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Eurocode based aseismic design of retaining walls 

Conception asismique de murs de soutenement fondes sur I’Eurocode

Yingwei Wu & Shamsher Prakash -  Civil Eng ineering  Department, University o f Missouri-Rolla, Mo., USA

SYNOPSIS : Aseismic design o f rigid retaining walls according to Eurocode-8  introduces limiting permissible 

displacements. A comprehensive mathematical model developed earlier by the authors to simulate the dynamic 

response o f  rigid retaining walls has been adapted to consider these recommendations. Field performance o f  a 4m 

masonry concrete retaining wall subjected to the Kobe earthquake o f January 17, 1995 was studied and the results 

compared with performance. A parametric study o f displacements o f  a 6m high wall with 21 backfill - base soil 

combinations has been performed.

1. INTRODUCTION

Design o f gravity retaining walls for static loads is based 

on Coulomb’s (1776) theory in which no displacements 

have been specified for developing full active 

conditions. Large scale tests with cohesionless backfills 

have shown that horizontal pressure is highly dependant 

on the magnitude and direction o f wall movement.

Coulomb’s theory had been modified by Mononobe 

(1929) and Okabe (1926) by considering an inertia force 

acting on the failure wedge to include the dynamic effect 

o f  earthquakes. Since the rigid walls experience 

significant sliding and rocking displacements during 

earthquakes, these displacements need to be considered 

in their design.

Rafnsson and Prakash (1991) described a 

comprehensive set o f  dynamic stiffnesses and damping 

for the base and backfill o f a rigid retaining wall 

considering non-linear soil properties. Rafnsson and 

Prakash (1994) performed a parametric study o f a 5m 

high wall. Prakash et al. (1995 and 1996) advanced this 

solution for displacement based design. Wu and Prakash 

(1996) performed a comprehensive comparison o f  

displacements with Richards and Elms (1979) method.

In this paper, displacements based on Eurocode 

(1994) have been examined.

are recommended. The seismic constant o f  horizontal 

acceleration for design is a h (= a/r) which is constant 

along the wall height and r is 2 for free gravity walls.

a. The general expression for computing the lateral 

dynamic force is

( 1)

Where kae is dynamic earth pressure coefficient 

(Mononobe-Okabe method) for vertical wall and 

horizontal backfill.

c o s i | ; c o s 2a c o s ( 6  + a  + 1)1) 1 +
sin(4> + 6 ) s i n (<(>-i - 

cos(  a  - / ) c o s ( 5  + a  + i | i)

(2)

(J) is the friction angle o f backfill, 8 is the friction angle 

o f the wall-backfill interface and ijj is defined as

i|» = tan-‘ [a h- ( l  ± a v )] ( 3 )

Pws is static water force, Pwd is hydrodynamic force, a h 

and a v are horizontal and vertical ground acceleration 

coefficients and y * is appropriate unit weight o f  soil.

2. EUROCODE-8  ch7 b. For dry backfill

Comprehensive provisions for dynamic design o f rigid 

retaining walls are included in codes o f  India, Japan 

(IAEE, 1992) and Eurocode-8(1994). However, only 

Eurocode-8  proposed the concept o f  limiting 

displacements smaller than 300* a (mm) for free gravity 

walls, where a is the maximum ground acceleration 

ratio. Also non-linear soil properties for base soil and 

backfill in analysis o f sliding and rocking displacements

P»s = P»d= 0 in equation 1.

c. For dynamically impervious backfill (below the 

water table):

Y *  = Y s a t - Y w  ( 4 )

^  =  tan 1 [Ysai -  (Y sa .  - Y w ) ] x t “ h -  ( 1  ±  “ v ) ]  ( 5 )
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d. For dynamically (highly) pervious backfill (below the 

water table), Eqns 4 and 5 are applicable. In addition, 

hydrodynamic forces on both the faces o f  the wall are 

considered.

3. PRAKASH, RAFNSSON AND W U’S METHOD; 

(PRW METHOD).

Based on the solution simulating the response o f rigid 

walls during an earthquake by Rafnsson and Prakash

(1994), a displacement based design procedure has been 

developed by (Prakash et al, 1995 and 1996). This model 

consists o f a rigid wall resting on the surface o f  the soil 

and subjected to horizontal exciting ground motion. 

Both material and geometrical damping in sliding and 

rocking motions have been considered. The 

mathematical model in Figure 1 represents the 

displacements in active case. Nonlinear behavior o f  soil 

is included in defining the following properties, both at 

the base as well as the backfill:

(1) Soil stiffness both in sliding and rocking

(2) Geometrical damping both in sliding and rocking

(3) Material damping both in sliding and rocking.

Figure 1. Mathematical model for stiffness and 

damping constants for the active case (Rafnsson and 

Prakash 1994).

In the above model, simultaneous sliding and rocking 

was solved for coupled motion. No considerations o f  

water in the backfill are included. Nonlinear soil 

modulus and material damping with strain used in this 

solution are shown in Figure 2. The values o f G/Gmax and 

damping ratio for silt are obtained from the mean value 

o f sand and clay (PI=30).

General design procedure is described here briefly:

a. Wall dimensions are determined for given factors of 

safety under static condition. The static FOS against 

the following modes o f  failure are (Fang 1991):

Sliding £ 1.5 Bearing capacity £ 2.5 

Overturning a 1.5 Eccentricity £ B / 6

b. Cumulative sliding and rocking displacements at the 

top are then computed for a given ground motion and 

different load cycles (magnitude o f  earthquake)

c. If the computed displacement is smaller than the 

permissible displacement, the design is safe. 

However, if  the computed displacement is larger than 

permissible displacement, wall section is redesigned 

in this program for the permissible displacement.

4. RESULTS

4.1 Comparison with Field Performance

A 4m high masonry retaining wall with base soil as 

gravel and sand experienced complete failure during the 

Kobe earthquake (M=7.2 a max = 0.5) o f January 17,1995 

on the JR Tohkaido line (Tateyama, et al. 1995). No 

details o f the section and soil properties are listed. 

Therefore two soil combinations (BF3-BS2, BF2-BS3) 

from Table 1 are chosen to represent the in-situ soils. A 

design acceleration o f 0.25 g and 13 cycles (equivalent 

earthquake magnitude = 7.2, Seed et al. 1983) are used. 

Also, no details o f wall dimensions are mentioned. 

Therefore, Richards and Elms (1979) method is used to 

determine the wall dimensions. Table 2 shows the wall 

dimensions as above and computed displacements by 

PRW method. The displacements o f 25.56cm and 

65.42cm in these two-cases exceed the permissible 

displacement (15cm). If displacements exceeding 

permissible displacements are considered as failure, this 

wall has failed according to the Eurocode-8  and also in 

the field.

It may, however, be noted that there is no general 

agreement in the profession on (a) permissible and (b) 

failure displacements. However, we have begun to 

realize the importance o f  these quantities. Wu and 

Prakash (1996) have discussed these questions in some

C y c l i c  Sh e a r  St r a i n

Figure 2. (a) Average values o f  G/Gmax and (b) average 

values o f material damping ratio (Q , versus shear strain 

( Y)  (see Wu and Prakash, 1996).
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Table 1. Soil properties o f base soil and backfill used for 

analysis (Prakash et al. 1995).

BASE SOIL (BS)

s o i l

ty p e

Yd Y sat 

k N /m 3 k N /m 3

(J) c

d e g  k N /m 2
PI w  %

BS1 GW 21.07 23.05 37.5 - - 6

BS2 GP 19.18 21.78 36 - - 6

BS3 SW 18.00 21.09 35 - - 8

BS4 SP 16.82 20.30 34 - - 10

BS5 SM 16.51 20.11 33 - 4 11

BS6 SC 15.25 20.01 30 - 13 14

BS7 ML 14.15 18.66 32 9 .5 7 4 14

BACKFILL (BF)

BF1 GM 19.6 22.15 33 - - 10

BF2 GP 18.9 21.74 34 - - 8

BF3 SP 15.6 18.83 34 - 8

* A ll p roperties fo r backfill are determ ined  from  90%  o f  th

"S tandard  P roctor" test.

T a b l e  2. C o m p u t e d  r e s u l t s

s o i l t o p  w id th  b a s e  w id th d i s p l a c e m e n t

c o m b i n a t i o n ( m ) ( m ) ( c m )

BF3-BS2 0.5 1.1325 25.56

BF2-BS3 0.5 0.7649 65.42

detail. Recommandations o f  Eurocode-8  will now be 

studied for dry and saturated backfills.

4.2 Dry Backfill

A typical wall 6 m high (Figure 3a) was designed for a 

permissible displacement o f 15cm. The base and backfill 

properties are listed in Figure 3a and Table 3. First, the 

wall dimensions are determined according to static FOS 

(Fig 3a). Displacement at top o f  the wall is then 

computed with different loading cycles. The 

displacement at 10 loading cycles (M6.75) is 11.34cm 

(curve ‘a’ in Figure 3b).

Therefore, this wall is safe even if  it is designed for 

static condition and subjected to 0.25g (seismic 

coefficient = 0.5/2) and M6.75 earthquake.

4.3 Saturated Backfill

For highly pervious backfill (neglecting the 

hydrodynamic forces) and water table at the top o f the 

fill, the displacement, computed for the same wall 

dimension, with number o f cycles is shown by curve 'b' 

in Figure 3b. The final displacement is 13.21 cm at 10 

cycles. This wall is safe under these conditions also.

In this manner, a comprehensive analysis has been 

performed with a standard wall o f  6m high, with 3 

backfills and 7 base soils (Table 1). This wall was 

subjected to 0.5g maximum design acceleration.

Table 4 shows design base widths for 21 cases and

Table 3. Parameters used in this analysis

Parameter Values

soil combination BF1-BS3 (Table 1)

Exciting frequency 1Hz

Maximum acceleration 0.5g

Design acceleration 0.25g

Magnitude M6.75

Permissible displacement 15cm

(300*max. acc" mm)

N u m b e r  o f Cycle s  (N)

(a) (b)

Figure 3. (a) Section o f wall and soil combination (BF1- 

BS3) used for analysis, (b) cumulative displacement vs. 

'N'.

Table 4. Cumulative displacements computed for 0.25g 

ground motions and M6.75 (10 cycles) by PRW method

soil

comb.

base1

width

(m)

dry backfill saturated backfill3 

total disp. . . .  ,

(cm) total dlsP- (cm)

BF1-BS1 3.29 13.79* 15.712

BF2-BS1 2.91 15.912 18.2l 2

BF3-BS1 2.31 21.572 24.062

B F 1-B S 2*11 3.50 17.422 20.032

BF2-BS2 3.09 19.812 22.342

BF3-BS2- 2.46 25.812 28.572

BF1-BS3 3.64 11.34* 13.21*

BF2-BS3: 3.23 13.06* 15.08*

BF3-BS3 2.57 17.172 19.352

BF1-BS4 3.79 14.68* 16.982

BF2-BS4 3.36 16.522 18.792

BF3-BS4 2.68 2 1 .122 23.482

BF1-BS5 3.96 20.302 23.192

BF2-BS5 3.51 2 2 .152 25.152

BF3-BS5 2.80 27.392 30.192

BF1-BS6 4.51 31.232 3 5 .102

BF2-BS6 4.01 37.522 4 1 .172

BF3-BS6 3.21 4 3 . l l 2 4 6 .8 12

BF1-BS7 3.07 19.932 21.692

BF2-BS7 2.73 2 2 .382 24.292

BF3-BS7 2.18 28.602 30.472

1 Base widths and displacements are determined based on 

static condition. 2 Displacements are larger than 

permissible displacement. 3 Pwd is neglected. 

* displacements < 300a or 15cm.
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corresponding computed displacements for dry and 

saturated conditions. It will be seen that only in four 

cases the displacements are within the permissible value 

o f 15cm for dry backfill. In the other 17 cases, the walls 

need to be redesigned. For instance, displacement for 

case BF1-BS2 is 17.42cm with base width o f 3.5m 

based on static design. After redesign this wall, the base 

width is 4.15m and displacement is 15.09cm.

For saturated conditions, except in 2 cases, the 

computed displacements exceed the permissible 

displacement o f  the Eurocode-8 . Therefore, walls will 

need redesign.

5. CONCLUSIONS

1. A solution technique developed by authors has been 

adapted to the provisions o f  the Eurocode-8 . A 

permissible displacement o f rigid walls is introduced 

for the first time in this code.

2. A 4m high wall which had failed in the Kobe 

earthquake was analyzed. The displacements varied 

between 65.42 to 25.56 cm for the two soil 

combinations selected for this analysis. The 

displacements are larger than permissible 

displacements o f 15cm (300*a). This wall actually 

failed in the field. The adapted computation procedure 

also predicted failure.

3. A 6m high wall is studied for specific base soil, 

backfill and loading conditions. For earthquake 

magnitude 6.75, the displacement is smaller than the 

permissible displacement o f  the Eurocode -8  even if 

this wall is designed for static conditions only.

4. Twenty-one soil -wall cases have been studied in 

detail for the above ground motion. In most cases, the 

displacements exceed the permissible displacement. 

In one case (BF1-BS2) the section was redesigned 

such that the displacement is smaller than the 

permissible displacement.

5. Hydrodynamic pressures were not considered in this 

analysis but computed displacements increase with 

hydrodynamic pressures and the above conclusions 

are still valid.
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