibits its incorporation in the
normal embankment layers. All exposed reinforced steel shall be cut and
removed from the broken concrete.

Each layer of embankment shall be uniform as to material, density
and moisture content before beginning compaction. Where layers of unlike
materials abut each other, each layer shall be featheredged for at least 30
meters, or the material shall be so mixed as to prevent abrupt changes in the
soil. No material placed in the embankment by dumping in a pile or
windrow shall be incorporated in a layer in that position, but all such piles
or windrows shall be moved by blading or similar methods. Clods or
lumps of material shall be broken and the embankment material mixed by
blading, harrowing, disking or similar methods until a uniform material of
uniform density is achieved in each layer,

Sprinkling required to achieve the moisture content necessary for
compaction shall meet the material requirements of Item 204, "Sprinkling".
1t shall be the responsibility of the Contractor to secure a uniform moisture
content throughout the layer by such methods as may be necessary. In
order to facilitate uniform wetting of the embankment material, the
Contractor may apply water at the material source if the sequence and

132.3

methods used do not cause an undue waste of water. Such procedures shall
be subject to the approval of the Engineer.

(b) Rock Embankments. Rock embankments shall be defined as

those composed principally of rock, and shall be constructed of acceptable
material.

Unless otherwise specified, rock embankments normally shall be
constructed in successive layers for the full width of the individual roadway
cross section and of 450 millimeters or less in depth. When, in the opinion
of the Engineer, the rock sizes necessitate a greater depth of layer, the layer
depth may be increased as necessary, but in no case shall the depth of layer
exceed 0.75 meter. Each layer shall be constructed in such a manner that
the interstices between the larger stones are filled with smaller stones and
spalls which have been created by this operation as well as from the
placement of succeeding layers of material.

The maximum dimension of any rock used in embankment shall be
less than the depth of the embankment layer, and in no case shall any rock
over 0.6 meter in its greatest dimension be placed in the embankment unless
otherwise approved by the Engineer. Unless otherwise shown on the plans,
the upper or final layer of the embankment shall be composed of material
so graded that the density and uniformity of the surface layer may be
secured by the "Ordinary Compaction" or "Density Control" method.
Exposed oversize material shall be reduced by sledging or other methods as
approved by the Engineer.,

When "Ordinary Compaction” is specified, each embankment layer
shall be rolled and sprinkled when and to the extent directed by the
Engineer. When "Density Control" is specified, each layer shall be
compacted to the required density as outlined for "Earth Embankments",
except that in those layers where rock will make density testing difficult,

when shown on the plans, the Engineer may require the layer to be proof
rolled to insure proper compaction.

© Embankment Adjacent to Culverts and Bridges.
Embankments adjacent to culverts and bridges shall be compacted in the
manner prescribed under Item 400, "Excavation and Backfill for
Structures”, or other appropriate bid items.
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132.3

As a general practice, embankment material placed adjacent to any
portion of any structure and in the first two layers above the top of any
culvert or similar structure shall be free of any appreciable amount of gravel
or stone particles more than 100 millimeters in greatest dimension and of
such gradation as to permit thorough compaction. When, in the opinion of
the Engineer, such material is not readily available, the use of rock or
gravel mixed with earth will be permitted, in which case no particle larger
than 300 millimeters in greatest dimension and 150 millimeters in least
dimension may be used. The percentage of fines shall be sufficient to fill
all voids and insure a uniform and thoroughly compacted mass of proper
density.

(3) Compaction Methods. Compaction of embankments shall be
by "Ordinary Compaction” or "Density Control” as shown on the plans.

(a) Ordinary Compaction. When "Ordinary Compaction” is
shown on the plans, the following provisions shall govern:

Each layer shall not exceed 200 millimeters of loose depth, unless
otherwise directed by the Engineer. Each layer shall be compacted in
accordance with the provisions governing the Item or Items of "Rolling".
Unless otherwise specified on the plans, the rolling equipment shall be as
approved by the Engineer. Compaction shall continue until there is no
evidence of further compaction. Prior to and in conjunction with the rolling
operation, each layer shall be brought to the moisture content directed by
the Engineer, and shall be kept leveled with suitable equipment to insure
uniform compaction over the entire layer. Should the subgrade, for any
reason or cause, lose the required stability or finish, it shall be recompacted
and refinished at the Contractor’s expense.

(b) Density Control. When "Density Control" is shown on the
plans, the following provisions shall apply:

Each layer shall be compacted to the required density by any
method, type and size of equipment which will give the required
compaction. The depth of layers, prior to compaction, shall depend upon
the type of sprinkling, mixing and compacting equipment used. However,
maximum depth (400 millimeters loose and 300 millimeters compacted)
shall not be exceeded unless approved by the Engineer. Prior to and in
conjunction with the rolling operation, each layer shall be brought to the
moisture content necessary to obtain the required density and shall be kept
leveled with suitable equipment to insure uniform compaction over the
entire layer.

132.3

Each layer shall be sprinkled as required and compacted to the extent

necessary to provide the density specified below, unless otherwise shown
on the plans.

Description Density, Percent Moisture

Non-swelling soils with Not less than 98
plasticity index less

than 20

S;vel'lifzg sfoils with Not less than 98 Not less
g;:gc;tg index of nor more than 102 than optimum
Swelling soils with Not less than 95 Not less
plasticity index over 35 nor more than 100 than optimum

The density determination will be made in accordance with Test
Mahod Tex-114-E. Field density determination will be made in accordance
with Test Method Tex-115-E.

After each layer of earth embankment is complete, tests as necessary
may .be made by the Engineer. When the material fails to meet the density
requirements or should the material lose the required stability, density,
moisture or finish before the next course is placed or the project is
accepted, the layer shall be reworked as necessary to obtain the specified
compaction, and the compaction method shall be altered on subsequent work

to obtain specified density. Such procedure shall be subject to the approval
of the Engineer.

Excessive loss of moisture shall be construed to exist when the
subgrade soil moisture content is four (4) percent less than the optimum.

. The Contra.ctor may be required to remove a small area of the layer
in order to facilitate the taking of density tests. Replacement and

compuction of the removed material in the small area shall be al the
Contractor’s expense.

When shown on the plans and when directed by the Engineer, the
Contractor shall proof roll in accordance with Item 216, "Rolling (Proof)".
Soft spots shall be corrected as directed by the Engineer.
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132.4 to 132.5

132.4. Tolerances, The tolerances shall be as follows:
(1) Grade Tolerances.

(a) Stage Construction. Any deviation in excess of 30 millimeters
in cross section and 30 millimeters in five (5) meters mn?asured
longitudinally shall be corrected by loosening,_adding or removing the
material, reshaping and recompacting by sprinkling and rolling.

(b) Turnkey Construction. Any deviation in excess of 15
millimeters in cross section and 15 millimeters in five (5) meters m‘.aasured
longitudinally shall be corrected by loosening, adding or removing the
material, reshaping and recompacting by sprinkling and rolling.

(2) Gradation Tolerances. The Engineer may accept the material.
providing not more than one (1) out of the most recen? ﬁ\_re. (5) gr.adanon
tests performed are outside the specified limit on any individual sieve by
more than five (5) percent.

(3) Density Tolerances. The Engineer may accept lbf. work
providing not more than one (1) out of the most recent five (5) densuy‘lests
performed is outside the specified density, provided the .fmlmg test is no
more than 50 kilograms per cubic meter outside the specified density.

(4) Plasticity Tolerances. The Engineer may accept the matfer.ial
providing not more than one (1) out of the most recent five (5) plasticity
index samples tested are outside the specified limit by no more than two (2)
points.

132.5. Measurement. This Item will be measured as follows:

(1) General.

Retaining-wall-backfill areas which are also in embankment areas
will be measured for payment as embankment except as shown on the plans;
such material shall meet the requirements for backfill material of the
pertinent retaining-wall item(s). Limits of measurement for embgnk.ment
in retaining-wall areas will be as shown on Standard Detail Sheet
"Earthwork Measurement at Retaining Walls" (EMRW) in the plans.

132.6

Shrinkage or swellage factors will not be considered in determining
the calculated quantities.

(2) Class 1. Embankment will be measured in its original, natural

position, and the volume computed in cubic meters by the method of
average end area,

(3) Class 2. Embankment will be measured by the cubic meter in
vehicles as delivered on the road.

(4) Class 3. Embankment will be measured by the cubic meter in
its final position as the volume of embankment computed in place between
(1) the original ground surfaces or the surface upon which the embankment
is to be constructed, and (2) the lines, grades and slopes of the accepted
embankment, using the average end area method.

Class 3 is a plans quantity measurement Item and the quantity to be
paid for will be that quantity shown in the proposal and on the "Estimate
and Quantity" sheet of the contract plans, except as may be modified by
Article 9.8. If no adjustment of quantities is required, additional
measurements or calculations will not be required.

132.6. Payment. The work performed and materials furnished in
accordance with this Item and measured as provided under "Measurement"
will be paid for at the unit price bid for "Embankment ", of the compaction
method, type and class specified. This price shall be full compensation for
furnishing embankment; for hauling; for placing, compacting, finishing and
reworking; and for all labor, royalty, tools, equipment and incidentals
necessary to complete the work.

When proof rolling is shown on the plans and directed by the
Engineer, it will be paid for in accordance with Item 216, "Rolling
(Proof)",

When "Ordinary Compaction” is shown on the plans, all sprinkling
and rolling, except proof rolling, will not be paid for directly, but will be
considered subsidiary to this Item, unless otherwise shown on the plans.

When "Density Control" is shown on the plans, all sprinkling and

rolling, except proof rolling, will not be paid for directly, but will be
considered subsidiary to this Item.
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134.1 to 134.2

When subgrade is constructed under this project, correction of soft
spots in the subgrade will be at the Contractor's expense. When subgrade
is not constructed under this project, correction of soft spots in the subgrade
will be in accordance with Article 4.3.

ITEM 134
BACKFILLING PAVEMENT EDGES

134.1. Descrip'tion. This Item shall govern for backfilling pavement
edges in conformity with widths and typical sections shown on the plans.
This [tem also includes the application of an emulsified asphalt and/or
fertilizer with the backfill material, when specified on the plans,

134.2. Material.

(1) General. Unless otherwise indicated on the plans, the top .IUO
millimeters of the backfill material shall be capable of sustaining vegetation.
When less than 100 millimeters of backfill is required, the material supplied
shall be capable of sustaining vegetative growth.

(2) Backfill Material. Backfill material shall be one of the
following types:

Type A. Backfill material shall be provided from a source outside
the right of way and be in accordance with the requirements shown on the
plans.

Type B. Backfill material shall be secured from within the existing
right of way as shown on the plans or as directed by the Engineer.

Type C. Backfill material shall be mulch sodding provided from an
approved source in accordance with Subarticle 162.3(8).

(3) Emulsified Asphalt, The emulsified asphalt shall be of the type
specified on the plans and shall meet the requirements of ltem 300,
" Asphalts, Oils and Emulsions”.

(4) Fertilizer. Fertilizer, of the type shown on the plans, shall
meet the requirements of Item 166, "Fertilizer",

134.3

(5) Water, Water required for proper compaction, the promotion

of plant growth, and/or emulsion dilution shall conform to Item 204,
"Sprinkling".

134.3. Construction Methods. Unless otherwise permitted by the
Engineer, when backfill material is required to be hauled to or within the
project site, the backfill material shall be hauled to the approximate required
location prior to placement of the pavement finish surface course. After the
pavement finish surface course has been placed, the backfill material shall
be spread, compacted, and shaped in accordance with the typical sections.

(1) Types A and B Backfill. After the surface course has been
placed, .the necessary backfill material shall be brought to the approved
moisture content, bladed, and compacted as directed by the Engineer. The
material shall be shaped to the lines and grades as shown on the plans.
After the backfill has been compacted, the roadway sideslopes shall be
bladed to a smooth surface conforming to the details indicated on the typical
sections or as directed by the Engineer.

(2) Type C Backfill. Mulch sodding backfill material shall be
placed in a uniform windrow and kept moist as directed by the Engineer.

After the surface course has been placed, the necessary backfill
material shall be bladed and compacted in accordance with Subarticle
162.3(8) or as directed by the Engineer. After the backfill has been
compacted, the pavement side slopes shall be bladed to a smooth surface

conforming to the details indicated on the typical sections or as directed by
the Engineer.

() Emulsified Asphalt. Emulsified asphalt mixture, when shown
on the plans, shall be applied following final finishing of the backfill
material until the specified amount of mixture has been applied. The rate
of application, after dilution, shall be as specified on the plans,

(4) Fertilizer. Fertilizer, when shown on the plans, shall be
distributed uniformly at the rate specified over the backfilled area following
final finishing. After the application of fertilizer, the backfill areas shall be
thoroughly moistened to a depth of 100 millimeters or to the maximum
depth of the backfill whichever is less.
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This is a guide for minimum sampling and testing.

TABLE F-1

GUIDE SCHEDULE OF SAMPLING AND TESTING
(Per Contract)
EMBANKMENTS, SUBBASES, AND BASE COURSES

INDEPENDENT ASSURANCE

When necessary for quality control, additional sampling PROJECT TESTS TEST English Units
and testing will be required. STS
MATERIAL OR TEST LOCATION OR FREQUENCY OF LOCATION OR FREQUENCY of
PRODUCT TESTFOR | NUMBER TIME OF SAMPLING TIME OF SAMPLING REMARKS
SAMPLING SAMPLING
As designated by the
EMBANKMENT Dir:l_sri)tlsc(?{) Tex-115-E Engineer Each 5,000 C.Y. (F) Same as Project Test }t:jrzcc}tli(s)g’?h%?e%f\((.}g)r Tex-115-E or other approved method
(1) Engineer will select any one of
UNTREATED these three locations or any
. During stockpiling One out of 10 Project combinations thereof with the
SUBBASE AND Gra((li_;li)tlon Tex-110-E oprs, from stockpile, EaCh646(())80t§1'sY. or Same as Project Test Tests or fraction provision that at least one of 10
BASE COURSES or from windrow (1) ’ thereof (C) tests will be sampled from the
windrow for Gradation, Liquid
Limit and Plasticity Index.
During stockpiling One out of 20 Project
Liquid Limit Tex-104-E oprs, from stockpile, EaCh646880 C.Y.or Same as Project Test Tests or fraction
or from windrow (1) ,000 tons thereof (C)
.. During stockpiling One out of 20 Project
Plla S(timty Tex-106-E oprs, from stockpile, EaCh646(())(())0t C.Y.or Same as Project Test Tests or fraction
naex or from windrow (1) > ons thereof (C)
. . When a stockpile is to be sampled
. During stockpiling Each 20,000 C.Y. or that has not been built in horizontal
WetBall Mill | Tex-116-E oprs. from stockpile, 25.000 tons layers, sampling will be one test for
or from windrow each 4,500 C.Y. or 6,000 tons.
Triaxial tests are not a field laboratory
During stockpiling function. When a stockpile is to be
L : Each 20,000 C.Y. or sampled that was not built in
Triaxial Tex-117-E oprs. from stockpile, 25,000 tons (D) horizontal layers, sampling will be
or from windrow one test for each 12,000 C.Y. or
16,000 tons.
. . Each 3,000 lin. ft. per One out of 10 Project
Com[l)_zlzlctlon Tex-115-E As designated by the course per travel-way Same as Project Test Tests or fraction Tex-115-E or other approved method
(H) Engineer thereof (C)
One total depth per .
. . One depth per 3,000 pth p If payment is by the S.Y. frequency
Thickness As designated by the lin. ft. per travel-way Same as Project Test travel-way per two shall be as called for in the governing
H) Engineer miles or fraction

(A) (E)

thereof (A)(C)

specification.

(continued...)
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GUIDE SCHEDULE OF SAMPLING AND TESTING
(Per Contract)
EMBANKMENTS, SUBBASES, AND BASE COURSES (Cont.)

This is a guide for minimum sampling and testing.

INDEPENDENT

When necessary for quality control, additional PROJECT TESTS English Units
sampling and testing will be required. ASSURANCE TESTS g
MATERIAL OR TEST FOR TEST LOCATION OR TIME FREQUENCY OF LOCATIONOR | FREQUENCY OF REMARKS
PRODUCT NUMBER OF SAMPLING SAMPLING SAMPLING SAMPLING
As shown above As designated by the . When central mix site or plant
B - : As sh bove fi S P t As sh bove fi . . p
M a?esr? al for untreated Engineer prior to the Slf nggg; e?i 8;/:6 or ame %2 Stro_]ec urftrs o a?t‘evdn l:fa S(;ve or is used, windrow sampling
base (H) addition of a stabilizer may be waived.
. On projects requiring less than
g}ggzgg Compliance TY A; 1 Per Project (I) 50 tons, material from CSTM
: : During delivery to TY B ea., 200 tons or approved sources may be
SRHS)E Lime with Ig:)m 264 Tex-600-J project fraction thereof accepted on the basis of
TY C; 1 Per Project (I Producer's Certification
COURSES ject (I) without sampling.
Compliance . Each brand and each type to be
Cement with the Std. AASHTO Railroad car, truck or Each 2,000 bbls. for sampled and tested separately.
Specifications & M85 cement bins each type and brand Sampling will be waived when
Spl. Provisions source is certified by CSTM.
Asphalt Compliance Tex-500-C Sampled, tested and
with Item 300 ete. approved by CSTM
Compliance Sampled, tested and
Fly Ash with Dept. Matl. Tex-733-1 apprgved by CSTM
Spec. D9-8900
Complete L Tex-101-E . As necessary for control Wh ired t trol
: Pul t Roadway; after ere required to contro
Mixture wiverization Part III pu]veri;’ation degree of pulverization
. . Each 3,000 lin. ft. per . One out of 10
In-plac(i1 ])Densny Tex-115-E As de%lﬁnitlzgrby the course per travel-way Same %Z SI:rOJect Project Tests or ;ee);}-li) ES-E or other approved
g fraction thereof (C)
. When base is measured by the
: Each 3,000 lin. ft. per . One total depth per -
: As designated by the > Same as Project - square yard the frequency will
Thickness (H) E%gineer y course pzr trIaEwel—way Test ) trr?l\i]fgs“(gzri}%rzziglo be as called for in the
A) E) thereof (A)(C) governing specification.

(A) Travel-way is defined, for sampling & testing
only, as total width of a travel facility that is
not separated from other parallel travel

(B)

©

facilities by a median, ditch, etc.

Independent Assurance Tests are not required
for a contract quantity of less than 25,000
CY

Independent Assurance Tests are not required
for a contract quantity resulting in less than 6

acceptance tests.

(D) When base material is from a source where the District has a

(©)

record of satisfactory triaxial results, the frequency of testing
may be reduced to one per 30,000 C.Y. or 40,000 tons. If
any one test falls below the minimum value required, the (H)
frequency of testing will return to that required by this guide.
(E) Not required where survey grade control documents

compliance.

(F)  Or approximately one foot compacted depth per lift as 0
approved and directed by the Engineer.

At the beginning of the project, one test will be made for
each 4,000 C.Y. or 6,000 tons until such time as the
Engineer is satisfied that acceptable pulverization results
are being obtained.

When a non-exempt federal-aid project test fails but the
product is accepted, the reasons for acceptance should be
documented on the Letter of Certification of Materials
Used.

For Types A and C lime, sources not on the TxDOT
Quality Monitoring Program will be sampled each 200 and
150 tons respectively.
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MSC.Patran 2001 r2a 24-Sep-02 11:13:20
Deform: Load_Case_1, Step1,TotalTime=0., Deformation, Displacements, (NON-LAYERED)

|
|
I
|

[l

default_Deformation :
Max 1.09-02 @Nd 951

Figure G-1. Load Case 1, No Wall, E=2,500 kPa in Zone 3.
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MSC.Patran 2001 r2a 24-Sep-02 11:14:48
Deform: Load_Case_2, Step2,TotalTime=0., Deformation, Displacements, (NON-LAYERED)

L

T
IHTATAI

default_Deformation :

Figure G-2. Load Case 2, No Wall, E=2,500 kPa in Zone 3.

Max 7.05-03 @Nd 1207
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MSC.Patran 2001 r2a 24-Sep-02 11:16:11
Deform: Load_Case_3, Step3,TotalTime=0., Deformation, Displacements, (NON-LAYERED)

[IRIA

TRIATA

T

default_Deformation :
Max 6.62-03 @Nd 1356

Figure G-3. Load Case 3, No Wall, E=2,500 kPa in Zone 3.




88T

MSC.Patran 2001 r2a 24-Sep-02 11:15:30
Deform: Load_Case_4, Step4,TotalTime=0., Deformation, Displacements, (NON-LAYERED)

default_Deformation :
Max 1.51-01 @Nd 1368

Figure G-4. Load Case 4, No Wall, E=2,500 kPa in Zone 3.
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MSC.Patran 2001 r2a 25-Sep-02 10:27:05
Deform: Load_Case_1, Step1,TotalTime=0.: Deformation, Displacements

T

default_Deformation :
Max 8.70-03 @Nd 1158

Figure G-5. Load Case 1, No Wall, E=5,000 kPa in Zone 3.
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MSC.Patran 2001 r2a 25-Sep-02 10:27:25
Deform: Load_Case_2, Step2,TotalTime=0.: Deformation, Displacements
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|

|
T
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1r
|

default_Deformation :
Max 6.91-03 @Nd 1207

Figure G-6. Load Case 2, No Wall, E=5,000 kPa in Zone 3.
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MSC.Patran 2001 r2a 25-Sep-02 10:27:40
Deform: Load_Case_3, Step3,TotalTime=0.: Deformation, Displacements

TRIATA
| HIRIA

[IRIAnn

default_Deformation :
Max 6.60-03 @Nd 1356

Figure G-7. Load Case 3, No Wall, E=5,000 kPa in Zone 3.
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MSC.Patran 2001 r2a 25-Sep-02 10:28:04
Deform: Load_Case_4, Step4,TotalTime=0.: Deformation, Displacements

default_Deformation :
Max 9.22-02 @Nd 1370

Figure G-8. Load Case 4, No Wall, E=5,000 kPa in Zone 3.
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MSC.Patran 2001 r2a 24-Sep-02 11:13:20
Deform: Load_Case_1, Step1,TotalTime=0., Deformation, Displacements, (NON-LAYERED)

Fim i

[l

default_Deformation :
Max 1.09-02 @Nd 951

Figure G-9. Load Case 1, No Wall, E=10,000 kPa in Zone 3.
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MSC.Patran 2001 r2a 25-Sep-02 10:43:56
Deform: Load_Case_1, Step1,TotalTime=0.: Deformation, Displacements

[INENN]

INIRINEIA)

default_Deformation :
Max 7.05-03 @Nd 1158

Figure G-10. Load Case 2, No Wall, E=10,000 kPa in Zone 3.
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MSC.Patran 2001 r2a 25-Sep-02 10:44:35
Deform: Load_Case_3, Step3,TotalTime=0.: Deformation, Displacements

IR

[IRTAEINI]
[IRIREANI

default_Deformation :
Max 6.58-03 @Nd 1356

Figure G-11. Load Case 3, No Wall, E=10,000 kPa in Zone 3.
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MSC.Patran 2001 r2a 25-Sep-02 10:44:56
Deform: Load_Case_4, Step4,TotalTime=0.: Deformation, Displacements

default_Deformation :
Max 6.51-02 @Nd 1186

Figure G-12. Load Case 4, No Wall, E=10,000 kPa in Zone 3.
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MSC.Patran 2001 r2a 24-Sep-02 11:35:11
Deform: Load_Case_1, Step1,TotalTime=0., Deformation, Displacements, (NON-LAYERED)

||y

1|

default_Deformation :
Max 8.17-03 @Nd 1158

Figure G-13. Load Case 1, 0.5 m Wall, E=2,500 kPa in Zone 3.
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MSC.Patran 2001 r2a 24-Sep-02 11:35:38
Deform: Load_Case_2, Step2,TotalTime=0., Deformation, Displacements, (NON-LAYERED)
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default_Deformation :
Max 7.00-03 @Nd 1207

Figure G-14. Load Case 2, 0.5 m Wall, E=2,500 kPa in Zone 3.
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MSC.Patran 2001 r2a 24-Sep-02 11:35:49
Deform: Load_Case_3, Step3,TotalTime=0., Deformation, Displacements, (NON-LAYERED)

IRTA
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[IRTAEINI]
[IRIRTANI

default_Deformation :
Max 6.58-03 @Nd 1356

Figure G-15. Load Case 3, 0.5 m Wall, E=2,500 kPa in Zone 3.
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MSC.Patran 2001 r2a 24-Sep-02 11:36:07
Deform: Load_Case_4, Step4,TotalTime=0., Deformation, Displacements, (NON-LAYERED)

o

BIEsEAIN

default_Deformation :
Max 7.25-02 @Nd 1186

Figure G-16. Load Case 4, 0.5 m Wall, E=2,500 kPa in Zone 3.
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MSC.Patran 2001 r2a 25-Sep-02 10:32:13
Deform: Load_Case_1, Step1,TotalTime=0.: Deformation, Displacements

1]

[Ny

NAN

[l

default_Deformation :
Max 7.34-03 @Nd 1158

Figure G-17. Load Case 1, 0.5 m Wall, E=5,000 kPa in Zone 3.
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MSC.Patran 2001 r2a 25-Sep-02 10:32:27
Deform: Load_Case_2, Step2,TotalTime=0.: Deformation, Displacements
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default_Deformation :
Max 6.84-03 @Nd 1207

Figure G-18. Load Case 2, 0.5 m Wall, E=5,000 kPa in Zone 3.
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MSC.Patran 2001 r2a 25-Sep-02 10:32:36
Deform: Load_Case_3, Step3,TotalTime=0.: Deformation, Displacements
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default_Deformation :
Max 6.56-03 @Nd 1356

Figure G-19. Load Case 3, 0.5 m Wall, E=5,000 kPa in Zone 3.
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MSC.Patran 2001 r2a 25-Sep-02 10:32:45
Deform: Load_Case_4, Step4,TotalTime=0.: Deformation, Displacements
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default_Deformation :
Max 6.81-02 @Nd 1216

Figure G-20. Load Case 4, 0.5 m Wall, E=5,000 kPa in Zone 3.




S0¢

MSC.Patran 2001 r2a 25-Sep-02 10:52:18
Deform: Load_Case_1, Step1,TotalTime=0.: Deformation, Displacements

[Ny

[INENEN

default_Deformation :
Max 6.26-03 @Nd 1158

Figure G-21. Load Case 1, 0.5 m Wall, E=10,000 kPa in Zone 3.
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MSC.Patran 2001 r2a 25-Sep-02 10:52:39
Deform: Load_Case_2, Step2,TotalTime=0.: Deformation, Displacements
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default_Deformation :
Max 6.67-03 @Nd 1207

Figure G-22. Load Case 2, 0.5 m Wall, E=10,000 kPa in Zone 3.
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MSC.Patran 2001 r2a 25-Sep-02 10:52:57
Deform: Load_Case_3, Step3,TotalTime=0.: Deformation, Displacements
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[INTRED

default_Deformation :
Max 6.54-03 @Nd 1356

Figure G-23. Load Case 3, 0.5 m Wall, E=10,000 kPa in Zone 3.
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MSC.Patran 2001 r2a 25-Sep-02 10:53:21
Deform: Load_Case_4, Step4,TotalTime=0.: Deformation, Displacements
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default_Deformation :
Max 6.62-02 @Nd 1361

Figure G-24. Load Case 4, 0.5 m Wall, E=10,000 kPa in Zone 3.
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MSC.Patran 2001 r2a 24-Sep-02 11:41:34
Deform: Load_Case_1, Step1,TotalTime=0., Deformation, Displacements, (NON-LAYERED)
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11

default_Deformation :
Max 7.08-03 @Nd 1158

Figure G-25. Load Case 1, 1.0 m Wall, E=2,500 kPa in Zone 3.
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MSC.Patran 2001 r2a 24-Sep-02 11:41:46
Deform: Load_Case_2, Step2,TotalTime=0., Deformation, Displacements, (NON-LAYERED)
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default_Deformation :
Max 6.94-03 @Nd 1207

Figure G-26. Load Case 2, 1.0 m Wall, E=2,500 kPa in Zone 3.
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MSC.Patran 2001 r2a 24-Sep-02 11:42:01
Deform: Load_Case_3, Step3,TotalTime=0., Deformation, Displacements, (NON-LAYERED)

IRTA

A

[IRIRNiN
[IRIRTINI

default_Deformation :
Max 6.57-03 @Nd 1356

Figure G-27. Load Case 3, 1.0 m Wall, E=2,500 kPa in Zone 3.
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MSC.Patran 2001 r2a 24-Sep-02 11:42:36
Deform: Load_Case_4, Step4,TotalTime=0., Deformation, Displacements, (NON-LAYERED)

imimi
mivain

default_Deformation :
Max 6.86-02 @Nd 1207

Figure G-28. Load Case 4, 1.0 m Wall, E=2,500 kPa in Zone 3.
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MSC.Patran 2001 r2a 25-Sep-02 10:37:46
Deform: Load_Case_1, Step1,TotalTime=0.: Deformation, Displacements

J1]

| ININAT|

1T

[l

default_Deformation :
Max 6.47-03 @Nd 1158

Figure G-29. Load Case 1, 1.0 m Wall, E=5,000 kPa in Zone 3.
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MSC.Patran 2001 r2a 25-Sep-02 10:37:57
Deform: Load_Case_2, Step2,TotalTime=0.: Deformation, Displacements
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default_Deformation :
Max 6.79-03 @Nd 1207

Figure G-30. Load Case 2, 1.0 m Wall, E=5,000 kPa in Zone 3.
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MSC.Patran 2001 r2a 25-Sep-02 10:38:24
Deform: Load_Case_3, Step3,TotalTime=0.: Deformation, Displacements
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default_Deformation :
Max 6.55-03 @Nd 1356

Figure G-31. Load Case 3, 1.0 m Wall, E=5,000 kPa in Zone 3.
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MSC.Patran 2001 r2a 25-Sep-02 10:38:43
Deform: Load_Case_4, Step4,TotalTime=0.: Deformation, Displacements

T
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imima

default_Deformation :
Max 6.68-02 @Nd 1363

Figure G-32. Load Case 4, 1.0 m Wall, E=5,000 kPa in Zone 3.
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MSC.Patran 2001 r2a 25-Sep-02 10:57:33
Deform: Load_Case_1, Step1,TotalTime=0.: Deformation, Displacements
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default_Deformation :
Max 5.64-03 @Nd 976

Figure G-33. Load Case 1, 1.0 m Wall, E=10,000 kPa in Zone 3.
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MSC.Patran 2001 r2a 25-Sep-02 10:58:06
Deform: Load_Case_2, Step2,TotalTime=0.: Deformation, Displacements
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default_Deformation :
Max 6.61-03 @Nd 1207

Figure G-34. Load Case 2, 1.0 m Wall, E=10,000 kPa in Zone 3.
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MSC.Patran 2001 r2a 25-Sep-02 10:58:23
Deform: Load_Case_3, Step3,TotalTime=0.: Deformation, Displacements
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default_Deformation :
Max 6.53-03 @Nd 1356

Figure G-35. Load Case 3, 1.0 m Wall, E=10,000 kPa in Zone 3.
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MSC.Patran 2001 r2a 25-Sep-02 10:58:41
Deform: Load_Case_4, Step4,TotalTime=0.: Deformation, Displacements

[IANETA

default_Deformation :
Max 6.60-02 @Nd 1357

Figure G-36. Load Case 4, 1.0 m Wall, E=10,000 kPa in Zone 3.
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MSC.Patran 2001 r2a 24-Sep-02 11:53:14

Deform: Load_Case_1, Step1,TotalTime=0., Deformation, Displacements, (NON-LAYERED)
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default_Deformation :
Max 7.08-03 @Nd 1158

Figure G-37. Load Case 1, 0.5 m Wall , E=5,000 kPa in Zone 3, New Approach Slab.
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MSC.Patran 2001 r2a 24-Sep-02 11:53:33
Deform: Load_Case_2, Step2,TotalTime=0., Deformation, Displacements, (NON-LAYERED)
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default_Deformation :
Max 6.94-03 @Nd 1207

Figure G-38. Load Case 2, 0.5 m Wall , E=5,000 kPa in Zone 3, New Approach Slab.
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MSC.Patran 2001 r2a 24-Sep-02 11:54:47
Deform: Load_Case_3, Step3,TotalTime=0., Deformation, Displacements, (NON-LAYERED)
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default_Deformation :
Max 6.57-03 @Nd 1356

Figure G-39. Load Case 3, 0.5 m Wall , E=5,000 kPa in Zone 3, New Approach Slab.
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MSC.Patran 2001 r2a 24-Sep-02 11:55:38
Deform: Load_Case_4, Step4,TotalTime=0., Deformation, Displacements, (NON-LAYERED)

imimi
mivain

.

default_Deformation :
Max 6.86-02 @Nd 1207

Figure G-40. Load Case 4, 0.5 m Wall , E=5,000 kPa in Zone 3, New Approach Slab.
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L2c

Sieve Analysis for BEST

Sieve Number| Retained (g) |Sieve Mass(g) [Soil Retained(g] Passing (g) % Retained %Passing Sieve No. O(primglg
4 613.4 608.2 5.2 591.5 0.9 99.1 4 4.750
10 538.5 532.7 5.8 585.7 1.0 98.2 10 2.000
20 3715 368.7 2.8 582.9 0.5 97.7 20 0.850
40 396.3 394.4 1.9 581.0 0.3 97.4 40 0.425
60 526.3 516.7 9.6 571.4 1.6 95.8 60 0.250
80 547 .4 525.0 22.4 549.0 3.8 92.0 80 0.180
200 390.5 298.5 92.0 457.0 154 76.6 200 0.075
Pan 258.8 256.5 457.0 0.0 76.6 0.0 Pan 0
Total: 3642.7 3500.7 596.7
Weight of Tare (g) 368.7
Weight of Tare + Dry Soil - Before Sieving (g) 964.1
Sieve AnaIySIS Weight of Tare + Dry Soil - After Sieving (g) 509.4
for BEST Test Total Soil (g) 595.4
100 Soil larger than 0.075 (g) 140.7
—_ I - i [ Soil finer than 0.075 (g) 4547
§ \
o 80 - g
£
&
8 60
m L
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g 40
R
c
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£ 20
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0 —
10 1 0.1 0.01
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Atterberg Limit Test for Porcelain Clay-2

Liquid Limit
Cup No.|Cup Weight| Cup+Wet Soil| Cup+Dry Soil | Water Wt. | Soil Wt. Blows wi/C
1 1.00 9.73 7.57 2.16 6.57 34 32.88
2 1.00 8.51 6.59 1.92 5.59 26 34.35
3 1.00 10.30 7.76 2.54 6.76 13 37.57
Liquid Limit 34.44
Atterberg Limit
50
= y = -4.8399Ln(x) I+ 50.016
N =
8 £ 40 |
(=
8 \
\
é’ 30
2
]
=
20
10 100
Number of Blows, N
Plastic Limit
Cup No.|Cup Weight| Cup+Wet Soil| Cup+Dry Soil | Water Wt. | Soil Wt. Blows W/C
5 1.00 4.87 4.29 0.58 3.29 17.63
6 1.00 4.39 3.85 0.54 2.85 18.95
Plastic Limit 18.29
Plasticity Index 16.15
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Atterberg Limit Test for Porcelain Clay-3

Liquid Limit
Cup No.|Cup Weight| Cup+Wet Soil| Cup+Dry Soil | Water Wt. | Soil Wt. Blows wi/C
7 1.00 9.33 7.23 2.1 6.23 30 33.7
8 1.00 9.64 7.31 2.33 6.31 15 36.93
11 1.00 10.91 8.10 2.81 7.10 8 39.58
Liquid Limit 34.56
Atterberg Limit
50
9
s y = -4.4442Ln(x) + 48.868
S 40 - ~
(= oy
g 30 -
@2
[}
=
20
1 10 100
Number of Blows, N
Plastic Limit
Cup No.|Cup Weight| Cup+Wet Soil| Cup+Dry Soil | Water Wt. | Soil Wt. Blows W/C
9 1.00 3.57 3.17 0.40 217 18.43
10 1.00 4.31 3.79 0.52 2.79 18.64
Plastic Limit 18.54
Plasticity Index 16.02




(01574

Atterberg Limit Test for Porcelain Clay-4

Liquid Limit
Cup No.|Cup Weight| Cup+Wet Soil| Cup+Dry Soil | Water Wt. | Soil Wt. Blows wi/C
1 1.00 9.58 7.52 2.06 6.52 37 31.60
2 1.00 9.42 7.25 217 6.25 24 34.72
3 1.00 10.24 7.68 2.56 6.68 13 38.32
Liquid Limit 34.23
Atterberg Limit
50
9
= y = -6.3955Ln(x) + 54.821
S 40 -
C=> \
o
:3’ 30 - I
@2
[}
=
20
10 100
Number of Blows, N
Plastic Limit
Cup No.|Cup Weight| Cup+Wet Soil| Cup+Dry Soil | Water Wt. Soil Wit. Blows wiC
4 1.00 4.42 3.89 0.53 2.89 18.34
5 1.00 4.76 4.19 0.57 3.19 17.87
Plastic Limit 18.10
Plasticity Index 16.13
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Porcelain Clay

Length Height Volume Wt of Soil Tin No. Wtof Tin | Wt (T+Wet S) | Wt (T+Dry S) wW/C Dry Unit Wt.| Dry Unit Wt.| Total Unit Wt. | Total Unit Wt.
Sample 1 (mm) (mm) (mm"3) (9 (9 (9 (9@ (%) (tmPyf (Ib/ft3) (tm®) (Ib/t%)
152.40 254.00 5899343 10889 1 0.98 21.60 17.24 26.8% 1.46 90.87 1.8458 115.23
Length Height Volume Wt of Soil Tin No. Wtof Tin | Wt (T+Wet S) [ Wt (T+Dry S) W/C Dry Unit Wt.| Dry Unit Wt.| Total Unit Wt. | Total Unit Wt.
Sample 2 (mm) (mm) (mm"3) (9 (9 ) (9 (%) (tm®) (Ib/ft%) (tm®) (Ib/t%)
152.40 254.00 5899343 11519 2 0.97 20.77 16.62 26.5% 1.54 96.35 1.9526 121.90
Length Height Volume Wtof Soil | TinNo. | WtofTin | Wt(T+WetS) | Wt (T+Dry S) w/C Dry Unit Wt.| Dry Unit Wt.| Total Unit Wt. | Total Unit W.
Sample 3 (mm) (mm) (mm"3) (9@ (9 (9 (9@ (%) (t/m®) (Ib/it%) (tm®) (Ib/ft%)
152.40 254.00 5899343 11684 3 0.97 30.67 24.52 26.1% 1.57 98.04 1.9806 123.65
Length Height Volume [Wt (tin+w soil)[ Tin No. Wtof Tin | Wt (T+Wet S) | Wt (T+Dry S) W/C Dry Unit Wt.[ Dry Unit Wt.| Total Unit Wt. [ Total Unit Wt.
Sample 4 (mm) (mm) (mmA"3) (9 (9 (9 (9 (%) (t/m®) (Ib/ft3) (t/m®) (Ib/ft%)
152.40 254.00 5899343 11347 4 0.98 20.73 16.60 26.4% 1.52 94.97 1.9234 120.08
26.6% 1.4884 92.92 1.9256 12022




Sample No.

Depth

Dry Unit Weight
wi/C

O3

Strain rate

Dia. of Sample
L. of Sample
Weight

# Dis Trans:

# Force Trans:

Cu=gq,/2=
Gmax =

0.250max =

€max (at 0.250,,) =

Eps =

Time
(min)

Porcelain Clay 2

96.35 Ib/ft®

26.5 %
0 psi

0.8 mm/min

1.51in
3.15in

CZ0246

0.826 psi

1.65 psi

0.4132 psi

165.3 psi

Disp.
(mV)
0.000
1.003
2.006
3.009
4.012
5.015
6.018
7.021
8.024
9.028
10.031
11.034
12.037
13.040
14.043
15.046
16.049
17.052
18.055
19.058
20.061
21.064
22.067
23.070
24.073
25.076
26.080
27.083
28.086
29.089
30.092

0.0025

Force
(mV)

6.277
6.365
6.389
6.399
6.404
6.445
6.452

6.46
6.471
6.474
6.477
6.487
6.484
6.487
6.485
6.482
6.488
6.489
6.497

6.49
6.486
6.478

6.48

6.47
6.464
6.469
6.464
6.461
6.463
6.462
6.459

y=0.0157x-1.2853
y=15.127x-90.406

Disp.
(in)
0.000
0.016
0.031
0.047
0.063
0.079
0.094
0.110
0.126
0.142
0.157
0.173
0.189
0.205
0.220
0.236
0.252
0.268
0.283
0.299
0.315
0.331
0.346
0.362
0.378
0.394
0.409
0.425
0.441
0.457
0.472

Unconfined Test
for Porcelain Clay-2
5
4
—_— 3 1
&
«©
e
b 2 4
1 4
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20
Strain
Load Cell f Sig_a*(As-Ap) Wp Total F Corrected A Strain  Total Stress G1-03
(Ib) (Ib) (Ib) (Ib) (in%) (in/in) (psi) (psi)
0.00 0.00 0 0.00 1.767 0.000 0.00 0.00
1.33 0.00 0 1.33 1.780 0.005 0.75 0.75
1.69 0.00 0 1.69 1.794 0.010 0.94 0.94
1.85 0.00 0 1.85 1.808 0.015 1.02 1.02
1.92 0.00 0 1.92 1.821 0.020 1.05 1.05
2.54 0.00 0 2.54 1.835 0.025 1.38 1.38
2.65 0.00 0 2.65 1.849 0.030 1.43 1.43
2.77 0.00 0 277 1.863 0.035 1.49 1.49
2.93 0.00 0 2.93 1.878 0.040 1.56 1.56
2.98 0.00 0 2.98 1.892 0.045 1.57 1.57
3.03 0.00 0 3.03 1.907 0.050 1.59 1.59
3.18 0.00 0 3.18 1.922 0.055 1.65 1.65
3.13 0.00 0 3.13 1.937 0.060 1.62 1.62
3.18 0.00 0 3.18 1.952 0.065 1.63 1.63
3.15 0.00 0 3.15 1.968 0.070 1.60 1.60
3.10 0.00 0 3.10 1.983 0.075 1.56 1.56
3.19 0.00 0 3.19 1.999 0.080 1.60 1.60
3.21 0.00 0 3.21 2.015 0.085 1.59 1.59
3.33 0.00 0 3.33 2.031 0.090 1.64 1.64
3.22 0.00 0 3.22 2.047 0.095 1.57 1.57
3.16 0.00 0 3.16 2.064 0.100 1.53 1.53
3.04 0.00 0 3.04 2.081 0.105 1.46 1.46
3.07 0.00 0 3.07 2.098 0.110 1.46 1.46
2.92 0.00 0 2.92 2.115 0.115 1.38 1.38
2.83 0.00 0 2.83 2.132 0.120 1.33 1.33
2.90 0.00 0 2.90 2.149 0.125 1.35 1.35
2.83 0.00 0 2.83 2.167 0.130 1.31 1.31
2.78 0.00 0 2.78 2.185 0.135 1.27 1.27
2.81 0.00 0 2.81 2.203 0.140 1.28 1.28
2.80 0.00 0 2.80 2.222 0.145 1.26 1.26
2.75 0.00 0 2.75 2.240 0.150 1.23 1.23
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Sample No.  Porcelain Clay 3

Depth ft

Dry Unit Weight 98.04 Ib/ft®
wi/C 26.1 %

O3 0 psi
Strain Rate 0.8 mm/min
Dia. of Sample 1.51in

L. of Sample 3.15in
Weight g

# Dis Trans: 8 y=0.0157x-1.2853

# Force Trans: CZ0246 y=15.127x-90.406

Cu=gq,/2= 0.952 psi
Omax = 2.08 psi
0.25Gmax = 0.5199 psi

€max (at 0.256,,,,) = 0.00355
Eys = 146.4 psi

Time Disp. Force
(min) (mV) (mV)

0 0.000 6.266

0.5 1.003 6.347

1 2.006 6.376

1.5 3.009 6.406

2 4.012 6.437

25 5.015 6.452

3 6.018 6.466

35 7.021 6.476

4 8.024 6.496

45 9.028 6.498

5 10.031 6.503

55 11.034 6.508

6 12.037 6.522

6.5 13.040 6.52

7 14.043 6.523

75 15.046 6.527

8 16.049 6.537

8.5 17.052 6.543

9 18.055 6.534

9.5 19.058 6.544

10 20.061 6.548

10.5 21.064 6.546

1 22.067 6.541

11.5 23.070 6.539

12 24.073 6.539

12.5 25.076 6.541

13 26.080 6.552

13.5 27.083 6.555

14 28.086 6.554

14.5 29.089 6.56

15 30.092 6.558

Disp.

(in)
0.000
0.016
0.031
0.047
0.063
0.079
0.094
0.110
0.126
0.142
0.157
0.173
0.189
0.205
0.220
0.236
0.252
0.268
0.283
0.299
0.315
0.331
0.346
0.362
0.378
0.394
0.409
0.425
0.441
0.457
0.472

Unconfined Test
for Porcelain Clay-3

w

z
?
(-] 2|
1 4
0 . . . . . . . .
0.00 0.02 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20
Strain
Load Cell f Sig_a*(As-Ap) Wp Total F Corrected A Strain  Total Stress G|—03
(Ib) (Ib) (Ib) (Ib) (in%) (in/in) (psi) (psi)
0.00 0.00 0 0.00 1.767 0.000 0.00 0.00
1.23 0.00 0 1.23 1.780 0.005 0.69 0.69
1.66 0.00 0 1.66 1.794 0.010 0.93 0.93
212 0.00 0 212 1.808 0.015 1.17 1.17
2.59 0.00 0 2.59 1.821 0.020 1.42 1.42
2.81 0.00 0 2.81 1.835 0.025 1.53 1.53
3.03 0.00 0 3.03 1.849 0.030 1.64 1.64
3.18 0.00 0 3.18 1.863 0.035 1.70 1.70
3.48 0.00 0 3.48 1.878 0.040 1.85 1.85
3.51 0.00 0 3.51 1.892 0.045 1.85 1.85
3.59 0.00 0 3.59 1.907 0.050 1.88 1.88
3.66 0.00 0 3.66 1.922 0.055 1.90 1.90
3.87 0.00 0 3.87 1.937 0.060 2.00 2.00
3.84 0.00 0 3.84 1.952 0.065 1.97 1.97
3.89 0.00 0 3.89 1.968 0.070 1.98 1.98
3.95 0.00 0 3.95 1.983 0.075 1.99 1.99
4.10 0.00 0 4.10 1.999 0.080 2.05 2.05
419 0.00 0 4.19 2.015 0.085 2.08 2.08
4.05 0.00 0 4.05 2.031 0.090 2.00 2.00
4.21 0.00 0 4.21 2.047 0.095 2.05 2.05
4.27 0.00 0 4.27 2.064 0.100 2.07 2.07
4.24 0.00 0 4.24 2.081 0.105 2.04 2.04
4.16 0.00 0 4.16 2.098 0.110 1.98 1.98
413 0.00 0 413 2.115 0.115 1.95 1.95
413 0.00 0 413 2.132 0.120 1.94 1.94
4.16 0.00 0 4.16 2.149 0.125 1.94 1.94
4.33 0.00 0 4.33 2.167 0.130 2.00 2.00
4.37 0.00 0 4.37 2.185 0.135 2.00 2.00
4.36 0.00 0 4.36 2.203 0.140 1.98 1.98
4.45 0.00 0 4.45 2.222 0.145 2.00 2.00
4.42 0.00 0 4.42 2.240 0.150 1.97 1.97
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Sample No. Porcelain Clay 4

Depth ft

Dry Unit Weight 98.04 Ib/ft®
wiC 26.1 %

o3 0 psi
Strain Rate 0.8 mm/min
Dia. of Sample 1.51in

L. of Sample 3.151in
Weight g

# Dis Trans: 8

# Force Trans: CZ0246 y=15.127x-90.406

Cu=q, /2= 0.901 psi
Omax = 2.04 psi
0.250max = 0.50939 psi

€max (at 0.250,.,) = 0.0043
Eps = 118.5 psi

Time Disp. Force
(min) (mV) (mV)

0 0.000 6.268

0.5 1.003 6.337

1 2.006 6.386

1.5 3.009 6.403

2 4.012 6.422

25 5.015 6.44

3 6.018 6.453

35 7.021 6.46

4 8.024 6.461

45 9.028 6.486

5 10.031 6.495

5.5 11.034 6.497

6 12.037 6.507

6.5 13.040 6.511

7 14.043 6.514

75 15.046 6.521

8 16.049 6.524

8.5 17.052 6.525

9 18.055 6.532

9.5 19.058 6.539

10 20.061 6.546

10.5 21.064 6.548

11 22.067 6.547

11.5 23.070 6.546

12 24.073 6.547

125 25.076 6.547

13 26.080 6.553

13.5 27.083 6.561

14 28.086 6.557

14.5 29.089 6.556

15 30.092 6.567

y=0.0157x-1.2853

Disp.

(in)
0.000
0.016
0.031
0.047
0.063
0.079
0.094
0.110
0.126
0.142
0.157
0.173
0.189
0.205
0.220
0.236
0.252
0.268
0.283
0.299
0.315
0.331
0.346
0.362
0.378
0.394
0.409
0.425
0.441
0.457
0.472

Unconfined Test
for Porcelain Clay-4
5
4 4
3
&
?
°, |
1 B
0 T T T T T T T T T
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20
Strain
Load Cell f Sig_a*(As-Ap) Wp Total F Corrected A Strain  Total Stress ~ 64-03
(Ib) (Ib) (Ib) (Ib) (in?) (infin) (psi) (psi)
0.00 0.00 0 0.00 1.767 0.000 0.00 0.00
1.04 0.00 0 1.04 1.780 0.005 0.59 0.59
1.78 0.00 0 1.78 1.794 0.010 1.00 1.00
2.04 0.00 0 2.04 1.808 0.015 1.13 1.13
2.33 0.00 0 2.33 1.821 0.020 1.28 1.28
2.60 0.00 0 2.60 1.835 0.025 1.42 1.42
2.80 0.00 0 2.80 1.849 0.030 1.51 1.51
2.90 0.00 0 2.90 1.863 0.035 1.56 1.56
2.92 0.00 0 2.92 1.878 0.040 1.55 1.55
3.30 0.00 0 3.30 1.892 0.045 1.74 1.74
3.43 0.00 0 3.43 1.907 0.050 1.80 1.80
3.46 0.00 0 3.46 1.922 0.055 1.80 1.80
3.62 0.00 0 3.62 1.937 0.060 1.87 1.87
3.68 0.00 0 3.68 1.952 0.065 1.88 1.88
3.72 0.00 0 3.72 1.968 0.070 1.89 1.89
3.83 0.00 0 3.83 1.983 0.075 1.93 1.93
3.87 0.00 0 3.87 1.999 0.080 1.94 1.94
3.89 0.00 0 3.89 2.015 0.085 1.93 1.93
3.99 0.00 0 3.99 2.031 0.090 1.97 1.97
4.10 0.00 0 4.10 2.047 0.095 2.00 2.00
4.21 0.00 0 4.21 2.064 0.100 2.04 2.04
4.24 0.00 0 4.24 2.081 0.105 2.04 2.04
4.22 0.00 0 4.22 2.098 0.110 2.01 2.01
4.21 0.00 0 4.21 2.115 0.115 1.99 1.99
4.22 0.00 0 4.22 2.132 0.120 1.98 1.98
4.22 0.00 0 4.22 2.149 0.125 1.96 1.96
4.31 0.00 0 4.31 2.167 0.130 1.99 1.99
4.43 0.00 0 4.43 2.185 0.135 2.03 2.03
4.37 0.00 0 4.37 2.203 0.140 1.98 1.98
4.36 0.00 0 4.36 2222 0.145 1.96 1.96
4.52 0.00 0 4.52 2.240 0.150 2.02 2.02
0.00

234



Compaction Test for the BEST Test

Test Date: 5/15/2002
Soil Type: Sand (Soil 1)
Compaction Effort: Standard
Water Content (%) 8 10 12 14 16
Mold No. 5 5 5 5 5
Wt of Mold (g) 6810 6810 6810 6810 6810
Vol of Mold (cm?) 2124 2124 2124 2124 2124
Wt of (S.+M.) (g) 10571 10662 10741 10811 10871
Wt of Soil (g) 3761 3852 3931 4001 4061
Total Unit Wt (m°) 1.7707 1.8136 1.8508 1.8837 1.9120
Dry Unit Wt (t/m®) 1.6396 1.6487 1.6525 1.6524 1.6482
Dry Unit Wt (pcf) 102.36 102.93 103.16 103.16 102.90
Sand - Standard Effort
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Q. / v —o
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Compaction Test for the BEST Test

Test Date: 5/15/2002
Soil Type: Sand (Soil 1)
Compaction Effort: Half-Standard
Water Content (%) 8 10 12 14 16 18

Mold No. 6 6 6 6 6 6
Wt of Mold (g) 6871 6871 6871 6871 6871 6871
Vol of Mold (cm?) 2124 2124 2124 2124 2124 2124
Wt of (S.+M.) (g) 10556 10637 10711 10786 10865 10868
Wt of Soil (g) 3685 3766 3840 3915 3994 3997
Total Unit Wt (m°) 1.7349 1.7731 1.8079 1.8432 1.8804 1.8818
Dry Unit Wt (t/m®) 1.6064 1.6119 1.6142 1.6169 1.6210 1.5948
Dry Unit Wt (pcf) 100.29 100.63 100.77 100.94 101.20 99.56

Sand, Half-Standard Effort
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Sample No.

Depth

Unit Weight
wiC

O3

Strain Rate
Dia. of Sample
L. of Sample
Weight

# Dis Trans:

# Force Trans:

Time
(min)

Sand for BEST - Dense

ft

107.5 Ib/ft®
0 %
5 psi
0.38 mm/min
1.51in
3.1in
1541 g
9 y=0.015632x+0.014741
CZ0245 y=15.047343x-3.890211
Disp. Force Disp.
(mV) (mV) (in)
0.000 0.4 0.000
0.479 1.02 0.007
0.957 1.26 0.015
1.436 1.33 0.022
1.914 1.36 0.030
2.393 1.39 0.037
2.871 1.41 0.045
3.350 1.41 0.052
3.828 1.42 0.060
4.307 1.42 0.067
4.785 1.43 0.075
5.264 1.43 0.082
5.742 1.43 0.090
6.221 1.44 0.097
6.699 1.44 0.105
7178 1.43 0.112
7.656 1.42 0.120
8.135 1.41 0.127
8.613 1.41 0.135
9.092 1.4 0.142
9.571 1.4 0.150
10.049 1.39 0.157
10.528 1.39 0.165
11.006 1.39 0.172
11.485 1.39 0.180
11.963 1.39 0.187
12.442 1.4 0.194
12.920 1.4 0.202
13.399 1.39 0.209
13.877 1.39 0.217
14.356 1.39 0.224
14.834 1.38 0.232
15.313 1.37 0.239
15.791 1.36 0.247
16.270 1.36 0.254
16.748 1.36 0.262
17.227 1.35 0.269
17.705 1.35 0.277
18.184 1.35 0.284
18.663 1.34 0.292
19.141 1.34 0.299
19.620 1.32 0.307
20.098 1.31 0.314

Triaxial Test for Sand- Dense

10
9,
| m
7
) | W\M\
£ |
::6 5
<
4,
3,
2,
1 u
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20
Strain
Load Cell f Sig_a*(As-Ap) Wp Total F Corrected A Total Stress  Strain G4-03
(Ib) (Ib) (Ib) (Ib) (in%) (psi) (in/in) (psi)
2.20 6.64 1.05 9.89 1.767 5.59 0 0.00
11.53 6.64 1.05 19.21 1.774 10.83  0.00242 5.24
15.14 6.64 1.05 22.83 1.780 12.82 0.004841 7.23
16.19 6.64 1.05 23.88 1.786 13.37 0.007261 7.77
16.65 6.64 1.05 24.33 1.793 13.57 0.009682 7.98
17.10 6.64 1.05 24.78 1.800 13.77 0.012102 8.18
17.40 6.64 1.05 25.08 1.806 13.89 0.014522 8.29
17.40 6.64 1.05 25.08 1.813 13.84 0.016943 8.24
17.55 6.64 1.05 25.23 1.820 13.87 0.019363 8.27
17.55 6.64 1.05 25.23 1.826 13.82 0.021783 8.22
17.70 6.64 1.05 25.38 1.833 13.85 0.024204 8.25
17.70 6.64 1.05 25.38 1.840 13.80 0.026624 8.20
17.70 6.64 1.05 25.38 1.847 13.75 0.029045 8.15
17.85 6.64 1.05 25.53 1.853 13.78 0.031465 8.18
17.85 6.64 1.05 25.53 1.860 13.73 0.033885 8.13
17.70 6.64 1.05 25.38 1.867 13.59 0.036306 8.00
17.55 6.64 1.05 25.23 1.874 13.46 0.038726 7.87
17.40 6.64 1.05 25.08 1.881 13.33 0.041146 7.74
17.40 6.64 1.05 25.08 1.888 13.28 0.043567 7.69
17.25 6.64 1.05 24.93 1.895 13.15 0.045987 7.56
17.25 6.64 1.05 24.93 1.902 13.11 0.048408 7.51
17.10 6.64 1.05 24.78 1.910 12.98 0.050828 7.38
17.10 6.64 1.05 24.78 1.917 12.93 0.053248 7.33
17.10 6.64 1.05 24.78 1.924 12.88 0.055669 7.29
17.10 6.64 1.05 24.78 1.931 12.83 0.058089 7.24
17.10 6.64 1.05 24.78 1.939 12.78  0.06051 7.19
17.25 6.64 1.05 24.93 1.946 12.81 0.06293 7.22
17.25 6.64 1.05 24.93 1.953 12.76  0.06535 7.7
17.10 6.64 1.05 24.78 1.961 12.64 0.067771 7.04
17.10 6.64 1.05 24.78 1.968 12.59 0.070191 7.00
17.10 6.64 1.05 24.78 1.976 12.54 0.072611 6.95
16.95 6.64 1.05 24.63 1.983 12.42 0.075032 6.83
16.80 6.64 1.05 24.48 1.991 12.30 0.077452 6.70
16.65 6.64 1.05 24.33 1.999 12.17 0.079873 6.58
16.65 6.64 1.05 24.33 2.006 12.13 0.082293 6.53
16.65 6.64 1.05 24.33 2.014 12.08 0.084713 6.49
16.49 6.64 1.05 24.18 2.022 11.96 0.087134 6.37
16.49 6.64 1.05 24.18 2.030 11.91 0.089554 6.32
16.49 6.64 1.05 24.18 2.038 11.87 0.091975 6.27
16.34 6.64 1.05 24.03 2.045 11.75 0.094395 6.15
16.34 6.64 1.05 24.03 2.053 11.70 0.096815 6.11
16.04 6.64 1.05 23.73 2.061 11.51 0.099236 5.92
15.89 6.64 1.05 23.58 2.069 11.39 0.101656 5.80
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Sample No.

Depth

Unit Weight
wiC

G3

Strain Rate
Dia. of Sample
L. of Sample
Weight

# Dis Trans:

# Force Trans:

Time
(min)

Sand for BEST - Mid

ft

105.5 Ib/ft®
0 %
5 psi
0.38 mm/min
1.51in
3.0in
1455 g
9 y=0.015632x+0.014741
CZ0245 y=15.047343x-3.890211
Disp. Force Disp.
(mV) (mV) (in)
0.000 0.4 0.000
0.479 0.6 0.007
0.957 0.86 0.015
1.436 1.01 0.022
1.914 1.08 0.030
2.393 1.12 0.037
2.871 1.15 0.045
3.350 1.18 0.052
3.828 1.2 0.060
4.307 1.22 0.067
4.785 1.24 0.075
5.264 1.25 0.082
5.742 1.26 0.090
6.221 1.26 0.097
6.699 1.27 0.105
7178 1.28 0.112
7.656 1.29 0.120
8.135 1.29 0.127
8.613 1.29 0.135
9.092 1.3 0.142
9.571 1.3 0.150
10.049 1.31 0.157
10.528 1.31 0.165
11.006 1.31 0.172
11.485 1.31 0.180
11.963 1.31 0.187
12.442 1.32 0.194
12.920 1.31 0.202
13.399 1.31 0.209
13.877 1.31 0.217
14.356 1.31 0.224
14.834 1.31 0.232
15.313 1.31 0.239
15.791 1.31 0.247
16.270 1.32 0.254
16.748 1.32 0.262
17.227 1.31 0.269
17.705 1.31 0.277
18.184 1.31 0.284

Triaxial Test for Sand- Mid

.’g‘
3 ]
%
4,
3
2
1,
0 T T T T T T T T T
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20
Strain
Load Cell f Sig_a*(As-Ap) Wp Total F Corrected A Total Stress ~ Strain G1-03
(Ib) (Ib) (Ib) (Ib) (in?) (psi) (infin) (psi)
2.20 6.64 1.05 9.89 1.767 5.59 0 0.00
5.21 6.64 1.05 12.89 1.774 7.27 0.002517 1.68
9.12 6.64 1.05 16.81 1.781 9.44 0.005033 3.85
11.38 6.64 1.05 19.06 1.787 10.67  0.00755 5.07
12.43 6.64 1.05 20.12 1.794 11.21 0.010066 5.62
13.03 6.64 1.05 20.72 1.801 11.51 0.012583 5.91
13.49 6.64 1.05 21.17 1.808 11.71 0.015099 6.12
13.94 6.64 1.05 21.62 1.815 11.92 0.017616 6.32
14.24 6.64 1.05 21.92 1.822 12.03 0.020132 6.44
14.54 6.64 1.05 22.22 1.829 12.15 0.022649 6.56
14.84 6.64 1.05 22.53 1.836 12.27 0.025166 6.68
14.99 6.64 1.05 22.68 1.843 12.31 0.027682 6.71
15.14 6.64 1.05 22.83 1.850 12.34 0.030199 6.75
15.14 6.64 1.05 22.83 1.857 12.29 0.032715 6.70
15.29 6.64 1.05 22.98 1.864 12.33 0.035232 6.73
15.44 6.64 1.05 23.13 1.871 12.36 0.037748 6.76
15.59 6.64 1.05 23.28 1.879 12.39 0.040265 6.80
15.59 6.64 1.05 23.28 1.886 12.34 0.042781 6.75
15.59 6.64 1.05 23.28 1.893 12.29 0.045298 6.70
15.74 6.64 1.05 23.43 1.901 12.33 0.047815 6.73
15.74 6.64 1.05 23.43 1.908 12.28 0.050331 6.68
15.89 6.64 1.05 23.58 1.916 12.31 0.052848 6.71
15.89 6.64 1.05 23.58 1.923 12.26 0.055364 6.67
15.89 6.64 1.05 23.58 1.931 12.21 0.057881 6.62
15.89 6.64 1.05 23.58 1.938 12.16 0.060397 6.57
15.89 6.64 1.05 23.58 1.946 12.12 0.062914 6.52
16.04 6.64 1.05 23.73 1.954 12.15 0.06543 6.55
15.89 6.64 1.05 23.58 1.961 12.02 0.067947 6.43
15.89 6.64 1.05 23.58 1.969 11.97 0.070464 6.38
15.89 6.64 1.05 23.58 1.977 11.93  0.07298 6.33
15.89 6.64 1.05 23.58 1.985 11.88 0.075497 6.29
15.89 6.64 1.05 23.58 1.993 11.83 0.078013 6.24
15.89 6.64 1.05 23.58 2.001 11.79  0.08053 6.19
15.89 6.64 1.05 23.58 2.009 11.74 0.083046 6.14
16.04 6.64 1.05 23.73 2.017 11.77 0.085563 6.17
16.04 6.64 1.05 23.73 2.025 11.72 0.088079 6.12
15.89 6.64 1.05 23.58 2.033 11.60 0.090596 6.00
15.89 6.64 1.05 23.58 2.041 11.55 0.093113 5.96
15.89 6.64 1.05 23.58 2.049 11.50 0.095629 5.91
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Sample No.

Depth

Unit Weight
wiC

G3

Strain Rate
Dia. of Sample
L. of Sample
Weight

# Dis Trans:

# Force Trans:

Time
(min)

Sand for BEST - Loose

ft
101.6 Ib/ft®
0%
5 psi
0.38 mm/min
1.5in
3.0in
1431 g

9 y=0.015632x+0.014741
CZ0245 y=15.047343x-3.890211

Disp. Force
(mV) (mV)
0.000 04
0.479 0.43
0.957 0.73
1.436 0.92
1.914 1
2.393 1.05
2.871 1.1
3.350 1.14
3.828 1.17
4.307 1.19
4.785 1.2
5.264 1.2
5.742 1.19
6.221 1.18
6.699 1.17
7.178 1.16
7.656 1.15
8.135 1.15

Disp.

(in)
0.000
0.007
0.015
0.022
0.030
0.037
0.045
0.052
0.060
0.067
0.075
0.082
0.090
0.097
0.105
0.112
0.120
0.127

Triaxial Test for Sand- Loose
10
9,
8,
7
—_ 67
z
o 54
P
%
4,
3,
2
1,
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20
Strain
Load Cell f Sig_a*(As-Ap) Wp Total F Corrected A Total Stress  Strain G1-C3
(Ib) (Ib) (Ib) (Ib) (in?) (psi) (in/in) (psi)
2.20 6.64 1.05 9.89 1.767 5.59 0 0.00
2.65 6.64 1.05 10.34 1.774 5.83 0.000464 0.23
7.7 6.64 1.05 14.85 1.780 8.34 0.004929 2.75
10.02 6.64 1.05 17.71 1.787 9.91 0.007393 4.32
11.23 6.64 1.05 18.91 1.794 10.55 0.009857 4.95
11.98 6.64 1.05 19.67 1.800 10.92 0.012322 5.33
12.73 6.64 1.05 20.42 1.807 11.30 0.014786 5.71
13.34 6.64 1.05 21.02 1.814 11.59 0.01725 6.00
13.79 6.64 1.05 21.47 1.820 11.79 0.019715 6.20
14.09 6.64 1.05 21.77 1.827 11.92 0.022179 6.32
14.24 6.64 1.05 21.92 1.834 11.95 0.024643 6.36
14.24 6.64 1.05 21.92 1.841 11.91 0.027108 6.31
14.09 6.64 1.05 21.77 1.848 11.78 0.029572 6.19
13.94 6.64 1.05 21.62 1.855 11.66 0.032036 6.06
13.79 6.64 1.05 21.47 1.862 11.53 0.034501 5.94
13.64 6.64 1.05 21.32 1.869 11.41 0.036965 5.81
13.49 6.64 1.05 21.17 1.876 11.28 0.039429 5.69
13.49 6.64 1.05 21.17 1.883 11.24 0.041894 5.65
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Density (61-63)max (61-63)max/2 €50 o4 Eso
(pcf) (psi) (psi) (psi) (psi)
Dense 107.5 8.29 4.147 0.00182 9.147 3102.5
Mid 105.5 6.80 3.398 0.00445 8.398 1100.7
Loose 101.6 6.36 3.179 0.00560 8.179 835.6
Modulus vs. Density
3500
3000
= 2500
2
o 2000 -
=
% 1500
= 1000 - -—
500
O I I I I I I
101 102 103 104 105 106 107 108

Density (pcf)

E50 = (61 '0.703)/850



APPENDIX I BEST DEVICE TEST RESULTS
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Table I-1 Test 1.

Cycles (No.)
Length (ft)
Initial 100 1000 10000 50000 100000 200000

0 -6.29 -6.26 -6.22 -6.08 -5.92 -5.83 -5.60
1.59 -6.20 -6.17 -6.11 -5.97 -5.62 -5.60 -5.44
3.19 -5.87 -5.82 -5.72 -5.67 -5.65 -5.61 -5.51
3.69 -6.99 -6.97 -6.95 -6.93 -6.89 -6.88 -6.70
4.22 -6.10 -6.05 -6.07 -6.07 -6.09 -6.08 -6.07
6.31 -9.60 -9.59 -9.62 -9.61 -9.62 -9.64 -9.61
8.38 -6.18 -6.19 -6.18 -6.18 -6.19 -6.19 -6.19
8.88 -7.61 -7.59 -7.59 -7.57 -7.50 -7.40 -7.25
9.38 -6.38 -6.36 -6.35 -6.28 -6.14 -6.06 -5.81
10.97 -5.93 -5.89 -5.84 -5.74 -5.61 -5.59 -5.40
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Table I-2. Test 2.

Cycles (No.)
Length (ft)

Initial 1000 10000 50000 100000 200000

0 -5.51 -5.31 -5.24 -5.47 -5.53 -5.72
1.59 -5.50 -5.55 -5.41 -5.42 -5.38 -5.59
3.19 -5.63 -5.48 -5.36 -5.29 -5.23 -5.19
3.69 -7.64 -7.38 -7.33 -7.26 -7.24 -7.21
4.22 -6.63 -6.49 -6.62 -6.63 -6.63 -6.55
5.27 -4.69 -4.68 -4.61 -4.63 -4.48 -4.39
6.31 -3.13 -3.07 -3.19 -3.10 -3.09 -2.94
7.36 -5.01 -4.92 -4.98 -4.96 -4.91 -4.79
8.38 -6.56 -6.58 -6.60 -6.58 -6.59 -6.61
8.88 -6.63 -6.59 -6.44 -6.10 -5.98 -5.94
9.38 -4.70 -4.55 -4.26 -3.46 -3.08 -2.85
10.97 -5.46 -5.15 -4.85 -4.66 -4.60 -4.45
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Table I-3. Test 3.

Cycles (No.)
Length (ft)

Initial 100 1000 10000 50000 150000 200000

0 -5.94 -5.91 -5.87 -5.65 -5.60 -5.45 -5.38
1.59 -5.50 -5.38 -5.30 -5.26 -5.25 -5.15 -5.08
3.19 -5.10 -5.08 -5.05 -5.03 -5.01 -4.90 -4.82
3.69 -7.58 -7.56 -7.52 -7.50 -7.46 -7.33 -7.28
4.22 -6.70 -6.70 -6.70 -6.70 -6.70 -6.70 -6.69
6.31 -7.38 -7.36 -7.37 -7.37 -7.37 -7.37 -7.37
8.38 -7.03 -7.02 -7.03 -7.03 -7.03 -7.03 -7.02
8.88 -8.00 -7.86 -7.63 -7.57 -7.43 -7.21 -7.07
9.38 -4.66 -4.61 -4.48 -4.34 -4.20 -4.05 -3.91
10.97 -5.32 -5.12 -4.88 -4.60 -4.45 -4.13 -3.98




ove

Table I-4. Test 4.

Cycles (No.)
Length (ft)
Initial 100 1000 10000 50000 100000 200000

0 -5.22 -5.07 -5.00 -4.88 -4.87 -4.73 -4.50
1.59 -5.09 -4.84 -4.80 -4.68 -4.51 -4.47 -4.37
3.19 -4.07 -4.00 -3.97 -3.86 -3.81 -3.73 -3.64
3.69 -5.91 -5.83 -5.78 -5.74 -5.67 -5.66 -5.62
4.22 -5.70 -5.70 -5.69 -5.68 -5.69 -5.69 -5.64
6.31 -8.79 -8.74 -8.75 -8.74 -8.74 -8.75 -8.74
8.38 -5.74 -5.74 -5.75 -5.75 -5.75 -5.75 -5.76
8.88 -6.31 -6.20 -6.05 -5.89 -5.24 -5.08 -4.99
9.38 -4.27 -4.10 -4.07 -3.83 -2.90 -2.54 -2.38
10.97 -4.72 -4.64 -4.61 -4.58 -4.49 -4.44 -4.41
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Table I-5. Test 5.

Cycles (No.)
Length (ft)
Initial 50 250 500 2500 5000 25000 50000 | 250000 | 500000

0 -5.89 -5.73 -5.68 -5.67 -5.50 -5.46 -5.39 -5.37 -5.26 -5.02
1.59 -5.67 -5.70 -5.59 -5.54 -5.562 -5.51 -5.45 -5.43 -5.35 -5.26
3.19 -4.00 -3.88 -3.76 -3.71 -3.48 -3.26 -3.08 -3.01 -2.90 -2.86
3.69 -6.46 -6.33 -6.30 -6.23 -5.96 -5.96 -5.85 -5.84 -5.82 -5.80
4.22 -6.31 -6.33 -6.32 -6.32 -6.35 -6.36 -6.32 -6.32 -6.32 -6.30
6.31 -8.82 -8.83 -8.82 -8.82 -8.82 -8.82 -8.82 -8.82 -8.83 -8.83
8.38 -6.47 -6.47 -6.47 -6.47 -6.47 -6.48 -6.48 -6.48 -6.48 -6.49
8.88 -6.42 -6.39 -6.33 -6.29 -6.34 -6.34 -6.18 -6.10 -6.05 -6.02
9.38 -3.84 -3.74 -3.64 -3.57 -3.48 -3.42 -3.15 -3.08 -3.06 -3.02
10.97 -5.56 -5.38 -5.21 -5.17 -4.90 -4.87 -4.85 -4.83 -4.66 -4.36
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Table I-6. Test 6.

Cycles (No.)
Length (ft)

Initial 100 1000 10000 50000 100000 200000

0 -5.57 -5.56 -5.54 -5.52 -5.51 -5.56 -5.50
1.59 -5.97 -5.93 -5.77 -5.68 -5.66 -5.63 -5.60
3.19 -4.49 -4.27 -4.13 -4.05 -4.01 -3.99 -3.96
3.69 -6.82 -6.65 -6.47 -6.38 -6.32 -6.31 -6.30
4.22 -5.88 -5.88 -5.84 -5.84 -5.89 -5.88 -5.89
6.31 -8.86 -8.86 -8.86 -8.84 -8.85 -8.85 -8.86
8.38 -6.14 -6.14 -6.14 -6.15 -6.14 -6.14 -6.14
8.88 -6.43 -6.43 -6.39 -6.35 -6.32 -6.23 -6.07
9.38 -3.80 -3.79 -3.72 -3.70 -3.63 -3.50 -3.38
10.97 -5.14 -5.13 -5.07 -5.06 -5.05 -5.06 -5.04
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Table I-7. Test 7.

Cycles (No.)
Length (ft)
Initial 1000 10000 50000 100000 200000 300000 400000

0 -5.76 -5.49 -5.29 -5.01 -4.79 -4.74 -4.57 -4.41
1.09 -6.26 -6.03 -5.76 -5.52 -5.32 -5.28 -5.08 -4.93
2.16 -5.56 -54 -5.13 -5.02 -4.74 -4.6 -4.39 -4.23
2.22 -5.79 -5.78 -5.62 -5.58 -5.48 -5.43 -5.21 -4.87
2.69 -6.77 -6.5 -6.37 -6.25 -6.18 -6.14 -5.84 -5.67
3.16 -6.36 -6.22 -6.14 -5.92 -5.81 -5.71 -5.42 -5.43
3.22 -5.53 -5.35 -5.21 -4.89 -4.62 -4.55 -4.24 -4.15
3.69 -5.75 -5.64 -5.48 -5.34 -5.23 -5.26 -5.01 -5.00
4.16 -5.82 -5.92 -5.77 -5.9 -5.98 -6.1 -5.94 -6.04
4.22 -5.78 -5.92 -5.95 -5.85 -5.98 -6.06 -5.86 -5.94
5.24 -5.16 -5.05 -5.03 -4.96 -4.9 -4.95 -4.75 -4.66




Table I-7. Test 7 (Continued).

0S¢

Cycles (No.)
Length (ft)

Initial 1000 10000 50000 100000 200000 300000 400000
6.29 -3.94 -3.95 -3.94 -3.87 -3.88 -3.9 -3.68 -3.65
7.33 -5.62 -5.58 -5.5 -5.45 -5.38 -5.32 -5.06 -5.06
8.35 -5.92 -5.88 -5.92 -5.85 -5.9 -5.93 -5.85 -5.89
8.41 -6.43 -5.98 -5.89 -5.9 -6.04 -5.97 -5.92 -5.74
8.88 -6.15 -5.81 -5.39 -5.41 -5.25 -5.29 -5.10 -4.71
9.35 -6.01 -5.74 -5.31 -5.28 -5.25 -5.08 -4.76 -3.83
9.41 -6.5 -6.31 -6.29 -5.94 -5.87 -5.77 -5.53 -4.90
9.88 -7.09 -6.48 -6.41 -6.21 -6.18 -6.13 -6.06 -5.70
10.35 -6.47 -5.84 -5.74 -5.81 -5.83 -6.03 -5.85 -5.95
10.41 -6.45 -5.78 -5.52 -5.45 -5.3 -5.25 -4.98 -5.07
11.48 -5.93 -5.44 -5.24 -4.96 -4.76 -4.73 -4.56 -4.50
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Table I-8. Test 8.

Cycles (No.)
Length (ft)

Initial 1000 10000 50000 100000 200000

0 -6.33 -5.87 -5.74 -5.67 -5.57 -5.48
1.09 -6.22 -5.82 -5.77 -5.69 -5.45 -5.34
219 -5.04 -4.63 -4.23 -3.8 -3.57 -3.32
2.69 -6.17 -5.65 -5.09 -4.17 -3.68 -3.49
3.22 -4.67 -3.51 -2.78 -1.12 -0.55 -0.38
3.69 -5.86 -5.24 -4.81 -3.86 -3.62 -3.42
4.22 -6.58 -6.6 -6.7 -6.61 -6.61 -6.56
5.24 -4.87 -4.83 -4.75 -4.64 -4.64 -4.62
6.29 -3.37 -3.28 -3.21 -3.11 -3.02 -3.06
7.33 -5.04 -5.08 -5.05 -5.01 -4.93 -4.92
8.35 -6.59 -6.59 -6.6 -6.62 -6.56 -6.52
8.88 -6.06 -5.76 -5.32 -5 -4.87 -4.66
9.35 -5.62 -5.03 -4.43 -4.01 -3.73 -3.41
9.88 -6.5 -6.23 -5.62 -5.26 -4.96 -4.55
10.38 -5.38 -5.05 -4.44 -4.08 -3.66 -3.17
11.48 -7.07 -5.89 -5.65 -5.45 -5.27 -5.21
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Table I-9. Test 9.

Cycles (No.)
Length (ft)
Initial 100 1000 10000 50000 100000 200000

0 -4.85 -4.8 -4.68 -4.43 -4.41 -4.33 -4.23
1.09 -5.8 -5.68 -5.58 -5.47 -5.3 -5.22 -5.18
2.19 -4.95 -4.9 -4.68 -4.55 -4.41 -4.3 -4.27
2.69 -6.6 -6.41 -6.24 -6.11 -6 -5.91 -5.9
3.22 -3.56 -3.52 -3.42 -3.31 -3.28 -3.26 -3.24
3.69 -4.95 -4.94 -4.85 -4.84 -4.84 -4.84 -4.83
4.22 -6.84 -6.84 -6.84 -6.85 -6.86 -6.85 -6.85
6.29 -6.61 -6.61 -6.61 -6.62 -6.62 -6.62 -6.62
8.35 -7.12 -7.12 -7.12 -7.13 -7.12 -7.12 -7.12
8.88 -5.89 -5.83 -5.77 -5.62 -5.58 -5.54 -5.52
9.35 -4.71 -4.58 -4.41 -4.26 -4.22 -4.21 -4.18
9.88 -6.51 -6.36 -6.31 -6.17 -6.04 -6.01 -5.97
10.38 -4.29 -4.25 -4.2 -4.16 -4.15 -4.1 -4.08
11.48 -4.71 -4.66 -4.45 -4.26 -4.16 -4.07 -4.06
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Table I-10. Test 10.

Cycles (No.)
Length (ft)
Initial 50 250 500 2500 5000 9000 100000

0 -5.18 -5.04 -4.93 -4.84 -4.71 -4.59 -4.57 -3.93
1.09 -5.38 -5.28 -5.24 -5.17 -5.12 -5.09 -5.07 -4.64
2.19 -4.11 -4.06 -4.02 -4.00 -3.87 -3.85 -3.83 -3.72
3.22 -3.76 -3.73 -3.70 -3.60 -3.38 -3.32 -3.30 -3.06
4.22 -7.23 -7.23 -7.23 -7.23 -7.23 -7.23 -7.23 -7.23
6.29 -4.15 -4.15 -4.15 -4.15 -4.15 -4.15 -4.15 -4.15
8.35 -7.46 -7.46 -7.46 -7.46 -7.46 -7.46 -7.46 -7.46
9.35 -5.45 -5.41 -5.29 -5.24 -4.97 -4.83 -4.82 -3.66
10.38 -5.50 -5.47 -5.40 -5.38 -5.13 -5.06 -5.03 -4.62
11.48 -5.26 -5.02 -4.88 -4.81 -4.55 -4.43 -4.41 -3.84
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Figure I-1. Test 3 — Acceleration (Cycle No. 1).
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Figure I-2. Test 3 — Acceleration (Cycle No. 100).
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Figure I-3. Test 3 — Acceleration (Cycle No. 1000).
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Figure I-4. Test 3 — Acceleration (Cycle No. 10,000).

240

300

360



8G¢

Acceleration (m/sz)

N
o

—_
oo
I

RN
(o))
I

—_—
N
Il

N
N
!

N
o

(o2}

[ i | [
| Bridge }—{Approach Slab | |

Pavement |

A

>l
l

>l
Ll

60 120 180 240
Degree (°)

Figure I-5. Test 3 — Acceleration (Cycle No. 50,000).
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Figure I-6. Test 9 — Acceleration (Cycle No. 100).
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Figure I-8. Test 9 — Acceleration (Cycle No. 10,000).
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Figure I-9. Test 9 — Acceleration (Cycle No. 50,000).
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Figure I-10. Test 9 — Acceleration (Cycle No. 100,000).
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Figure I-11. Test 9 — Acceleration (Cycle No. 200,000).

I M Hlih y
i Bridge ’—‘Approach Slab ’—‘ Pavement i
0 60 120 180 240 300 360
Degree (°)



eeeeeeeee




99¢

Acceleration (mlsz)

40

30 A

20

10

0 T T | v T T

0 u J 120 180 U\ 240 300
-10 -
Bridge |Approach Slab | Pavement
-20
Degree (°)

Figure I-13. Test 10 — Acceleration (Cycle No.2,500).
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Figure I-14. Test 10 — Acceleration (Cycle No.5,000).






	Federal Title Page
	Author's Title Page
	Disclaimer
	Acknowledgments
	Table of Contents
	List of Figures
	List of Tables
	Chapter 1: Introduction
	Chapter 2: Review of The First Year Work
	Review of Previous Work
	Questionnaire
	Site Survey
	Site Description
	Field and Laboratory Tests
	Conclusions

	Chapter 3: Current Practice
	Planning, Design, and Construction Practices
	Maintenance and Rehabilitation
	Current Practice in Houston, Texas

	Chapter 4: Numerical Analysis
	Assumptions and Model
	Numerical Simulation Results
	Summary of Results

	Chapter 5: New Approach Slab
	Current Approach Slab
	One-Span Approach Slab Designed in Free Span
	Abutment on Sleeper Slab
	Numerical Simulation for New Approach Slab

	Chapter 6: Model Scale Simulations
	Dimensional Analysis
	BEST Device and Soil
	Simulation Results
	Summary of Results

	Chapter 7: Conclusions and Recommendations
	Conclusions from Report 4147-1
	Conclusions from This Report (4147-2)
	Final Recommendations

	References
	Appendix A Example of Approach Slab Details
	Appendix B Questionnaire Results (Hoppe, 1999)
	Appendix C Example of Bridge Approach Drainage Details (Briaud et al., 1997)
	Appendix D Approach Slab of Houston, Texas
	Appendix E Compaction Specification of Houston, Texas
	Appendix F Guide Schedule of Sampling and Testing for Embankment
	Appendix G Numerical Simulation Results
	Appendix H Basic Soil Test
	Appendix I BEST Device Test Results

	P1: 
	stampTemplate: 
	apx: 129


	P2: 
	stampTemplate: 
	apx: 130


	blank: 
	P3: 
	stampTemplate: 
	apx: 131


	P4: 
	stampTemplate: 
	apx: 132


	P7: 
	stampTemplate: 
	apx: 135


	P8: 
	stampTemplate: 
	apx: 136


	P9: 
	stampTemplate: 
	apx: 137


	P10: 
	stampTemplate: 
	apx: 138


	P11: 
	stampTemplate: 
	apx: 139


	P12: 
	stampTemplate: 
	apx: 140


	1: 
	P13: 
	stampTemplate: 
	apx: 141


	P14: 
	stampTemplate: 
	apx: 142


	P15: 
	stampTemplate: 
	apx: 143


	P16: 
	stampTemplate: 
	apx: 144


	P17: 
	stampTemplate: 
	apx: 145


	P18: 
	stampTemplate: 
	apx: 146


	P19: 
	stampTemplate: 
	apx: 147


	P20: 
	stampTemplate: 
	apx: 148


	P21: 
	stampTemplate: 
	apx: 149


	P22: 
	stampTemplate: 
	apx: 150


	P23: 
	stampTemplate: 
	apx: 151


	P24: 
	stampTemplate: 
	apx: 152


	P25: 
	stampTemplate: 
	apx: 153


	P26: 
	stampTemplate: 
	apx: 154


	P27: 
	stampTemplate: 
	apx: 155


	P28: 
	stampTemplate: 
	apx: 156


	2: 
	P29: 
	stampTemplate: 
	apx: 157


	P30: 
	stampTemplate: 
	apx: 158


	3: 
	P31: 
	stampTemplate: 
	apx: 159


	P32: 
	stampTemplate: 
	apx: 160


	P33: 
	stampTemplate: 
	apx: 161


	P34: 
	stampTemplate: 
	apx: 162


	P35: 
	stampTemplate: 
	apx: 163


	P36: 
	stampTemplate: 
	apx: 164


	4: 
	P51: 
	stampTemplate: 
	apx: 179


	P52: 
	stampTemplate: 
	apx: 180


	7: 
	P53: 
	stampTemplate: 
	apx: 181


	P54: 
	stampTemplate: 
	apx: 182


	P55: 
	stampTemplate: 
	apx: 183


	P56: 
	stampTemplate: 
	apx: 184


	P57: 
	stampTemplate: 
	apx: 185


	P58: 
	stampTemplate: 
	apx: 186


	P59: 
	stampTemplate: 
	apx: 187


	P60: 
	stampTemplate: 
	apx: 188


	P61: 
	stampTemplate: 
	apx: 189


	P62: 
	stampTemplate: 
	apx: 190


	P63: 
	stampTemplate: 
	apx: 191


	P64: 
	stampTemplate: 
	apx: 192


	P65: 
	stampTemplate: 
	apx: 193


	P66: 
	stampTemplate: 
	apx: 194


	P67: 
	stampTemplate: 
	apx: 195


	P68: 
	stampTemplate: 
	apx: 196


	P69: 
	stampTemplate: 
	apx: 197


	P70: 
	stampTemplate: 
	apx: 198


	P71: 
	stampTemplate: 
	apx: 199


	P72: 
	stampTemplate: 
	apx: 200


	P73: 
	stampTemplate: 
	apx: 201


	P74: 
	stampTemplate: 
	apx: 202


	P75: 
	stampTemplate: 
	apx: 203


	P76: 
	stampTemplate: 
	apx: 204


	P77: 
	stampTemplate: 
	apx: 205


	P78: 
	stampTemplate: 
	apx: 206


	P79: 
	stampTemplate: 
	apx: 207


	P80: 
	stampTemplate: 
	apx: 208


	P81: 
	stampTemplate: 
	apx: 209


	P82: 
	stampTemplate: 
	apx: 210


	P83: 
	stampTemplate: 
	apx: 211


	P84: 
	stampTemplate: 
	apx: 212


	P85: 
	stampTemplate: 
	apx: 213


	P86: 
	stampTemplate: 
	apx: 214


	P87: 
	stampTemplate: 
	apx: 215


	P88: 
	stampTemplate: 
	apx: 216


	P89: 
	stampTemplate: 
	apx: 217


	P90: 
	stampTemplate: 
	apx: 218


	P91: 
	stampTemplate: 
	apx: 219


	P92: 
	stampTemplate: 
	apx: 220


	P93: 
	stampTemplate: 
	apx: 221


	P94: 
	stampTemplate: 
	apx: 222


	P95: 
	stampTemplate: 
	apx: 223


	P96: 
	stampTemplate: 
	apx: 224


	P97: 
	stampTemplate: 
	apx: 225


	P98: 
	stampTemplate: 
	apx: 226


	9: 
	P99: 
	stampTemplate: 
	apx: 227


	P100: 
	stampTemplate: 
	apx: 228


	P101: 
	stampTemplate: 
	apx: 229


	P102: 
	stampTemplate: 
	apx: 230


	P103: 
	stampTemplate: 
	apx: 231


	P104: 
	stampTemplate: 
	apx: 232


	P105: 
	stampTemplate: 
	apx: 233


	P106: 
	stampTemplate: 
	apx: 234


	P107: 
	stampTemplate: 
	apx: 235


	P108: 
	stampTemplate: 
	apx: 236


	P109: 
	stampTemplate: 
	apx: 237


	P110: 
	stampTemplate: 
	apx: 238


	P111: 
	stampTemplate: 
	apx: 239


	P112: 
	stampTemplate: 
	apx: 240


	P113: 
	stampTemplate: 
	apx: 241


	P114: 
	stampTemplate: 
	apx: 242


	11: 
	P115: 
	stampTemplate: 
	apx: 243


	P116: 
	stampTemplate: 
	apx: 244


	P117: 
	stampTemplate: 
	apx: 245


	P118: 
	stampTemplate: 
	apx: 246


	P119: 
	stampTemplate: 
	apx: 247


	P120: 
	stampTemplate: 
	apx: 248


	P121: 
	stampTemplate: 
	apx: 249


	P122: 
	stampTemplate: 
	apx: 250


	P123: 
	stampTemplate: 
	apx: 251


	P124: 
	stampTemplate: 
	apx: 252


	P125: 
	stampTemplate: 
	apx: 253


	P126: 
	stampTemplate: 
	apx: 254


	P127: 
	stampTemplate: 
	apx: 255


	P128: 
	stampTemplate: 
	apx: 256


	P129: 
	stampTemplate: 
	apx: 257


	P130: 
	stampTemplate: 
	apx: 258


	P131: 
	stampTemplate: 
	apx: 259


	P132: 
	stampTemplate: 
	apx: 260


	P133: 
	stampTemplate: 
	apx: 261


	P134: 
	stampTemplate: 
	apx: 262


	P135: 
	stampTemplate: 
	apx: 263


	P136: 
	stampTemplate: 
	apx: 264


	P137: 
	stampTemplate: 
	apx: 265


	P138: 
	stampTemplate: 
	apx: 266


	P139: 
	stampTemplate: 
	apx: 267


	P140: 
	stampTemplate: 
	apx: 268


	12: 
	8:             8
	30: 
	32: 
	34: 
	Blank1: 
	50: 50
	51: 51
	52: 
	520: 52
	511: 
	53: 
	531: 53
	Blank99: 
	54: 54
	55: 55
	56: 56
	57: 57
	60: 60
	61: 61
	68: 68
	69: 69
	86: 86
	87: 87
	88: 88
	89: 89
	90: 90
	91: 91
	92: 92
	93: 93
	94: 94
	95: 95
	96: 96
	97: 97
	100: 100
	101: 101
	102: 102
	103: 103
	104: 104
	105: 105
	106: 106
	107: 107
	108: 108
	109: 109
	110: 110
	111: 111
	112: 112
	99: 


