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The comparative performance of polymer net reinforcement 

Performances companaes de renforcement par maillage en polymere 

Cette communication presente les resultats 
INTRODUCTION 

In the reinforced earth system proposed by Henri Vidal 
use was made of metallic reinforcing strips.. Al

though such material has proved to exhibit excellent 
strength, stiffness ~and friction~1 properties, there is 
cons i derabl e concern regardi ng the effects of corros i on 
on long term stability.. Current design practice allows 
for the effects of corrosion by specifying an additional 
thickness to the structural rei nforcement.. For mi Id 

steel reinforcement in wet conditions this thickness is 
typically one millimetre on each side· of the strip for 
a design life of thirty years, Schlosser (1976). How
ever as the work of Raharinaivo and Preynet, (1975) 
has shown corrosion rates in a soil environment are 
extremely variable and unpredictable. 

The apparent solution to the problem of corrosion is to 
use a material which is chemically stable and resis
tant to deterioration. In the last five years many such 
materials have become available. These are generally 
in one of two mai n forms, ei ther pol ymer net 
structures or polymer fabrics, the latter falling into the 
two broad categories of woven or non-woven fabrics. 
There is wide use of net structures in the Far East with 
Japan alone using some nine million square metres in 
1976. In Japan there has been general application of 
net structures including the reinforcement of embank
li'1ents with steel reinforced net, Horimatsu, (1965). 
This type of net has now largely been replaced by 

polymer net. Rec:::ent applications of this include both 
high and low embankments for the Osaka-Tokyo high 
speed lIbullet-trainll which runs on embankments up to 

12m high reinforced with Netlon CE121. The use of 
fabrics is more common in Europe and the U.S.A wrae 
again there has been application to reinforcement of 
embankments. 

The main problems related to non-metallic reinforce
ment are high extensibility and low tensile strength 
associated with long term creep. Recent develop
ment has produced materials in which these short 

d'essais de friction de cinq types d'armatures 
comings have been minimised. Among these new 
materials are the Swedish Teknisk Vav No.600, a 
woven polyster fabric with a grab tensi Ie strength of 
43kN/m at l2'fo strain, Holtz and Broms (1977) and two 
British materials, namely Terram RF/12, a wovenfabric 
and FBM5 a net structure. The properties and perform
ance of Teknisk Vav No.600 has already been widely 
reported elsewhere, Holtz (1977), Holtz and Broms 
(1977) • 
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With the advent of non-metallic reinforcement must 
come the recognition of the need for appropriate testing 
methods. In particular consideration must be given to 
the relative stiffness of soil and reinforcement the im
portance of which has been defined by McGowan et al 
(1978). In the past the determination of soil/reinforce
ment fri cti on, for metal I i c rei nforcement has been 
studied using the shear box, Schlosser (1976), 
Schlosser and Elias, (1978). Since in this case the 
reinforcement can be considered infinitely stiff compa-
ed to the soil the suppression of strain in the reinforce
ment would not be expected to have a dramatic effect. 
However J simi lar techniques have been extended to the 
more extensible fabrics. Rankilor (1977), Christie 
and EI Hadi (1977). Such testing involves fixing the 
test piece to a rigid block to prevent ruc;:king of the 
fabric during shear. In this case the suppression of 
strains dherwise induced in the fabric wi II have consid

erable effects on the soi I/reinforcement friction mobili -
sed. It is the aim of this Paper to demonstrate the 
radical difference in test results obtained from the 
shear box and a pu II-out app5.ratus. 

DESCRIPTION OF PULL-OUT RIG 

The pull-out rig consists essentially of a steel box, 
500mm long, 285mm wide and 300mm deep, mounlEd 
at one end of a plate steel table, Figure 1. At the 
opposite end of the table is a rigid steel bulktead which 
houses a hydraulic tension jack mounted L1 a horizorlal 
plane at a height equal to the mid height of the steel 
box. The ram of the jack is fitted coaxially with a 2 
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FIGURE 1 THE PULL OUT RIG 

tonne capacity tension load cell which in turn is attach
ed to a pair of clamps 285mm wide. In its fully exten
ded position the ram of the jack allows the clamps to 

touch the face of the steel box where there is a horizon
tal slit 20rnm high running the full width of the box. In 

setting up the test, the box is filled with soil to a depth 
of 150mm when a sheet of the material to be tested is 

laid on top d the soil with approximately 50mm of the 

test piece projecting out of the box through the slit. 
When the box is filled to full height the projecting sec

tion of the test piece is bolted into the clamps such that 

none of the test piece is exposed. When hydraulic 
fluid enters the tension jack it causes the jack ram to 

move away from the face of the box thus i mparti ng a 

pull-out load to the test piece. To maintain the re

quired constant rate d pull-out the hydraulic fluid is 

delivered to the tension jack via a hydraulic hose, from 

a compression jack being loaded at a constant rate of 

movement by a IOtonne Wykeham Farrance compression 

machine. When the compression jack is compressed 

it expels a certain volume of hydraulic fluid, obviously 

this same volume of fluid is transmitted to the pull-
out jack. Knowing the cross sectional areas of the 

rams of the two jacks it is possible to derive a direct 
correlation between the preselected rate of movement 

of the compression jack and the rate of movement of 
the pull-out jack. Normal stress is applied using a 

reinforced rubber bag, with the same plan dimensions as 

the box, fi lied with de-aired water which is main-
tained at the required pressure. The bag which is 

IOOrnrn deep, is housed in 6 recessed lid which is 
bolted to the top of the box during testing. Pressure is 

applied to the bag using a self-compensating mercury 
pot constant pressure system connected to the top of the 

bag via nylon reinforced tUbing. In later tests a paraf
fin volume change gauge was incorporated into the sys

tem to permit the assessment of volumetric strains. For 

normal stresses less than IOkN/m use was made of a 

si mple burette fi lied wi th water to the approp"riate level. 
The correct head was main1;:,ined during the test using a 

conventional manually operated control cylinder. 

TEST PROCEDURE 

Throughout the tests reported here use was made of 
Boreham Wood Pit Sand. This is a coarse to mediu(tl 

sand with some fine gravel, the grading is fairly uni

form with a coefficient of uniformity of 2.8. In all 
tests the sand was compacted to a dry density of 1.87 
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Mg/m 3 . With a tolerance of + O.OIMg/m3 , this 

represented a mean relative density of 90%. Compacticn 

was achieved using a Kango vibrating electric hammer 

fitted with a I-OOmm x 150mm tamper. This was app

lied over each layer, which was 75mm thick, for eight 
minuteS,. The test piece, which was approximately 

275mm wide, was positioned after the first two sand 

layers had been compa::ted. This put the test piece at 

the mid height of the box and in line with the horizontal 

slit at the front of the box. Some 50mm of the -test 
piece was left projecting out of this slit for connection 

to the clamps of the pull-Ol,t jack. At this stage the 

embedded length of the test piece was measured to the 

nearest millimetre. The remaining two layers of sard 

were placed and compacted bringing the sand flush with 
the top of the open box. The water bag was placed cen

trally on topof the sand and then the steel bo< lid was 

positioned and firmly bolted down. Normal pressure 
was then applied via the water bag and time was 

allowed for consol idation. This proved to be 
negligible. The clamps on the pull-out jack were 

moved forward to cover all of the test piece projecting 

from the box, the clamps were then firmly bolted to
gether. The D.V.M. read-out for the tension load 

cell was zeroed as was the horizontal movement dial 

gauge resting on the pull-out clamps. Any slack inthe 

system was taken up by loading the" compression jack 
using thernanually-operated fine control wheel on the 

compression machine. When the compression 

machine was activated regular readings were taken of 

the D.V.M., dial gauge and paraffin volume change 

gauge. The tests were carri ed out at a dr_~i ned rate of 

shear of Imm/min. 

PRESENTATION AND DISCUSSION OF RESULTS 

Pullout tests were c"arried out on five types of rein
forcement, namely: 

i. Plain mild sleel, O.8mm thick. 

ii. Sand coated mild steel, O.8mm thick. 

ii i • 

iVa 

v. 

Net structure, Netlon 1168. 

Net structure, FBM5. 

Woven fabric, Terram RF/12. 

The sanded steel specimens were formed by applying 

a thin coat of Araldite epoxy resin to both sides of the 
steel sheet, thESe ar~as were then evenly coated with 

dry Boreham Wood sand and cured for twelve hours in 

an oven at I05
0
C. Netlon 1168 is a net structure 

formed from strands of unorientated polypropylene 

approximately 2mm high and having 8'l equilateral tti-
angular cross-section. These strands are melded, 

base to base, at the intersection points to form a dia

mond shape net structure with a strand pitch of 6.5rnn 

and total structure thickness of 4mm. FBM5 is again 

a net structure however, this net is made from uniaxi

allyorientated polyolefin in the form of an orthogonal 

grid with transverse members approximately 6mm vJide 



and 4mm deep at a pitch of 60mm. The transverse 
members are joined to one another by longitudinal 
members approximately 2.Smm wide and I.Smm deep 
at a pitch of IImm. The ultimate tensile strength of this 
structure is 100kN/m. The fifth material tested was 
Terram RF/12 which is unidirectional woven polypropy
lene/polyethylene fabric with a thickness of O. 7mm and 
a quoted ultimate tensile strength of 120kN/m,. 
Ranki lor, (1977). 

To aid interpretation of the test results five consolidated 
-undrained triaxial compression tests with porewater 
pressure measurement were carried out on 38mm dia
meter by 76mm high s~ples of Bore~am Wood sand at 
densities of 1.86Mg/m to 1.88Mg/m. Theresults of 
these tests, gave a It> 1 value of 3S

o
• This was in gJod 

agreement with the results of a series of drained shear 
box tests which gave a ¢I value of 34

0
• 

In addition to pull-out tests simple consolidated-draine:l 
direct shear tests were carried out using a conventional 
60mm x 60mm shear box to determine the angle of bord 
stress between the reinforcement and Boreham Wood 

sand. The plain steel and sanded steel were tested by 
cutting samples that were an exact fit in the shear box. 
Each sample wOas in turn placed in the lower half of the 
box and packed up on 60mm square porous stones to 
render the upper surface of steel flush wi th the top sur
face of the lower half of the box. The upper half of the 

box was P?3sitioned and filled with sand at a.density of 
1.88Mg/m • -The samples were then consolidated and 
sheared in the normal manner. For net structures test
ing was carried out in a similar manner save for the fact 
that it was the mid-plane of the net structure that was 
aligned with the top surface of the lower half of the box. 
This meant that for both nets there was 2mm of the 
structure projecting above the surface of the box. The 
net was cut in such a way that there was no projection 
to foul the upper half of the box during its travel. The 
Terram RF/12 sample was tested by mounting the fabric 
on a 60mm square ;:.iorous stone to prevent rucki ng of the 
remple during shearing. The mounted sample was 
pi aced in the shear box to render the upper surface of 
the fabric flush wi th the box. 

The first material tested was the plain mi Id steel usirg 
spec i mens wi th a wi dth, w, of 276mm and embedded 
length, I, between 460mm and SOOmm. In inter-

preting the results of the test it was assumed that the 
shear stress, '1:', was uniformly mobilised on both sides 
of the sample and over the full embedded length of the 
sample. At the end of each test the change in eml::ed
ded length was checked to ensure that there had infact 
been relative movement between the sand and the ~ 
over the full embedded length. On this basis,for a 
pull-out load L : 

L 
2wl 

The results for both pull-out and shear box tests are 
shown in Figure 2. 
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• Pull out test results 
... Shear Box test results 

80 100 120 140 160 180 200 220 
Normal Stress kN/m' 

FIGURE 2 SHEAR BOX TESTS - PLAIN STEEL 

As can be seen there was some scatter in the resuE for 

the pull-out tests, these were therefore interpreted 
using a linear regr"ession analysis which rendered an 

apparent angle of bond stress, 6 of 31
0 

with a co
efficient of correlation of 0.990. The resulting ratio 
6/(J is constcnt at 0.89. Results from the shear box 
tests give a lower value of 6 of 20.S

o 
with a constant 

6/¢ ratio of 0.S9. This value is in good agreement 
with the value of 0.55 obtained by Potyondy (1961) 
carri ed out shear box tests on smooth steel agai nst 
dense dry sand. The reason for the higher value of (/¢ 
in the pull-out test is not known however, it is possible 
that due to the comparative flexibility of the sample 
there were some undulations formed thus giving a 
higher pull-out resistance than a perfectly horizontal 
planar 'sample. It is interesting to note that Chang 
and Forsyth (1977) noted a twofold increase in 6 wher) 
the length of the reinforcement in their field pull-out 

tests was increased from I.Sm to 4.6m. 

Shear box and pull-out test results for the sanded steel 
are given in Figure 3. These results are presented in 
a more meaningful manner in Figure 4, which shows 

the relationship betw:fn 6 and the normal stress 0"'. 

The value of 6 is tan 'C/O"with""Cand (j values taken 
from Figure 3. As can be seen at low normal stress 

o 0 
levels the value of 6 reaches 70 - 80 compared to 
the ¢ value for the sand of 3S

o
• In the shear box the 

value of 6 reduces rapidly with increasing normal str€S3 
re2.C:ling a v~lue approximately 3S

o 
at a normal stress 

of IOOkN/m. The reduction of 6 with increasing 
normal stress is less pronounced in the pull-out test 

with 6 stikl at a value of 47.S
o 

for a normal stress of 
100kN/m. The magnitude of these 6 values is con
firmed by Schlosser and Elias (1978) who reported 
values of _02

0 
and 63° for ribbed and smooth strips res

pectively when the strips2 were pulled out under a 
normal stress of 2IkN/m. The soil in this case was a 
gravel with a ~ value of 46

0
• The value of 6 was re

ported to bec;z>me constant at normal stresses in excess 
of 100kN/m. The extremely high values of 6 at low 
normal stress are dten entirely z.ttributed to dilatancy. 
This is a doubtful explanation since work by Cornforth 
(1972) has indicated that for Brasted Sand, tested l.Ilir 
plane strain conditions, dilatancy accounts for an 
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FIGURE 4 ANGLE OFoBOND STRESS-SANDEDSlff:L 
increase in st> of up to 17 ~ In these particular tests 6 

o 0 .. 
exceeds ¢ by 35 - 45 at low normal stress It IS there-
fore thought that there is some mechanism involved over 

and above dilatancy. This mechanism-will remain un-

defined until a determination can be made of the stre:a;s 

however, at normal stresses greater than 30kN/m2 

the maxi mu~ shear stress mobil i sed became constant 

at 21.5kN/m. Inspection of the net after testing soon 
reveal ed that thi s was due to a tens i I e fai I ure of the net 

just in front of the clamps. The lengths of the net 
under test were 240mm, allowing for maximum shear 

stress being developed on both sides of the net this led 

to an ultimate tensile strength of IO.3kN/m. This 

was in extremely good agreement with the value of 
IO.4kN/m reported by Williams (1977). The low ten
si Ie strength of the net gave rise to a rapid decrease in 

the apparent angle of bond stress with increasing 

normal stress as can be seen from Figure 6. The 2 
value of 6 dropped to 14

0 
at a normal stress of 85kN/m. 
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FIGURE 5 TEST RESULTS-NETLON 1168 
The second net structure tested was FBM5 , test resJts 

are given in Fi21ure 7 and 8. At normal stress levels 

up to 40kN/m the s~leCir box arlu pull-uut tests gave 

identical values for 6. On comparing the rates of 

change of volumetric strain, with respect to longitudi

nal strai n, for the two types of test it was found that 

in the she~ box the rate was 0.33 for a normal stress 
of 25kN/m whereas in the pull-out test the rate_was 

80.---------------------------------, 

"0 
co 
o 

CO 0SAND= 35° ----------- --------------------------
and strains generated in the vicinity of a sample under- '0 
going pull-out. 

lJ-e third series of tests was carried out using Netlon 

1168, the results of these tests are given in Figures 5 

and 6. No results are given for the shear box tests, 

which wer~carried out at '20rmalaressess of 50kN/m
2

, 

IOOkN/m and 200kN/m , since these showed a great 
scatter Qt,o~·e the!> = 35

0 
line, which was beyond inter

pretation. The results for the pull-out tests, Figure 7, 
gave very promising results at low normal stresses, 
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FIGURE 6 ANGLE OF BOND STRESS-NETLON 1168 



2 
0.05 and S.03 at normal stresses of 12.7kN/m and 
52.7kN/m respectively. This order of magnitude 

difference in rates is thought to be due to the fact that 
in the pull-out test the volumetric strain measured is an 
average value over the whole depth of the son under 

test. 
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TEST RESULTS - FBM5 

Since at low normal stresses, the same results were 
ob':'3.ined in both types of test,then simi lar volumetric 

strains would have been expected in both tests. This 
leads to the possit:ility of dilatancy in thepull-out test 

b.eing restricted to the immetliate 'vicinity of the net. It 

is interesting to reflect on the fact that if it is assumed 

that the measured volume increase is restricted to a 
band of soil 13mm thick on either side of the net, that 
is approximately the same thickness of soil involved in 
the shear box test, then the computed rates of change 
ofv.olumetric strain are almost identical with those 
derived from the shear box test. Even if the rates of 
di lation 'are the same in both types of test this does 
sti II not account for the high angles of bond stress. 
Application of the correction proposed by Bishop (1950) 
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indicates that dilatancy is responsible for less than 1
0 

o 
of the obse;2ved val ues of 6 = 66 ,for a normal stress 
of 25kN/m. Since the ¢value for the sand is 
approximately 35

0 
this again indicates the action of 

some mechanism over and above simple dilatancy. 

The fifth and last material to be tested was Terram FF/12 
results are given in Figures 9 and 10. Inspection of 
the results show that the shear box tests gave a value 
of 6 that is independant of normal stress. The meas
ured value of 35

0 
is in very close agreement with the 

value of 34
0 

indicated by Rankilor (1977). The pull
out test gave rather different· results which showed that 
6 decreased with increasing normal stress, the v~ue of 
6 dropping to 20

0 
at a normal stress of 200kN/m • 
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FIGURE JO ANGLE OF BOND STRESS-RF/12 
This performance was not due to tensile failure of the 

net si nce in all cases the pull-out load was equal to or 
less than the recommended working load of 40kN/m. 
The mechanism of this loss of bond stress is not knoWl 
however, a likely mechanism is the progressive 
straightening of the warp as it becomes taut under the 
applied load. It is thought that this straightening 
process reduces the amp I itude of the asperities forrred 
by the unloaded warp and so gives rise to a loss of 
r::;>lanar

t 
frjctti.gn. h This mechanism would obviously not 

opera e In I Ie sear t>ox. 
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COMPARISON OF RESULTS 

A comparison of the results for the five reinforcements 
tested in tlls pul~-out rig is given in Figure 11 in the 

forrn cf a plot of norrnal stress vs shear stress. As is 

clearly shown the steel and FBM5 do not suffer any re
duction in shear stress ~objJised at failure at normal 

stresses up to 200 kN/m .. Conversely ~he Netlan 116E: 

and T'9rram. RF/12 show a Il.otable drop off in maximum 
shear stress mobi jised once the applied normal stress 
exceeds approximately 10 kN/m2 and 30 kN/m2 res
pectively. It is interesting to compare the results 

obtained by Holtze 1977) from a pull-out tEEt on 
Technisk Vav No.600.inspection of Figure 11 shows 
the normal stress vs shear stress 8urv8,as interpreted 
by the Author, to be of a similar shape to thatforRF/12. 
The maximum shear stress mobi Hsed in these tests 
would be expected to be somewhat lower since the sand 
used w,as compacted to a relative density of 65% 
comparea to 
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FIGURE 11 COMPARISON OF RESULTS 

the 9Cf'/o relative density obtained in the tests summariS3d 
in Figure 11. The significance of these rest results be-
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comes more apparent from Figure 12 which shows a com
parison of angles of apparent bond stress vs normal 
stress. Since in the case of a reinforcEdearth wall J the 

bond length is an inverse function of tan 6 it follows 2 
from Figure' 12 that at normal stress of say 100 kN/m 
"the requiredoond length of plain steel would beapproxim-
13tely twice that of sanded steel. I n using either fabric 
or net in a reinforcing capacity it is vital that a good 
bond is maintained between soil andreinforcemenL The 
importance of good bond characteristics is highlighted by 
Morel et al (1977)who conducted trials using fabric ben
eath sub-base placed on low bearing capacitysoil. It was 
concluded that due to slidingofthe fabric thereinforced 
,.'lreas gave worse performance than those unreinforced. 
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