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INTRODUCTION 

Retaining walls play an important role in many engineering 

designs where space is not available to provide proper slopes 

above and below a highway. This is particularly true in the 

design of Interstate 70 through Glenwood Canyon. 

While the design of a retaining wall is normally straight 

forward. compressible soil conditions in this canyon have 

adversely affected some previous projects. A variety of 

flexible retaining walls have been employed with varying 

degrees of success. One of the designs. the earth reinforced 

retaining wall provides not only some flexibility in the poor 

soil area. but is a more economical retaining wall system. 

Earth and reinforcing elements form the retaining wall. while 

fascia panels prevent soil erosion of the wall face. A recent 

installation of these retaining walls has raised new 

questions. In particular how can alignment of the fascia 

panels be assured with the unstable soil condition. and 

secondly. are the stresses in the fascia panels excessive as 

the panels move out of alignment. The alignment aspect is 

primarily a matter of aesthetics. unless the movement is great 

enough to affect the structural integrity of the wall. 

However. the aesthetic aspect must be addressed since the 

motoring public becomes keenly aware of the misalignment as 

shadows cast on these walls from the parapet amplify the 

misalignment. 

To combat these problems. a new erection procedure was 

prepared by the Reinforced Earth Company CRE) to control both 

alignment as well as stresses during the construction phase. 
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A test wall consisting of five full height fascia panels 

was designed by RE engineers to be placed within a temporary 

faced reinforced earth wall. This temporary faced RE wall will 

be allowed to undergo all major settlements before a final wall 

will be erected in front of the full height fascia panel wall. 

Ultimately, the intent is to avoid the second wall and 

consequently experience the economic advantage of the fascia 

panel wall design. 

This report will cover the instrumentation of the full 

height test panels and monitoring of the instruments during the 

construction and a subsequent six-month period. 

PROJECT CONSTRUCTION 

Although earth reinforced retaining walls have many 

applications throughout the Glenwood Canyon Interstate design, 

it was deemed important to test a design that incorporated full 

height panels. This was the case with Project 170-2(106), where 

the fascia panels have a height of 22 feet. The compressible 

"qreylayer" underlying the retaining wall consists of 

approximately 70 feet of clay, silt and sand accordinq to an 

exploratory boring log. The "grey layer" is located 26 feet 

below the base of the temporary wall. 

The location of the full height fascia panel wall is shown 

in Photograph 1. This photo was taken after the completion of 

the first phase of construction during an episode of high run 

off levels of the Colorado River. The test wall is flanked by 

the temporary 
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PHOTOGRAPH 1 

FULL HEIGHT FASCIA PANEL WALL IS LOCATED 
BETWEEN A TEMPORARY FACED EARTH REINFORCED 

RETAINING WALL 

PHOTOGRAPH 2 

EAST EHD OF RETAINING WALL SHOWING THE FILL HEIGHT 
PANELS AND THE ADJACENT EARl~ REINFORCED WALL 

END TREATMENT 
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faced earth reinforced wall. After all major settlements 

subside. a permanent wall will be placed in front of this 

temporary wall. Connectors that will be used to tie the walls 

together can be seen on the temporary faced wall. 

Photograph 2 shows the end treatment of the temporary faced 

wall. This is the east limit of the project. The existing 

two-lane highway is to the right of the. haul truck at 

approximately the same elevation as the test wall top. 

After excavating the existing ground line to a depth of 6.3 

feet. backfill material was placed and compacted to a fill 

height level of 12.3 feet. A footer for the fascia panels was 

poured and a one foot sand layer was placed to provide a 

consistent medium for the soil pressure cells to be installed 

at the base of the retaining wall back fill. These pressure 

cells will be discussed later in this report. 

The five test panels measuring 10 x 22 feet high were ~ast 

at a local pre-fab plant (Coors Company in Golden) in late 

March. 1984 and transported to Glenwood Canyon in the early 

part of April. 

During the erection process the panels were stabilized by 

bracing consisting of 4x4 timber anchored at approximately 16 

feet from the base of the wall from the riverside as shown in 

Photograph 3. Three soil reinforcing straps per panel at 1.2 

foot height intervals provide the necessary force to compensate 

for the lateral soil pressures. The first level consisted of a 

sand layer as mentioned above to accommodate the soil pressure 

cells. Compaction of the backfill material was performed with 
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PHOTOGRAPH 3 

FULL HEIGHT FASCIA PANELS 
ARE TEMPORARILY BRACED BY 4x4 

TIMBER POST 

PHOTOGRAPH 4 

FAILURE OF ONE 
OF THE TIMBER 
BRACES DURING 

OPERATION 



a .vib~atory ro l ler except in the immediate vicinity of the 

pa~els where hand ope~ated compactors we~e employed. Backfill 

operation proceeded at about 1.2 feet pe~ day (one st~ap 

level). except fo~ a th~ee day pe~iod du~ing which the 

cont~actor expe~ienced equipment problems. Fill and compaction 

ope~ation continued with the b~acers in place until a fill 

height of sixteen feet was reached, at which point the b~aces 

we~e ~emoved. The e~ection procedu~e for the five test panels 

essentially consisted of an initial tilt of the panels (towa~d 

the fill side) and the timing of suppo~t removal (at the 

sixteen foot fill height level) thes'e two facto~s were the only 

principal diffe~ences in e~ection p~ocedure as compa~ed to a 

previous ea~th ~einfo~ced ~etaining wall p~oject. Th~oughout 

the backfill ope~ation, District and Resea~ch pe~sonnel 

conducted a monitoring p~oq~am to obse~ve the behavio~ of the 

panels as indicated by stresses and wall movements. 'The 

details of the monito~ing programs along with the 

inst~umentation will be covered late~ in this ~epo~t. 

The backfill ope~ation p~og~essed essentially without 

significant p~oblems. Only one mino~ incident occurred at 

about the 13-foot fill height. One of the support braces 

failed. as can be seen in Photog~aph 4. Although the actual 

failu~e was not observed as it happened; it was noticed that 

du~ing the vib~ato~y ~olle~ passes sUfficient ene~gy was 

transfe~~ed to the wall and braces, inducing vib~ations in them 

which could have snapped an unsound timber b~ace. 

The fill ope~ation was completed in ea~ly May and the 

pavement was placed in mid-August and opened to traffic sho~tly 
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thereafter. Monitoring continued until early November of 1984 

in accordance to the schedule that will be discussed in the 

monitoring section of the report. 
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MONITORING PROGRAM 

While the e~perimental retaining wall consists of five 

panels. not all of them were fully instrumented for 

monitoring. The emphasis of full instrumentation was on the 

center panels (Panels 214. 215 and 216) while the two outside 

panels served as a transition zone. Figures 1 and 14 

schematically indicate all instruments and their relative 

location on the test wall. The instrumentation chosen to 

achieve desired results was selected to meet the following 

criteria: 

1. Strain gauges were mounted on the reinforcing steel of 

the fascia panels to measure internal stresses in the 
-

panels both during the construction as well as during 

a half-year post construction phase. 

2. Strain gauges were mounted on the soil restrips during 

the construction and post construction phases. 

3. Soil pressure cells were mounted under the wall to 

measure load distribution. 

4 . Survey points were established on each panel to 

measure settlement of the wall. Photograph 5 shows 

the L-shaped bracket representing the settlement 

reference point as well as the tilt meter reference 

point that will be discus~ed later. 

5. Optical targets were installed on the top of the 

panels to be used in conjunction with an electronic 

distance meter. These measurements were used to 

determine overall horizontal movement of the tops of 

the panels. 
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6. An Inclinometer casing was bonded to two of the fascia 

panels. The inclinometer casing is PVC pipe with 

longitudinal groves for alignment of the 

inclinometer. These groves were carefully aligned 

with the face of the wall so tangential and 

perpendicular inclination components could easily be 

determined. A readout probe slides in the tube and is 

guided by rollers in the above mentioned groves. 

Readings were taken every foot for the entire length 

of the tube and the process was repeated for the 

second direction (perpendicular and tangential). The 

movements in the wall cause stress levels to change in 

the rebars as well as the restrips. This monitoring 

method permits accurate observations of panel 

movements. not only of their extreme points (i.e. 

movement of the panel top) but also intermediate 

movements that define flexure. 

7. Tiltmeter stations were established on all five panels 

as an additional monitoring system for horizonta l 

movement. Two metal strips were bonded to the face of 

each panel with a one foot vertical spacing to provide 

reference points for a tiltmeter level. A standard 

ratio calculation can be applied to the reading so 

that the horizontal displacement of the panel top will 

be obtained. 
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F~eguency of Data Collection 

Du~ing the backfill operation all of the above mentioned 

equipment was monito~ed at least once pe~ day. Mo~e 

obse~vations we~e done if p~actical f~om the manpowe~ 

viewpoint. Eve~y attempt was made to obtain data for eve~y 

level of fill height. Measu~ements taken du~ing a vibrato~y 

~oller pass sometimes ~esulted in widely fluctuating readings; 

st~ain measurements we~e particula~ity sensitive. Afte~ the 

full fill height was ~eached. elect~onic distance measu~ements 

we~e no longe~ obtainable and the monito~ing intensity of all 

othe~ inst~uments was dec~eased to one ~eading pe~ session. 

However. high wate~ levels of the Colorado ~ive~ du~ing the 

~eco~d snow melt pe~iod fo~ced a mo~ato~ium on stain gauge. 

settlement and tiltmete~ ~eadings fo~ app~oximately 3 months. 

Inclinometer and·-soil p~essu~e cell ~eadings continued because 

the inst~uments we~e acce~sible f~om the top of the wall. 

Inst~umentation of Retaining Wall 

Soil P~essu~e Measu~ement. Nine soil p~essu~e cells we~e 

installed unde~ the soil ~einfo~ced ~etaining wall to dete~mine 

load dist~ibution. A one-foot thick base laye~ of sand was 

utilized to ensure unifo~m p~essu~e conditions. and to avoid a 

point loading of the cells that might occur if rocks present in 

the backfill mate~ial make contact with the p~essure cells. 

Furthe~mo~e. the requirement that the cells must be placed 

perfectly level is facilitated in the sand laye~. Routing of 
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the pneumatic hoses for the readout was achieved by running 

them through pvc casing cast in the footing. These readout 

tubes were long enough to reach the top of the wall. which. as 

it turns out. was important during the high water stage of the 

Colorado River. 

The soil pressure cells used for this project were GLOTZL 

E20/30 KF20C. a 20x30 centimeter. (7 7/8 x 11 13/16") plate 

with internal pressure diaphragm system for measurements of 

loads acting normal with respect to the plate. The layout of 

the nine cells is shown in Figure 1. 

A pneumatic pressure indicator Model TIALR16PF. marketed by 

Terametrics Company was used to measure soil pressures 

throughout the construction phase and the subsequent post 

construction phase. 

Inclinometer Measurements. A modified inClinometer 

installation was employed in this project. The standard use 

for this inClinometer system is to measure lateral movement 

within a soil mass. This is done by using an inclinometer 

casing in a drill hole through the soil mass and anchored into 

a stable rock below. This use was not employed here. Instead. 

the tube was bonded to the face of the panel leaving both ends 

essentially free to move along with the respective panels. In 

order to establish the necessary reference point. it was 

decided that the EDM (electronic distance meter) targets 

located on top of the panels would serve as the known points of 

reference for the inclinometer. Slope Indicator Company 

-11-



, 
..... 
tv , 

SOIL PRESSURE CELL LAYOUT 

o 5' 

SCALE 

22.0' 

13.2' 

--~##,- ~ 20.4' ~I 
JKil2WY/~.,.;::iO(};j;fr;we>"",",~~ 

18.0' ~ 
;41ii'a'rKpVI~"1' ~p. ~ 

I~ ~ 
~ 

f////I'/////:/'/77/?l/ij'I'4"//y!M'//1'177A1 - ----------- ')\ 

8A t 
5' 

~~I'VW~ 

~ 
8B t 

~" 5' 

6. 0 ' 
Bc 1 

"ji'j<~ 

---- - -----
1.2' 

~''''''. 
"---"----.. ---

14" san<L fi 11 -C -B -A Y/('/, ---
',"/ /"~~ 

Natural Ground 

(Side View) (Top View) 

Figure 1 The arrangement of pressure cell s for full height 
facing panel test wall. 



inclinometer sensor and readout devices were used for measuring 

wall tilt and dip for the periods mentioned before. The 

sensors are immersion proof to 200 psi pressure, which permits 

measurement during high water levels without compromising 

accuracy or reliability. 

Strain Gauge Installation. A total of 76 strain gauges were 

installed to monitor stress levels in the panels as well as the 

soil restrips. Resistance type, weldable strain gauges SG-129 

from AILTECH Company were used in the project. The main reason 

for the choice of gauges was their rugged design and longevity 

as well as relative ease of application under field conditions. 

Gauges were welded to the rebars in pairs as shown in 

Photograph 6. Preparation of the rebar consisted of sanding 

the bar to remove the oxide and to provide a relatively smooth 

,and flat surface to accept the gauge. A mechanical as well as 

a moisture protection was provided by a layer of butyl rubber 

over the gauge area . The lead wires were routed along the 

respective rebar to a common exit point in a PVC sleeve. 

Photograph 7 shows the strain gauge layout and lead wire 

routing just prior to the pouring of the concrete. The 

connectors for the restrips also can be seen in this photo. 

The gauges are in the top mat of the reinforcing steel mat, 

which implies that when the panels are set they will be on the 

back fill side of the wall. The orientation of the gauges are 

back or front with respect to the wall. 

After the panels were transported to the construction site 
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PHOTOGRAPH 5 

SETTLEHEHT REFERENCE POINT (ARROW) AND · TILTMETER 
REFERENCE POINTS (2 STRIPS ACROSS PANEL GROOVE) 

PHOTOGRAPH 6 

STRAIN GAUGES ARE BEING WELDED TO THE REBARS 
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and set in place, all the lead wires had to be rerouted back 

through the PVC sleeve to permit access during and after the 

backfill. The main purpose of this routing was, of course, to 

protect the lead wires from damage by the backfill material. A 

multi-pin connector was soldered to the lead wires to 

facilitate the reading of strain gauges .. The lead wires were 

grouped so that 10 gauges could be connected to the strain 

gauge readout device at the same time. A rotary 10 position 

switch permitted the reading of each individual ga~ge. This 

practice eliminates some of the hook up errors that might occur 

if individual lead wires have to be connected one at a time, 

especially if one is dealing with as many gauges as on this 

project. Furthermore, there is ~ time savings element realized 

with this method. Other problems, such as oxidation and broken 

lead wire en~s are also avoided. 

Strain gauges for the restrips were applied under field 

conditions. Four restrips were instrumented with pairs of 

gauges (top and bottom of strap) approximately 8 inches from 

the point of connection. Shown in Photograph 8 are three of 

the four instrumented restrips. The lead wires are protected 

in rubber hoses and routed through the panel joints to the 

front side of the wall. The restrips were temporarily placed 

along the panels to keep them out of the way during backfill 

operations until the fill reached the respective strap level. 

At this time they were rotated into position perpendicular to 

the wall. Photograph 8 also shows the filter cloth that is 

placed over the panel joints that will permit drainages of the 

retaining wall without locking up the joints by aggregates. 
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PHOTOGRAPH 7 

.ALL GAUGES Am> LEAD WIRES ARE READY TO BE EMBEDDED 
IRCOHCRETE, WITH THE WIRES TERHIHATll'llG IN' THE 

PVC SLEEVE. 

PHOTOGRAPH 8 

IHSTRUKENTED EARTH REINFORC1NG STRAPS ARE TEMPORARILY 
PLACED ALONG THE WALL WITH LEAD WIRES ROUTED THROUGH 

PAHEL JOINTS. 

-16-



The lead wires for the restrip gauges, as in the case of 

the rebar lead wires. are fitted wit~ a multi pin plug 

connector. Sample field sheets for recording strain readings 

are found in Appendix A. 

Table 1 is an overview of all instrumentation used in this 

project along with the data collection intervals. 
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TABLE 1 

Instrumentation Panel Number 

Pressure Cells 214.215. 216 

Inclinometer 214.216 

Settlement Reference 
Points 213 through 217 

Targets for 
Horizontal 
Movement 213 through 217 

Tiltmeter Reference 
Points 213 through 217 

Strain Gauges 
on Rebars 

Strain Gauges 
on Restrips 

214.215.216 

215 

Instruments 
Per Panel 

Data Record 
Interval 

3* 4/9/84-11/1/84 

1 4/12/84 - 11/1/84 

1 4/16/84 - 1/4/84** 

1 4/13/84-7 /18/84 

1 4/16/84-11/1/84*** 

18.30.18 4/16/84-11/1/84** 

8 4/17/84~11/1/84** 

* Pressure cells are located in the base of 
the backfill rather than in the panel itself. 

** No readings were made during highwater 
level (May 11 through August 14). 

*** Intermittent readings because of loss of 
reference points as well as high water levels. 
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ANALYSIS 

Pressure Cells 

Three test panels with nine pressure cells were installed 

as shown in Figure 1. Vertical stresses were recorded for the 

period April 10 to June 18. 1984. Graphs of vertical stress 

and backfill heights for each test panel are presented in 

Figures 2. 3. 4. The test data indicates uniform stresses 

behind panel 214 during the construction of the wall. The 

stress measurements for panels 215 and 216. however. show 

considerable variation. This variation is likely due to the 

effects of local stress concentration and differential 

settlement of the wall. A slight increase in vertical stress 

was detected during the spring runoff when the Colorado River 

level was high. Fi'gure 5 illustrates the recorded stress 

history during and after construction. In general. the 

measured stresses are consistent with theoretical values. 

Inclinometer Measurement 

Two inclinometers tubes were installed at the center of 

panels 214 and 216 to monitor the tilting and bending of the 

facing elements. Data was recorded at 1 foot intervals during 

and after the construction. The test results for panel 214 

show that most of the deflection. with a maximum displacement 

of about 1.1 inches on the top of the panel. occurred during 

t"he construction of the wall (see Figure 6 & 7). Only a small 

amount of deflection. about 0.2 inches. was found after the 

construction of the wall. Traffic loading. differential 
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settlement of the foundation. and possible creep of the 

restrips are considered to be the factors causing that 

deflection. 

At top of the fascia panel. the maximum movement for panel 

214 is about 1.5 inches perpendicular to · the facing panel. and 

little deflection in the tangential direction of the wall 

(Figure 6) was detected. The direction of resultant movement 

for both panels is also. plotted in Figure 8 to show the tilt of 

the wall. Another test result for panel 216 is presented in 

Figure 7. It seems that very significant tilting occurred both 

during and after the construction of the wall due to the 

differential settlement of the footing for the facing element. 

The tilting direction. or the direction of resultant movement 

which is shown in Figure 8. contributes to stress 

concentration. both on the panels and restrips. As a result, a 

very significant variation among the test results was recorded 

from the strain gauges installed on the rebars and restrips. 

The maximum amounts of movement on this panel for both the 

perpendicular and tangential direction of the wall are found to 

be about 0.75 inches and 0.85 inches respectively. (See 

Figures 6 and 7). Figure 8 shows the resultant direction which 

is indicative of the tilt condition of the wall. 

Horizontal Movement 

To monitor the fascia panel horizontal movement, a distance 

meter target was installed in the center of and about four 

inches below the top of each panel. Distance measurements were 
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recorded during and after the construction of the wall f.rom 

April 13 to July 18. 1984. Figure 9 shows the latera l 

deflections of the five panels plotted with respect to time. 

Graphs of individually plotted panels can be found in Appendix 

B. The average value of the movements is about 3.5". This 

horizontal movement results from the combined effect of 

rotation. translation. and bending of the fascia panel. About 

0.8" to 1.5" of horizontal movement normal to the wall face is 

due to the bending and tilting of the fascia panels as found by 

inclinometer data. Thus the total actual horizontal movement 

will be in the range of 1.7 to 2.4 inches. which is about 0.6 

to 0.9 percent of the wall height (2.2 feet). 

The horizontal movements during and after the construction 

of the wall are shown in Figures 10 and 11. Approximately 2.4 

inches of horizontal movement was recorded during the 

construction of the wall. An additional horizontal movement of 

about 0.7 inches is due to the effect of water. creep of the 

restrips. and settlement of soil foundation 

Settlement 

Five survey points were installed on fascia panels at a 

location of about 5 feet above the footing. These points were 

later moved to the top of the fascia panels because of higher 

water table. Data was recorded from April 15. 1984 to January 

4. 1985. A relationship between the recorded settlement and 

time is plotted in Figure 12 which shows a small percent of 

settlement will continue to occur later on. To estimate the 
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total settlement for the test panels, methods such as 

Casagrandes Logarithm of time fitting method and Taylor ' s 

squares Root of time fitting method have been tried. but the 

initial settlement records were based on our field continuous 

loading. As a result. both Casagrande's and Taylor's method 

may cause a certain amount of error. Another method. the 

Hyperbolic Estimation method. which is based on our field test 

results. is used in the analysis. The result is shown in 

Figure 13. The estimated total settlement is likely to be 6.4 " 

(The recorded settlement of about 5.7" was found on January 6, 

1985. an additional settlement of about 0.7" will. therefore. 

occur later. 

Strain Gauges on the Fascia Panel 

A total of 66 strain gauges were installed in the three 

test panels. Strains were recorded for the period of April 16, 

1984 to February 14. 1985. The arrangement of the strain 

gauges for panel 215 is shown in Figure 14. Only three levels 

(level B. C and D) with 18 gauges were selected for panels 214 

and 216. Two strain gauges were installed at each locations. 

one in either side of the rebar. Because strains were found t o 

be unequal. the average strain at each location was used and 

the corresponding stress computed. 

Because no strain data was recorded before the backfill 

reached a height of 6 ft .• zero stresses are assumed for all 

the strain gauges at that fill height. Figures 15 to ISe 

present the stress test results for the rebars at different 

-33-



t-te 
s-se 

70 

60 

50 

40 

30 

20 

10 

S= set 

Settlement Analysis by Hyperbolic Curve 

Prediction 

t-te 
a+b (t-te) 

as t-~oo 1 S= set -b- = 6.40" 

• Estimate total Settlement .. 6.40" 

• 

'" • 

• 

b=O .197 

0~------~5~0~'----~1~0~0~'------~1~5~0~------~20~0~------~25~0~------~3O~O 

t-te (days) 

Figure 13 



THE LOCATION OF STRAIN GAUGES 

G " 

-

Survey Point 

'.~ / 

l' 

t 
t 

3 

f,'.'.' " 

r 

Level 
n • n E 

4 4 
j. D 

• 4 4 C 

4 U ~ .B 

-
J62' 

- * 3.62 I 

.... 

12' 
-

- t -

t.-
il 

4 a j aA 
. 

5.50 I 

1 
STRAIN GAUGES ON REBAR STRAIN GAUGES ON RESTRIP 

ON PANEL 214, 215, 216. 
REBAR NO.1, 2, 3 6 

, E = 29 x 10 PSI 
RESTRIP 1.5 x 0.25 6 PSI 

I' = 29 x 10 

I\~Rackgauge #5 

~ Frontgauge 

~~op Strain Gauge 
! r,------,#:!"'!;;,::;.-(""'lI· 

"- Bottom Strain Gauge 

Figure 14 



STRESS LEVELS ON PANEL 215 
UI8 LaWI. I 

PlI.L tmIHT 1ft) . ~--------------------------------------------------------------------~ ....... 
Figure 15e 

o 
o .0 10 10 

PlI.L HIDHT 1ft' • 
Figure 15d 

10 

1.0 

II 



STRESS LEVELS ON PANEL 215 
ua. LEYI!I.. 

I'lIJ. tI!DH1' (ft) • r---------------------------------------------------------------~ 
Figure 15 b 

IIEIIIoA .. 

I 

o ~ __ ~ ____ ~ ____ ~ ____ ~ __ ~ ____ ~ ____ ~ ____ L_ __ ~ ____ _L ____ ~ __ ~ 

-so o to 

I'lIJ. HIDIf1' (ft) . ~----~~------------------------------------------------------~ 
Figure 15 a 

o ~ __ ~ ____ _L ____ ~ ____ L_ __ ~ ____ _L ____ ~ ____ L_ __ ~ ____ _L ____ ~ __ ~ 

-so so to ao 

-37-



levels of soil backfill for panel 215. Stress diagrams for 

panel 214 and 216 can be found in Appendix C. Generally. the 

stress on rebars for the test panels increase when the height 

of soil backfill increases. A maximum of about 12 ksi in 

tension or 26 ksi in compression was detected. Which indicates 

that the stresses generated in the panels are within the 

allowable range for the grade 60 steel used in the panels. A 

~otal maximum tensile stress of up to 15 ksi possibly existed 

in the rebars because of our lack of information on the 

stresses generated by the soil backfill from 0 to 6 feet. The 

stresses for panel 216. because of differential settlement or 

tilting of the wall. were found to have some stress 

concentration on the rebars. These stresses. however. are 

fortunately in compression. which indicate that once the 

compressive stress is increased. more and more compressive 

stress may be transferred to the concrete wall. 

An alternative representation of the relationship between 

the stress in rebar and height of soil backfill is shown in 

Figures 16 throuqh lB. The results ·indicate that very 

consistent stresses exist at high gauge level (gauge level D) 

except for rebar number 1. The lower gauge level. however. has 

some random variation among the test data. This may reflect 

the effect of tilting of panel 216. and possibly panel 215. 

To visualize the stress variation on the rebars af t er the 

construction of the fascia panel. the stresses for eac h gauge 

level are plotted with respect to time and are shown in Figure 

19 for panel 214 with the remaining plots in Appendix D. It 
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seems that, due to a long term effect, most of the stresses 

detected by strain gauges are increased for both tensile and 

compressive stresses. The maximum tension and compression 

among the test panels are found to be about 32 ksi and 42 ksi 

respectively. As explained previously, the possible maximum 

tensile stress may be up to 35 ksi and 45 ksi for compression 

stress. This tensile stress may still be acceptable: however. 

there are two unknowns which require more long term monitoring 

of the test wall. 

1. A consistent high stress increase was found in most of 

the strain gauges when tests were conducted in October and 

November. 1984. In this preliminary study of stress for the 

rebars. we neglected the unpredictable part of the above data. 

The qup~tion arises whether these are instrument problems. or 

alternately. we have to accept the test data as valid 

indicators of existing stresses. 

2. The data was recorded from April. 1984 until February. 

1985. It seems. most of the stresses increased with time. Our 

concern is then, how much stress increase can be expected and 

equally important. when will the stresses stabilize. 

Stresses on Restrips 

The location of strain gauges on Panel 215 are shown in 

Figure 14. Data was recorded from April. 1984 until February. 

1985. Figure 20 shows the relationship between the height and 

stresses on restrips during the construction of the wall. The 

maximum of 2 ksi in tension and 5 ksi in compression stress are 
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found in the recorded data. An alternate plot to show the 

relationship between stresses and gauge level at different time 

is presented in Figure 21 for reference. The stresses measured 

after the construction of the wall are presented in Figure 22 

which shows the maximum tensile and compressive stresses are 

found to be 30 ksi and 40 ksi respectively. 

A comparison between theoretical and test results for 

22-foot backfill height (both with and without overburden 

force) is shown in Figure 23. Because the strain gauges were 

installed B inches from the wall. which is different from our 

locations of theoretical maximum stress (a 34 for the upper 

half of the wall. and variable from 0 to 0.34 for lower half of 

the wall). some reduction in theoretical value is. then. 

needed. The results show that. except for the stress at gauge 

level B. a good agreement with the theoretical value is found 

for no overburden condition. For overburden condition. test 

results however. have a lot of deviation from the theoretical 

value. 

Even greater differences are found during later 

measurements. This situation must be investigated further to 

verify or discount the high stress values. 
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CONCLUSION 

The two study objectives, panel alignment and stresses in 

the full height fascia panels have guided this research project 

in the selection and placement of appropriate instrumentation. 

The data that was obtained reveals that alignment of the fascia 

panels, particularly the horizontal alignment, was adequately 

controlled during the construction phase. Only in one instance 

is the alignment deviation between two adjacent panels great 

enough to consider it possibly an alignment problem. The 0.48 

inch difference at the top of panels 216 and 217 is mainly due 

to differential settlement on panel 216 ', which can be seen in 

the preceding analysis ~ection. 

Stresses in the panels as evidenced by strain measurements 

appear to be in the acceptable range for the three center 

panels which had strain gauges installed. While the stress 

conditions were tolerable during the construction phase, 

subsequent strain readings approached levels that might cause 

concern. This concern is further supported by cracks that have 

appeared on all panel. Although they are hairline cracks at 

this time. the cracking pattern is spreading. 

A deflection and analysis was performed by CDOH Bridge 

staff using he inclinometer data. The results of this aqalys is 

indicated stress levels in the 60 ksi range on the reinforcing 

steel and 2400 psi in the concrete. It was consequently 

concluded that increasing the amount of steel to twelve number 

seven bars on the tension side would reduce the steel stress to 

24 ksi and the concrete stress to 1750 psi. The resulting cos t 



increase is estimated at $0.75 per square foot of fascia panel 

based on a steel cost of $0.50 per pound. 

The study is being extended for another year to evaluate 

the cracking problem. If during this continued evaluation it 

should become apparent that the performance of the present 

design proves satisfactorily a reassessment of steel 

requirement will be made. Long-term changes in the horizontal 

movement are not anticipated to cause significant problems. 

Only approximately 0.6 inch average movement is expected for 

the 5 test panels. Similar magnitudes are predicated for long 

term settlement values. 
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IMPLEMENTATION 

Because of the findings on lonq-term performance of stress 

conditions and crackinq. it is hiqhly recommended that the test 

wall be investiqated for at least one additional year. 

Althouqh stresses as evidenced by the strain qauges are not 

always totally reliable. the cracks in the panels are 

indicative of some problem. Without full knowledqe of the 

causes of these cracks. it appears justifiable to delay 

unconditional approval of the design until further evidence is 

obtained. that the desiqn is indeed a viable alternative to the 

two-phase system. 

Any interim designs should adhere to the guidelines 

specified in the previous conclusion section of this report . 

. . 
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