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1. Introduction 

A. Background and Problem Statement 

Mechanically Stabilized Embankment is a construction material composed of soil fill, 
which, for certain gradation and compaction conditions is strong in compression and shear, and of 
reinforcements such as rods, bars, fibers and geotextiles which are strong in tension. These 
inclusions (reinforcements) interact with soil by means of frictional resistance. 

The basic idea of increasing the strength of soil by inclusions is not new. This has been 
done through centuries in several ways. Straw is usually added to adobe brick to increase its 
tensile strength. In the past, tree trunks and branches were used with soil for construction of 
dykes. 

As mentioned above, the increase in strength of mechanically stabilized embankments is 
due to shear bond developed between the reinforcing strips and the soil grains. However, the 
shear bond is dependent on the effective vertical stress at any given depth. In cohesive soils e.g. 
clays and silts, due to lack of rapid drainage, the effective normal stress will vary depending on the 
degree of saturation and the pore water pressure. This makes the design somewhat 
unpredictable. 

For that reason granular soils are usually used for construction of mechanically stabilized 
structures. Granular soils, e.g. sand and gravel, are free draining and hence, any increase of pore 
water pressure can be dissipated quickly. 

The overall stability of a mechanically stabilized structure should include considerations for 
sliding, overturning, foundation bearing capacity and excessive settlement. Essential 
considerations for internal stability are that the reinforcements be safe against both pullout and 
rupture, and against reduction in effective area of reinforcement due to any means of deterioration 
such as corrosion. 

In the last ten years the proliferation of proprietary mechanically stabilized retaining 
systems has left State and Federal Engineers with a complex problem of weighing the potential for 
significant initial cost savings against afrequently unknown product performance record. 

Considerable experience has been gained in assessing the performance of these systems 
which typically utilize small modular precast facing panels approximately 25 sq.ft. in area. These 
panels, individually attached to the ground reinforcing elements, allow structures to incur 
considerable settlement without any significant distress. 

In recent times, however, aesthetic consideratlons have compelled designers to require full 
height panels in lieu of the smaller modular panels. 

The utilization of MI height panels require the connection of multiple reinforcing elements 
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 data, 
qualifies these systems as appropriate to the experimental category. Considerable concern exists 
as to the ability of these newer systems to sustain settlements. 



B. Objective 

The Federal Hlghway Administration had requested that three permanent earth retaining 
structures designed for project 1-10-3(204) at the Interchange of 1-10 and 24th street in Phoenix, 
Arizona be classified as experimental projects. 

This request was made because the full height face panels utllized in the retaining wall 
designs are considered experimental due to limited knowledge and experience with these systems. 
Thethree different wall systems listed below were approved by the Arizona ~epartment of 
Transportation and it was up to the contractor (The Tanner Companies) to decide on which system 
to choose: 

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-ln-place concrete facing. 

The contractor chose the Hilfiker system 

It is the objective of the Arizona Transportation Research Center to  documenl the 
construction and evaluate the performance of the full height panel retaining systemsfor a period of 
at least three years (copy of the workplan is in Appendix A). 

This construction report describes the method of construction, progress and dlfflculties 
encountered for the N.E. Wall (Ramp 24 A), the S.W.Wall, and the S.E. Wall (Ramp 24 B). 

11. Project Location and Description 

Project 1-IR-10-3(204) begins at 16th street (1-17 milepost 195.09) and extends easterly to 
28th street (milepost 150.39) for a distance of approximately 1.73 miles. Among the work included 
for this project is the construction of a new traffic interchange with Interstate Route 17 which 
includes grading, draining and placing portland cement concrete pavement. 

The work consisted of constructing three permanent retaining walls at the intersection of I- 
10 and 24th street. These walls will be referred to in this report as: N.E.Wall which corresponds to 
"Hilfiker RSE Wall Ramp 24-A as referred to in the plans; S.E.Wall which corresponds to "Hilfiker 
RSE Wall Ramp 24-B as referred to In the plans; and the S.W. Wall whlch corresponds to 'EB 1-17 
Hilfiker Reinforced Soil Wall" as referred to in the plans. See location map in Appendix B. 

The three walls were constructed according to the Hilfiker Reinforced Sol1 Embankment 
System. Appendk C shows a copy of the cast-in-place (C.I.P.) construction guide provided by 
Hilfiker. 

Ill. Plan and Profile 

Copies of the plans and profiles for the three walls are provided in Appendk D. 



IV. Soil Conditions 

Four test pits and two drilled borlngs were performed along the alignment of the S.W.Wall 
(landfill area) as part of the geotechnical investigation during the design phase. Appendix E 
contains the boring data. 

The excavation log of test pit number 1 showed gravelly sand and fill for the upper 2 ft, and 
sand, gravel, cobbles and some boulders between 2 ft and 1 1  ft. The excavation stopped at 11 ft. 
due to severe caving of material below 3 ft.. 

The excavation log for test pit number 2 showed gravelly sand and fill to 2 ft., followed by 
sand, gravel, cobbles, massive concrete blocks (5-6 ft. wide and 6-10 inches thick), asphalt, wood 
and metal scrap down to 1 aft. The excavation was stopped at 18 feet due to severe caving. The 
concrete rubble may be indicative of a prior contractofs landfill. 

Test pit number 3 showed gravelly sand and fill to 2 ft., concrete blocks with asphalt, 
wood, metal, sand, gravel, cobbles and boulders to 14 ft. and sand. gravel, cobbles, boulders to 19 
ft.. 

Test pit number 4 showed gravelly sand and fill to 2 it; concrete blocks with asphalt, wood, 
metal scrap, sand, gravel, cobbles and boulders to 8 ft. and sand, gravel, cobbles, boulders to 13 
ft.. 

In boring number 84-1 35 silty sand with clay was found at the top 1 ft. whlle gravel and 
cobbles existed to 3 ft.. Refusal was at 3 ft. using the CME 55 auger. 

In boring number 84-136 gravelly sand and fill was encountered to 2 ft.; landfill consisted 
of debris mixed wlth sand, gravel, cobbles and boulders existed to 8 ft., and sand, gravel, cobbles 
and some boulders existed to 13 ft.. 

In general the soil profile along the S.W.Wall alignment could be classified as poorly 
graded sandy material in the upper 2 to 3 feet and poorly graded gravelly material at lower depths 
with some organic material and concrete rubble present between the two layers. Boring data for 
the N.E.Wall and for the S.E.Wall was not available. 

V. Embankment Construction 

Preparation of the subgrade was performed by excavating to the design level. The sol1 
was then tested for resistiuiy. If the material passed the resistivity test the construction continued; 
otherwise, the excavation continued for one more foot. In an isolated area additional excavation 
was performed in order to stabilize the excavation. An approved aggregate base course (ABC) 
was then spread over the over-excavated areas to the design level. 

A reinforced concrete leveling course of fifteen Inches in width and six inches in depth was 
constructed as a base for the cast-in-place concrete face of the Hilfiker wall (Figure No. 1). The 
final grade of the subgrade was sloping 1% to 2% away from the face of the Wall. 



Figure  No. 1 Preparat ion o f  the  Subgrade and L e v e l l i n g  Course 

The ABC material was placed and compacted using Caterpillar's 980C front loader and 
140G blade. Water was sprayed from a 3.8 thousand gallon water truck after the ABC material was 
spread. 

The first layer of reinforcing mats was placed on the subgrade and pinned in place with 
form pins (Figure No.2). Mats were made of galvanized welded steel wire mesh (W7xW7). The 
reinforcing (horizontal) mats were 7,5WO'(variable), while the backing mats were 8x2'. Figure Nos. 
3 and 4 show typical dimensions of the reinforcing mats and the backing mats respectively. 

The first lift of mat erection required a form "spacer cage" chair to hold the backing mat away from 
the vertical bars of the reinforcing mat (figures 8 and 9 of the C.I.P. Construction Guide -Pages C6 
and C7). 



Figure No. 2 Placement o f  the  F i r s t  Layer o f  Reinforcements 

Behind the construction mats a woven geotextile fabric screen was placed in order to 
retain the compacted backfill behind the wire mesh (Figure No.5). The fabric was initially rolled 
under the mats but that left a 112 to 314" crevice which caused concern that the concrete might 
not fill the crevice. The fabric was then cut at 112 ft. intervals and placed in the vertical face of the 
mats. 

Every 2' lift a #4 non-galvanized rebar was placed, as per the plans, to control any 
expansion or contraction resulting from temperature changes (Page D3-Appendix D). 

The backfill material was then end dumped on top of the reinforcements using a ten wheel 
dump truck. A grader (caterpillar's 140G) leveled the backfill. Dumping and leveling continued 
until a 1' level of backfilling was reached, after which compaction was carried out. 

Compaction was performed by random passes of a rock-bucket loader, a grader, a small 
excavator-compactor backhoe loader, water trucks and the trucks which carried the backfill 
material to the site. 

Compaction within 2 ft. nearest to the backing mats (2 foot zone) was performed by water 
jetting the 1 ft. closest to the backing mat, while the second foot was mechanically compacted by a 
hand vibrating tamper (jumping jack). Initially hand rammers were used but were found to be slow 
and inefficient. (Figure No. 6 shows the trucks used for dumping backfill material and the tampers 
used to compact the AB material in the 2 foot zone). 

No special requirements were specified for the backfill material in the 2 ft. zone. However, 
attempts were made by the contractor to use backfill material that passed a 4" sieve size during the 
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Figure No. 7 Backfill Material Used With Unsuccessful Attempts t o  Dispose 
of Rocks Larger Than 6"  Sieve Size (Different Locations). 
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The backfill material for the N.E.Wall and most of the S.W.Wall consisted of a river run 
material obtained from the old embankments that existed on the site. This material had many 
rocks larger than 6'. Attempts were made using a rock bucket and sometimes manual labor, to 
remove rocks that were larger than 6" sieve size. However, such attempts, as witnessed by the 
author, were not successful as 5% to 15% rocks larger than 6 sieve size were visible. Water was 
sometimes sprayed on the bacfill material to enhance compaction (Figure No. 7). 

Originally the backiill material obtained from the site was processed on a grizzly, and then 
mixed together in order to obtain the specified gradation. However, this material did not pass the 
minimum resistivity requirement of 3000 ohm-cm. Resistivity test results revealed failing 
resistivities. Results ranged from 536 ohm-cm to 2412 ohm-cm. 

The backfill material forthe S.E.Wal1 and a small section of the S.W.Wall consisted of a 
cohesionless material passing a 3" sieve size. This material was produced by Caimat of Arizona 
and had passed the specified resistivity test. Another backfill material produced by Union Rock 
company was also approved in case the backfill material produced by Calmat of Arizona was not 
sufficient. 

Chloride, sulfate and pH tests were also pelformed on the backfill material to check its 
suitability against facilitating corrosion when In contact wlth the galvanlzed steel reinforcing mats. 

Resistivity test results ranged from 3183 to 10300 ohms-cm, while the pH test results 
ranged from 7.9 to 9.3. Results from chloride and sulfate tests showed an absence of both. 
Appendix F contains a copy of ADOTs specifications for acceptance of backfill material, and 
Appendix G shows copies of typical results of resistivlty, pH, chloride and sulfate tests for backfill 
material obtained from the river run on-site material and from Calmat of Arizona. 
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Random field density tests (AASHTO T-180), conducted by ADOT, showed that the 
specified 90% of the maximum dry density after compaction was achieved; field density test results 
ranged from 90% to 101 %. Appendix H contains copies of typical results for field density tests. 

The process of dumping, leveling and compacting the backfill material was repeated for 
the next 1' level after which a layer of reinforcement was placed. (Figure No.8 shows a schematic 
diagram of a typical section of the Hilfiker wall). 

The contractor checked the outside vertical and horizontal alignments of the 
reinforcements by using a four foot carpenter's level and string line. With the addition of vertical 
layers of reinforcing mats the new mats lock into the proceeding ones. This locking effect ensured 
the verticality as the height of the wall increased (Figure N0.9). 

F igure No. 9 Workers Checking the  V e r t i c a l  and the  Hor izonta l  
Alignment o f  t h e  H i l f i k e r  Wall 

The area closest to the bridge abutment required that the structural backfill and the wall 
backfill should meet the required specifications of both backfills in the overlap areas. Page F4 
shows a copy of the gradation for class 2 aggregate base that was used as a structural backfill, 
and pages F5 and F6 show a copy of the specifications for the structural backfill. 



VI. Panel Construction 

After the embankment was constructed to its full height (Figure No. lo), the construction 
of the cast-in-place concrete wall began. Rubber inner forms and wood outer forms were used to 
achieve the specified rustication (Appendix I contains a copy of literature about the used forms ). 

Figure No. 10 Side View o f  the  N.E.Wal1 Before the Construct ion o f  
the  Cast-in-Place F u l l  Height  Panels 

Saw cutting of the concrete, to provide for horizontal rustication, was done for some areas 
where the rubber/wood forms were used where the contractor did not provide for the rustication. 
Figure No.11 shows the rubber/wood forms used. 

The concrete was ready mixed and was delivered to the site in transit mixers. It was 
poured from great heights (the full height of the panels) in free fall motion. Long internal vibrators 
were initially used (Figure No. 12), but the resulting concrete showed extensive honeycombing and 
air voids. External vibrators were then added to the internal ones (Figure No.13) and the quality of 
the finished concrete improved a little, however, the honyecombing and the air voids were still 
visible. 



Figure  No. 11 Rubber/Wood Forms Used t o  Achieve the  Spec i f i ed  
R u s t i c a t i o n  

F igure  No. 12 Long I n t e r n a l  V ib ra to rs  were I n i t i a l l y  Used 
f o r  V i b r a t i n g  the  Concrete Panels 
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Figure No. 13 External  V ib ra to rs  Were La te r  Added a t  the  Lower 
Pa r t  o f  the  Wall 

The external vibrators did not improve the quality of the concrete finish (Figure N0.14) 
because vibrations would not penetrate well thru the rubber/wood forms. After repairs (Figure 
No.15) and painting the honeycombing was barely visible, but the air pockets and the cracks were 
clearly visible. 

F igure  No. 14 Honeycombing and A i r  Pockets 

1 n 



Figure No.15 Some Honeycombing Was S t i l l  V i s i b l e  Even A f t e r  
Patching Attempts 

The contractor could neither use tremie concrete nor larger diameter internal vibrators 
because of insufficient clearance. The thickness of the concrete facing panel including the 
reinforcements was 6 with only 1 112" clearance for the internal vibrators. 

Three different mix designs were tried by the contractor in order to provide an acceptable 
finished quality. Twenty eight day compression test results ranged from 4360 psi to 5900 psi. 
Appendix J contains copies of the varlous mix designs tried by the contractor, and copies of 
typical compression test results. 

The construction of the S.E.Waii and a small section of the S.W.Wall started after about 
one year of the starting date for the construction of the N.E.Wall and the S.W.Wali. 

VII. Evaluation of the N.E.Wall 

Preparation of the subgrade for the construction of the embankment started in the first 
week of September 1986. The construction (without painting) finished in January 1987. 

The subgrade was excavated to 1 ft. below the design level, because the soil did not meet 
the resistivity requirements, and then backfilled with approved material. 

The specifications required that the backfill material should pass a 6 sieve size, however, 
this requirement was not met at all times. 

Twenty field density tests were performed on the 15,273 cubic yards of backfill material. 



Discontinuous transverse cracks (Figure No. 16) whose width ranged from 0.007" to 0.03" 
developed at the horizontal rustications In the lower part of the wall along the concrete panels. 
Few vertical (longitudinal) cracks were visible (Figure No.17). Also few cracks were apparent in 
areas between the horizontal rustications. 

These cracks could be the result of a combination of shrinkage and settlement of the 
concrete. Shrinkage is the result of moisture reduction, while the settlement of the concrete could 
have been aggravated by the use of a high slump ( 6  +or- 1). At one time the contractor tried an 
8" tor-  1 slump to see if the cracks would disappear, such trials were not successful. 

The observed honeycombing and air voids may largely be attributed to the placement and 
vibration procedures. Not enough vibrators and unsystematic insertions could have contributed to 
the Other factors that may have contributed to the concrete honyecombing and air 
entrapment were an insufficient clearance among the reinforcing steel and the forms where the 
internal vibrators were inserted, and the properties of the concrete mix. 

No drainage outlets, as per the plans, were provided in the wail/embankment system. 

Nine aluminum capped bench marks were inserted in the wall's concrete cap at various 
locations in order to monitor the movement of the wall in the future. Appendix K shows a survey 
map for the established bench marks. The survey was performed in March 1987. 

The first survey of the aluminum bench marks was performed on June 29, 1987 (109 days 
after the original survey). During this period the wall settled 0.16 at cap # 2 (14.46' helght) and 
0.65" at cap # 6 (24.77 height) with an average settlement of 0.36" among all 9 caps. Lateral 
movement varied from 0.32" at cap # 8 (29.46' height) and 1.08 at cap # 1 (1 1.22' height) with an 
average lateral movement of 0.56" among all 9 caps. Copy of Survey #1 is in Appendix K. 

The height of the wall ranged from 8' to 32, while the length was approximately 1000 ft. 

VIII. Design and Construction Changes for the N.E.Wall 

Two change orders and three force accounts were issued during the construction of the 
N.E.Wall. 

Change wder no. 15 was requested by the contractor In order to  alter the construction 
requirements, at statlon 0+69.58 to 10+93.34, to eliminate the 1:48 batter and to construct a 
vertical wall Instead. The contractor requested this change for ease of construction and to provide 
a better finished product. The Engineer approved this change and there was no change in costs 
involved. 

Change order no. 25 was requested by the contractor to allow dropping of the concrete, in 
the wall facing panels, more than eight feet without the use of approved pipes or tubes. The 
contractor felt that there was no space allowed for a tremie, and used a flowable mix design. The 
concrete was dropped Into the formed wall from the top. The Engineer approved this change, with 
no change in costs involved. 

Force account no.18 was initiated by ADOT to compensate the contractor for additional 
work involved in over-excavating (one foot) the unsuitable material (material did not meet the 
resistivity requirements) from beneath the Hilfiker wall and replace it with suitable material. The 
cost for this force account was $16,000.00. 





Force account work order no. 27 was inttiated by ADOT in order to compensate the 
contractor for the additional work involved in adjusting the reinforcing mats. This was a design 
error as the project plans indlcated that the top mat of the wali be 6 minimum below subgrade, 
while the pavement section is 15". The top mats were removed and the backfill material 
underneath was excavated and leveled to the proper superelevation (Figure No. 18 shows a 
schematic diagram of the conflict between the top mats and the PCCP). The top mats were then 
placed at the proper level. The cost of this force account was $4950.00. 

Another change occurred (as part of force account # 27) in the construction of the 
approach slab near the bridge abutment. The standard detail pians (Page L1 shows a copy of the 
anchor slab details, M-9) required 5' and 3.5' deep lugs for the section of the pavement closest to 
the approach slab near the bridge abutment. However, because the top mats were 1' below the 
subgrade and could not be cut or shortened, the lugs had to be shortened to 1' depth. The 
reinforcements could not be cut or shortened because the pullout resistance is critical. 

Appendix M contalns a copy of the design stability calculations for the Hilfiker Wall 

Force account work order number 37 was given by ADOT in order to compensate the 
contractor for sealing the construction joint between the coping of the Hiifiker wali systems and the 
new PCCP. The 1/2" premoided joint filler, shown on sheet 57 of the pians, would allow possible 
infiltration of water into the retaining wail system. The contractor removed the filler and replaced it 
with a bituminous joint sealant. The cost of this force account was $5000.00. For the S.W.Wail and 
the S.E.Wali the contractor was compensated for the difference in cost between installing the joint 
filler and the sealant only. 

Three lanes were opened for traffic on July 27, 1987. 

IX. Evaluation of the S.W.Wall 

The construction technique of the S.W.Wali was the same as that of the N.E.Wail. The 
construction started in October 1986, stopped in March 1987, and continued on September 1987, 
and then finished in November 1987. The contractor stopped working on this wali between March 
and September in order to concentrate on finishing the west bound section of the project (Figure 
N0.19). 
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Figure  No. 18 Schematic Diagram Showing the  C o n f l i c t  Between the Top 

Mat and the  Por t land  Cement Concrete Pavement (PCCP) 





The backfill materiai used for the most part during the construction of the embankment did 
not meet the gradation requirements with 5% to 15% particles larger than 6" sieve size (Figure 
No.21). During the construction period between September and November 1987 the backfill 
material used passed a 3" sieve. 

F igure No. 21  B a c k f i l l  Ma te r i a l  With Rocks Larger Than 6"  
Sieve Size 

Compaction technique for the S.W.Wall was similar to that of the N.E.Wall. 

Twenty two field density tests were performed by ADOT during the construction period. 

Cracks, honeycombing and air voids were visible in the finished section of the concreted 
panels (Figure No.22). 









'Figure No. 27 S tee l  i s  Exposed t o  Atmosphere Due t o  
Severe Honeycombing and I n s u f f i c i e n t  Concrete 
Cover 

F igu re  No. 28 Two Panels Had t o  be Broken Due t o  Bad Concrete 
F i n i s h  





Another problem occurred when the bottom of the bridge abutment (wing wall) adjacent to 
the last panel was left partially unconcreted (Figure No.30). This caused the soil structural backfill 
to flow thru the crevices after a rain (Figure No.31). There was a difference in design elevations of 
the wing wall and the bottom of the wall. 

F igure  No. 30 Locat ion of the  Crevices Where the  B a c k f i l l  
Ma te r i a l  Seeped Thru A f t e r  a Rainy Evening 

This movement of the structural backfill caused a sizable depression on top of the wall as 
can be seen in Figure No.32. The contractor provided support at the bonom of the bridge 
abutment (Figure No.33), and refilled the depression formed at the top of the embankment with a 
structural backfill material. This material was compacted using jetting techniques. 







Moreover, the 24" pipe between CB #738 and CB # 739 was designated to be placed 
within the wire mats at the Hilfiker wall. Since the continuity of the mats must be maintained, the 
slope of the pipe had to be flattened so that the pipe did not pass through a mat. Hence the pipe 
was aligned at an angle towards the median. The cost of this change order was $955.00. 

Change order # 54 was requested by the contractor in order to install the foundation for 
the barrler transition and guardrail in the area from 1-17 station 234t88 to station 235+60 as per 
sheet number 103 of the plans (page D9). 

The barrier transition (with drilled shafts) and guardrail both have underground features 
which would conflict with the reinforcing mats in the Hilfiker wall. As the mats could not be cut it 
was necessary to extend the special 1/2 barrier to station 234+88 where the mats were clear off 
the roadway prism, and the barrier transition and guardrail could be installed without conflict. 

The cost for this change order was $3960.00. 

Force account # 41 was initiated by ADOT in order to compensate the contractor for the 
additional work involved in installing the light pole foundation at station 235+00. 

This work was necessary as the foundation could not be installed utilizing the standard 
practices, because of conflict with the reinforcing mats as the mats can not be cut without affecting 
the integrity of the wall. A blockout was formed around the foundation and it cost $1500.00. 

Figures numbered 34 and 35 show some finished sections of the S.W.Wall. 

XI. Evaluation of the S.E.Wall 

The construction technique for the S.E.Wall was similar to that of the other walls (Figures 
numbered 36 and 37). The construction started in late August 1987 and finished in late December 
1987 (Figure No.38). 

The subgrade was prepared in the same manner as that of the N.E.Wall. The backfill 
material used was obtained from Calmat of Arizona, as mentioned eatiier, and It passed a 3 sieve 
size. The decision to switch from a material passing 6 sieve size to a 3 siwe size was made by 
the contractor because, according to the contractor, it was easier to work with. 

Compacting technique, testing and the equipment used for the constructlon were the 
same as that of the other walls. 

Twelve field densky tests were done by ADOTs personnel during the construction of this 
wall. 

Few concrete shrinkage cracks were visible in this relatively short wall and the concrete 
finish was of a better quality than the other two walls. 

No drainage outlets, as per the plans, were provided in the wall/embankment system. 

Aluminum caps were embedded in the wall cap at varlous locations in order to monitor the 
top movement of the wall. Appendix P shows a layout'and data of the sutvey done on January 13, 
1988. 

The length of the wall was about 680 feet, while the height ranged from 3 to 12 feet. 



F i g u r e  No. 34 The F in i shed  Produc t  o f  t h e  S.W.Wal1 Look ing East 

F i gu re  NO. 35 The S.W.Wal1 Look ing West 

-. 



Figure  No. 36 The S.E.Wal1 A f t e r  E rec t i on  o f  the Reinforcements 

F igure  No. 37 Const ruc t ion  Techniques were S i m i l a r  t o  Those 
o f  t he  Other Two Walls 
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XIII. Conclusions and Recommendations 

Due to the ease of construction and better compaction (as witnessed in the S.E. Wall and 
part of the S.W. Wall), it is recommended that material passing a 3" sieve size be used as a select 
backfill material for similar future projects. 

Compaction requirements wer  the embankments backfill material should be increased 
from 90% (as was specified for this project) to 95% of the maximum dry density. Such requirement 
will alleviate any differential settlement which may occur, in the roadway pavement, between the 
area of the embankment under the hilfiker mats (90% compaction), and the rest of the 
embankment (95% compaction). This recommendation should also result in better construction 
control and is consistent with ADOTs specification section 2053.04 (page F7). 

Upon observing the finished concrete product of similar construction technique, in the 
Phoenix area, it was noticed that such walls showed similar finish to that of the N.E. and the S.W. 
walls. Better concrete finish may be obtained if the thickness of the wall is increased to more than 
6 ,  and I the external vibrators were placed on a movable rail which is fixed to metal-type forms. 
This technique should allow better concrete pouring, placement and vibration. 

Since no drainage outlets were provided, water can permeate thru the 112' pre-molded 
joint filler that exists between the portland cement concrete pavement and the gutter into the wall 
and possibly seep out thru the cracks developed in the facing panels eroding with it the fines from 
the backfill material. A force account work order was initiated, durlng the construction, to replace 
the joint filler with a waterproof sealant. 

Although the # 4 rebar is embedded in concrete, water seeping into the wall might cause 
corrosion due to the fact that some sections of the wall facings are honeycombed and have air 
pockets which, with time, could allow water and air to penetrate and reach the rebar. For future 
similar construction technique, galvanization of the # 4 rebar and better concrete finish are 
recommended in order to attenuate corrosion. 

If the Hilfiker system is used for future projects, it is recommended to incorporate the 
design of the Hilfiker Wall around the roadway design features. This should eliminate any 
contradiction between design features, e.g. catch basins, pipes, anchor lugs, cross slope 
superelevatlon, guard rail and light polefoundations, etc ... Such coordination should save time and 
money. 

The lump sum cost for the construction of the three retaining walls as listed in the plans is 
$1,150,000.00. The contractor lndlcated that this amount was not sufficient to cwer construction 
costs, and did n d  comment on the actual cost figures. However, upon dividing $1,150,000.00 by 
the constructed area in ft2 (68,862.00 ft2 ) a $16.70/ft2 would be the price that ADOT paid the 
contractor. This price seems to be very competitive with market prices of other systems. 

A visual reconnaissance of the wall facing will be performed annually and for a period of 
three years, or if the need arlses. Should distress become evident, physical surveys utilizing the 
embedded bench marks will be conducted to establish the magnitude and extent of difference 
from the original survey. The crack occurrence and width will be monitored to document changes 
with time. 

Full scale instrumentatlon of a mechanically stabilized embankment with full height panels, 
should be implemented in order to better assess the design and construction of such a proprietary. 



APPENDIX A 

ARIZONA DE?ARTXENT O F  ?3ANS?ORTATIOX 
HIGSWAYS DIVISION 

A R I Z O N A  TRANSTORTATION RE5EA2C3 CENiZ2 
January  22, 1986 

E r .  Ed Wueste 
D i v i s i o n  A d m i n i s t r a t o r  
F e d e r a l  Eighway A d m i n i s t r a t i o n  
3500 Ncr th  C e n t r a l  Avenue 
S u i t e  201 
Phoen ix ,  Ar izona  e5012 

SUSJEC;: EXPEXIMENTAL PROJECT A28601 
Proposed Workplan For Re in fc rced  E a r t h  
Embankment U t i l i z i n g  F u l l  Height  P a n e l s  
P r o j e c t  I -10 -3 (204)  C 
1 6 t h  S t .  t o  29th S t .  

Dear  Er.  Wueste: 

The FHWA h a s  r e q u e s t e d  t h a t  t h e  t h r e e  permanent  e a r t h  
r e t a i n i n g  s y s t e m s  d e s i g n e d  for P ~ o j e c t  I - 1 0 - 3 ( 2 0 4 )  be c l a s s i f i e d  
a s  e x p e r i m e n r a i  p r o j e c r s .  Th i s  r e q u e s t  was made because  t h e  i u l l  
h e i g h t  p a n e l s  u t i l i z e d  i n  t h e  r e t a i n i n g  w a l l  d e s i g n s  a r c  
c u r r e n t l y  c o n s i d e r e d  e x p e r i m e n t a l  ( s e e  FXWA G e o t e c h n i c a l  A c v i s o r y  
5 . 0 . 3 )  due  t o  l i m i t e d  k n o w l e d ~ e  and e x p e r i e n c e  cn t h e s e  sys t ems .  

' . \  
Enc losed  is t h e  workplan f o r  t h e  above r e f e r e n c e d  p r o j e c t  f o r  

y o u r  r e v i e w  and a p p r o v a l .  It is  i n t e n d e d  t h a t  t h i s  work?ian be  
a c c e p t e d  a s  a g e n e r a l  workplan a p p l i c a b l e  t o  a l l  f u l l  h e i g h t  
p a n e l  . c o n s t r u c t i o n  u t i l i z e d  i n  r e t a i n i n g  w a l l  d e s i c n s .  
A d d i t i o n a l  p r o j e c t s  r e q u i r i n g  ex?e r imen ta l  d e s i g n a t i o n  w i l l  
i n c o r p o r a t e  t h i s  same "approved workplan" and w i l l  b e  s u b m i t t e d  
u n d e r  s e p a r a t e  c o v e r .  It is  f u r t h e r  r e q u e s t e d  t h a t  t h i s  s p e c i f i c  
p r o j e c t  be e l i g i b l e  f o r  an e v a l u a t i o n  under  Exper imen ta l  P r o j e c t  
No. 1, "Ground M o d i f i c a t i o n s  Systems". 

I n  t h e  e v e n t  you have q u e s t i o n s  r e ~ a r d i n s  t h i s  p r o j e c t  o r  
workpian;  p l e a s e  c o n t a c t  nr. Larry  S c o f i e l d  of my s t a f f .  

R e s p e c t f u l l y ,  

Frank R. PlcCuilagh, .PE. .-. - . : A s s i s t a n t  S t a t e  Eng inee r  -. 

T r a n s p o r t a t i o n  Resea rch  C e n t e r  

LAS : r m  
- 

. E n c l o s u r e  

c :  J a h n  Lawson 
A l  Zuckerman 



"FULL HZIGZT PANELS UTILIZED IX RETAINIRG WALL DESIGNS" 

FHWA EXPERIRENTAL PF1032CT NO. A28651 

ADOT PROJECT NO. 1-10-3(204)C 

16iX STZEZT TO 28TX STREZT 

The proli5eration of prcprietary earth retaining systems has 
left highway engineers with a complex, and sometimes ambiguous 
problem of weighing the potential for initial cast 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 caneiderable 
settlement without any signi'icant distress. In recent times, 
however, aesthetic cansiderations have compelled designers to 
require full height panels in lieu of the smaller modular panels. 

The utilization of full hel~ht panels requires the connection 
of multiple rein2orcisg stri~s to a single panel, intzoducing a 

h degree of indeterminacy to the st-ucture. The inabi-lity to 
effectively analyze the internal behavior of the syst-ems and the 
paucity of satisfactory performance, qualifies these as 
appropriate to the experimental category. Csnsiderable concern 
exists as to the ability 02 these newer systems to sustain 
settlements. 

. . .  . , 

OBJECTIVE . -. 

The objective of this pro~ect is to document the conetruction 
and evaluate the performance of the full height panel retaining 
syetems for a period of at least three years. The pLo~grez, 
m~thg_ds cf con.s~~uction, t$ifiiculties - .~ enc.e_une~d and required 
design changes will be rexieyed. ---- -.-. ............... 

Should performance problems develop, tbe causes and necessary 
remedial measures will be monltcred and reported. 

- . . . . . . .  The 'proposed workplan is in accordance with the .requirements ' 

outlined in FHWA Geotechnical Advisory 5.0.3 for Experimental 
Project No. 2 "Ground KodiZlcations Systems". At minimum, the 

. following information villbe callected and reported: 
-. 



SITE INFORMATION 

A) Project Location and Description 

B )  Plan and Praiile 

C) Subsurface Profile 

1) Laboratory Test Results 
2 )  Field Test Results 

D) Site Problems 

11. DESIGN DETAILS 

A )  Alternates Considered 

B )  Design Procedures (Example Computations) 

C) Monitoring Program 

D) Specificaticn Types 

E) Method of Ccnstruction Acceptance 

- - - 
A L L .  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 maniiestations 
of distress. No instrumentatlcn is anticipated at this time. 

IV. PE2FORMANCZ EVALUATION 

A )  Assessment ci Design and Construction Practices 

B )  Performance Appraisal with Time 

.- . . . . ... 
C )  Documentation of Required Haintenance and . 

Efzectiveness 



A )  A past construction report will be prepared which 
describes the cost, installation procedures. 
evaluation techniques and erection equi7ment 
utilized to construct and analyze the wall 
system. This report should be prepared within 
120 days after completion of construction. 

B )  Performance evaluations vill be conducted on a 
periodic basis at least annually for the first 3 
years. Should distress beczme 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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TO UNLOAD 

X) UNLOAD: N-looK CClAlNS AS SHOWN. BEING SURE 
TO HOOK THE BOTTOM- MOST WIRE ON 
EACH BUNDLE. 



NOTE : 
THIS BOOKLET IS INTENDED TO BE A G E N E W  GUIDE FOR THE 
INSTALLATION OF THE HlLFlKER R.5.E. WITH C.I.? FACE WALL. 
IF ANY PART OF YOUR CONSTRUCTION PLANS ARE AT VARIANCE 
WITH INFORMATION IN THIS GUIDE, FOLLOW YOUR CONSTRUCTION 
PLANS. 

WALL PARTS 

SCREEN 

NFORCEMENT 

EXCAVATION 
EXCAVATE ACCORD- 
ING TO THE PLANS 
AND SPECIFICATIONS 
O F  YOUR JOB 

YOU MUST EXCAVATE 
TO A SOLID 
FOUNDATION THAT 
W I L L  SUPPORT 
THE WEIGHT OF 
THE WALL.  



MAKE SURE 
WALL FOUNDA- 

SAVE A LO7 
OF TIME LATER 

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

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

PXlR 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 PREPARE 
SOIL AND REINFORCING 
KCORDING TO PLANS. 

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



PLACE THE MATS WlTH THE VERTICAL FACES 
ON TOP OF THE LEVELING COURSE. LEAVE 
A 6-INCH SPACE BE3WEEN THE SIDES OF 
THE MAT FACES. 

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

CONVEX CURVE: OVERLAP ME BACK O F  
THE MATS A N D  CLIP THE ENDS TOGETHER 

WlTH HOG RINGS. 

TRAIGHT WALL 

WALL FACE 

LEVELING COURSE 

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

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



CONSTRUCTION OF 
FOUNPATION LAYER 

SOIL AROUND THE CAST-IN- 
PLACE CONCRETE MUST BE 
LEVEL AND SOLID. 
USE A STRINGLINE WHERE 
WALL 15 STRAIGHT TO 

FIT EXCAVATlON IF 

CUT ONLY TRANSVERSE 
WIRES DO NOT 
SHORTEN THE BASE 
DEPTH O F  TME MATS. 

INSTALL THE WlRE SPACER 
CAGES P M C E  THE HOOKED 
WIRES OVER THE TOP 
HORIZONTAL WIRE ON THE 
MAT FACE. THE BOTTOM 
WlRE ON THE SPACER CAGE 
RESTS AGAINST THE MAT 
FACE. 
SPACER CAGES ARE INSTALL- 
ED ONLY IN THE FIRST LIFT. 



PLACE THE BACKING MATS 
AGAINST THE SPACER CACE 
WlTH THE 6-INCH FOOT TOWARD 
THE INSIDE OF THE WALL. 
BACKING MATS SPAN FROM 
CENTER TO CENTER OF THE 
7'-6" MATS. USE HALF 
BACKING MATS AT THE 
ENDS OF THE LIFT, 
UNROLL THE SCREW AGANST 
THE BACK OF THE BACKING 
MATS AND CLIP WlTH HOG 

BEGIN LOADING BACKFILL 
OVER THE BASE OF THE 
MATS. 

00 NOT OPERATE HEAVY 
EQUIPMENT ON EXPOSED 
WIRE. 

WHEN THE BPCK OF THE 
MATS ARE WEIGHTED WlTH 
FILL, THE STAKES CAN 
BE REMOVED - 

* 

PLACE AND COMPACT A LAYER OF 
BACWILL ABOUT 12 INCHES DEEP. 
USE CARE WHEN COMPACTING 
THE SOIL AGAINST THE BACKING 
MAT 50 YOU DON'T BEND IT 
OUT. THE 3-INCH SPACE 
BETWEEN THE BACKING MAT 
A N 0  THE WlRE FACE MUST 8E 
MA1 NTAI NED. 

DO NOT HIT OR DAMAGE THE 
WlRE WlTH COMPACTING 
EQUIPMENT. 

- 



IF RAIN 15 EXPECTED. PROTECT THE BACKFILL 
WITH A PLASTIC COVERING. IF BACKFILL DOES 
GET WET, REMOVE THE WET MATERIAL 

. 
PLACE AND COMPACT THE 
REMAINING BACKFILL FOR 
THIS LIFT. STOP THIS 
LAYER OF BACKFILL 
JUST BEFORE IT REACH- 
ES THE BACKING MATS 
TO PREVENT BENDING 
THE MATS OUTWARD 
WHEN YOU COMPACT. 
YOU WILL FILL THE 
SPACE WHEN YOU PLACE 
THE W K F I L L  IN THE 
NEXT LIFT. 

THE TOP OF THE COMPWED 
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 IS TO INSURE 
M A I N S T  UNDERFILLING, 
WHICH WOUW CAUSE 
BULGING OF THE BACKING 
MATS LATER. 

NOT E : THIS WALL IS A REINFORCED SOIL STRUCTURE. 

IT IS IMPORTANT THAT THE BACKFILL MATERIAL 
BE CAREFULLY COMPACTED TO PREVENT LATER 
SETTLEMENT. 



WORKlNG YOUR WAY UP 
(3 
PLACE THE REINFORCEMENT 
MATS FOR THE NEXT LIFT. 

LOWER THE MATS CAREFULLY 
OVER THE PROJECTING HOOKS 
OF THE LIFT BELOW. DO NOT 

THE TOP O F  THE VERTICAL 
WIRES OF THE BACKING MAT 
BEGW WILL-PROJECT ABOUT 
2 INCHES THRU THE BASE OF 
THIS LIFT. KEEP THEM BEHIND 
THE FIRST TR4NSVERSE WIRE 
IN THE BASE OF THESE MATS. 

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

(FLAT BARS ARE PLACED 
FOR THE FULL LENGTH OF 
EVERY LIFT) 

NOW SLIDE THE MATS BACK 
AGAl NST THE BARS 

STAND THE BACKING MATS UP 
AGAINST THE PROJECTING HOOK 
WlTH 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@ . 
CLlP IN PLACE WlTH HOG RINGS 

UNROLL THE SCREEN AGAINST 
THE BACNNG MATS AND CLlP 
IN PLACE. 



HOLD A HAND LEVEL W N S T  
THE BASE OF THE LlFT 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 
A5 IN STEP @ 

AS YOU NEAR THE FRONT 
OF THE WALL WITH THE 
BACKFILL, PUSH FlLL 
INTO THE SPACE IN THE 
LlFT BELOW THAT 15 
JUST BEHIND THE BACKING 
MATS. 

- 
USE A HAND TAMPER TO 
COMPACT THE F lLL BEHIND 
THE BACKING MAT IN THE 
LlFT BELOW. 

KEEP A 2-INCH TO 3-INCH 
CUSHION OF F lLL  OVER THE 
BASE WIRES AS YOU WORK 
TO PREVENT DAMAGE TO 
THE WIRE. 



WHEN YOU HAVE PLACED 
THE FINAL (TOP) LIFT. 
YOU WILL FINO THAT THE 
WlRE PROJECTS ABOVE 
THE ELEVATION GIVEN IN 
YOUR PLANS FOR THE 
TOP OF THE CAST-IN-PLACE 
FACE. 
CUT ALL WlRE OFF 3 
INCHES LOWER THAN THIS 
FUTURE ELEVATION. 

* 

. . 
COMPLETE THE BACKFILL 
AS SHOWN IN  STEPS 
THRU @. 0 
COMPACT CAREFULLY. 

REPEAT STEPS @ TWRU @ 
TO THE F I N A L  
LIFT. 



ATTACHING THE FORMS 
THREAD THE SNAPTIES 
INTO THE THREADED 
HOLES IN THE FLAT 
BARS, SPACING THEM 
ACCORDING TO YOUR 
JOB PLANS 

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

. 

SLIDE THE FORMS ONTO 
THE SNAPTIES AND 
SECURE WlTH METAL 
WEDGES. 

CAST THE CONCRETE 
ACCORDING TO YOUR 
JOB SPECIFICATIONS. 



- - -  - 
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APPENDIX F 
SECTION 900 

As fill material is placed behind panels, the panels shall 
- be maintained in a vertical position by means of temporary wooden wedges 

a.: . placed in the joints at the junction of the two adjacent panels on the 
external side of the walls. External bracing will be required 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 compacted 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 employing a 
foot, which in the opinion of the Engineer could penetrate the material 
and damage the reinforcing mesh. At the end of each day's operationr the 

.I? contractor shall shape the last level of backfill so as to permit runoff ' , of rainwater away from the wall face. 

Surface Stain Coating: 

The retaining wall shall be stained in accordance with the 
requirements specified herein under Section 601. 

Hilfiker Reinforced Soil Embankment: 

Materials: 

I Reinforcing Wire and Steel: 

All wire and welded wire fabric shall confora to the 
reauirements of ASTM A-82 and ASTM A-185 and shall be galvanized in 
accordance with the minimum requirements 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 conform to the requirements of ASTM A-36 and 
shall be galvanized in accordance with the minimum requirements of ASTM A 
123. 

I 

:.>.. 
HMTB 
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Special Provisions 
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SECTION 900 

Concrete : 

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

I 

1 Backfill Material: 

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

3 
Sieve Size Percent Passing 

6 inch 
3 inch 
NO. 4 
NO. 200 

Backfill material shall meet the following corrosion 
reauirements: .:. 

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 shall be tested in accordance with 6 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 
contract specifications. A copy of all test results performed by the 
contractor or his supplier necessary to assure contract compliance shall 
also be f urnished,:the Engineer. - 

n 

Acceptance will be based on the Certificate of Compliance, 
accompanying test reports, and visual inspection by the Engineer. 

Construction Recuirements: 

Erection of the reinforced soil embankment (RSE) retaining 
wall shall be in accordance with the requirements of the ~ i l f i k e r  -. Company. 

HNTB 
9/12/85 
Rev. 11/6/85 
Rev. 11/27/85 
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SECTION 9 0 0  

B a c k f i l l  m a t e r i a l  s h a l l  b e  c o m p a c t e d  t o  9 0  p e r c e n t  of 
maximum d e n s i t y  i n  a c c o r d a n c e  w i t h  AASHTO T-180.  Maximum w a t e r  C o n t e n t  
o f  a n y  b a c k f i l l  m a t e r i a l  s h a l l  b e  less  t h a n  o r  e q u a l  t o  1 0 0  p e r c e n t  o f  
t h e  opt imum m o i s t u r e  c o n t e n t  a s  d e t e r m i n e d  f o r  u s e  i n  a c c o r d a n c e  w i t h  
AASHTO T-180. 

P r i o r  t o  t h e  a d d i t i o n  o f  t h e  c a s t - i n - p l a c e  c o n c r e t e  f a c i n g ,  
t h e  w a l l  s h a l l  b e  c o n s t r u c t e d  t o  t h e  f u l l  h e i g h t s  shown o n  t h e  p r o j e c t  
p l a n s  and  t i m e  s h a l l  b e  a l l o w e d  f o r  a n y  a n t i c i p a t e d  s h o r t - t e r m  
c o n s o l i d a t i o n  o f  f o u n d a t i o n  s o i l s  or  c o n s t r u c t i o n  s e t t l e m e n t  t o  o c c u r .  

A t  t h e  e n d  of e a c h  d a y ' s  o p e r a t i o n s ,  t h e  c o n t r a c t o r  s h a l l  
s l o p e  t h e  l a s t  l e v e l  o f  b a c k f i l l  a s  t o  p e r m i t  r u n o f f  o f  r a i n w a t e r  away 
f r o m  t h e  w a l l  f a c e  a n d  o f f  r e i n f o r c i n g  m a t s .  

V e r t i c a l  t o l e r a n c e s  ( p l u m b n e s s )  a n d  h o r i z o n t a l  a l i g n m e n t  
t o l e r a n c e  p r i o r  t o  c o n s t r u c t i n g  t h e  c a s t - i n - p l a c e  c o n c r e t e  f a c i n g  s h a l l  
n o t  e x c e e d  1 1 / 2  i n c h e s  when m e a s u r e d  a l o n g  a  1 0 - f o o t  s t r a i g h t e d g e .  

The  o v e r a l l  v e r t i c a l  t o l e r a n c e  o f  t h e  w a l l  ( p l u m b n e s s  f r o m  
t o p  t o  b o t t o m )  a f t e r  t h e  c o n s t r u c t i o n  o f  t h e  c a s t - i n - p l a c e  f a c i n g  s h a l l  
not  e x c e e d  3 / 4  i n c h  p e r  1 0  f o o t  o f  w a l l  h e i g h t .  

C a s t - i n - p l a c e  c o n c r e t e  f a c i n g  s h a l l  b e  c o l o r e d  a n d  t e x t u r e d  
a s  s p e c i f i e d  h e r e i n  u n d e r  S e c t i o n  6 0 1 .  

B a s i s  o f  P a y s 2 n t :  

Payment  f o r  t h i s  work w i l l  b e  made a t  t h e  c o n t r a c t  lump sum 
p r i c e  f o r  ITEM 9 1 4 0 1 1 8  a n d  ITEM 9 1 4 0 1 1 9 ,  w h i c h  p r i c e  s h a l l  b e  f u l l  
c o m p e n s a t i o n  f o r  t h e  i t e m s  c o m p l e t e ,  i n c l u d i n g  e x c a v a t i n g ,  c o n c r e t e  
l e v e l i n g  p a d ,  s p e c i a l  b a c k f i l l  m a t e r i a l ,  c a s t - i n - p l a c e  c a p ,  r u s t i c a t i o n ,  
s t a i n i n g ,  a n d  a l l  m a t e r i a l s ,  a s  d e s c r i b e d  a n d  s p e c i f i e d  h e r e i n  a n d  o n  t h e  
p r o j e c t  p l a n s .  

S h o u l d  a  c h a n g e  i n  a r e a  o f  w a l l  c o n s t r u c t e d  b e  o r d e r e d  b y  
t h e  E n g i n e e r ,  a n  a d j u s t m e n t  i n  t h e  lump sum p r i c e  w i l l  b e  p r e d i c a t e d  o n  a 
s q u a r e  f o o t  cost  e s t a b l i s h e d  by  d i v i d i n g  t h e  lump sum pr ice  b i d  by t h e  
a r e a  shown on  t h e  p r o j e c t  p l a n s  f o r  t h e  p a r t i c u l a r  r e t a i n i n g  w a l l  s y s t e m  
s e l e c t e d  f o r  c o n s t r u c t i o n .  

C o n c r e t e  b a r r i e r  w i l l  b e  p a i d  f o r  u n d e r  I t e m  9100006 .  

HNTB 
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SECTION 303 -AGGREGATE SUBBASES AND AGGREGATE BASES: 

303-1 Description: 

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

Aggregatesubbases 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 deleterious substances. 

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

TABLE 303-1 
Percent Passing Sieve (Inch or No.) 

CLASS OF , 
AGGREGATE 314 114 8 200 lix 

1 100 90-100 35-55 0- 8.0 3 
2 100 90-100 35-55 0- 8.0 3 
3 

4 100 35-70 0-10.0 5 
5 100 30-75 0-10.0 5 
6 

Notes: 

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

(2) The Pi (Plasticity Index) will be determined in accordance 
with the requirements of AASHTO T 90. 

(3) Classes 1,2 and 3 are bases; Classes 4,5 and 6 are subbases. 

(4) The requirementsfor Class 3 and for Class 6wi i l  bespecified 
in the special provisions. 

(5) For Class 1 through Ciass 4 aggregate. at least 30 percent. by 
weight, of the aggregate material retained on the No. 8 sieve 
shall have at least one rough and angular surface which has 
been produced by crushing, when tested in accordance with 
the requirements of Arizona Test Method 212. 
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I SECTION 200 

Payment  to r  t h i s  work w i l l  be  made a t  t h e  c o n t r a c t  p r i c e  - 
c u b i c  y a r d  f o r  ITEM 2030201  - EXCAVATION ( F o r  L a n d f i l l  R e m o v a l )  whi( 
p r i c e  s h a l l  b e  f u l l  c o m p e n s a t i o n  t o r  t h i s  i t e m  c o m p l e t e ,  i n c l u d i n g  
d i s p o s a l  o f  e x c a v a t e d  m a t e r i a l  a n d  p r o o t  r o l l i n g ,  a s  d e s c r i b e d  a n d  
s p e c i t i e d  h e r e i n  a n d  o n  t h e  p r o j e c t  p l a n s .  

F i l t e r  f a b r i c  w i l l  b e  p a i d  f o r  u n d e r  I t e m  8050111 .  

B a c k t i l l  m a t e r i a l  w i l l  b e  p a i d  to r  u n d e r  I t e m s  2 0 3 0 3 0 1  or 
2030901 .  

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

A d d i t i o n a l  t o  t h e  r e q u i r e m e n t s  o f  S u b s e c t i o n  203-5: 

S t r u c t u r a l  e x c a v a t i o n  a n d  s t r u c t u r e  b a c k f i l l  f o r  t h e  b r i d g e  
s t r u c t u r e  w i l l  b e  p a i d  t o r  a s  h e r e i n  s p e c i f i e d  u n d e r  "CONSTRUCT 
STRUCTURES. " 

B 

O v e r e x c a v a t i o n  and  c o n c r e t e  r e q u i r e d  t o  f i l l  o v e r e x c a v a t i o n  
b a c k  t o  p l a n n e d  e l e v a t i o n  o t  b o t t o m  of t o o t i n g  f o r  t h e  s t r u c t u r e  w i l l  b e  
p a i d  f o r  a s  s p e c i f i e d  u n d e r  S e c t i o n  1 0 4 . 0 3 .  

The q u a n t i t i e s  shown i n  t h e  p r o p o s a l  f o r  t h e s e  i t ems  a r e  
f o r  s t r u c t u r a l  e x c a v a t i o n  a n a  s t r u c t u r e  b a c k f i l l  f o r  u n d e r p a s s  s t r u c t u r e s  
a n d  r e t a i n i n g  w a l l s .  

Where s p e c i f i e d  o n  t h e  p r o j e c t  p l a n s ,  s t r u c t u r e  b a c k f i l l  
s h a l l  c o n s i s t  o f  m a t e r i a l s  c o n f o r m i n g  to  t h e  r e q u i r e m e n t s  o f  A g g r e g a t e  
B a s e  C1.2 .  Any o v e r e x c a v a t i o n  by t h e  c o n t r a c t o r  s h a l l  be b a c k f i l l e d  w i t h  
t h e  s a m e  m a t e r i a l  s p e c i f i e d  t o r  s t r u c t u r e  b a c k t i l l  a t  t h a t  l o c a t i o n ,  
e x c e p t  a s  n o t e d  be low.  

'@ T h e  new p i e r  f o r  t h e  s t r u c t u r e  s u p p o r t e d  b y  a  s p r e a d  
E o o t i n g  s h a l l  be  f o u n d e d  i n  t h e  m a t e r i a 1 , k n o w n  l o c a l l y  a s  S-G-C 

! ( S a n d - G r a v e l - C o b b l e s ) .  The  S-G-C m a t e r i a l  is e x p e c t e d  t o  be f o u n d  a t  o r  

I ITEM 2030851  - CONSTRUCT DITCH ( C o n c r e t e  L i n e d ) :  

a b o v e  t h e  e l e v a t i o n  shown o n  t h e  p r o j e c t  p l a n s .  Upon e x c a v a t i o n  t o  t h a t  
', e l e v a t i o n ,  i f  u n d i s t u r b e d  S-G-C i s  n o t  f o u n d  a t  o r  a b o v e  t h e  p l a n n e d  
i e l e v a t i o n ,  e x c a v a t i o n  s h a l l  be  e x t e n d e d  t o  u n d i s t u r b e d  S-G-C m a t e r i a l  t o  

t h e  l i m i t s  d e t e r m i n e d  by t h e  E n g i n e e r  and  u n s u i t a b l e  m a t e r i a l  r e m o v e d .  
T h e  r e s u l t i n g  e x c a v a t i o n  b e t w e e n  t h e  e l e v a t i o n  t o  which  t h e  e x c a v a t i o n  
h a s  b e e n  e x t e n d e d  a n d  t h e  p l a n n e d  e l e v a t i o n  o t  t h e  b o t t o m  o f  t h e  f o o t i n g  
s h a l l  b e  f i l l e d  w i t h  C l a s s  S, E ' c  = 3 , 0 0 0  c o n c r e t e  to t h e  l i m i t  o f  t h e  
f o o t i n g  p l a n .  

T h e  work u n d e r  t h i s  i tem c o n s i s t s  o t  c o n s t r u c t i n g  d i t c h e s  
! a n d  l i n i n g  t h e s e  d i t c h e s  w i t h  c o n c r e t e  a t  t h e  l o c a t i o n  and  i n  a c c o r d a n c e  

w i t h  t h e  d e t a i l s  shown o n  t h e  p r o j e c t  p l a n s .  T h e  work s h a l l  a l s o  i n c l u d e  
t u r n i s h i n g  a n d  i n s t a l l i n g  t h e  t r a s h  r a c k  a t  s t a t i o n  1 0 + 5 5 +  o f  t b -  @d@ C o n c r e t e  l i n e d  d i t c h .  

- 

HNTB 
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he rock shall be (B) Backfill: 
oved to a depth 
ughly leveled or (1) Structure Backfill: 
e rock shall be 
Engineer and the Structure backfill material shall be selected from 
,ed in Subsection excavation or from a source selected by the contractor. It shall not 

contain frozen lumps, stones larger than three inches in diameter, 
chunks of clay or other objectionable material. Backfill material to 

formation, or be used for metal piles or slmilar ltems of metal shall have a value 
on of structural of resistivity not less than 3000 ohm-cm or the value shown an the 
s encountered in project plans, whichever is less. When resistivity is not shown on 
r the same box the plans, the backfill material shall have a value of resistivity not 
- a minimum depth less than that of the existing in-place marerial or 3000 ohm-cm 
;ckfill. whichever is less. Backfill material shall have a pH value between 

6.0 and 9.0, inclusive, for all installations. Tests for pH and 
.ted on piles, resistivity shall be in Tests for pH and resistivity shall be in 
footings before accordance with the requirements of Arizona Test Method 236. 

1 or subsidence 
at his expense, Structure backfill material shall conform to the 
:lng area to the following gradation; 
-oject plans. 

:ral excavation, 
the contractor 

lance with the 
ierein, and no 
nterial or work 

3le for, or not 
either for the 
==dance with the 
3 respectively. 

 vati ion shall be 
?urposes shown on 
.nslons, unless 

he area excavated 

Sieve Size Percent Passing 

3 inch 
3/4 inch 
NO. 8 
NO. 200 

The plasticity index shall not exceed 12 when tested in 
accordance with the requirements of AASHTO T 90. 

(2) Use of slurry: 

AS an alternate to the miterial requirements of 
Structural Backfill, the Engineer may allow material conforming to the 
following requirements to be used in a slurry mixture in situations 
where the slurry will be confined by free-draining soils: 

Sieve Size Percent Passing 

1 1/2 inch 
3/4 inch 
NO. 8 
NO. 200 

The plasticity index shall not exceed 8 when tested in 
accordance with the requirements of AASHTO T 90. 



S E C T I O N  205 

water  t o  be used i n  the  co 
the watershed area o f  t 
~ ~ ~ o c i a t i o n  may be ob ta ine  
or o the r  sources w i t h i n  
expects t o  o b t a i n  water fr 
an' agreement w i t h  t h e  ass 
Water Exchange Permi t .  

u n t i l  the  c o n t r a c t  
. executed copy o 

a r e  a v a i l a b l e  from Contrac 

206-2 Blank 

206-3 Construction Requi  
- The use o f  pressure pump 

equipment used on t he  roa  
g r a v i t y  f l ow  spray bars 

M a t e r i a l  may be watered e i  
a t  the  o p t i o n  o f  the  con t r  

If the  c o n t r a c t o r  e l e c t s  
source, and these mater ia  
p a i d  f o r  on the  bas i s  o f  
ample n o t i c e  o f  h i s  i n t e r  
water ,  t he  c o n t r a c t o r  shal 
may be necessary t o  enabl 
determining the  in-place 
d i f f e r e n c e  i n  weight  bet 
con ten t  o f  the  m a t e r i a l  r 
mois tu re  con ten t  o f  the  n 
be deducted from the  t o t a '  

206-4 Method o f  Measurer 

j a  subbase, base, a s p h a l t i c  concrete o r  p o r t l a n d  cement ( The work w i i l  be measured 
'' concrete;  however, when r a i s e d  median i s l ands  are  cons t ruc ted .  I 
j: the  area occupied by these i s l ands  w i l l  be inc luded i n  t he  area 206-5 Basis o f  Payment: 

Payment f o r  t h i s  work w i  

No adjustment  of compens, 
f o r  f u r n i s h  water  suppl: 
decrease i n  t he  q u a n t i t y  I 

reason f o r  such increase I 

When i t  i s  r e q u i r e d  t h a t  
water  f o r  :he suppressio 
a d d i t i v e s  and the  cos t  of 
f o r  as i n  accordance w i t h  

SECTION 206 - FURNISH WATER SUPPLY: 
The d e l i v e r i n g  cos t  of the  p r o v i d i n g  water ;  a and w  
t he  compaction o f  the  ma 
b u t  w i l l  be considered a 
va r i ous  c o n t r a c t  i tems r e  

SECTION 206 -118- 
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Absorption. H20 ARlZ??I Tar 

Spec~fic Gravlry. 550 - 
Spcciflc Cravlty, OD 

Sand Equ~valm:, : An12 242 WAFCl 1 1 66 1 
Total Sample Weight (Wa) 

I W ~ I  wenot IW) (no) I . 1. 7......, 

Dry Welmt ID)  

FLAKINESS INDEX ARIZ 223 

ArlZ 236 or 237 

100 
NECESSARY 
FOR A L L  

Dry 
FA & CA 

W a m t  

TEST OPERATOR 

te 44-9353 RSlah 
SEE BACK A U O  
. . 

L A B M A N .  PRO2ECT SUPERVISOR, 
OR RESlOEHT ENGlNEER 





APPENDIX H 
R R I Z O N R  DEPQRTMENT OF TRCiNSPORTRTION 

%ILY CBWCT!ffl Lo6 .'2W3Y 10, 1987 
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L 4 R  NUMRER PROJ CODE hWT L TYPE P@jE LP.B S S C c  ',12i '. 

TEST KO. SUFFIX TIME 

/ E. MOISTURE CORRECTED FOR MATERIAL RETAINED ON r n  I ! l !  I 1 4 1 
/ 

VOLUMETER DENSITY 1 ! ONE POI1;T PROCTOR (ARIZ 232) 1 
F l t i A L  ! T / x  / 2'1 CF I b .  WEIGtiT OF MOLD 8. SOIL ! 4 ! " 1  LEI 

L I F T  NO. SAMPLED FROM RDWY STAT I ON PLUS 
, i C I  651 I i t 8  ; 1 7 ; 8 +  3yJd 

? = P I T  
PROJECT NLIMBER IF  :.:~LcPo:T. I::~JT 

UECIIAIIL IN COL. tli! 

i =  IN PLACE IF  t i l l~EPOST. INPUT CECIfI!HL IN COL. 78 REMAR- USE C A P I T A L  LETTERS! 

3 4  i a  

h ! , . - , " ' I  , 
T , 2 5 1  i 

I J .  DSY DENSITY = -- i o ~ +  E r 100 / f 2 i  glj G ~ P C F ~   EIGHT OF WET SOIL I !  
/ , " ,  I , ,,! 

2 3  

t l  

, ,  , * -  , " I  . 
I G. SEGINNING j 61 7 1 cl C F  c Y!EIGP,T OF MOLD 

I 
d.C'FICUT OF 

PZOCTDR OiKS lTY I u. ::.EIGHT OF DRY SO1 L ' ' "1  t > ' I  L e  i , / SO' 5 2 ,  34 
PROCTOR NUMBER 1 I 

I ( n W E I G W T O F \ V 4 T E P = f - g  / t L C /  
t1 

PROCTOR METHOD (A, C: D ,  or :. / " /  I4Ol:;ceE cO,iTEr<Ty p r 100 / 1 j i 7 1  "- I 
I !  . -. ;-: . 518 1 3 8  - S '  

Y,. O.?TIMUH MOISTUR: ! . . . . a I % 1 7A"h:lLY 0; CURVES NUIM5EF: I ; /  i 
1 

L. MAXII4UM DRY DENSITY 1 " /  1 5 8 / ~ ~ ~ /  5 OPTIP4UI4, !.qDISTURE 
I I I 

ADJUSTMENT FOR RET. ::4 b COMPACTION CALCULATION L. MAXIMUh: DRY DENSITY 1 {&!PCF~ 

6 2  0 0  KEYPUNCH INSTRUCTIONS: Duvllc;itc col.  3 
t h ! ~  7 01) ill1 C:IICS 

6: / A .  TDTAL;AIET WEIGHT OF M;.TEHIAL FROM THE HDLE / pi j ~1 LB ej RETAINED 0 ~ 4 : i l  = - x  a 100 

/ 8. WET WElGHT OF MATERIAL RETAll.rED O N c 4  SIEVE LB I F  RETAINED ON:;4 IS MORE THAN 5W!n 

T .,., IG(F<. IF  AB i .  GO NO FURTHER 

I C. WET \&!EIGUT CF MATERIAL PASS!NG THC :. i SILL'C 2 A -  G I " '  gj 3,j 6i LE I 
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, . , , , , . , , 1 

121 I I 1 5 j  L G  i i ~  

-~ 
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APPENDIX I 

Introduction 
For more than 20 years, Symons has been perfecting 

the products and methods essential to successful archi- 
tectural concrete. Today. Symons Form Liners. Chemi- 
cals and comprehensive Form Liner Application Guides 
are your best assurance of aesthetically pleasing, eco- 
nomical, trouble-free and efficiently formedarchitectural 
concrete in the full range of industrial, commercial. 
institutional, municipal and residential applications. 

ELASTO-TEXe Form Liners are Symons finest form 
liners, combining great resilience and h igh  tensile 
strength. They provide superior toughness acd wear resis- 
tance so that reproduction of even the most difficult 
undercut designs and.,complex textures is consistent, 
even after many re-uses. 

r .  
If it is necessary to make a butt joint with liners, care. 

should be taken to eliminate grout leakage, even if the 
surface is to be sandblasted later. Sandblasting the 
concrete to clean up grout leakage at a butt joint can 
rarely be done to exactly match the original pour. 

Cold Joints 

Horizontal rustication strips should be used forall cold 
joints. In certain cases, these strips can be built into the 
form liner, reductng misalignment or leakage risks. A 
pour should never be stopped pan way up a liner; the 
joint will be very apparent in the finished concrete. 

Rustication Strips 

Rustication or feature strips, if made of wood. must be 
beveled, kerfed, sealed and well oiied, to 'facilitate 

Form Liners are not difficult to use; they do, however, N~~ wood, if not or prewashed with 
require attention to details. This application information cement and water slurry, may cause stains or dusting on 
is provided to highlight these details and to provide the first few times used .~ ....- ~- - - ~ ~ 

general procedures to assure aesthetictlly pleasing 
results and maximum economy in using form liners. Symons offers over 20 different types of rustication 

strips, in 10' (305cm) lengths, of ELASTO-TEX material 

Form Joints 
Most liners are supplied in large sheets. 4' x 10' and 

4' x 12' (122 x 305cm and 120 x 365cm), to minimize the 
number of joints and maximize the reuse of the liner. 

When textured areas of greater overall height than the 
form liner are required, a special liner lenglh should be 
ordered or a rustication strip should be used. Liners 
butted end to end will leave a visible line. particulariy 
noticeable with random or vertical patterns. 

When using textures with a strong venical pattern. 
such as ribbed and fractured rib looks. the pattern 
dimensions should be constantly considered to achieve 
an overall balanced design and to avoid joints at any 
points other than along one of the liners' main features. 
All form liner joints should be made aiong the liner's 
main features. 

Pattern features should also be antic:oated when 
formlng boxouts for doors, windows. meci-anical open- 
ings, etc.. to assure a proper finished appearance. 

In general, butt joints between liners. either horizontal 
or vertical, should be avoided. It is very difficult and time- 
consuming to match the features of a liner to make it 
appear continuous. Very slight differences in shape. 
thickness, texture, etc.. between the ends of liners will 
produce a distinguishable mark on the finished concrete. 
even from distances of 30' (lorn) or more. It is more 

molded around a wood 'r metal-strip core. 

This construction provides a strip which resists con- 
crete pressures without reinforcing, is stiff, straight and 
yet can be readiiy bent to conform to radius forms. It is 
also reusable many times. 

All strips can be secured to wood-faced forms with 6d ;I 
or 8d finishing nails on 10" to 12" (25 to 30cm) spacing. iJ 
The ELASTO-TEX material allows the nail heads to be 
embedded and hidden. 

Rustication strips with 1" (25mm) or wider cores can 
also be attached with screws inserted from the back of 
the form through predrilled holes in the plywood or steel 
form faces;or, by counter-sinking boltsor screw heads in 
the face of the strip, and securing through predrilled 
holes in the form face. 

.. . 
.. . - .  

Formwork . . ... .. : .. 

ELASTO-TEX Form Liners can be'.used with any 
concrete forming system; however, the most economical 
results;&n. be obtained with ganged forms. Gano-form ..: . . ~.?,:... 

appliczpn, using adhesive for liner attachment, allows 
many reuses from a one-time attachment of liner pieces; 
and, also minimizes the number of joints to caulk on each 
use. Liners can be attached directly to l o o s ~ ~ o ~  fired 
plywood, which is then mechanically attache6'to;the 
forms. Symons also can provide form liners,factory- 
attached to plywood. . . 

- -~ - - -  ~~ .'!O - 
advisable and easier to use a rustication strip to accent- NOTE: Adhesive will not adhere adequately to p~ywood . :;. 
uate the joint. rather than attempt to hide it. or forms that have been treated with form release oil:..:.. : 

Certain liner designs having random panerns, cannot 
-.;- . \ . 

. -  ~ 
. . 

be matched either horizontally or vertically. A rustication Attaching Liners . . ,  
. . . . .. . 

strip is always advised when making joints with such For best results. liners should have beveled edges to :, 
patterns. eliminate grout leakage at joints and should overhang : "  
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- !  n 
J ; 

forms and/or plywood approximately 1 /32" (1 mm) at all 4. Roll back half of the liner onto itself. 
beveled edges toassurea tight joint during form erection. 5.  . Prepare the adhesive in the quantity needed, -rhe 
Recommended idhesive is RESI-CHEM P-1241. 2-part coverage rate varies. but is usually 80 to 100 sq. 

i system. ft./gal. when troweied, and up to 150 sq. ft./gal. 
! 

8. 
ELASTO-TEX Form Liners expand and contract with when applied by roller in a thin coat 

temperature changes. For this reason, these liners are 6. a paint roller, spread the uniformly 
supplied with 1" to 2" extra trim iength. It is best to install onto :he plywood form faceand the back ofthe liner 

f t  ELASTO-TEX Form Liners in ambient temperature con- in a moderately t h ~ n  coat. 
I ditions near the higher level expected during placing of 

concrete. Liners must be adequately secured as described 7.  Check along edges and at corners to be sure 
I 

I above, but i l  the liner is installed warm, it will simply adecuate adhesive has been applied to assure 
contract when cooled. Care mus: be taken to preventthe adhesion at these critical locations. 
liner from attaining a temperature of 140' F (60" C). at Roll half the liner back onto the tacky adhesive as 
which point thermal deformation will take place. Liners 

i soon as possible after applying the adhesive. This 
attached cold, then subjected to heat.  ill buckle unless rolling action tends to eliminate air bubbles between 
adhesive is applied according to manufacturer's instruc- the liner and the form. 
tions. 

9. Position edges and corners, and secure them with 
Never apply tDe adhesive at temperatures below 50°F wooden tack strips secured with crating staples or 

or above 95'F (10-27°C) air or surface (form andfor box nails. approximately 3" 0.c. Allow 1 /32" (1 mm) 
liner) temperature. If the temperature is too low, the overhang at edges of gang form. Liners can be 
adhesive will no1 cure properly. If the surface temperature stretched or compressed to fit the form dimensions. 
is too high, the adhesive will set quickly. Keep plywood A carpet-laying tool can be used for this step. 
and liner from ?xposure to direct sunlight, which can Addi5onal tack strips should be insmlled on approxi- 
raise the temperature of the surface well above actual air mate 12" centers, or as liner configuration dictates to 
temperature. assure dimensional stability. 6 -  

Methylene ch!oridecan be used for cieaningadhesive Repeat the process with the other half of the , .i...i 
off tools and forms. Serrated trowels should be cleaned immediately..Do not leave a liner piece half-glued. 

' between each use to avoid build-up. 
Assembled liner must be kept flat and out of direct 
sunlight for 48 hours to prevent buckling or blister- 

Installing Linen on Gang Forms ing during the curing process. 
(Liners with Sun Joints) 11. Befcre adhesive sets, clean off excess at liner joint 

1 _ _^ . ,., , . , _ _  . - .  . . .. -.-, 
. . line. and along form sides, so it wiil not harden and 
: NOTE: A kit is availabl'efrom Symons to. facilitate ' :  inteeere with the resilient properties of the liner 
: attachment of liner to plywood. It includes trowel. edges, or add dimension to gang form. 

cleaning solvents, measuring cups, cotton rags, a i i  
c a r p e t  knee kicker and other items. ~ ~ ... , 12. Carefully position the next liner, butting it firmly 
., - . ~ . ... . . -. . . .. , . .. . . - .  against the giued liner. This joint should be com- 

1. Level the form so that liner can be glued in a pressed as tightly as possible without buckling the 

horizontal rather than vertical plane. Square lines liner. 

and liner j i n t  lines should be snapped priorto liner 13. check that edges, grooves and joints are aligned 
installaticn. with the first piece and the form. 

Q - 
. .r 2. Brush of! the form and the back side of  the liner to 14. Hold the half of the liner thatisfarthestfrom the joint 

I remove dirt and dust. It is also advisable to roughen firmly in place with tack strips. Then, roll back the 
5 

:, -% the surface of  HDO plywood and theliner to provide half of the liner butting against the previously placed 
. .  , <.: . . .L better key for the adhesive. Remove any grease or piece. 
. . 

. , oil from form faces with M.E.K.. tyluol, xylol or a 
. . 15. Repeat steps 6 through 11 until the gang is covered. 

mixture c i  aromatic solvents (Chem Central # lo ,  
Ashland Chemical # I00 orequal).Clean the backof 16. lf any dressing ofthelineratgang edges isrequired. 
ELASTO-TEX Form Liner of any dust and dirt and use a sander with #36 or #24 grit belts or discs. If 
wash wi!n methylene chloride. Use 100% cotton trimming is liner can be cut with utility 

A c rags with any of the above solvents. Rubber or kniie or a knife blade in a saber Saw. 
. y plastic gloves and other protective clothing Should .! 17. When adhesive is set and at least 70% cured (next 

be used zs recommended by solvent manufacturer. 
: day). remove all tack Strips, nails, staples, or other 

.... . . . 3. Postion me liner on the form so that its groovesand mechanical attachments. Remove any dirtor debris. 
joints are aligned with the form. and oil the liner. Care should be taken that the oil 

I2 
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. . .  - + '  . . . .  . reaches and adheres to all facets of liner face. This 
. :;;.,~act~&lnstali~d . .: /. . . , . .~ .  . . : . c . z ~ : i ; . . ; - ~  ~ ,..: , ' :,> .. - ,  ..-: ;.. '. may require scrubbing or brushing. depending on ;;::iiners can be perman;,,;? anached to piywoodI;i 

..+ - 
pattern and number of uses. .. .l - 1C. 

<.sheets .+. in-the factory if desired..This is doneona,.i 1:- 
. .~ . . --w.,. .. - . z .  . - custom. basis, and .therefore the contractor must;:;:! - .   CAUTION:'^ . .. ~ i n + ' l i n o t t o ~ b e  usediimmediitely. :< ;.approve, in .avance of anachment of thb.2i . , .,, 

;;<cover . . to pre~en:~unlight.deterioration. . " '  : ..,Tiner.. This. assures that the liner. will be properly 5;. . ..- "'. . . '  : .:.'., "&< . " .  , 
& 

. . +--. . . 'z~.'...,;z.-", . ..- 
-; positioned to account for tie holes,fasteners,joints" _j .. 

, .  . . . ,  ~. 
,-, ' :.,;; ,-.: , . . ,>: . . .. ... ..:. , ., : ;:;~ ::. .-:,':.:>; . : . ... .*.: , ... . .  . . : 1 .  , . . . . .  : . . ;. ..:-*. .... . .4 

Installing Liners on Hand-Set Forms ,.. ,L*".A.x,..---> - ~. .,..+.*.*-;--." -.....-4--.-z2 , . . 

1. Assemble and brace the architectural side of the 
formwork first. Do not set ties. 

2. Attach form liners before setting opposite side, or 
ties. 

3. Position the liner against the form so that its edges. 
grooves and joints are aligned with the form or 
squared lines. 

4. Tack top edge of liner to forms with finishing nails 
on 6" (15cm) centers (approximate). 

5.  Using finishing nails, nail one side edge of the linerto 
the form. 

6. Check overall form liner alignment dimensions and 
position. 

7 .  Continue using finishing nails across the liner, start- 
ing at the edge previously nailed. 

8. Counter-sink all finishing nails below liner face, and 
add nails i f  necessary to assure secure attachmentto 
form. 

Installing Liners on Loose Plywood for Mechanical 
Attachment to Forms 

1. Liners are attached to 1 /2" or greater plywood in the 
same way as on gang forms. Proceed with steps 1 
through 11 of method for gang forms,allowing 1 /32" 
(I rnm) liner overhang at edges. --- 

2. Positive anchorage is required to facilitate stripping 
without overly stressing the form or liner. Counter- 
sunk bolts or anchors should be installed prior to 
gluing. if positive stripping is to be assured. These 
fasteners should be spaced 12'' apart around the 
perimeter of plywood, with noless than four equally 
spaced fasteners in the center of the plywood sheet. 
It is also essential toallow at least a 1 /8" gapbetwean 
all plywood sheets in both directions to accommo- 
date expansion and contraction of plywood by mois- 
ture gain or loss. If this is not allowed, plywood 
buckling will most likely occur if ambient moisture 
levels are high. 

Tie Placement 
. . Formwork shouid be planned so thatties are located at . . : 

rustications, grooves, reveals or other areas to minimize . : 
i ., 

visual effect. Allow for the depth of the liner and/or ribs . .  .. . 
when calculating the break-back of ties. 

. . . . 

When using a rib pattern liner, locate ties at the high . '.:? 
; . 

point ofthe liner ribsothey will appear in the recessofthe- .:.. ,.; 

concrete and be less visible. For best results, provide a 
minimum 1" (25mrn) concrete cover from tie break-back . ' - 
on exposed exterior walls. If cones are used, the diameter 
of the cone should be less than its depth to facilitate 
patching. Maximum diameter of the cone should not - . . 
exceed the minimum width of the rib. The same con- . '. 

straints should be applied to she-bolts and taper ties. 

Due to the rubber-like nature of ELASTO-TEX Form . . 

Liners, they will tend to self-seal around tie holes. Holes .? 
for STEEL-PLYB ties, taoer ties, she-bolts, etc.,aremade '..,' 

by drilling a hole in the liner 1116" smaller diameter than 
the tie. The hole in the plywood should be enlarged to 
1 /4" larger diameter than tie for better gasketing action. -i 

Cutting and Drilling 
ELASTO-TEX Form Liners can be cut and drilled in the . . . 

same manner as rubber, similarly, too much friction will. '.,',.'. '. 

cause melting and gum up tools. 

A utility knife or a knife blade in a saber saw wi!i cut the . ' 

material; however, knife edge should be kept as.sh.arpas 
possible. Liners shouid be securely clamped downand a~ ,.,, .. , . 
cutting guide nailed or ciamped to the suriace. . . . . . . 

Cut ends can be dressed with either a disc i b b e l t  . . 

sander using #36 or 824 grit sandpaper. Removesanding :i;l....- 
dust from the liner to prevent marring the concrete . .  ' : . . , 
surface. . ~ _ .  .. . .  .. ,. . .  . . :..-. t 

:> ' .  
Release Agents . .I.--i.i . ~ : .  . . ..:. .. . 

To prevent build up on liners and to facilitate stripping, ;;;-?f?'; 
apply a light coat of a chemically neutral lorm release.;;i?&,. 
agent such as Magic Kotee Form Release. Magic Kote . ," 
will not react with the concrete or the liner: it provides 
consistent. easv release. protects the linersand prolongs ' ' -' . - -  - -  

3. Subsequent sheets should be butted tightly against their useful life: It will n i t  stain or discolor the Concrete ..: 

installed sheet, the liner overhang to and leaves no residue, virtually eliminating any conc'ete. :'A .. .... . . .  . . 
make a tioht inint S n ~ c i ~ l  rare should be taken to Or build-up On the liner face. . . . . .. .- - . . ~ . . . , - . . . . . - r - - . - . - -  ~~ ~ ~~ ~ ~ ~. 

assure proper alignment since formwork may be ELASTO-TEX Form Liners should be coated -with ~ . . . 
reused many times. . Magic Kotes fairly close to concrete . 

~ placement time, . .. as- 



. . 
> 'i / . 

5 the liner is slightly oil absorbent, allowing the release 
' ?  :..._ r: agent to soak in. leaving the surface without coating. .-: 

. .. Ideally, form release should be applied on the same day 
- - . . as concrete placement. 

Poor quality release agents. improperly formulated 
releases and some reactive types of release agents can 
damage liners, hinder consolidation, cause stripping 
difficulties, discolor the concrete and cause excessive 

.. $ dusting. In no event should liners be coated with surface 

Boxouts by Closure 

Boxouts can be achieved without cutting the liner 
simply by placing the boxout over the liner, and using 
sufficient sheet or rod stock foam materials, or wood and 
caulking to fill the voids between the boxout and the low 
spots in the liner. The materials used will be dependent 
on the configuration of the liner and the concrete 
pressures exerted at this point. 

. 
retarders containing methylene chloride, toluene or xy- Corners by Modification 
lene. It is strongly recommended that liners be cleaned 
with ~~~i~ ~~t~ before initial use, ibis coat should be It is important to anticipate the desired location of liner 

sprayed on and then scrubbed into the liner with,a scrub features and their effect when liners are installed on both 

brush or street broom to remove mold release sides of a corner. Brick liners should be modified so as to 

remaining on the liner which could deposit a fine film on 
the concrete. 

Liners should be coated before each use. For best 
results, apply the release agent with a fog sprayer or a 
natural bristle brush. A brush is recommended for all 
deep profile or rough texture liners. If a sprayer is used. 
be sure to vary the spraying angle so as to cover all 
surfaces. 

Ideally, form release should be applied the same day as 
concrete placement. Symons will provide, if desired, a 
special wand extender and side-outlet nozzle with check 
valve for use with standard sprayers for applying release 
agents where limited access is available. 

One 55 gal. (208 liter) drum of Magic Kote will coat 
approximately 50.000 sq, ft. (4645 sq. m) of form surface. It 
shouid be recognized that a4' x 10' (122~305cm)rough 
texture liner could have a surface area up to 160 sq. ft. 
(1 5 sq. m). 

Form Placement and Alignment 
It is important that forms for exposed architecturally 

textured concrete be aligned and in common planes. A 
stack-up of manufacturing tolerances and/or liner wear 
can result in forms being in different planes, ever: when 
properly aligned. This will result in a "stepS'in the finished 
surface which will be noticeable, particularly with shal- 
low texture patterns. 

Formwork should not be lapped over previous pours 
which have uneven architectural surfaces (also see: Cold 
Joints). Such lapping will result in an uneven surface, and 

avoid a mortar line at an outside corner 

Corners by Closure 

A smooth reveal at an insideor outsidecorner is highly 
recommended to simplify corner construction and mini- 
mlze misalignment of the liner at the corner. The smooth 
reveal will produce a most-pleasing architectural con- 
crete finish. 

Reinforcing Steel 
Reinforcing steel in concrete exposed to weather 

should be accurately located to insure proper cover,and 
reduce the possibility of rust stains on the surface. 

The ciear distance between the maximum diameter of 
the bar and the concrete surface should be at least 2" 
(51 mm). Since some form liner patterns have as much as 
1 314" (45mm) relief and rustication strips vary to over 2" 
(51mm) in depth, care must be taken to insure that the 2" 
(51mm) is maintained at these polnts. 

A minimum of 5" (127mm) clear opening should Be 
provided throughout for the proper placement and con- 
solidation of the concrete; this is particularly important 
when low-slump mixes are used. Maximum, rather than 
nominal, diameters should be used in calculating steel 
spacing and open areas. Horizontal bars shouid be 
placed on the outside, the exposed concrete face side, of 
the vertical steel to allow greater open areas. 

Wires used for tying reinforcing steel should be bent 
back and tucked behind joints away from the formed 
c , , r f= ra  a", , C A U L .  

grout leakage will occur,furthermarring the appearance. 
Plastic-coated chairs or spacers should be used 

All fomwork should be sufficiently rigid to remain throughout to prevent surface rust-staining. Chairs should 
sealed during Concrete piacement and vibration: all not be used to space the steel away from the forms. 
joints and tie holes Should be sealed by caulking or 
gasketing to prevent grout leakage. ~ ~ ~ t h ~ ~  recornmen- CRSl publications should be consulted for further 

dations are contained in ACI Standard "Recommended recommendations. 

Practice for Concrete Formwork". ACI 347-68. 

Concrete Mix 
~ o x o u i s  by Modification Architectural concrete requires mix proportions which 

Anticipate the deslred location Of liner features before will provide maximum workability consistent with 
fabricating boxouts. strength requirements. The workab~lity of the concrete 

I 4  



has a direct relationship with the occurrence of suriace designed to resist the greater stresses caused by such Y. 

blemishes. However, the water-cement ratio should not vibration. Symons form liner rigidity is based on full 10' 
exceed 0.46 by weight. (3mm) liquid head unless,otherwise noted. 

Architectural concrete should conform to the following ~~~~~~~l vibration, if properly will pro- 
standards and guides: duce excellent results, however, such methods exert 

Waterlcement ratio-ACI 301, Chapter 13, Sec:ion much greater forces on the formwork and seals. These 
13.2.2 forces must be taken into account in the formwork 

Sandlaggregate ratio-ACI 211, Table 5.3.6 ,,vith design. 

asterisks - ~ 

Surface voids-ACI 309, Chapter 7. Sections 7.6.2 Stripping Forms 

and 7.7 Formwork with architectural form liners should be 
stripped within twenty-four hours after concrete place- 

Heat of Hvdration-PCA Bulletin CB9. "Concrete for ,,,, 
, , , = 8 , , ,  

Mass ~tructures", Com~utation 2 (vaqe 12) .. - 
Interesting effects can be obtained in Architectural The setting of concrete is an exothermic reaction: a 

Concrete through the use of gap-graded or colored considerable amount of heat can be generated parti- 

aggregates in the mix. cularly where massive amounts of concrete are being 
formed. This heat, together with the effect of sun shining 
on the forms, can cause the liners to reach temperatures 

Concrele Placement above the allowable limits and cause permanent de- 
Architectural concrete Should be placed using a pump formation. 

or conveyor with a drop chute to avoid separation of the 
mix and oossible soatter on other parts of the liner. Forms should always be stripped with a force at right 

angles to the form: a horizontal push or pull in thecase of 
Concrete should be placed in lifts of no more than 2' vertical forms, In stripping ELASTO-TEX Form Liners, 

(61cm) and should not be moved horizontally.sincesuch advantage can be taken of the resiliency of the material, 
,- 

movement will cause flow lines in the finished concrete. allowing the forms essentially to strip themseives, When 
Concrete should not be dropped. as that can cause the liner is securely glued to the form, use a jack, 
'segregation, rock pockets, and honey-comb. preferably hydraulic, to separate the top of the form from 

Vibration 
Proper consolidation is critical to successful architec- 

tural concrete and is normally accomplished by internal 
vibration of the concrete. 

The vibrator should be insertedvertically at i n t e ~ z l s  of 
12" to 18" (30 to 45cm). depending on the properties of 
the mix and the radius of influence of the vibrator. The 
area affected by thevibrator should overlap the previous- 
ly vibrated area by a few inches, or insertions should be 
made at 1.5 times the radius of influence. 

Generally, recommended practice calls for vibrating 
one lift at a time, extending the vibrator at least 6" (15cm) 
to 12" (30cm) into the preceding lift After a momentary 

.. . pause, the vibrator should be withdrawn slowiy, at a rate - of about 1" to 2" (25 to 50mm) per second, remembering 
that this ACI recommended procedure assumes a flat 
concrete form. With a deeply textured liner surface. the 
rate of withdrawal should be proportionately decre~sed. 
It is almost impossible to overvibrate - a well-designed, 
low-slump architectural mix. 

To avoid variations in color and texture, it is important 
that a constant time interval be maintained from the time 
of placement, to the time vibration commences for each 
lift, throughout an entire project. 

Since architectural concrete requires extensive vibra- 
tion, formwork, ties and sealing procedures shouid be 

the concrete. Allow the jack to remain in place for 
approximately 15 minutes. The form will tend to resume 
its original shape, and strip itself away from theconcrete. 
down the form. If for some job circumstance, jacking 
perpendicular to form face is impossible, pulling from the 
back side of the form is very difficult if the stripping angle 
varies more than 30" from perpendicular to the form face. 

Special care should be taken in stripping deep profile 
liners to avoid damaging the concrete fins. Pivoting of . ;:: 
forms can cause severe damage io both the liners and 1:. 

the concrete. The force required to strip a fOrm:.wilk-:.,L 
depend not only on the surface area of the form face,.but : 1 

also on the percentage of the face at rightangle3 !0$e. 
direction of stripping. A low profile linei$Jl be easierto , 

strip than a rough texture or high pr$!ig:llner. 



./-. 

A uniform time from concrete placement to stripping is 
essential to avoid variations in color of concrete due to 
differential moisture loss. To further facilitate consistency 
of coior, a consistent time interval between stripping and 
application of a suitable curing compound is also es- 
sential. 

Further recommendations are contained in ACI Stand- 
ard "Recommended Practice for Concrete Formwork", 
ACI 347-68. 

Tie Hole Patching 
Tie holes can be patched with epoxy mortar or a 

specially mixed grout. Grout from subsequent pours will 
not match in color due to different evaporation rates and 
hydration, and water/cement ratios. 

Tie hole patches should be slightly recessed for best 
results. Care should be taken to avoid smearing the fill 
material on the surrounding surface of the concrete. 

Repairing Liners 
Liner tears can be repaired by gluing the liner back to 

the plywood sheet with RESI-CHEM P-1241 adhesive 
and deoositing RESI-CHEM P-1241 adhesive in the tear 

/- 
joint. After setting, the hardened RESI-CHEM P-1241 
adhesive should be sanded to avoid producing a gloss at .. . . the surface of the concrete. The elastomer can also be 
used for a torn joint. Referto Item 12 of Installing Liners on 
Gang Forms. 

Care and Handling of Form Liners 

Liners shouid be stored flat and out of the sunlight. 
Long-term storage shouid be inside a building to avoid 
the effect of weathering. 

Once attached to forms, liners should be stored on 
edge. Care should be taken to avoid striking the face of 
the liner with heavy, sharp or heated objects. 

Liners, on or off forms, should never by stored in 
locations where their temperature could exceed 140°F 
(60°C). Permanent deformation will occur at higher 
temperatures. 

WARNING 

Most plasilcs degrade when exoosed to lntense sunl~qht lor 
extended perloda 01 time whcch can in some Conditrons wlth 
form !hers cause d~scolorat~on of the concrete surface. To 
avold obiectionanle d~scolorat~on and subsequent cleaning 
costs. Cover the form liner surface wlth a tarpaulin or black 
pias11c to shade the Sunlight 0H0f the formlng surface.Th~s tarp 
ShoUiC cornpletelycover the form liner surfaceatalltlmes when- 
ever tie form liner is not in use or being cleaned or o~ied. T h ~ s  
will prolong the life of the form liner material and produce 
maxcrnurn cleanliness of the formmg surface. 

L~ners should be adequately protected, preferably by 
crating for sh~pment. 

Curing and Sealing 

Special care should be taken to assure the proper 
curing of architectural concrete and to avoid differences 
in color of the finished surface. Color variations can be 
minimized by establishing a consistent method and 
period of curing. 

Curing can be achieved using Quad Cures. Cure and 
Hard, or Cure and Seal. Quad Cure and Cure and Hard 
both react with the free lime in the fresh concrete, 
becoming an integral part of the concrete. They diminish 
the tendency of the concrete to effloresce, and being 
inorganic, they will not darken or discolor the concrete. 
Since neither are membrane-forming compounds, they 
will not impede further cementitious bonding, so these 
compounds can also be applied to the top of a wall. 
construction joints or tie holes. 

It is also strongly recommended that all architectural 
concrete be sealed to protect and preserve the surface. 
Cure and Seal and ACS (Architectural Concrete Sealer) 
provide a hard transparent surface for long-lasting 
protection. 

These sealers resist moisture absorption, ultraviolet 
light discoloration, dusting, mildew, fungus, air pollution, 
rust, grease and oils. They also permit removal of graffiti. 
smoke and stains. 

Cure and Seal may be applied any time after stripping: 
concrete shouid be cured for minimum of 28 days before 
applying ACS. Although spraying is the most commonly 
used method of application, either can also be rolled or 
brushed on thesurface.All curing, hardening and sealing 
compounds are specially formulated to be compatible 
with Magic Kote and with each other. For instance, Quad 
Cure could be used for curing protection, then Cure and 
Seal or ACS used later for surface sealing. 

Painting and Staining 

Acrylic latex-based paints, which offer a high resis- 
tance to sunlight, are available for painting concrete as 
soon as 10 days after placing. Avariety of effects can be 
obtained by using a short-nap roller, coatlng only the 
outer surface. 

Alkyd resin (oil-based) pa~nts are also available, how- 
ever, they should not be applied until the concrete is 
completely dry, approximately 6 months after placing. 

Paint-based stains that are absorbed into the concrete 
surface are available in both latex and alkyd resin. 

Pre-Cast and Tilt-Up Forms 

Symons form linerscan be used for pre-cast and tilt-up 
forms: however, special atientlon is required for possible 
thermal expansion of the liners if liners are not attached 
to forms. A Symons representative should be consulted 
when considering such applications. 
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APPENDIX J llclcaies !?IS design me:s  reqwremants 
A:proval of rnls hltx D f s ~ g n  shall not 
rel~ebe the Ccitmttor of Full Responsl- 

--."-.-m?rer blllty for the Results. 
a, 

TheTaI'InerComponieS. Unlted Melro Molerlals Dw~ston. PO Box 20428. Phoenu. Af!zona 85036. (b02) 262-12tl 

P?:ZO\~R L'Er"2RT?EI\T 2- T2RNSF'FSiRT:CK - YRTEiiiGLS SERVICES 
CiPSS ST?I;2-:.j?C:.. XYP3Z'F *:Y DESIGV 

"S* 
PROJECT KO: :-:?-:.@-.: (-., cS4) X Z ' ? a . X Z  V W E :  1-12! 2ETUEEN 16T{ S?. -.. ( 2 2 1 )  . u  237% ST. 
C3NT?RCTOR: TRWER CCUCSE;E $Loci:E?:b\:TE3 P,ET?D *L 

CC.STRSCT7 VG 
M I X  DESIGN DRTE: 9 / :7 /86 FIX D=S:GQ SY: 3, -R:G45 

POZZOLRN TYPE: ':F" S O X 2 E :  PGEL 

F I N E  PG; ::.k:%ESS ms>-.ji-~,'S: i. -rc I .J S O C X E :  SQLT RiVE? 

CCRRSE RGGRFFPTF PCSh-2 S I Z f  3ES:SNCTION tr7 

COQRSE ASS * 1  :OVI i: 1 / 2 "  INC* MRX S I Z E  SOL:QCE: SALT 4!VFR 

CORRLL RGG nZ % :KCH NRX SiZE S ~ ~ J ~ C S :  

R I R  EKidMINING ?;?\-: - Y Y :  SOUr?CE: 3ayE-JZ/CY: 

WRSER 9EDU2: KG GhitbT TYPE: SOZRZE: 2. R. i~;~-gz/cj:: 5.00-7.00 
SYZOL OY DRROTQl3-!7 G W C Z  

OT'+E!3 ADMIXTURE TYPE: SGUFICE: %TE-GZ/CWT: 

VOLLI.*iE 
rfiTER:CLS i;EIBc;T/.yi. vg. SPECIFIC GECVITY .ZU. F7. /CU. Y3. ....................................................................................... 
CEMENT 55? La. A. 15 2.54 

?OZZLFIN :19 LH. 2 . 3  8.63 

WRTEH 3i5 is. 1.0a 5.36 

CCRSSE ROGREEFITE Pi 1 7 2 2  LH. (SSD) ?. 65 la. 'I. 

R I R  CCNTENT 

DTHE? 9D'riXT;JiE 

TSTRL 42415 LB. . -1. = 27. I20 -. . 

3 i G 9  6i / -  1 INCHES CEDE NUTREG: 240@4 - 0 

- - - - - . - - - . . Buildino tomorrow todov 
J 1 



, cf  rlamirtcr=r, and Wi.ic;%s 
,:,:;-~t?s !;:.:. ;eji~;n ~ F R E ~ S  :equlrti;'erl:s. 

...->.-- -.... L: ;y rcvd i  3f :$IS !1!x Des i~n  shall nct 
7 :..- ti... , ;2 - , : r~~:~:  01  Full Responsl- 

D,,,? : ~ r  t:,~ Sasi~l!:. , ..a ', : :-, 2( 

TheTannerCompanies, Unl led Metro M o t e r ~ o l r  Dlwslon. PO BOX 20128. PhOenu. Amom 85036. (602)  262.12U 

RRIZONR DEPORTMENT OF TRRNSPORTRTION - MATERIRLS SERVICES 
CLRSS S STRUCTURRL CONCRETE M I X  DESIGN 

PROJECT NOI I- IR-10-3(204) 6 PROJECT NRMEI 1-18 BEWEEN 16TH ST. 
(221) TO 28TH ST. 

CONTRRCTORl TRNNER CONCRETE SUPPLIERtUNITED METRO 1 1  
CONTRRCTING 

MIX DESIGN DRTEI 16 /89/86 MIX DESIGN BY1 H. WRIGHT 

DESIGN STRENGTH (F1c) 4000 P S I  RT 28  DRYS 

CEMENT TYPE1 I1  LOW RLKRLI SOURCE: SUNBELT TORREON 

POZZOLRN TYPE1 n ~ "  SOURCEl PRGE 

FINE RGO FINENESS MODULUSI 2.75 SOURCEI SALT RIVER 

CORRSE RGGREGRTE RASHTO SIZE DESIGNATION 17 

CORRSE RGG 11 57% 1/2" INCH MRX SIZE SOURCE: SRLT RIVER 

CORRSE RGQ #2 % INCH MAX SIZE SOURCE I 

RIR ENTRAININO AGENT TYPE1 SOURCE I RRTE-OZ/CYI 

WRTER REDUCING RGENT TYPE: SOURCE: W. R. RATE-OZ/CWT I 3.00-5.00 
HYCOL OR DRRRTRRD-17 GRRCE 

OTHER RDMIXTURE TYPE: DRRRCEM-100 SOURCE: U. R. RRTE-OZ/CWT: 6.00-8.00 

VOLUME 
MRTERIRLS WEIGHT/CU. YD. SPECIFIC GRRVITY CU. FT. /CU. YD. 
I ~ I I I ~ ~ I I I I ~ ~ I I L ~ I I ~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ P D I I ~ I . I ~ ~ ~ ~ I I I I . I I I I ~ I I I I I ~ I ~ I I ~ ~ I ~ ~ I I ~ ~ ~ ~ I I ~ I I ~ I P I P ~ ~ ~ ~ ~ I  

CEMENT 559 LB. 3.15 2.84 

POZZOLRN 119 LB. 2.30 0.83 

WRTER 300 LB. 1.00 4.81 

FINE RGGREGRTE 1317 LB. (SSD) 2.65 7.96 

CORRSE RGGREGATE B l  1746 LB. (SSD) 2.65 10.56 

COARSE RGGREGATE 12 LB. (SSD) 

FlIR CONTENT Y 

OTHER RDMIXTURE LB. 

TOTRL 4041 LB. , CU. FT. 27.00 

SLUMP 6 +/- 1 INCHES ODE NUMBEJ4 I ,i/,@fl%4052 -0 
~uildin~?ornorrow lo oy 

Oooont~rn ov. ..-Tc_ 
FLOWRBLE 

J 2 



T h e w c a n p d O S ,  Un~led Metro Motenols Diwsion. PO. Bca 20128. PhoenbL Amooa 85036. (6021 262;(Plj . ;.- 
RRIZONFI DEPRRTMENT OF TRRNSPORTRTION - MRTERIRLS SERVICES 

< ..! . I I . . 
CLRSS S STRUCTURRL CONCRETE MIX DESIGN 

. . -  - 
. . ' T '  . . .. 

. . 
PROJECT NO: I-IR-10-3(204) PROJECT NRME: 1-10 BETWEEN i6TH ST. & .- . .  . 

& (221) 28TH ST. . . :; , .  ' . ,  
' . 

CONTRRCTOR: CONCRETE SUPPL1ER:UNITED METRO P L M T  1 . 

MIX DESIGN DRTE: 03/07/87 MIX DESIGN BY: 

DESIGN STRENGTH (F 'c )  4500 PSI  RT 28 DRYS 

CEMENT TYPE: I 1  LOW RLKRLI SOURCE: SUNBELT TORREON 

"F 8 ,  SOURCE: PRGE POZZMRN TYPE: 

FINE REG FINENESS MODULUS: 2.75 SOURCE: SRLT RIVER 

CDRRSE RGGREGRTE RRSHTO SIZE DESIGNRTION 857 

CORRSE RGG $1 7 0  % 1 INCH MRX SIZE SOURCE : SRLT RIVER 

CORRSE RGG $2 30 X 1 / 2  INCH MAX SIZE SOURCE: SRLT RIVER 

RIR ENTRAINING RGENT TYPE: SOURCE : RRTE-OZ/CY: 

URTER REDUCING RGENT TYPE: SOURCE: W. R. RRTE-OZ/CWT: 3.0-5.0 
HYCOL OR DRRRTRRD-17 GRRCE 
OTHER RDMIXTURE TYPE: SOURCE: W. R. RRTE-OZ/CUT:6.0-12.0 
DFIRRCEM-100 GRRCE 

VOLUME 
MRTERIRLS WEIGHT/CU. YD. SPECIFIC GRRVITY CU. FT. /CU. YD. ................................................ ------------------ -=============== ................................................ 
CEMENT 499 LB. 3.15 2.54 

POZZOLRN 106 LFI. 2.30 0.74 

WRTER 267 LB. 1.00 4.28 

FINE RGGREGRTE 1382 LB. (SSD) 2.65 8.36 

COFlRSE ROOREGATE R i  1283 LB. (SSD) 2.65 7.76 

CORRSE ROGREGRTE 8 2  549  LB. (SSO) 2.65 3.32 

RIR CaJTENT 

OTHER RDMIXTURE 

x 

LB. 

PLEASE ORDER BY CODE 
NUMBER ONLY 

T O T E  4087 LB. CU. FT. = 27.00 

SLUMP 6 +/-I INCHES CODE NUMBER8 14522 
kilding tomow todoy. 

WPROVED BY: ........................................ DRTE: --------- 
3 3  
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ANCHOR SLAB DETAILS 

PROJECT STANDARD DETA!LS.DETIIL Y.0 







T,ZTGL W:>LL GKIGi-iT = j CT 
-. ----- e n ,  I =r: GFJ WALL F<,CE = i:; 

i~!IuIp!Ufl p?GiT ic>i;>Ts = ,F- 

, ,TG - - , n  f i  ; , ,  - > ,  . -  7-r .,. . ' 7  2.  '"r zit ! ,' - -- 
!...-:..:A,,Ll , ,;A .:- F.i = -. P !  

-- =I!-L: LEVEL 2.5 7 ; 

F U L L  3E"T- AT a FEET 3E.fC:~ja i3;&ii c,+c,Z: - Nu. O F  i I t*!E iC;,C; = I 

! >-.*,, 2. + . 
L.dt-1~ * - . 

E,Jll ,..I. L 3'-:- m.cr 1 H = 2 F- 
W r r - . '  .-- . -,.* A >  L u : , ~ ~ ~  fi::;-;~,q = =- ~ r n  FT 
SET SAC!.: ;:;:;=)+- WALL, Fc,-z . - -  = 2 F; 



. .. ,- DEAD :,; ti-,.,; LzADS 
.- - - - - - - - - - - - - - - - - 



-. , . n,2p:! Z .  L ~ & G  LDNG T3A!\.!! STRESS ?!,GT is. r J L ~ C U ?  yt;T ZE'rnTH MtqT-Sf'ACE "^- 

FT. , -r,- --,- ...- - ,< - 3 
-- 

ME. 
- 

3. @ J L ~ . =  ~ ! A ! - . C  , ..- A , - . .  - . .-. c 



TOTAL iiJrli-L uEIEl-iT = 1 C' FT - "---- dh ! : =?: ON WALL FACK = i3 
Exr<IMUi< EAT LEb..iG;+ = 5 =; 
f l + ~ - i ~ l j ~  ~ ? s E  ! I ~ ! D T ~  = 24 FT 
hlN;flUM TOE BUHY = 5 TT 

FAZTOR OF SAFETY S L I 3 1 N E  = i - .  - 
F&CTnR C&,CETY ' 2 2  ,Z:+;EC;;.TgRN:p,II = 7 - .  
F:iCT@R si:: SAFETY P:JL!-GUT = i . = d - . ..-- MAX.  FOOTING ?=:ECS!J::E = .2. ?,.>,- 

SURFGCE zt SUBSURFACE DRGIMGEZ - C22NT;7?L RpS!JIF:E> 



I ? . i I T I A L  MAT -:?.;CINE = FT 
-., --,*.,c K E S i i  SFCtCING: b IN. LO?.!G X 2.1 i1.r. )r.c-t<.- 

fiEIF,)/YD"CiflE RAT:? = 1 
! v ! A x -  id;F;x = $1 1!2 
I.;:!'!. jjifiz S I Z E  = [.i 7 

. . C,z;.:;:E;3:;IG>! ,ii-LnW - <;+I. .:-7V ... L3  '- 

'"TC Z-DE:: = " :: GC y" r I  TI H....- - I . .  a; * .--- 

"c;I III:I\ITAL MOMENT AKM ??O?lEi\lT 
LZAD-1.:: 2 PS fT FT-;:: 1 7s 



*.-- . - p: :! . -, ;- M A T  "EFT+ pi&T-SP&CE %OR: Z. LOAD 'LGi<s ;Z;&:<S STF:Ess , ,? 4 ;-h. , ---:A~, ! 

:,lo. -- -7 L'C - N i R E  W:F:E 1 -- - ,  - - 
r i .  T I .  ... 3r . . .  r:~. 



WALL EEOMETRY 

7 .  FILL: LEVEL A? 2.5  F7 -. .. 7--- - - . , *h !-!-j,JL Tj:;EFj-5 AT . 1 r=c : j r r  >;.ID bJALL F G C E  
>~;:? , ,-. LIVE LOADS = ' I 

:-.z.+z, * 1 : - c-IcI!?. - Soil- CE?TS = .- . -- - .  
i i . - - - , , - -  ~ 4 ~ 2  : d p  L:JADED 4F;Ec = ZE !TT 

,--- . , zac):: F; : :~F  v & ~ i  FAYE = 2, ET -.-. &.,. 



. I;!;TIAL p!:;T -SF.?CzNG = 2 =T 
jdESH SPf iCINE:  & IN. !-DNG X Z 4  I?%l. ;?k?JS 
F;EJ.JF~F:C!I.~G =:AT!? = 1 
MAX.  g i ~ ~  = w ; a  
PJI;4. {.JI"E !:.j * ,  ' 
CQ;;;::,ZS;Oy i ; i i J W  = &;:I "I" ; ' , A L ~  - 
pj;,~. l~'r;x 5TF:ETZ ; rr -i- " ,- 9' '"T' . &-L-' - 

$ :--. wr-nT :.Ci?L i.IO!*IENT ARM MDI?Ei\JT 
LE,?I~-~:~PS FT FT-;r:IpS 

3.:r27 T ;-A! .-... --..- ;qGr<E,jT ARM XCFENT 
L%AZ.-)i: 175 -- .- i ET-/('?S ............................... 



" -- 
=:-r-nz . . . - .  -. . OF SAFETY ~5;; O!~!E:!ZTLIRNIT:G r .yu,; ,.-, 

7 . q - -  ?,L lcf i  9' F S R  ,;L'chIN,S = A .  -: +: "-  .- ---.-..- -.-.--7. , - -  ,-,A,, 1 I,.*e r:-;..=L; i:r,'= = -" - -7 !<:s= 

xl>T DEFT8 MI;T-S;&CE ki('lE! Z . LC;&D i-C!dz TZ&pd!; STF:ES; 1 %  . . ':'f LL.C'-!T 
FT.  FT . +.:SF W;F:E i . ~ i ? : ~  e:s I .-- 7. :.lo. , I .  F . '; .. -- ----- 



WALL EEG!*iETEV 

TOTAL wayi uEIE3T = l E  F T  
SRTTER ON WALL FACE = 9 
MI,IIM;M flGT LEi-,!GTC = 2 F T  
M A X I M U M  22s: WIDTH = Z? F T  
M I N I M Q ! q  TDE E(jF:Y = 6 'i 





-- 
~ A T  c,);pTi4 pI!>;-s,DiEE H @ E I Z .  L[3kE LONG T;1:Ap15 2 : n=T L;, F!JLL.SL.T 

WIF;E 3 ' - - "  "'T - 1\10. FT. FT. +J ; r. LT :..a - F T  . Y . 5.. 

- * , , , . - . . . - , C,EF;T;+ ~ ~ T - E , ; : ; r ~  H , ~ i > ~ ~ . L 3 ~ ~  ! ETF:F.?S MF:T i-,:.. :L,.--;:c; 
,...- -- - .  y"; . .--.,- : , - - -  

is: ,L :. .- . ,.. ,- - . - ,  
-- 
:- , - 

,.I=. FT. . . .  . iii l i7.z . .- - . . .  r .  5" 



WALL GEOMETRY 

I+A-. L:-~ ...- .:L.L: .. , &-INEX xip+zSI N,>I.l-S&TZS:ATEa,, uR,-. - - L . .  . ,> -I... 
?I&)(. =.  1. = T i -  

fi&CI.::F:ii g?JIT L.jT. = ;:?,> 
INTE?:N&L FF;;zT:C>l SNGiE = 74 ZEZ 
EzE'. O F  2I;;TEF;kAL '"!3T!..i :E !Z ' l .  = : - .. .. , . . , , .-.-.-. . C3 
F E I S T I z N  GNGLE AT S&!2E E 'c:~, .. "'-- - . $.- .- 8 -  .- 

;"14,;. FLU:: F9ES.C. - - A  -.- 2;F . -.. 



DEAD LGGD.S 



MAT EEPTH M$;.-S?ACE i4CF:: ;. i,ujAE l-.ci\lE TF:Ab!S 5TF:EZ; ;-!&: :-,:. 
1\10. FT. FT. I<,,-- WIEE 1.1I5E .... F T , >ar -7 . . .  

1.4E - -- 
i . i 7 
: ? -*, * - . .- .- 
id,: 
13.2& - . - 
i d . "  CL 
-c . , --. it. 
3: -- >.-. . w ...-~ .- 
. 2 . +:! ,..: 
7 "  c.. 
-?. --: 

Z & .  z.?. 
7". 27 - .  

? - - , -. . i" .-. 7 , ,.. - , - ,  ,-, MRT--SE&CE ii;I:R!Z.L3;1D TF:i;13 ~ - ~ : ~ ~ ~ ~  ?!&- L, T;'zLLc:-.- 
h!O . FT. FT. k z : ~ ~  y;zz ,-. .- SIZE ,...- - . . .  t. s. , :.- - 

I I 
-- .- : 

- 

. 7. , i b : / 7 2  . . i ,> 7 - 
! ,i .. .- .- ., ,? .I " 3 .  

1 t ^ -. -- i= 

16 2.91 . , .-, - - 
I U ,. -- -. . . . i - .-.+ 
L .. .-. . b:! i 

1 b il Pi.  &. 
I & 7 -. . ?? -- . , - , -  
L C .  .I. . 7 i 

16 :?. r* '3 . "  -- 
: i ? -= : . 



WALL GEOMETRY 

TDTRL WALL HEiG'+T = 26 FT 
,- dl+! P -  TE3 ON $:ALL F:1CE = 8 

M I N I M U M  MAT LENGTE = B FT !* .- ..t T *. r ,- ,+ FT . .:,A ~t1Jl'i 3 A C E  WIPTi-i = " 
MINIEEII TEE z;lJFr' - $ FT 

F I L L :  LEVEL AT 2 .5  FT 
-. ! DEFTH 3; . 1 FEE- SE'<DNG WALL 
, --- 

NC. OF L I V E  LOADS = 2 
LC&> # i : 

EG?I!J. SOIL DEFT!+ - 2 ;- 
WIDTH O F  LDkrED &?:?A = 72 '- -r r- i 

3ET SACK ':?,cE 3 '7 .,FT - 



c ,  - .- -- 
LC. l b  ? -,,.:-, -..... 44 - 2. z? . 2 43. :; 

- - .- - - - - - - - - - - - - - - - 
62.5": 5z.4, c:,+ 

- 
c4CTC.Z: z,= -, 2.2FE7" . F,TR ~ y I ? 7 ~ ~ : ~ ~ ~ \ i ~  = -;.$? 
i 2 , ~ ~ j r %  c , ~  -.SF--. = n r c l  . FOR SLIDING P ? 2- - . , .., 
FC3TINC ?REsS'dRz = 4 .-- 7.< "-- !<..=r 

, >r>--- - ,  
r L.. I L IHL MOMENT ARM MZME?~jT 
Lc.-.D-:,--.E .m . . L Y . -  FT FT-;.<;FS 



FAT DE?TH MAT-SFACE ;J?HIZ. LcAlj ic)\!g TF:&NS STF;zCc :qGT 1-s. p!-!i-ci - .  ;T 

FT. i(:,; I -- 
NE. FT. KSF W;?E !+JIF:E r i .  F. 5"  

------ r * ~ !  up: CF SAFETY F,zR C2\.)EF:AiL 2 s i i s l J T  = 



-.- .:-.Lr<~::-i: -, j-IN::y M I  NeS, ii~:.y-:~~T:-!F:&T~;, E,F:c.yi.J!-:";' ?lAT' L -.. , 

MAX. r;. 1 = A i <4 

;'&Z'FlLi UF!IT L.;T. = : - - '7~1. ?!I= ?. ---...., --.- -?- ipJ ; =,.;?y:+~ - 7.1 - , 3 / i j  SN,SLE .= 33 z>:i;s ---- -:--..--- , , , , --r.-:; =.Z::.-̂ - L' 
!LL--F. u;- - ..-,.. t.*i :#+:-,., , . ,~ - ,, I. -. 

-. - - - - - .. , , ..-.,. ; :  :.:, I I V U L -  A " ' - '  " . .  c-r , 3$4';5 = 2;;' - .  -.-- , F L U I D  pF:ES. = .- ..: ,a ?L ;- 



i P 1 I T i F ; i  II:>T -SF'AC;I.JC- = 2 F T  
ME52 SPACING: b IN. LOVG X ?4 iN. TR4NS 
REINFORC:NE RgTTO = I 
%fix. WIRE S I Z E  = W 1s 
M I N .  WIF:E SIZE = W 7 
CCERZGiZN A L i D W  - 66 "ILs 

!\IIEE ---*FC- - =: 2 1  i-.--= - ;, % g= U'-: . --+- r, 

EXTEERlrlL STAP ii I T Y  
.. .. . .*-+++~~*f+-+ii+rr+++ 

DEAD LOADS 
---------- 

!+OR:ZONTAL MDMENT 2ZM MOMENT 
L ~ A ~ ~ - % I ~ c  F T  Z T - ~ Y ~ S  
............................... 



! &  DE"T!d ? i A T - s F A c E  ;AzzI Z .  LC;AL L ; ETF:EEZ :,:;T . . . . ! -.- 2 .  r,* , JLLLL, ,, , -! '- -- - U i R z  r. I I ..P -.- - - 
NC. FT. ! .  i:.ySF i- : . L- . .: . 

4 . 4 5  - , ;77 
Ll.S& 
14.7 
1.3.26 
- .-- - !. . .c .: 
2 5 .  :& 
28.7 
32. {i7 
- "  - "  
i t .  2- 
-. . - -, 
y. 25 
- 2  -. . 7= 
-.A" . -1 

-= . . 7-  
? 

.-- : -  

.L : " .2 .:. -- -- 
: - .- : " .-: , 





WALL GEOMETRY 

-.A 2r;~,:.,- -. , - - ,  >LL: &-IPJcfi fqiKgF7 p ~ ~ ~ j - . ~ ~ T ~ ~ ; & ~ ~ ~ ~  C-,n l~ , -,,..;<>,J&L;;: ;-j,:?. i- 
F. 1. = ; d t" - -!...- - snsr..rrLL UNIT  biT. = i2'3 F ; C ~  - . ,..---. 'V =,- .N&L FSICT?@I\! QbjzLE = - - "  .--- .,+ !.8=.= ---- 

: ut- . CF IN-;ERr.,iAL EAH.72 F=,TS!;. 3: 
. -  .. . 2 =, 

--,-----. . i 2 i \ ~  ANGLE AT EASE Y -- .. - 5"G .--. 
;zs;;v;w =I - l J r 7  . -'-'-- . = I:= ';C= 



EXTERNAL S T A B I L I T Y  ** :. - . ' ' +*+*+.- -%+4*A+7++*++*:: :: ,. 

!~EF:TI C;L MCMENT AF:M MO??Eb!T 
L CAT.-).:: I F'S -- 

,* ! '7-6::  I 73 ............................... 

B + .  4s I I 039u 2f . c.7 11. ,1!2 --. . 2. i 7  i" - 
- - - - .- - - - - -- - - - 

9 : .  137 2 ;>$, . 22 

VEF:TI CAI- MOMENT E>MENT 
LD~~-+: : IFS =- a I -- ,- 8 -f..li . -,- = 



t i  , , rmEpT!A 2 Mi%T-Sr&C; i-IGF:X Z .  L3AL' L3i;"_' , S;':ESC ,b.?s- ! -- ,7 ~ >lJ1-!!5!-!T 
ET. :<. F - 5.  -=  - ,...,- . .- , -- NO. FT. ,..=r vJ,,.:k L*,iIF<E , . - *  :-. 3 "  .- , . , "  - P 

-- - - .- - - - - - - - - .- - - - - -- - -- - -- -- - - - - - - - - - - .- - - - -. -. - - - - - - - - - - - - --- - -. .. - - - -. .- - .- - - 
W 7 LI ; 
1.j 7 W : - , .  - W ,  ,, 
W 7 w 7  ., - - +> ; i.1 , 
It; >; - 
:G 7 - 

is! ; 

1.: 7 , 1\1 7 . .  - 
(f i 9 ; 
W c r  ..i ill 7 - 5  
> " W - 5  
'., ,= - -, W 9 .5  :.i , - 
j . W 0.5 
" I ' 5 z 
"4 - ~. , . - 
!.! +- .  
W i .- >; = = , . -. . .  .-. '1 1 ; .. .z c 

;li . ., 
I.' :: . , -. LA4 r, c 

: ,. ~- 
'3""" , , ,,., 'C SRFETY F82R ""'-'"1 ' " I "  , ""7 .- . . - -. . , . - . -  -. - "  -....- i , ILi,L:L.i - , . '  

!',AT DEPTH ;-IAT-;,DACE +~3F;I;,i~A. J TK; iNS .  f.7F;EzS i<&T ; ':. ?uiLz!-:T --" -- +. . -- ii:=F . .---  ..-,-,- ,I. . -.>. 6:s.: 7- so. , , .  7 1 .  .i ....- 3 i p . c  - i ., 7 .- . .I 2 .. 





LEIp;EF: ,::ET,q::F,iI RIG :.jj?$LLS: F;ZI;'iFO.Z:CET, SzIi- f ~ ~ ~ ~ ~ . , i ~ : ~ ~ -  
;ELViqGE. HE3EF:. NELSON z.: 4550,. . rz i jEi jLy 1 ?..ic Er,.iE? ;,jE=-F::s 

---*., WALL HEIGHT = 74 FT  
H4T;EE EIN ~AJG'LL FASF = 8 
ml><y'?yUtq M&T LE?\IZ;)-! .; 9 i-7 
u , ,* r rr ,..; r ~ 2 3  >ASE !>j.j';DT!+ = 24 ,FT -- ;.];rJii+!Llp? TOE 2ljF::'i = b : - !  



-, -- I[VITI,qL p;&T .S?sCI:\!E = A 7 :  

,:r .-,J C-. *. ^ 7 l. ,.=a,. a r - ~ . L . d C i :  .5 I N .  i 3 b i G  X 24 IN. T!?A%S 
< 

i::E I NCDRC ; Ns EAT I " 1 
M,>j: .  ;+?Kc ZzZE -; i*J - 
pl I N. !.;I RE 5 I ; E = i,~; ,, - LCTRPSI?N GiLCW = M I L S  
M!;X. WjZF CTCEZ" = 25 71 . ~- I I-",= 

"'SAC LOADS ---------- 

r - .:) ^ * / .  .L 
1 -  . - , - .:,q 

> - ,  -... 
7.17 1 ? .1. 7 

A-. .- at. 4 
-------- - - - --- - - 

i95.1.i 2 2.5 1 . 



~ i , - j  ~:;EP-:I ~ I / ! A T - ; ~ A C : ~  i iG3;  2 .  LEG" !JC~$G Q 3Tf - -!=? - 
FT. !<:SF wl:.:~ ~ i 5 . z  , .--, , ..- 

39. FT. t..; i 





W A L L  EEOMETF:'! 

T G T A i  l.31-L HE lG i iT  = b FT 
BATTER ON WALL F A C E  = <! 

M:~JIMUM MAT LENGTH = p FT 
M@,XIEUM T;fisE Ii!ICTH = ". ;; 
MINIML!M TOE zLji:;\i = - - F- I 

----.- 
?::J , . J ! - .~ )Z ;CI~ , j~  i Y 9 ;  ZETA 1 i.5 



I IEF:TICAL MOMENT AF:!Y MOi?ENT 
;-&q+~.::i 75 FT FT-I.:: 



M~~ 
- . .  . 

. .?- I.?! +1 . .I ,' 

E . ?, v- : 3F: <>F SAFETY FCF; ;:,.,:EZT:-IFN IXG = 6. Tb 

FACTOR OF SGSETY fzH SLzaIyG = 7.9 
Fs,z;IF:G 7EESSCF;E = ! -- 9 ' " '  - . - , 7.. 2- ,- 

-'--'. U . -  C-.-.-.T . ,--.-- EAT L C  ! , I - , , ! -  L3PG.z ;r;+Kt fT;EgE M;?T LI3. "!!-L?;jT 
FT. FT. . ..p.- S,..?. - -- - i\i@ . !?=r [.!IRE WIFE *.zl T -  ! .. - c . - ., 

!'TAT GE"TI.: y k - i - 5 ~ ~ ~ ~  NOFIT- ~ g ~ 2 ,  L F ~ G  ~ - 9 ~ 5  = .-..- 3.4- . 2. r:_.~i ..-%.I n! ;- 
7- ?.:SF GiIFE Li!TF:E cr ~7 

- NC . r ,t . FT.  , ..- - , . .  .. C , ., .- . 



WALL  GEOt1ETF:Y 

-,,-- -,-. - .  er. : cn:\:%L LCADS 

c -- 'ILL :, L E V E L  (5,; 2 .  ; r : - ? I jL !  DEFT? AT . 1 FEET HEYCNij WALL E2CZ- 

LIVE L S A D s  = 1 
LOAD # 1 : 

EFUIV. SsIL ;?E"'TH = ? - -- a- i 

WIDTE 2.c LZ,QDED AREA = 5s ;i 
CCT - -  " A  nnCI.: ]-Rap! & A L L  FACE := - .. -- I - 



- ,.. . 
, 

7 , .  ---"  . ,4 r 1 rqL MAT E?ACiP!G = Z F T  
~ E s y  SF;ACIN:;: C: IF!. L,E"G ;< z4 IN.  7F:;;S;:Z 
;;EzNFsECING F;,>TID = 1 
iy:=Xa +JIZZ S I Z E  = :3 
fi1r.i. i.];F:E = W 5: 
~ ~ - s . ~ c ~ r ~ x !  -~ . . ,  ,- .-.- -.. & ~ ~ ( j g  :- 6 3  i v i : ~ : ~  
MAX,, WIRE = 55 '' ,a -jF '.{'f=: A --- ? 

IjEAD LOADS 



iNTENNAL STABILITY 
%*++I* *~YI* *%Y,* i+*"+  

!.~AT DEPTH IYAT-SF;;CE ! + O F ~  Z.  i3:,3 L-J~.JG TRAF!S CT~,EES K,>T 1-5. pljiLz!,-i- -- {::SF W1::E WIEE b:s I .=T . - - r4O. FT. I- l . - . .>. ---------------------------------------------------------------------- 

MAT ;E?TJ EAT-.S?&CE L l ~ ~ I Z . i ~ i : ~ >  i 3 p i E  ;F:,&N; sT;:ECz f l q i  13. F!_.'ii;gT -- .- -- . ,-- W i ; : E  $ j i R E  ::.'q 7 F=T. - - 83. I i .  r , .  !:>=? . ..- - - - > . .-. 



HILFIKER RSE SPECIFICATIONS 

1. WALL REIGHT (H) = DISTANCE FROM TOP MAT TO BOTTOM MAT. SEE WALL 
ELEVATIONS AND TYPICAL SECTION. 

2. DESIGN ASSUMES: 

WALL BACKFILL OF 120 P.C.F. IN-PLACE DENSITY 
INTERNAL FRICTION ANGLE OF 34 DEGREES 
EQUIVALENT FLUID PRESSURE OF 36 P.C.F. 
FRICTION ANGLE FOR SLIDING AT BASEMENT SOILS OF 30 DEGREES 

3. DESIGN ASSUMES SURFACE AND SUBSURFACE DRAINAGE CONTROL AS REQUIRED 
TO PREVENT SATURATION OF THE BACKFILL MATERIAL AND TO RELIEVE ALL 
HYDROSTATIC PRESSURES. DRAINAGE CONTROL IS NOT INCLUDED IN THE 
WALL DESIGN. 

4. NATIVE FOUNDATION SOILS OF STRENGTE NOT SUFFICIENT TO SUPPORT 
IMPOSED WALL LOADS SHALL BE REMOVED AND RECOMPACTED TO 952 OF THE 
MAXMUM DENSITY AS DETERMINED BY AASHTO T-180, AND SHALL PROVIDE 
MINIMUM ALLOWABLE BEARING CAPACITIES FOR VARIOUS WALL HEIGHTS AS 
FOLLOWS : 

HEIGHT 

H ( 6 FT. 
6 < H 510 FT. 
10 <.H ~ 1 4  FT. 
14 < R $18 FT. 
18 < H  (22 FT. 
22 < H 126 FT. 
26 < H  130 FT. 
30 < H 234 FT. 

RSE WALLS 

1.37 KSF 
2.07 KSF 
2.79 KSF 
3.15 KSF 
3.90 KSF 
4.66 KSF 
5.80 KSF 
6.15 KSF 

5. MATERIALS: 

MATERIAL FOR THE HILFIKER REINFORCED SOIL EMBANKMENT (RSE) SHALL BE 
AS SPECIFIED BY THE HILFIKER COMPANY. ALL WIPE AND WELDED WIRE 
FABRIC SHALL CONFORM TO ASTM A-82 AND ASTM A-185. DEFORMED 
REINFORCING BARS SHALL BE GRADE 60 CONFIRMING TO ASM A-615. 
HILFIKER RETAINING WALLS ARE COVERED BY PATENT NO. 4324508 (RSE). 

CONCRETE FACE: CONCRETE SHALL MEET THE REQUIREMENTS OF PORTLAND 
CEMENT CONCRETE, CLASS "S", AS SPECIFIED IN THE STATE OF ARIZONA 
STANDARD SPECIFICATIONS. CONCRETE SHALL HAVE A 28 DAY COMPRESSION 
STRENGTH OF 4000 POUNDS PER SQUARE INCH MINIMUM. CONCRETE FACE OF 
THE HILFIKER RSE WALLS S W L  BE COLORED AND TEXTURED IN CONFORMANCE 
WITH SECTION 601 OF THE PROJECT SPECIAL PROVISIONS. 



BACKFILL MATERIAL: BACKFILL MATERIAL FOR THE HILFIKER RSE WALL 
SHALL CONSIST OF HARD, DURABLE STONES AND ROCKS, OF ACCEPTED 
QUALITY, FREE FROM OBJECTIONABLE MATTER. SANDSTONE ROCK SHALL BE 
CONSIDERED AS ACCEPTABLE: HOWEVER, SHALE WILL NOT BE CONSIDERED 
ACCEPTABLE. BACKFILL MATERIAL SHALL MEET THE FOLLOWING GRADATION: 

PERCENT BY WEIGHT 
SIEVE DESIGNATION PASSING SQUARE MESH SIEVE 

6-INCH 
3-INCH 
NO. 200 

*IF THE PERCENT PASSING THE NO. 200 SIEVE IS GREATER THAN lox, THE 
PROPOSED MATERIAL MUST CONFORM TO THE FOLLOWING ADDITIONAL REQUIRE- 
IENT S : 

A. THE PLASTICITY INDEX (P.I.) AS DETERMINED BY AASHTO T-90 SHALL 
NOT EXCEED LO. 

B. THE FRACTION FINER THAN 15 MICRONS (0.015 MM) AS DETERMINED BY 
AASHTO T-88 SHALL NOT EXCEED 15 PERCENT. 

C. THE MATERIAL WHEN COMPACTED TO 95% OF AASHTO T-99 AT OPTIMUM 
MOISTURE CONTENT SHALL EXHIBIT AN ANGLE OF INTERNAL FRICTION 
OF NOT LESS THAN 34 DEGREES AS DETERMINED IN A STANDARE DIRECT 
SHEAR TEST (AASHTO T-236). 

BACKFILL MATERIAL FOR THE WELDED WIRE AND RSE WALLS SHALL MEET THF 
FOLLOWING CORROSION REQUIREMENTS: 

RESISTIVITY: 3000 OHM CENTIMETERS (MINIMUM) 
pH: 6.5 TO 9.5 
CHLORIDES < 7-00 NG/KG 
SULFATES < 1000 MG/KG 
SULPHIDES < 300 MG/KG 

MATERIALS NOT CONFORMING TO THESE SPECIFICATIONS SHALL NOT BE U S D  
WITHOUT THE CONSENT OF THE ENGINEER. 

6. WALL ERECTION AND BACKFILL PLACEflENT: ERECTION OF THE HILFIKER RSE 
WALLS SHALL BE IN ACCORDANCE WITH THE REQUIROrIENTS OF THE HILFIKER 
COMPANY. BACKFILL MATERIAL SHALL BE COMPACTED TO 90% OF MAXIMUM 
DENSITY AS DETERMINED BY AASHTO T-180. MAXIMUM WATER CONTENT OF 
ANY BACKFILL MATERIAL TO BE INSTALLED SHALL' BE LOO% OF THE OPTIMUM 
M O I S m  CONTENT AS DETERMINED FOR USE IN AASHTO TEST PROCEEDURE 
T-99. 

AT THE END OF EACH DAY'S OPERATIONS, TRE CONTRACTOR SXALL SHAPE THE 
LAST LEVEL OF BACKFILL AS TO PERMIT RUNOFF OF RAINWATER AWAY FROM 
THE WALL FACE AND OFF REINFORCING MATS. 



7. REFERENCE DRAWINGS: 

EVANS, KUHN h ASSOCIATES, INC. 
IN ASSOCIATION WITH 

HOWARD, NEEDLES, TAMMEN & BERGENDOFF 
PLANS h CROSS SECTIONS 

FOR 
PHOENIX - CASA GRANDE HIGHWAY 
2 4 M  STREET BRIDGE TO SALT RIVER BRIDGE 
MARICOPA COUNTY 
1-10-3 (156) P.E. 
NO DATE 
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ARIZONA DEPARTMENT O F  TRANSPORTATION 
- 5% - - HIGHWAYS DIVISION 

Dtstr~ct 1 
EVAN MECHAM 

Governor 

CHARLES L. MILLER 
DilDCtDl  

48th Street Engineering Field Office 
2600 West Broadway Road 

Tempe. Arizona 85282 

O c t o b e r  28 ,  1987 

Howard, N e e d l e s ,  Tammen & Bergendoff  
2207 E. Camelback Rd. S u i t e  400 
Phoen ix ,  A r i z o n a  85016 

ATTN: J a y  Maqbool 

RE: I-IR-10-3(204) 
Phoen ix  - Casa  Grande Highway 
( 1 6 t h  S t r e e t  - 2 8 t h  S t r e e t )  

EROSION AT S.W. HILFIKER WALL 

Gentlemen:  

T h i s  l e t t e r  i s  t o  inform you of  a  p o t e n t i a l  e r o s i o n  problem which may e x i s t  
a l o n g  t h e  Southwest  H i l f i k e r  w a l l  between EB 1-17', S t a t i o n  227 t85  and 
s t a t i o n  2 3 5 t 6 0 .  

I n  t h i s  a r e a  t h e  H i l f i k e r  wall c a p  d i v e r g e s  f rom t h e  edge  o f  roadway.  T h i s  
l e a v e s  a n  open a r e a  be tween t h e  edge  of  pavement and  t h e  H i l f i k e r  w a l l  c a p .  
A t  p r e s e n t  a l l  t h e  r a i n  which f a l l s  i n  t h i s  a r e a  r u n s  a c r o s s  t h i s  a r e a  and  
u p  a g a i n s t  t h e  H i l f i k e r  c o p i n g .  The run -o f f  t h e n  r u n s  a l o n g  t h e  c o p i n g  
c r e a t i n g  a n  e r o s i o n  problem.  ( P l e a s e  s e e  a t t a c h e d  p l a n  s h e e t . )  

Could you p l e a s e  examine t h i s  s i t u a t i o n  and i n c o r p o r a t e  any n e c e s s a r y  
c o r r e c t i v e  a c t i o n  i n t o  t h e  upcoming l a n d s c a p e  c o n t r a c t .  

Should  you have  any q u e s t i o n s  o r  r e q u i r e  any a d d i t i o n a l  i n f o r m a t i o n  r e g a r d -  
i n g  t h i s  matter ,  p l e a s e  c o n t a c t  me a t  255-8114. 

Very t r u l y  Yours ,  

- 
A c t i n g  R e s i d e n t  E n g i n e e r  

At tachment  

cc :  P r o j e c t  F i l e  

W.O. FORD 
State Engineer 

HIGHWAYS . AERONAUTICS . MOTOR VEIllCLE . PUBLIC TRANSIT ADMINISTRIITIVE SERVICES . TRANSPORTATION PLANNING 
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