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SYNOPSIS: In this paper, the experimental results from an extensively instrumented intermediate scale reinforced soil wall are reported. These results are 

used to validate a numerical model based on the finite element solution. A parametric study is then carried out to examine the effects o f various variables 

on the performance of the numerical model and the mechanism of the system. Design implications of the results are examined.
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IN TRO D U CTIO N

A large number of reinforced soil structures have been constructed over the 

past two decades based on empirical design methods and experience. In 

recent years, many field trials and laboratory experiments of embankments 

and retaining walls with monitored instrumentation have been conducted by 

researchers to investigate the operating mechanisms of these reinforced soil 

systems. However, due to the number of variables involved, their behaviour 

has not been fully understood. To overcome this, finite element analysis has 

been commonly employed for parametric study. Most o f the numerical 

analysis carried out can be grouped into two broad categories:

(i) Theoretical analysis based on ideal materials to study the 

effect o f various design parameters on the overall behaviour 

of particular structures (Hird & Kwok 1987).

(ii) Predictive analysis of actual physical structures based on real 

material properties. The solution is calibrated using 

measured data (Bassett & Yeo 1987).

Since the relationships from category (i) analysis are not validated, it cannot 

be used for practical applications. In category (ii) the model is usually 

partially calibrated and thus cannot be directly used for design application. 

It is therefore suggested to formulate a numerical model based on the finite 

element method which is calibrated against a set of extensive instrumented 

measurements of performance; and to carry out a quantitative parametric 

study on the effects of various design parameters. In addition, such study 

allows design charts to be drawn lo correlate these effects so that the results 

can be used directly for design consideration.

EX PERIM EN TA L SET UP AND M EASUREM ENTS

An experimental timber panel wall, 1.8m high and 1.8m wide was 

constructed. The backfill was reinforced with 3 layers of geogrid placed at

0.3m, 0.9m and 1.5m from the base of the wall. The backfill used was a 

uniformly graded Leighton Buzzard Sand with a peak triaxial frictional angle

<t>p of 47°.

During construction, the facing was propped at the three reinforcement levels 

and the reinforcements were not connected lo the facing. .The backfill was 

placed in layers of 150mm thick and compacted with a vibrating plate. After 

completion the backfilling, the reinforcements were connected to the facing 

and the props were removed.

Vertical pressures at the base and lateral earth pressures on the timber facing 

were measured using pneumatic pressure cells. Strains along the 

reinforcement were measured using strain gauges and facing movements were 

monitored using dial gauges. Loads were also measured along the 

reinforcement using specially designed load cells. Loads and strains have 

been measured so that the load-slrain relationship with respect to time can be 

evaluated.

FEM  M O DELLING

A finite element model based on CRISP (Britto & Gunn 1987) using linear 

reinforcement elements and interface elements (Goodman eL al. 1968) was 

employed. The shear modulus parameter used for the interface between the 

soil as the reinforcement was obtained from the results of laboratory pull out 

tests with load and strain measurement along the length o f the reinforcement. 

These results were back analysed lo detennine the appropriate magnitude of 

the shear modulus. The mesh representation of the experimental wall and the 

defined boundary conditions are shown in Fig. 1. Initial compaction,stresses 

were taken as shown in Fig. 2 based on experimental data. The various 

parameters used in the analysis are shown in Table 1. Predictions were made 

for the behaviour of the wall after the removal of the props in terms of (a) 

lateral pressures on the facing (Fig. 2), (b) displacement of the facing (Fig. 

3), (c) loads and strains along the reinforcement (Figures 4 & 5) and (d) 

vertical pressure along the base (Fig. 6).

The experimental data are also plotted in these Figures. The results indicate 

that the predictions of the finite element analysis and the experimental data 

are in close agreement.
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PA RA M ETRIC STUDY

A parametric study was conducted to examine the effects of following factors

on the maximum reinforcement load after the removal o f props.

a) Method of prop removal: The facing was propped as shown in Fig.

1. Three different methods of prop removal were investigated 

namely, (i) all at the same time, (ii) bottom up and (iii) top down. 

The results showed that with the parameters employed (Table 1), 

there is insignificant effect of the sequence of prop removal pattern 

on the maximum load along the reinforcement. This behaviour is 

probably caused by the high stiffness o f the wall and reinforcement 

compared to the soil.

b) Compaction stresses: In order to investigate the effect of compaction 

on the maximum force in the reinforcement, the analysis was carried 

out with the initial in situ stresses as (i) double the compaction 

stresses and (ii) K, distribution. The results showed that there is 

insignificant effect of the state of initial compaction stresses on the 

maximum load along the reinforcements after the removal o f the 

props. However, preliminary research has indicated the mode of 

compaction can significantly alter the behaviour of the reinforced 

retaining walls, and thus application of different modelling technique 

would be required.

c) Reinforcement stiffness and spacing: Three different reinforcement 

stiffness were used in the analysis. The range of stiffness considered 

(Table 2) covers both inextensible (eg. steel) and extensible (eg. 

polymeric) reinforcements. The results showed that the application 

of extensible reinforcements significantly decreases the maximum 

loads along the reinforcement.

The numerical model was also used to predict the behaviour of walls 

with different reinforcement stiffness and spacings. Three 

reinforcement stiffnesses with three spacings were employed in the 

analysis. The results indicate that the maximum load in the 

reinforcement decreases with the decrease in spacing. The cases are 

summarised as shown in Table 2.

DESIGN CON SIDERATION

Based on the results of the numerical model, design charts may be 

constructed to correlate the various design parameters. An example o f a 

design chart relating the reinforcement stiffness (E), spacing (S), lateral 

displacement of the facing (8) and maximum load developed along the 

reinforcement (F) is shown in Fig. 7. This chart is for 1.8m high wall and 

covers a rang of reinforcement stiffness between 0.3 x 106 and 200 x 106 

k N /n r and a range of spacing between 0.3m and 0.6m. In OTder to use this 

chart, the designer has to select two of the four parameters and read from the 

chart the remaining parameters.

For example, by selecting the reinforcement stiffness and spacing, the chart 

can be used to determine the maximum lateral displacement of the facing and 

the maximum load developed along the reinforcement. Using a stiffen 

reinforcement would result in a higher reinforcement load due to the 

restriction of the facing movement, (compare cases (1) & (2) in Fig. 7).

CONCLUSIONS

The results from large scale instrumented walls are necessary in order to 

validate any numerical modelling. Loads and strains should be measured 

along the reinforcement to account for the time effects when using synthetic 

reinforcements.

The behaviour of the wall can be adequately predicted using numerical 

modelling. The results of the modelling agreed well with the experimental 

data, thus allowing the operating mechanism of the wall to be understood.

It is to be noted that the actual value of the reinforcement axial stiffness vary 

with the depth of reinforcement. However, for design proposes an average 

of E can be used in Fig. 7 lo obtain the maximum force in the reinforcement

Similar charts can be produced to cover a range of reinforcement stiffness 

and spacing for various wall heights and facing material stiffness.
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TABLE 1: Parameters used in Finite Element model

Component Parameters

Backfill E = 80 x 103 kN/m2 

c = 0 kN/m2 

= 47°

7= 18.03 kN/m3

Reinforcement E = 0.3 x 104 kN/m2

Soil/reinforcement

interface

k, = 10 x 103 kN/m2 

k „  = 1 x 103 kN/m2 

k„=  10 x 106 kN/m2

Facing E = 8 x 106 kN/m2

TABLE 2 Variation in reinforcement spacing and stiffness 

employed for parametric study

Vertical spacing Reinforcement stiffness

0.30m 1 x 106, 100 x 106 & 200 x 106 kN/m2

0.45m 1 x 10®, 100 x 106 & 200 x 106 kN/m2

0.60m 1 x 106, 100 x 106 & 200 x 106 kN/m2

Note : Except for parameters mentioned all other values 

were maintained constant.
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Figure 6 Vertical earth pressure distribution along the base

F

S = Spacing (m)

8 = Max. facing displacement (mm)

F  = Max. load in the reinforcement (kN/m)

E = Axial stiffness o f the reinforcement (kN/m2)

Figure 7 Design chart
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