ISSN 1392-1207. MECHANIKA. 2018 Volume 24(1): 74-79

Analytical Method for Analysis of Interaction of Retaining Wall
Backfilled with Soil under Explosion Loading

Viktoras DOROSEVAS

Kaunas University of Technology, Faculty Civil Engineering and Architecture, Studentu str. 48 -284, Kaunas, Lithuania,

E-mail: viktoras.dorosevas@ktu. It
crossref http://dx.doi.org/10.5755/j01.mech.24.1.19448

1. Introduction

The problem of estimation of the accidents caused
by explosions is one of the most critical challenges for civil
engineers today. No country can ignore the accidents haz-
ardous to environment and human. The civil engineering
structures such as retaining wall backfilled with soil are the
example of retaining structure and are composed of ele-
ments with different properties and distinctions. The prob-
lem active research for over 90 years due to the abundance
and importance of earth retaining structures and the com-
plexity of their dynamic response. The first steps were done
by Okabe [1] and Manonobe&Matsuo [2]. In the past sev-
eral decades, the Mononobe—Okabe equations have been
used extensively for evaluating the magnitude of dynamic
earth pressure [3, 4, 5, 6, 7, 8, 9]. It should be noted that
those equations were developed based on limit equilibrium
for cohesionless soil and should be used only for granular
soil e. g., sand. If a retaining wall cohesion soil backfill e.
g., clay we should to apply result of investigated in analyti-
cal studies [10, 11, 12, 13]. There are a dimensionless cohe-
sion term (normalized by unit weight and height of the sup-
ported soil) is employed.

Interaction between retaining structure and explo-
sive devices can be analyzed with engineering software
packages that use finite difference, finite volume and finite
element techniques [14], for example AUTODYN, LS-
DYNA, ABAQUS, however we got a single solution for
such problem. The analytical and discrete method allows a
thorough studying of the interaction of retaining structure
under dynamic loading. For example, pseudo-dynamic
method by Steedman and Zeng [15]. But the analytical
method also has its own restrictions. The latter is concerned
with evaluation of boundary conditions and the selection of
suitable analytical description functions. The boundary con-
ditions depend on the retaining structure, so in order to eval-
uate all its peculiarities, for example, stiffness of separate
elements, etc., it is purposeful to use finite difference, finite
volume and finite element techniques, and compensating the
advantages, which could have been provided by analytical
methods with a bigger number of discrete experiments. Such
flexible use of mathematical modelling allows a quite fast
selection of analytical solution of dynamics problems for
express analysis and such, but with particular assumptions
and restrictions or allows performing a more comprehensive
investigation using software such as AUTODYN.

This paper is intended to present a three-dimen-
sional new analytical method and its application to the dy-
namic analysis of the retaining wall backfilled with soil in-
teraction under explosion loading. The analytical method ef-
fectively simplifies the calculation procedures and is used to

study the qualitative changes of the retaining structure under
dynamic load. To solve this problem, the following master
assignments are to be carried out:
1) Determination of the resulting displacement of back-
filled soil under explosion loading;
2) Determination of the active earth pressure to retain-
ing wall under explosion loading.

To verify the reliability of the proposed analytical
method, calculations of static active lateral earth pressures
were performed with three different types of soil. The theo-
retical results are compared with the results obtained by the
proposed analytical method.

2. The analytical method
2.1. Basic assumptions

The analytical method is based on the physical
model in which the main assumptions are adopted:
1) retaining wall is absolutely rigid and in equilibrium;
2) the strength parameters of retaining wall are known;
3) the soil backfill behind retaining wall is an elastic
body with the parameters (density of soil p, shearing
modulus G, Poisson’s ratio ) known from the phys-
ical investigation;
4) the shear modulus of backfilled soil is constant with
depth through the backfill;
5) the explosive device subjecting the soil (surface
forces) is also known;
6) the external volume (mass) forces were neglected.
Displacements of the elastic soil points (u — in Ox
direction, v — Oy, w — Oz) in the Cartesian system Oxyz were
sought for under the initial conditions:
e at the initial moment the displacements of soil points
are equal to zero;
under boundary conditions:

e displacements perpendicular to the retraining wall
are equal to zero, thus when y=a on the plane
DCC’D’, then displacement v=0;

on free surfaces of soil, the normal stresses perpendicular to
the free surfaces are equal to zero.
Let’s suppose that:

u=Ug; v=Vg; w=Wg; (1)

U=U(Y,2); V=V(xY,2);W =W(xY,2); g=q(t). (2)
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Fig. 1 Example of the structural model: 1 — retraining wall;
2 — backfill soil; 3 — explosive device

Thus functions U, V and W are selected on the basis
of the boundary conditions, i. e. they should be fit for a body
presented in Fig. 1. Coefficients of the chosen functions U,
V and W can be found from the condition:

O, = 0. 3)
In our case for an elastic soil we shall have:
o, = 26w, +- S . +V, +W,), (4)
—2u
where: U =5—U; vV, :5—\/; . :ﬂ_
oX oy 0z

Since calculation is approximate, calculating ac-
cording to the equation (4) gets an error. To minimize the
error, we should calculate the coefficients of the chosen
functions, according to the method of orthogonality, for in-
stance.

2.2. Mathematical model

In case of explosion loading, we got a mathemati-
cal model resulting from Hamilton principle and obtain the
following equation:

[(Uf+vy2+sz)+ (UX+Vy+W 2+]
—q'pM(u Ziview? )dxdydz —ZGq.m! 1=2u dedydz +
“ @, 1 (U, +Vv )2+(u +W, )"+ (V, +W )21|
[ ZL y X z X JJ
+[[ (XU +YV +ZW )ds =o. (5)
(s
where: Uy:%;vxz%;wxz%; UZ:Z_LZ]’VZZ%;Wy:;ﬂy-

Q is integration volume, i. e. the space part occupied by a
soil, S isintegration area, i. e. the surface part subjected
to external surface forcesand X,Y,Z are projections of
external surface force (area unit is subjected to that force)
on co-ordinate axes.

This eq. (5) can be rewritten:

mg +kq =P, (6)
where:
m=p[[[U*+V?+W?)dxdydz, ()
(Q)
UZ+V7+W7 +
u 2
kZZGJ('i.)[ +1_2ﬂ (UX+Vy +WZ) + dxdydz, (8)
1|F(u FV,)7 4 (U, +W,)? +T|
2| +(V, +W,)’ |
P = [[(XU +YV +2ZW)ds. 9)

(S)

In order to find function q(t) we refer to Eq. (6)
and obtain the following integral differential equation:

dq

t t
md _ i [qdt+ [ Pdt. 10
" !q ! (10)

In a case of explosion loading, taking into account
that the pressure ( of epr05|on products (gas) is the same in

all directions (X =Y =2Z), the impact effect is described
by equations:

der = LI, (11)

L=[[U+V+w)ds, (12)
(s)

- [ Xt = [Vat = [ Zat. (13)

According to Dubnov, L.V., Baharevich, N.S. &
Romanov, A.l [16]:

I=k'\JQ,. (14)
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where: 7 is the impact period; k ' is the expansion index; Q, particle, a mass point, of a soil, i.e., it is impossible to ex-

is explosion heat. plode a charge at every point of soil space. As it is known
In this case, egn. (10) can be rewritten: Dupnov, L.V, Bz_jlharewch, N.S. & Rpmanov, Al [1_6], the
radius of a spherical charge can be given by the weight of
dq T the charge:
m— = -k | qdt + LI. 15
" ! q (15)

r = f/a, (17)
After we have calculated the integral coefficients ) .
by using the iteration method the approximate solution of ~ Where: G, is the weight of the charge. Suppose that we have

Eg. (15) can be obtained: chosen a charge of 1 kg mass. It can be conventionally called
a test impulse designated I, . Then for the real impulse at
q- LI KL 5 k2LI s k3L T, point i, whose co-ordinates x;, y;,z, and R, are the distance
m 6m? 120m® 5040m* from point i to the real point of charge explosion, which co-
KLl KSLI " ordinates X,,Y,.2,, i-.e. R, =[x —x|, R, =]y, = y,| and
+ T — T+
362880m° 39916800m° R, =|z, - z,| are calculated:
KoL k'’
+ 7 7 - 12 7 7. (16)
6227020800m 1.307674368x10""m 0,1
=1, : (18)
0,1+R,

Therefore, displacements determined by the
method mentioned above will be considered to be theoreti-

L . . : In this case, eqn. (16) can be rewritten:
cal ones, because it is practically impossible to affect every an. (16)

2 k2 4 k3 6 k4 8 \W
-—7 + i r i 7
g =i | 6m 120m 5040m 362880m |_ K /15 (19)
" m | K® 10 K® " | 1.307674368x102m’
- T+ T

L 39916800m"° 6227020800m°® J
Then for all backfill soil points the real displace- Eventually, making use of equations (1, 16, 24),
ment using Eq. (1) are calculated. the active earth pressure to retaining wall can be calculated,

Now let’s go to the next step of calculation. There-  and the strength of retaining wall can be introduced by using
fore the influence of the dynamic processes on the structure  the known allowable stress o, of retaining wall structure:
of retaining wall should be assessed and the conditions un-
der which the strength of retaining wall is ensured should be

all

: 25
determined. In our case (Fig. 1) we have: Poy = Tall (29)
Jcos(xn) -0 where: o, is allowable stress of retaining wall structure.
cos(yn) =1, (20) 3. Numerical examples
cos(zn) =0.
The problem simulated numerically is sketched in
where: n is the normal to the retaining wall. Fig. 1. For example, the geometrical values a=1 m, h=6 m
Then for calculation of pressure perpendiculartoy  and b=10 m. We have three different type of soil with the
axis, using the following equations: physical-mechanical parameters know from laboratory test
and showing in Table 1.
[ u 7 Firstly, let’s suppose that the functions U, V and W
Pyn =2Gq Ll— oy (Ue+Vy +W, ) +v, J (21)  are selected on the basis of the boundary conditions (Fig. 1):
f _(R2 2 20 2 3 7
P =Ga(U, +V,) 22) U =(b*+x*)(a+y) (z’a+K,y*)/a
x Y ) V = (az 2 20 2 3 7
=(a*-y*)(a+2) (xX'a+K,y’)/a . (26)
Do = Ga(W, +V, ), (23) lW =[(z+a)2—xﬂ(z+h)3(a2+K3y2)/a7
r 1 The coefficients of the chosen functions U, V and
4{ a (U, +V, +Wz)+VyJ + W found from the condition (3) and using equation (4) got
Poy = GQ 1-2u : (24)  the error. According to the method of orthogonality calcu-

lated the coefficients of the chosen functions and other pa-
rameters by Egs. (7, 8). The results are showing in Table 2.



Table 1

The physical-mechanical parameters
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Secondly, let’s suppose that explosion loading is
received after an explosion of a spherical ammonite charge

- - Y of 1 kg mass in the backfill soil at the position: Xo=0 m, yo=3
Ic??l)e o Deknilt% Srue: er(gg;J - | Polsson’s ratio m, 20=0.1 m. Finally using the parameters from Table 2. and
p (kg/m) H equations (14, 17 - 19, 24, 26) we calculated the active earth
A 1835 1.0x10° 0.25 pressure to retaining wall in the same place (point). So using
B 1733 0.7x108 0.3 Matlab we can calculate and to compare results of three
c 1376 0.19x108 0.45 cases of soil. Figs. 2 — 4 shows the fragments of analytical
results for backfill soil pressure distribution along the wall
plane under an explosion of a spherical ammonite charge of
1 kg at same place and time for different type of soil.
Table 2
The parameters for calculation
Type of soil Ki K> Ks m k
A -1.40858 -10.7942 -0.0468535 3.1207x10% 8.1295x10%
B -1.09556 -8.39546 -0.0468535 1.7829x10% 4.1218x10%®
C -0.573864 -4.39762 -0.0468535 3.8844x10% 1.6971x10%®
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Fig. 2 Fragment of the analytical results for backfill soil A pressure distribution along the wall plane under an explosion of
a spherical ammonite charge of 1 kg
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Fig. 3 Fragment of the analytical results for backfill soil B pressure distribution along the wall plane under an explosion of
a spherical ammonite charge of 1 kg
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Fig. 4 Fragment of the analytical results for backfill soil C pressure distribution along the wall plane under an explosion of

a spherical ammonite charge of 1 kg
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Fig. 5 The active pressure of A, B and C type of soil in the

same point of wall dependence by the duration of
explosion

If changed the duration of explosion in the Eq. (19)

we can get dependence the active pressure by time in the
same point of wall and this relation can be describing the
linear as shows in the Fig. 5.

4, Conclusions

Developed and presented analytical method ena-

bles:

to study the interaction between the retaining wall and
different backfill soil under explosion loading and deter-
mine influences to the retaining wall;

to establish functional dependence between different
physical-mechanical parameters of same structural
model and explosion loading;

to evaluate consequences of explosion in the retraining
wall structures.
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INTERACTION OF RETAINING WALL BACKFILLED
WITH SOIL UNDER EXPLOSION LOADING

Summary

Knowledge of dynamic active soil pressure behind
retaining wall is very important in the design and mainte-
nance stage of retaining wall. Dynamic load might cause
permanent deformation of retaining structures and even fail-
ures with disastrous physical and economic consequences.

This paper presents the analytical method that al-
lows calculating the displacements of backfilled soil under
explosion and determining the influence to the retaining
structure. The estimation method was realised with different
backfill soil of active earth pressure to retaining structures
under dynamic load. Results are provided in a tabular and
graphical form with a comparison to the pressure at the same
point of different backfill soil influences to retraining wall
under the same explosion loading.

Keywords: analytical method, retaining wall, active soil
pressure, explosion, dynamic analysis.
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