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Response of Soil-Concrete Interface at High Pressure

La Réponse d'une Surface Sol-Béton à la Haute Pression
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P.J. HUCK Earth-Tech Research Corporat ion, W ashington D .C.

S.K. SAXEN A  lllinios Inst itute of Technology, Chicago, USA

SYNOPSIS A soil-concrete interface response model was derived using basic frictional
mechanism as applied to a particulate soil. The model employed the mechanism of adhesion, plowing 
and lifting and assumed idealized, geometry for the interface and the soil. The distribution of 
assumed geometrical parameters were computed from the grain size analysis on the soils and surface 
profiles on concrete interfaces. Computer subroutines were written to use the analytical model in 
existing finite element codes. Sixteen soil-concrete interface tests were conducted in a special 
dynamic simple shear device using two type of soils, two interface textures and four normal 
stresses. The model was compared with the experimental soil-interface shear response.

INTRODUCTION

Most solutions of soil-structure interaction 
problems by numerical methods generally require 
certain assumptions concerning the behaviour 
of soil-structure interfaces under shear 
loading. The paper reports the results of an 
effort towards understanding the soil-concrete 
response under dynamic shear loading. A minor 
portion of the total effort was geared towards 
the development of soil-interface response 
model and a major effort was aimed to conduct 
experiments of soil-concrete interface 
behaviour and compare with the developed 
analytical model. Significant work on this 
problem using slightly different device was 
done by Potyondy (1961), Brummund and Leonards
(1973), and Gaffey (1964).

DEVELOPMENT OF ANALYTIC MODEL

The frictional interaction of soil with a 
concrete surface involves the behaviour of 
granular materials. The behaviour of granular 
material can be examined by continuum approach 
or by particulate approach. In the later case, 
since the hypotheses formulated are based 
directly on a physical description of the 
material structure, it was felt that it permits 
a better insight into the behaviour phenomena 
and hence was followed in this investigation.

Model Of Concrete Surface And Soil 

The concrete surface was modelled as a flat 
concrete plane with spherical caps protruding 
from it and representing the roughness or 
asperities of the concrete surface. Flat spots 
of this surface were viewed as spherical caps 
of infinite radius. It was assumed that the 
distribution of cap sizes, as defined by their 
protrusion heights and diameters, is known or 
can be determined or estimated. It was also 
assumed that these cap asperities are randomly

distributed over the flat surface and that the 
number of such caps per unit area of flat sur
face can be determined or assumed. The soil 
in contact with the concrete interface was 
modelled as spherical particles of known size 
distribution, randomly distributed over the 
interface surface. It was also assumed that 
the number of soil particles in contact with 
the concrete surface per unit area of that 
surface can be determined or estimated. On a 
macroscopic level, this modelling permits only 
a single contact between a soil grain and a 
concrete surface asperity. Also when a load 
is applied to the soil, the normal contact 
force developed at the contact point between 
a soil grain and an asperity will have an 
oblique direction relative to the interface 
plane (as a consequence of this modelling).
The obliquity will necessitate the normal force 
to be a function of the state of stress of the 
loaded soil rather than just a function of the 
component of stress normal to the interface.
At each contact point the contact pressure 
deforms the bodies forming a common contact 
area between the soil grain and concrete 
asperity. This contact area if assumed not 
spherical (and so neither smooth nor continuous) 
will permit the presence of microasperities 
which are further assumed to lie in a plane 
perpendicular to the normal contact force. The 
friction phenomenon during the sliding of soil 
grains relative to the concrete surface is the 
interaction of these 'microasperities1 which 
will from here on will be called 'asperities' 
only.

Adhesion

When two solid bodies are pressed together, 
they make intimate contact at various points 
where the surface microasperities of the 
apparent contact area Aa come together and 
adhesion takes place only at individual contact 
areas A^, being referred in the paper as 

'junctions'. Obviously the sum A of all 
junction areas Ai constitutes the real area of
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contact.
at a contact point (macro) between two bodies 
developed during relative sliding can be 
expressed as

= A sm s m ti)

where sm is the mean shear strength on the real 

contact area A. The assumption of an average
value s„ to be constant for a given soil and m ^
concrete surface combination is precisely 
because of the large number of micro-asperities. 
If a sharp hard surface micro-asperities on one 
of the contacting bodies is pressed against a 
softer material on the other body, there are 
two mechanisms at play. One is the shearing 
of the soft material to produce the groove 
walls and will be a function of sm . The other 
mechanism is the act of pushing the material 
in front of the asperity, which is the work 
done against the pressure around the asperity 
and will be a function of the mean pressure 
pm - From the work of Bowden (19 64) ,
Rabinowicz (1965) and Kragelskii (1965), the 
value of pm is

Pm = l/{ Cj_+ c2N} (A-l) (2)

where constants c-̂ , c2 and A depend on the 
mechanical properties of the materials involved 
and N being the normal force for two bodies in 
contact (equal to A pm). The value of A lies 
between 0 and 1 in a generalized form. The 
sum of adhesive and plowing components 
represents the total contact friction force 
and may be given by

F = Fs + Fp = Asm + aACp pm (3)

where Fp = component of friction force 
resulting from plowing.

o = fraction of real contact area A 
where plowing takes place.

Cp = shape factor of the plowing 
asperity.

Contact Point Friction Coefficient 

If pc is designated the friction coefficient 
at a contact point between a soil grain and a 
concrete asperity then

A (s + ac p ) s_ p m p Mir m

A PjT
(4)

Substituting the value of pm from equation (2),

( A- l )yc = <=x sm + acp + c2 smN 

Defining Pq = ci sm + acp

and C = c2 sm

This will produce the following equation

(5)

(6) 

(7)

The coefficient y0 defined by equation (6) is 
referred in engineering practice as Coulomb 
friction coefficient. If coefficient C is zero 
equation (8) results in the simple Coulomb 
friction law. If C ^ 0, the additional compo
nent of friction force will increase with normal 
force N but its rate of increase will decrease 
with N. If now, each concrete asperity be 
identified by index j and each soil grain in 
contact by index i (Fig. 1), the double index ij 
can then identify a sand grain i in contact with 
asperity j, and when applied to the forces N and 
F will identify them as contact forces on the 
asperity j due to the contact with grain i.
Then

Fij = -UoNij + clNijl 0<A<1 (9)

It may be noted that equation (9) is valid only 
when Nij is a compressive(negative force). The 
resultant contact force on the asperity, D^j,
can then be written as

ID Nij + F4j ( 10)

wherg Nj.j is the normal force on the asperity 
and Fj_j is the frictional force on the asperity. 
The average interface friction force Ty and 
corresponding average normal stress Pz are:

T =
1y j= (Ac + Af)iay

Pz k- <AC + Af)Taz k

( 1 1 )

( 1 2 )

where

Ac = area on interface plane covered with 
asperities.

Aj = total area of flat spots 

xay = average shear stress 

Taz = average normal stress 

The magnitude of Ty and Pz will ofcourse depend 
on the number of asperities j per unit area of 
Ac (say Mç), the number of soil grains making 
contact with asperity j (say mj), the number of 
separate flat spots (Mf), the number of soil 
grains making contact with flgt spots^tmf), and 
the directions of the forces Nij and Fij.

From equations (11) and (12) the apparent fric
tion coefficient, V&, can be determined.

^a V ay / (13)

In the experiments on soil-concrete interface 
tests, it is the value of ya which is usually 
obtained. Of the parameters discussed so far, 
p0, C and A will have to be determined experi
mentally and are dependent only on the materials 
involved. The parameters Ac , Mc , Af, Mf are 
geometric parameters of the concrete interface 
and perhaps can be measured. The parameters mj, 
mf, radius of soil grain and direction angles 
require statistical treatment, using as input 
known or estimated particle size distributions 
for the soil and measured or estimated particle 
size distribution for the concrete surface.

F = p0N + C N , 0<A<1 (8) The development of the relationship between the
normal force N and the soil stress state is a 
very complex problem and was derived for the
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model with certain approximations resulting in 
the introduction of a constant of proportion
ality. Incorporating considerations of static 
and dynamic friction, five other constants will 
be required which are to be determined from 
basic friction tests. Huck et al. (1974) have 
treated the subject in detail, including 
methods to determine the parameters.

EXPERIMENTAL PROGRAM AND RESULTS

Two soils, Ottawa Sand and Edgar Plastic Kaolin 
(clay) were selected for use in the experiment 
program because considerable amount of data on 
the properties of these soils is available.

Properties of Ottawa Sand

It is a subrounded sand of relatively uniform 
size, 100% passing No. 20 sieve and about 5% 
passing No. 40 sieve (hence called Ottawa 20-40 
sand). The specific gravity of this soil is 
2.66 (Hampton et al. 1966), and the specimens 
prepared by raining from a drop-height of 0.3m 
produced a dry unit weight of 17.4 kN/m3, which 
is about 80% relative density (Wetzel, 1969). 
Direct shear tests provided a friction angle of 
39° at peak stress and 30° after failure. The 
triaxial tests indicated a friction angle of

an annulus. The guide rings were removed after 
compaction, the soil trimmed back, and the sam
ple extruded resulting in a specimen compacted 
and trimmed to correct dimensions. Though not 
used in this program, for an undisturbed sample, 
a special lathe will need to be fabricated. The 
Ottawa sand specimens were prepared by raining 
directly into the concrete loading plattens.
With a vacuum on sand, the specimen assembly 
was loaded into the simple shear device, the 
vacuum was maintained continuously until con
fining pressure could be applied.

Ten data channels recorded total torque, total 
axial load, interface normal stress (three 
channels), confining pressure, axial pressure, 
axial motion of upper interface, angular rota
tion of upper interface and radial deformation 
at the specimen mid-height.

Soil-Concrete Interface Tests

Using the two soils and two interface texture- 
rough and smooth concrete the tests were car
ried out for normal stress of 1. 38 , 2 . 76 , 5 . 52 
and 11.4 x 103 kN/m2. As such a total of six
teen element test array was obtained. In case 
of tests on sand, the interface shear strength 
was found to obey a failure curve of the type

S = c + atanS (14)

Properties of Edgar Plastic Kaolin (clay)

This clay is a non-thixotropic clay from Florida 
with a liquid limit of 65 and a plasticity index 
of 33. The specimens had a moisture content of 
25.5% and dry density of 15.5 kN/m . The un
drained triaxial tests gave a cohesion of appro
ximately 138 kN/m3, and the friction angle on 
the order of two degrees or less.

Simple Shear Device

A simple shear device was designed to allow 
application of a known static preload under 
very general, but known, stress states. It is 
a ring simple shear device with geometry chosen 
to reduce non-uniformities in the soil stress. 
Side wall friction was eliminated by use of 
flexible membranes loaded by fluid pressures. 
Nitrogen gas was chosen as the pressure medium 
to reduce the effects of volume change during 
shear. The basic specimen geometry and loading 
platens are shown in Fig. 2. The soil specimen 
is an annulus of outside diameter of 17.7 cm, 
inside diameter of 12.7 cm and height ranging 
upto 2.5 cm. This is confined inside and out
side by standard triaxial membranes and loaded 
top and bottom by concrete surfaces identical 
in diameter to the soil specimen. The interface 
had a provision for a pore-pressure vent and 
three load cells. The platten assembly was in
corporated into a simple shear device, the de
tails of which are described by Huck et al.
(1974). The device is capable of applying any 
combination of normal stresses within the fail
ure envelope of the soil and can be operated 
statically or dynamically.

For sample preparation of clay a special compac
tion mold, consisting of base plate, extrusion 
ring, inner and outer-header rings, and inner 
and outer guide ring, was fabricated. The clay 
was placed loose in the mold and compacted by a 
kneading ram having a foot that is a sector of

where S is the shear strength, c the shear axis 
intercept, a the normal stress and 6 the inter
face friction angle. Tests from this cohesion- 
less soil produced a failure law with a non
zero shear axis intercept. For the smooth in
terface, whose asperities were smaller than 
sand grains, this intercept was of the order of 
70 to 140 kN/m2; while for rough interface as
perities equal in height to sand grain dia
meters, the shear intercept was in the order of 
103 kN/m2. Though the interface roughness in
creased the value of shear axis intercept, it 
did not effect the value of interface friction 
angle 6. This angle depends upon the assumed 
direction of the failure plane, which is inde
terminate if constant stress ratio tests are 
run. The maximum shear resistance parallel to 
the interface correspond to a value of 3=10° 
while the maximum shear stress envelope corres
ponded to a value of 5=17°, both being well be
low the sand residual friction angle (<J = 30°) . 
The rough interface tests were bounded by the 
angle of internal friction ($=40°), resulting 
in a bilinear failure curve for the sand- 
concrete interface system.

In case of clay-concrete interface tests, the 
smooth interface failure mechanism appeared to 
correspond to the shear stresses parallel to 
the interface, while rough interface failures 
correspond to maximum shear stresses. For both 
interfaces, the failure curve followed:

S = 207 kN/m2 + otan Ie (15)

The assumed mechanism regards this as an inter
face failure law, directly applicable to the 
smooth interface. Maximum soil shear stress 
may exceed this value on planes inclined to a 
smooth interface. Failure occurs when the 
shear stress parallel to the interface reaches 
the value given by the failure law. For the 
rough interface, failure is initiated when the

143



5/28

local interface shear stresses reach the above 
mentioned failure law. If there are many points 
available near asperity tips at which the local 
asperity surface is inclined so as to be para
llel to the maximum soil shear stress, failure 
planes may propagate through the soil among the 
asperities. As long as the stresses parallel 
to the interface do not exceed the above 
failure law, a smooth interface may support a 
slightly greater soil shear stresses than a 
rough interface.
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COMPARISON WITH MODEL AND CONCLUSIONS

A comparison of model and experimental failure 
criterian in terms of Mohr failure parameters 
c and (J) is given:

Soil Concrete Friction Angle
Type Interface Cohesion kN/m <t> Degrees

Mode 1 Experiment Model Experiment

sand rough 70 105 12 10

sand smooth 21 14 9 10

clay rough 14 21 1 1

clay smooth 21 21 1 1

The model was used to simulate the experimental 
interface shear response tests. The agreement 
for sand was within 35 kN/m2, and the shape of 
the shear stress history predictions for clay 
by the analytical model were generally within 
50 percent of experimental values, but the shape 
of the curves was not well reproduced.
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