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INTRODUCTION
Background

Many soils that are adequately compacted can have high compressive and
shear strengths. However, soils rarely have any significant tensile strength.
Mechanically stabilized embankments include reinforcement that interacts with the soil
by means of friction, and thereby increases the tensile strength and overall stability of
the soil. Reinforcement materials used include steel rods and bars, as well as
geotextiles and fibers.

The bond between the reinforcement and the soil is a shear bond that is
dependent on the vertical effective stress in the soil at any given depth. Because
effective stress varies with pore water pressure, the use of reinforcement in poorly
draining silts or clays leads to unpredictable performance. Hence, granular soils such
as sand are commonly used for mechanically stabilized embankments. Granular soils
are essentially free draining, which leads to rapid dissipation of any pore water
pressure.

The overall stability of soil used for structural purposes is judged considering the
possibility of sliding, overturning, bearing capacity failure, and excessive settlement.
Considerations regarding the stability of mechanically stabilized soil also include safety
against reinforcement pullout and rupture, and reduction of effective reinforcement area
due to corrosion.

Problem Statement

During the last decade, there has been a rapid increase in the number of
mechanically stabilized retaining systems commercially available. This has left
government agencies with the dilemma of weighing the potential for significant initial
savings versus a frequently unknown product performance record.

There has been considerable experience gathered regarding retaining wall
systems that use small modular precast facing panels of approximately 25 sq. ft. Such
systems have the panels individually attached to the reinforcing elements in the ground.
These panels have been shown to allow considerable soil settlement without significant
distress. Recently, however, aesthetic considerations have led to a preference for full-
height retaining wall panels. The Arizona Department of Transportation (ADOT) had
specified full-height retaining walls with an architectural rustication detail for Interstate
10 in the metropolitan Phoenix area. This was done to maintain uniformity in the urban
highway system.

There are concerns with the use of full-height panel retaining walls. Full-height
panels require many connections between the individual panels and reinforcing
elements, which in turn leads to indeterminacy in the structure. There is not a well-
known effective means to analyze the internal behavior of full-height panel,
mechanically stabilized systems. Also, there is a paucity of performance data available.



OBJECTIVE

The objective of this experimental project was to monitor the construction and
performance of a Hilfiker full-height retaining wall system. The construction of the
system was documented with notes on progress, methods of construction, and
difficulties encountered. The performance of the wall, based on surveyed movement
and visual inspection, was recorded and evaluated.

Due to the limited experience and knowledge of full-height pane! retaining walls,
the Federal Highway Administration (FHWA) requested that the three permanent
retaining systems to be installed at the interchange of I-10 and 24th Street in Phoenix,
Arizona, be classified as an experimental project. The Arizona Department of
Transportation approved three different wall systems for use at this location. Those
systems were:

1. Reinforced Earth System with precast concrete face panels and cast-
in-place coping.

2. Retained Earth System with precast concrete face panels and cast-
in-place coping.

3. Hilfiker Reinforced Soil Embankment with cast-in-place concrete
facing.

The contractor chose to use the Hilfiker system because it was believed to be
the least expensive to construct. The FHWA approved workplan for this experimental
project is in accordance with the FHWA Geotechnical Advisory 5.0.3 and is included in
this report as APPENDIX A.

PROJECT LOCATION AND DESCRIPTION

ADOT highway project 1R-10-3(204) included the construction of the Hilfiker full-
height retaining walls. The project began at 16th Street and extended east to 28th
Street (I-17 MP 195.09 to I-10 MP 150.39), a distance of 1.73 miles. Figure 1 shows
the locations of the Hilfiker walls.

The project consisted of construction of a traffic interchange between 1-10, I-17,
and 24th Street. Included in this project was the construction of three permanent
retaining walls. The walls are identified by the relative position; the northeast (NE) wall,
the southwest (SW) wall, and the southeast (SE) wall. These walls became the
Experimental Project incorporating the Hilfiker Reinforced Soil Embankment System,
designated AZ-8601.
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Figure 1 Location of Hilfiker Walls

Climatic Conditions

Precipitation in Phoenix averages 7.01 inches per year with the monthly
distribution depicted in Figure 21. Figure 3 shows the average high and low daily
temperature variations by month.
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Figure 2 Average Monthly Precipitation for Phoenix, Arizona2
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Figure 3 Average Daily Temperature Extremes by Month for Phoenix, Arizona3.
Soil Conditions

There was a geotechnical investigation consisting of four test pits and two drilled
boreholes conducted prior to construction of the southwest wall. The pits and
boreholes were placed along the site of the retaining walls. The excavation logs of
these tests are presented in APPENDIX B and are summarized in Table 1. Excavation
data for the northeast and southeast wall sites was not available.

CONSTRUCTION

Tanner Construction was awarded the contract for the construction of the
Hilfiker Reinforced Soil Embankments of this project. Selvage, Heber, and Nelson were
the consulting engineers for the retaining wall design.

The construction of the embankments and the panels for each of the walls was
similar, and a description is forthcoming. A construction guide provided by Hilfiker is
included as APPENDIX C, and reductions of a portion of the construction project plans
are included as APPENDIX D. Further comments or conditions specific to a wall are
addressed individually under that wall's heading.

Embankment Construction

Preparation of the subgrade consisted of excavating the existing soil to design
level. The soil was then tested for resistivity. If the soil did not pass resistivity
requirements, the excavation was continued one more foot, and an approved
aggregate base course (ABC) was placed and compacted to bring the elevation up to
plan level. ADOT specifications for backfill material are given in APPENDIX E. The
final grade of the subgrade varied between one and two percent, sloping away from the
face of the wall.



Identification Depth Description
Test Pit #1 0to 2 ft Gravelly sand and fill.
2to 11 fi. Sand, gravel, cobbles, and some boulders
Test Pit #2 0 to 2 ft. Gravelly sand and fill.
2to 18 ft. Sand, gravel, cobbles, with large concrete
blocks, asphalt, wood and metal scrap.
Test Pit #3 0to 2 ft. Gravelly sand and fill.
2to 14 ft. Sand, gravel, cobbles, boulders, concrete
blocks, and wood and metal scrap.
14 to 19 ft. Sand, gravel, cobbles, and some boulders
Test Pit #4 0to2ft. Gravelly sand and fill.
2to 81t Sand, gravel, cobbles, boulders, concrete
blocks, and wood and metal scrap.
8 to 13 ft. Sand, gravel, cobbles, and some boulders
Boring #84-135 Oto1ft. Silty sand with clay.
1 to 3 ft. Gravel and cobbles
Boring #84-136 Oto2ft. Gravelly sand and fill
2to 8 ft. Sand, gravel, cobbles, and boulders mixed
with debris. .
8to 13 ft. Sand, gravel, cobbles, and some boulders

Table 1 Summary of Geotechnical Logs for Southwest Wall Site.



A reinforced concrete leveling course was constructed to serve as the base for
the cast-in-place concrete faces of the Hilfiker walls. The concrete course is 15" wide
and 6" deep. Figure 4 is a photograph of the preparation of the leveling course and
subgrade.

Figure 4 Preparation of Subgrade and Leveling Course.

Reinforcement of the embankment was in the form of galvanized welded steel
wire mesh (W7xW7) mats. The horizontal mats were 7.5' x 20' (variable), and the
backing mats were 8' x 2'. Figures 5 and 6 show dimensions of the reinforcing mats.
Figure 7 demonstrates the placement of the first layer of reinforcement. The first layer
was placed on the subgrade and held in place with form pins. A spacer cage was used
on the first layer to hold the backing mat away from the vertical bars of the horizontal
reinforcing mat.

A geotextile fabric screen was used to keep the compacted backfill behind the
wire mesh. Initially, the fabric was rolled under the reinforcing mats, resulting in a 1/2"
to 3/4" crevice. Because of the concern that concrete may not have filled the crevice,
the fabric was cut into 1/2"' intervals and placed on the vertical bars of the mats. This is
shown in Figure 8.
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Figure 5 Typical Dimensions of the Horizontal Reinforcing Mats.
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Figure 7 Placement of the First Layer of Reinforcement.

Figure 8 Geotextile Fabric Screen to Retain Compacted Backfill.



The horizontal reinforcing mats were placed successively in the embankment at
2' lifts. Each lift included a non-galvanized #4 rebar to mitigate thermal expansion or
contraction of the wire mesh. The backfill material was placed in 1' lifts on the
reinforcing mats with a ten-wheel dump truck and compacted with passes by a rock-
bucket loader, a grader, a backhoe, water trucks, and dump trucks. Compaction of the
backfill within 2' of the backing mats was performed by water-jetting and a hand
vibrating tamper (a jumping jack). Initially, hand rammers were used in this zone, but
they were found to be slow and inefficient. A schematic diagram of the two lower 1' lifts
of the Hilfiker embankment is shown in Figure 9. Figure 10 shows the use of a hand
tamper near the backing mat, and a dump truck used to deliver the backfill material.
Figure 11 is the backfill material being distributed on the reinforcing mats with a
backhoe/loader.

Reinforcing Mats v
ol —p— 4 —>
\rf 1 #4 Steel Rebar
707, 2 = Sl s A 9y N e B0
.'@ ! O[,:'.I-D--—D r_,\da o .-. ‘ .=l.
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o - N 4 s - ° o \n\\ A
= . « o as ¢ Jetting Compoction
I L e e L N T ing Comp
& = Backfill ;e B L2 . =\ & . | Mechanical Compaction
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Figure 9 Schematic Diagram of the Lowest 2' Section of the Hilfiker Reinforced
Embankment.
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Figure 10 Dump Truck Used to Deliver Backfill Material and Hand Tampers Used for
Compaction Near the Backing Mats.

Figure 11 Backfill Material Distributed on the Reinforcing Mats.

1



Attempts were made by the contractor to use only backfill material passing a 4"
sieve in the 2' nearest the backing mats for the northeast and southwest walls. This
was not required in the specifications, and quite often did not take place, as illustrated
in Figure 12.

TTISANIIR Y

.'-1‘ _.r" -

-

Figure 12 Backfill Material Larger Than a 4 " Sieve Placed Near the Backing Mats.

The backfill material used for the northeast and southwest walls was primarily
river run obtained from the old embankments existing at the site. The material was
processed on a grizzly and mixed. Although specifications required that all backfill
material pass a 6" sieve (page D2), there were many rocks larger than that. Attempts
were made to remove these rocks both manually and with a rock bucket. These
attempts failed as a significant percentage of large rocks remained, as Figure 11
shows. Also, this material did not pass minimum resistivity requirements. Results of
resistivity tests ranged from 536 ohm-cm to 2412 ohm-cm, whereas the special
provisions of the project required 3000 ohm-cm minimum. As a result, the site was
over-excavated by 1' prior to backfill placement, as required in the special provisions of
the project. The approved material used to replace the over-excavated material was
cohesionless and passed a 3" sieve. It was provided by Calmat of Arizona. The
backfill for the southeast wall consisted entirely of the Calmat material. The backfill for
all of the walls met specifications in regard to chloride content, sulfate content, and pH.
APPENDIX F shows typical results of resistivity, pH, chloride, and sulfate tests for the
on-site river run and the Calmat material. Random field tests on the density of the
compacted backfill indicated 90 to 101 percent of the maximum dry density by AASHTO
T-180. Specifications called for a minimum of 90 percent. Density test results are
included as APPENDIX G.
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The horizontal reinforcing mats were stacked on top of the backfill lifts and
interlocked with the vertical backing mats. During construction the alignment of the
embankment was kept vertical, checked with a 4' carpenter's level and string line. This
is shown in Figure 13. Figure 14 shows the fully completed northeast wall embankment
prior to the construction of the full-height concrete panels.

Figure 13 Workers Checking the Vertical and Horizontal Alignment of a Hilfiker
Embankment.

L AR
Figure 14 NE Wall Embankment Prior to Construction of Full-Height Concrete Panels.
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Panel Construction

Placement of the full-height concrete wall face followed the completion of the
embankment. The procedure consisted of pouring the concrete from the top of the
embankment down into full-height rubber inner forms and wood outer forms. The forms
were configured to meet ADOT |-10 Project Architectural Rustication Detail M7 - A.
Figure 15 is a photo of the rubber and wood forms used to attain the rustication.

L)

*!} 1 1'% ;

Figure 15 Rubber and Wood Forms Used to Attain Specified Rustication.

The concrete was mixed at a batch plant and delivered to the site in transit
mixers. The concrete was poured down the full face of the embankment, at times over
20'. Upon pouring, the concrete was vibrated with long internal vibrators as shown in
Figure 16. After removing the forms, the concrete showed extensive honeycombing
and air voids. Therefore, external vibrators were used in addition to the long internal
vibrators. However, because the vibrations of the external vibrators did not transfer
well through the rubber and wood forms, honeycombing and air voids were still visible.
Use of external vibrators is shown in Figure 17. Figure 18 shows an example of the
honeycombing and air pockets in the concrete panels.



Figure 17 Additional External Vibrators Later Added to the Lower Sections of the Wall.
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Figure 18 Honeycombing and Air Pockets Visible in the Full-Height Panels.

The wall was patched and painted; however, honeycombing and air pockets

remained evident as shown in Figure 19.

Figure 19 Honeycombing Was Still Visible After Patching Attempts.
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The contractor could not use tremie concrete nor larger diameter internal
vibrators because of the limited clearance of the forms. The concrete panels were only
6" wide and had a maximum of 1.5" clearance for the internal vibrators. In an attempt
to attain a higher quality finish, three different mix designs were tried by the contractor.
APPENDIX H includes the different mix designs, and corresponding typical
compression test results.

The Northeast Wall

Construction of the Hilfiker Reinforced Earth System of the northeast wall began
in September, 1986. The construction of the wall was completed (minus painting) in
January 1987. The wall ranged in height from 8 to 32', and was 1000' long.
Construction notes specific to the northeast wall follow.

The river run backfill material did not pass resistivity requirements, and a
$16,000 force account was initiated by ADOT to compensate the contractor for
additional excavation. The subgrade was over-excavated 1' and filled with approved
aggregate from Calmat of Arizona. The total backfill material volume was 15,270 cubic
yards. Twenty field density tests were performed (APPENDIX G). The backfill met
density specifications. All backfill material was specified to pass the 6" sieve, but this
requirement was not always met.

The concrete wall panels originally were to have a 1:48 batter. However, a
change order was initiated by the contractor to construct a vertical wall instead. The
change order was approved by ADOT at no change in cost. An additional approved
change order allowed the contractor to drop the concrete more than 8' without the use
of approved pipes or tubes. The change order was requested because there was no
clearance in the concrete panels to allow for the use of a tremie. There was no change
in costs for this change order.

The plans did not provide for drainage outlets in the concrete panels. The
panels immediately began to display honeycombing, air voids, and shrinkage and
settlement cracks. The cracks were discontinuous and located primarily, but not limited
to, the horizontal rustication of the wall. Figures 20 and 21 illustrate the horizontal
cracks and air voids.

Additional work included removing the top reinforcing mat and backfill to
accommodate the 15" needed for the concrete pavement (10" Portland Cement
Concrete Pavement and 5" Lean Concrete Base). A design error provided only 6"
clearance for the pavement. The work was performed under a $5000 force account.
This force account also provided for the shortening of the lugs of the anchor slab to
preclude them from interfering with the reinforcing mats. This is illustrated in a
schematic included as Figure 22. The lugs were shortened from the standard 5' and
3.5, to 1'. Another force account required the contractor to seal the construction joint
between the Hilfiker wall and the new PCCP. The contractor was provided $5000 to
remove the existing filler and apply a bituminous joint sealant.

17



Figure 20 Hairline Shrinkage or Settlement Cracks and Air Voids.

Figure 21 Air Voids and Horizontal Cracks in the Concrete Panels.
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Figure 22 Schematic Diagram lllustrating the Conflict Between the top Reinforcing Mat
and the Concrete Pavement (View is a Lengthwise Cross-Section).

Nine aluminum caps used as bench marks were embedded into epoxy at
different locations along the concrete cap of the northeast wall. The caps were placed
and surveyed to monitor the movement of the wall at future dates. The caps were
initially surveyed by ADOT construction surveyors in March,1987.
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The Southwest Wall

Construction of the Hilfiker Reinforced Earth System of the southwest wall
began in October, 1986, and was completed in November, 1987. Construction was put
on hold from March to September, 1987, as the contractor concentrated work on a
different aspect of the overall project. The completed wall ranged in height from 4' to
30, and was 1220' long. Construction notes specific to the southwest wall follow.

The subgrade for the southwest wall needed to be over-excavated 8.5' to
remove existing concrete rubble. A total of 22 field density tests were performed by
ADOT during construction of the southwest wall (APPENDIX G). The backfill met
density specifications. However, this backfill material did not meet gradation
requirements. Project specifications called for all material to pass the 6" sieve. This
was clearly not the case as a significant portion of the backfill was greater than 6",
Figure 23 shows the varying size of aggregate.

Figure 23 Backfill Material With Rocks Larger Than the 6" Sieve.

The concrete panels of the face of the wall were poured similarly to the
procedure followed for the northeast wall. Consistent with the other walls, there were
no drainage outlets provided in the plans. Once again, cracks, honeycombing, and air
voids were prevalent along the panels. Figure 24 shows patched honeycombed areas,
and Figure 25 shows typical cracks ranging from 0.007" to 0.03" along the horizontal
rustication of the concrete wall.

20



Figure 25 Typical Cracks Along the Horizontal Rustication of the Concrete Panels.
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It is believed that these horizontal cracks exist in all of the horizontal rustication
of the concrete walls. However, this was not verified at upper portions of the wall due
to an inability to access these heights.

More severe voids and honeycombing, late in the construction of the southwest
wall, resulted in the exposure of the embankment reinforcing steel as shown in Figures
26 and 27. In these instances, the contractor broke the face of the panels and
replaced them with a higher quality concrete finish. Another remedy was extensive
patching, shown in Figure 28.

Figure 26 Exposed Reinforcing Steel Due to Severe Honeycombing.

A problem developed at the interface of the bridge abutment wingwall and the
Hilfiker concrete panels. Prior to the completion of the last panel of the wingwall, a
significant amount of the backfill washed out due to heavy rainfall. Figure 29 shows the
backfill material that had been lost through the abutment. Figure 30 is the crevice
formed by the seepage. Figure 31 is the void created at the top of the embankment,
noticeable because the PCCP had not yet been placed.
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Figure 28 Severe Honeycombing Treated by Patching.
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Figure 31 Void at the Top of the Embankment Due to Loss of Backfill Material.

To remedy this situation, the contractor supported the bottom of the abutment
wingwall as shown in Figure 32, and filled the void with a structural backfill material.
The material was then compacted with a jetting technique.

Figure 32 Support to Bridge Abutment for Refilling Rain Caused Crevice.
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During the placement of the forms for the concrete panels, a crane overturned
and damaged the wall's steel reinforcement. Figures 33 and 34 show the overturned
crane and the resulting damage. Apparently the operator failed to extend the crane's
outriggers prior to lifting some forms. The damage was repaired by straightening the
steel and placing additional rebar. Figure 35 shows the site of the damaged section
after repairs had been completed.

Figure 33 Overturned Crane on SW Embankment.

s WL

Figure 34 Damage Caused By Overtured Crane.

26



Figure 35 Site of Damaged SW Wall Section After Repair.

Change orders were requested by the contractor to avoid cutting the reinforcing
mats of the embankment. The first change order was necessary because some of the
catch basins in the plans interfered with the reinforcement of the embankment. This
change order allowed for the use of catch basin blockouts, and a reduction in the slope
of a drainage pipe from the catch basins. The cost of the change order was $955. The
second change order was initiated because of underground features of the guardrail
and barrier transitions in the plans. In order to avoid the mats, the barrier was
extended beyond the extent of the reinforcement. A force account was established to
blockout the foundation of a light pole that was in conflict with the reinforcing mats. The
force account paid $1500 to the contractor.

Upon completion of the southwest wall, 15 aluminum caps were placed in epoxy
along the length of the wall. The caps were surveyed by ADOT personnel in
December, 1987, to be used to monitor movements of the wall at future dates.

Figures 36 and 37 show the southwest Hilfiker wall at completion.

27



s

Figure 36 Complete Wall (Photo Fro the Wés End).

Figure 37 Cmplet SW Hliker WaII (hoto cing Northwest). |
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The Southeast Wall

Construction of the Hilfiker Reinforced Earth System of the southeast wall
began in August, and was completed in December, 1987. The completed wall ranged
in height from 3' to 12', and was 680’ long. Construction notes specific to the southeast
wall follow.

The backfill material for the southeast wall consisted entirely of material supplied
by Calmat of Arizona. The material passed resistivity, pH, and chloride requirements,
and all material passed the 3" sieve. Twelve density tests were performed by ADOT
during construction of the southeast wall (APPENDIX G), and the backfill passed
density requirements.

Towards the end of the embankment construction, it became evident that the
contractor did not have enough reinforcing mats to raise the embankment to plan
elevation. Upon approval from the Hilfiker company, the contractor increased the
space between mats to 3' rather than 2.5' as required by the plans. Figure 38 shows
the completed embankment prior to placing the concrete forms.

Figure 38 SE Embankment Prior to Placement of the Concrete Forms.

The concrete for the panels of the face of the wall was poured in similar fashion
to the other walls. Figure 39 shows the forms in place. The southeast wall panels, like
the others, had no drainage outlets specified in the plans. However, this concrete wall
had noticeably fewer shrinkage cracks, and a better quality finish than the other walls.
This was probably due to the relative height and length of this wall.
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Figure 39 Forms of the SE Wall Were Placed Similarly to the Other Walls.

Upon the completion of construction, 9 aluminum caps were embedded in epoxy
along the top of the southeast wall. The caps were surveyed to monitor movements of
the wall at future dates. Figure 40 is a photograph of the completed southeast Hilfiker
wall.

Figure 40 Completed SE Hilfiker Wall (Photograph Facing East).
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COST

The lump sum cost for the construction of the three retaining walls was
$1,150,000, as bid for the project. The contractor indicated that this amount was not
sufficient to cover the construction costs of the walls, but did not comment on the actual
figures. Dividing the lump sum $1,150,000 by the construction area (68,862 ft2) results
in a cost of $16.70 / ft2 paid by ADOT.

EVALUATION

Evaluation of the Hilfiker Reinforced Earth Systems was conducted in the form
of visual inspection of the walls, and surveys of the aluminum caps epoxied to the walls
to monitor movement. The evaluation period extended from completion of the walls
through September, 1991.

Surveys

A final survey of the aluminum caps embedded in epoxy on each of the three
Hilfiker walls was performed during July and August, 1991. The survey consisted of
determining the location and elevation of the aluminum caps, and comparing them with
the results of the surveys performed upon completion of the walls. The overall
movement of the caps on each of the three walls is given in Tables 2, 3, and 4. Figures
41, 42, and 43 are maps of the aluminum caps of each of the walls, with arrows
indicating the direction and magnitude of movements.

Cap Number Elevation Change (ft.) Horizontal Movement (ft.)
1 -.0033 1424
2 +.0007 .0968
3 -.0233 .0443
4 -.0293 .0292
5 -.0353 .0496
6 -.0393 .0256
7 -.0423 .0652
8 +.0403 .0442
9 -.0613 .0183
Maximum -.0613 (Cap 9) 1424 (Cap 1)

Movements based on surveys 3/13/87 and 7/20/91.

Table 2 Movements of the NE Hilfiker Wall.
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Cap Number

O hRD P Zo©®INOOO AN =

Maximum

Elevation Change (ft.)

-.0340
-.0300
-.0240
-.0050
-.0040
-.0150
-.0140
-.0280
-.0290
-.0360
-.0230
-.0080
-.0100
+.0080

.0000

-.0360 (Cap 10)

Horizontal Movement (ft.)

.1261
.0786
.0815
.0790
.0673
.0253
.0337
.0512
.0390
.0861
.0734
.1846
.2559
.3101
2544

3101 (Cap 14)

Movements between surveys 12/15/87 and 8/03/91.

Table 3 Movements of the SW Hilfiker Wall.

Cap Number

CONOOOTHL WN —

Maximum

Elevation Movement (ft.)

N/A
-.0800
-.0780
-.0770
-.0730
-.0730
-.0630
-.0550
-.0520

-.0800 (Cap 1)

Horizontal Movement (ft.)

N/A
1362
0472
.1335
.0536
.0874
.1622
1231
.1958

.1958 (Cap 9)

Movements Between Surveys 1/13/88 and 8/3/91.

survey.

All aluminum caps have been
removed. Movements are based on surveyor's estimate of position of caps for 8/3/91

Table 4 Estimated Movements of the SE Hilfiker Wall.
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Figure 41 Movements of the Caps Placed on the Northeast Wall.
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Figure 42 Movements of the Caps Placed on the Southwest Wall.
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Figure 43 Movements of the Caps Placed on the Southeast Wall.




There is reason to doubt the reliability of the results of the surveys. Notice, for
example, the northeast wall. Table 1 indicates that the aluminum cap with the greatest
lateral movement, and a significant change in elevation is Cap 1. Figure 41 shows that
Cap 1 is at the low end of the wall, and it would be expected that this cap would be the
least susceptible to movement.

The aluminum caps embedded in epoxy on the southeast wall have been
removed. Apparently they were scraped off by some sort of heavy vehicle, although
this would be difficult considering the caps proximity to the concrete barriers placed on
top of the wall. Figure 44 shows the location of a removed aluminum cap.

Figure 44 Aluminum Caps of the SE Wall Have Been Removed.

Additionally, the southeast wall has two aluminum caps that have not been
surveyed. These caps are similar to the caps originally placed on the walls. Neither
the ADOT surveyors who performed the initial and final surveys of the walls, nor ATRC
personnel, are aware of the origin of these caps.

Cracks

There is a large (0.5" to 1.5") vertical crack at the interface between the
southeast Hilfiker wall and the southeast abutment of the |-10 and 24th Street bridge.
The retaining wall has settled about an inch relative to the bridge abutment at this point.
Figure 45 is a photo of this crack along the face of the wall, and Figure 46 shows the
damage to the concrete at the top of the wall at the crack.
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Figure 45 Vertical Crack at the Interface of the SE Wall and the Bridge Abutment.
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Figure 46 Damage to the Concrete at the Top of the Cracked Interface.
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A large erosion channel had formed immediately below the vertical crack,
yielding evidence that water was entering the reinforced earth embankment and exiting
through this crack. Following rains it was noticed that sediment was carried into 24th
Street. Figure 47 shows the erosion channel, which has at times been filled in by
landscape maintenance crews.

Figure 47 Erosion Channel Immediately Below Vertical Crack of the SE Wall.

The two other Hilfiker walls were subject to similar phenomena; vertical cracks
at the bridge abutment interface. However, the cracks were not as severe. Below the
southwest wall crack there was a small erosion channel. There was not a channel
below the northeast wall crack. Figures 48 and 49 show the Hilfiker wall - bridge
abutment vertical cracks for the southwest and the northeast walls. Many hairline
vertical and horizontal cracks are visible throughout all three of the retaining walls at
this interchange.

Deflection of Slabs

In October, 1991, Local ADOT construction personnel reported that the anchor
slab was deflecting relative to the approach slab of the southeast wall when 18-wheel
trucks passed. Further inspection showed that this deflection was also evident, to a
lesser extent, on the southwest wall. The deflections were not measured, but it
appeared as though the maximum deflection on the southeast wall was about an inch.
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Figure 49 Interface of NE Hilfiker Wall and the 24th Street Bridge Abutment.
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Other Retaining Walls

In addition to the Hilfiker retaining wall Experimental Project at 1-10 and 24th
Street, the ATRC has been monitoring three additional full-height retaining walls at the

request of the FHWA. Those retaining wall systems are included in Table 5.

Project Number

Description

System Design

IR-10-3(224)

IR-10-3(192)
-10-3(220)

Moreland St. Drop
Structure
Warner Road I.C.
SPRR Overpass

Hilfiker/Gravity

Hilfiker
VSL

Table 5 Additional Retaining Wall Projects Monitored at the Request of the FHWA.

Moreland Drop Structure

The Moreland Street Drop Structure is located in Phoenix between the ramp
from westbound 1-10 to northbound SR-51 and the ramp from westbound I-10 to
eastbound Loop 202. Around the drop structure are two full-height retaining walls,
ranging in height from 0' to approximately 13'. The western wall is part of a Hilfiker
Reinforced Soil Embankment System, and was constructed with the drop structure in
1986. The southern wall is a gravity retaining wall, completed in 1988. Figure 50
depicts the geometry of the site, and Figure 51 is a photograph of the walls taken
facing north. The walls can be differentiated at the site by their concrete caps. The
Hilfiker wall is 10.5" across the top, whereas the gravity wall is 16" across the top.

Inspection of this facility included mapping the vertical cracks, expansion joints,
and weep holes of both sections of the wall, and recording the widths of the vertical
cracks. The cracks varied in width from 0.007" to 0.1" with the exception of a single
large vertical crack along the west face of the Hilfiker wall. The crack is 0.5" wide;
however, there is no vertical displacement across the crack at the top of the wall.
Figure 52 is a photo of this large vertical crack. APPENDIX | is a record of the location
and size of cracks, expansion joints, and weep holes along both the gravity wall and
the Hilfiker Wall.
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Figure 50 Moreland Street Dropout and Retaining Walls.

Figure 51 Retaining Walls About the Moreland Street Drop Structure (Looking North).
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Figure 52 Large Vertical Crack Along the West Face of the Hilfiker Wall at the
Moreland Street Drop Structure.

SPRR Overpass

The overpass of I-10 over the Southern Pacific Railroad (SPRR) is situated just
south of the Washington-Jefferson Streets exit in Phoenix. The overpass is also
referred to as the Harrison Street Bridge. There are two retaining wall systems here: a
north wall and a south wall. The systems are reinforced earth retaining walls designed
by VSL, and constructed in 1985. Figure 53 is a photograph of the south VSL wall at
the SPRR overpass.

This site has been precisely surveyed by ADOT's Photogammetry and Mapping
(P&M) Services, between June, 1988 and May, 1989, and again in September, 1991, in
an endeavor to monitor the movements of the wall. The surveyors report that the wall
has moved out and then back. The magnitudes of the movements have ranged from
0.02" to 0.05".

Inspection of the VSL walls revealed many horizontal hairline cracks in the

walls. The cracks appeared throughout the height of the walls, but were most frequent
in the lowest one-third of the walls.
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Figure 53 South Retaining Wall at the SPRR Overpass.

Warner Road Interchange

The retaining wall at the interchange of I-10 and Warner Road in Phoenix is also
a Hilfiker wall and is located on the west side of the eastbound I-10 offramp. Figure 54
shows the geometry of the site. Because of the sound walls, the retaining wall is not
visible from I-10 or Warner Road. The wall ranges in height linearly (north to south) 0'
to 12.5". The wall is not accessible in the northernmost 50' due to a chain link fence.

Inspection of this site consisted of walking the length of the retaining wall and
recording the location of vertical and horizontal cracks, and expansion joints. The
cracks were approximately 0.02" wide. The record is included as APPENDIX J. Figure
55 is a photograph of the retaining wall at the Warner Road Interchange.

There were plant wells placed at 8' intervals along the top of the retaining wall.
Plants were no longer growing in these wells, but the drip irrigation system was
continuing to operate. Also, irrigation of the plants immediately east of the sound wall
was noticeably seeping down slope through the soil beneath the sound wall. The
moisture was evident all the way down to the retaining wall. Because of the absence of
weep holes in the retaining wall, the situation of additional water in the soil could be
reducing the stability of the retaining wall. The drip irrigation system of the vacant plant
wells has since been shut down. There were no major distresses visible on the wall.
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Figure 54 Location of the Warner Road |.C. Retaining Wall.

Figure 55 Hilfiker Wall at the Warner Road Interchange.



CONCLUSIONS

Currently the southeast Hilfiker wall of the experimental project (I-10 and 24th
St.) is visibly distressed. There is a large vertical crack at the retaining wall - bridge
abutment interface, and the PCCP anchor slab above this crack is deflecting
noticeably. ADOT engineers have met to discuss the situation and formulate a plan of
action.

A probable cause of the observed deflection of anchor slab is the formation of a
void in the embankment. The void could be caused by the washing out of embankment
material through the large vertical crack at the wall - abutment interface. This would be
consistent with the washout problems encountered with the southwest Hilfiker wall
during construction as seen in Figures 30, 31, and 32.

A hypothesis as to the cause of the large vertical crack is differential settlement
between the bridge abutment and the Hilfiker wall/lembankment. The bridge abutment
is on piers, whereas the Hilfiker system is not.

Each of the other walls of this project are experiencing similar distress, but to a
much lesser degree. The southwest and the northeast walls each have small cracks at
their interface with the bridge abutments, and slight deflections of the anchor slabs
have been noticed. These distresses are more significant on the southwest wall than
the northeast wall.

ADQT has performed a Falling Weight Deflectometer (FWD) test at the site in an
attempt to determine if a void is present, and if so, to what extent. The results indicate
major deflections, supporting the void hypothesis. Coring through the PCCP will follow
to confirm the presence of a void.

RECOMMENDATIONS

For future construction of reinforced earth systems, the following
recommendations are made:

1. Backfill material used for similar projects should pass a 3" sieve. This
recommendation is based on the experiences of this project. The finer material
facilitated construction and was more readily compacted.

2. Compaction requirements for the backfill material should be increased from
90%, as specified for this project, to 95% of the maximum dry density. This may
alleviate differential settlement between the area beneath the Hilfiker mats (90%
compaction) and the rest of the embankment (95% compaction). This
recommendation is consistent with ADOT Specification 205-3.04.

3. Better finish of the concrete panels may be achieved with a thicker wall.
Construction of the forms for a thicker wall would allow more room for the use of
vibrators. Also, forms constructed of steel, or a similarly rigid material would
allow for better results of exterior vibrators.
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4. In the design of a particular reinforced soil system, the features of the
roadway should be considered. There should be no conflict between the soil
reinforcement and the road features such as catch basins, anchor lugs, light
pole foundations, etc.

5. Proper drainage should be provided for the retaining system. Drains should
include sand or synthetic filters to prevent the loss of material from the
embankment. This recommendation is in light of the extreme difficulty in
keeping water from entering the embankment.

6. Continued visual monitoring and comparison surveys on the walls is

recommended. Documentation of the methods used to correct existing
distresses is also desirable.
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"FULL HEIGHT PANELS UTILIZED IN RETAINING WALL DESIGNS:
FHWA EXPERIMENTAL PROJECT NO. AZ8601
ADOT PROJECT NO. I-10-3(204)C

16TH STREET TO 28TH STREET

PROBLEM STATEMENT

The proliferation of proprietary earth retaining systems has left highway engineers with a complex, and
sometimes ambiguous problem of weighting the potential for initial cost savings against a frequently unknown
product performance record.

In the last ten years considerable experience has been gained in assessing the performance of these
systems which typically utilized smail modular precast facing panels approximately 25 sq. ft. in area. These
panels, individually attached to the ground reinforcing strips, allowed structures to incur considerable settlement
without any significant distress. In recent times, however, aesthetic considerations have compelled designers to
require full height panels in lieu of the smaller modular panels.

The utilization of full height panels requires the connection of multiple reinforcing strips to a single
panel, introducing a degree of indeterminacy to the structure. The inability to effectively analyze the internal

behavior of the systems and the paucity of satisfactory performance qualifies these as appropriate to the
experimental category. Considerable concern exists as to the ability of these newer systems to sustain settlements.

OBJECTIVE

The object of this project is to document the construction and evaluate the performance of the full height
panel retaining systems for a period of at least three years. The progress, methods of construction, difficulties
encountered and required design changes will be reviewed.

Should performance problems develop, the causes and necessary remedial measures will be monitored
and reported.

WORKPLAN

The proposed workplan is in accordance with the requirements outlined in FHW A Geotechnical Advisory
5.0.3 for Experimental Project No. 2 "Ground Modifications Systems”. At minimum, the following information
will be collected and reported:
1 SITE INFORMATION

A) Project Location and Description

B) Plan and Profile

C) Subsurface Profile

1) Laboratory Test Results
2) Field Test Results

D) Site Problems



1L

111,

Note:

DESIGN DETAILS

A) Alternates Considered

B) Design Procedures (Example Computations)
C) Monitoring Program

D) Specification Types

E) Method of Construction Acceptance
CONSTRUCTION DATA

A) Unit Prices

B) Change Orders

C) Placement and Erection Procedures
D) Construction Problems

E) Time-Rate of Construction Estimates

The monitoring program will consist of physical survey information collected as necessary to detect

manifestations of distress. No instrumentation is anticipated at this time.

v,

PERFORMANCE EVALUATION

A) Assessment of Design and Construction Practices

B) Performance Appraisal with Time

C) Documentation of Required Maintenance and Effectiveness

REPORTING

A) A post construction report will be prepared which describes the cost, installation procedures,
evaluation techniques and erection equipment utilized to construct and analyze the wall system. This
report should be prepared within 120 days after completion of construction. -

B) Performance evaluations will be conducted on a periodic basis at least annually for the first 3 years.
Should distress become evident, physical surveys will be conducted to establish the magnitude and extent

of the problem.

C) A final report will be prepared at the end of the evaluation period which describes and analyzes the
data collected and summarizes the findings.
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NOTE :

THIS BOOKLET 1S INTENDED TO BE A GENERAL GUIDE FOR THE
INSTALLATION OF THE HILFIKER R.S.E. WITH C.LF _FACE WALL.

IF ANY PART OF YOUR CONSTRUCTION PLANS ARE AT VARIANCE
WITH INFORMATION IN THIS GUIDE, FOLLOW YOUR CONSTRUCTION

CWALL  PARTS

BACKING

EXCAVATE ACCORD-
ING TO THE FPLANS
AND SPECIFICATIONS
OF YOUR JOB

YOU MUST EXCAVATE
TO A SOLID
FOUNDATION THAT
wWIiLL SUPPORT

THE WEIGHT OF
THE wALL.
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MAKE SURE
WALL FOUNDA-
TION 18 TO
LINE AND
GRADE.

A LITTLE
TIME SPENT
NOW tMAY
SAVE A LOT
OF TIME LATER

PREFPARE THE TRENCH FOR THE CAST-
IN-PLACE LEVELING COURSE. BE
SURE YOU HAVE THE REQUIRED
BERM IN FRONT.

FOLLOW THE PLANS AND SPECIFICA-
TIONS OF YOUR JOB FOR SIZE AND
REINFORCING OF LEVELING COURSE.

POUR THE CONCRETE AND LEVEL
THE TOP OF IT TO YOUR
EXCAVATED GRADE.

IF YOUR CONSTRUCTION
PLANS CALL FOR A
VARIABLE BASE WALL
WITH A CAST-IN-PLACE
FOOTING, CUT AND PREFARE
SOIL AND REINFORCING
ACCORDING TO PLANS.

POUR THE FOOTING WITH A
KEY FOR LATER KEYING
INTO THE CAST-IN-PLACE
FACE

C5




e @ PLACE THE MATS WITH THE VERTICAL FACES

ON TOP OF THE LEVELING COURSE. LEAVE

A G-INCH SPACE BETWEEN THE SIDES OF

THE MAT FACES.

IF YOUR WALL 1S CURVED OR ANGLED,
BACK OF MATS WILL LOOK LIKE THIS:

CONVEX CURVE: OVERLAP THE BACK OF
THE MATS AND CLIP THE ENDS TOGETHER
WITH HOG RINGS.

STRAIGHT WALL

6”

WALL FACE ] 47
LEVELING COURSE /

CONCAVE CURVE: SPREAD THE
BACK OF THE MATS AS REQUIRED.

IF A SMOOTHER CURVE IS DESIRED, YOU
MAY SPLIT THE BASE OF THE MATS. DO
NOT SPLIT THE FACE, BUT BEND IT AS
REQUIRED. CUT ONLY TRANSVERSE
WIRES. SEE S'TEP@

%“iﬁ
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CONSTRUCTION OF
FOUNPATION LAYER

U2 R S U A i,
) P8 WA A A
AL S VA A Y NG

o AN BN TSN

PLACE THE MATS FOR THE

FIRST LIFT BE SURE THE MAT
FACES ARE PROPERLY
LOCATED ON THE LEVELING
COURSE OR FOOTING.

SOIL ARQUND THE CAST-IN-
PLACE CONCRETE MUST BE
LEVEL AND SOLID.

USE A STRINGLINE WHERE
WALL 15 STRAIGHT TO
ALIGN THE MAT FACES,
STAKE TO HOLD IN FLACE.

MATS ™MAY BE CUT TO
FIT EXCAVATION IF
NEEDED.

CUT ONLY TRANSVERSE
WIRES. DO NOT
SHORTEN THE BASE
DEPTH OF THE MATS.

INSTALL THE WIRE SPACER
CAGES. PLACE THE HOOKED
WIRES OVER THE TOFP
HORIZONTAL WIRE ON THE
MAT FACE. THE BOTTOM
WIRE ON THE SPACER CAGE
RESTS AGAINST THE MAT
FACE.

SPACER CAGES ARE INSTALLA
ED ONLY IN THE FIRST LIFT.
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PLACE THE BACKING MATS
AGAINST THE SPACER CAGE
WITH THE ©-INCH FOOT TOWARD

N NN NN N SIS S M kA $44 | THE INSIDE OF THE WALL.
M%},}, ) By eqnn BACKING MATS SPAN FROM
o SHT CENTER TO CENTER OF THE

xlf” mg

§
0505 T

7'-6" MATS. USE HALF
, t = ~ BACKING MATS ;\TT THE
=S EAT T LT ENDS OF THE LIFT.
ooy AT [ grspace UNROLL THE SCREEN AGAINST
L. 8'-0" N THE BACK OF THE BACKING
BACKING MAT MATS AND CLIP WITH HOG
®| | rines

BEGIN LOADING BACKFILL
OVER THE BASE OF THE
MATS.

DO NOT OFPERATE HEAVY
EQUIPMENT ON EXFPOSED
WIRE,

WHEN THE BACK OF THE
MATS ARE WEIGHTED WITH
FiLL; THE STAKES CAN
28 REMOVED.

PLACE AND COMPACT A LAYER OF
BACKFILL ABOUT 12 INCHES DEER
USE CARE WHEN COMPACTING
THE SOIL AGAINST THE BACKING
MAT SO YOU DON'T BEND IT
QuT. THE 3-INCH SPACE
BETWEEN THE BACKING MAT
AND THE WIRE FACE MUST BE
MAINTAINED. d

DO NOT HIT OR DAMAGE THE
WIRE WITH COMPACTING
EQUIPMENT.

Cs8



IT IS IMPORTANT TO KEEP THE BACKFILL DRY.
IF RAIN IS EXPECTED, PROTECT THE BACKFILL SR
WITH A PLASTIC COVERING. IF BACKFILL DOES| (=T =
GET WET, REMOVE THE WET MATERIAL Vv Ny N
BEFORE 'CONTINUING CONSTRUCTION.

PLACE AND COMPACT THE
REMAINING BACKFILL FOR
THIS LIFT. STOP THIS
LAYER OF BACKFILL
JUST BEFORE IT REACHS
ES THE BACKING MATS
TO PREVENT BENDING
THE MATS OUTWARD
WHEN YOU COMPACT.
YOU WILL FILL THE
SPACE WHEN YOU PLACE
THE BACKFILL IN THE
NEXT LIFT.

LEVEL OF

L
oo

]

THE TOP OF THE COMPACTED
BACKFILL MUST BE 0~2
INCHES ABOVE THE LEVEL
OF THE NEXT LIFT (3~5
INCHES ABOVE THE TOP
WIRE ON THE MAT FACE)

THIS 1S TO INSURE
AGAINST UNDERFILLING,
WHICH WOULD CAUSE
BULGING OF THE BACKING
MATS LATER.

NOTE: THS WALL IS A REINFORCED SOIL STRUCTURE.

IT 1S IMPORTANT THAT THE BACKFILL MATERIAL
BE CAREFULLY COMPACTED TO PREVENT LATER

SETTLEMENT.
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\@/VORKlNG YOUR WAY UP

PLACE THE REINFORCEMENT THE TOP OF THE VERTICAL
MATS FOR THE NEXT LIFT. WIRES OF THE BACKING MAT
BELOW WILL PROJECT ABOUT
LOWER THE MATS CAREFULLY 2 INCHES THRU THE BASE OF
OVER THE PROJECTING HOOKS THIS LIFT. KEEP THEM BEHIND
OF THE LIFT BELOW. DO NOT THE FIRST TRANSVERSE WIRE
BEND THE HOOKS OUT OF LINE. IN THE BASE OF THESE MATS,

@ LEAVE SOME CLEARANCE
BETWEEN THE MAT FACE AND
THE PROJECTING HOOK TO
DROP THE FLAT BAR DOWN
BETWEEN THEM. TAPPED
MAT FACE HOLES IN THE BARS FACE
THE FRONT OF THE WALL.

PROJECTING

HOOK (FLAT BARS ARE PLACED
FOR THE FULL LENGTH OF

FLAT BAR EVERY LIFT)

DRILLED ¢

TAPPED FOR NOW SLIDE THE MATS BACK

SNAPTIES AGAINST THE BARS.

STAND THE BACKING MATS UP
AGAINST THE PROJECTING HOOK
WITH THE FOOT ON THE BACKING
MAT TOWARD THE INSIDE OF
THE WALL. BACKING MATS
SPAN FROM CENTER TO CENTER
OF REINFORCEMENT MATS AS
SHOWN IN S.TEF’@.

CLIP IN PLACE WITH HOG RINGS.
UNROLL THE SCREEN AGAINST

THE BACKING MATS AND CLIP
IN PLACE.
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HOLD A HAND LEVEL AGAINST
THE BASE OF THE LIFT BELOW
AND THE BASE OF THE ONE
YOU'RE INSTALLING AND
SHIFT THE MAT UNTIL THE
LEVEL SHOWS VERTICAL.

STAKE THE MATS TO HOLD
THEM IN PLACE.

BEGIN LOADING BACKFILL
AS IN STEF’

AS YOU NEAR THE FRONT
OF THE WALL WITH THE
BACKFILL, PUSH FILL
INTD THE SPACE IN THE
LIFT BELOW THAT 1S
JUST BEHIND THE BACKING
MATS.

USE A HAND TAMPER TO
COMPACT THE FILL BEHIND
THE BACKING MAT IN THE
LIFT BELOW.

KEEP A 2-INCH TO 3-INCH
CUSHION OF FILL OVER_ THE
BASE WIRES AS YOU WORK
TO PREVENT DAMAGE TO
THE WIRE.
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COMPLETE THE BACKFILL
AS SHOWN IN STEPS
THRU @

COMPACT CAREFULLY.

REPEAT STEPS (14) THRU (20)

TO THE FINAL
LIFT.

@)  FUTURE TOP
OF CAST-IN-
PLACE FACE

b
—1

‘ !
Tg\‘\CUT WIRES

1

|

i\ TO THIS
y  LEVEL

WHEN YOU HAVE PLACED
THE FINAL (TOP) LIFT,
YOU WILL FIND THAT THE
WIRE PROJECTS ABOVE
THE ELEVATION GIVEN IN
YOUR PLANS FOR THE
TOP OF THE CAST-IN-PLACE
FACE.

CUT ALL WIRE OFF 3
INCHES LOWER THAN THIS
FUTURE ELEVATION.
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AT TACHING THE FORMS

THREAD THE SNAFTIES
INTO THE THREADED
HOLES IN THE FLAT
BARS, SPACING THEM
ACCORDING TO YOUR
JOB PLANS.

LINE UP THE CONE
PARTS ON THE
SNAFTIES USING A
STRINGLINE.

SUUDE THE FORMS ONTO
THE SNAFTIES AND
SECURE WITH METAL
WEDGES.

CAST THE CONCRETE
ACCORDING TO YOUR
JOB SPECIFICATIONS.
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SECTION 800

As £il]l material is placed behind panels, the panels shall
be maintained in a vertical position by means of temporary wooden wecges
placed in the joints at the junction of the two adjacent panels on the
external side of the walls. External bracing will be reguired subject to
the approval of the Engineer. Vertical tolerances (plumbness) and
horizontal alignment tolerance shall not exceed 3/4 of an inch when
measured along a ten foot straight edge. The maximum allowable offset in
any panel joint shall be 3/4 of an inch. The overall vertical tolerance
of the wall (plumbness from the top to bottom) shall not exceed 1/2 of an
inch per ten feet of wall height.

Backfill Placement:

Backfill placement shall closely follow the erection of
panels. At each reinforcing mesh level, backfill shall be roughly
leveled before placing and attaching the mesh. Reinforcing mesh shall be
placed normal to the face of the wall except for any special conditions
shown on the project plans. The maximum lift thickness shall not exceed
ten inches before compaction. The contractor shall decrease the lift
thickness, if necessary, to obtain the specified density. Backfill
compaction shall be accomplished without disturbance or distortion of

reinforcing mesh and panels. The entire volume, as shown in the project
plans, shall be compected to 95 percent maximum density as specified in
the Specifications. Compaction of the volume shall not be accomplished

by sheep foot, grid rollers, or any other type of equipment emploving a
foot, which in the opinion of the Engineer could penetrate the materizl
and damage the reinforcing mesh. At the end of each day's operation, the
contractor shall shape the last level of backfill so as to permit runoff
of rainwater away from the wall face.

Surface Stain Coating:

The retzining wall shall be stained in accordance with the
reqguirements specified herein under Section 601.

Eilfiker Reinforced Soil Embankment:

Materials:
Reinforcing Wire and Steel:

' all wire and welded wire fabric shzll conform to the
recuirements of ASTM 2-82 anc¢ ASTM A-185 and shall be celvanized in
accordance witn the minimum reguirements of ASTM A 123,

. Reinforcing steel shall conform to the reguirements of ASTM
A-615, Grade 40 and shall conform to the requirements of Section 1003.

Flat bar shall conform to the reguirements of ASTM A~-36 and
shall be galvanizecd in accordance with the minimum recuirements of ASTM A
123, '

HNTB : Special Provisions
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SECTION 900
Concrete:

Concrete shall be Class S (f'c = 4,000) conforming to the
reguirements of the Specifications for Section 1006.

Backfill Material:

All backfill material used in the structure volume shall be
reasonably free from organic and otherwise deleterious materials anc
shall conform to the following gradation limits as determined by AASETO
T=27.

Sieve Size Percent Passing
6 inch 100
3 inch 75-100
No. 4 25 - 60
No. 200 0- 15

Backfill material shall meet the following corrosion
reguirements: -t

Resistivity 3,000 Ohm Centimeters (Minimum)
pH 4.5 to 9.5

Chlorides 200 PPM (Maximum)

Sulfates 1,000 PPM (Maximum)

The resitivity and pH shell be tested in accordance with
Arizona Test MethoC 236. Chlorides and sulfate content will be tested in
accordance with Californis Department of Transportation Test Methocs 422
and 417 respectively.

Materiasls not conforming to these specifications shall not
be used without the written ccnsent of the Engineer.

The contractor shell furnish the Engineer a Certificate of
Compliance certifving the above materials comply with the applicable
contract specifications. A copy of all test results periormec¢ by the
contractor or his surplier necessary to assure contract compllance shall
elso be furnishecd_the Engineer.

=

Acceptance will be basec on the Certificate of Cecmpliance,

accompanying test reports, and visual inspection by the Engineer.

Construction Reguirements:

-

Erection of the reinforced soil embankment (RSE) retainin
hell be in accorcdance with the recuirements of the Ei1lZi

wall s
Company. - -

PO B
[y
tx 0]
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SECTION 800

Backfill material shall be compacted to 90 percent of
maximum density in accordance with AASHTO T-180. Maximum water content
of any backfill material chall be less than or egual to 100 percent of
the optimum moisture conte.t as determined for use in accordance with
AASHTO T-180.

Prior to the addition of the cast-in-place concrete facing,
the wall shall be constructed to the full heights shown on the project
plans and time shall be allowed for any anticipated short-term
consolidation of foundation soils or construction settlement to occur.

At tne end of each day's operations, the contractor shall
slope the last level of backfill as to permit runcff of rainwater away
from the wall face and off reinforcing mats.

Vertical tolerances (plumbness) and horizontal alignment
tolerance prior to constructing the cast=-in-place concrete facing shall
not exceed 1 1/2 inches when measured along a l0-foot straightedge.

The overall vertical tolerance of the wall (plumbness from
top to bottom) after the construction of the cast-in-place facing shall
not exceed 3/4 inch per 10 foot of wall height.

Cast-in-place concrete facing shall be colored and textured
as specified herein under Section 601.

Basis of Paymant:

Payment for this work will be made at the contract lump sum
price for ITEM 9140118 and ITEM 9140119, which price shall be full
compensation for the items complete, including excavating, concrete
leveling pad, special backfill material, cast-in-place cap, rustication,
staining, anc 2ll materials, as described and specified herein anc on the
project plans.

Should a change in area of wall constructed be ordered by
the Encineer, an adjustment in the lump sum price will be predicated on &
Square Ifoct cost established by dividing the lump sum price bid bv the
area shown on the project plans for the particular retaining wall svstem
selected for censtruction. :

Concrete barrie

tt

will be peid for under Item 9100CC6.
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SECTION 303 - AGGREGATE SUBBASES AND AGGREGATE BASES:
303-1 Descriplion:

The work under this section shall consist of furnish-
ing, placing and compacting aggregate subbases and aggregate bases
in accoroance with the details shown on the project plans and the
requirements of these specifications.

Aggrepate subbases and aggregate bases are desig-
nated as Class 1 through Class 6. The class of aggregate subbase and
apgregate base will be shown on the project plans or specified in the
special provisions.

303-2 Malerials:

Aggregate for the various classes of aggregate sub-
bases and aggregate bases shall consist of sione, gravel or other
approved inert material of similar characteristics, and shall be ciean and
tree from vegetable matter and other oeleterious substances.

Aggregatle subbases and aggregate bases shall con-
form to the requirements shown in the foliowing table tor the class
specified:

TABLE 303-1
Percent Passing Sieve (Inch or No.)
CLASS OF \ P,
accreaere | 3 |1 | v | wa | we | 8 | 200 FL
. 100 |g0-100 35-35 | 0- 8.0 | 3
100 [80-100 25-35| 0- 80 | 3
3
4 100 35-70 0-10.0 | 5
5 100 30-75 0-10.0 | 5
6
Noies:

(1) The percentage. by weight, passing each sieve will be oeter-
mined in accorcance with the requirements of Arizona Test
Metnoc 201.

(2) Tne Pl (Piasticity Index) will be delermined in accorcance
with tne requirements of AASEHTO T 80.

(3) Ciasses1,2and 3are bases; Classes 4, 5and taresubbases.

(4) Tnereauirementsior Class 2anc for Class 6 will be specified
INn the special provisions.

{5) ForClass 1through Ciass 4 agoregate, atleast 30 percent, by
weignt, of the acoregale malerial retained on the No. B sieve
snall have gt least one rougn anc angQuiar suriace which nas
dDeen proouced Dy crushing, when tested in accorcance with
the requirements of Arizonza Test Metnod 2172.

ES



SECTION 200

Payment tor this work will be made at the contract price
cubic yard for ITEM 2030201 - EXCAVATION. (For Landfill Removal) whi
price shall be full compensation tor this item complete, including
disposal ot excavated material and proot rolling, as described and
specified herein and on the project plans.

Filter fabric will be paid for uncger Item 8050111.

Backtill material will be paid tor under Items 2030301 or
2030901.

ITEM 2030501 = STRUCTURAL EXCAVATION:
ITEM 2030506 - STRUCTURE BACKFILL:

Additional to the reguirements of Subsection 203-5:

The gquantities shown in the proposal for these items are
for structural excavation ana structure back£f£ill for underpass structures
and retaining walls.

Where specified on the project plans, structure backfill
shall consist of materials conforming to the reguirements of Aggregate
Base Cl.2. Any overexcavaticn by the contractor shall be backfilled with
the same material specified tor structure back:till at that location,
except as noted below.

The new pler for the structure supported by a spread
footing shall be founded in the material known locally as §-G-C
(Sanc¢=Gravel-Cobbles). The S£-C=-C meterial is expected to be found at or
apove the elevation shown on the project plans. Upon excavation to that
elevation, if undisturped S$-G-C is not found at or above the planned
elevation, excavation snall be extended to uncisturbed $-G-C materiel to
the limits cetermined by the Engineer and unsuitadle material removec.
The resulting excavaticn between the elevation to which the excavation
has been extended and the planned elevation orf the bottom or the footing
shall pe £illed with Class &, f£'c = 3,000 concrete to the limit ¢f the
footing plan.

Structural excavation and structure backIill for the bridge
structure will Dpe paid for &as herein specified under "CONSTRUCT
STRUCTURES. "

Overexcavation and concrete reqguirecd to fill.overexcaveticn
Sack to planned elevation cf bottom ©of footing for the structurse will be
pald ror as specified under Section 104.02.
iTEM 2030851 - CONSTRUCT DITCH (Concrete Linec):

The work uncder this item consists of constructing ditches
eancd lining these citches with concrete &t the location and in accecrdance
With the detezils snown on the project plans. The work shall also include
turnisning anc 1installing the trash rack at station 10+32~ o <the
Concrete linecd ditwch.

G“NT: Special Provisions
/12/85 I-IR 10-3(204) & I-IR 10-3(221)
nev. 11/6/85 Page 42 of 318
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(B) Backf£ill:
(1) Structure Backfill:

erructure backfill matezial shall be selected from

excavation or from a source selected by the contractor. It shall not
contain frozen lumps, stones larger <than three incthes in diameter,
chunks of clay or other objectionable material. Backfill material to

be used for metal piles or gsimilar i1tems of metal shall heve a value
of resistivity not less than 3000 onm-cm or <the value shown on the
project plans, whichever 1s less. When resistivity is not shown on
the plans, the backfill materaal shall have a value of resistivity not
lesg <han That of the existing in-place material or 3000 ohm-cm
whichever is less, Backfil)l material shall have a pH value between
6.0 and 9.0, inclusive, foer all inszallations. Tests for pH and
resistivity shall be in Tests for pH and resistivity shall be 2an
accordance with the reguirements of Arizona Test Method 236.

Seructure backfill material shall conform To the
following gradacion:

Sieve Size Percent Passing
3 inch 100
3/4 inch 60-100
No. 8 i5=- BO
No. 200 0- 12

The plasticity index shall not exceed .2 when tested in

accorcance with the reguirements of AASHTO T 90.

As an alwernate <0 <he material reguirement of
Structural BackZill, the Ingineer may allow materaal conforming to the
fcllowing reguirements <o be used 1n a slusry mixTure In situations
wnere the siurry will pe cenfined by free-cdraining soils:
Sieve Sa:ce Percent Pacssing
1 1/2 2neh 100
3/4 inch 90-100
No. 8 35- 80
No 200 G- 8
The plasta2city ndex shall not exceed B when =zested
accecrcoance with the recgu.rements cf ARSETO T SC.
203 el - 203
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SECTION 205

1f the cause of such condition 1is determined to have been
unforeseeable and beyond the control of and without fault or
negligence of the contractor, such further work shall be done
as directed and will be paid for as extra work in accordance
with the regquirements of.Subsection 109.D4. Excess Moisture
caused by irrigation water, storm drainage, weather, breakage
o° mains, or other similar cause will be considered as within
the responsibility of the contractor.

205-3.02 Excavation:
Excavation shall conform with the regquirements of Subsection
203-3.

205-3.03 Embankment:
The placement and compaction of embankment shall conform with
the requirements of Subsection 203-10.

205-3.04 Compacting and Finishing:

The top six inches of the subgrade shall be compacted to a
density not less than 95 percent of the maximum density as
determined in accordance with the requirements of Arizona Test
Methods 225, 226 and 227, except that when asphaltic concrete
or portland cement concrete is to be placed directly on
subgrade, the reguired density shall be 100 percent.

The surface of the subarade shall be finished to a reasonably
smooth and uniform surface and in reasonably close conformity
to the lines, graoes, dimensions and cross section shown on the
projyect plans or established by the Engineer. The finished
surface of the subgrade shall not vary by more than 0.04 of a
foot above or below the orade established by the Engineer,

205-4 Method of Measurement:

Measurement of gracing roaoway for pavement will be made by the
souare yard of the ares prepared and subseouently covered with
8 subbase, base, asphaltic concrete or portland cement
concrete; however, wnen raised megian islands are constructed,
the area occupred by tnese islands will be inclugec in the area
measured for caymeni. Where the new pavement is not bounoed by
curdb and ogutter and sogitional snouloer work is  necessary 1o
gonstiruct the <wypical section shown in the prpjecs tians, such
work shall Dpe consioered as incicental angd <he cost will be
consigered as ncluded in  tnhe cost of tne contract bid tem
Grading koacway f‘or Pavement.

205-3 Easis of Payment:

Tne acceptec cuantities of crading rocaoway
measurec as provioed eapove, will be paic for s
unit price per scuare verd for <ne work compiet
herein anc¢ as shown on %he projecs plans.

for pavemen<,
¢ the coniracs
e as specified

SECTION 208 - FURNISH WATER SUPPLY:
200-1 Description:
Tne work unoer this section shel) consist of either gevelioping

Or £3taining an aoDeouatle water upply ang furnisming all water
required for tne work.

SzCTION 206 -11E-

E8



APPENDIX F TYPICAL RESULTS OF RESISTIVITY, pH, CHLORIDE, AND
SULFATE TESTS
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ARIZONAR DEPARTMENT OF TRANSPORTATION

DAILY COvPACTICN LDB JANGARY 10, 1987
’f*m’fﬂﬂwWmGHQMWWNQO“}QQ%{‘H“'f‘ﬁ“mwmﬁmm{'ﬂf"’f(
PROJECT # = I-IR-10-3(204) , NAE = 15TH §T - 28TH 57
“c/SUPERVISOR = D. A. SCHOTHA CONTRACTOR = TAVWER
}Hﬂwmﬂﬂwwmmmﬂm&mmmmi
WATERIAL = BAOKFILL O SPEC. = SO X :

P N Y AR saantsssscansnnatintassnsasnsansaadatasannad ool as ool ottt s gdazddaad s st aaaaaasansasasanya oy a2 PIZTTTYTHR

TEST DATE  TESTED DCATION SOURCE OF R M RES SP. OPT K20 FROCTOR  #RET  ADJ. FIZLD ®DISTURE FISLD &
N0 BY F TEST MATERIAL § 5R  —N04 -—N04 NJ4 PR —NO 4 ADJ DENSZDY [CWP
§ 09/30 NICHAS  245T SW WALL 1 LO0.00 266 9.8 123.8 "48.2 136.2 3.3 55 f4L0 %103.5

Hilfiker Hall, material froa Union Rock

2 09/30 NICHOLS 2457 SW &ALl 1 Loo0 266 9.8 123.8  47.7  136.1 3 56 131.8 35.8
Hilfiker Hall, matl from Union Rock

3 10/02 CRAFT g B{ WALL ! L0060 260 9.8 123.8 33.8 131.3 4.4 B8 1281 9.0
Hilfiker Wall, Ramo 24 A

4 11/03 AUER RT C/L 1-10 1 L0.00 2.60 9.8 123.8  43.9 134.0 6.2 5.8 1348 %100.6

Hilfiker Wall, 54 wall 2457

5 10703 CRAFT 117 BK FC WALL I Loo0 280 9.8 123.8 24.3 128.2

.2 7.7 130.9 #40..3
Hilfiker Wall, Ramp 24 A
& 10/03 CRAFT 9 BkFC I L0.00 2,60 9.8 123.8 3.2 13L9 4.4 8.6 120.6 9.0
Hilfiker Hall, Ramp 24 R
7 10/06 CRAFT 91 BKFL WALL f LO.0O 250 8.8 123.8 %24 1355 7 %2 1305 %.3
Hilfiker Wall, Ramp 24 R
8 10/07 FCCANDLE Sd WALL 24TH ST ! LO0.00 260 9.8 123.-8 47,9 1345 .33 5.6 136.0 %10L.¢

Hilfiker Wall -

PROJECT & ma/%ﬁxé/; /  RE/SUPERVISIR /] wre 293871
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Awvicw  of Ascmirxturas  and  Weighis
v eoat?s ths JEsIZN maets requirements.
s topreval of trs 2o Design shall nct

' ! Corm s e Coniracidr of Full Responsis
Doty fOr the R3S

PAC 10]121‘8::&

B LY

The TannerCompanies, Uniled Metro Matenais Diision, PO. Box 20128. Phoenx. Anzona 85036. {602) 262-1241

ARIZONA DEPARTMENT OF TRANSPORTATION - MATERIALS SERVICES
ClLLASS S STRUCTURAL CONCRETE MIX DESIGN

PROJECT NO: I-I1R-18-2(204) & PROJECT NAME: 1-18 BETWEEN 16TH ST.
(221) TO 28TH ST.
CONTRACTOR: TANNER CONCRETE SUPPLIERIUNITED METRO #!
CONTRACTING
MIX DESIGN DATE: 18/09/86 MIX DESIGN BY: H. WRIGHT
DESIGN STRENBTH (F'c) 4008 PSI AT 28 DAYS
CEMENT TYPE: II LOW ALKALI SOURCE: SUNBELT TORREON
POZIOLAN TYPE: ngn SOURCE: PAGE
FINE AGB FINENESS MODULUS: 2.75 SOURCE: SALT RIVER
COARSE AGGREGATE ARSHTO SIZE DESIGNATION 47
CDARSE AGG #1 =7% 1/2" INCK MAX SIZE SOURCE s SALT RIVER
COARSE AGG #2 % INCH MAX SIZE SOURCE
AIR ENTRAINING AGENT TYPE: SOURCE 1 RATE-0Z/CY:
WATER REDUCING AGENT TYPE: SOURCE: W.R. RATE-DZ/CWT13. 80-5. 00
HYCOL OR DARATRRD=-17 GRACE
OTHER ADMIXTURE TYPE: DARACEM-100 SOURCE: W.R. RATE-0Z/CWT:6. 208, 02
VOLUME
MATERIALS WEIGHT/CU. YD. SPECIFIC GRAVITY CU. FT./CU. YD.
CEMENT s59 LB, 2,18 . 2,84
POZZOLAN 119 LB, 2. 30 0. 83
WATER 308 LB. 1.00 4,81
FINE RAGGREGATE 1317 LB, (SSD) 2.65 7.96
CORARSE ASSREGATE #1 1746 LB, (SSD) 2.65 10, 56
COARSE AGGREGATE #2 LB. (SSD)
AIR CONTENT %
OTHER ADMIXTURE LB.
TOTAL 4041 LB, / CU, FT. = 27.00
SLUMP 6 +/~ 1 INCHES NUMBER 1 /;ﬂﬁﬁeﬂdﬁh—eaesa-—OI

Buildingqggn%mw 1ooQay.
H2 neTT

FLOWARBLE

ODDBAVER BV,



The TannerCompanies, Unied Metro Matenals Division. P.O. Box 20128, Phoenix. Arzona 85036, (602) 262 1211
ARIZONA DEPARTHENT OF TRANSPORTATION - MATERIALS SERVICES R ; 5

CLASS S STRUCTURAL CONCRETE MIX DESIGN R
PROJECT NO: I-IR-10-3(204) PROJECT NAME: 1-10 BETWEEN 16TH ST. &

&(221) 28TH ST.
CONTRACTOR: CONCRETE SUPPLIER:UNITED METRO PLANT 1
MIX DESIGN DRTE: 03707787 MIX DESIGN BY: He HRIBGHT

DESIGN STRENGTH (F'e) 4500 PSI AT 28 DAYS

CEMENT TYPE: II LOW ALKALI SOURCE: SUNBELT TORREON
POZZOLAN TYPE: nEw SOURCE: PAGE -
FINE AGG FINENESS MODULUS: 2. 75 SOURCE: SALT RIVER
CORRSE AGGREGATE AASHTO SI1ZE DESIGNATION #57
COARSE AGE #1 70 % 1 INCH MAX SIZE SOURCE : SALT RIVER
COARSE AGG #2 30 % 1/2 INCH MAX SIZE SOURCE : SALT RIVER
AIR ENTRAINING AGENT TYPE: SOURCE : RATE-DZ/CY:
WATER REDUCING AGENT TYPE: SOURCE: W.R. RATE-0Z/CWT: 3.0-5.0
HYCOL OR DARATARD-17 GRACE
OTHER ADMIXTURE TYPE: SOURCE: W.R. RATE-0Z/CWT:6.0-12.0
DARACEM-100 GRACE
VOLUME

MATERIALS WEIGHT/CU. YD. SPECIFIC GRAVITY CU. FT./CU. YD.
CEMENT 499 LB, 3.15 2. 54
PDZZOLAN 106 LE. 2. 30 0. 74
WATER 267 LB. 1. 00 4,28
FINE AGGREGATE 1382 LB. (SSD) 2.65 8. 36
COARSE AGGREGATE #1 1283 LB, (SSD) 2.65 7.76
COARSE AGBREGATE #2 549 LB, (SSD) 2.65 3.32
AIR CONTENT % .

PLEASE ORDER BY CODE
OTHER ADMIXTURE LB. NUMBER ONLY
TOTAL 4087 LB, CU. FT, = 27.00
SLUMP & +/=1 INCHES CODE NUMBE 31 14522

Buildling *~~~row today.
APPROVED BY: H3 DATE:




APPENDIX1 RECORD OF MORELAND ST. DROP STRUCTURE WALL
FEATURES



Hilfiker Retaining System at the Moreland St. Drop Structure

CC - Crack in only the Concrete Cap.

WC - Crack in the Wall only.

EJ - Expansion Joint in the Wall and Concrete Cap.
EJ-W - Expansion Joint in the Wall only.

H - Weep Hole.

P - Paint Missing on the top of the wall.

Station Wall Height Feature Width of Vertical Crack (or EJ)
(inches)

1400 Begin SE End of Wall

1+07 CcC

1+13 CC

1+14 wC & CC

1+16 cC

1420 CC

1+24 CcC

1429 CC

1433 cC

1435 H

1438 39" EJ

1+43 020)

1+45 H

1447 CcC

1451 wC & CC 0.02
1452 CC

1455 WC,CC, & H 0.025
1458 cC

1+62 CC & EJ-W

1+66 H

1+68 cC

1+70 WC & CC 0.01
1+74 CC

1+76 H

1+77 WC & CC 0.025
1+80 CC

1+85 WC & CC 0.045
1+86 H

1+88 cC

1+83 wC & CC 0.016
1488 H

2+00 cC

2+04 cC

2+10 g 8.5" EJ

2+12 CJ

2+17 CC&H



2+18
2+18
2+22
2+25
2+28
2+30
2+34
2+36
2+38
2441
2+45
2+47
2448
2+50
2+51
2+54
2+55
2+57
2+61
2+63
2+66
2+69
2+71
2+74
2+78
2+79
2+82
2+85
2+88
2+90
2+63
2485
2+88
2+99
3+00
3+02
3+03
3+04
34086
3408
3+11
3+15
3+24
3+27
3+30
3+31
3+33
3+37
3+40

7'10.5"

H
CJ&CC
cc

cC

H

cC
CC & EJ-W
cC
CC&H
WC & CC
CcC

cC

H
WC & CC
cC

cC

cC

H, CC(x2), & EJ-W

CC

cC

CC & EJ-W
CC&H
cC

CC & EJ-W
cC

H

EJ

cC

cC

H, CC, & EJ-W
e

cC

CC & EJ-W
H

cC

CC

CcC

cC

CC & EJ-W
cC

cC

EJ

WC & CC
H

WC & CC
H

WC & CC
CC&H
cC

0.025

0.05

0.2

0.05

0.05

0.02

0.025

0.01

0.008

0.007



3+41

3+50
3457
3+61

3+63
3+66
3+68
3+69
3+70
3+72
3+74
3476
3477
3+79
3+81
3+83
3+85
3487
3488
3480
3482
3+94
3+86
3487
3498
4402
4407
4408
4412
4+13
4417
4421

4422
4424
4+26
4427
4428
4432
4+33
4434
4437
4440
4442
4445
4448
4449
4451

4+52
4453

W U0 UUU

123"

13' 4"

WC,CC, & H
WC & CC
EJ&H
CC&H
cCc

WC & CC
H

wC

cc
H&CC
WC & CC
CcC
WC,CC, &H
cC
WC & CC
H
WC & CC
H

WC & CC
WC & CC
CC&H
WC & CC
cC

H

CC & EJ-W
H

wWC
CC&H

H

EJ

H

WC & CC
H

CC

wWC
CC&H
CC

CC

H

wC

WC, CC, & H
CC

H & EJ-W
WC & CC
CC&H
wWC

WC & CC
H

WC & CC

0.05
0.03

Begin Horiz. Cracking; 2' 2" up.
0.009

0.01

0.016

0.013
0.013
0.02

0.002
0.03

0.016

0.013

0.02

0.016

0.013

0.007
0.016

0.013
0.01

0.016
0.002

0.02



4455
4458
4461

4463
4465
4468
4470
4473
4475
4477
4478
4481

4482
4486
4+88
4490
4483
4484
4408
5+01

5402
5403
5+04
5+086
5408
5409
5+10
5+12
5+13
5+15
5+16

5+17

5+18
5+20
5+22
5+23
5+26
5+28
5+32
5+34
5+36
5+38
5443
5444
5447
5448
5+51
5+52
5454

13' 0"

1317

cC
WC,CC, &H
cC

WC & H
WC & CC
H

EJ
CC&H
cC

H

WC & CC
CcC
WC,CC&H
WC & CC
H

WC &CC
CC&H
wC

CC EJ-W, &H
cC

wC

H

cC

WC & CC
H

cC

WC & CC
CcC
CC&H
cC

cC

WC

H

cC

WC
CC&H

—
jom
o

H

CC&H

WC & CC

cC

H
C&EJW

H

WC & CC

H

CC

wC

CC

0.016

0.02
0.01

0.02

0.007
0.2

0.009

0.01

0.009

0.016

0.013

0.04

0.005

0.005

0.1

0.025

0.01

0.013



5455
5456
5457
5460
5461

5462
5464
5467
5470
5472
5475
5476
5481
5484
5485
5482
5483
5+84
5497
6403
6+06
6+09
6+11
6+12
E+14
6+16
6+18
6+21

6+27
6+30
6+32
6+35
6+239
Bl
6+50

13" 1.57

131"

H

wC

cC

H

wC

CcC

H

WC & PC(x2)

H

wC

CC&H

wC

H

WwWC & CC

WC, CC, & H

H

cC

wC & CC

WC,CC, &H

EJ

H

CC

WC & CC

CC&H

WC & CC

CC&H

wC

CC&H

WC & CC

CC

CC

WC & CC
C&CC

CC

Nz End of Wall

0.01

0.009

0.05
0.02
0.04
0.01

0.5

0.02
0.007

0.002

0.013

0.008

0.1

0.01
0.02



APPENDIX J RECORD FO WARNER RD. I.C. WALL FEATURES

J1



Retaining System at the Warner Road L.C.
VWC - Vertical Wall Crack.
EJ - Expansion Joint in the Wall.
Moist - Significant Moisture Visible at Top of the Wall

Distance From Top

Station Wall Height To Horiz. Crack Feature
1+00 Begin Accessible Wall
1405 55" 45" EJ
1+10 VWC

1414 VWC
1+17 VWC
1+22 vwC
1+23 vwC
1429 g5" 48" . EJ
1435 VWC
1437 VWC
Tt 1 VWO
Tald vWC
1448 vWC
1+54 EJ
1+60 VWC
1464 VWC
1+69 VWC
1+73 VWG
1478 EJ
1+E2 VWC
1+88 VWC
1482 105" 77" VWC
1+84 VWG
1+88 VWC
2+03 111" 6c", 88" EJ
2405 VWG
2+15 VWGC
2+20 VWC, Moist
2+26 EJ
2+32 VWG
2438 VWC
Z+45 VWG
2+52 138" 103" EJ
2+58 VWG
2+60 VWC
2+70 End North-South Wall

No Visibie Features on East-West Wall

J2
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