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The process of designing a retaining 
wall or abutment involves not only the 
determination of the overturning and 
translating forces attributable to the 
backfilling material, but to those similar 
forces caused by the superimposition of 
loads on the surface of the backfill as well. 
These superimposed surface loads, for the 
purpose of this discussion, may be any 
loads which rest on the-surface of the 
backfill at or above the level of the top 
of the retaining wall. They may consist 
of concentrated loads such as truck 
wheels, or distributed loads such as, foun­
dations of adjacent buildings, railroad 
tracks, material piles, or simply addi­
tional or surcharged backfill material. 

I t is not uncommon practice to assume 
that superimposed loads of these types 
produce lateral pressures on retaining 
walls which are uniformly distributed 
over the backface of the wall throughout 
its entire height. Recent researches by. 
Gerber̂  at the Erdgenossichen Tech-
nischen Hochschule at Zurich and by the 
author̂  at the Iowa Engineering Experi­
ment Station at Ames, Iowa, have indi­
cated that this assumption may be incor­
rect. Rather, the pressure due to surface 
loads is non-uniform and has its maxi­
mum value at some distance below the 
top of the wall which is a function of the 
distance from the load to the wall and is 
independent of the height of the wall. 
Roughly, the maximum pressure occurs 

» Gerber, Emil. "Untersuchungen ttber die 
Druckverteilung im ortlich belasteten Sand." 
Diss. A.-G. Gerb. Leemann, Zurich, 1929. 

•Spangler, M. G. "Horizontal pressures 
on retaining walls due to concentrated surface 
loads." Bui. 140, Iowa Engineering Experi-' 
ment Station, Iowa State College, Ames, 
Iowa, 1938. 

at a depth below the top of the wall equal 
to I to f of the distance from the wall 
to the load. 

Gerber's studies were made by loading 
the surface of a mass of sand contained 
in a concrete bin 80 cm. (2.62 ft.) wide, 
80 cm. deep, and 4.5 m. (14.7 ft.) long, 
through cast iron plates of various shapes 
but having a uniform area of 1000 sq. cm. 
(155 sq. in.). The normal components 
of pressures exerted against one side of 
the bin were measured by means of a 
series of Amsler pressure cells. 

The author's studies were made on a 
series of actual retaining walls, with truck 
wheel loads and a uniformly distributed 
parallel line or strip load applied at the 
surface of the gravel backfill and at vari­
ous distances from the backface of the 
wall. The normal pressures on the walls 
were measured by means of Goldbeck 
pressure cells and by means of stainless 
steel friction ribbons made to slide be­
tween two stainless steel surfaces and to 
pass over small rollers through the wall 
so that the ends of the ribbons were avail­
able for pulling from, the front side of 
the wall. These ribbons were covered 
with suitable flexible waterproof covering 
and were calibrated by means of air 
pressure to obtain the relationship be­
tween normal pressure on the ribbon and 
the pull required to start it in motion. 
Then with the backfill in place, the loads 
were applied in various positions and the 
ribbons pulled to obtain the magnitude 
and distribution of pressures on the wall. 
Typical results of these experiments are 
shown in Figures 1, 2 and 3 for a con­
centrated load. A photograph of the 
loaded truck in place adjacent to one of 
the walls is shown in Figure 4. 
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Similar pressure measurements were 
made for a uniformly distributed line load 
parallel to the wall during the studies 
made at Ames. The results of this load 
situation are shown in Figure 5. An iso­
metric representation of the pressure dis­
tribution for a concentrated load is shown 
in Figure 6. 

A study of the data from the Ames 
experiments indicates clearly that the 
lateral pressure on a retaining wall due to 
a concentrated surface load is distributed 
in substantially the same manner as that 
indicated by the Boussinesq formula for 
horizontal stress'in an elastic solid due 
to a point load on the surface. The mag-
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Figure 1. Measured Pressures on a Retaining Wall with a Wheel Load Placed l.S 
Feet from the Wall 

nitude of the experimental pressures was 
considerably greater than,the calculated 
Boussinesq pressures, however, and this 
was attributed to the fact that the rela­
tively rigid retaining wall suddenly inter­
rupted the lateral strains in the backfill 
mass at the plane of the backface of the 
wall, causing an accumulation of stress 
which was greater tlian would have 
existed on the same vertical plane if the 
wall had not been present and the gravel 
mass had been indefinite in extent. The 
divergence between the experimental and 
the Boussinesq pressures was a varying 
quantity being greater when the load was 
close to the wall. 

Boussinesq, a famous elastician of the 
nineteenth century, solved the problem of 
stress distribution in a semi-infinite elastic 
solid due to a point load applied at the 
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Figure 2. Measured Pressures on a Retain­
ing Wall with a Wheel Load Placed 2.0 Feet 
from the WaU. 
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boundary plane, but made no suggestion 
as to the applicability of the solution to 

stresses in earth masses. The late Pro­
fessor John H. Griffith suggested the use 
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Figure 3. Measured Pressures on a Retaining Wall with a Wheel Load Placed 2.5 Feet, 3.0 
Feet, and 3.5 Feet from the Wall 

of the Boussinesq theory in the field of 
soil mechanics in a report prepared for the 
subcommittee on bearing values of soils 
of the American Society of Civil Engi­
neers' of which he was chairman. Since 
1920, many investigators have used the 
Boussinesq type of formula to express the 
vertical pressure distribution in soils due 
to concentrated loads or foundation pres­
sures, and a number of modifications of 
the basic formulas have been developed. 

An empirical equation which defines a 
surface approximately passing through 
the points representing the measured nor­
mal pressures is 

K P x ^ 
° X -

(1) 

' Revised report of subcommittee on soils, 
U. S. Bureau of Standards. Proc. Am. Soc. 
C. E . 46:916-141. 1920. 

Figure 4. Pulling the Friction Ribbons with the 
Loaded Truck in Place on the Backfill 
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in which 
ho = normal urat pressure on the wall 

at any point 
P = applied wheel load 
x = distance from load to backface 

of wall 
y = lateral distance from any pomt 

on the wall to the normal verti­
cal plane contaimng the load 

z = vertical distance from any point 
on the wall to the honzontal 
plane contaimng the load 

R = Vx« -h y* -f- z« 
K and n = empirical constants 

by the wall to the normal strains within 
the gravel mass is relatively greater when 
the load is near the wall, making the 
deviation of the actual pressures from the 
Boussinesq pressures greater for small 
values of x than for larger values The 
value of the exponent n is probably 
dependent upon the relative ngidity 
of the wall and the backfill material 
I t was found to be ̂  in these experi­
ments 

The disposable, K, may be considered 
to include the effect of the interruption 
of contmuity of strains withm the back-
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Figure 5 Measured Pressures on a Retaining Wall with a Line Load 10 ft 1 in Long 
Placed ParaUel to and 2 0 Feet Back of the Wall 

The second factor of the right hand 
member of this equation is identical 
with that of the Boussinesq formula for 
stress in the x-direction The first 
factor corresponds to the constant in the 
Boussmesq formula, but is considerably 
larger in magmtude in these experiments 
because of the sudden strain interruption 
caused by the wall, as mentioned above 
This factor involves the reciprocal of x", 
because the magmtude of restraint offered 

fill mass by the retaming wall, the charac­
teristics of the backfill material, the area 
of apphcation of the wheel load and its 
distribution over the area, and other 
factors I t IS also a dimensional constant 
and vanes with the umts of length in 
which X , y, and z are expressed, since the 
equation is dimensionally incorrect if K 
IS introduced as an abstract number I t 
may be written K(C)'', in which C is the 
number of umts of length in one foot 



SPANGLER-PRESSURE ON RETAINING WALLS 61 

The average values of K in these experi­
ments was about 1 1 in, foot umts 

A umformly distributed hne load paral­
lel to the back of the wall may be con­
sidered to be a series of closely spaced 

Figure 6 Isometric Representation of Dis­
tribution of Lateral Pressure on a Retaining 
Wall Caused by a Concentrated Surface Load 

He J(£. _ s f a _ _ , 
x " f x ' ' * ) ' ' * * ' / 

(Alternate /brmuh) 

Figure 7 Diagrammatic Sketch of a Concen­
trated Load Adjacent to a Retaining Wall 

equal concentrated loads Therefore y 
in equation (1) may be considered a 
variable and the expression mtegrated 
between appropriate hmits to obtain the 
normal pressure at any pomt on a wall 

due to a uniformly distributed parallel 
line load, as 

= KP j[ 
R» dy (2) 

in which 
hi = normal umt pressure on the wall 

at any pomt, due to a hne load 
parallel to the wall 

P = load per umt length of hne 
Equation (2) may be written 

(Alternate formuh) 

Figure 8 Diagrammatic Sketch of a Parallel 
Line Load Adjacent to a Retaining Wall 

h. = KP x | ^ z 
Rl 

B i 

arc tan 
cos'flde (3) 

B l 

in which 

Ri = Vx« -H z« 

= arc tan 
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Integration of equation (3) gives 

hi = KP 

+ 

R' 

2yo 

°'z r R!y, 
1 L3(R? + yoV' 

R?yi (4) 
3 V ^ r + ^ 3(R!-Fy! )" 

2yi -
3 V R ! + y\. 

The maximum pressure on the wall 
occurs opposite the midpoint of the hne 
load, that is, when yi = yo 

Then 

hi = 2KP • x^-'̂ z r Rfy, 
Rl L3(R! + y?)" ^ 

3\ /R; \ + yd 

(5) 

If the line load is very long, yo = yi 
= 00 and equation (3) may be written 

h, = KP 
Rt 

cos' e d (6) 

and 

h, = 1 33KP 
RJ 

(7) 

Pressures defined by this equation 
check very closely with the measured 
pressures on the experimental wall when 
loaded by a parallel hne load placed 
2 feet from the wall, indicating the va­
lidity of the principal of superposition and 
the premise that a line load acts the same 
as a series of closely spaced point loads 

Likewise an area load may be treated 
as a series of point loads or as a series of 
parallel hne'loads and many problems of 
interest to the designer may be investi­
gated on this basis Thus, for an area 
2yo by (xi — Xo) as shown in Figure 9, 
the normal umt pressure on the wall at 
any point on the vertical element op­
posite the center of the area will be 

/•yo f x i _ s -n 

R» (8) 

m which 
ha = normal umt pressure due to an 

area load apphed at the surface 
p = surface load per unit of area 
Equation (8) has not been integrated 

m the x-direction Howevei, this expres­
sion may be utihzed to obtain quahtative 
ideas of distribution of pressure caused 
by various kinds of area loads For 
example, for a uniformly distributed sur­
charged load of mdefimte extent, the load 
may be considered as a series of infimtely 

Figure 9 Diagrammatic Sketch of an Area 
Load Adjacent to a Retaining Wall 

long parallel stnp loads and equation (8) 
integrated in the y-direction to yield 

h, = 1 33 KPz I ^dx (9) 
•'0 R i 

This integral is non-existent at the 
lower hmit, and the equation does not 
indicate the pressure situation near the 
top of the wall as influenced by the por­
tion of the load immediately adjacent to 
the wall But by giving dx the fimte 
value of 1 f t , equation (9) can be ap­
proximately evaluated arithmetically by 
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summing the pressure caused by a series 
of strip loads 1 f t . wide and parallel to 
the wall. The horizontal pressure dis­
tribution indicated by this process is 
considerably at variance with the not 
uncommon assumption of uniform pres­
sure on a wall duQ to a surcharged load, 
as shown in Figure 10. The effect of 
various distances which the surcharge 
extends back of the wall is also indicated 
in this figure. 

Another type of problem of widespread 
interest which may be investigated in 
this manner is that of a railroad track on 
the surface of a backfill behind a retaining 
wall. In this case the load may be 
considered to be a series of uniformly 
loaded strips parallel to the wall. As 
an example, an assumed problem has 
been worked out with the results shown 
in Figure 12 for a wall 10 ft . high with 
the center line of the track 8 ft . back of 
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Figure 10. Calculated Pressures on a Retaining Wall Caused by Uniformly Distributed 
Area Loads Extending Various Distances Back of the Wall 

If the surcharged load consists of 
additional backfill material rising from 
the wall on a slope as shown in Figure 11, 
the pressure on the wall may be deter­
mined in the same manner as for a uni­
formly distributed load, except that the 
strip loads would vary in intensity per 
unit of length, increasing at greater 
distances from the wall. 

it. The load was assumed to be equivar 
lent to 1600 lb. per lin. f t . on each of 
four parallel strips, 2 ft . wide, correspond­
ing roughly to Cooper's E-50 loading 
with no allowance for impact. The 
horizontal pressure on the wall for each 
strip load and the summation of pressure 
due to all the strips are shown in the 
figure. Many other special situations 
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Horizontal pnssuns on ivo// in lb per Ih ft 
fO/e lo surc/mye oniy) 

Figure 11. Calculated Pressures on a Retaining Wall Caused by the Portion of a Sloping 
Surcharged Backfill Which Lies Above the Top of the Wall 

d-O' 

P-I600lb. pen lin. ft 

50 100 130 goo Z50 300 350 
Homorrte^ pnessure ori wall in lU prr lin. ft 

(Due to frack loiad only) 

Figure 12. Calculated Pressures on a Retaining Wall Caused by Railroad Track 
Adjacent to a Retaining Wall 
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involving surcharged loads may be in­
vestigated by this process 

It is important to note that the pattern 
of distnbution of honzontal pressures 
due to surcharged loads is independent of 
the height of the wall Thus, in the 
example shown in Figure 12, the center 
of gravity of the honzontal pressure due 
to the surcharged load is approximately 
at the midpoint of the wall, whereas if 
the wall haid been 20 ft high instead of 
10 ft , the center of gravity would have 
been well above the midpoint, because 
the pressure diminishes rapidly at levels 
below 10 ft for a track placed 8 ft from 
the wall 

In the research upon which the fore­
going method of determimng pressures 
due to surcharged loads is based, re­
markable quahtative resemblance was 
found between the honzontal pressure 
distnbution caused by concentrated sur­
face loads and stnp loads and the pressure 
distnbution indicated by the classical 
Boussmesq equations for stress distn­
bution m an elastic sohd This resem­
blance suggests that a new approach to 
the problem of retaining wall pressures 
due to backfill materials might be made 
upon this same basis In such an hypothe­
sis, the weight of each small incremental 
volume of backfill matenal might be con­
sidered to be a concentrated load which 
would transmit an increment of honzontal 
pressure to a retaming wall through the 

mass of fill matenal lying below the 
increment The sum of the honzontal 
pressures due to all such increments of 
volume above any point on a retaimng 
wall would be the pressure at that point 

The general form of mathematical 
expression of this idea would be 

h = Kw 

r txB-> , 
(10) 

in which 
h = horizontal pressure on a retaimng 

wall at any depth z below the 
surface, due to the backfill 
matenal 

w = umt weight of backfill matenal 
f = vertical distance from any in­

cremental volume of backfill 
down to the depth z 

For restncted volumes of backfilled 
material other appropriate hmits than 
those shown in equation (10) should be 
used A consideration of this proposi­
tion mdicates that the pressure on the 
wall may be affected by the distance 
which the backfill extends back of the 
wall to a much greater extent than is 
indicated by the orthodox wedge theones 
This hypothesis may provide the basis 
for an interesting field of expenmen-
tation 




