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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.
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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 panel retaining walls,
the Federal Highway Administration (FHWA) requested that the three permanent
retaining systems to be installed at the interchange of 1-10 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 east­
in-place coping.

2. Retained Earth System with precast concrete face panels and east­
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 IR-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 (1-17 MP 195.09 to 1-10 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)-10, 1-17,
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.

Average Monthly Precipitation (in)
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Figure 2 Average Monthly Precipitation for Phoenix, Arlzona-.

3



Average DailyTemperaure Extremes (F)

120

100

80 -- - - -

Temp. (F) 60

40

20

0
J F M A M J J A S 0 N D

Month

Figure 3 Average Daily Temperature Extremes by Month for Phoenix, Arizona",

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.
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Identification Depth Description

Test Pit #1 oto 2 ft Gravelly sand and fill.

2 to 11 ft. Sand, gravel, cobbles, and some boulders

Test Pit #2 oto 2 ft. Gravelly sand and fill.

2 to 18 ft. Sand, gravel, cobbles, with large concrete
blocks, asphalt, wood and metal scrap.

Test Pit #3 oto 2 ft. Gravelly sand and fill.

2 to 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 oto 2 ft. Gravelly sand and fill.

2 to 8 ft. Sand, gravel, cobbles, boulders, concrete
blocks, and wood and metal scrap.

8 to 13 ft. Sand, gravel, cobbles, and some boulders

Boring #84-135 oto 1 ft. Silty sand with clay.

1 to 3 ft. Gravel and cobbles

Boring #84-136 oto 2 ft. Gravelly sand and fill

2 to 8 ft. Sand, gravel, cobbles, and boulders mixed
with debris. --

8 to 13 ft. Sand, gravel, cobbles, and some boulders

Table 1 Summary of Geotechnical Logs for Southwest Wall Site.
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A reinforced concrete leveling course was constructed to serve as the base for
the cast-in-place concrete faces of the Hilliker 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 subqrads and held in place with form pins. A spacer cage was used
on the first layer 10 hold the backing mat away from the vertical bars at 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 112­
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 6 Typical Dimensions of the Backing Mats.
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Figure 7 Placement of the First Layer of Reinforcement.

Figure 8 Geotexnle Fabric Screen to Retain Compacted Backfill.
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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 l' 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 l' 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.

I Reinforcing tvlo.ts

,( T

, I

f-o-i-l""-i
#4 Steel Rebo.r

Jetting Conpc.c tton

Vertlco.l side of
the reinforcing nc t s

Reinforcing
Bo.rs

• c •Reinforcing J

MO:tS
rSubgro.de

I tic'· -c· , ...

(

Figure 9 Schematic Diagram of the Lowest 2' Section of the Hilfiker Reinforced
Embankment.

10



,- 1 '.. . '• • • • J.,, .. 04 __ J'o .~ .' ~.. '-

,

,

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.
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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.

\

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 0 2), 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-em to 2412 ohm-cm, whereas the special
provisions of the project required 3000 ohm-em minimum. As a result, the site was
over-excavated by l ' 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 backfi ll 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 lor the
on-site river run and the Calma! material. Random field tests on the density of the
compacted backtill 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.

12



The horizontal reinforcing mats were stacked on top of the backfill lifts and
interlocked with the vertical backing mats. During construction the alignment ot 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.

Figure 14 NE Wall Embankment Prior to Construction ot 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 torms
were conHgured to meet AOOT 1-10 Project Architectural Rustication Detail M7 . A.
Figure 15 is a photo of the rubber and wood forms used to atta in the rustication.

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 intemal
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.
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Figure 16 Long Internal Vibrators Initially Used to Vibrate the Concrete Panels.

Figure 17 Additional External V;brators Later Added to the Lower Sections at 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 Aher 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 l' 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
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Figure 20 Hairline Shrinkage or Settlement Cracks and Air Void s.

Figure 21 Air Voids and Horizontal Cracks in the Concrete Panels.
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Figure 22 Schematic Diagram Illustrating 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 at the southwest wall
began in Octobe r, 1986. and was completed in November, '987. 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' I and was 1220' long. Construction notes specific to the southwest waJl follow.

The subgrade for the southwest wall needed to be over-excavated 8.5' to
remove existing concrete rubble. A lotal of 22 field density tests were performed by
ADOT during construction of the southwest wall (APPEND IX 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 o.oor to 0.03" along the horizontal
rustication of the concrete wall.
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A gure 24 Patched Honeycombed Areas of the Southwest Wall.

Figure 25 Typical Cracks Along the Horizontal Rustication 0'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 interlace 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 27 Two Panels That Needed to be Broken Out and Replaced.
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Figure 28 Severe Honeycombing Treated by Patching .
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Backfill Material that Seeped Through Abutment Wingwall.
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Figure 30 Crevice Formed by Washoul of Backfill Material.

Figure 29
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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.

, .
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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 Overtum ed Crane on SW Embankment.

Figure 34 Damage Caused By Overtu rned Crane.

26



Figure 35 Site of Damaged SW Wall Section Aher 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 blackout s, and a reduction in the slope
of a drainage pipe from the catch basi ns. 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 acco unt 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 contrac tor.

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 Hilfike r wall at completion .
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Figure 36 Completed SW Wall (Photo From the West End).

Figure 37 Completed SW Hilfiker Wall (Photo Facing 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 01 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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A gure 39 Forms 01Ihe SE Wall Were Placed Sim ilarly to the Other Walls.

Upon the completion at 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 Hilfike r 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 Elevation Change (ft.) Horizontal Movement (ft.)

1 -.0340 .1261
2 -.0300 .0786
3 -.0240 .0915
4 -.0050 .0790
5 -.0040 .0673
6 -.0150 .0253
7 -.0140 .0337
8 -.0280 .0512
9 -.0290 .0390
10 -.0360 .0861
11 -.0230 .0734
12 -.0080 .1846
13 -.0100 .2559
14 +.0080 .3101
15 .0000 .2544

Maximum -.0360 (Cap 10) .3101 (Cap 14)

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

Table 3 Movements of the SW Hilfiker Wall.

Cap Number Elevation Movement (ft.) Horizontal Movement (ft.)

1 N/A N/A
2 -.0800 .1362
3 -.0780 .0472
4 -.0770 .1335
5 -.0730 .0536
6 -.0730 .0874
7 -.0630 .1622
8 -.0550 .1231
9 -.0520 .1958

Maximum -.0800 (Cap 1) .1958 (Cap 9)

Movements Between Surveys 1/13/88 and 8/3/91. All aluminum caps have been
removed. Movements are based on surveyor's estimate of position of caps for 8/3/91
survey.

Table 4 Estimated Movements of the SE Hilfiker Wall.
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There is reason to doubt the reliability of the results at 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 difficull considering the caps proximity to the concrete barriers placed on
top of the wall. Figure 44 shows the location of a removed aluminum cap.

,
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Figure 44 Aluminum Caps of the SE Wall Have Seen 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 pertormed 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 intertace between the
southeast Hilfiker wall and the southeast abutment 0' the 1-10 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 Ihe 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 Concrele at the Top 01the 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 fil led in by
landscape maintenance crews.
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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 inter1ace. 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·wheef
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 48 Interface of SW Hilfiker Wall and the 24th Street Bridge Abutment.
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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) Moreland St. Drop Hilfiker/Gravity
Structure

IR-10-3(192) Warner Road I.C. Hilfiker
1-10-3(220) SPRR Overpass 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 1-10 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 I 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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Fig ure S2 Large Vertical Crack Along the Wesl Face of the Hilfiker Wall at the
Moreland Street DropStructure.

SPRR Overpass

The overpass of 1·10 over the Southern Pacific Railroad (SPRR) is s itua ted just
south of the Washington-Jefferson Stree ts ex it in Phoenix. The overpass is also
referred to as the Harrison Sireet 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 S3 is a photograph of the south VSL wall at
the SPRR overpass.

This site has been precisely surveyed by ADOTs Photogammetry and Mapping
(P&M) Services, between June, 1988 and May, 1989, and again in September, 199 1, 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 O.OS'.

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 SPR R Overpass.

Warner Road Interchange

The retaining wall at the interchange of 1· 10 and Warner Road in Phoenix is also
a Hilfiker wall and is located on the west side of the eastbound 1-1 0 oHramp. Figure 54
shows the geometry of the site. Because of the sound walls, the retaining wall is not
visible from 1· ' 0 or Warner Road. The wall ranges in height linearly (north to south) O'
to 12.5'. The wall is nol accessible in the northernm ost 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 approximate ly 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 0' the retaining wall.
Plants were no longer growing in these wells, but the dr ip irriga tion system was
continuing to operate. Also . irrgation 01the 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 addi tional water in the soil could be
reducing the stabi lity 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 55 Hilfiker Wall at the Warner Road Interchange.
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CONCLUSIONS

Currently the southeast Hilfiker wall of the experimental project (1-10 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/embankment. 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.

ADOT 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.

46



REFERENCES

1. The University of Arizona, "Arizona Climate, The First Hundred Years," 1985.

2. Chart compiled from data from "Arizona Climate, The First Hundred Years,"
University of Arizona, 1985.

3. Chart compiled from data from "Arizona Climate, The First Hundred Years,"
University of Arizona, 1985.

47



APPENDIX A FHWA APPROVED WORKPLAN
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"FULL HEIGHT PANELS UTILIZED IN RETAINING WALL DESIGNS:

FHWA EXPERIMENTAL PROJECT NO. AZ8601

ADOT PROJECT NO. I-1O-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 small 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:

I. 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
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II. DESIGN DETAILS

A) Alternates Considered

B) Design Procedures (Example Computations)

C) Monitoring Program

D) Specification Types

E) Method of Construction Acceptance

III. CONSTRUCTION DATA

A) Unit Prices

B) Change Orders

C) Placement and Erection Procedures

D) Construction Problems

E) Time-Rate of Construction Estimates

Note: The monitoring program will consist of physical survey information collected as necessary to detect
manifestations of distress. No instrumentation is anticipated at this time.

IV. PERFORMANCE EVALUATION

A) Assessment of Design and Construction Practices

B) Performance Appraisal with Time

C) Documentation of Required Maintenance and Effectiveness

V. 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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APPENDIX B EXCAVATION LOGS OF WORKSITE
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TO UNLOAD: I-lOOK CHA/NS,A,s SHOWN. BEING SURE
TO HOOK I~E BOTTOM- M05/ WIRE ON
E,.A.cH BUNDLE.
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NOTE;
THIS BOOKLET 15 INTENDED TO BE A GENERAL GUIDE FOR THE
INSTALLATION OF THE HILFIKER R.S.E. WITH C.I.F. FACE WALL
IF ANY PART OF YOUR CONSTRUCTION PLANS ARE AT VARIANCE
WITH INFORMATION IN THIS GUIDE, FOLLOW YOUR CONSTRUCTION
PLANS.

LL RTS

SCREEN

EXCAVATI

C4

EXCA.VATE ACCORD­
ING TO THE PLANS
AND SPECIFICATIONS
OF YOUR JOB

YOU MUST EXCAVATE
TO A BOLlO
FOUNDATION THAT
WI LL SUPPORT
THE WEIGHT OF
THE WALL.



PREPARE 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.

FOUR THE CONCRETE AND LEVEL
THE IOF OF IT TO YOUR
EXCAVATED GRADE.

C5

MAKE SURE
WALL FOUNDA­
TION 15 TO
LINE AND
GRADE.

A LITTLE
TIME SPENT
NOW MAY
SAVE A LOT
OF TIME J..ATER

IF YOUR CON5TRUCTJON
PLANS CALL FOR A
VARIABLE BASE WALL
WITH A CAST-IN-PLACE
FOOTING, CUT ,AND PREPARE
SOIL AND REINFORCING
ACCORDING TO PLANS.

FOUR THE FOOTING WITH A
KEY FOR LATER KEYING
INTO THE CAST-/N- PLACE
FACE



® PLACE THE MATS WITH THE VERTICAL FACES
ON TOP OF THE LEVEUNG COURSE. lEAVE
A G·INCH SPACE BETWEEN THE SIDES OF
THE MAT FACES.

IF YOUR WALL 15 CURVED OR. ANGLED,
BACK OF MATS WILL LOOK LIKE THIS:

CONVE:><. CURVE: OVERLAP THE BACK OF
THE MATS AND CLIP THE ENDS TOGETHER

~IIII~~ WITH HOG RINGS.

STRAIGHT WALL..

WALL FACE

LEVELING COURSE

CONCAVE CURVE: SPREAD ,HE
BACK OF THE MATS AS REQU/R.ED.

IF A SMOOTHER CURVE IS DESIRED, YOU
MAY SPUT THE BASE OF ,HE MATS. DO
NOT SPLli iHE FACE, BUT BEND IT AS
REQUIRED CUI ONLY TRANSVERSE
WIRES. SEE STEP(i)
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®
j.J .. ~

INSTALL THE WIRE SFACER
CAGES. FLACE THE HOOKED
WIRES OVER THE TOP
HORIZONTAL WI RE ON THE
MAT FACE. THE BOTTOM
WIRE ON THE SPACER CAGE
RESTS AGAINST THE MAT
FACE.
SPACER CAGES ARE IN51ALL:
ED ONLY IN THE FIRS! LIFT.

C7

PLACE THE MATS FOR THE
FIRST LIFT. BE SURE THE NAT
FACES ARE PROPERLY
LOCATED ON IHE L1=VEUNG
COURSE OR FOOTING.
SOIL AROUND THE CAST-/N­
PLACE CONCRETE MUST 8E
LEVEL AND SOUD.
USE A STRINGUNE WHERE
WALL 15 STRAIGHT TO
ALIGN THE MAT FACES.
STAKE TO HOLD IN FLACE.

MA75 ~Y BE CUT 70
FIT EXCAVATION IF
NEEDED.
CU7 ONLY TRANSVERSE
WIRES. DO NOT
SHOR'rEN THE BASE
DEP7H OF THE MATS.



BEGIN LOADING BACKFILL
OVER THE BASE OF THE
MATS.

DO NOT OFERATE HEAVY
EQU IPM ENT ON EXPOSED
WIRE:.

WHEN THE B,ACK OF THE
MAT5 AR:: WEiGHTED WITH
FILL:; THE STAKES CAN
BE REMOVED.

®

PLACE THE BACKING MAT5
AGAINST THE SPACER CAGE
WITH THE 6-INCH FOOT TOWARD
THE INSIDE OF THE WALL.
8ACKING MATS SPAN FROM
CENTER TO CENTER OF THE
7 1- (0 11 MATS. USE HALF
BACKING MATS AT THE
ENDS OF THE LlFT.
UNROLL THE SCREEN AGAiNST
THE 5.ACK OF THE BACKING
MATS AND CUP WITH HOG
RINGS

_ ..... .J.•. .--- ~ _ _ ..~ ............ )0.,_

C8

PLACE AAO COMPACT A LAYER Of
BACKFILL ABOUT /2 INCHES DEEP.
USE CARE WHEN COMPACTING
THE SOIL AGAINST THE BACKING
MAT 50 YOU DON'T BEND IT
OUi. TH E: 3 - INCH SPA"CE.
BETWEEN THE BACKING I~'
AND THE WIRE FACE MUST 8E
MAIN1AINEO.

00 NO, HIT OR DAMAGE THE
WIRE WI/H COMPACTING
E.QUIPMENT.



IT IS IMPORTANT TO KEEP TI1E BACKFIll. DRY.
IF RAIN IS EXPECTED. PROTECT THE BACKFILL
WITH A PLASTIC COVERING. IF BACKFILL DOES
GET WET, REMOVE THE WET MATERIAL
BEFORE CONTINUING CONSTRUCTION.

·eo

_.......- ................-

LEVEL OF
NEXT LJFT

@

PACE

[O"-Z~I @
13"-5"

-~--tt

PLACE AND COMPACT TI1E
REMAINING BACKFILL FOR
TI1/5 L1F"T. STOP THIS
LAYER OF I3ACKFfLl
JUST BEFORE IT REACH­
ES THE BACKING MATS
TO PREVENT BENDING
THE MAT5 OUTWARD
WHEN YOU COMPACT.
YOU WIll FI LL THE
SPACE WHEN YOU PLACE
THE BACKFILL IN THE
NEXT LIFT.

"THE TOP OF THE COMPACTED
BACKFILL MUST BE 0- 2
INCHES ABOVE THE LEVEL
OF "THE NEXT LIFT (:3 - 5
INCHES ABOVE THE ,OP
WIRE. ON THE MAT FACE)

/HIS 15 10 INSURE
~A/N5T UNDERF/lllNG,
WHICH WOULD CAUSE
BULGING OF THE BACKJNG
MATS LATER.

NOT E: lHIS WAll 15 A REINFORCED SOIL STRUCTURE.

IT 15 IMPORTANT ,HAT THE BACKFILL MATffiJAL
BE CAREFULLY COMPACTED TO PREVENT LAIER
SETTLEMENT.
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IN

LOWER IJ.lE MATS CAREFULLY
OVER THE PROJECiING HOOKS
OF THE LIFT BELOW. DO NOT
8END THE HOOKS OUT OF LINE.

p
THE TOP OF THE VERTICAL
WIRES OF THE BACKING MAl
BELOW W'JLL PROJECl A60UT
2. INCHES THRU THE BASE OF
THIS LIFT. KEEP THEM BEHIND
THE FIRST TRANSVERSE WIRE
IN THE BASE OF THESE MATS.

@)

MAT FACE

PROJECTING
HOOK

FLAT BAR
DRILLED ~
TAPPED FOR
5NAPTIES

LEAVE SOME CLEARANCE
BEiWEEN THE MAT FACE AND
THE PROJECTING HOOK TO
DROP THE FLAT BAR DOWN
BETWEEN IHEM. TAPPED
HOLES IN THE BARS FAC:::
THE FRONT OF THE WALL.

(FLAT BARS ARE PLACED
FOR THE ,=ULL L.::NGTH OF
EVERY LIFT)

NOW SLIDE THE MATS BACK
AGAINST THE BARS.

STAND THE BACKING MAT5 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 STEP®.

CLIP IN FLACE WITH HOG RINGS.

UNROLL THE SCREEN AGAINST
THE 5ACKlNG MATS AND CLIP
IN PLACE.

C10



@

p.s 'fOU NEAR THE FRONT
OF THE WALL WITH THE
5ACKFILL, PUSH FILL
INTO THE SPACE IN THE
UFT BELOW THAT 15
JUST BEHIND THE BACKING
MATS.

HOLD A HAND LEVEL A6A1NST
THE BASE OF THE LIFT BELOW
AND THE BASE OF THE ONE
YOU'RE INSTALLING AND
SHIFT THE MAT UNTIL THE
LEVEL SHOWS VERTI CAL.

STAKE THE MATS TO HOLD
THEM IN PLACE.

BEGIN LOADING 5ACKFllL
A5 IN STEP@

@

..

C11

USE A HAND TAMPER TO
COMPACT THE FILL BEHIND
THE 13K-KING MAT IN THE
LIFT BELOW.

KEEP A 2·/NCH TO .3-INCH
CUSHION OF FILL OVER_ IHE
5.A5E WIRES AS YOU WORK
TO FR-EVENT DAMAGE TO
THE WIRE.



COMPLETE ·THE BACKFILL
AS SHOWN IN STEPS@
THRU@.

COMPACT CAREFULLY.

REPEAT STEPS @ THRU @
TO THE FINAL
LIFT.

"

FUTURE TOP
OF CAST-IN­
PLACE FACE

L
.$=:::::::::::~d;::- - ,--r3"'\:-r

~CUT WIRES
: TO THIS
: LEVEL,

C12

WHEN YOU !-lAVE PLACED
THE FINAL (TOP) LJFT.
YOU WILL FIND THAT THE
WIRE ffiOJECTS 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 ELEVATlON.



ATTACHING THE FO
iHR.EAD THE SNAPTIES
INiO iHE THREADED
HOLES IN THE FLAT
BARS, SPACING THEM
ACCORDING TO YOUR
JOB PLANS.

LINE UP THE CONE
PARTS ON THE
SNAPTIES USING A
STRINGllNE.

\
"

\

SUDE THE FORMS ONTO
THE SNAPT/E5 AND
SECURE WJTH METAL
WEDGES.

CAST THE CONCRETE
ACCORDI NG TO YOUR
JOB SPECIFICATIONS.
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PHOENIX - CASAGRANDE'HIGHWAY
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APPENDIX E ADOT SPECIFICATIONS FOR BACKFILL MATERIAL
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SECTION 900

As fill material is placed behind panels, the panels shall
be maintained in a vertical position by means of temporary wooden wedges
placed in the joints at the junction of the two adjacent panels on the
external side of the walls. ExtE~nal bracing will be required subject to
the a p p r cv a I 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 ~oughly

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 t.he lift.
thickness, if necessary, to obtain the specified density. Backfill
compaction shall be accomplished without disturbance or o i s t c r t a ori of
reinforcing mesh and panels. The entire volume, as shown in the p~ojec~

plans, shall be compacted ~o 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 employing a
root, wnich in the opinion of the Engineer could penetrate the mate~ial

and damage the reinforcing mesh. At the end 0: each day's operation, the
contractor shall shape the last level of backfill so as to permi~ ~unoff

of rainwater away from the wall face.

Surface Stain Coating:

7he retaining wall shall be stained in accordance with the
reouirements specified herein unde~ Section 601.

P.ilfiker Reinforced Soil Embankment:

~j ate ~ i a 1 s :

Reinforcing Wire and Steel:

;'.11 wire and
recuirements of ASTM A-82
accordance with the minimum

we Lc e c wire fabric s h e Ll c c n f o r rn to the
ane ASTM A-185 and shall be galvanized in
requi~ements of ASTM A 123.

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

Flat bar shall confo~m to the requirements of ASTM A-36 and
shall be galvanizee in accordance with the minimum requirements of ASTM A
123.

HNTB
9/12/85
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-
SECTION 900

Concrete:

Concre t e s hall be C1 ass S (f' c = 4, 0 0 0) con form i ng to t h ~

reauirements of the Specifications for Section 1006.

Backfill Material:

All backfill material used in the struc~ure volume shall be
reasonably free from organic and otherwise deleterious materials a n d
shall conform to the following gradation limits as determined by AASHTO
T-27.

Sieve Size

6 inch
3 inch
No. 4

No. 200

Percent Passing

100
75-100
25 - 60

0- 15

reauirements:
Backfill material shall mee t the following corrosion

Resistivity
pH
Chlorides
Sulfates

3,000 Ohm Centimeters (Minimum)
4.5 to 9.5
200 PPM (Maximum)
1,000 PPM (Maximum)

The r e s i t i v i t y and pH shall be tested in a c co r c an c e with
Arizona Test Method 236. Chlorides and sulfate content will be tested in
accordance with California Department of Transportation Test MethODS 422
and 417 respectively.

Materials not conforming to these specifications shall not
be used without the written consent of the Engineer.

The contractor shall furnish the Engineer a Certificate of
Compliance certifying the above materials comply with the applicable
c on t r act s pee i f i cat ion s • A copy 0 fall t est res u1 t S pe r f 0 rrn e c by the
contractor or his supplier necessary to assure contract compliance shall
e Ls o be rurnished,.the Engineer.

Acceptance will be based on the Certificate of Ccmpliance,
acco~panying test reports, and visual inspection by the Engineer.

Construction Requirements:

..,all shall
Company.

Erection of the reinf6~ced

be in e c c o r c a n c e with the
soil embankment (RSE)
requirements of the

retai::ing
i-:ilfiker

HNTB
9/12/85
Rev. 11/6/85
Rev. 11/27/85
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SECTION ~OO

Backfill material shall be compacted to 90 percent of
maximum density in accordance with AASHTO T-180. Maximum water content
of any backfill material shall be less than or equal to 100 percent of
the optimum moisture c cn t e .rt as determined for use in accordance wi th
AASHTO T-l80.

Prior to the addition of the cast-in-place concrete facing,
the wa11 sha 11 be cons true ted to the full he igh ts 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 tile end of each day I s operations, the contractor shall
slope the last level of backfill as to permit runoff of rainwater away
from the wall face and off reinforcing mats.

Vertical tolerances (plumbness) and horizontal alignment
tol era nee p r i or to cons true t i ng the cas t- i rr- p l ace concre te f ac i ng shall
not exceed 1 1/2 inches when measured along a 10-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 Pay~ent:

Payment for this work will be made at the contract lurnD 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, and all materials, as described and specified herein and on the
project plans.

Should a c h a rioe in area of wall constructed be ordered by
the Engineer, an adjustment -in the lump sum price will be predicated on a
square foot cost established by dividing the lump sum price bid by t h e
area shown on the project plans for the particular retaining vIall system
selected for construction.

Concrete barrier will be paid for under Item 9100006.

HNTB
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SECTION 303 - AGGREGATE SUBBASES AND AGGREGATE BASES:

303-' Description: .

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.

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

303-2 Materials:

Aggregate for the various classes of aggregate sub­
bases and aggregate bases shall consist of stone, gravel or other
approved inert material of similar characteristics. and shall be clean and
free from vegetable matter and other oeteterious substances.

Aggregate subbases and aggregate bases shall con­
form to the requirements snown in the following table for the class
specified:

TABLE 303-'
Percent Passing Sieve (Inch or No.)

CLA.SS OF I 3 I ' 'I, I ,
I 3/4 I '/4 I 8 I 200 IPI.

A.GGREGATE IMAX, I
, ' 00 190-' 00 35 .. 55 0- 8.0 3

2 , 00 90-'00 ':l ~ -- 0- 8.0 3..,:;,- =-:;,
3

4 '00 35-70 0-' 0.0 5
5 '00 30-75 0-' 0.0 5
6

I
rvcres:

(1) The percentage. by weight, passing each sieve will be oeter­
mined in accor c ance with the requirements 01 Arizona "Test
Metnod 20'.

(2) ine:::>\ (P:asticity Inoex) will be cere rmme o In accor c anc e
with tne recurr ernerns 01 AAShTO T 90.

(3) Ctass es j . 2 anc 3 are bases: Classes 4.5 and 6 are subbases.

(4) Tne reouirerne nts fo r Class 3 and tor Class 6 will be spe cuiec
In trie special pr ov.sroris.

(5) For CI2SS , through Crass 4 aggregate. at least 30 percent. by
weiprit, 01 tne aggregate rnaterial retained on the NO.8 sieve
snail nave at le ast one roupn and anguiar surtace which n2S
oeen or ocuce o Dy crushing. wrie n tested in accor oance wltn
tile requirements ot Arizona Test MetrJod 2~ 2.
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SEC7ION 200

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

Filter fabric will be paid for unaer Item 8050111.

Backtill material will be paid tor under Items 203U301 or
2030901.

ITEM 2030501 - STRUCTURAL EXCAVATION:
ITEM ~030s06 - STRUCTURE BACKFILL:

Additional to the requirements of Subsection 203-5:

The quantities shown in the proposal for these items are
for structural excavation ana structure backfill tor underpass structures
and retaining walls.

Where s pe c i f i e o on the project plans, structure backfill
shall consist ot materials conforming to the requirements of Aggregate
Base Cl.2. Any overexcavatiun by the contractor shall be backfilled with
the same material specified tor structure be c x r i Li at that location,
except as noted below.

The new pier for the structure s u p p o r t e o by a spread
footing shall be founded in the material known locally as S-G-C
(Sane-Gravel-Cobbles). The S-G-C material is ~xpected to be found at or
aoove the elevation shown on the proJect plans. Upon excavation to tnat
elevation, ; "- unc i s t u r ae o S-G-C is not found at or above t:Je planned
elevation, excavation snall be extended to undistur;)ed S-G-C material to
the Li rn i t s o e t e r mi ne o by the Englneer and u ns u i t e c Le material r erno ve c .
The resultina excavation between the elevation to which the excavation
has been ext~nded and the planned elevation ot the bottom 0: the footing
snall De :illec with Class S, f'e = 3,00Ll concrete to t rie limit c ; the
footing plan.

Structural excavation
structure will ;)e pald tor as
S7RUCTURl::S."

and structure jackfill for
herein speci:iec unGe~

the ~ricce

"COt\S7RUC7

Ove~excavation and concrete required to fill·overexcavaticn
~ack to plannec elevation ct bottom ot tooting for the structure will be
pa:: tor as speci:ied unde~ Section 104.03.

:~EM 203U851 - CONS7RUCT DITCH (Concrete Lined):

:'he v o r k under this item consists 01: c oris t r o c t i nc c i t c n e s
anc lining :nese ditches w:th concrete at the location and in accordance
w::h t~e details snown on the ~roJect plans. The work shall also lncl~ce

:urnishing ant l:1stalling the trash rack at s t a c i o n 10..;..55.,. of t~'"

Concre:.e lined diter..

Hl":'3
9/12/1::5
?-ev. 11/6/85
Rev. 11/27/85

E6

Special Provisions
I-IR lO-3(20~) & :-IR 10-3(22:)

Page 42 of 319



(B) Backfill:

(1) Struc~ure Backfill:

Structure backfill material shall be selec~ed from
excavation or from a source selected by the contractor. It shall not
contaln fro~en lumps, stones larQe~ than three inches in C1ameter,
chunks of clay or other obJeet1onable material. Backfill material to
be used for metal piles or slmilar ltem~ of me~al shall have a value
of resistivity not less than 3000 ohm-em or the value shown on the
project plan~, wh1chever 1S less. When resistivity is not shown on
the plans, the backfill mater1al shall have a value of resistivlty not
less ~an ~at of the eXlsting in-place material or 3000 ohm-em
whichever is less. Backfill materlal shall have a pH value between
6.0 and 9.0, a nc ru s a ve , for all installat1ons. 'Jests for pH and
reslstlvity shall be ln 7ests for pH and reslstivlty shall be In
accordance with the regulrements of Arlzona Test Method 236.

Structure backfill
followlng gradation:

Sieve Size

material shall conform

Percent Passlng

to the

3
3/4
No.
No.

inch
lnch

8
.200

:100
60-100
15- 80

0- 12

The plasticlty lndex shall not exceed:2 when tested In
accordance w:t~ ~~e regulremer.ts of AASH70 7 90.

As an al~e~~a~e to the mate~ial ~equi~e~e~ts of
St~u=~~=al 3ack:il:, ~he ~ng~~eer may a21o~ ma~e=lal co~:orffi~n~ ~o ~he

:cllow:n~ "eq~:remen~s to be used In a slu~~y mlxtu~e In sltuatlons
wnere ~ne sl~~ry w:ll be ccn:lnec ~y :ree-cral~lng sOlls:

Sleve Sl::.e :F'erce~: ?a~s:ng

l ' ,., :':1C~ lOO./ -
3/4 .: ~ =~'1 90-100
r'o. 8 ::5- 80
No. 200 D- B

~~e ~las::=::y :ndex
.... : ::-. ::'"le :-e::;-..:.::-eme:::s c f

snall ~o: exceec 8
;";'.5::''70 ':' 9 C .

....·nen :e s t e c

203

E7

-4/- 203



SECTION 205

lf the cause of such condition is 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 requirements of.Subsection J09.04. Excess Moisture
caused by irrigation water, storm drainage, weather, brealt.age
OK mains, or other similar cause will be consioered as within
the responsibility of the contractor.

205-3.02 Excavatien :
Excavation shall conform with the requirements 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 required density shall be 100 percent.

The surface of the subgrade shall be finished to a reasonably
smooth and uniform sUiface and in reasonably close conformity
to the lines, graoes, dimensions and cross section shown on the
project plans or established by the Engineer. The finished
surface of the sUbgrade shall not vary by more than O.O~ of a
foot above or below the grade establiShed by the Engineer.

205-4 Method of Measurement:
Measurement of graolng roaeway fo, pavement will be made by the
souare yard of the area prepared and subseouently covered with
a sw~base. base. asphaltic concrete or portland cement
concrete; however, wnen ralsed med~an islands are construc~ed.

t ne area occuo i ec by t ne se i:;lands will De i nc l uoec in the area
measured fo~ caymen~. where the new pavement is no~ ~ounoed by
cu,b and pw:tei and aodi~lonal snouloer wor~ is necessary to
construct :he tYPleal section shown in the prOject ~;ans. sue;,
work shall De cons i ce r ec as inc,oe~:al an::: :he cos t will be
consioered as lncluoed in ~he cost of tne contiac~ b'd ltem
Gradin; Roao~ay for Pavemen~.

205-5 Basis of Payment:
ine accepteo cuar.t~t'es of grading roaeway for pavement.
measured as provioed aDove, w;11 ~e pa~d for at ~he contrae:
uni~ piice Dei souare yard fo, tne worK complete as sDeeifie~

hereln an::: as Shown on the projec: plans.

SECTION 206 - FURNISH WATER SUPPLY:

200-1 Description:
Tne work unee, this section Shall consist of eithe, oeveloPing
Or c~:aining an aoeQuate water supply and furnisiolng all water
required for :ne worK.

S:::CTJ ON 206 -1)8-

E8



APPENDIX F TYPICAL RESULTS OF RESISTIVITY, pH, CHLORIDE, AND
SULFATE TESTS
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Tests

60

64

41

T .K
C • III

KEYP\JNCH INSTRUCTIONS; DUPlicate col. 3
thru 7 on a II cards .

ftc;. I r u ••...,••••_ ....__ .._ ... "_.

tnru 7 on a II caras

@ 100 Revolutions

@ 500 Revolutions

Absorption, ~O

SpeC,ltc GravIty. SSO

Specrtrc Gravity. 00

Sand EQUIvalent, ~: ;~~, ARIZ ~.~ CMAFCj

AbrasIOn (A.B,C,D,l

LIQUId Llmll, ILL)

PlasllC umlt (PL)

PllIStlClty Inaexlf'I)= LL - PL

o
o
o

CUMULATIVE
'10 RET.

FINENESS
SPECS. MODULUSo

~OJ CODE

a
r

'dJ

3/8"

1/("

1n"

3/4"

3"0

TEST NO.

UJ~~
LIFT NO.

W
P:: PIT

t---D

ph Am 236 or 237 7\ y.,
. I

I :<' iD IC:YReSistIvity (Ohm-em) AIIZ 236 1 J
~

-

ARIZ 2:l:lFLAKINESS INDEX

L.AS"'AN. PROJEC-; SUPE RVISOR,
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Wet WelgTlt (W) (np) I Ig
Dry WelgTlt CO) (np) I g

W~ T ·255 I 70

1

72Mo,swre Content:: --:o-k 100 C .566 . 'lO

FraclIJred Faces Welgnt (WrJ (npJ I
I I

Total Sample Welghl (Wa) (npi I ! I

WI ARIZ I 67

1 I 69
Fracwred Faces FF: -k 100 212Wa

LSO
F5

s
TE.ST OPERATOR

TOlal

WEIGHTS REi AINED

"8 "1 I 13

I I
lGDl0

&16 I I "t
&'30 I I 221

I
.040 I I I 25j
"50 t±+1"100 I I i 3'

"200 I I 34~

I I
37....200

Total I I Orv
Tl'telgTlt

Erutn- I i .~ahon

18 44-9353 R5tU
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I b ~ i
i I

.,. ,1?6
o ·2419
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APPENDIX G BACKFILL DENSITY TEST RESULTS
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ARIZONA DEPARTMENT OF TRANSPORTATION

p~~ i .. I-IR-IO-3(2Q4) ~ .. 15iH 51 - 2Br.-i st
"'C'r/SUPERVISOR .. D. ~ SD{)T'AA CSNTRi=lCTCR :: TA.\'NER
~+tH-t+"II'UIIUU+tIIlUU 11111 11 .. III1UIIII.1118 811 I II 1I1t-H++++HfI II 1I11llllUH 11111118101 It 118 ifill III' II tttl II 1111 Itltf

~TEFlI~ .. ~ILL 01 SPEC. " sa>:t
+++i~.t+~lltllllllll++t+t+t+++tt+++~+t+++++++~+~.++t++++t+~~+~+~~~1111IIIIIIIIlltl+++t++++~f

TEST DAn: -;TS7ED LDCAiION SOUii"CE OF P "I ABS SP. DPT H20 l=ROCTDR :tRET ADJ. F1El.D ~ISTL'RE rmJ) %

NO BY rF iEST ~iE:m~. t Gil -NO 4 -NO 4 ~4 PRO: -NO 4 ADJ :'::\S;'''Y C8:-:P

09/30 NlDU.S 2451 SW w:u L 0.00 e.b& 9.8 123.S ·48.2 izs.e 3.3 5.5 141.0 %103.5

H1l fiker \.Iall, llaterial froc Union Rock

2 09/30 NICHll.S 2~51' 5ir/ f,l,:ll 1 l 0.00 e.f,f; 9. S 123.S 47.7 13&.1 3.9 5.6 131.8 %.8

Hilfiker \./all, llatl from Union Rock

3 10/02 CRAFT B' BK I¥U 1 L 0.00 e.GQ 9.B 123. B 33.B 131.3 4.4 5.B 12:..1 %.0

Hi I fiker \./all, Ri/IID 24 Il

4 11/03 AllER RT ell HO 1 L 0.00 e.60 9.B 123.B 45.9 134.0 6.2 5. S 134. B %100.6

Hilfiker Wall, Sl./ W<111 24 5T

5 10/03 CKArI 11' BK Fe Will 1 L 0.00 e.GO 9.B 123.B 24.3 12'9.2 5.2 7.7 130.9 %101. .3

Hilfiker lIall, Ramo 24 Ii

b 10/03 CRifi 9' BKFC 1 L 0.00 e.GO 9.8 123.8 30.2 131.9 4. 1 6.6 1ZO. 6 ~3.0

Hilfik!r IoI.all, Ramo 24 Ii

7 10/06 CRlFi 91 Bl<FC ~ 1 L 0.00 e.60 9.8 123. B 52.4 135.5 5. 7 5.2 130.5 96.3

Hi 1fiker Wall, Ratio 24 Ii

8 10/07 /'CCtWlX..E SW~ 2~TH 51 1 L 0.00 e.60 9.8 123.8 H.9 134.5 .3.3 5.6 13fi.O %101.1

Hilfiker IoI.all ~.

G2
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I
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..J ~5
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Ii £ rf
s r ~ 1
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I
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. -
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ADJ UST'lIEt.', FOR R"- ,,~ & COMPA:TION CA:"':ULATION _. :.~';XIMUr:, DR\' :::·='NSi-;-v I ? ?-- -3 to ~ .... =

A5DSRPTION
5 ?' t ;:
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·..-..~ ..... ...,.
;;'.;vl·;W ct ~,=,m:)"'ur~s and Wei;~,;s

1:1 ::;~.:..H:?S ~."':;:'; ....·~51.~.' maets rC"luHcii1en:$.

l.:'rr(;v<!: :)1 ::': S ~JIX Desicn :;110311 net
t v- I.!"" !i· -r \-:::;·~.;":J:;,:)r of F:;II Respo;'Js,-
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The TannerCornpanies. Unlled Metro Malenols D,v,s,on. PO Box 20128. PhoenIX. Anzooo 85036. (602) 262-12'11

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

H. WRIGHT

1-10 BETWEEN 16TH ST.
TO 28TH ST.

CONCRETE SUPPLIER:UNITED METRO _1

PROJECT NOI I-IR-10-3(204) & PROJECT NAMEI
(221)

CONTRACTOR. TANNER
CONTRACTING

MIX DESIGN DATEI 10/09/86 MIX DESIGN BY.

DESIGN STRENGTH (F'e) 4000 PSI AT 28 DAYS

CEMENT TYPEI II LOW ALKALI SOURCEI SUNBELT TORREON

POZZOLAN TYPE. "F" SOURCE. PAGE

FINE AGGFINENESS MODULUS I 2.75 SOURCE I SALT RIVER

COARSE AGGREGATE AASHTO SIZE DESIGNATION _7

RATE-OZ/CWT:3.00-5.00

RATE-OZ/CWT:6.00-B.00

COARSE AGS #1 :57% 1/2" INCH MAX SIZE

COARSE AGG ..2 " INCH MAX SIZE

AIR ENTRAINING AGENT TYPE. SOURCE.

WATER REDUCING AGENT TYPE: SOURCE: W. R.
HYCOL OR DARATARD-17 GRACE

OTHER ADMIXTURE TYPEI DARACEM-100 SOURCE: W. R.

SOURCE:

SOURCEI

RATE-OZlCY:

SALT RIVER

MATERIALS WEIGHT ICU. YD. SPECIFIC GRAVITY
VOLUME

CU. rr. ICU. YD.

CEMENT

POZZOLAN

WATER

FINE AGGREGATE

COARSE AGGREGATE *1

COARSE AGGREGATE _2

AIR CONTENT

OTHER ADMIXTURE

559 LB. 3. 15 2.84

119 LB. 2.30 0.83

300 LB. 1. 00 4.81

1317 LB. (SSD) 2.65 7.96

1746 LB. (SSD) 2.65 10.56

LB. (SSD)

"
LB.

TOTAL

SLUMP

oOOCnlll:'l'\ t:lv.

4041

6 +/- 1 INCHES

LB. CU. FT. • 27.00
!

. . CODE NUMBER: f;/t.F-/!<f91t-c4052 -0/
Bulidlnglomorrow IOOOy. FLOWABLE

H2 ~~--.



'The TannerComtpa_, Unl1ed MelTo Motenois DMSJOO. P,O, Box 20128.~ Arilono 850J6. (602) 262·.~.

ARIZONA DEPARTto1ENT OF TRANSPORTATION - MATERIALS SERVICES .' :';'~:'f
CLASS S STRUCTURAL CONCRETE MIX DESIGN .: j

'.' , :;'"
•• J

DESIGN STRENGTH (F'e) 4500 PSI AT 26 DAYS

FINE AGG FINENESS MODULUS: 2.75

0 .. :

H. WRIGHT

SOURCE: SALT RIVER

MIX DESIGN BY:

SOURCE: PAGE

SOURCE: SUNBELT TORREON

PROJECT NAME: 1-10 BETWEEN 16TH ST. &
28TH ST.

CONCRETE SUPPLIER:UNITED METRO PLANT 1

03/07/87MIX DESIGN DATE:

CEMENT TYPE: II LOW ALKALI

CONTRACTOR:

POZZOLAN TYPE: "F"

PROJECT NO: I-IR-I0-3(204)
&(221)

COARSE AGGREGATE AASHTO SIZE DESIGNATION #57

COARSE AGG *1 70 " INCH MAX SIZE SOURCE: SALT RIVER

COARSE AGG *2 30 " 1/2 INCH MAX SIZE SOURCE: SALT RIVER

AIR ENTRAINING AGENT TYPE: SOURCE: RATE-OZlCY:

WATER REDUCING AGENT TYPE:
HYCOl OR DARATARD-17
OTHER ADMIXTURE TYPE:
DARACEM-100

MATERIALS WEIGHT/CU. YD.

SOURCE: W. R.
GRACE

SOURCE: W. R.
GRACE

SPECIFIC GRAVITY

RATE-OZ/CWT: 3.0-5.0

RATE-OZ/CWT:6.0-12.0

VOLUME
CU. FT. /CU. YD.

======~================================================ ===========================:====

PLEASE ORDER BY CODE
NUMBER ONLY

3.15 2.54

2.30 0.74

1. 00 4.28

2.65 8.36

2.65 7.76

2.65 3.32

CEMENT 499 i.s,

POZZOlAN 106 lB.

WATER 267 LB.

FINE AGGREGATE 1382 lB. (SSD)

COARSE AGGREGATE #1 1283 i.a, (SSD)

COARSE AGGREGATE *2 549 LB. (SSD)

AIR CONTENT "
OTHER ADMIXTURE LB.

TOTAL 4087 LB. CU. FT.... 27.00

SLUMP 6 +/-1 INCHES CODE NUMBE~I

Buildin, ''''"'''"'fTOW tooovAPPROVED BY I H3 . _

14522

DATE:



APPENDIX I RECORD OF MORELAND ST. DROP STRUCTURE WALL
FEATURES
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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)

1+00 Begin SE End of Wall
1+07 CC
1+13 ce
1+14 WC& ce
1+16 CC
1+20 ec
1+24 CC
1+29 ec
1+33 ec
1+35 H
1+38 3' 9" EJ
1+43 ee
1+45 H
1+47 ec
1+51 wc s cc 0.02
1+52 ee
1+55 we, cc. s H 0.025
1+58 ee
1+62 ec & EJ-W
1+66 H
1+68 ee
1+70 we& ce 0.01
1+74 ec
1+76 H
1+77 we & ec 0.025
1+80 ec
1+85 vec s ee 0.045
1+86 H
1+88 ec
1+93 vx:« ee 0.016
1+96 H
2+00 ec
2+04 CC
2+10 6' 9.5" EJ
2+12 CJ
2+17 CC & H

12



2+18 H
2+19 CJ &CC
2+22 CC
2+25 CC
2+28 H
2+30 CC
2+34 CC &EJ-W
2+36 CC
2+38 CC& H
2+41 WC& CC 0.025
2+45 CC
2+47 CC
2+48 H
2+50 WC& CC 0.05
2+51 CC
2+54 CC
2+55 CC
2+57 H, CC(x2), &EJ-W 0.2
2+61 CC
2+63 CC
2+66 CC &EJ-W 0.05
2+69 CC s H
2+71 CC
2+74 CC & EJ-W 0.05
2+78 CC
2+79 H
2+82 7' 10.5" EJ
2+85 CC
2+88 CC
2+90 H, cc, & EJ-W 0.02
2+93 ce
2+95 CC
2+98 ce & EJ-W
2+99 H
3+00 ce
3+02 ce
3+03 CC
3+04 CC
3+06 ce & EJ-W 0.025
3+08 ce
3+11 CC
3+15 6' O· EJ
3...24 we & ce 0.01
3+27 H
3+30 WC& CC 0.009
3+31 H
3+33 WC& CC 0.007
3+37 CC & H
3+40 CC

13



3+41 wc, CC, & H 0.05
3+50 vs:« CC 0.03
3+57 12' 3" EJ & H Begin Horiz, Cracking; 2' 2" up.
3+61 CC & H
3+63 CC
3+66 WC&CC 0.009
3+68 H
3+69 WC 0.01
3+70 CC
3+72 H & CC
3+74 WC&CC 0.016
3+76 CC
3+77 WC, CC, & H 0.013
3+79 CC
3+81 WC&CC 0.013
3+83 H
3+85 WC&CC 0.02
3+87 H
3+88 WC&CC 0.002
3+90 WC&CC 0.03
3+92 P CC & H
3+94 P WC& CC 0.016
3+96 P CC
3+97 P H
3+98 P CC & EJ-W 0.013
4+02 P H
4+07 we 0.02
4+08 CC & H
4+12 H
4+13 13' 4" EJ
4+17 H
4+21 wc « ce 0.016
4+22 H
4+24 ee
4+26 we 0.013
4+27 ee s H
4+29 ee
4+32 ee
4+33 H
4+34 we 0.007
4+37 we, ce, & H 0.016
4+40 ee
4+42 H &EJ-W 0.013
4+45 we& ee 0.01
4+48 ee & H
4+49 we 0.016
4+51 wc « ce 0.002
4+52 H
4+53 we s ee 0.02

14



4+55 ee
4+58 we, cc, &. H 0.016
4+61 ec
4+63 WC&.H 0.02
4+65 vs:« ec 0.01
4+68 H
4+70 13' O· EJ
4+73 ee &. H
4+75 ec
4+77 H
4+78 wc s cc 0.02
4+81 ee
4+82 wc, cc &. H 0.007
4+86 vtc «ec 0.2
4+88 H
4+90 v/c zcc 0.009
4+93 ee &. H
4+94 we 0.01
4+98 cc. EJ-W, &. H 0.009
5+01 ee
5+02 we 0.016
5+03 H
5+04 ee
5+06 we s ee 0.013
5+08 H
5+09 ee
5+10 v/c e cc 0.04
5+12 ee
5+13 ee &. H
5+15 ee
5+16 ee
5+17 we 0.005
5+18 H
5+20 ee
5+22 we 0.005
5+23 ees H
5+26 13' 1· EJ
5+28 H
5...32 ee &. H
5+34 we &. ee 0.1
5+36 ee
5+38 H
5+43 ee &. EJ-W 0.025
5+44 H
5+47 we & ee 0.01
5+49 H
5+51 ee
5+52 we 0.013
5+54 ee

15



5+55 H
5+56 we 0.01
5+57 ee
5+60 H
5+61 we 0.009
5+62 ee
5+64 H
5+67 we &. PC(x2} 0.05
5+70 H
5+72 WC 0.02
5+75 ee &. H
5+76 WC 0.04
5+81 H
5+84 vs:« ee 0.01
5+85 13' 1.5" WC, cc, &. H 0.5
5+92 H
5+93 ee
5+94 WC&. ee 0.02
5+97 WC, ee, &. H 0.007
6+03 13' I" EJ
6+06 H
6+09 ee
6+11 we& ee 0.002
6+'2 ee &. H
6+14 WC&. ec 0.0'3
6+16 ec &H
6+'8 WC 0.009
6+21 ec &H
6+27 wc e: ec 0.1
6+30 ee
6+32 cc
6+35 WC& CC 0.01
6+39 we&. cc 0.02
6--44 cc
6+50 NE. End of Wall

16



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

J1



Retaining System at the Warner Road 1.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

1+05 55" 45" EJ
1-;-10 VWC

1+14 VWC

1+17 VWC
1+22 VWC
1+23 VWC
1+29 65" -4S" EJ
1+35 VWC
1+37 VWC
1+41 VWC
",-+44 VWC
1+48 VWC
1+54 EJ
1+60 VWC
1+64 VWC
1+69 VWC
1+73 VWC
1+78 EJ
1+83 VWC
1-.-88 VWC
1+92 105" 77" VWC
1+94 VWC
1+98 VWC
2+03 111" 66".89" EJ
2+05 VWC
2-'-15 VWC
2+20 VWC. Moist
2+26 EJ
2+32 VWC
2'':l0 VWC..,..~-

2"'-45 VWC
2+52 1':lO" 103" EJ--
2+58 VWC
2+60 VWC
2+70 End North-South Wall

No Visible Features on East-West Wall

J2
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