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SYNOPSIS: Although a large number of reinforced earth structures has now been built world-wide, the 

vast majority of these has used well-graded granular backfill materials. These materials often 

have to be imported to site and as a result they can represent 40 per cent of the total cost of the 

structure. Considerable cost savings would therefore be possible if locally available materials 
could be used.

This paper gives a brief description of two experimental structures where poorer quality backfills 

have been used and also presents data from laboratory tests on full-scale reinforcing elements and 

anchors buried in cohesive materials. The paper also considers the effects of the lower strengths 

of cohesive backfills and the corrosion risks to exposed metals, which can increase substantially in 
such soils.

INTRODUCTION

A number of advantages are frequently ascribed 

to reinforced earth abutments and retaining 
walls compared to conventional structures. These 

include speed of construction, the ability to 

construct in areas of limited access, the inher

ent flexibility of the system that allows large 

total and differential settlements to be accomm

odated and significant cost savings that can 
result, especially when the conventional struc

ture needs to be piled. In the last mentioned 

situation, Jones (1979) has reported that a cost 
saving of approximately 50 per cent was achieved 

Other estimates from the literature have ranged 

between 10 and 65 per cent depending on the 

amount of piling required for the conventional 

structure, but it is likely that overall savings 

in excess of 10 per cent can be obtained in most 
situations.

Even so, the cost of the granular material 

required can be very high. Hollinghurst and 

Murray (1986) showed that the cost of the back
fill was 40 per cent of the cost of the struc

ture for a reinforced earth wall at Guildford. 

Using the cost figures in their paper, it is 

estimated that the cost of the granular backfill 

was £18 per cubic metre at 1986 prices. Similar 

costs for good quality granular material are 
widespread in South-Eastern England and reflect 

the fact that there is a paucity of such materi

als in certain parts of the UK, particularly 

around London.
Although reinforced earth can be cheaper than 

conventional techniques, Murray and Irwin (1981) 

have suggested that anchored earth can be even 

cheaper as the total quantity of steel required 
to form the anchors could be 60 per cent less 

than that required for reinforcements. In an

chored earth, the pull-out resistance is provi

ded by the development of bearing pressures 
around an anchor at the end of a tensile member 

which connects it to the facing unit. With rein

forced earth, resistance is usually mobilised by 

friction between the soil and the reinforcing 

elements. In addition to the cost advantages of

anchored earth, the mobilisation of bearing 

pressures around the anchor, rather than fric

tion along the reinforcement, lessens the depen

dence on good frictional fills and allows lower 

quality materials to be considered.

EXPERIMENTAL WALLS AT TRRL

One of the first experiments by the Transport 

and Road Research Laboratory (TRRL) using cohe

sive fill in reinforced earth involved the con
struction of a 3m high wall using glass rein

forced plastic strips (Fibretain) and a silty 

clay backfill (soil A in Table I). Measurements 
of horizontal and vertical movements together 

with pore pressures and reinforcement tensions 

were sufficiently encouraging (Boden et al, 1978) 

to allow a 6m high trial structure to be con

structed. The layout of this structure is shown 

in Fig 1. Details of the three soil types used 

are given in Table I, where the sandy clay is 
designated soil B, the granular fill is soil C 

and the silty clay is soil D. The construction 

and instrumentation are described in Boden et al

(1978) and the early performance in Murray and 
Boden ( 19 79) .

The first few layers of the sandy clay were 

placed at a moisture content about 5 per cent 

higher than that given in Table I. This was on 

the limit of traffickability and considerable 
rutting occurred during construction. During com

paction some of the lighter facing panels were 

pushed out of alignment and so the maximum 

acceptable moisture content was reduced. No fur
ther problems occurred with the sandy clay and 

subsequent placing of the gravelly sand and 

upper silty clay layers proceeded without diffi

culty.

Because the sandy clay at the bottom of the st
ructure was placed very wet, large horizontal 

movements and vertical settlements occurred over 

the first two years after placement of this fill 
material. Maximum values of vertical settlement 

of up to 50mm were recorded just behind the facing 

panels and up to 40mm near the centre of the
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F ig .l Details of  full-scale structure at TRRL

structure. Deviations of the facing panels from 
vertical were large with typical values of about 

200mm and extreme values up to 400mm. In general, 

the deviations were largest at about mid-height 

of the wall, giving it a bulging appearance.
Little difference was seen in the vertical pro

files between comparable sections of the wall su

pported by metallic and non-metallic reinforce

ments. Although the movements recorded during 

construction and consolidation were large, subse
quent movements over the last 8 years or so have 

been very small with maximum values of less than 

2mm.

Comprehensive monitoring of pore pressures, 
earth pressures and the tensions in the reinforce

ments was undertaken during and after construc

tion, but the analysis of these was complicated 

by the fact that seven types of reinforcement, 

four types of facing panel and three soils were 

used. However, a comprehensive analysis has re

cently been performed by Brady (1988). The struc
ture is now being used as a test-bed for the long 

term durability of the reinforcements. Prelimin

ary data have already been obtained for Paraweb 

reinforcement (Fig 2) which show that no loss of 

strength has occurred in the first eight years of 
burial (Brady, 1986). However, some increase in 

stiffness may have occurred, although it is not 

known whether the samples from the TRRL structure 

and the reference samples were from the same 

batch of material. The stainless steel and galvan

ised mild steel reinforcements have also performed 
well despite the fact that the resistivity of the

Extension (per cent)

Fig.2 Load-exteraion characteristics o f Paraweb 30S (trip

silty clay (soil D in Table I) was 3000 ohm-cm. 

This is the lower limit for the use of stainless 
steel in the Specification for Highway Works (DTp, 

1986) and is considerably lower than the 5000 ohm- 

cm required for galvanised mild steel.

Apart from the need to control the moisture con

dition of the fill during placement and compaction, 

in order to limit wall movements, one further con

sideration that arose during the experiment was 
that the angles of interface friction between the 

cohesive fills and the various reinforcements were 

quite low with typical values in the range 20 to 

28°. In this situation, geogrids such as Tensar 
and anchors with large bearing areas may offer con

siderable advantages.

ANCHORS IN COHESIVE FILLS

The first tests were performed using full-scale 

triangular anchors of the type shown in Fig 3 

which were originally developed for use in granu
lar fills. A description of a retaining wall 

using anchored earth with crushed limestone fill 

is given in Snowdon et al (1986).

For the initial tests in cohesive fill, the 

silty clay designated soil A in Table I was again 

used. The anchors had a nominal width of 400mm 

and were fabricated from 20mm diameter reinforcing 

bar. Staged loading tests were conducted with the 
load being maintained by a hydraulic dead loading 

machine. Fig 4 shows the displacement-time rela

tions for one of the anchors at loads of 6.9 and 

13.8kN. Small creep movements can be seen, parti

cularly at the higher load, although these appear 
to be levelling off after a few days. At even 

higher loads, the creep became much more pro

nounced and the anchor ultimately pulled out at a 

load of 29kN.

Jones et al (1985) have suggested that, based on

Table I. Properties of backfill materials

Soil Liquid Plastic Gravel Sand Silt Clay In situ Natural Undrained Drained
type limit limit content content content content dry moisture shear angle of

density content strength friction

(%) (») (%) (%) (%) (%) Mg/mJ (%) ( kN/mJ ) (degrees)

Soil A 42 17 - 22 45 33 1.69 18 ~100 36

Soil B 30 17 - 51 39 10 1.80 17 45 34

Soil C - - 30 (< 10mm) 65 5 - 2.05 10 - 40

Soil D 42 21 - 7 65 28 1.63 18 90 31
Soil E 29 14 17 32 34 17 1.90 13 80 33
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Fig.3 Details of steel anchor

Fig.5 Pullout data for two anchor types in soil E.
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Fig.4 Displacement v time for steel anchors in soil A.

pull-out tests in granular materials, the ulti

mate pull-out capacity of the anchor head

is given by:

ult
8k o-'Bt

P v
(1)

where k is the coefficient of passive earth

p 1+sinsT 
pressure = j— gr

a~ '
v

B
t

is the drained peak angle of friction of 

the soil

is the vertical effective stress

is the length of the backbar of the anchor 
is the diameter of the backbar.

The factor of 8 includes an allowance for the in

clined bars which contribute the same pull-out 

force as the backbar. The above expression ig

nores shaft friction, which would be small in 
the present case. For the geometry of the anchor 

in Fig 4, a value of Puit of 16.8kN is obtained. 

This is rather lower than the actual pull-out 

force, but high pull-out resistances for anchors 

and reinforcements are often measured as the ele

ments tend to distort out of a horizontal plane 
during compaction of the fill. As a factor of 

safety of 2 is frequently applied to the calcula

ted value of Puit< this gives a working load of

8.4kN: at this load Fig 4 suggests that creep 

movements will be quite small.

In 1984, the opportunity arose to consider an 

anchored wall in glacial till as part of the A75 

Annan bypass. Preliminary tests were conducted 
using full-scale triangular anchors in a purpose- 

built test pit at a constant rate of displacement 

of 0.5mm/hr. The nominal length of the anchor 

backbar was 650mm with a bar diameter of 20mm: so 
that the pull-out resistance of the anchor head 

could be determined, the shaft was sleeved with 

an aluminium tube to minimise shaft friction.

Fig 5 shows the results of one of the pull-out 

tests performed at an effective overburden stress 

of 46.8kN/m1 . A peak load of just over 30kN was 

obtained at a displacement of 80mm. Using the 
relation developed by Jones et al (1985), a value 

for Puit for the anchor head of 16.5kN is ob
tained. For a working load of half the calculated 

ultimate load - ie 8.25kN - the data show that 

the displacement would be approximately 8mm. Al

though this performance was mechanically quite 
adequate, further testing showed that the glacial 

till proposed as backfill to the wall had a pH as 

low as 4.7 in some places, thus precluding the 

use of steel anchors (DTp, 1986). As it was 

deemed important economically to use the glacial 

till from the areas of cut on the site, an alter
native anchor system was investigatied.

The solution finally adopted was to use a modi

fied version of the 'NEW' retaining wall system 
(Brandi and Dalmatiner, 1986) which has been used 

extensively in Austria: the UK licencees for the 

system are ICI. The modified system for the wall 

at Annan consists of a reinforced concrete crib 

wall unit connected to a semi-circular mass con

crete anchor block by a loop of Paraweb strap 
(Fig 6). Pull-out tests were performed on a range 

of anchor sizes at different vertical stresses 

using the pull-out test pit at TRRL. Soil E in 

Table I was used for all these tests and data 

from one of the tests are shown in Fig 5 for a 
600mm diameter anchor 100mm thick and a vertical 

effective stress of 53kN/mJ . The anchor was 

pulled out at a rate of lOmm/hr using the Paraweb 

loop which was connected in turn to the pull-out 

rig by a steel shackle and link bar. Sleeving was 
used to reduce the friction on this linkage, but 

pull-out tests on a dummy link indicated that it 

contributed about 18kN to the total pull-out 

force. The pull-out curve in Fig 5 therefore 

needs to have this component removed from it, 

giving a net measured pull-out capacity of 82kN 
at a deflection of 168mm. The kink in the curve
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Fig.7 Plan o f tria l walls at Paulsgrove

Fig.6 Paraweb loop anchor assembly

at about 30mm represents the point where all the 

slack was taken out of the Paraweb loop, whilst 

the large deflection required to mobilise a high 

pull-out force reflects the relative extensibil
ity of the Paraweb loop compared to, say, a steel 

shaft.

Estimates of the ultimate load capacity of this 

type of anchor have been made using the approach 

suggested by Jones et al (1985) for the drained 

case and an extension of it for the undrained 
case. In both cases, the bearing capacity on the 

front of the anchor plus friction or adhesion on 
the upper and lower faces is considered and gives:

2
Pult = 9cuBt + 0.5Cu jtB_ (undrained case) (2)

2
and P . = 4k r  'Bt + O.5B-'tan0’ tB (drained

§ v v 4 case) (3)

where C is the undrained shear strength of the 
soil

B is the diameter of the anchor

t is the thickness of the anchor

For the present geometry, these give calculated 

values of Pu it of 54.5kN for the undrained case 

and 50.6kN for the drained case. Both these 

estimates are lower than the actual value of 82kN, 

but it should be remembered that no allowance has 

been made for friction on the Paraweb loop be

cause of uncertainties in how to calculate it. 
However, the tests have shown that ultimate loads 

of up to lOOkN can be achieved using this type of 

anchor. In other soil types, the anchor block 

diameter can easily be changed to get the desired 

value of Pu lt, but the thickness can probably be 
increased only slightly as the cohesive fill will 

need to be compacted in relatively thin layers.

At the time of writing, the retaining wall on the 
Annan bypass is scheduled for construction in 

summer 1988 using this system and monitoring of 
its performance will be undertaken by TRRL. The 

wall was designed by Babtie, Shaw and Morton for 
the Scottish Development Department and the main 

contractor is Whatlings (Civil Engineering) Ltd.

REINFORCED EARTH AND CHALK

The bulk of the chalks available in Southern 

England, where there is a paucity of granular 

fill, are softer than allowed in the specifica

tion for the use of chalk as structural fill 
(DTp, 1986). An experimental structure was there

fore built at Paulsgrove, Hampshire to investi

gate the use of the locally available softer 
chalks as backfill to reinforced earth structures. 

The study was a joint venture between Hampshire 

County Council, the Reinforced Earth Company,

Anda Crib Ltd, H T Hughes and Sons Ltd and TRRL.

Details of the structure are given in Fig 7 

and the properties of the three types of local 

chalk are given in Table II. The Downend chalk 
was graded to a maximum size of 125mm prior to 

delivery, but the other chalks were delivered 

with boulders up to 0.5m in diameter. These were 

crushed with the tracks of a 12 tonne tractor 
unit before spreading the chalk in 250mm layers 

and compacting it with a 10 tonne deadweight 

roller: a light pedestrian roller was used close 

to the wall. The structure was built in 3 weeks 

in October and November 1985.
Due to the confined nature of the site and the 

fact that the two walls were built at different 
rates, the heavy roller occasionally encroached 

within the 2m wide exclusion zone at the back of 

the facing panels. Although this appeared not to 
affect the alignment of the heavy Reinforced 

Earth Company panels, it did cause excessive 
movements of the lighter Anda Crib units. In the

3 months following construction, horizontal move

ments of the walls of up to 15mm were observed, 

but no significant changes have been observed 

since then.

The settlements recorded after construction 
varied widely across the site. Little or no 

settlement of the facing units has occurred, but 

settlements of up to 120mm have occurred in the 

fill between the two reinforced earth blocks. 

During the severe winter following construction, 

frost heaves of up to 34mm were observed in the 

same area.
Data obtained from piezometers indicated that 

negative pore water pressures were generated 
during construction, but these largely dissipated 

during a period of wet weather in December 1985.

Pull-out tests were conducted in 1986 on a num

ber of additional reinforcements installed during 

construction. A range of lengths and depths of
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Table II. Properties of chalk backfills

Chalk type Downend Paulsgrove
Warren

Farm
Remarks

Saturation moisture 

content (%)
22 to 28 23 to 28 23 to 29

As defined in 

Department of 

Transport (1986)

Chalk crushing 

value
3.1 3.1 3.7

As defined in 
Ingoldby and 

Parsons (1977)

Natural moisture 
content (%)

21 to 2 2 19 to 22 19 to 22

Mean in situ 

bulk density 

(Mg/m3 )

1.89 1.86 1.85

Determined using 

nuclear density 

gauge

Frictional properties 

used in design 

(¡S’ (chalk)

(between chalk and

- - 38° - - -

- - 35° - - -

Conservative 

values based 

on 300mm 

shearbox tests

high adherence strip)

i ( b e t w e e n  chalk and - - 25° - - -

fibretain)

contacts with the top of the reinforcement which 

sheared off during pull-out and hence gave the 
low values recorded. This effect can clearly be 

seen in Fig 8.
However, the stability of the structure and 

other data collected during the 2*s years since 
construction have shown that softer chalks with 

saturation moisture contents up to about 28 per 

cent can be used successfully as fill to rein

forced earth structures. Softer chalks do how

ever require close control to be exercised on 
their grading and compaction in order to achieve 

an acceptable structure.

CONCLUSIONS

The studies outlined in this paper demonstrate 

that poorer quality backfill materials can be 

used in the construction of reinforced and 

anchored earth and that these may have economic 
advantages over granular materials. The work has 

also shown that considerable care needs to be 

taken in placing the materials at the correct 

moisture condition and in compacting them. There 

is some evidence to suggest that under certain 
conditions, creep movements could occur, but 

these can be overcome by using anchors with a 

large bearing area. Problems of durability and 

corrosion can also be overcome: one method of 

achieving this is to use non-metallic reinforce

ments and anchors, especially in cohesive 

materials.
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Fig.8 View o f poorly compacted chalk layer -  
the scale is at the level o f the pull-out tests

burial were used and the reinforcements were 

sleeved in the area immediately behind the wall 

to reduce the influence of wall friction on pull- 
out resistance. Back analysis of the test data 

gave a wide range of values of apparent angles 

of interface friction between the chalks and the 

reinforcements. In the majority of cases the 

values were higher than those obtained from 

large shear box tests (Table II), suggesting 
that the reinforcements had been distorted out 

of a horizontal plane by the compaction of the 

chalk. However, in a few cases, very low values, 
down to about 18°, were recorded. To investigate 

this further, a small box heading was construc

ted through the facing in an area where low 

values had been found. This revealed that in 

localised areas the chalk had not crushed down 

sufficiently during compaction and that as a 
result there were large air voids at the bottom 

of the layer. This resulted in only point
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