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SUMYARY

Reinforced Earth was introduced to Australia and New Zealand relativaly ﬁacantly
and has since besen adopted for many projeects.

Design procedures have been based on the work of Yidal and others at the LEPt and recagnise

thes composite nature of the Reinforced Earth block.

Basic design critoria are described,

Practical application has rasulted from the inherent simplicity and flexibility of the

Reinforced Earth system coupled with significant economiss in many cases.

Tha hasic

Reinforced Earth costs for some Australian projects are tabulated.

1 INTRODUCTION

Reinforced Earth was introduced to Australia
in 1975 and New Zealand in 1979. Design
procedures and systems used are based on
those which have been developed by Yidal in
conjunction with thg Laboratoire Centrale
des Ponts et Chaussiées (LCPC) and others.

The extensive use of Reinforced Earth in
many applications around the world have hi«
ghlighted the advantages of Reinforced Earth
over more traditienal construction technigues

- simplicity (both technically and pract-
ically).

- flexibility (both in application and in
ability to accept large movement).

- economy.

Instrumentation of both full scale struct-
ures and extensive model testing have con-
firmed the pioneering theories of Vidal and
show Reinforced Earth as being what it is,
viz, a composite material of %granular)
earth and {linear, metallic) reinforcements
which together form a monolithic yet flex-
ible mass gravity structure.

2 REINFORCED EARTH THEORY

2.1 Vidal And The LCPC

Between 1958 and 1963, Henti Videl conceiv-
ed and developsd the theory of Reinforced
Earth and checked its validity with extens-
ive model tests and prototype structures.
In 1965 he introduced the technique as "a
new material for public works" {(1966) pro-
viding a simple, economic alternative to
traditional construction techniques.

Basicaily, Vidal saw that the introduction
of flexible, linear (metallic) elemsnts in-
to a cohesionless (granular) earth material
produced & composite structure which behawved
as a coherent gravity block,

The significant factors of this behaviour
which he recognised wers:
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- the friction at the earth/reinforcement
interface

- the sscondary (structural) importance of
the outside skin or facing.

- the flexibility of the structure and its
components.

Methods of analysis and design were thus
proposed on the basis of both slemsntal or
unit propertises and overall block stability
(e.g. analysis of reinforced bodies cut by
an assumed surface}.

In 1969, Schlosser and Vidal showed that
the composite behaviour resulted in an ap-
parent cohesion which could be simply ob-
sarvad in triaxial tests on reinforced sand
specimens (Long et al 1972). The affect of
this apparent cohesion was to induce a
curved (potential) failure surface, differ-
ing from the straight Coulomb line predict-
sd by classieal retaining wall theory. At
working loads this curved failure surfacs
is manifested as a curved locus of maximum
tension, separating active and resistant
zones within a Reinferced Earth block,

2.2 fecent Developments

As the use of Reinforced Earth became more
widespread so has the research. The Vidal
concept of a cohsrent gravity structure in
which the earth and the reinforcement act
compositely has been challenged by the
hypothesis that Reinforced Earth (rstaining)
structures are analagous to tis-back or
anchored walls. MeKittrick (1978) suagest-
ed that proponents of this apparently neg-
leeted or basigally misunderstood the basic
mechanics of the material or the significant
and substantial documentation that has
existed for several years that should elim-
inats the tis~back or anchor approach as a
conceivable failure mechanism. McKittrick
cites field experisnce which strongly sup~
ports the coherent gravity structure thsory
-~ at Aguadilla, Puerio Rico and Roseburg,
Oregon, U.S.A. where gross foundation fail-
ures undsr structures resulted in a demon-



stration of the coherence of the Reinforced
Earth block.

The fundamental differsnce in thse two ap-
proaches is reflected in the dimensions ob-
tained - for the same marth pressure co-
officients, K, Vidal's approach reguires
more reinforcements to resist higher stres-
ses but results in a reduced maximum rein-
forcement length compared with that pre-
dicted by the anchor theory {Fig. 1)
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Consider a coherent block structure of
height, H¥ and blogk width, B. At any level,
Hi below the top of the wall the horizontal
pressurss range from K.y¥. Hi near the top
of the coherent bleck to 1.33 K. Y.Hi near
the base (assuming the sccentricity of the
base resultant = B/B) due to overturning
effects. 1In the upper part of the block,
the block width provided is then checked
with respect to 0.3 H + Le.

In a tie back wall structure, at any level,
Hi below the fop of the wall the horizontal
pressures are K. ¥.Hi . The reinforcement
length is then checked uwith the adherence
length Le provided beyond the Coulomb
failure line which at thes top of the wall
yields a total length H tan('%;..gg )+ Le.

Thus, the coherent gravity block may yield
reinforcement tensions up to 1/3 grester
than a tie back wall, whersas, if ¢ = 309,
the maximum reinforcement length required
for adherence is 0.3 H + Le and 0.58 H+Le,
respectively.

3 DESIGN
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3.1 Static Design Procedures

Reinforced Earth design procedures in Aust-
ralia are derived from those recommended by
ths LCPC (1974, 1979}, External stability
criteria are based on the concept of the
monolithic yet flexible Reinforced Earth
block and checked against suitable minimum
factors of safety, In particular, ths bgar-
ing ecapacity at the foundation takes inte
account the total bleck width {(as reduced
for eccentricity effects) and a factor of
safety of 2 is adupted (instead of 3 for
traditional structures) dus tou the flex-
ibility of ths structure.

Internally, for plain (smooth) reinforce-
ment strip, the basic internal design pre-
cadures assumed that

a) at the limit, an active {Kg) stste of
stress existed within the Reinforced
Earth block.

b) the horizental pressure at sach level
rasulted in a tension in sach reinfor-
cement strip dependant on its area of
influence.

&) the friction Factor (earth/reinforce-
ment) was constant with depth.

d) the resistant zone within the Kainfor=-
ced Farth block {(to resist pullout) was
not less than one half the block width.

The allowable tension in each reinforcement
was based an 2/3 yisld stress on the nett
section (i.e. after deduction of a corros-
ion allowance) and checked with respect to
its weakest point {usually reinforcement
facing connection).

Friction or bond failure in each level uas
checked with respsct to the maximum tensiom
in sach reinforcement and its minimum resg-
istant length or half bleock width (for a
factor of safety greater than 1,0}.

Empirical data at that stage suggssted that
to satisfy both external and internal stab-
ility as well as to achieve the observed
composite behaviour, a rectangular block of
width/height ratio greater than 0.8 was
requirad.

Recent availability of more extensive data
on the performance of both medel and full
scale structures, both at working stress
levels and at failure have alloued some
refinement of the design procedures. The
introduction of a ribbed rsinforcement
strip has also resulted in a more efficient
use of material but its behaviour is more
complex (Schlosser and Elias, 1978).

Design procedurss nouw take into account
that

i) the state of stress within the Rein-
forced Earth block eveolves from an
at rest (Kg) vondition at the surface
to an active (Kaz) condition at depths
greater than & m.

ii)  the Friction factor (earth/rainforc-
ement) for plain reinforcement (usu-
ally 0.4 for mild stesl) is constant
with depth whereas for ribbed rein-
Forcement %there exists an apparent
friction factor (f¥) greater than



tan ¢ at depths less than 6 m.

iii) the line of maximum tension is defin-
ed by a line at a distance 0.3 X
“height of the structure bshind the
face and a line at tan™* 0.6 from the
toe (Fig. 2)
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Fig. 2 Block Geometry

fFriction is therefore checked with respect
to the maximum tension iine and resistant
length available (i.e. reinforcement length
- 0.3 x structure height) using a minimum
factor of safety of 1.5.

Recent data has alsc suggested that a red-
uction in the minimum block width/height
ratio to 0.7 is possible.

The esvolution of these parameters and design
eriteria is described by Schlosser {1978,
1979) and they are incorporated in the com-
prehensive Guide, Specifications and Code
of Practice for Reinforced Farth Structures
issued by the LCPC and SETA in France {1979

3.2 Aspects of Seismic Design

The introduction of Reinforced Earth %o New
Zealand has necessitated the adaption of
the static design procedure to the dynamic
conditions resulting from seismic design
criteria.

Reinforced Earth structures, like other

filexible sarth structures, have the advan-
tages of

a) a high degree of structural damping

b) an ability to accept large movement
without loss of stability.

Richardson {1978) and others at UYCLA have
developed design procedures which are based
on the response of a Reinforced Earth stru-
cture to dynamic loading and the effect of
overall geometry, reinforcement distribution
and damping. These procedures have been
applied to the design of Reinforced Earth
walls supporting the storage terminal for
the Trans Alaska pipeline at Valdez which
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have a maximum height of 17 metres and «.o
designed to withstand the following earth-
guake conditions:

- magnituds, 8.5 Richter
- graund acceleration, 0.6 g

- duration of strong motion, 50 saconds.
Basically, seismic design procedures involve
the following considerations with respect to
static design

i) the determination of an additianal
dynamic lateral sarth pressure distri-
bution based en the calculated stiff-
ness and dynamic response of the stru-
cture. This gesnerally results in an
augmented reinforcement density in the
upper ragion of the structurs.

ii) the checking of tensile capacity of the
reinforcement under static + dynamic
leads and taking reinforcement to yield.

iii) the checking of capacity of the rein-
forcement For an adeguate factor of
safety under static loads only.
Because of the cyclic nature of the
dynamic leoads, pull-out “failure" due
to atatic + dynamic loads would only
rasult in slight movemant. )

3.3 Durability

The corrosion of buried metals is a complex
subject affected by many variables.
Romaroff (1957) summarised the problem by
stating that it was not possible ta predict
the rate or extent of corrosion from any
single soil property, houever, it was pos-
sible to gualitatively associate soil char-
acteristics and properties {(which are fre-
quently interrelated) with the corrosion of
particular metals.

Basically, in the presence of water, cor-
rosion is fundamentally electrochemical.
Long term studies by the National Bursau of
Standards showed that, in well drainsd soils
having a high resistivity, the corrosion
rate af ferrous metals decreased after a
feuw years from an initial high rate to an
insignificant rate.

Analysis of NBS 10 year tasts for relevant
soil types {i.e. non organic soils uith a
resistivity gresater tham 2000 chm.cm.)
shows that 95% of increased corrosion rates
for galvanissad steels fall below 0.07mm
year (Boyd et al, 1878). Applying this
figure to a corrosion allowance of 8. 5mm/
face leads to a conssrvative lower bound
sarvice life estimate of B0 years.

Darbin et al (1978) report on similar
studies of long term corrosion and more
recent research in France.

The corrosion allowance requirements for
various service lives and envirocnments
adopted for tho French code are summartised
in fig. 3
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4 AUSTRALIAN AND NEW ZEALAND PROJECTS

4.1 Applications

In Australia and New Zealand some B3 stru-
ctures have besn constructed or are under
construction (at July, 1979)., By far the
ma jor application is in the arega of public
road and highway retaining walls for grade
separation or embankment support (TABLE I).
The use of Reinforced Farth for bridge abut-
ments, however, is a novel and spectacular
example of the properties o¢f the technique.
It provides a simple, economic solution,
particularly for ouarpasa/underpass struc-
turss and has been adopted by many local
and state authorities.

TABLE I
REINFORCED EARTH APPLICATIONS IN
AUSTRALIA AND NEW ZEALAND,

Application No. of Area Proportion
Structures
(m2) (%)

Retaining

Walls
- road (public) 51 22 763 77
- road (mining) 6 695 2
- rail 7 1 140 4
- marine 1 430 1
Bridge

Abutments
~ public 14 3 731 13
- mining 2 485 2
Loading

Stations
- industrial | 150 0.5
- mining 7 153 0.5

Jotal 83 29 557 190

The first marine wall has been censtructed
at Bluff in New Zealand while in Australia,
the mining industry has adopted Reinforced
Earth for road embankment support near dump
bridges (Comalco, Weipa) and at rear dump
stations (Kandos).

In Quesnsland, the Railways Department under-
took the first structures which physically
support railway tracks at the Lutwyche Road
widening prejsct in Brisbane.

4.2 Technical Characteristics

4,2.1 Reinforcemant

Tie strip, reinforcement and connection
strengths are based on AS5.1258 for the
structural grade reinforcement and precision
bolts (strength grade B8.8) adopted. Prop-
ertiss of the reinforcement material used
are shouwn in TABLE II.

TABLE 11
REINFORCEMENT PROPERTIES

Property Plain Ribbed

Material Zincform G300 Hot rolled mild

mild steel steel flats to
shept to AS. A5 1204
1397
Galvanising Hot dipgﬂd Hot dipgud
600 g/m 600 g/m4,
Sizaes (mm) 80 x 3 40 x 5
60 x 5 (60x6)
Min. yield 300 275
stress
(MPa)
Min, ultimate 370 410
strength
(Npa?
Elongatiaon 18% 20%
Fricticn 0.4 tan ¢ (min.)
Factor
Allowable
tension (kN) 26.4 (BOx3) 24.0 (40x5
42.5 (60xS5

In terms of wall face area, or Reinforced
Farth block velume, the amount of reinforc-
ement required is very small. For the str-
uctures described in this paper, reinforeos-
ment density varies from 20 to 60 kg/m2 af
wall Face or 0.17 to 0.33% by weight, sarth/
reinforcement (0.04 to 0.08% by voluma).

4,2.2 Select backfill

The physieal, chemical and electrochemical
characteristics spascified for the select
backfill in a Reinferced Earth block are
summarised as follows:

a) free from organic or other delsterious
matter.

b) &Grading limits
i} nothing over 35Cmm

ii) not more than 25%{by weight) larger
than 150 Mm

not more than_15% (by weight)
pm

iii)
smaller than 75
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Where ribbed reinforcement is used, the low-
er grading limit may be extended to not more
than 15% (by weight) smaller than 13.5pm,
providing that the amgle of internal fric-
tion is not less than 259.

c) Chemical limits
i) pH betueen S and 10
ii) not more than 209 ppm, Cl
iii) not more than 1000 ppm, 50+

d) ELlsctrochemical limit

Resistivity under saturated conditions
nnt tass than 3000 ohlwm.cm.

Very fine clayey materials are specifically
gxcluded on the basis of reduced service
life potential with respect %o the buriad
reinforcement and variability of soil pro-
perties {friction, cohesion) at diffaerent
moisture contents,

In addition, creep characteristics of rein-
forcement in very fine grained socils may
lead to reduced long term stability.

Materials used in Australia and New Zealand
have ranged from sands (reclaimed, dune),
sandstone (ripped and crushed) and gravels
{river, quarry or minesite overburden).

4.2.3 Facing

The two facing panel systems used have besn
the articulated precast concrete panel sys-
tem, 1 500 mm x 1 500 mm by 180 or 220 mm
thick or the flexible rolled steel pansl
system, 333 mm high, 3mm thick and up to

9 000 mm long.

8oth systems provide the necessary flex-
ibility regquired for the facing or skin of
a Reinforced Earth block so that the com-
posite block bshaviour can develop. Both
facing systems have the ability to accept
differential setilements of at least 1%
without distress.

4.3 Construction

Construction of Reinforced Earth structures
ig primarily an earthworks operation.
Experience has shown that overall constr-
uction rates achisved are gensrally cont-
rolled by the rate of supply and placemsnt
of the backfill, not the erection of the
Reinforced Earth components,

A hasic team of four men (one foreman,
three labourers) can erect precast concrete
facing panels {and lay reinforcement) at

an average Tate of four panels/hour (72 m?
per day), Peak rates of up to 46 panels
(103.5 m2) per day have been reported in
Ney South Wales (Leece, 1978} and 40 pansals
(90 m2) per day in South Australia (Boyd
and Thomas, 1980).

The construction procedurs is cyclic with
placement of a facing panel course, back-
filling to level of reinforcement, place-
mant and connection of reinforcement and
backfilling to base of next panel course
following in succession to the top of the
structure. All construction can be carried
out from within the wall alignment and the
structure is stable during all phases of
the operation.
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5 ECONOMICS

Tha simplicity and economy of Reinforced
Earth construction is highlighted in TASLE
111 where the labour content and in-place
cost of three forms of retaining wall con-
structed by the Department of Main Roads in
New South Wales is compared (Leece, 1978).

TABLE IT1
RETAINING WALL COMPARISON ¢

Tachnique Labour Cantent Cost
(manhours/m2) ($/m?)
Reinforced Earth 4.1 121
Reinforced concrets 11.5 30g
(1)
Crib wall 13.3 200
Nete (1) Includes skilled laboeur (e.g.

carpenters, steal fixers, riggers
and scaffolders).

The breakdown of costs reported by Leece
(1979) on six Neu South Wales road retainim
wall projects and Boyd and Thomas (1980} on
two South Australian bLridge abutment
projects is shown in TABLE IV.

The use of Reinforced Earth has resulted in
savings of up to 45% over alternative ret-
aining wall systems. for single span, road
and rail gverpasses using Reinforced Earth
abutments this has resultsd in overall
structure sconomies of betwesn 10 and 25%.

6 CONCLUSTION

Reinforced Earth design is based on normal,
practical precedures which recognise the
unique composite behaviour of the monolithic
Reinforced Earth block.

Reinforced Earth has become accepted as a
simple, economic and practical alternative
to the more traditiomal construction tech-
niques for many applications in Australia
and New Zealand.

Construction costs xeported highlight the
sconomy of Reinforced Earth structures.
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TABLE IV

REINFORCED EARTH CO8STS

Date Project Type Max. Area  Supply (1) Erection (2)
Height
2 2
(m) (m2)  ($/m%) (8/m%)
76 FS Freeway, Retaining wall 6.0 459 75 43
New Scuth Wales at abutment
76 Seven Hills, Retaining walls 8.25 1 ooe a8 19
New Sowvth Wales
77 North Parramatta, Retaining walls 8.25 2 300 az 19
New South Wales
77  Bondi Junctien, Retaining walls B.25 3 736 101 29
New South Wales
77 Epping Road, Retaining walls 10.50 3 3106 95 24
New South Wales
77 Swanport Deviation, Bridge abutments 6.00 408 104 19
South Australia
78  Botany Road Retaining walls 7.50 3 359 98 32
New South Wales and abutments
78 Pt. Germein, Bridge abutments 6,75 660 107 15

South Australia

Note: (1) Includea supply of facing panels, reinforcement aetc.
(2) Erection of facing panels, reinforcement etc. including labour and plant.
(3) Prices guoted are in Australian dollars.
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