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The construction and performance of a new type of retaining structure 
are described. The wall , at the head of a steep canyon, was built by an
choring a thin metal face to the backfill area with multiple metal t iestraps 
anchored to a continuous deadman. The forC1Js in the tiestraps, the d is
tribu tion of these forces, the distribution of stresses in the soil and back
fill, and the deformation of the wall and within the backfill were mea
sured with appropriate strain and fl uid settlement gauges and pressure 
cells. Subject to the limitations imposed by the facts that the instrumen
tation for the determination of the forces in the tieback straps was min
imal and the results produced from the pressure cell observations showed 
considerable variability, the following conclusions are drawn: (a) conven
tional earth-pressure analysis gives reasonab le fo rces for tiestrap wall d -
sign, but consideration in future designs should be given to th& effects of 
sloping surcharges; (bl stresses in the backfill near tho wall face are less 
than those indicated by conventional earth·pressure analysis; (c) a t ieback 
wall deforms in the active sense in spite of tile presence of t he tiestraps. 
The potential failure surface within the backfill can be predicted with 
reasonable accuracy using Coulomb earth-pressure analysis, but the ac
tual surface may define a smaller active zone; (d) the outward wall move
ments were not unreasonably large, but were of sufficient magnitude to 
reduce the total force necessary to stabilize the backfill at the active 
value; (e) the vertical movements in the backfill exceed those accounted 
for by lateral wall movement and were weather-related; and (f) the wall 
was still moving at tho end of the rainy season, but at a rate significantly 
smaller than before. Further movements appear to be likely, but tolerable. 

Reconstruction of the Mary's Peak Road in the Oregon 
Coast Range during 1974 and 1975 i ncluded the use of a 
new type of retaining structure. This wall was built by 
anchoring a thin metal face to the backfill a1·ea with 
multiple metal straps connected to a narrow continuous 
metal deadman. The facing for the wall was made from 
3 .05-m (10-ft) long wiits similar to half-sections of 
0.46-m (18-in) diameter metal culvert pipe that were 
bolted together in t he field . The wall was composed of 
folll' tiers, each 3.05 m {10 ft) high to a total height of 
12.2 m (40 ft ). There was no foundation structure . The 
straps connecting the facing and the deadman anchorage 
were attached to the facing with bolted connections. The 
curved section of the structure is 46 m (150 ft) long and 
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supports a rock fill that extends 9. 75 m (32 ft) above its 
top. The wall was instrumented during construction to 
relate its performance to its design assumptions. These 
design assumptions are reviewed here, and the perfor
mance observations summarized. 

An aerial view of the construction site is shown in 
Figure 1. The structure is situated at the headwall of 
a steep canyon, and during earlier construction of a 
road at this location the canyon had been filled with 
excavation and logging debris and other rubble. A gen
eral view of the maximum section of tile wall is given 
in Figure 2 and shows the approximate configurations 
of the subsurface conditions and the as-constructed wall. 
Figure 3 shows the face of the structure and the sloping 
backfill above its crest . The completed wall has been 
in service since August 1974. 

RETAINING STRUCTURE DESIGN 

The wall was built in a location having rather complex 
site conditions. It spans a steep ravine that has been 
downcut by an intermittent stream that follows a fault. 
T his ravine had been used as a waste ar ea for clearing 
clebris and rock rubble during constr uction of the original 
road in the late 1930s. There have been several slip-outs 
of the rubble, and the flanks of the ravine are experienc
ing active soil creep (!). 

Tiest rap Analyses 

The external force necessary to retain the backfill be
hind t he retaining strncture was determined by Coulomb 
analysis for the tota l force [Figux·e 4(A)J, which was as
sumed to be distributed linearly over the height of the 
wall in the form of a tl.'iangular pressure diagram [Fig
ure 4(B)]. The tiestrap loads were computed from the 
moment of the lateral backfill force about the wall base 
and were assumed to be distributed linearly with zero 
force in the top tiestrap. Various combinations of 
vertical tiestrap spacing were used to determine a final 
optimal configuration. The horizontal spacing of the 
tiestraps was limited to multiples of 0.46 m (18 in), the 
width of the half-round facing sections. 
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Figure 1. General view of project site in ravine headwall. 

Figure 2. Maximum section through 
retaining structure and site. 

z 
0 

>
<l 
> 
"' ..J 

887 m 
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Figure 3. Completed structure. 

Figure 4. Wall forces, failure surfaces, and tiestrap 
stresses: (a) Coulomb force analysis and failure surfaces 
and (b) lateral pressures and tiestrap stresses. 
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Anchorage Requirements 

Theoretically, the strips supporting the wall facing could 
be extended into the backfill to provide sufficient embed
ment beyond the potential failure plane for anchorage 
without a deadman. The use of unanchored straps ori
ented with their flat sides horizontal is becoming in
creasingly popular (2). However , because of anticipated 
difficulties in excavating the rubble fill that existed at 
the site, the tiestrap length was kept to an absolute 
minimum, which made the use of unanchored tiestraps 
inappropriate, and therefore a deadman anchor was 
formed by attaching a 0.10-m (4-in) high, continuous 
strap to the ends of the tiestraps. Design analysis of the 
deadman anchorage using conventional bearing capacity 
theory, and allowing for friction mobilized on the tie
traps behind the failure plane indicated a factor of safety 
of at least nine against pullout. This high factor of 
safety was acceptable for two reasons: First, due to the 
structural configuration, it could be obtained for a small 
incremental expenditure. Second, the backfill material 
was not expected to be of uniform quality, and the high 
safety factor would ensure acceptable overall perfor
mance. 

Facing Design 

The facing system for the wall was required to be dur
able , structurally capable of carrying the loads , rea
sonably inexpensive, and pleasing to the eye. It had to 
be able to accommodate differential settlement and to 
lend itself to construction of a curved plan section. The 
scope of the project did not permit economical con
struction with other than commonly available materials 
and components . Therefore, the facing members were 
made from corrugated galvanized sheets similar to 
half-round culvert pipes with one basic member specified 
for all sections of the wall. The 3.05-m (10-ft) length 
for each tier was adopted to permit fabrication and han
dling without heavy equipment. The tiered appearance 
and shorter panel lengths alSo contributed to the overall 
appearance of the structure. 

The design analysis was accomplished by applying the 
pressures and distributions inferred from the Coulomb 
analyses to a typical length of facing section, consider
ing the section to be simply supported between the tie
straps vertically. The 0.46-m (18-in) section was taken 
as the full width of a beam loaded by the earth-pressure 
diagram, as indicated in Figure 5. 

Ove1·all St ability 

With the facing and anchorage designed, and therefore the 
total length of the tiestraps determined, the analyses for 
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the retaining structure members were complete. The 
final step in the design analysis was the consideration 
of the overall stability of the structure and the support
ing fill. Figure 6 shows the potential failure surfaces 
considered and the factor of safety represented by each, 
considering only the soil strength and excluding any 
effect of the tiestraps. 

INSTRUMENTATION 

Requh·ements 

The forces in the tiestraps, the distribution of forces 
within the straps, and the distribution of stresses in the 
soil backfill were required in order to examine the 
validity of the design assumptions. Measurements of the 
deformations of the wall and within the backfill were 
necessary to study the overall behavior of the wall and 
backfill. 

Instrumentation Planning 

The decision to instrument the wall was made only a few 
months before the beginning of construction with the 
contract already let and no provision for an instrumenta
tion budget. However, Oregon State University had just 
completed a major installation of instrumentation on 
another structure (3) and had available the readout for 
a highly reliable strain-measuring system that employed 
vibrating-wire strain gauges. Thus, these gauges were 
selected for the force determination in the tiestraps 

Figure 5. 
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Figure 6. Overall stability analysis results. 
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although their comparatively high cost limited the num
ber of instrumentation points. A gauge was required on 
each side of a strap at each point to permit the measure
ment of axial tension, exclusive of bending stresses. 

Several available options for measuring soil stresses 
in the backfill were considered, and a diaphragm-type 
pressure cell fabricated especially for this project was 
selected. The cells consist of two 0,30-m (12-in) di
ameter sheet-metal disks soldered together at the edges 
and co11nected to a Bourden gauge by nylon tubing (4). The 
deformations of the wall facing and the surface of the 
backfill above the structure along the maximum section 
were determined by triangulation from fixed survey 
points established on the flanks of the wall. 

The deformations within the backfill at the maximum 
section were determined from water-level settlement 
gauges (~). These gauges consist of an open tube, the 
end of which is protected by a Lucite housing within the 
backfill, and are filled with an antifreeze solution. 
Changes in elevation of the open end of the tubing within 
the backfill are reflected in the level of the solution in a 
standpipe mounted on the front of the wall, and, from 
elevations determined dui• ing the triangulation surveys 
of the wall face , the relative settlement of the end of the 
tubing within the backfill can be determined. 

All of the instruments within the backfill were remote
reading. Leads from the vibrating-wire strain gauges , 
the fluid settlement gauges, a11d t he pressure cells were 
extended to locked sheet-metal boxes on the front of the 
wall. The instruments were located only on the maxi
mum section as shown in Figure 7, but survey points 
were placed along the entire length of the top of tier 1. 
In all, 12 vib1·ating wire-strain gauges, 16 fluid settle
ment gauges, and 20 pressure cells were installed. A 
total of 25 surface survey points were used. 

To determine the effectiveness of the anchor and the 
stress distributions in the tiestraps, the vibrating-wire 
strain gauges were positioned at the location of the potential 
failure surface within the backfill and in front of the 
anchorage location at the end of the tiestraps, and one was 
installed just behind the wall. The fluid settlement 
gauges within the fill were positioned so as to locate the 
position of the actual potential failure plane. The pres
sure gauges were oriented to determine the apparent 
vertical and horizontal stresses in the backfill. The 
lateral earth-pressure coefficients were determined 
from this information. 

INSTRUMENT INSTALLATION AND 
WALL CONSTRUCTION 

Field placement of the instruments was accomplished 
after completion of each tier of the retaining wall. As 

Instrumentation on the maximum section (scale disto~ted horizontally). ~ 
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sometimes happens, there was a high rate of failure 
among the instruments. Most of those in the bottom two 
tiers failed to survive, and some pressure cells in tier 
2 failed to operate. The cause of the high fatality rate 
was a combination of inadequate instrumentation
placement specifications, carelessness, and a lack of 
construction surveillance. Whether the instruments 
would survive the construction placement was not known 
until after they had been covered by a fair amount of 
backfill, but trial and error, improvement in placement 
techniques, and increased construction surveillance 
made it possible to maintain most of those in the two 
top tiers in working condition (4 , 6). 

The placement of the instruments is illustrated in 
Figure 8. An inspector was present as the initial layers 
of fill material were placed over the instrumentation 
line and remained until the backfill over the instru
ments was sufficiently deep to prevent damage due to 
construction traffic and activity. After the fourth level 
of the retaining wall was completed, additional fill 
material was placed to form the slope to the level of 
the proposed roadway. 

PERFORMANCE 

Wall and Backfill Movements 

The deformation rate at all sections increased as the 
winter period approached and decreased thereafter, 

Figure 8. Placement of an instrument line. 

Figure 9. Deformations of wall and backfill. 
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becoming nearly zero in late spring. Figure 9 shows 
that the strains within the backfill at the maximum 
section were relatively uniformly distributed as the wall 
deformed in the active sense, and that the maximum de
flection of the wall appr oached 7'100 of its height. This 
value is sufficient to fully mobilize the strength of the 
backfill and reduce the lateral pressures to a minimum. 
The purpose of the settlement plates installed within the 
backfill was to determine the location of the potential 
failure surface that developed within the backfill as the 
wall deformed. The movements indicated by these settle
ment plates are also s hown in Figur e 9. The maxima at 
each levelare indicated in the sketchof Figure 4(A). In 
tiers 3 and 4, the agreement between the location of the mea
sured point of maximum deflection and the theoretical fail
ure plane is excellent. In tier 1, the point of maximum de
formation observed does not agree with the Coulomb fail
ure plane used in the design, but, since the internal 
settlement plate near the design position was inoperable, 
it does not necessarily follow that the design assumption 
was incorrect. Earlier studies (1., !!_) and the present 
data support the conclusion that the location of the fail
ure surface within a backfill containing tiestraps is 
reasonably predictable and not irifluenced s ignificantly 
by the presenc e of the straps· however Schlosser (9)has 
reported that the active wedge in a reinforced earth wall 
is smaller than that in a nonreinforced fill. 

The data presented above have shown that the outward 
movements of the wall are not large, but that the internal 
settlements within the backfill are considerable . Normally 
when a retaining structure is allowed to move laterally, the 
volume of backfill r epresented by the volume between the 
initial and final positions of the wall (A in Figure 10) is 
equal to the volume represented by the difference between 
the initial and final backfill s urfaces (B in Figure 10). 
For this wall, the volume r epresented by A is 0. 13 m3 

(4 .5 ft3 ), the volume represented by Bis 0.48 m3 (17 ft3 ) 
and the volume represented by C is 0.62 m3 (22 ft3

) for a 
typical 0.3-m (1-ft)section ofthe wall. Thus, the ob
served outward movements of the wall do not account for 
all of the vertical movements of the surface of the back
fill. This means that the principal seat of the vertical 
movement experienced by the surface of the backfill and, 
therefore, the principal cause of the tension cracks that 
developed the roadway above were settlement within the 
backfill and the foundation. (That the volume represented 
by C exceeds that represented by B is due to the fact that 
the instruments at C were installed and in operation 
earlier, and therefore indicated deflections over a 
longer period of time than did those at B.) 

Note: 1 m = 3.3 ft. 
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Soil Pressure Distribution 

The readings from the pressure cells were converted 
to apparent backfill densities by using calibration curves 
for each cell and depth of soil cover. These data are 

Figure 10. Volumetric relations 
for deformation of a unit 
length of wall. 
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Figure 11. Time variation and magnitude of 
tiestrap stresses. 

E Ii 
.; 
Cl: 

~ ... 
0 ... 
~ 9 
u 
z 
w 
Cl: 
w 
u. 
w 
Cl: 

... 
:I: 3 

"' w 
:I: 

ro 

-~ ~l"' >:: 

-1 r· ""' 
~ 

~ 
17.5 

>:: 

35.0 

0 3 6 
DISTANCE FROM TIER 2, m 

LEGE NO 

DATE OF STRAIN GAUGE READING 

6 AUG . 27-28, 1974 
o OCT 1.5, 1974 
o DEC. 7, 1974 
A FEB. 23, 1975 
• APR , 13,1975 
'ii MAY IB, 197.5 

NOTE: FOR TIER I, REFERENCE DATE IS JULY 3,1974 
FOR TIER 2, REFERENCE DATE IS AUG, 22,1974 

1 m "' 3,3 ft; 1 MPa = 145 lb/in2. 

Figure 12. Rainfall
refated movements. 

E 
~I· ~ 

- 2!.-0 
·..J 
..J 

Lt 12·) 

~ 

" 0 
Cl: 

A S 0 N D 
..J 0 
..J .. O·'lS ;!:>-z 
..Jw 0·.50 ;o:. 
zW 
o> 0•7' NO 
-::1 
Cl: 1•00 
0 
J: 

1·2~ 

0 
Q. 

"' 
.,; 
VI 
w 
Cl: ... 
VI 

..J 

~ 
x 

" 

9 

M A M J J 

. 
• /HIERAGE POINTS 

' f', . - .... _ t . -. -

ASONDJFMAMJJ 
0 --- .... _ ....... 

' ', ·I', ' ·---·-1·0 Note: 1 crn "' 0.4 in, 

summarized below for the bottom three tiers. 

Date Density bate Density 
Cell (1974) (kg/m3 ) Cell (1974) (kg/m 3

) 

P-2 12 Jul 1153 P-10 31 Jul 2098 
rn Jul 1346 P-12 20 Aug 1714 

P-7 6 Aug 833 22 Aug 1570 
20 Aug 897 
22 Aug 833 

Where both the vertical and horizontal cells were avail
able, lateral pressure coefficients (K) were computed 
as shown below. 

Cell Date K Cell Date K 

P-1, 2 12 Jul 0.14 P-11, 12 20 Aug 0.15 
19 Jul 0.14 22 Aug 0.27 

P-6, 7 31 Jul 0.60 
22 Aug 0.65 

Summarized data for tier 1 are given in the following 
table. 

Densitv Density 
Cell (kg/m3) K Cell (kg/m3

) K 

P-16 1233 0.49 P-19 1714 0.94 
P-17 2194 P-20 1281 
P-18 480 0.25 

The calculated average apparent backfill density, using 
the most r eliable fig \tres in the first a nd tbird tables, is 
about 1600 kg/m3 (100 lb/it3

). T ile design assumrtion 
for t he backfill density was 2160 kg/m3 (13 5 lb/ ft ). The 
for mer number i s probably low for the backfill ma
te1·ial used, and t he latter figure Is probably high. 

T he coefficients of later a l ear th pres s ure given in 
the second table repr es ent the ratio of the apparent 
vertical and horizontal stresses sensed by the pressure 
cells, to the extent that the cells are identical and mea
sure the backfill stresses in the same manner. The 
coefficients given are independent of the soil backfill 
density, since both the vertical and lateral pressures 
are proportional to it. The average of the coefficients 
of lateral earth pressure for the pressure gauges indi
cated in the second table, which are those gauges adjacent 
to the wall, is 0,35. 

With a lateral earth-pressure coefficient of 0.35 and 
an apparent backfill density equal to the design value of 
2160 kg/ m3 (13 5 lb/ft3

) , the estimated tota l lateral force 
against the wall is 552 kN/m (37 800 lbf/ft) at the maxi
mum section . With an aver age backflll dens ity of 1600 
kg/m3 (100 lb/ft3), this value is 409 kN/m (28 000 lbf/ 
ft) . Fl:om t he des ign analysis, the calculated tota l 
lateral force against t he wall is 548 kN/ m (37 530 lbf/ 
ft). This estimated value agrees exceptionally well with 
the observed value computed from the average lateral 
earth-pressure coefficients and the assumed design 
density, but the agreement using the average apparent 
density of the backfill is not as good. 

Stresses in the Tiest r aps 

The basic data for the measured tiestrap stresses are 
summarized in Figure 11. There was little change after 
the fill was completed in late fall. The measured and 
the design stresses in the tiestraps are compared in 
Figure 4(B), which indicates significant differences . 
However, these measurements represent observations 
on only two tiestraps. It has been noted previously 
that, where forces in structures resulting from earth 
pressures are measured, a great number of observa-



tions must be made to establish general trends (5), 
and it is quite common to obtain measured values of 
such forces that vary by ±50 percent from the mean 
at any one point. It is further noteworthy that, while 
the design assumption for the distribution of stresses 
in the tiestraps involves the assumption of zero force 
in the top strap of tier 1, with force increasing 
linearly to a maximum in the bottom strap of tier 
4, the expectation was that all of the straps would 
actually carry load. In particular, because of the 
presence of the sloped surcharge above the top of the 
wall, the upper straps in the system will be expected 
to carry a greater force than that indicated by the as
sumption of a normal triangular distribution of backfill 
pressure. Thus, the disagreement between the design 
and observed stresses in the tiestraps is not surprising, 
but, to the extent the observations are reliable, they 
indicate that the anticipated conservatism in the design 
of the tiestraps is not present. 

The earth-pressure cell data, when used to calculate 
the total lateral force on the wall facing, indicate that 
the design force on the wall was conservative. On the 
other hand, the measured stress distribution in the 
tiestraps indicates that, at least in the upper portion of 
the fill, the design force on the wall was not conservative. 
In a conventional retaining wall without tieback straps, 
the total lateral force is carried by the wall structure. 
The effect of the tieback straps in a wall of the nature 
considered here is to transfer at least part of the total 
lateral force to the region behind the potential failure 
surface in the soil backfill. The potentially failing 
wedge of retained backfill is supported not at its face, 
but behind the potential failure surface by friction on the 
straps, and by the anchorage. Accordingly, one would 
expect in a tieback wall of this nature that the total wall 
force as measured by pressure cells adjacent to the wall 
would be less than that calculated by conventional theo
retical methods. This reduction is due to the mobiliza
tion of friction on the straps in the active zone as in 
reinforced earth. The sum of the maximum forces in 
the tieback straps, however, should agree with the 
theoretical total force, which is the external force on 
the sliding wedge required to keep the wedge of backfill 
material in equilibrium. Thus, there should be good 
agreement between the total measured forces in the tie
back straps and the theoretical predictions. The esti
mated total lateral force using the measured soil stresses 
in the vicinity of the wall face is reasonable, therefore, 
since it is less than the theoretical value, but the mea
sured lateral forces in the upper ties are higher than 
expected. However, they may be higher either because 
the forces at that level, because of the surcharge, are 
higher than the theoretical predictions or because of the 
variations that might be expected from an average 
representative value. The quantity of the instrumented 
points is not sufficient to allow differentiation of these 
effects. 

Rainfall-Related Movements 

During the winter of 1974-75 comparatively large tension 
cracks appeared in the paved roadway on top of the back
fill that the wall supported. These tension cracks 
opened to 0.075 to 0.150 m (3 to 6 in) and had a vertical 
elevation difference of about the same size. Since it 
was believed these movements were rainfall-related, 
they were compared with rainfall data as shown in Fig
ure 12. The observed mean horizontal wall movements 
are given as percentages of the total movement at a 
point to permit summarizing all of the data on one graph. 
The movements are definitely rainfall-related, as in
dicated by the dashed line through the mean points. 
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(Individual data points with negative values were in
cluded in the calculation of the mean, but are not pre
sented graphically.) Apparently the rainfall-related 
movement began when the monthly rainfall exceeded 
about 0.13 m (5 in) and stopped at lower rainfalls. The 
rate of rainfall-related movement was not approaching 
zero during the high rainfall period, although it reduced 
to negligible values when the dry season began. This 
indicated that there was a possibility of continued move
ment of the wall, beginning sometime in the late fall of 
1975. 

Figure 12 also shows the settlement ratios of the 
points of maximum settlement within the backfill at 
settlement gauge locations 1, 5, and 13. That at 1 in
dicates a settlement pattern that is similar to one that 
would be expected in a fill undergoing consolidation under 
its own weight. That is, there is a progressively de
creasing rate of settlement. Those at 5 and 13 in the 
upper parts of the fill, however, appear to show an in
crease in the rate of settlement during the rainy period. 
This would indicate that the settlement mechanism within 
the upper parts of the backfill is related to the rainfall 
as well as to the weight of the backfill material. These 
observations indicate that the movements of the wall and 
the major portion of the backfill are related to the 
weather conditions, and ultimately are probably related 
to inadequate compaction during construction. 
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