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This paper presents results from a research study on determination of 
lateral earth pressure for use in retaining wall design. The broad objec
tive of the study is to develop improved design procedures for retaining 
walls. The limited objective of the phase of the study covered in this paper 
is to measure the pressure acting on a typical cantilever retaining wall and 
to compare the measured pressures with theoretical pressures determined 
by Rankine and Coulomb theories. Terra Tee pneumatic and Geonor vibrating 
wire pressure cells were used to measure lateral earth pressures. Pro
cedures used to calibrate the pressure cells are presented. Measurements 
of the lateral movement of the wall were made during and after backfilling. 
Data covering a period of 14 months are presented. These data include 
graphs of earth pressure and wall movement versus time and graphs of 
pressure distribution versus depth. Engineering properties of the backfill 
materials are presented. Computed earth pressures based on the Rankine 
and Coulomb active case are compared with measured pressures. A sig
nificant finding is that the measured pressures near the base of the wall are 
higher than the active pressures. They are nearly equal to the at-rest 
pressures that are possible as a result of the small movements that oc
curred at the base of the wall. 

•THE findings presented in this paper were obtained during the second year of a 5-year 
study on determining lateral earth pressure for use in retaining wall design. During 
the first year of this study an effort was made to evaluate commercially available earth 
pressure cells. Two promising earth pressure cells were selected for use during the 
second year. The two cells selected were the Terra Tee pneumatic cell m1d the Geonor 
vibrating wire cell. The main effort during the second year involved measurement of 
the distribution of pressure on a cantilever retaining wall and improvement of calibra
tion procedures for the pressure cells. 

The test site for this study is located along highway US-59 near the intersection with 
Interstate 45 in Houston. Seven cantilever retaining walls were constructed at this 
site. The Texas Highway Department designated these as retaining walls A through G. 
One panel in retaining wall G was selected for use during the second year of this study, 
and this panel is designated here as test wall G. Four Terra Tee and two Geonor cells 
were installed in test wall G in March 1972. Backfilling operations began in early 
April 1972, and periodic measurements of earth pressures have been made since that 
time. The data obtained during the period from April 1972 through May 1973 are pre
sented in this paper. Additional measurements of earth pressures on test wall G are 
being made during the third year of this research program. 

The ultimate objective of the 5-year research study is to develop a more economical 
design procedure for retaining walls. The specific objectives of the work initiated dur
ing the second year of the study were as follows: 

1. To measure lateral earth pressures on a cantilever retaining wall using the 
Terra Tee pneumatic and Geonor vibrating wire pressure cells; 
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2. To improve the procedures used for calibrating these cells and investigate the 
effects of grouting, temperature, and drift or change in zero gauge reading on cell 
response; 

3. To measure the lateral displacement of the retaining wall in conjunction with 
pressure measurements so that wall movements can be correlated with measured 
pressures; 

4. To sample and test the soil used for backfill material; and 
5. To compute lateral earth pressures using existing theories (Rankine and 

Coulomb) so that a comparison can be made between the theoretical pressures and 
the measured field pressures. 

PRESSURE CELLS 

The reasons for selecting the Terra Tee and Geonor cells for use in the second 
year of this research study have been presented in some detail elsewhere (1). The 
Terra Tee cell is relatively new and has not been proved reliable for long-term per
formance. However, the ability to backflush the Terra Tee cell and purge the system 
of entrapped moisture indicates that these cells can be kept operative for long periods 
of time if mechanical difficulties do not develop. The Geonor cell has been used suc
cessfully for long-term pressure measurements, particularly in Canada and Europe 
(3, 4). The principle of operation of the Terra Tee and Geonor cells is covered else
where (1) and will not be discussed in this paper. The Terra Tee cell with readout 
device is shown in Figure 1. The Geonor cell with. readout device is shown in Figure 2. 

Before the Terra Tee and Geonor pressure cells could be installed in test wall G it 
was necessary to conduct calibration tests to determine the response of the cells in 
terms of pressure sensitivity and temperature variations. Pressure sensitivity of 
the cells as used in this paper means the output of the pressure cell in response to 
an applied pressure, or change in pressure, as made manifest by the readout unit to 
which the cell is connected. In the case of the Terra Tee cells, this response is in
dicated by a pressure reading in pounds per square inch on the readout unit. The pres
sure sensitivity of the Terra Tee cell is therefore the pressure change required on the 
face of the cell to produce a change of 1 psi in the reading of the pressure gauge on the 
readout unit. 

For the Geonor cell the situation is somewhat more complex. During a typical cal
ibration test, known pressures are applied incrementally on the face of the cell. At 
each pressure increment the frequency of vibration in hertz of the wire inside the cell 
is displayed on the readout unit. The output of the vibrating wire cell is intrinsically 
nonlinear, and a graph of applied pressure versus frequency of vibration does not plot 
as a straight line. Based on the fundamental mathematical theory of the cell, the 
manufacturer suggests (2) that the data be transformed so that a linear plot will be 
obtained. If fo is the frequency at zero pressure and f is the frequency with a known 
pressure applied, the squared-frequency difference is then Af2 = f2 - {5. For example, 
the cells installed in test wall G have a nominal zero pressure frequency of fo = 1100 Hz. 
At 12 psi (83 kPa) applied pressure (the maximum pressure applied during calibration 
tests) the nominal frequency is f = 1385 Hz; t:i. f is then 13852 

- 1100 2 or l::i.f2 = 708 225 Hz. 
With frequency recorded to four significant figures, t:i.f2 is divided by a scale factor of 
1000 to obtain numbers that do not exceed the precision of the input data. A plot of ap
plied pressure versus Af2 /1000 will be linear, and the slope of the straight line is re
garded as being the pressure sensitivity of the cell. Thus, the pressure sensitivity of 
the Geonor cell is defined as the pressure change per unit of squared-frequency dif
ference Af2 divided by 1000. 

Calibration was accomplished by placing a pressure cell inside a sealed chamber 
and then increasing the air pressure in the chamber. A typical calibration run con
sisted of applying 23 increments of pressure beginning with O, increasing to 12 psi 
(83 kPa), and returning to 0. Each increment of pressure was nominally 1 psi (6.9 kPa). 
A typical calibration curve for the Terra Tee cells is shown in Figure 3. Figure 4 is a 
typical applied pressure versus frequency plot for the Geonor cells and illustrates the 
nonlinear response of the cell. Figure 5 shows the linear plot of pressure versus 
squared-frequency difference. · 
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Figure 1. Terra Tee cell and readout d1111ice. Figure 2. Geonor cell and readout device. 

Figure 3. Typical calibration curve for Terra Tee cell (1 psi = 6.9 kPa). 
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Figure 4. Typical pressure versus frequency curve for Geonor cell. 
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Figure 5. Typical calibration 15 .----.---.-----.---.----,---.----,----r--~ ---, 
curve for Geonor cell. 

Figure 6. Typical field 
relationship between z11ro gauge 
reading and temperature. 

Figure 7. Cross section of test 
wall G (1 ft= 0.305 m). 
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After the calibration tests were completed, an investigation was made to determine 
whether or not the pressure sensitivity is aifocled ur altered when the pressure cells 
are grouted into the retaining wall. To accomplish this, a Terra Tee cell was 
grouted into a 4-in.-thick (102-mm), 16-in.-diameter (406-mm) block of concrete. To 
simulate field installation as closely as possible, the concrete block was cast and al
lowed to harden. A cavity was cut in the face of the concrete and the pressure cell 
was grouted in place. Three coats of flexible weatherproof coating containing a high
strength synthetic rubber base material were applied over the entire surface of the 
block and pressure cell. This was done to isolate the back face of the pressure cell 
from the pneumatic p1·essure being applied on the front face. The cell was then cali
brated in the exact manner described previously. A total of six calibration tests were 
made on the embedded cell. The pressure sensitivities computed from the test data 
ranged from 0.972 to 1.013 psi/psi, the median being 1.006 and the average being 
1.001 psi/ psi. These data indicate that there is no effect on pressure cell response 
due to installation or grouting into a retaining wall. 

After the pneumatic calibrations were conducted, the effect of temperature on the 
zero reacting was investigated in the laboratory. Five temperatures were used: 52, 
62, 74, 84, and 104 F (11, 17, 23, 29, and 40 C). All the cells were placed inside a 
room where the temperature was maintained constant at one of the given test temper
atures. A 24-hour waiting period was allowed for the cells to reach equilibrium with 
the ambient temperature. A second 24-hour period was allowed during which the zero 
gauge readings of the pressure cells were checked periodically. All cells were found 
to exhibit an increase in the zero gauge reading with an increase in temperature. 

After the cells were installed in the retaining wall, additional data were obtained 
for evaluation of the temperature effect on zero reading. In this case it was impos
sible to control the temperature. In order to obtain the widest range of temperature 
within the short amount of time available to acquire the data, both day and night read
ings were taken. The- temperatures recorded were those of t~e concrete immediately 
adjacent to the pressure cells. They were obtained by means of thermocouples that 
were mounted directly on the surface of tlte concrete, a thermocouple being mounted 
apprcY..im~tcly 1 in . f:rvrr.1 each of the pr~::.~urt! cells. In this manner, a range of tem
perature from 71 to 91 F (22 to 33 C) was obtained. Readings were not begun until 
several days after the cells were installed in order to allow the epoxy grout sufficient 
time to fully harden. Figure 6 is a plot of zero reading versus temperature for Terra 
Tee cell No. 570. It is representative of the data obtained from the other three Terra 
Tee and two Geonor cells. 

INSTALLATION OF CELLS 

A typical cross section of the cantilever retaining wall (test wall G) is shown in 
Figure 7. It should be noted that the cantilever retaining wall is resting on H piles. 
The watel: table is located below the footing of the wall. Weep holes are provided to 
allow drainage and thus to try to prevent any hydrostatic pressure from building up 
behind the wall. 

The back face of the retaining wall was instrumented with four Terra Tee and two 
Geonor pressure cells. The cell locations on the retaining wall panel are shown in 
Figure 8. The four Terra Tee cells were arranged in a vertical row so that measured 
pressure distribution behind the wall could be established. The upper and lower Geonor 
cells were located at the same depths as the top and bottom Terra Tee cells so that a 
check could be made of the magnitudes of the measured pressures at the 4-ft (1.2-m) 
and the 13-ft (4-m) depths. Also, the upper Terra Tee (No. 570) and uppel· Geonor 
(No. 1) could be uncovered at some ti.me after backfilling to check the zero gauge read
ings for these two cells. A thermocouple was installed at each pressure cell location 
so that temperature could be determined at the time the pressure readings were taken. 

Because the construction of test wall G was completed prior to the installation of 
the pressure cells, it was necessary to cut a cavity in the wall and grout the cells in 
place. After tl}e cavities had been cut, the pressure cells were cemented in. place with 
an epoxy grout known a~ "Patch All Special". The cells were installed so that the:: face 
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of each cell was flush with the back of the wall. Care was taken to ensure that uniform 
and intimate contact with the seating surface was achieved. The installation procedure 
for a Terra Tee cell is shown in Figures 9, 10, and 11. 

A thermocouple was installed at each pressure cell location. Each thermocouple 
was covered with a waterproofing compound. All connector cables and wires were 
secured to the retaining wall with a strip of raw tread rubber. The completed instal
lation of the cells for test wall G is shown in Figure 12. 

The backfill operation for test wall G took place over a period of 6 days. The back
fill material was dumped and roughly spread by heavy scrapers. The completed spread
ing and compaction were done with a bulldozer. The backfill material was spread in 
approximately 8-in. (200-mm) lifts, and the bulldozer made approximately three passes 
on ea.ch lift. Care was taken to ensure that none of the instrumentation on the test wall 
panel was damaged by the earthmoving equipment. Earth pressure measurements were 
made during the backfilling operation. 

Samples of the backfill material were taken during the backfilling operation in order 
to determine in-place moisture content and wet unit weight (density). The wet (total) 
unit weight next to the test panel averaged 91.6 pcf (1463 kg/ m 3

), and at the center of 
the backfill the wet unit weight averaged 101.3 pcf (1618 kg/m3

). The average moisture 
content was 20.4 percent, and the specific gravity of the soil was 2.68. 

The observed unit weights may be somewhat lower than the unit weights achieved. 
This is due to the high placement moisture content of the backfill and the method of 
sampling. Unit weight determinations were made with a Soiltest balloon volumeter. 
The apparatus is used to determine the volume of soil removed from a test hole by 
measuring the amount of water required to completely fill the hole. Due to the high 
moisture content of the soil it is possible that the water balloon pressing against the 
side of the hole may have increased the volume of the hole. Using the larger volume 
to compute the unit weights would have the effect of giving lower unit weights than 
those actually achieved. Because of this problem, a wet unit weight of 110 pcf 
(1760 kg/ m 3

) was used in the theoretical computations presented in this paper. An 
average wet unit weight of 110 pcf was obtained in the backfill of the test panel during 
the first year of this research study using essentially the same backfill material. 

The backfill material was a tan fine sand containing a small percentage of silt. The 
soil was classified as SP-SM according to the Unified Classification System. Undrained 
direct-shear tests were conducted on representative samples of the backfill material, 
and the angle of internal friction was determined to be 32 deg. 

DATA COLLECTION 

The lateral earth pressures measured on test wall G from April 1972 through 
May 1973 are given in Table 1. Also, the measured pressures are plotted versus 
time in Figures 13 through 15. In general, it may be stated that the performance of 
the pressure cells has been reasonably consistent. The plotted data in Figures 13 
through 15 indicate either a simultaneous increase or decrease in pressure during a 
given period of time. Maximum pressures were achieved at the completion of the 
backfilling operation, and, except for minor variations, the pressures remained rel
atively constant until October 1972. The reason for the drop in measured pressures 
during the winter months is not known. It is possible that temperature corrections 
were not accurate because the temperature calibration curves were established for 
a range of 70 to 90 F (21 to 32 C) and the temperatures dropped to 40 to 50 F (4 to 10 C) 
during the winter months. Consequently, extrapolation was required in order to estab
lish a temperature correction for these lower temperatures. 

In October 1972 the upper pressure cells were uncovered (Terra Tee. No. 570 and 
Geonor No. 1) by removing approximately 5 ft (1.5 m) of the backfill material. This 
was done to establish whether the zero pressure reading for each cell had changed 
during this 6-month period. As shown in Table 1, the zero pressure readings did 
not change significantly. However, after the backfill material was replaced, the pres
sure readings for these two cells never returned to the prior reading of approximately 
2 psi (14 kPa). It should be noted that Geonor No. 2 became inoperative in February 
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Figure 8. Location of earth pressure cells, test wall G. 
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Figure 9. Cell cavity. Figure 10. Installed cell. 
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Figure 11. Final grouting. Figure 12. Completed installation. 

Table 1. Measured lateral earth pressures (in psi) for test wall G. 

Elasped Terra Tee 9 Geonor 6 
Time 

Date in Days 570 580 578 604 2 

12 April 1972 1 0 0 0 0.64 0 0.46 
13 April 1972 2 0 0 0 1.97 0 1. 79 
14 April 1972 3 0 0 0 1.20 0 1.19 
17 April 1972 6 0 1.65 4.00 4.55 0 4.23 
18 April 1972 7 l.74 2.93 6.35 8.05 2.92 7.89 

Backfilling operation completed 
20 April 1972 9 1.66 2.87 6.65 8. 59 2.40 8.27 
25 April 1972 14 1.10 2.48 6.20 8.49 1.80 8.64 
2 May 1972 21 1.24 2.54 5.97 8.30 2.64 8.23 
10 May 1972 29 1. 70 2.98 6.78 8.97 2.89 8.71 
17 May 1972 36 0.40 2.60 6.03 8.20 2.3 1 8.34 
1 June 1972 51 1.08 2.27 6.27 8.40 2.40 8.35 
15 June 1972 65 2.18 2.68 6.56 9.13 3.22 8.35 
18 July 1972 98 1.42 2.24 6.00 8.35 2.40 8.07 
6 Sept. 1972 148 2.16 2.51 6.43 9.24 2.30 8.52 
10 Oct. 1972 182 1. 70 1. 76 6.06 8.60 2.38 8.45 

5 ft of backfill removed 
lOOct.1972 182 0.05 1.96 5.86 8.40 - 0.20 8.13 
19 Oct. 1972 191 -0.07 2.56 6.52 9.05 -0.08 8.73 

Backfill replaced 
19 Oct. 1972 191 0.33 2.46 6.42 8.95 0.31 8.69 
19 Dec. 1972 252 -0 .05 1.20 4.50 6.35 0.74 7.70 
8 Jan. 1973 272 -0.65 0.40 4.30 6.20 0.63 8.12 
26 Feb. 1973 321 -0.45 2.00 5.40 7.95 0.35 -. 
5 April 1973 359 -0.15 1.65 5.10 8.05 0.43 
9 May 1973 393 -0.10 2.20 6.00 9.40 -· 
31 May 1973 415 0.35 1. 75 5.80 9.30 -· 
Note: 1 psi = 6.9 kPa. 

11 Gauge inoperative 



Figure 13. Measured pressure 
versus time, Terra Tee No. 570 
and 580 and Geonor No. 1. 

Figure 14. Measured pressure 
versus time, Terra Tee No. 604 
and Geonor No. 2. 

Figure 15. Measured pressure 
versus time, Terra Tee No. 578, 
580, and 604. 

ui 

1972 1973 
IO APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN 

8 

TERRA TEC 570 

TERRA T EC 580 

GEONOR ND I 

Q. 6 

... 
a: 
::> 
(J) 
(J) 
LIJ ~ 
a: 
Q. 

A ( ' , , 
I \';.¥'~-~--; A...._ 

2 V J '-- / -... ../ ""-
"' / CELL BECA ME 

, --- -----~ --- -- ~OPERATIVE 

0 0~- - 5~0 __ _.10-o--~1sLo--"--20~0---2Lso ___ 3io_o--3~s-o--4~o-o--4...Jso 

TIME, DAYS 

1972 1973 
IO APR MAY JUN JUL AUG SEP OCT NOV ~C JAN FEB MAR APR MAY JUN 

B 

2 

CELL BECAME 
INOPERATIVE 

I t.HH'A I t.i.; NU. bU4 

GEONOR N02 

0 o~--;5-:;0.----;;!100;;;---;;15:;;o:----::c20!::o:----=2s!::o:-----=3:!:oo-=----=3:-l:ro,,.---4...Joo1_ __ 4...Jso 

TIME.DAYS 

1972 1973 
IQ APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN 

2 

v,.,.......__-~
1

; ERRA TEC NO. 580--'\ 

'- / "-..Y'-... 
"\/ 

0 o"---50._ __ li0_0 __ ~15_0_.L2~0- 0 ___ 2L50 ___ 3L0-0--3i 5_0- - 4~0L0 __ 4JSO 

TIME, DAYS 



25 

1973 and Geonor No. 1 became inoperative in May 1973. Efforts have been made to 
restore these cells to an operating condition but have not been successful. All Terra 
Tee cells are still operating. 

Pressure measurements were made periodically during the backfilling operation in 
an attempt to measure dynamic pressures caused by the hauling and compacting equip
ment. Neither the Geonor nor the Terra Tee is well adapted for this kind of measure
ment. Either system requires a certain time period during which the readout unit 
senses the signal being sent by the pressure cell. The pressure acting on the cell 
cannot be displayed on the readout unit before the time period is complete. Of the 
two cells, the Geonor has the shorter period; it is approximately 3 to 4 seconds. For 
this reason the majority of dynamic measurements were made with the Geonor cell. 
Check measurements attempted with the Terra Tee cell yielded dynamic pressures 
that were in general agreement with the Geonor indications. Throughout the course 
of the dynamic measurements it was observed that the maximum observed dynamic 
pressure at any time did not exceed the maximum recorded static pressure after the 
backfill was completely in place. Moreover, as one would expect, at a given point on 
the wall the influence of the compaction equipment on the pressure at that point de
creased as the height of backfill increased. 

Measurements of wall movements are needed to establish the expected type of earth 
pressure distribution. In order to determine the lateral movement of the wall a point 
was established on the top of the wall. The distance to this point from a fixed point 
was recorded each time a set of measurements was made. The fixed point was located 
on a 36-in.-diameter (910 mm) reinforced concrete drilled shaft. The nominal distance 
from the fixed point to the top of the wall was 67 ft (20.4 m). The distance was mea
sured with an engineer's 100-ft steel tape supported at the O and 67-ft marks. The 
fixed point was located on the drilled shaft at the same elevation as the top of the re
taining wall to eliminate the need for slope corrections. Each time a distance was 
measured the tape temperature was recorded so that observed distances could be cor
rected for temperature. Tape tension handles were used to ensure a constant 25-lb 
(111-N) tension when measurements were made. 

Displacements due to tilting or rotation were determined by measuring the horizontal 
offset distance from a vertical line fixed with respect to the top of the wall to several 
fixed points on the front face of the wall. The vertical reference line was established 
by suspending a 25-lb (11.3-kg) plumb bob from a frame that was rigidly attached to 
the top of the wall. With respect to the top of the wall the fixed points were located at 
heights of 1, 4, 7, 10, 13, and 141/:i ft (0.305, 1.2, 2.1, 3.1, 4, and 4.4 m) on a vertical 
row. The vertical row of points was positioned laterally on the wall so that the four 
interior points were directly behind the four Terra Tee pressure cells on the back face. 

An initial set of measurements was made immediately before the placement of back
fill began. The displacements of points on the front side of the wall relative to the top 
of the wall and to each other during and after backfilling were desired, rather than the 
exact and true shape of the wall at any time. It was therefore assumed that the front 
face of the wall was perfectly vertical at the time of the initial measurement. Figure 16 
shows the measured translational and rotational displacements at the end of 1 day, 
1 week, 1 month, 1 year, and on May 31, 1972. The data shown in Figure 16 indicate 
that a considerable amount of displacement occurred during the backfilling operation, 
and very little occurred after 1 month. 

THEORETICAL VERSUS MEASURED PRESSURES 

The ultimate objective of the research study is to develop a more economical retain
ing wall design. To accomplish this, it is necessary to determine whether the computed 
lateral earth pressure on a retaining wall compares favorably with the measured pres
sure on the real structure. The computed pressure is usually obtained from an equa
tion derived from a theoretical analysis, as opposed to an equation resulting from 
empirical correlations. There are two earth pressure theories that have attained 
almost universal acceptance throughout the literature and can be found in nearly all 
textbooks on soil mechanics. These theories were postulated by Coulomb in the year 
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1776 and by Rankine in 1857. To arrive at a solution using their theoretical formula
tion of the problem, Coulomb and Rankine made vadous assumpllous i·egfu·iliug Lhe 
physical behavior of the soil and the interaction between the soil and the retaining wall. 
These assumptions and the equations used to compute the coefficient of active earth 
pressure, Ka, have been presented in detail elsewhere (1). The active earth pressure 
is the minimum pressure exerted on a structure by a mass of soil. It is the result of 
an outward movement of the structure with respect to the soil. The parameters used 
to compute Ka for the conditions at test wall G are °' = angle of back of retaining wall 
with respect to horizontal = 90 deg; f3 = slope of backfill with respect to horizontal = 
0 deg; ¢ = angle of shearing resistance of soil = 32 deg; and 6 = friction angle between 
wall and soil. 

The wall friction angle 6 is a difficult parameter to evaluate. Approximate values 
of 6 for various types of wall surfaces and finishes may be found in some texts on soil 
mechanics and fowidations. Sowers and Sowers (5) state that, for smooth concrete, 
0 is often 1,4 to % ¢. Tomlinson (8) lists o/¢ = 0 .all for grained concrete (made in 
timber foi·mwork) in contact with dense dry sand. Terzaghi and Peck (7) suggest that 
the coefficient of wall friction, tan 6, can be assumed as equal to % tan-ip for fairly 
permeable soils. Without a doubt this is a very wide range of values for wall friction. 
However, it is fortunate that 6 exerts little influence on Coulomb's value of Ka for the 
conditions given above by °'' {3, and¢. For 6 = % ¢, Ka equals 0.278, and for 6 = % ¢, 
Ka equals O .275. The Rankine theory assumes no wall friction, and for the conditions 
stated Ka is equal to 0.307. 

The theoretical totally active pressures computed by the Coulomb and Rankine theo
ries for test wall Gare given in Table 2. The value of 6 =%¢was used to compute 
the Coulomb value of Ka, the unit weight of the backfill was taken to be 110 pcf 
(1760 kg/m3

), and the depths correspond to the locations of the pressure cells. 
Figure 17 shows the measured earth pressures at each depth on a given day, The 

earth pressure distributions have been plotted for 7, 182, 321, and 415 days after the 
start of backfilling. The data indicate that, in general, the lateral earth pressure dis
tribution behind test wall G is triangular, i.e., the pressure increases more or less 
linea.dy with inc1°easect depth. However, tht: ::;lu!)t! ui Ll1t! !)i·e::;::;ure ver::;u::; depth curve 
changes at a depth of 7 ft (2.1 m). From the surface down to 7 ft the lateral pressure 
increases at an average rate of about 0.4 psi per ft (9 kPa perm). From 7 to 13 ft 
(2.1 to 4 m) the average rate of pressure increase is approximately 1 psi per ft 
(22.6 kPa per m). A possible explanation for this increase in pressure gradient can 
be obtained from a consideration of the displacements that occurred in the upper and 
lower portions of the retaining wall. It is apparent from the retaining wall displace
ment curves shown in Figure 16 that the wall tended to rotate about some point near 
the top of the footing. According to Taylor (6), the pressure distribution on a retain
ing wall will be triangular if the wall rotates-away from the backfill about a point near 
the base of the wall. Furthermore, from Figure 16 it is evident that some bending 
occurred in the upper 7 ft (approximately) of the wall. Apparently, the upper portion 
of the wall experienced a greater movement (yield) per unit depth with respect to the 
backfill than did the lower portion. If the gross movement of the wall were such that 
the totally active pressure distribution were approached but not completely achieved 
at all points along the wall, one would expect the greater movement in the upper por
tion of the wall to cause a greater reduction in pressure below the at-rest level than 
the smaller yielding that occurred near the base. In this context the at-rest pressure 
is the pressure that would be exerted on the wall after the backfill is placed provided 
that no wall movement occurs. 

Figure 16 also shows that the base of the retaining wall experienced approximately 
0.2 in. (5 mm) lateral displacement, or two-thirds of the total, at the end of the first 
day. [Backfill level was only 2 ft (0.6 m) above the footing.) This seemingly large 
displacement can be attributed to the ground conditions at the site. The footing, al
though supported by H-piles, was built on top of clay. It is believed that the heavily 
loaded earthmoving equipment compacted the soil on the back side of the footing and 
pushed the wall outward. Taylor (6) states, "If the top of the wall moves outward an 
amount roughly equal to 1h of 1 percent of the wall height, the totally active case is 



Figure 16. Displacement of test wall G (1 in.= 25.4 mm). 
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Figure 17. Pressure distribution curves. 
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Table 2. Theoretical earth 
pressures based on Coulomb and 
Rankine theories. 

Pressure, psi 

Depth, ft Coulomb Rankine 

4 0.92 1.02 
7 1.60 1. 79 

10 2.29 2.56 
13 3.00 3.32 

Note: 1 ft = 0.305 m; 1 psi • 6,9 kPa. 

Figure 18. Theoretical versus measured pressure. 
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attained. This criterion holds if the base of the wall either remains fixed or moves 
outward slightly." In this case, 1/2 of 1 percent of the wall height equals 0.96 in. 
(24.4 mm). Figure 16 shows a movement of approximately 0. 7 in. (18 mm) at the 
top of the wall after the initial lateral translation occurred. Thus, the observed wall 
movements would seem to indicate that the active case was attained although the wall 
movement may not have been sufficient to achieve the totally active case. 

Figure 18 is a plot of the minimum and maximum pressures recorded at each cell 
location from April 18, 1972, through May 31, 1973. Also shown in Figure 18 is the 
average of all earth pressure measurements made throughout the period. Note that 
April 18, 1972, is the date on which backfilling was completed. The dotted line in 
Figure 18 indicates the theoretical pressure distribution based on Rankine, and the 
broken line illustrates the Coulomb theoretical pressure distribution. Clearly, the 
measured pressure distribution does not compare favorably with the theoretical dis
tribution forecast by the Coulomb or Rankine theories. According to Taylor (6), the 
at-rest earth pressure coefficient may vary between 0.4 and 0.5, with the actual value 
dependent on the density of the backfill. If the at-rest coefficient is assumed to equal 
0.5, the computed pressure at the 13-ft (4-m) level would be 5.4 psi (37.3 kPa), or 
approximately 35 percent less than the minimum measured pressure at that depth. 
Taylor's at-rest coefficient is based on the assumption, "Under the condition of no 
movement of the wall, the soil has undergone no strains in the past except the slight 
vertical compression caused by the placing of overlying soil." 

With reference to the coefficient of earth pressure at rest, Ko, Terzaghi and Peck 
(7) state, "Its value depends on the relative density of the sand and the process by 
which the deposit was formed. If this process did not involve artificial compaction 
by _tamping, the value of Ko ranges from about 0.40 for dense sand to 0.50 for loose 
sand. Tamping in layers may increase the value to about 0.8." Assuming Ko = 0.8 
yields a computed pres sure equal to 8. 7 psi ( 60 kPa) at a depth of 13 ft ( 4 m). This 
value is very close to the average maximum pressure observed at that depth. Hence, 
the earth pressures that are being recorded would at first appear to be contrary to 
the theoretical pressures. However, it must be remembered that the theoretical equa
tions based on the Coulomb and Rankine theories give the pressure for totally active 
conditions. If the assumption is made that the larger movements in the upper 7 ft 
(2.1 m) induced nearly totally active pressures, the measured pressures in that region 
compare favorably with the theory. If it is further assumed that the smaller movements 
near the base were not sufficient to mobilize the full shearing resistance of the soil, so 
that nearly at-rest conditions still exist, the measured pressw-es appear to be reason
<>hlP h<i.«Prl on 'T'Pl'Z<>gh; <inrl PPl'k- 1 A. Ko = O)~ fol' Pnmp<it>tPrl h<irJ.cfillA- . 

SUMMARY AND CONCLUSIONS 

The objectives outlined in this paper involving the study of field performance of a 
cantilever retaining wall have been achieved. Detailed results have been presented in 
this paper, and the following summary and conclusions are given: 

1. Lateral earth pressw-es on a cantilever retaining wall were measured using the 
Terra Tee pneumatic and the Geonor vibrating wire pressure cells. In general, the 
performance of these cells for long-term measurements has been adequate. Both 
Geonor cells did become inoperative after about 1 year of service. However, all 
Terra Tee cells are still operating effectively. 

2. Procedures used in calibrating the Terra Tee and Geonor cells were improved. 
Temperature effects were taken care of through the use of thermocouples in the wall 
and by performing temperature calibration both in the laboratory and in the field before 
backfilling. One Terra Tee cell was grouted into a block of concrete and calibrated 
pneumatically in the laboratory. Based on the results of these tests, it is concluded 
that there is no effect on the pressure cell response due to the grouting of the cell in 
concrete. The effect of change in zero gauge reading with time was investigated both 
in the laboratory and in the field before and after backfilling. It was found that the 
zero gauge reading did not change significantly when the backfill material was removed 
after 6 months. 
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3. Lateral displacement of the test wall was measured accurately. Measurements 
of the wall movement were made each time that pressure readings were taken, starting 
at the time of the backfilling operation. This was done so that wall movements could be 
correlated with measured pressures. 

4. Samples of the backfill material were taken and tested to determine the physical 
and engineering properties of the soil. These properties were used to make theoret
ical determinations of lateral earth pressure. 

5. Computed lateral earth pressures based on Rankine and Coulomb theories were 
computed with measured lateral earth pressures. It was found that measured pres
sures agreed with the theoretical pressures to a depth of about 7 ft (2.1 m) on the test 
wall. Wall movements were large enough above the 7 -ft depth to indicate the totally 
active case. Below the 7-ft depth, the measured earth pressures were larger than 
the theoretical pressures. Wall movements between the 7-ft and the 13-ft (4-m) depth 
indicated that the state of the soil in the backfill was somewhere between the totally 
active and the at-rest case. At the 13-ft depth the movements were small enough to 
indicate the at-rest condition. 

The most recent data given in this paper were taken in May 1973. Pressure read
ings and wall movements have been made once a month since that time. Readings will 
be taken continually during the third and fourth years of the study. Surcharge loads in 
the form of highway pavements were to be applied to the test wall in the fall of 1973. 
Therefore, it will be possible to study the effects of these surcharge loads on the test 
wall. 
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