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GABION CONSTRUCTION TECHNIQUES

AND PRACTICES
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Gabion. Construclion Techniques

ngbéggs
,Dr“ ‘intﬂ ﬁ"lhamm were bottomicss wickber baskets, about (6 in
diameier, placed on the cdde of o Lrench to protect soldiers from
enemy- rifile fire.  They stood adjacent to each other o a row and
were filled with ettty duy From Lhe trenches.
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“Gabirons have evolyved over the yvears, today they come it {iat
sheets of galvanized hexagonal wire mesh, are folded & wired
together on site to form compartmental ized, rectangular cagdes or
askets that are subsequreatly filled with stones. Gabitons have
mand different uses bul are pramarerily used to contro!l bank '
Crosion.

GABION CAGE OR
BASKET
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Once the gabion i~ Filled, its 1id is lowered and bound to the
adjacent side of the box., In this wav, the gabion becosmes a

single unit with definite and velatively stable dinensions. Once

Lexes are Filled with even small stone. Lhe mesh will prevent a
“water flow from removing Lhe stones.  The boxes are heavy enough
to resist movement even by large waler Flows and high stream
velocities, unlike concrete they do not creck.  Fabricaticn is
done completely on site, ' '

Gabion wmasonry can be defined as a collection of blocks arrvanged,

foliowing certain rules, in stacks and abtached together by wire,

cage gablon

STACKING CAGES TO FORM
GARTON MASOKRRY
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~In n sense gabion masonry wails can be compared to bonded dry
SStone masonry walls., Gabions can be used in o number of

“different ways, Lo name a few:

. Bank Protection against flooding -
backfill
S

- \.:""' T.":{>.</~—-i .

bank protection against erosion

A\

footing gabiormns
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Retafning Walls

a2 front view
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Roadway retalning walls

Embankment ) Cutting

: ?\\_§t; 4{ The gap behind the wall
;;:jg;!ﬂi will be gradually filled
) In by the effects of gully-

]“'“”EE’é ing caused by ratnfall run-

! f& off on the crest of the slope.

concrete G.20 m thick

rubdble

&
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Bank Slope Protection
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~Gabion Cage Wire
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voadway from falliog vouk).

- dotermedi ate anchoring
stakey

: road to be
pProtected
PR S

reat’
feoniay Sincis Y Bt

Bridges Foundations

A% il

E

deck
g S

>

1
7 e

‘ﬁ}‘Xv,bridgé bearing of
3;53 reinforced concrete

— -~ » :/(..-/\is -
o

——— < T, -
= < >< —— T e
wn "'_f}”“:*,ﬂ’ “u_"ﬁ‘_wﬂ;:::‘_ ".-,rtww',.:- <mlp

—— footing gabion

58




By tdge Foundations
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CORRESPONDING TO ONE TRUCK LOAD
FROM EVERY ACRE EVERY YEAR

s
EROSION REMOVES SOIL %/




EROSI

Rain and water {lows remove the top soil from aravle land.

The annual loss of top soil is much higher than you might think,
usually much more than a big truck itoad of =il from every acre
every year. If not stopped the top =o0il will get thinner every
vear and yields will decrease. Rills can develop into gullies
dissecting the land, making it unsuitable for agriculture or
others uses.

Erosion is more scevere in loamv-silty-sandy seils than in clay
soils, and it is also more severe on long and steep slopes.
Fasically erosion is dependent. on the pattern of cultivation,
especinlly in regard to Lhe vedetalive cover and the structure of
the soil,

Frosion is0il loss) consequently depends on several factors:
amount and + erodibility + length and + crop and
cnerdy of of Lhe soil steepness land

rainfatll of slope management

vou cannoi change the rainfall or the soil, but you can change
the len¢dth and also the steepness of a slope through "terracing”.

Terraces can be constructed as ditches across the slope or as

benches or riddges across the slope - these terraces help to
reduce the slope of a hillside & thereby reduce the velocity of
the flow of water., If the velocity of water flow is not reduced

by terracing the production of rills & dullies will be increased.
ills are channels in the ground made by a small stream of water,
whereas gullies are larger (renches in the ground made by running

water,

GULLY CONTROL

When rills have increased in size so that they cannot be levelled
out through ploughing or other simple means they are called
gullies. Such channels can rapidly increase in size, especially
in silty- fine sandy soils, even if the water flows are small.



Erosion Processes in Gullies

AL the head of a gully a "waterfall”
Lype of erosion causes a rapid cutting
back

If
flow
deepen the gully. This deepening does
not stop until the gully has reached
solid rock (fig. b, showing 3 stades
of erosion in the longitudinal
direction of the gully).

The deep erosion makes the sides of
the gully unstable and causes
movement of the soil from the sides
of the gully to the bottom. In this
the gully is not only deepened
also widened (fig. ¢, showing

A cross-section of the gully with 3

way
Lat

into the slope (fi¢g. a).

the earth layer is thick enough, the

over the floor of the gully will

stages of erosion).

Measures

There are two main measures to control gully erosion:

1)

Diverting the water which enters the gully by means of a
cutoff drain, or a ridge of soil.

Preventing the water in the gully from causing erosion by
protecting the head and the floor with erosion resistant
materials, The measures will differ according to the shape
of the gully:

‘a) A wide, shallow and not very steep gully, compared to
b) a narrow and steep gully (with concentrated large water
flows ).

When choosing the requisite measure it i1is necessary to consider

t he

availability and cost of construction materials.

13



GULLIES
.Diversion of water

possible not possitle
™~

_— ~

Head of gully Side walls Floor of gully

(usually no measure taken)

wide narrow

stones el
P\ and shallow 2and steep
smallstoneNB
(gabions)

small stones



Floor of Gully, Wide and Shallow

Krosion on the filoor of a gully can often be stopped by strips of
grass, placed at. every 2nd, 4th or 6th meter,

Alternatively stone walls called check dams can be arranged
across the floor instead of vegetation. The stones should be put
into an excavalion (approximately 0.5 feel deep), so the upper
parts of the stones are level wilh the floor of the gully.

It is also possible to combine the two types of materials:

1) a grass slrip above the stone Lhreshold, 2) a grass strip
below the stone Lhreshold, ovr 3) grass strips both above and
below the stone tLhreshold. '

Channel with three
stone thresholds

Cross-sections of
stone thresholds

JS%%¢°5' o SoFs et

o obore~



Floor of a Gullyv, Narrow and Steep

In steep and narrow gullies the check dams have to be made more
solid to reduce the the slope and to resist the velocity of the
water. The ends of the check dam should be somewhat higher to
prevent water from cutting round them.

Wooden Material (No Stones Available)

View of an eroded channel

with two wooden .

check danms

16



CHECK DAM USING STONE MATLERIAL
{Stone Material, Large Stones Available)

View of a gully with
a check dam

,;/ g//;/; /,,,;,

m:.é’!&.',’

'- ,."'- \/
(A

2

Cross-section
Qi a check dam

Stone Material, lLarge Stones Not Available
In such a case gabions can be used.

TT \




Advantages of Using Gabions

The use of ¢gabions offers =several advantages over that of other
construction materials, especially where work on soft or unstable
ground is to be undertaken.

Ease and Flexibilityv of Use

Gabion work can be interrupted at any siage wilhout any risk to
the solidity of the finished structure. This means that the
progress of work can be modifieda according to the labor actually
avatirlable in the project area.

Work «¢an be interrupted, for example during the rainy secason.
This i3 not alwavs possible and always difficult on sites where
masonry or concrete works are being nndertaken.

i<

niformity of Gabion Structu

S

Gabion =tructures are made up of large bloucks, joined one to
another and arve, therefore, extremely stable. Gabiicn work
resists, remarkably, well, erosion and undercutting by water.

The elastic quality of gabion work is one of its main advantages.
The uase of hexagonal wire mesh allows &« gabion to modify ite form
te compensate for irregulavities in the natural ground on which

it lies without weakenindg ils struclturce,

{r:

its suppleness makes ils use particularly appropriate on soft
cround which is prone to erosion and undercutting.

vabion moulds itself perfectly Lo the profile of the grounu,

Ease of Modifving, Raising and Repairing Gabion Structures

The simple concept of gabion structures means that, in certain
instances, work can be undertaken in stages, for example:

- raising an overflow lip (spillwayi;
- raising a bank protection wall;
- extending a bank protection groing

Thi= means that the pace of work can be adapted to the
availability of local laboi which will vary throughout the vear.



wny subsidence of the ground under the gabion will he ahsorbed by
the gabion's mass, wilh no sidnificant risk to Lhe =stability of

the structure a= o whole.
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AFTER UNDERMINING

AFTER _UNDERMINING

By virtue of itz ability to modify its shape, moulding itseli to
the Corm of the zround, Lhe footing gabion is very use ful for
foundation work.
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The technique of gabion work is of qrcat value in development
projects.

The material used is inexpensive and the simple assembly
techniques inveolved require no special tools or skills.

Nevertheless, a certain amounl of care needs to be taken as far
as the conception and execution of projects using gabions are
concerned,

Tndeed, even minor mistakes made in the planning and
implementation stages of gabion work can bring about the rapid
destrucltion of the work. This occurrence, which gives rise to a
certain distrust and dislike of the technique, is unfortunate
since, when properly designed and executed, gabion work provides
an economical solution to the construction of numerous types of
slructures.

Moreover, the decision to adopt this technigue benefits

unemployed or underemploved communities since it necessitates the
mobilization of a large work force of unskilled labor.

Simplicity of Gabion Work

The conceplion of gabion structures is very simple. Stability
can be increased by using oversized gabions, without pushing up
the cvest of manufacture unduly.

Increased Utilization of Local Resources

Apart from wire mesh which, in the majority of cases, is
imported, and entails foreign currency spending, the rest of .the
resources needed for the manufacture of gabions is available
locally.

These resources are:

- Unskilled labor;

- Skilled labor;

- Gangleaders;

- Materials (Stones and Pebbles);

- Tools for stone extraction and gabion-handling,



CHARACTERISTICS

TYPES OF GABION

The most common and versatile gabion
paralelepiped (box shape) in form, 1

is a
between 2 to 5 meters long, according

rectangular .
meter high and wide and
to specific

requirements.
Addit ional

partition walls,

strengthen the
on ground which

known as diaphragms can be fitted to
gabion, preventing it from becoming too misshapen
is liable to subsidence.

Width (W)

BaNsodecotostocossosoosoras
STANDARD CAGE \

. S S S
GABION

Height *(H)

o 2.00m

—

Length (L)

The above standard size needs

a total of 10 sqmtr of mesh i.e,.
6

S N :

<+ ] >
w
[N
”?

a) for 4 sides 4x2 m =+ 8 sq.m of
______ - wire mesh.
& [

b) for 2 ends 2 pieces of

l1x1lm= 2 sq.m.

b e -

L—— Lid

«— 2m —»



GTHER TYPES OF GABIONS

Other ~abion types than the standard cage gabion exist, although
less frequently employed they can be adapted to meet the specific
requirements of certain types of structures.

Footing Gabions

The ‘only distinction between the footing gabion and standard
gabion is its height which is generally 50 centimeters.

Footing gabions also exist in heights of 15, 23, 25 and 30
centimeters. Such gabions are especially suitable for bank
praotection work and for reinforcing canal banks.

Like ordinary gabions, foolting gabions can be fitted with
diaphragm walls inside, for use on unstable ground.

-

< Diaphragm

FOOTING GABION
FITTED WITIH]
DIAPHRAGMS

Stones

The purpose of Lhe stones contained within gabion cages is to add

weight and to absorb compression which is the only force gabion
structures have to withstand.



Movement caused by stones sliding against each other is absorbed
by the wire mesh of the cage. The main consideration is to
prevent too much movement within the cage by carefully arranging
the stones in such a way that there is the maximum contact
between their surfaces,

If ~are is nol taken when stacking the stones, they will slide
about, deforming the mesh cage and even breaking it.

transfer of transfer of
upper surface load: ' upper surface load

b ;
Y

T- S
| ey
slipping \\\-
Y : : ‘
«é///// slipping
CORRECTLY PACKED STONES BADLY PACKED STONES

Nevertheless, even when every precaution is taken in filling
gabions they have a tendency to deform when the stonework suffers
forces other than of compression.

Cross Ties

To combal this evenlualily, the gabion can be cross tied using
galvanized wire to link opposite and adjacent walls together,
which will help reduce the tendency of the gabion to become
misshapen,

During the filling of the
gabion box with stones,
cross-ties help to
stabilize the box; ties
can be placed across the
box in either direction
and/or diagonally in the
corners.{as shown in
sketch)




Diaphragms and cross ties strengthen the wire mesh cage and help

the gabion keep its shape during and after filling. Cross ties
also contribute to the even distribution of stones after
stacking. The addition of cross ties should always be used for

gabions over two meters in length.
Stone Filled Gabions

1l m e et e v ——— e With Cross Ties
%N Cross Ties
]

Without Cross Ties

SIZES AND SPECIFICATIONS

The most common specifications for gabions are the following
{hexagonal wire mesh): -

Standard Gabions

Length Width Height Volume Weight of basket
m m m m3 (Kg)
2 1 1 2 14
3 H 1 3 20
4 1 1 4 25
5 1 1 5 31
6 1 1 6 37

24



Footing Gabions

Length Width Height Volume Weight of basket
m m m m3 ({Kg)
2 1 0.5 1.0 10
2 1 0.3 0.6 7
3 1 0.5 1.5 14
3 1 0.3 0.9 11
4 | 0.5 2.0 18
4 1 0.3 i.2 13
5 i 0.5 2.5 23
6 1 0.5 3.0 217

Smaller-sized mesh exists i.e. 80 x 110 mm, 50 x 70 mm, but is
reserved for instances where only small stones or pebbles are
available or where a structure needs to:be exceptionally
resistant.,

Tt is always more economical to use large-sized mesh gabions
(120 x 100 mm) filled with large siones.

Mesh should be of tLhe hex2< nal Double-twist type.

DOUBLE-TWIST
HEXAGONAL MESH

- -"‘\l\-&‘

4 |
Gabions may also be made using single-twist square mesh which can
be manufactured locally from imported rolls of iron wire.

Although less expensive, this type or gabion is not recommended
for large structures or for those which will have to stand up to
great stress. The single twist square mesh can be used, however,
in constructing low-stress structures, e.g. small supporting
walls, 1-2 m high.

SINGLE-TWLST
<~ SQUARE MESH

25




Tt is imperative Lhat gabion cages be made from galvanized steel
wire. Plastic - (PVC) covered galvanized steel mesh is used to
advantage in corrosive environments (e.g. for marine structures).

Wire Specifications

Binding wire, which i< used to secure the lid ol the cage, should
be about 3.5 to 4.0 mm in diameter. 3mm diameter wire may be
used if there is difficulty manipulating and tying the heavier
wire,

/// " . Wire Cross Ties (3 mm)

edging wires (4.4 mm)

wire mesh (3 mm)

Horizontal cross ties are placed at 30 cm intervals, e.g.
a 1 meter high gabion will be fitted with two cross ties.

upper side

— ——— ——

- __-Cross Ties

1.00 m

— — v a——

lower silde

Front view

26



These same cross ties are spaced 75 cm apart along the length of
the gabion,

1engtb[

| .
I |
| |

—i- ' : ;{f l . i [
- 75 cm L/S cm IL 75 cm. 7 Pla_n view
width 4 CrosL Ties Sprcing ) l "
!
|
|

|
|
!

Horizontal cross ties are positioned one at a time while the
gabion is being filled with stones.

The number of horizontal and vertical cross ties required is
determined according to the size and shape of the filling stones.
For example: More ties should be fitted with round pebbles,
(which tend to slide, causing a gabion to become misshapen and to
bulge) than in a gabion filled with angular stones which "hold"
better.

Sequence for fitting trusses

Fill up to level of first set
of cross ties.

Fit first set of cross ties.

27




Fill with layer of stones up
to level of second set of
cross ties,

Fit second set of cross ties.

1

PLACING THE GABIONS

Required tools:

- Pliers, wire cutters, iron jumper bar, 8 kg hand rammer,
shovel, pickaxe for levelling the ground, if necessary.

The first operation to be undertaken is the unpacking of the wire
cages, which are usually delivered in flat parcels of five to ten
gabions, weighing up {o 200-300 kg.

After checking that the goods conform to the order, the parcels
should be unpacked before being unloaded. The parcels of gabion
cages should be unloaded directly in the place where they will be
used so as to save time and effort.

Assembling the Cages

STEP 1 Unfold the cage and place it a few meters away from the
place where it will be used.

via___—"_ ™ 1 Cee
° /—/
#,////‘* 5 3 6&\
d
end _ A en

28



STEP 2 Bring sides 2, 5, 4 and 6 together to form a box,
leaving the lid open.

BRINGING THE SIDES
OF THE GABION TOGETHER

(Required 10 L.M of 4.0 to4.5 MM deam. wire)

binding wire

4.4 mm
Wire cutters should not be used for this. Pliers alone
must be used as these will not nick the wire. To ease

binding, 4 to 4.5 mm binding wire can be replaced by a
double binding of 3 mm wire.

STEP 4 Put the empty cage in place in the construction.

Care should be taken that the open 1lid does not hamper
the filling of the cages. :

access\‘ acceSS\ =

SR Y AN NNV AN LAY AN PRSI ST 7 LTRSS 7, /\\y TR S NS N 72
NO YES

XX
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STEP 5

Bind the gabion by its edges to those of the gabions
which are already in place. This step is of particular
importance as it helps ensure the solidity of the
structure.

CAGE _BEFORE
__FILLING

The cage 1s secured
by binding adjacent
edges together using
4 mm wire or a
double binding of 3
mm wire,

STEP 6

Using a jumper bar (a heavy iron bar of 18 or 22 mm
diameter), the base of the cage is stretched into its
final position. '

The bar is used as a lever. It is placed through a
hole in the mesh near a corner and pressure is exerted
on it to force the free sides of the cage into their
final positions.

The alignment of the cage should be checked.

)

TN

USING A JUMPER BAR TO STRETCH THE BASE INTO POSITION

STEP 7

Fitting Cross Tie Wires

Precaution should be taken during this operation. The
tie wires should be attached to two or three wires of
the mesh to prevent them stretching or breaking, by

spreading the tension borne by them over an area of the
mesh.,

30



SPREADING THE_ CROSS
TIE WIRE LOAD OVER
TWO TWISTS

" Cross Ties
\/\ ~  NO
‘\\ \\V///\\Q§\\\\ ——=-——. Cross Ties

YES

Longitudinal cross ties should be slightly shorter than the
distance between the sides they join. A 5 percent reduction in
the length of the tie is normally provided for.

~ 1.90 m

G e

T 7]
.6;6;; E;e—_ T Cross Ties I ér~Cross Tle I

- e m— i r — omeam - w— o

200 ]

STEP 7

' 2.00 '
NO b ~
YES
Angle cross ties are then fitted, taking the same
precaution.

Vertical cross ties are attached to the bottom of the
wire mesh cage, their other end being left free until
the gabion has been filled with stones. They are then
attached to the closed 1lid.

It should be borne in mind that the ultimate strength
and rigidity of the finished structure depends, to a
great extent, on the care taken in assembling and
preparing the gabion cages.

Workers® Productivity

These are only suggested norms. In fact, productivity norms
vary for site to site, depending on various factors,
notably:

the type of setting .
organization of works - qguality of tools
workers' training - climate, etc., etc.
kind and size of stones
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The productivity of workers engaged in unpacking and
assembling gabion cages can be estimated using the following
mean values (time taken unloading gabion parcels and
positioning assembled gabions within the construction is not
included in these indications).

Productivity in m®/man days

Volume of Dimension Surface area Productivity
the cage of wire mesh

1.00 md 2 x1x 0.5 7 m? 8 m3/md

1.50 md . 3 x 1 x 0.5 10 m? 6 m3/md

2.00 md 2 x 1 x1 10 m? 4 m3/md

4,00 md 4 x 1 x 1 18 m? 3 m3 /md

CHOOSING THE STONES AND FILLING THE GABION

To be chosen for gabion-filling, stones need to have the
following qualities.

- they should be non-porous;

- they should be sufficiently hard.
These conditions fulfilled, most stones are suitable for gabion-
filling, provided they are of suitable dimensions.
The stones selected should weigh between 5 and 10 kg apiece.

Stone Collection

Stone may be obtained from quarries, river beds or gathered and
extracted from the ground.

The workers unearth and collect stones, making piles of different
sized stones beside a road, track or right-of-way.

The stones will then be loaded and transported to the place where
they will be used to fill gabions.

Payment of workers (if they are compensated by quantity of stone
gathered) is easily calculated, provided the quantity, that is to
say, the volume of each pile is known.
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Dimensions of the Stones

The stones which will be placed next to the walls of the gabion
must be at least one-and-a-half times larger than the largest
size of the wire mesh.

Examgle§: mesh

stones

80/110 165 mm

100/120 180 mm
The size of the stones can be checked using an iron ring (a gauge

made from a mild iron reinforcing rod), the diameter of which is
1.5 times larger than the size of the wire mesh.

hook
*\\& x___— mild iron
‘ reinforcing rod

(¢ 6 mm)
N hanate

Checking is usually carried out by simply judging the size of
stones visually. But, to avoid any dispute from workers when it
comes to payment at the piecework rate for the piles of stones,
it is advisable to have an iron ring gauge on had check of sizes
chosen.

Smaller-sized stones may also be used, provided they are not
placed next to the mesh but are put at a distance at least three
times the size of the wire mesh.

However, on no account must small stones of less than 8 cm
diameter (using an iron ring gauge to check) be used to fill the
gabion, not even if they are placed well inside.

small stones
mesh ///—-
\/
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Flat Stones

Where structures have to be withstand considerable stress, care
should be taken to avoid, as far as possible, placing flat stones
outermost in the gabion, since flat stones are less resistant.
For this reason, they should be placed beneath a layer of rounded
stones which will spread the load.

Pebbles

Pebbles are particularly suitable for filling footing gabions,
since they increase the flexibility of the gabion and thus its
ability to mould itself to the irregularities of the ground. It
must be kept in mind, however, that the use of rounded pebbles
increases the number of horizontal and vertical cross ties
required.

Packing the gabion

Stones must be packed inside the gabion in such a way as to leave
the least possible space. The worker should strive to pack the
stones so that they touch as much as possible.

WRONGLY FILLED GABION CORRECTLY FILLED GABION

From time to time during filling, it may be helpful to use a ﬁand
rammer to pack the stones down, taking care not to break the
stones or deform the gabion walls.
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PART 11

TYPICAL GABION RETAINING WALL/CHECK

DAM ANALYSIS AND DESIGN



Typical Gabion Retaining Wall/Check Dam
Analysis & Design

Gabion retaining walls and/or check dams, although they are
relatively ftlexible structures, are generally analyzed &/or
designed in the same way as any mass gravity, rigid structure of
reinforced concrete or masonry. The fundamental characteristics
of the gabion i.e. its flexibility and its ability to re-
distribute forces and pressures, are dgenerally not taken into
account., In this sense, therefore, the gabion wall if designed
properly (because of itls in inherent flexibility and
adoptability) can be considered relatively more stable than an
equivalent ¢gravity structure design accomplished utilizing
masonry or concrete.,

With the above in mind we will proceed to analyze & design a
tvpical dabion check dam. The analysis and/or design of a gabion
retaining wall would be accomplished in more or less exactly the
Same wanner.,

Check Dam Design

Normally when a design is begun the first step is to establish
the design criteria because in the practical world, as opposed to
the 'academic', a design is begun without any 'givens'. For
example, it 1s determined that a retaining wall is required at a
mountainous road where earth is constantly spilling on to the
roadway renderin, passage difficult 1.e. i&f,

,»-/[ﬂw \""Orly/n(}/ Surtace

Ealfrl') é’p;//a(} e, -

koaJway—w& /4ﬁJ 

AN

Where do we begin with the design? How high should the wall be?
What type of material do we use for the wall (i.e. concrete,
mascnry, gabions)? What design conditions/criteria do we need to
know? How do we determine the criteria?” What is the ground
waler level? Is there flooding from the mountain? And if so how
often? Are we in an earthquake zone? What are the soil
characteristics?” Where iIs the frost level? What strength of
concrete do we use? What reinforcing steel do we use? VWhere do
we purchase the steel and how do we insure uniform quality? And

CO . .
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For a check dam {which is essentially a dam placed in a gully or
stream to control the flow of water) the decisions are a bit
easier. Generally a check dam is constructed of masonry or
gabions, very seldom, except in the case of large structures is
reinforced concrete used.

To illustrate the design of a typical gabion structure we’ll take
a practical problem; an actual problem encountered in the field -
the design of check dams to control and check the flow of flood
waters in a gully and Lo reduce the stecep slope of the gully by
creating silt traps behind the check dams & thus change the slope
from a natural slope, to a "trained slope". /~#

. DH=* 4 rmirs /wﬁ"

',&/a‘/‘una/:j/ope o " g, -’{l""". :
15 %/o) r f S
Chcck.é.:'u(rn : ; T H.T . HI=zHorzonTal
(Typ.) P T " Luteral
, ’ A ! D, = Dam Herght
/\/e:( Y] —/‘;a/nc’u{ j/ope __--/,f"'". H. L. bi
(5%) ,,.&‘,9‘:/ I~ $o mir !
e ‘ r7e)

Assume it is necessary to "tLrain” a stream or gully bed slope
from 13% to say, 5% - using rule of thumb estimates (see
Appendix). The dam height is dependent upon the dam intervals -
sayv we keep the dam intervals to 40 meters then, using rule of
thumb formula:

D, H. = s - S ) H.T

Where D.H = Dam Height
S = "Natural” Stope
St= "Trained” Stope

DH = (15 - .03) 40M = 4 meters hicgh

Now design a 4 meter high gabion check dam across stream/gully.
Start with ’'rule of thumb’ sizes (modificed) as shown in Appendix

& analyze typical section. =,0 O 1O 5
i_‘“__..w J— 3,?._.,‘ n—-L_. et
) o Ql
CHECk, DF}M\ \‘I
[Esﬁh\a‘f(} :{ \\
“Srz e ['t]
Q ) \p ~N
¥ _ e N 1
i
LS S =
— I N XiST/NG (GeAdE
oI‘ D S gl T
.\‘J ,/‘ | \x
' I B '

e - +5 -] 36



RBased upon flood & drainage calculations and a field survey 1t

was

as follows:
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Design Criteria &_yeigbp of Material

Weight of Various Materials

Masonry Wall (W/Mortar): Bst. = 2.6 T/M Dry
8st. = 2.9 T/Mf Saturated
“gt, = 1.6 T/M’ Submerged
Gabion Wall (W/0 Mortar): 5g = 1.82 T/M® Dry

&g = 2.1 T/M’ Saturated
bry &g = 63t (1 - n) where n = .3 5¢ = 1.1 T/M’ Submerged
or 8¢ = 6st ~x .7
Sat.8g = [8s{l-n) + nu &éw
L76s +.3 x 1.0 Where n=porosity
1.82 +.3 = 2,12 {Assume 30% voids)
Sub.dg = (6s - 6w) (1 - n) u=degree of saturation(say
100%)
= (2.6 - 1.0) (.7) = 1.1 6w = Unit Wgt. of water
lkarth b0 = 1.68 T/M® Dry 6w varies betwn. 1.0 & 1.2T/M3
{ Assume de = 2,02 T/M? sat. {Use Avg. 1.0 T/M3
Inegraded} e = .91 T/M Sub. Assume not turbid)
Horizonal Forces
Water Pressure
Use General Formula. Hw = } 6wh?

h ¥

Uplift Pressure on Gabions

Assume hvdrostatic pressure on upstream & downstream faces act at
base as shown in Force Diadram, resulting in a trapezoidal
distribution.
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EFEarth Pressure

Use either of two classic theories, the trial wedge method first
developed by the French Engineer, C.A Coulomb in 1776 or that
developed in 18537 by the Englishman, W.I. Rankine, for horizontal
earth pressure, in cohesionless soil, based upon the general ‘
expression;

P= L wh? K,

Values of K,:

Per Coulomb Per Rankine.

K, = Cos @ Ky = (1zSin ¢}
[1+ (2 Sin? @ -2 sin® . Cos® . tan 6)¥]? (1+4Sin @)

Where & = Angle of repose of soil (assume equal to internal
friction angle). '

Under Coulomb Theory {(which we'll use! it 1is assumed:

—

A;s..)uMPT/ON -

) Fa,lvre, sur /acc /.5
a plare,

7_)7—Ar-u:‘./' acfs N A
/(haa/h «:i“':c?"lc’n

P L "ti\c//—)_jg,)h{t. P r~

'{'//iP,'z Pj_}l—/ (Corctnpa f )

;/ JE S =0

| Then Fan =0
A < . J\
~AN rF AN
Cae
T7c 7"45 O /-4 becomes ; Ka = ‘*—iz—”,‘;
{pra < 71}'*,~ ",) . [/+(Z'~"’7 &) _] Jsr. Thias
N I = B— |

-l ¢
. Z. E /S AP D
height of Wk Ci+Vesmb guotin
: 7 —— % atwms e N - AtA
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P earth for passive pressure (in cohesionless soil) .
Per Coulomb Per Rankine

Kp = Cos ' Ky = 1_+ Sin @
[1- (2sin? & + 2sin? &, cos &, tan §)%¥)° 1 - Sin @
or where 86 = ¢

Use thislﬂj
equation
Kp — Cos ¢

[1 - 1—2 sin (I’]Z

Design Factors
Assumed Angle of repose ( internal friction) = 309
Friction factor (f)

Gabion on coarse sand/gravel
Soil f = .60

Gabion on Rock f = .70

Allowable Bearing Pressure

On Hard Sound Rock Use 300 Tons/M?

On Boulders/Gravel Use 70 ton/m
{Hardpan)

On Earth
Compact/Gravel/Sand
25 to 30 ton/M? } use 28 tons/M?
Med. to hard coarse Sand

On Compacted Fill Use 15 tons/M?
Med. to stiff inorganic clay
or sandy clay stiff.
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Factors of Safetly

{Assume No Earthquake)

Overturning
For small structures (hgt., to 2.5 M above grade)
use F.S = 1.2
(with all forces acting including uplift & passive
pressures)

For larger structures (hgt. above 3.0 M above grade)

ot

use F.5 = 1.

Sliding

For small structures (hgt. to 2.5 mts)
Use F.S. = 1.4

For larger structures {(hgt. over 3.0m)

Use F.S = 1.5
{Absolute Min. - 1,4 use if necessary)
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Qging Calculations

Vertical Forces - Net Stabilizing Moments

(See Force Diagram, Pg.

Area Unit

Dimensions

Sour-

Force
-ce - :

e ;
Syambol - =
Ltr.Ref.

Meters M2 T/M3

TONS Meter Ton Meters

317)

Total Arm Moment(abt Pt.B) Stabil.§”\+
§ Over Turning (y -

Reamarks

aler Wi TS IR I AR L0 T 2030+ 16.85 .
Uplt. Uor Ua “whi=1.0x1.8+ *Total Force
Water “whz 1.0x3.0 = 16.697

{p “whei=1.0x1.3 ~{Assume abt.
Tup = iLaT - % 22% of total
(6.8 1 1.3) - 1.0 #4050 2,73 - 11.33 (¥ force acts)
Farty Wei N | 2.3 2.02 3.1 3.23 + 16,28
We i.50 8 1.3 2.25 2,02 1.33 3073 + 17.06
N L3on N0 ) 2,07 1.01 1.235 + 4.29
W N 1.0 o3 L9l 16 1.25 + 1.92

Strue V.o 2.0 x 1.0 2.0 | .2 1.0 + 4.2
ture — — mem —-- s e s e -
{Ghiny w2 3.0 1.5 4.3 2.1 93.45 1.3 +14.18

Wes 1.0 x 1.G 1.0 2.1 8.4 2.0 +16.80
Wa g 4.0 x 1.0 1.0 1.1 4.4 2.0 + B8.80
W5 1.3 5 2.23 1.1 2,18 2.25 + 5.08
Total Wgv. (7 War) +13.107
{(Resultant Force) ¢
Yet Stabilizing Mo + 91.94 T-M
{ Mstab: "

Resultant Force Location (From Pt.B)

————————— = [B.68T (too hi)
Assume 73% loss thru gabions uplift
pressure dissipates rapidiy thru

gabhions - similar tce sketch below:

DF-3, GABION, FW/as

94.94

“Mstabilizing

2,20 Mtrs .

{from Pt. B)

P ,‘5:94 =
7 \rlﬁ'k‘ ) 2
= / 'l f '




Horizontal Forces - Net Overturning Moments
(See Force Diagram, Pg. 37)

Sour- Force Formula Active Heights Unit Horiz. Arm Over turning
-ce Desig- Horiz. or Wgt  Force Moments
nation Force Passive h § -—-> + o+ - Remarks
Symbol Cost (== =

KA/KP METERS TONS/M3 TONS :MTRS - TON - MTRS

Water Hwi “w h1 x he -- h1=1.8 1.0 +9.00 2.3 +22.50
h2=5.0
Hwz . fwhe -- ha=5.0 1.0 +12.50 1.67 +20.88
Hw 3 .0 whe - ha=t.3 .G -1.125 U - 000
- - i . ~ e
Earth e, Sk hra'Kp Ki .30 hza=3.3 2.0% 4.7 2,87+ 9.9)
Her  defabiKa K. .30 hew=1.3 2,07+ 3018 .75 4+ .39
Aiif:j,__ —j : t-:-h.fb !\-,‘ ha 30 h‘u::_l.ﬁ 91 + Lt oU o+ 1B
Hes .0 ehy he Re 3.0 h3=1.0 L9t -1.37 L33 - W45
vet Total Horiz. Force +26,21
Vet Tora:r Gverturning Moment + 34,8371

Summary

1

" Fu [Net Horviz. Forcel]l {

| T {Driving Force)
"ot [Net Overturn. Moj '

_>)
\
7

I
gesu:tant torce Location (From [Line A-Bi

Arm = —==- 2 mm—eee = .09 Mtrs.,

f
t
]
v

|
)
!

'

!

'

|
N

Y
N
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Factors of Safety

Qverturning

Stabilizing Moment “Mstab,

F.oS, & mememc s e e e e e e e T e -
Overturning Moment S Mo L,
94,94

FuoS, = —memmmemm = = 1.73>» 1.0 More than allowable.
54.83 Therefore Ok for

overturning (will
not overturn)

*  Sliding

Resisting Force
F.S, = ——--mmemmm - = Resisting force = W , f
Driving Force SW=Net total Wgt. f=
coef. of friction/use .60
therefore resistant F=
43.10 x .60 = 25.86 T

Driving Force = 24.93T
43.10 ~ .6
F.S, =2 ——--mmm—— = .99 < 1.5 Allowable
26.21
No good, less than allowable - must increase size and

weidht of wall or place wall lower into ground to
develop passive resistance to cliding. Can reduce F.S.
to 1.4 absolute minimum.

*  Rearing Values,

First determine if resultant force is within middle
third of footing i.e.

i
‘-4..

R R SN B )
N \_\ A /",\_'_‘
L L/;\\ N
05 | a5t | Hs

| Medelle Rkie

o~ Foating (FPrer)

=

7

P=su/t ' Py - Resultent
w/:/sam %aa’a'/cd Third = % in‘sifl/a /"//a’a’/e Third




I+ resultant within middle third then pressures is trapezoidal &
can be obtained as follows,

Use Standard Column/Beam Bending+Vert.

Where

P=W
A= Area Base used for 1

C= d/2 (3 depth of footing)

, 3
M=lWe Press = ----
d
We
(Moment of Pregss = =—-=-—-—--
Inertia) d

Final Equation

Min Pres.

meter

Max Pres.

Load Equation:

Ll

If resultant outside of middle third then pressure is triangular

where the triangle area is equal to the resultant load W,
at the centroid of the pressure triangle,

Then

L E

- : “Ar --
|oe .2 -~

~. | Jd A

\ ut;]

l Yo

W=,5 (x) pm (Anrs Sy Doy, )

W 2W

- e

WO(x) 3a

Pm

45

Pressure on Fdn. = P %t Mc
A I
' Press UAk (Pmo.'y)
Mayy
deep ftg. i.e. width = 1
We, d/2
i ____________
1/12 bd?
6 We
- r ----- or
42
Wo 6e
= (1 + )
d d
Wi b6e
=z R b S )
d d
located

as follows:

Where x = 3a



Veais
Check Localion of Resultant - ‘
z_F’;,==,26,2/ 2.20
-————"—q—— é N T
‘ ol A %b‘/(/
M iddle Third N AN - i
P51 1S
A | el
. #s ENVE
.
H,<§~_~§_,
Tahe Moments About Wr (i.e. clockwise + cbunter clockwise = 0)

(+ 26.21 x 2.09 ) + (-343.10 x) = 0

O4.78 = 43.10 x
54.78

. = e = 1.27 M
13.10

Therefore e {dist of Wr from center line)

)
& = —---- -a but a = 2.20 - x
2 a = 2,20 - 1.27 = ,93
4.3
@ =T ——--- - .93 = 1.32M
2
/
. . . . . . = -
Therefore e outside middle third. Use triangular i i
distribution to obtain maximum pressure. . v L |
2 W 2x43.10
Pm = —===—-- EE e
I .93 2.79
Pm = 30.90 T/M? > 28 T/M? XNo good al =
d! =
Conclusion
vesign inadequate - bearing pressure overstresses supporting
soil plus factor of safety adainst sliding too low; only
factor of safety against overturning adequate - must

redesign wall by 1ncreasing height of wall & bearing area.
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Assignment/Home Work

Complete the previous insdequate design by making another design
that is adequate., Use the same criteria as shown in the previous
calculations and redesign the structure so that it fits the

=1
following criteria. The final design should not he overly

2

conservative, but it must meet these requirements:

#* Overturning Factor of Safety
No less than 1.5

¥ Sliding Factor of Safety
No less than 1.4 (where f = ,60)

¥ Bearing Values
Maximum no more than 28 tons/M¢

Show all calculations as well as a final sketch of the completed
structure - all other assumptions are the same as the first
design presented {and included here) in lecture. Gabions should
be in .5 meter segments i.e. no dimensions such as of 1.23 should
be used.

Completed design papers are to be turned in to CCSC Engineering
Department no later than 12 noon, 11 December 1991.

Further Home Work

1) Chancge the upstream & downstream water levels to upstream -.
1.9 M downstream - 1.6 M

For the sake of simplicity use exact same "uplift” pressures
as in previous design; present this work on 11 bec. 1991
(A1l other forces change according to new dimensions)

) Also check vour design, assuming there is earth pressure but
no water pressure on upstream or downstream forces, check
for bearing pressure, sliding and over turning stability for
Part 1) design. :

If wall is over designed without water pressure show the
size the wall should be, to meet all requirements 1i.e.
overturning sliding & bearing, when the structure allows
water to totally drain thru or proper drains are placed so
that there is no hydrostatic pressure on dam. (i.e. redesign
wall w/0o water pressure).

This redesign can be presented on Saturday, 14, December
1991.

BSENG-2. GABIONZ, FW/ah
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RULE OF THUMB PROCEDURES

Spacing Between Terraces

Any variation of a number of formulas used in various
parts of the world may be used.
‘fo
slopE Where:
i H-ZL. . - o
— " H.,I. = Horizontallnterval
/,/jA‘Sh_zaamcc”_ VoI, = Vertical Interval
\’)g4 D = Distance Along Ground
X S = Slope (%)
- Terrace
Formulas:
V.I.In
Method # VoIe = .6 A S%/13 --  Meter
Zimbabwe #3 V.I. = £ £/2 f = 5%5to6 Say 3 Feet
South Afria#y V.I. = S/a#b a=2.5&0b=1,0 Feet
Algeria 45  V,I. = S/10 £ 2 Meters
Israel #6 V.I. = XS £y X = .25&y = 1.5 Meters
Australia #7 V.I. = .18(s £ X X = 1.9 Meters
Kenya ¥8 V.I. = %5/8 £ 1 From 12% to 35% Feet
V.l. = 9S/4 £ 2 From 0% to 12% F
eet
Relation of H.T. to V.I. to D & S:
s$/100 = v.1./H.1. ss e H.I, = V.I. x 100/S
D= (V.I.2/ H.1.2)%2
Example: Distances for Method #1 (Formula Shbwn Above)
Slope (%) v.I,(Meters) H.I.(Meters)
5 .98 19.6
10 1.37 13,7
15 1.75 11.7
20 2.14 10.7
25 2.52 10.1
30 2.91 9.7
35 3.29 SN
40 3.68 9.2
45 4.06 9.C
50 L.45 8.9
55 ’-}-83 8.8
60 5.22 8.7



RULE _OF_ THUMB3 PROCEKDUT TS
For Runoff Calculations

Use Variation of Rational Formula

Q = ACI/360 ‘Where:

Q=Runoff in Cubic Meters/Second

Method A=Area of Watershed in Hectares
C=Coefficient of Runoff i.e. ratio
1) Obtain A from Topography of rate of run-off to rate of ra
or measurement fall (runoff/rainfall) B
’ I=Intensity of rainfall .in mm/hour
2) Obtain C-From Table B (based on time of concentration -
(attached) )

3) Obtain I-For Cape Verdi
Say 20 Year Rain = 1.5 inches
per hour or 38.1 mm/hr
%a) Obtain T.C. From Tables
7.8 or 7.9 Attached
3b) Obtain I from Fig. J
Attached (in "Whour

L) Calculate Q = ACI/360

For VWeir Sizes

Where: y
- Q = Runoff in cu.m./sec
Use Formula b= @/2.0 hg¥/2 b = Width of Weir in meters

hg= Height of Water over Veir

Assume Hy , Calculate b

or Assume b, Calculate hy



p—t -

RULE OF THUMB PROCEDUEL!3

Spacinz Retween Check Dams ol

Where:
H.I. = Hurizontal Interval
S = Natural Slope %
Sy = Trained Slope %
D.H. = Dam Height
D.H. = (S - Sg) H.I.
.Normal D.H. Varies from 1.5 to 6 Meters
- For Existing Slope to S = 10% Use
D.H. = .07 HiI.
- For Existing Slope to 8= 20% Use
D.H. = .1 H.I.
- For Existing Slope to S = 30% Use
D.H. = .15 H.I.
- For Existing Slope to S = 50% Use
D.H. = .2 H.I.
Number of Dams (N) Where _
N = L/H.I. L = River Length Meters



PULE OF THUMB PROCWDURES

For Spillway & Apron Sizes

~——d=, 3% S Mirs

5PE&é 1ol

2516.38 (Covpnter wesr)

=¢Q .| 436 |5M'm‘ﬁl<)
" Apron | | =lio m-(Gabions)
‘ . Sptll.;nx '
‘Existing Gradient O to 10% 1="1.5 h
10 to 15% L= 1.7 h

15 to 204 L= 2.3 h
20% # L= 3.0 h

: on -
Use Apron at all “locations where downstream spillway is/earth.

Omit Apron where downst ecm spillway is on rock.

Txtend aprons at least 1 meter obeyond weir on either side - for
light flows i.e. to 15% gradient

“or heavier flows' (i.e.. higher gradients) extend apron two
meters, i.e. above 15%.

L wWe/r
L | —
? [ i ' 4
el Ax |l .o <18 _Gradient

v =2,0> /5V=CradenT”




RULE OV_THUM3 PROCFDUR'S

For Dam Height & Dimensions

(Assumes file hydrostatic plus portial uplift forces acting on dam)

Wall Diagram .
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ol
y§ | FTE i
. he 40 5 - i
. I —__:__3 . .
ﬂqll Table . L
‘* Height Masonry Gabion
Meters Dam Dam
(H) ) B C . B C
1 1.0 .6 3.0 1.0
2 3.0 1.2 3.5 1.5
3 3.0 1.8 3.5 1.5
4 35 2.0 4.0 2.0
5 LI.O 205 L|"5 2'5
6 4.5 3.0 2:5

2«5

“lhere H is Over 6 meters - Dam dimensions should be calculated.



DRAINAGE -

RUNOFF -2

Q=Aci RATIONAL FORMULA (Logical appreach).

Q = RUNOFF = Peak discharge of watersned irn cubic feet per second (c.fs.) dve to

maoxsmem storm ossvmed ., See [f7
A ndrca of wolershed /n ocras.’

.9::.,4/0/:; Pg.S—OO ((/.’aa//y /_Q - 25_yea/u‘).

C =Coefficlient of renoff, Todle Blebn(Measure of flosses due fo /nfrltrofiarn,efc.),

U =/nlensity of rairfall ininches perhour bosed on concern tratiorn tirme,See Pg.5-00.
Corncerirotion firre= fime reguired forrain falling of mast remorte point fo reach discharge
ooint. Concenrrotion tirme may include Over'ond Flow fime, Fig. H, Py.5-00,0nd Charne/
flow Firmey, Pg. 5-04,5-05, 5-277 and 5:23.

TABLE A-COMPUTATION FORM FOR RATIONAL FORMULA.

LOCATION | A FLOW - MIR. DESIGN PROFILE
‘ cHan-l CAPA- f\{ ryea | 1N | v
M NEL ciry|ft. ELEV. [ELEV.
STReET (rrom| To NPEirgrad » | TO ol o | L1 @ loa [Tt | n |Foi|per [E¥™M FALL kossesh cpeqlomen
MENT £ perit. I ft. | ft. | £t
INLET) NELICONC] o [SF3 | PIPE ctelsec, END [END
S1ze : +
Fiesr ST | A | B | 1.8 | 1.8|44{165|03|/65138|30| 15"|.008|.015]4.6 |3.9 | 60l0.48] o [8200)8152
MAIN RO.| B | C |1.9]3.7]50 251/166|3.7|168| p-2.011.030{12.0| 2.8 | 420|4.62| 0 8152|7690
v Cc | D {2.0]5.7{.50 18.1/2a313.5\/0.0] 21" 1.007|.015]1l.1 | 4.5 |480(3.36|2.20|74:70{70.34

¥ Vote that the sequence of desigrn os in € xample, Fig.J,Py.5-00,involves frio/
cssvmpltliors /in defermining ¢,
tEoll i monhole.

TABLE B— VALUES OF ¢ =-5£527- VALUE |Voruue
- . RAIN FALL PROPOSED| AutHortiTY
: SURFACES MIN. | MAX]I MIN.IM A X,
ROOFS, s/og to metal., 0-90| 100 |o.70 {025 (D
Corrcrere or Asphalt. - 0.90|1Loo | 095 | t.00 @
LAVEMENTS| B/ tuminous Mocodorr, open orns cl/osed Ffype. 0.70}0.90 | 0.70j0.90_|(®
Grovel, from cleon ond foose fo Cloeyey and comoocs. o0.25|0.70 [e.151 030 _|(D
R.R.YARDS ’ 0.l10lo.30} 0.0 ©0.30 @
SAND, from wrriform groin size,no fines, | Bore o.15 [o.50] 0.0l {0.55 |3
to well groded, some clay orsi/t light Vegelotion | o.1o |o.a0] 00l [o.55 |@
Dense Veaelotrorn | 0.05] o.30] 0.0l [ 0.55 (@)
LOAN, from sondy or greovelly fo Bore 0.20 | 0.60 '
cloyey. : Lighkt Vegetofron | 0.10]0.45
EARTH Dense Vegelotion] 0.05] ©.35
SURFACES| GRAVEL, from cleorn grove!/ anc’ .yrove/ |Bore ©.25] 0.65
sond mixtures, no 3i/¢ or clay. lo high |Light Vegelgtion | 0:15 | o.50
cloy or si/F contfernt Dense Veoetotion) 0.10 | 0.40
CLAY, from coorsc sandy or si'ty 4o |BDore 0.30|0.75 | 0.10| 0.70 |@
pure colloidal! cloys. Lrght Veoelolronl 0.20] 0.60] 0.10) 0.70 | @
) oeﬂée }’cze_foffon Q.15 | 0.60)] O.10| 0.70 @
City, business orecs. . 0.60| 0.75 | 0.60| 0.95 | ®
 OMPOSITE Cily, dense .Cslb"-’”_f/b/ orecs, Yory _os sfo Soi/ ono’ vegetorfor.| 0.50} 0.65 | 0.30} 0.G0 | (B
AREAS Suburbon resicderit/al oreos, " ) " o35]oss5| 0.25| 0.40 | @
Rurel Distric’s, " . ©.]0 |0.25] o.l0] 0.25 |(®
Porks, Golf Courses, efc., " " N o.10 [0.35 | 005 0.25 | (D

NOTE : Valves orf C “for eordh surfoces are jurther voried by degree of sotuvroficon,

compocrlron, surfoce srregulority

pfcscnce

of fros? or y/azeo’- SPONW or ifce.

© Bryant & Kuichling, Report, Bock Boy Sewerage Oistrict, Bostor, /909.
@ Meltcolf ond £y, Americon Sewerage pProctice, /928. M Graw-Hill.
® Used by C/ty of Boston, reported by Mefco/f £ £ddy.
@ Used by City of Derlrolt; reported by Metcolr £ £ody.
® L.C. Urguhort, CINVI Fngineering Honcdbook, [940. M Graw-Hill.

a/?a_’ s/ope, by choraocter of subsoil, ond Ay




Appendix B3
Sketches - Dock Side

Gravity Retaining Wall
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in earth
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Preface

Flexible structures have been suceessfully used for some time for soil retention and in river works for erosion control.
Jor land reclamation and the stabilization of steep slopes. In the following pages after a brief review of the various types
of structures and materials generally used for soil retention, only the Maccaferri gabion structures, their methods of
construction and their functional charactevistics will be discussed in detail. Other publications in this series focus on the
numerous uses of Reno mattress and gabions in water courses and road construction: specifically river training works.,
linings for channels and canalized water courses, bank protection for navigable waterways, protection of coastal and
harbowr structures and lining of dams. With the publication of this technical series the Officine Maccaferri S.p.A.
propose to illustrate the salient characteristics of the flexible structures built of gabions that constitute the base of its
production. and also to advance the knowledge of how these structures perform in their various applications and
suggest rational criteria for their selection and design. Officine Maccaferri S.p.A. trust that the manual will assist the
engineers and designers interested in the study and design of these structures. 1t is hoped that it may serve to increase
the use of flexible structures which in numerous applications offer advantages, both technical and economical, over
other types. '

For the help and expert advice they gave in the editing of the manual and for their review of the experimental
programme carried out in Bologna. my grateful thanks are due 1o Prof. Eng. Claudio Ceccoli and Dr. Eng. Pier Paolo
Diotallevi of the Institute of Construction Technology, Prof. Eng. Giorgio Folloni and Arch. Giuseppe Lombardini of
the Institute of Topography. Geodesy and Mineral Geophysics of the Engineering Department of the University of
Bologha.

Bologna. January 1987
dr. eng. Andrea Papetti
GENERAL MANAGER
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Foreword

This manual presents some guidelines. general criteria and
new developments uscful in the process of selecting. designing
and building soil retaining structures using flexible gabions.

To this end the results of recent experiments and rescarch
programmes investigating the behaviour and strength cha-
racteristics of these structures will be examined.

Officine Maccaferri S.p.A. intend to promote a new and
useful contribution to the field of design and construction of
retaining walls by bringing the results of the research to the
attention of engineers and offering advice on methods of the
design and building of gabion works.

For more detailed study of the topics discussed here. the
reader should consult authoritative references cited in the
bibliography.

The manual also presents detailed examples of calculations
to illustrate the principles discussed, as well as an extensive
review of carth retaining projects using gabions.

Officine Maccaferri S.p.A., drawing upon the back-ground
and experience their engineers have acquired throughout the
world, will be happy to offer assistance in the resolution of
any particular problems.



CHAPTER 1

Retaining structures

1.1 Introduction

In the technical literature a retaining structure is defined as
any structure capable of resisting soil pressure.

Planning of these structures must take careful account of
many structural and functional considerations:

type of construction and structural characteristics:
- overall shape and dimensions:
- analysis of the static and dynamic forces involved:
- loads transmitted to the foundation.

The function and the sclection of structure type is also
influenced by environmental factors such as:

- morphology of the seil surface:
- surface water runoff:
= level of the local water table.

In the long run climatic fiactors have decided cffects on the
stability of structures and therefore they need to be conside-
red.

The project must. therefore. be examined within its clima-
tic and hydro-geologic setting. keeping in mind the changes
that can result to the natural environment.

1.1.1 Types of structures

Structural and functional differences allow retaining struc-
tures to be classified into various groups:

- retaining walls

— sheet piling

- wells and caissons

~ reinforced soil

— walls tied and anchored to rock
- shoring of excavations,

This classification is related to the characteristics of the
structures, their possible movement during and/or after
construction and their method of achieving stability.

Gabion retaining walls are the subject of this manual and
hence they are treated in detail in the following chapters. For
the other types of earth retaining structures the reader is
referred to the bibliography [1. 2, 3. 4, 5].

1.2 Retaining walls

1.2.1 Generalities

Retaining walls are permanent structures usually built at
the toe of a slope or to contain backfill.

The analysis of the location where the wall is to be placed
is important with regard to both permeability and uniform or
differential settlement.

It should be remembered that the backfill behind the wall
is often imported. This permits a selection of fill material with
different characteristics from those of the native soil.

When retaining walls are used to contain ecarth fill. the
embankment must be protected as much as possible from the
effect of seasonal weather variations, especially from surface

and deep penetration freezing.

Therefore clay backfill and foundations should be avoided
because they absorb water, swell up and give rise to
unforscen increases in pressure. It is advisable to use non-
cohesive materials, preferably coarse grain sand and gravel

that permit the flow of water to the lower strata and 1o

_existing drains. ____

IT the structure is not sclf-draining. it is necessary to avoid
the accumulation of water behind the wall by providing a
well thought out and carefully executed network of drains to
reduce hydrostatic pressure and the consequences of frost.



1.2.2 Types and materials

To approach the problem correctly, it is necessary to
determine the strength characteristic of the materials so that
they may be best utilized in accordance with the installation
procedure and requirements dictated by design calculations
and assumptions.

To find the most technically and economically appropriate
solution and taking the climatic and covironmental factors
into account. the designer must consider:

the nature of the construction materials locally available at
the most advantageous conditions, (sand. gravel. cement,
stone);

- time required for construction (urgency):

- available space at the construction site;

—availability of adequate equipment:

- spectal circumstances such as existing structures on the
site.

Design criteria are dependent on the calceulation assum-
ptions and on the technological requirements of the type of
construction and materials adopted as well as on the desired
safety factors and the allowable stresses of the materials.

The design process may be more or less sophisticated with
the possibility of using computer-generated preliminary solu-
tions to simplify and optimize the design.

Since the material and the type of construction can not be
separited when classifying retaining walls, it is a good idea to
categorize them using a single criterion based on both
factors.

With this in mind. the following types can be identified:

1y gravity walls,

2) reinforced concrete walls.

3) walls made of pre-fabricated elements,
4} gabion walls.

For the first three types the reader should consult the
authoritative references [1. 20 3. 4. 5. 6].

1.2.3 Gabion walls

These are “cellular’™ structures formed of rectangular
cages made of zine coated steel wire mesh, filled with stone of
the proper size and mechanical characteristics.

The individual units are firmly tied to each other with zinc¢
coated wire in such a way as to form a monolithic structure
(Fig. 1).

The choice of the materials to be used. both for the filling
material and for the wire mesh, is fundamental if a truly
cffective structure is to be obtained.

In particular. the mesh. must satisfy the following require-
ments:

- high mechanical resistance:
- high resistance to corrosion;
- good deformability:

- will not unravel casily.

]

Hexagonal double-twisted wire mesh, either zinc coated to
international standards or coated with zinc plus PVC, meets
all the requirements better than any other type.

In designing gabion walls it has previously been assumed
that they will function as gravity walls without considering
the contribution of the mesh which through its resistance to
tension provides a further safety factor.

Recently a series of experiments were carried out on
prototypes of gabion walls, {sce Chap. 1. The results have
permitted us to determine the static behaviour of these
structures and to define their principal characteristics. ussu-
ming that the mesh serves to contain the stone filling as an
active part of the structure.

These characteristics place gabion walls in a category of
their own.

The types of gabion walls. their characteristics and appli-
cations are discussed in Chapter .




1.3 Uses

Reuuning walls are designed (o provide restraint against
the Lateral carth thrust. They are used for the containment of
fill and in the stabilization of both natural and artificial
slopes such as road embankments. river and canal banks and
excavated sections.

Both for natural and artificial slopes. knowledge of the
environmental conditions such as the distribution of intersti-
tal pressures. the hydrologic eycle. the parameters of carth
resistance and its deformation rate permit verification of the
stabtlity conditions and the selection of action in case of
settfement.

In cases in which the instability of the slope is caused by
superficial or deep landslides. possible courses of action fall
inte two large categories.

The first includes:

ab Measures that preserve the geometry of the slope and
therefore protect it from all occurrences. such as crosion.
degradation. ete. that tend to modify it. Included among
these mcasures are check dams, longitudinal and transverse
bank protection works and various types of slope protection,
In the tinal analysis. these are river training works and slope
consolidation projects carried out with the use of various
structures [7].

b1 Works for stabilizing slopes include gravity, sheet piles,
and diaphragm walls. Since rigid walls would require prohi-
bitive dimensions. cither flexible structures able to withstand
signtficant deformation or tension rods with anchor plates
are generally used [X].

The second category of measures includes:
a4} Works to colleet surface water from various sources and
rapidly dispell it. particularly in an area subject to landslides.
by Works to collect and dispose of the water present in the
sutl. These consist an either instatling relatively superficial

drains such as trenches filled with granular matenials and
drainage pipes of various types, tunnels. drainage wells and
columns: or deep draining walls in which the function of
carth support is subordinate to that of intercepting the
subterranean  water that is too deep (o be reached by
trenching.

Unstable slopes may also be found in excavations for
foundations or road alignment construction. In these cases it
is necessary to determine the safe slope based on the
characteristics of the embankment and foundation soil.

Cuttings are created by excavating through the existing
natural soil whereas in embankments. the sotl is imported
and stabilized by mechanical compaction. Thus the same soil
can present different conditions depending on whether it is in
cmbankments or in cuttings.

To limit the amount of carth works, retaining walls are
used to shore the faces of the sides of the excavation. On the
other hand a wall supporting a road embankment is a wall
supporling fill. The height of this type of wall usually does
not reach the level of the road surface but the ground s
sloped down at the natural slope from the road tu the top of
the wall.

Bridge abutments and their wing walls are often retaining
walls. built to support the road embankment and to protect
its toe from possible crosion that could cause slips and
subsequent undermning of the road.

In some cascs retaining structures are intended mainly to
protect the carth from the erosive effects of the weather and
are often called revetments. Here the support function is
minimal because the revetment s resting against compacted
stable soil and the protective Tunction predominates.

Particular attention must be paid to the drainage of the
backfill being reveted to avoid possible hydrostatic uplift
pressure caused by ground water.



CHAPTER 11

Gabion retaining walls
Technical and construction characteristics

2.1 Introduction

In the planning of all manner of projects, whether they arc
for the improvement and or protection of water courses,
canals, roads or railways in mountainous, forest or urban
arcas. among all the alternatives of structure types and
materials which the designer can choose. the box gabion, in
comparison to rigid forms of construction, often offers
greater rehiability and wider application [9. 10].

[n the cases of unconsolidated soils with modest mechani-
cal strength and those subject to settlement. the gabion

structure having characteristics of flexibility. permeability
and reinforcement is particularly applicable.

A retaining wall built of box gabions is an homogencous
monolithic structure, and is able to function under tension
and to absorb unforscen stresses. )

With the passing of time. the concept of gabion retaining
structures has been accepted and established throughout the
world. A testimonial to their ability to meet customers’
requirements of durability and resistance to corroston.

2.2 Description of gabions and characteristics of materials

2.7.1 Box gabions

Gabions are rectangular cages made of hexagonal double-
twisted wire mesh filled with appropriately sized cobbles or
quarry stone.

The wire used is soft steel.
imternational standards.

The double twisted hexagonal mesh and high quality zine
coating are determining factors for the good quality of a box
gabion. Double twisting ties together the wires that form the
mesh and guarantees that the mesh will not unravel should
one or more wires break (Fig. 2). Zince coating provides long-
term protection for steel wire against oxidation.

The mechanical and qualitative characteristics of the wire,
i.e. breaking strength. elongation and quality of zine couating.
meet the most rigid international standards.

The gabions can be subdivided into cells by inserting
diaphragms which are mesh panels with the same characteri-
stics as the external sides. spiced I m from each other to
strengthen the structure and to facilitate its assembly. The
gabions can be 1 to 2 m. wide. In the first case the lid and the
base are formed out of a single sheet of mesh, sce standard
sabion Fig. 3 in the second case the lid is made from a
sopaniie sheet of mesh, see multple cell gabion. g 3b.

I'he zie coated wire, belore being woven, can be coated

anncaled and zinc coated to

with a special PVC (polyvinylchloride) 0.4 to 0.6 mm thick.
This additional coating gives full protection from corrosion
in marine or heavily polluted environments.

The dimensions of standard gabions are shown in Table 1.
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Table 1 - Gabion dimensions
Gabions - Zinc coated Gabions - Zinc coated with PYC sleeve
Wire
el 1 Wire Thickness ot _ Thickness
Mesh type 0 mm m Mesh type ' m
9 inner mm o outer mm
240 2.40 3.40
N 5 . . 50
0~ 12 2.70 10> 12 2,70 3.70 0.5
— —— 240 3,40
5 40 0.50 8§ x 10 2.70 3.70 1.00
8 x 10 2.70 B T e e
3.00
, 2.20
6 x 8 > 70 1.00
. 2.00
3T 2.40

Width. Lo - 200 m - Length: 2,00 - 3.00 - .00 m for gabions 1.0 m wide; 3.00 - 4.00 - 5.00 m for gabions 2.0 m wide.

Reno muattress and gabions are manufuctured with double-twisted hexagonal mesh made with annealed mild steel wire, zine coated according to Circ. Cons.
Sup. LL. No. 2078 dd. 27.8.1962. 10 BS 443-1982 and 1o U.S. Federal Specification QQ-W-46) H finish S-class 3.

i PN Crvoated mattress are made with wire coated by extrusion with a specia | highiy corrosion resistant PVC. The types indicated in the table are standard: for
mafre detatied itormation, see general catalogue,

2.2.2 Characteristics of filling materials Table 2 - Density of different types of stone.

. . Type of rock Density 7, (kg/m’

Any stone or other material may be used to fill the gabion p Y7 (kg/im)
as long as its density and other characteristics meet the Basalt 2900
structur: tonal ability requirements of the _—
slru'uural. functional and durability req < Granite 2600
project. The most commonly used materials are round or Hard & 260
quarried stones. Materials of higher specific gravity (Table 2) ard limestone 0
are preferable particularly if the gravity function of the Trachytes 2500
structure is predominant or if the structure is submerged or Sandstone 2300
exposed to running water. To ensure the durability of the Soft limestone 2200
stracture the stone must be weather resistant, non friable, S
A .. Tufl 1700
insoluble and sufficiently hard,




Figure 4 shows a diagram for the determination of the
apparent density of the filled gabion given the density of the
filling material 3, and the porosity of the gabion “n™. which
generally varies from 0.30 to 0.40 depending on the hardness
and angularity of the stone. the granulometric curve and
whether it is round or quarried [11].

The most appropriate size for stone varies from 1 and 1.5
to 2 times the dimension D of the mesh (Fig. 2) that is, the
stone should be large enough to preveat its escape through
the mesh.

The use of smaller sized stone, 1 to 1.5 D, permits an
improved and more economical filling of the cage. it also
allows a better distribution of the imposed loads (Figs. 5 and
6) and adaptability of the structure to deformation.

2.3 Assembly

The gabions are dispatched from the factory folded and
packed to reduce their volume and make transport to site
casier and more cconomical. At the construction site the
single gabions are opened and assembled: the edges are tied
and the diaphragms. where fitted. are bound to the side wall
pancls. Then several empty gabions arce joined together, set in
place and firmly laced to the adjucent gabions along the
cdges in contact. both horizontally and vertically.

2000

1500} - -

(kg/m*)

-
I

1000

500 s b doe b da b e
1000 1500 2000 2500 3000

75 (kg/m’)

Fig. 4 - Diagran showing the determination of the apparent density -, of
the filled gabior., given the density 7, of the fitl material and the porosity T

and installation

The most efficient type of lacing is illustrated in Fig. 7.

The placing of the gabions depends on the types used and
on the structural characteristics of the project.

Filling is done by mechanical means (Figs. 8. 9. 10). The
material is arranged inside the gabion to minimize the "ouds.

Once the filling is completed. the gabion is closed by lacing
the lid along all edges and internal cell diaphragms.
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2.4 Characteristics of gabion retaining structures

2.4.1 Technical characteristics

As we have seen. the assembly and installation of the
withion consists of a series of very simple operations. Howe-
ver the resulting structure possesses some outstanding techni-
il advantages:

() Lis o reinforeed structure, capable of resisting any type of
stress and in particular tension and shear. The wire mesh acts
nol only to contain the stone. but it also provides a
comprehensive reinforcement throughout the structure. To
give the structure the greatest possible strength, particular
attention shoudd be paid to details such as the selection of the
proper type of gabion. careful filling and correct lacing
methods.

by 1t is a deformable structure. Deformability, contrary Lo
populiar vpinion, does not diminish the strength, but increa-
ses 1t by drawing into action all the resisting elements. The
structure takes on the characteristics of a complex reinforced
one capable of adapting in a wide sense to the redistribution

Fig. 11 - Results of tests made on the bending
and deformation properties of a gabion

of N C 10 miesh pypes 3 mm diamceter wire. filted
with diaphragms, The filled gabion was loaded
with zine bars on o X m clear span. The

wetghit of the fitled gabion was 5100 kg. The
wire mesh falled at a load of 15,000 kg.

2.4.2 Functional characteristics

Over many years, gabion retaining structures have gained
crvergrowing success in the ficlds of soil protection and
conservittion and in the construction of river and canal
structures. road and railroad embankments and cuttings.
This is due. at Teast in part. to certain functional qualitics:

long term durability. which means (the structure may be

of Toads due to the movement of the stone fill (Fig. 11).

It is pointless therefore. and often damaging. to stiffen
gabion structures, or cven only parts_of them. by placing
stone or concrete on the face of the wall,

It is worth stressing the importance that the degree of
deformability of the structure contributes to the final aims of
the design. In fact the evolution, the distribution and the final
value of the soil stresses depend on the way these structures
deform and on the extent of the deformation.

¢) it is a permeable structure, capable of collecting and
carrying away ground water, so climinating or attenuating
one of the principal causes of soil instability.

The drainage function is augmented by evaporation gene-
rated by the natural circulation of air through the voids
between the filling stones.

Auxiliary means should be installed for the disposal of the
water collected via the structure.

considered permanent: deterioration of the mesh from oxida-
tion is a very slow process with effects no more serious than
the aging of any other structure. In addition to high quality
zinc protection, the PVC coating greatly increases the
durability. Furthermore the characteristics of gabion structu-
res. in time, favor the establishment of a natural state of
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equilibrium. This means that the structure has to hold up
under less severe conditions in comparison to the original
situation when its presence was ebsolutely indispensable.
- case of installation, in whatever environment, without the
aid of specialized personnel or special equipment. This aspect
takes on notable importance in marine and river reclamation
projects. where rapid intervention is often necessary to retain
the soil particularly in areas of difficult access and where all
sorts of weather conditions prevail.

~ possible modification of the structure at a later date: new
units can be installed along side those alrcady in place and
others can be installed above them to increase the height.

2.5 Types of gabicen walls

The design of retaining walls is a process of verification in
which the designer must define the gecometry of the structure,
while guaranteeing its safety from overturning, sliding, and
settlement. plus its overall stability in addition to the
economic. functional and aesthetic requirements.

In the definition of the wall's gecometry one must take into
acec ant the modularity of a gabion structure, whether it
should be stepped on the front face or rear face, the angle of
inclination of the foundation, and the type of foundation
(simple. extended with a footing. or deepened).

Gabion retaining structures can be classificd into four
different types (Fig. 14).

1) gravity retaining structures

2) semi-gravity retaining structures

3) structures to stabilize embankments

4) thin walls anchored back into the soil by panels of
hexagonal mesh.

The several types are distinguished primarily with regard

— capacity for effective functioning even in the absence of
certain complementary structures such as collecting and cut
off drains. This is very important where the soil is saturated
and where ground water levels fluctuate. '
- ease of maintenance, low cost. awo  flen not even necessa-
ry.

These characteristics which appertain to gabion structures,
permit their use in any type of terrain, not only for structures
1o combat soil erosion, but also in works protecting roads.
railways and buildings where higher safety factors and
stricter time limits on completion dates are dic.ated.

Jor earth retaining structures

to the calculation criteria that are most appropriate to cach.

Gravity retaining structures are dimensioned using tradi-
tional methods of analysis.

Semi-gravity structures rely for their resistance on the
reinforcement provided by the mesh to an extent that they
can be considered as a special type of reinforeed structure. In
Section 4.3 the calculation criteria for gravity and semi-
gravity gabion structures are set out. Structures for the
stabilization of embankments may be treated as gravity
structures.

Scction 4.6.2.2. shows procedures which are based on the
results of the original full scale experiments for the design of
walls anchored with one or more layers of hexagonal mesh
panels which provide static support and limit deformation.

Gabion retaining structures will, due to their nature,
deform to quite a degree, thus for them to function properly
it is unwisec to have vertical faces for heights greater-than 3.0
m. For heights greater than 3.0 m the face should be battered
at not less than 6 degrees, or should be stepped (Fig. [5).
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Fig- 14 - Types of gabion walls: 1)
pranity, 1 semi-gravity, 3 wall sup-
porting sloping surcharge, 4} thin
walls with tie-back- mesh punels,
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CHAPTER 111

Design criteria for gabion structures
Experimental work and observations

3.1 Introduction

It tollows from the study of gabion structures in Chapter I
that the caleulations for those designed for retaining carth
muosttake into account the particular nature of the materials
composing the filled gabion and their physical and mechani-
vl charactenistics.

Aseries of tests in three phases was devised to obtain data
for the examination of these characteristics and of the
behaviour of gabion structures under load. In the first phase.
vompression and shear tests on full size gabions and on single
maesh panels were carried out in the laboratory for the
purpose of determining strength and deformation parame-
ters. In the second phase. load tests were performed on full

size 4.0 metre high retaining walls for the purpose of verifving
the previous results. identifying the behaviour of the structure
as i whole and to establish the most approp-iate calculation
parameters and their limits of application. The purpose of the
third set of tests was to evaluate the use of hexagonal wosven
mesh panels in soil reinforcement and as a form of anchorage
for retaining structures.

The observations made during the tests and the results are
detailed in the following paragraphs. The purpose is to
identify the specific problems relating to gabion structures to
assist the designer. who. in view of the numerous parameters
mvolved. must make the final decision.

3.2 Tests on full size gabions

Fhe mechanical stress tests were performed in the Labori-
torio di Seienza delle Costruziont. (Structural Scienee Labo-
ratory of the Univernsity of Bologna (1979} using speciniens
made of one or more gabions wired together. Their nominal
stze was (U300 < 0050 < 0.50 m. and they were fabricated from
6 - » wonven hexagonal mesh of wire dimceter 2.7 mm. The

b uth s gabion et samples

gabions were assembled. laced with 2.4 mm diameter wire
and filled by hand with quarried stone (Fig. 16).

Three series of tests were made: simple compression.
compression with lateral expansion restrained on two oppo-
site sides. and shear [12. 13].

3.2.1 Simple compression tests

The first series. to examine compression with free deforma-
tion of the vertical sides. was intended o provide general
indications of the resistance of gabions to compression. The
points requiring investigation were:

{1). The sequence of events that accompuny the progressive
deformation induced by increased loading.

(i). To determine the point of final fatlure of the structure
involving the fracture of the stene fill by compaction.
deformation and rupture of the mesh resulting in the spilluge
of the stone fill.

(i), Influence of the orientation of the weave of the mesh in
relation (o the direction of the applicd load.




Lags. 17,

IN - Sunple compression tesis.

tiv). The effect of diaphragms incorporated in the gabions
tFigs. 17, 18).

To verify the possible influence of the method of applying
the load on the mesh contamning the stone, some of the tests
made on single gabion units were repeated on two units, one
on top of the other.

For each type of gabion three or four tests were made.
Table 3 shows, for each type of gabion tested. a diagram
indicating the direction of the hexagonal weave on the free
vertical sides and the position of internal diaphragms. if any.
the number of the test specimen. and the initial dimensions of
the test specimen before the vertical load was applied.

The direction of the weave and the position of the internal
diaphragm in the types of gabion tested generally correspond
to those occurring in actual construction. The opportunity
afforded by the observation of the behaviour of gabions of
different configurations and the need to generate a wider
spread of data has prompted additional investigation. The
terms horizontal mesh™ and “verticul mesh™ refer to the
direction of the major axis of the weave of the mesh.

Figure 19 shows curves for the experimental values of a
=P 4 and of # = Ah h derived from type 4 tests. where It is
the initial height of the specimen sui ected to compression,
A s the reduction height from its initial value duc to the
apphication of the vertical foad Poand A is the arca of the

horizontal sides in contact with the loading plates.

The load on the specimen was applied at a rate of about
one kilogramme per square centimetre per minute [(]
kg/cm?)/min] and was halted when the mesh had become so
disintegrated that no further increase could be tolerated.

A comparative analysis of the test results for single gabions
suggests the following comments:

— The crushing of the gabion takes place in successive stages.
It begins with the progressive readjustment of the stone fill.
the individual stones remaining intact. followed by an
extensive readjustment under loads which are small compa-
red to the ultimate load, but greater than those expected
actual practice. This phase is characterised by values of
Ao/Ae usually below 20 kg/cm? except in the case of two
specimens of the " B™ type.

A sccond phasc begins with the fracture of some stones
inside the specimen coinciding with a deformation Ah‘h of
about 10%). Intensification of the load and hence the
compression, leads to greater stone fragmentation which
spreads through the entire cential core. At the same time the
mcreasing tension in the steel mesh and in the peripheral
stonc on the exterior, exercise a cenlaining action on the
central nucleus, which by the end of the test is reduced 1o
minute fragments (Fig. 20). Coincidental with the increasing
foad and the crushing and bulging of the specimen. ruptire of



Table 3 - Simple compression tests on gabions [13]
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Fig. 20 - Stone Ofling after testing.

iz 19 - Results of compression tests on pabions with restricted  and
snrestocted Literal expasision.

the steel wire mesh oceurs in the arcas of concentrated they present themselves in the various tests under a variety of
prossure which are cither at the contact points between the loading and compression values. They are visibly influenced
wabion and the toading plates or where very sharp edges of by the disposition of the mesh weave in relation w the
stone are in contact with the mesh. The fractare of a single direction of the applied load. The last phase is marked by
wire does not affect the containing function of the netting  extensive rupture of the wire mesh rendering it incapable of
sttee the woven hexagonal mesh will not unravel. containing the stone fill and the specimen. unable to sustiuin
Fhe causes of fracture of the wire are unpredictable and any further increase in load. fails.
1



In Fig.o 19 all the tests show an almost lincar variation

between a =P 4 as o function of &= Al h and values of

Aa N between 20 and 40 ke em provided Al h renains
snndier than about 307 Above this vidue, as the core of the
stone Nl is progressively fractured and the esternad mesh
increasingly exercises its containing function, the curve rises
sharply so that when values of Ab I approach 30% 0 As Ax
reaches values over 200 kg eme.

Comparison of the results of tests A and A, with vertical
and horizontal mesh respectinvely. demonstrates that those
with horizontad mesh are slightly more rigid. This indicates
that horizontal mesh on the sides of the units deforms less
capidhy than the vertical even under small loads and therefore
contiins the stone fill more efficiently. The most outstanding
difference in the behaviour of horizontal and vertical mesh
umts is demonstrated by the values of the deformation Al h

and average pressure Pt at the point of failure. In the case of
horizontal mesh units, tsee tests ). extensive rupturing of

the wire oceurs at loads of less than 10 kg cm” with
corresponding deformation of less than 30", Vertical mesh
units. isee tests . fail at loads greater than 30 kg cm? with a
corresponding deformation of about 300 This can also be
attributed to a lesser tendeney of the horizontal mesh to
deform.

Comparison of the results ol test C.(with diaphragm). and
of test 4 twithout diaphragmy. shows that the inclusion of a
vertical diaphragm has no appreciable effect on the beha-
viour of the gabion.

Test conducted on pairs of gabions. one on top of the other
and indicated by the symbols A, + 1, and B+ B give the
following results:

Test 14, + A, vielded results substantially the same as
those of test A,

Test (B + By yielded results similar to those of test B for
deformation in the 30-35% range. For deformation greater
than 337 it was impaossible to keep the specimens in place
under the applicd load.

In general. the tests conducted on double gabions did not
indicate any appreciable influence on the scale factor.

3.2.2 Compression tests with lateral expansion restrained on
two opposite sides

These tests have been done on specimens similar to those
used 0 tests 4 {gabions with vertical mesh on the side
panclsy by placing two vertical stiffened steel plates against
the two opposite side pancls in order to restrict their
Jdeformation.

The plates were lubricated o reduce the amount of friction
between them and the gabion. These tests. conducted in the
same manner as deseribed earlier for the simple compression
test. were terminated when the steel plates became too
distorted or when the unrestrained gabion faces made con-

tact with the guide bars of the press. The results do not differ
substantially from those of type -1 tests. showing. abso i thss
case. an initial adjustment of the stone. the crushing of the
internal core. and the rupture of the mesh wire (which an thes
case happened only in two of the three tests and under verd
high loads). It was not possible even with the MaNimum
pressure of P74 = 30 kg cm? to bring the gabion to the fatlure
stige.

When the two curves in Fig. 19, representing the average
behaviour of the specimens of type A4 and those specimens
with restricted lateral deformation. are compared. a greater
rigidity especially for small loads can be observed n the List
series of tests.

3.2.3 *Simple shear™ tests

This terminology refers to it type of test where shear stress
prevails.

Table 4 illustrates the types of structure tested with i
dimensioned section of the arrangement. the masximum load
P attained. the average maximum shear stress 70oand the
maximum deflection H. The test results are shown in Fig. 21
and they show a noticeable shear resistance in the gabions
accompanied by considerable deformation. The shear resi-
stance is provided by the mesh and is therefore increised by
increasing the strength of the mesh itself or by introducing
appropriate diaphragms (Fig. 22). ,

In the shear tests a small initial readjustment of the stone
fll. with a relative Large deformation was noticed. followed
by a stffening phase in which the structure became more
rigid as the resistance of the mesh was brought into action.

Table 4 shows the values of the shear module G =1 (2H I
where [ is the free span of 0.55 m betwen the supports.
calculated for the maximum load and for a load P = 2500 kg
which corresponds on average to the beginning of the
stiffening phasc (sce diagram /-t in Fig. 21).

3.2.4 Interpretation of the test results

The results of the experiments which were summarised and
discussed in the preceeding paragraphs may serve to clanify
some aspects of the behaviour of the materials which
constitute the gabion structure.

a) First of all the simple shear and compression tests have
demonstrated that during the initial application of the load.
itis impossible to interpret a process of deformation that is in
fact quite reversible. particularly as the irreversible portion of
the distorted mass grows considerably as the deformauon



Table 4°- “Simple shear” tests on gabions,
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Fig. 21 - Results of “simple shear™ tests on gabions.
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process inereases. In other words. the behaviour of the
moierial may only be considered to be elastic when the values
of stress are low and it is obvious that conditions are
mmproved if the gabions are loaded in such a way as (o
prevent deformation on two opposite sides. that is by
restricting the oceurrence of deformation 1o one plane only.

It shauld be noted that this condition oceurs frequently in
practice. so that in some respects the compression lests on
units with restricted Lateral deformation happen to be more
significant than those of simple compression.

bi Once the phase beyond the ““clastic ™ condition is reached.
tracture of the stonc in the core begins and is accompanied by

Fig. 22 - ~Simple shear™ test in progress.

internal movement and an increase in density. The associated
deformation has an irreversible nature and in this sense we
can speak of " plastic™ behaviour of the material. The load
deformation diagrams clearly reveal that the rigidity of the
muaterial increases direetly in proportion to the load. and in
the case of extensive deformation. the test saumples did not
reiich compléte fuilure condition. These two cases prompt us
to describe the behaviour of the material as hardened-plastic.
It is accompanied by a mode of deformation that for all
practical purposes must be considered as indefinable.

¢} The slope of the load deformation curve. taking the.

stmple compression test s o cvapke he b s 1



“.tion with the orientation of the mesh provided all the other
conditions, and particularly the density and grading of the
stone in the gabions, can be considered equal. The mesh,
when set in such a way as to effectively oppose stretching in a
transverse direction, will reduce the ductility of the speci-
mens. The horizostal diaphragms also scem to have a certain
effect in this sense. These results confirm prior impressions,
which albeit were intuitive, that the resistance of a filled
gabion is for the most part provided by the containing action
performed by the mesh on the stone fill.

I the behaviour of the gabion material is |nu.rpn.h.d in
terms of the criteria commonly used in respect of soils, ¢
Mohr-Coulomb, it can be concluded that the contuining
action of the mesh on the stone fill corresponds to the active
thrust. On the other hand, the conditions in actual structures
are similiar to those in the experiments cxcept that no

3.3 Laboratory tests

The steel mesh from which gabions are made must possess
specific properties to guarantee an adequate performance
with regard to both structural strength and durability. Tests
to check the mechanical properties of the mesh were carried
out at these centres: the " Strength of Materials™ Laboratory
of the Engineering Department of Bologna University, the
Colorado Test Center Inc., Denver, U.S.A., 1983 [14], and
in the Officine Maccaferri S.p.A. laboratory in their works in
Bologna (Fig. 23).

The breaking load in these tests was assumed (o be lhdl
which caused the first wire to fracture. Table 5 gives average
values of tensile loads in kg/m length for mesh tensioned in
the direction of the weave.

Similar tests were made on panels loaded at right .mblcs to
the weave of the mesh. The breaking strengths obtained in
these tests are approximately 1200 kg/m for the 6 x 8 mesh in
wire diameter 2.2 mm, and 2200 kg/m for the 8 x 10 mesh
..and wire diameter 3.0 mm.

In some tests the elongation of the mesh at breaking point
was recorded. For the loads applied longitudinally the
clongation was from 6 to 7%, for those applied at right
angles to the weave it was 20 to 229

Table 5 - Ultimate failure loads on hexagonal woven steel wire
mesh (kg/m).

Ultimate loads (kg/m)
Mesh —
type Wire diameter (mm)

2.0 2.2 24 2.7 3.0
5x7 3500 4000 4500 - -
6x8 3000 3500 4200 4700 —
8§x10 - - 3400 4300 5300

10x12 - - - 3500 4300

6

expansion can take place because the unit is contained by
adjacent gabions which add immeasurably to the retaining
action of the mesh. This additional resistance is seen in Fig.
19 where the supported load with restrained expansion is
about double that with free expansion, the deformation being -
cqual in cach case. '
This is cquivalent to an increase of about 5%, in the angle
of internal friction of the retained material. However, it is not
consistent to compare a filled gabion with cohesionless soil
considering the shear strength obtained in the tests. This
strength in shear can be regarded as being similar to that
provided by shear reinforcement in a short conicrete beam, or
in terms of soil, assuming that the filled gabion possesses
cohesion (sce § 4.4.2) and therefore has a high angle of
internal friction and also a high value of cohesion.

on panels of mesh

The last test was designed to check the resistance of the
mesh against punching. This was performed by applying a
vertical load via a metal disc 0.35 m in diameter to the centre
of a panel of mesh fixed on all four sides but spanning 0.8 m
in cach direction. The first wires failed at the rounded cdges
of the plate at an average recorded load of 3250 kg.

Fig. 23 - Tensile test on wire mesh panels.




3.4 Load tests on full size structures

3.4.1 Test arrangements

The tests on full size 4 m high walls were made at the Zola
Predosa facrory of Officine Maceaferri S.p.A.L near Bologna
between December 1981 and February 1982 in collaboration
with the Istituto di Teenica delle Costruzioni of the Universi-
ty of Bologna.

They had proved to be necessary because the scaling factor
used in the model tests could not be reliably established in
quantitive terms. A number of practical problems had to be
overcome to perform the full scale tests, and the precedure
was complex. however. in the final analysis some very useful
and significant results were produced.

The simulation of the carth thrust against the face of a
retaining wall presents several problems with regard to the
measurement of both the load intensity and the most
probable load distribution. To climinate these problems it
was decided to use hydrostatic pressure of which there are no
unknown factors. Fig. 24 shows the testing arrangement
consisting of two gabion walls set up opposite cach other,

one metre apart at the base.

The height of the wall was 4 i with bottom width of 2 m. a
vertical front face, and a siepped back face that reduced the
wall thickness to 1.5 m from the mid height to the top of the
wall. The 0.50 m thick base platform extended 0.50 m on
both sides and the total length of each wall was § m (Sce Fig.
25).

The ends of the space contained between the internal faces
of the walls were closed off with steel plates interconnected by
wire rope ties (See Figs. 26 and 27).

Inside the enclosure were pluced flexible water tanks
arranged to form (wo separate chambers as shown in the
drawing in Fig. 24. To ensure that the system would continuc
to function at the maximum loading and greatest deforma-
tion, the tanks had to be completely impermeable and have a
high tensile strength. They were significantly oversized to
accommodate the large movements expected of the structure,
Between the tanks and the interior faces of the walls was

- 050m 150 m
BN 1

- -

@
\

- -

S

Fig. 24 - Sketch showing the arrangement for tests on full
size gabion structures.

Fig. 25 - The gabion walls before testing.

Fig. 26 - Instaltation of the steel plates at the ends of the
water tanks.

Fig. 27 - The upper fexible tink almost completely filled
with walter. :

1 Gabion wall

2 Gabion foundation course
3: Flexible tanks

4 Polystyrene panels
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Fig. 28 - Porces acting on the hydrostatically loaded gabion wall.

placed a 5 ¢m thick sheet of polystyrene to scparate the tanks
from the steel mesh and the ties which might have torn the
tanks cor interfered with their movement.

The positions of the end plates were carcfully adjusted so
that the ties interconnecting them would not damage the
tunks.

To ensure a lincar distribution of the water thrust, the
upper and lower tanks were hydraulically connected, see Fig.
24. The depth of the water during the successive phases of the
load test was measured from the outside by means of a
piczometer.

Since the loading system on both walls provided a situa-
tion which was not affected by the end condition. it was
possible to assume a plane of deformation for the cen rel
portion of the walls.

The walls were formed of gabions of nominal dimensions
of 1.50x 1.00x 1.00 m. 2.00x 1.00x 1.00 m and 1.50 x 1.00
x0.50 m without interior diaphragms, in 6x8 double
twisted mesh of wire diameter 2.00 mm and laced together
with 2.00 mm diameter wire. The filling material was
rounded river stone of average size 90 to 120 mm.

The gabions were supplied from the current production
line. but were lighter and more deformable than those
normally used for retaining structures, i.c., mesh 8 x 10, wire
diameter 2.70 mm. The usual construction procedure was
followed {9].

The cross section of the wall was determined on the basis
of conventional mcthods of design for gravity walls. and
using reduced safety factors.

A maximum hydrostatic head of 4 m and a gabion density
of 1800 kg m* were assumed and the section had a safety
factor of 1.22 against overturning about point A, see Fig. 28,
and 1.06 against sliding on a horizontal plane through point
4 using an angle of friction of 32° for the stone fill. The
maximum bearing pressure on the base, assuming zcro
tension and compression on only part of it, was 5.3 kg/em?,
while the average shear stress was in the order of 0.4 kg/em?,
taking into consideration the interfocking action of the stone.
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Fig. 29 - Diugram showing the matrix of points on the wall at which

deformation was measured.

3.4.2 Method of measurement

A photogrammetric system was used to measure the extent
of deformation on the exterior face. It was' chosen in
preference to direct lincar measurement for two reasons.
Firstly it was cxpected that the deformation would be very
large. judging by observations made on numerous completed
structures and by the results of test on individual gabions as
ou.dined in Scction 3.2. Secondly, obtaining an average value
for the deformation at a specific height, would entail taking
horizontal measurements at a large number of points, in view
of the unusual character of the gabion material.

In the photogrammetric method a grid 1eference system
was introduced to cover the 5 m x 4 m wall surface. The
matrix of 266 points was based on 14 horizontal and 19
vertical lines and had an average dimension between points
of 0.25 to 0.30 m which was dictated by the irregular
distribution of the stone in the gabions (See Fig. 29).

This large number of measurements would have been
practically impossible using conventional equipment espe-
cially as movements varying {rom zero to over a metre
beyond the original line of the wall were expected. The
photogrammetric method was capable of providing this
service and at a precision greater than that which was
required. .

The measuring apparatus consisted of two cameras moun-
ted on fixed tripods to take simultaneous pictures of the
surface of the wall. From the results of the photographs taken
at various stages of loading and using an arbitrary but
identical refercnce plane for all measurements, it was possible
to plot the position of the wall surface to within one
millimetre. For any given load. the difference between the
coordinates on the adopted cartesian system [15] of the
positions before and after the load was applied denote the
movement of the wall,

The measurements were performed at night to avoid any
possibic effect due to temperature changes during the day
and (o facilitate the photogrammetric operations.



3.4.3 Loading system

The load was applied by pumping water into the tanks
between the walls in successive increments. This allowed spol
checks 1o be made on the behaviour of the structures as
loading progressed.

The diagram in Fig. 30 shows the depth of water at various
stages of the test. The evolution of the deformation of the

- wall can be studied in Figs. 31, 32, 33,

After a witter depth of 3.4 m from the base of the wall had
been reached. the structure was teft under load for 20 days (o
obtain data on the effect of uniform loading over a period of
time. Subsequently on 4/1,1982 the structure was partially
unloaded by lowering the waler level (o 2.00 metres and then
increasing it again on 6 1 1982 to a level of 3.50 m (6/1/1982,
Figs. 30 and 34). The load was maintained at this level of 3.50
m. while the structure was kept under observation until

Fig. 30 - Levels af loading in metres of water during the duration of the
test. ;
{

Fig. 31320 33 34 - Sequence of photographs showing the deformation at
various piiases of the test

15/2/1982 before increasing it to the final point when 4
deflection of 0.60 m at the top of the wall was attained.
During this period the increase in deformation was only
minor, (See Fig. 53). The water depth was then reduced to 23
m before procceding to the final phase.

After the 3.5 m mark was passed, sizeable increments in
deformation took place without significant increases in load.
A maximum value of 3.6 m was finally reached and the
structure was unloaded for the last time on 18/2/1982 after
the deflection had attained a limit value of 1.10 m (Figs. 36,
in.

3.4.4 Comunents on the observed measurements

The coordinates of the 266 points on the grid reference
matrix recorded at all stages of loading were transferred on to
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a nmagnetic tape. This tape was later used in a compulter
programme to analyse the deformation at every point at eich
test stage with respeet to its initial vertical position.

Fig. 38 illustrates graphically the average valuces of defor-
mation at various wall heights at some of the loading stages.
On plotting these results it was found that the scatter was
relatively minor, and therefore after discarding the high and
fow avilues the averages obtained for the deflection were
considered o be very dependable. The evolution of the
average deflection of the top of the wall as a function of the
hvdrostatic load is iflustrated i Fig. 35,

After the diagrams and photographs were examined. it was
concluded that the ability of a gabion structure to deform
derives mainly from the internal sliding or ~shearing™ which
takes place within the filling material when it is subjected to

Fig 33 - Deflecuon of the top of the wall at corresponding load levels
during the penod of test
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thrust. In addition to this fundamentai observation. it is
possible to deduce the following:

a) The deformation induced by the load is essentially irrever-
sible. As already indicated by the results of the test on
individual gabions, these structures do not behave clastically.
{Sce Fig. 35).

bt During the leading and unloading cycles. unloading does
not substantially decrease the deformation nor does loading
essentially increase it In the course of the operation the
structure was never completely unloaded (See Fig. 35) Towill
be recognized that these cycles undoubtedly represent the
successive changes in the thrust of the soil that occur at back
of a retaining wall duc to the changes in the water content of
the backfill and other natural conditions.

Fig. 38 - Average values of the deflection at vanous levels of the wall at
selected stages of loading
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¢} When the structure is subjected to a constant load aver a
long period. the deformation increases progressively. This is

clearly shown in Fig. 35 in the periods between 15 th and i6

th December 1981 and between 6 th and 11 th February 1985
when the structure was continuously loaded.

This condition can be attributed to an unstable equili-
brium which relies mainly on the internal friction between the
stones of the filling material. but is also reinforced by the
continning action of the steel wire mesh.

d) When the test structure had been loaded to its maximum
capacity and was incapable of withstanding any additional
thrust. the process of failure was very gradual and although
exvtensive deformation occurred. there was no sudden or
abrupt coliapse. This confirms the supposition that gabion
structures are ductile in that they can tolerate massive
deformation without losing their ability to resist thrust.
The description “ductile™ is somewhat imprecise in view of
the complex and composite characteristics of the material,

big. 39 - Close-up of the arei subjected to tenstle stress it the joint between
the wall and the foundation course.

Fig. 40°- Curves sllustruting the deformation and corresponding  shear
values.

Delormation Snear

and its behaviovr under load. 1tis however possible to speik.
in a wide sense, of a " ductility coefficient ™. This coefficient
can be considered as the ratio between the degriee of
deformation occurring at the point at which the structure
ceasces Lo support o foad increment. and that at which the first
mesh failure occurs. Using this criterion it is possible to
obtain ratios of the order of 20 and higher. which would
allow gabion structures 1o be classified as very ductile.

¢) The significance of the influence of the tensile strength of
the mesh on the stability of the structure was clearly
demonstrated in the tests. It is illustrated graphically in Fig.
39 which shows a detait of the mesh in the tension zone at the
junction between the wall and the foundation course.

3.4.5 Obscrvations on the test results

3.4.5.1 The non linear behaviour of gabion structures and
criteria for assessing the degree of deformation. The examina-
tion of the test results disclosed a remarkable **non linear™
behaviour of the material which, if ignored, could lead 10 a
misunderstanding of the principles that determine it. On the
basis of these observations and bearing in mind that the
deformation mainly results from shear stress, a study was
madc of the relation between the shear stress and the shear
modulus of elasticity. taking the test structure as an example.

The photogrammetric records give the deflection = at
height x at ecach point on the grid reference system for each
stage of loading. Consequently one can evaluate the specific
shear ¢ at any point and obtain the average shear stress 1 by
dividing 1 by the wall thickness b so that t;=1,/h,.

The deflection at the point i in Fig. 40 can be approxima-
ted from the relation:

and therefore the shear modulus at point i is:

(;iz_t!'_

ii

Using the numerical results extracted from the photogram-
metric records, the value of t. and the average deflection in
the vicinity of the point. can be established at every grid
point, and hence the value of the shear modulus G, known as
the secant modulus. It has therefore been possible 1o obtain a
relation between the shear stress t and the shear modulus of
clasticity G. It is lincar as illustrated in Fig. 41 and can be
expressed in the forms(*):

G=5733 1 +0.13 when h=1.35m

G=5333 t+0.44 when h=20m

3



Hencee the results show that G varies lincarly with © and
that the slope of the curve expressing this relation s
practically independant of the value of b which, however,
establishes the inttial vadue of G for t=0. The curve of ¢
plotted agasast G varies with the thickness of the wall and
ilso with the weight of the gabion mesh. Since the duration of
the load can modify the stope of the curve, there are two
versions of the modulus G according to the time scale, ie.:
immediately after the load is applied and over a perind of
time (See Fig. 35).

Fig. 42 shows a comparison between the actual deflection
of the wall during the test when it was Joaded to a water
depth of =340 m on 161281 and the value computed
from the above expression. The computed values are remar-
kuably close to the actual ones but the figures for deformation
given by the expressions can only be regarded as indicative,

From the examination of the most significant load test
results, the following conclusions may be drawn:

a) As far as gabion structures are concerned, the above
expression for the relation between t and G should only be
used for obtaining rough guideline values. 1t should be
remembered that the gabions in the test wall were manufac-
tured from light weight mesh which deforms easily, and were
not fitted with diaphragms (See § 3.4.1).

by The simplified but perfectly tenable assumption can be
made that. for gabions under shear stress of a typical value of
. the modulus G has constant average values of between 1.5
and 3.5 kg cm?®. The selection of onc or the other value
depends on a variety of circumstances which the designer
must consider in every individual case.

¢) In view of the wide scatter of the plotted results, it was
decided 1o extract from them criteria in general terms only.
This simplified criteria has been employed to formulate some
quite tenable hypotheses without resorting to elaborate
mathematics.

3.4.5.2 Analvsis of stress in gabion materials. The analysis of
a horizontal section through a conventional retaining wall
would normally cover the tension. compression and shear
stresses, and the bending moment. However, in the case of a
g :bion structure, the analysis would only usefully serve to
cheek that the compression stress was within the specified
tolerance for the stone fill. since the steel wire mesh in every
known case s always under stressed.

As an example. consider a gabion wall loaded with a head
of water of 3.5 m. The density of the filled gabion is 1.8 t'm?,

%1 The value of G in these expressions s in kgem?

£*%) Compression stresses e considered as being positne i this

Jf“il:\ sin

the vertical component N at the base is 13.4 ¢, the bending
moment M is 7.15 tm and the horizontal component 77is 6.13
{.

Assuming that only part of the base is carrying stress, s
indicated in Fig. 43, the results would show:
e=M/N=0.536 m and thereforc{**)
= 1.92 kg'cm?

nmax

Toae = 0,67 kg.cm?

Fig. 41 - The relationship between shear and the shear modulus of clastici-
ty in gabion structures.

Fig. 42 - Comparison between the measured and the computed values of
deformation for the wall under 1est.
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If it is assumed that the whole of the base is either in
compression or tension as in Fig. 44, the results change to:

a0 = 174 kgiem?

O min = — 0.405 kpem?

0.46 kg/em?

T =

In this case the bearing pressure is low but in any case it

must not exceed that allowable for an average compacted
gravel which may be taken as equivalent to gabion filling
mitlerial (Sce Section 4.4.1). s

The tension on the mesh is usually low. The stress which it
has to resist can be simply computed as being equivalent to
the resultant of the tensile stress acting on the whole of the
scetion. In this case, the part in tension covers a width of 0.38
m and the resultant tensile stress is: 0.5x4.05x0.38 = 0.76
tonnes per metre length, which is well below the strength of
the mesh (Sce § 3.3).

1,92 kg cm’

Fig 43 - Characteristics of the external Toads and internal stresses acting
on the base section of the wall loaded with i 1.5 m depth of water, assuiming
that onby part of the base v i compiession.

1,74 4gcm’
-
-4
gcm’
Q \

i
i \
i
)
0.46 &
- /'

Fig. 44 - Characteristics of the external loads and internal stresses on the
hase section of the wall loaded with witter to s level of 3.5 m assuming that
parrt is in compression and part in teasion.

3.5 Experiments on the use of wire mesh panels
in soil reinforcement and as earth anchors

The final tests on gabion construction maternials were made
to investigate the use of panels of mesh as anchorage
clements. A conventional gabion wall, in certain situations,
can be replaced by a simple thin outer face tied into the
backfill at one or more vertical intervals by pancls of mesh,
or thin gabion mattress units. anchored in the soil. To
establish the necessury anchorage length. an experiment was
sel up to measure the minimum required to cause tensile
fatlure of the mesh rather than that to extract the pancl intact
from the soil. A test was also made to establish the relation
between the applied traction and the yield point of the
anchors.

Only the basic essentials of the collected data is presented
below, Nonetheless, it should be sufficient to provide useful
euidelines for designers.

The test equipment conststed of a steel box shaped as a
bottomless truncated pyramid 3.00 x 3.00 x 3.50 metres in
size and having horizontal slots cut in two opposite faces at
two levels (See Fig. 45). The procedure for testing was as
follows: soil was placed in the boxes to the level of the bottom
of the slots, and panels of mesh laid over it so that their ends
protuded through the slots (See Figs. 46 47). Further soil was
then added to a predetermined height. To find the anchorage
resistance, traction was applied at the end of the panel and
measured by a dynamometer.

The load was applicd to the panel via two steel clamps
which gripped the mesh over its full width to ensure a
uniform distribution of stress. Traction was measured by a
dynamometer with digital controls which had been designed
for the purpose. It had a maximum capacity of 12,000 kg and

i3
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o Loadre sol into the steed bov ased for extriction tests

Fix 46 - Mesh panchs i the steel testimg boy prior Lo placing the surcharge

a measurement aceuracy of 4 kg, #See Fig. 48). The lengths of
the tost samples were taken before and after twesting 1o
measure the clongation,

Paramceters which were tuken into consideration for the
purpo-es of the tests were the mesh type. the direction of the
wease of the mesh with reference 1o the direction of pull, the
fength ol the panel buried in the soil. and the type and depth
of ~oil over the saimple. The types of mesh that were tested
were the 8 <10 X000 mm diameter wire, and the 6 x 81 2.2
pun dameter wire,

The miesh was tested by traction parallei to, and perpendi-
cular to the direction of the weave. Obviously itis important
to hnow wm which direction the mesh should be laid to obtain
the optimum anchorage value. Further information on this
subject can be found in Section 3.3 and 4.6.2.3

Tests were also made with panels of the same specification
ol mesh but PVC coated. No substantial differences were
recorded. Pancls of electrically welded mesh were also tested.
It was tound that they had low ductility and tended to fail
suddenly and instantanéoushy over the fuli width of the pancl,
When compared to hexagonal woven mesh which fails
radusdhy i ostages, it would seem that it s less suitable for
this particular purpose.

he width of the pancls used m the tests was 2.00 m and
the encased lengths were 100, 2,00 and 3.00 m. The soil
serchirge depths over the panels were 10O and 200 m

Fig. 47 < A mesh punel protruding from @ slot aid gripped by the stee!
clamp which ensured a uniform distribution of foad.

Iig. 48 - The dynamometer used to measure the truction applied 1o the
mesh panel via the steel clamp.

The soil types which were tested were naturally occurring
gravel, crushed stone 30 1o 50 mm in size, and a medium
grade of sand.

The soils in the test were not compacted and thercefore it
can be assumed that af the boackfill is compacted either
mechanically or by a superimposed surcharge. the anchorage
value will be preater than that achieved in the tests.

Althoagh it is stated above that the object in the tests was
to achieve cnchorage faiture by rupture of the mesh rather
than by 1ts eatraction from soil, there were some failures of
the latter kind (See Figs. 49. 50).

Figs. 51, 52 and 33 show the results of the tests on the 8
x 10 mesh. § is the tension in the mesh i kilogrammes per
metre width, occurring at the commencement of movement
in the case of extraction. (S <3000 kg-m). otherwise at the
point of rupture. (3> 5300 kg m). The graphs iflustrate the
refation between S and £, the anchorage length. for two
values of the soil depth If above the sample.

The commencement of movement of the panel through the
soil was noted by keeping the mesh protuding through the
rear of the box under observation. and measuring the
traction at the point when it started to move. Fig. 534 shows
values of ¥ for the 8 < 10 mesh plotted against 37 the volume
of soil superimposed on the panel in cubic metres per metre
width.

As the yraphs show. the values of anchorage obtned
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Prg 49 - Panel entracted intact. The anchorage length was insufficient in
this cise.

gravel and crushed stone are sinciliar. and it caa be concluded
that a 200 m anchorage tength is sufficient o develop a
resistance against extraction which is at least equal to the
strength of the mesh. An exception s sand. particularly
where the depth of surchares is small. when a 3.00 m
anchorage tength applies. The generat rule is that the width
of the panel must never be less than 2.00 m.

IUis interesting 1w note ihat the failure values were nearly
2quad to.the breaking strength of the mesh in the cases where
the anchorage was adequate. but where the mesh failed (See
Fig. 23 An exception. mentioned above. was the test in sand

o
brao S1032033 - Dugrams showing anchorage strength § as a Finction of

anchorage fength /
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Fig. 30 - Panel failure caused by a load exceeding its tensife strength.

al a surcharge depth of 1.0 m in which failure occurred at a
much lower load. This may be due possibly to the luck of
compuaction provided by only one metre of sand. this being
insufficient to prevent the mesh from contracting laterally.
This condition does not occur in soil 7 a larger particle size
and it would certainly improve as the surcharge of sand is
increased.

Further observations and guidelines for the design of
anchorages using panels of mesh can be found in section
4.6.2.3.

Fig. 34 - Diagram showing the anchorase strength S as o function of the
volume 1ol soil surcharge over the panel.
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CHAPTER 1V

Computation criteria

4.1 Introduction

tn the present chapter the criteria, uscful for designing
wabion retaining structures. will be reviewed. If the behaviour
of gabion structures were similar to that of concrete structu-
res there would be no need for such a review, for in that case
it would be sufficient to refer the reader to the existing
technical hterature.

As it is. the peculiar characteristics of gabion structures
require visious refinements with regard to both the most
appropriate criterta for computing the loads transmitted by
the soil to the retaining wall and the criteria for verification of
the adequacy of the structure and its safety factors

In writing this chapter therefore the most recent technical
literture on retaining structures and on experiments carried
oat on gabion elements and on full size structures was taken
into account.

Theoretical and experimental references useful to a better
understanding of the text or for a more thorough study of the
subject may be found in the bibliography [1, 2, 5, 8. 16, 17,
18]

Gabion type retaining structures, like any other retaining
structures. require:

a) An analysis of the loads transmitted by the soil to the
structure:

by A stability analysis of the combination of the wall and
surrounding soil as a whole.

¢) A structural analysis and design of the wall and soil
foundation;

d) An cvaluation of the potential movements and dcformd-
tions.

First of all in order to carry out lhcsc computations the
mechanical propertics and engincering characteristics of both
the foundation soil and the soil being retained must be
known. [t is the responsibility of the project designer to make
an adequate geological investigation which will conform with
the requirements of the competent authorities and .existing
codes of practice. The degree of sophistication of the investi-
gation will depend on the merits of the pl'OJCLl and the
required refinement of computation.

For a better understanding of what follows it is necessary
to posses an adequate knowledge of Soil Mechanics, and the
rcader should refer to the technical literature and to the
mechanical characteristics and strength of gabion structures
{See Chaps. 11 e [1).

4.2 Loads imposed by the backfill

4.2.1 General

The loads imposed by the soil on a retaining wall depend
not only on the mechanical characteristics of the soil, defined
by its internal angle of friction ¢ and;/ or cohesion ¢, but also
on the extent to which the structure can deform.

It is known that the active pressurc in an carth retaining
structure can only develop when the retaining structure has
deformed  sufficiently. Table 6 lists the lower limits of
movement necessary 1o bring into action the active pressure.

It follows that in the case of very rigid retaining walls.
pressures are developed in excess of the active pressure.
whereas with flexible walls the soil is mobilized at its lower
it of equilibrivm and it exerts the active pressure over the

3,
I

Table 6 - Minimum displacement and rotation required
to devetop the active pressure in retaining structures.

Type Deflection Rotation
of soil o \ {
Non cohesive 0.001 H 0.001
Cohesive 0.004 H 0.004




entire height H.

It is also worth noting that where impervious walls have
no weep holes., it is, generally speaking. inadvisable to rely on
the cohesion factor (5) as it can diminish rapidly with the rise
of the water content. For instance this can occur after heavy
rainfall where drainage facilities are inauequate. Gabion
walls on the other hand provide through drainage and it is
permissible to take cohesion into account..

Active pressure is usually computed with reference to the
well known Coulomb Wedge theory. and a typical example
of alculation for a general type of wall loaded with a given
soil as seen in Fig. 35 is considered below.

If the excavation behind the wall is made in such a way as
to assure the stability of the cut (Fig. 55a), the pressurc on the
structure is due essentially to the fill only and therefore it can
be computed on the basis of the ¢ and ¢ of the fill.

Fi

h

5 - Schemes for the backfilling of gabion retaining structures.

L)

Fig. 536 - Forces exerted on the gabion retaining structure according to
Coulomb’s theory.

1: Back fifi
2: Cut plane
3: Existing soil

pressure on the vrall

On the contrary, if the excavation is made with too steep a
slope (Fig. 55b) and the stability of the excavated face during
construction is dependent on friction and/or cohesion, it is
then appropriate to compute the loads using ¢ and ¢
characteristics of the weaker of the soils, the naturally
occurring or the imported.

The Coulomb theory (1776) is still substantially valid and
it is based on the following principal assumptions:

a) The surface of rupture of the soil behind the wall is a plane

surface;

The friction forces arc uniformly distributed over the

rupture surface;

¢) The soil included between the wall and the surface rupture
is considered a non deformable mass;

d) The load imposed by the wall on the soil acts at an angle ¢
with the perpendicular to the soil-wall interface and in
such a direction as te oppose the motion;

¢) The problem is two dimensional in the sense that a unit
length of retaining wall is analyzed and the wall is
assumed to be of unlimited length.

b

-~

4.2.1.1 Cohesionless soils. Assuming the conditions just de-
scribed and with the additional assumption that the wall is
sufficiently flexible, a condition that is always the case with
gabion structures, it can be shown that the total thrust S,
cxerted by a cohesionless soil of unit weight 3, on a wall of
height I s

_ H% K,
a =™ T b

S

where the symbols arc those illustrated in Fig. 56 and K, is:

K = sin?(ff + )

Gin? Bsin(f— & sin{q +.¢)sin(p — ) |2
sin” fsin{/ ()I:‘ +\/f;in(/f—d)sin(ﬁ—{—n)

The coefficient K is called the cocfficient of actlive pressure.
The resultant of the active pressure is applied at /3 from the
base and its direction makes an angle & with the perpendicu-
lar to the wall. In gabion walls ¢ can be assumed equal to o,
(d=1¢) due to the considerable roughness of the gabion
surface, which can therefore be assumed to be a soil to soil
friction surface.

The diagrams in Fig. 57 show the value of K, for various
vilues of the friction angle ¢ and for various inclinations of
the thrust surface ff and the soil surface ¢, thus permitting the
immediate computation of the thrust.

For stepped rear face walls the surface where the soil
pressure is assumed to be applied is the plane connecting the
points A and B in Fig. 56.

Rankine's theory for the computation of carth pressure
{1857) deals with the condition of the plastic equilibrium of
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the soil, without consideration of the friction between wall
and soil, thus obtaining:

; ¥ )
LOSI:——\ COS™ £ —CO8™ ¢

3 )
Cos &+ COS™ & — COS™

K,=cose

The thrust is assumed to be inclined at an angle ¢ from the
harizontal.

Coulomb’s theory in the case where ff=90° and d=¢
produces the same expression as Rankine’s theory (Fig. 58).
In addition where d=¢=0" the vaive of K, becomes:

K, = n? (45" —/2)

The angle o (Figs. 56. 58) defines the inclination of the
rupture surface that corresponds to the active pressure S,. Its
reneral expression is found for instance in reference [18]. In
practice it is possible to assume:

0 =45+ ;2

o]
/
o

{
S
/

(L

pressure on the wail

4.2.1.2 Cohesive soil. With silty soils and/or clay soils a
limited amount of cohesion can be assumed.
In such a casc the active pressure can be computed as:

- H2K j—
S.= st =20l K,

a

4.2.1.3 Obsercations. Some clarification will be helpful when
applying the above theories, since, as will be seen later. the
diversity of practical situations requires further approxima-
tions, which expericnce shows to be generally acceptable.

In the theories just reviewed the distribution of the earth
pressure exerted by the soil on the structure is assumed to be
lincar, whereby in the absence of cohesion and surcharge. the
resultant pressure acts at a height Fi/3 from the base.

Fig. 59 schematically illustrates three different types of
walls frequently used in practice. In case a) the wall surface
against which the soil pressure is exerted is precisely the wall
surface against which the soil rests.

In case b) the earth thrust can be computed along the
imaginary scction h-b as shown by the broken line and the
mass of the soil included between the inside face of the wall
and section h-b is the mass that acts on the heel of the wall.
and is computed in the overturning and sliding analysis of the
wall.

Casc ¢) concerns a wall whose footing is exceptionally long
and consequently rendered excessively flexible. In such a case
it is not possible to rely on the bending strength of the footing
and the computation of the carth thrust is made with
reference to the ideal section b’-b” at a distance back from
point B cqual to or less than the fooling.

The smaller portion of the footing set off by section h'-h’
behind the wall contributes to the translational equilibrium
and can be interpreted as an anchorage element.

Fig. 38 - lorces exerted on gabion retaining
structures according to Rankine's Théory.

Fig. 59 - a) Gabion gravity wall: by semi-grisvity
pabion wall: ¢ semi-gravity gabion wall with
anchorage heel. :
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4.2.2 Earth pressure due to surcharge

The thrust from a distributed surcharge load on the
horinzontal backfill (Fig. 6C) is casily computed. In practice:

S,=p, K,

Wiere the backfill soil is homogencous the contact pressu-
re between soil and wall due to the surcharge is uniformly
distributed. and the vesultant is applied at 112

In cases where retaining walls support clevated roads it is
common practice to consider the uniform surcharge load p,
above the wall as a layer of soil of weight equivalent to the
given pressure and of thickness H,=p,/y,. The effective
thrust against the face of the wall due to the surcharge and
the weight of the cohesionless soil can be expressed as:

: 2 HIK 2H,
=4 2
Su= "5 (l + H)

and the line of action S, intercepts the back surface of the
wall at a height d from the base. where:

[ H (11 +3H,
“T3\nyan,

The evaluation of the thrust due to nearby concentrated

loads or loads along a strip of ground parallel to or at,an
angle to the line of the wall is more complex as are the loads
transmitted by vehicies and some buildings etc.

Such cases can be handled in a simplified manner (sec §
4.2.3), or the soil can be assumed to behave as an clastic
homogenous and isotropic medium (Spengler and Gerber,
Terzaghi). The expression that can be obtained can be found
in references [1. 2].

4.2.3 Fvaluation of earth pressure in complex loading condi-
tions

Often in practice the st face of the ground above the wall
is irregular, ‘as shown for instance in Fig. 61.

In such cases it may be convenient to refer to the limiting
conditions and making conservative assumptions. A more
precise analysis can be made using the Cullman method
which is based on substantially the same assumptions as
Coulomb’s. This method secks the maximum value of the
reaction which the wall must provide in order to guarantee
the equilibrium of the wedge of moving earth.

For a detailed discussion of the Cullman method the
reader is referred to the specific technical literature {1, 2]. In
chapter V the computation of the thrust acting on a wall
supporting a road, a case in which this method is frequently
used, 1s presented as an example.

hK,
L p()K:

Fig. 60 - Lateral soil pressure distribution due to a uniform surcharge.

Fig. 61 - Example of a wall with a surcharge non-uniformly distributed.

4.3 Criteria for the stability analysis of gabion walls

Whatever the type of the retaining structure, whether
gravity. semigravity. or reinforced soil (see Chap. 11 and §
4.2.1 ¢) it is usually necessary to check the stability of the
work with respect to:

a) sliding
b) overturning
c) overall stability of the wall and surrounding soil.

1t is also necessary to check the stress developed at critical
points of the wall (§ 4.4.1) and the seil bearing pressures (§
4.4.2). and it may be useful to check potential wall move-

4.3.1 Check for sliding

This check is made with reference to an horizontal plane
(Fig. 62). Specifically, for gabion walls, the stabilizing forces
(F,) resisting sliding are friction (f N) and cohesion (¢B) at the
sliding surface, passive pressure (S,) at the toe of the wall and
anchorage forces (8,) at the heel of the wall:

Fo=fN4cB+S,cosd+8,

- -4
Some of these components may not be present depending
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F, =S, cosd
i, — F, F,

on the type of wall and existing conditions. The normal force
N is the sum of the vertical forces perpendicular to the sliding
surface i.c. soil weight, wall weight, vertical component of the
soil thrust. and surcharge and [ is the coefficient of [riction
between soil and footing or between soil and soir; ¢ is the
cohesion factor. and B is the length of the sliding surface (Fig.
62). For a computation of these contributing factors refer to
Chapter V. ~Examples of Computations™.

With regard to the coefficient of friction, specific experi-
ments were carried out 1o determine what values should be
used for gabion walls, sic: (Rio Reventado, Instituto Consta-
ricense de Electricidad 1965 {19]: Bologna Officine Macca-
ferri S.p.A. 1985 Figs. 63. 64). For cohesive soils the ratio
that was obtained between the horizontal thrust and the filled
gabion was rather high. 0.7 10 0.75, but since the contribu-
tion of cohesion needs to be taken into account in these cases.
the resulting coefficient of friction is lower. In cohesive soils
values are slightly, higher than the traditional tan ¢, where ¢
is the angle of internal friction of the soil. In the analysis of
the resistance 1o sliding at the base of a gabion wall, it is
reasonable to use: :

[=taneg
since it can be assumed that sliding oceurs on a soil to soil

face and not at the gabion to soil interface.
Conservative values of cohesion on the sliding plane may be

‘ Fig. 62 - Forces 1o be considered in analysing the resistance (o shiding.

Fig. 63, 64 - Tesis (o determine the coefficient of friction between gabions
and soil.

Fig. 65 - ) Increased foundation depth; b) widening of the foundatior

used in addition, in the case of cohesive soils. In the
experiments referred to above, the kinematic coefficient of
friction between gabions and artificial surfaces was determi-
ned. For concrete surfaces the coefficient of friction was
determined to be 0.64.

The horizontal thrust tending to produce sliding is:

F,=8,cosd
The safety factor against sliding is 5,
= FyJ/F;

Most authorities recommend that this safety factor should
not be less than 1.5, while others that it should be 1.3.

In any case the selection of the factor of safety is usuvally a
matter of judgement where the merit of the work. the degree
of refinement sought in the computations, and the accuracy
with which the scil characteristics are known all necd to be
taken into consideration. 1t should be noted that in this
respect clay soils are the most treacherous on various counts,
mainly because their characteristics vary significantly with
change in water conlent.

To design walls with adequate safety factors against sliding
is often difficult especially where the foundation soils have
low friction factors.

In these cases it is sensible to consider a deeper foundation
as shown in Fig. 65a or a longer onc as in Fig. 65b.



4.3.2 Check for overturning

For a retaining wall that is resisting active carth pressure
and where its own mass is a resisting foree the overturning
moment (Fig. 66) is:

l\rll‘ = Su [n
and the restoring moment is:
A}IS = l‘1/““ 1\\' + Sp[”

where Wi, is the resultant of the wall’s weight and the weight
of the boxed ™ soil above the heel and 1. I, I, are the lever

arms for the forces S,. W,,. and S, respectively.
The safety factor against overturning is given by:

N, = M/M,;

and its minimum value is usually taken to be 1.5.

In this analysis it is assumed that the foundation slab has
adequate rigidity and for gabion walls this usually means that
the minimwn thickness of the heel and toe is equal to or
greater than their respective widths.

In cases where the foundation section is wider than usual it
is necessary to assume a hinge point as shown in Fig. 67.

in addition since the strength of the heel in bending is
negligible. only the “boxed™ soil lying on a length of the heel
equal to its thickness can be assumed when computing the
restoring moment. The remainder of the heel can be conside-
red effective as an anchorage element in the computation of
the resistance to sliding.

When computing the anchorage effect at Section b-h only
the horizontal top and bottom pancls of gabions are conside-
red to be effective. The vertical panels carry the anchorage
stress developed between Sections a-a and b-b and in
conjunction with the interlocking action of the stone fill they
also transfer the shear and bending stresses at Section d-a to
the main structuie.

4.3.3 Check on overall stability

A retaining wall may fail on a semi-circular slip surface
focated within the soil below and behind the wall.

The analysis for this condition consists in searching for the
slip circle. i.c. that circle which has the smallest safety factor
against failure.

The true shape of the slip surface is complex but in practice
a number of simplifications can be used to reduce its
complexity to a simple geometry of lincar, circular and
logarithmic spiral curves.

For a discussion on the general methods of solution the
reader should refer to the bibliography. In the special case
where the fill behind the wall consists of cohesionless soil the

12

failure surface can be assumed to be a plane inclined at an
angle w with the horizontal. This surface is assumed to pass
through point A, the lowest extreme point »n the heel of the
foundation as shown in Fig. 68. To find the failure plane i.c.
the one with the lowest factor of safety against sliding. the
angle w is made to vary.

The condition for stability is S <S§,,, where S is the thrust
along plane OT and §, is the passive resistance correspon-
ding to the limiting equilibrium condition of the prism TOC".

For every w there nceds to be found a W, the combined
weight of the soil and wall in the element CTE. This weight is
a force of known magnitude and direction. Also for every «
the dircction of the resultant R of the combination of soil and
wall on side CT can be found by noting that in its limiting
condition R makes an angle ¢ with the perpendicular to CT.

Knowing that the direction of the force S along side OT of
the mass under consideration makes an angle o with the
horizontal, it is possible to determine the magnitude of S by
using a simple force polygon. Finally it is possible to
determine the intensity of the passive pressure S,. for which
the reader should refer to [1, 2] and Chapter V.

The critical surface for the whole mass is the one with the
smallest safety factor:

0;=5,/S=min

To ensure stability the minimum value of n; to be used is
1.2 to 1.3. :

Fig. 66 - Forces to be considered when checking the overturning moment.

p“ H
ARV SERNRARARRERE
M, =S5, , ‘
0N, =M_M, i.k_.,,




3

.

1. Unethicient part

2 Fully reactive
structural part

. Etficient pant ab
like anchoring (I

w

_— " !

w

f:
R
. =@
0] w
E 1 R\ : —
: A 3 . 90° -0 A4S
(72
5~
(PR {7
T

Fig. 67 - Dingram illustrating the structurally active
portons of a gabien retaining structure.

Fig. 68 - Diagram for the analysis of overall stability.

4.4 Analysis and design of the wall and its foundation

4.4.1 Wall design

It is generally necessary to check the design of the wall and
its foundation at every change in the cross section.

The bending moment M. the shear stress 7. and the
nornul stress N are the values to be checked at a typicai cross
section.

The bending moment and the shear stress are functions of
the horizontal thrust of the soil and of the cccentricity of the
perpendicular resultant. The perpendicular resultant is a
function of the weight of the wall. the weight of the soil
resting on the foundation heel and toe, and of the vertical
component of the active soil pressure (Fig. 62).

Knowing all'the external forces acting on a wall scction it
is possible to compute the internatl stress induced in the wall.

The eccentricity of the perpendicular forces on a wall
section ‘of height B and of unit width is computed as:

M
¢ =—
N
Due to the tensile strength of the gabion structure and its
adaptability to plastic readjustment. it is possible to assume
that the maximum tension developed on a given section of
wall for any value of eccentricity is:

This expression can be obtained by making the following
assumptions: the section reacts partially when e> B/10, the
length of the cffective resistant part of the section is x =(B/2
—¢) 0.4 and the maximum stress is a,,,=N/(0.8 x). The
vilues of the maximum stress thus obtained are smaller than
those obtained using the expression a,,, = (N/B)(1 + 6¢/B).

nin

The maximum computed normal stress (6,,,) must not
exceed the allowable stress (a,,,) which is a function of the
density 7, of the gabions, i.c. the type of rock fill and its
compaction, {Sce Table 7).

The limits suggested are for the purpose of controlling the
deformation of the wall rather than for safety reasons. In fact
with higher normal stresses the deformation may be excessi-
ve. When the stress increases to twice the suggested value,
instantancous-settlements of the order of 5%, can be expected
and long term scttlements can reach up to three times this
value,

In an approximate fashion the developed shear stress can
be cxpressed as:

T =

T
B

The allowable shear stress is:

1<otan* + ¢,

Table 7 - Allowable compression stresses on gabion
structural elements.

7 (/m) a,. (Kg/em?)

1.4 4
1.6 5
1.8 6

Lincar interpolation can be used for intermediate value: g, = 57 - 3

ig "
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where @ is the average normal stress at the height of the
scction under analysis, ¢* is the internal *fictitious’ angle of
friction of the aggregate. deduced from the angle of friction of
the soil in order to take into account the effect of the
compaction of the gabion fill; ¢* is related to the density
v, m?) of the filled gabions by the empirical expression:
p* =25y, —10°

The term ¢, represents the overall cohesive effect of the
wire mesh on the gabion structure. The value of ¢, depends
on the ratio of weight of mesh to the volume of the gabion
structure. and it increases as the gabion depth decreases. with
gabions fitted with diaphragms, and with gabions construc-
ted of heavier mesh. Conversely the value of ¢, decreases with
the increase in gabion thickness, with gabions without
diaphragms. with large mattress type gabions (See reference
[9]). and with gabions made of lighter mesh.

For example. for reference purposes. for gabions 4 x 1 x 1
m in size. without diaphragms and with 8 x 10 mesh of wire
diameter 2.7 mm. ¢, is 0.15 kg/em?; and for gabions 2 x |
x 0.5 m in size, with diaphragms and with 8 x 10 mesh of
wire diameter 3.0 mm. ¢, is 0.40 kg/em?. It is possible to
compute the representative ¢, value using the empirical
cspression:

¢, =0.03 P,—0.05

where P, is the weight of the metallic mesh per cubic metre of
wall [91 expressed in kg/em” and ¢, is cxprcsscd‘ in kg/em~.

The limits of the shear stress are also fixed in order to
control the degree of deformation rather than for reasons of
safety.

4.4.2 Check on foundation bearing pressure

Soil stresses transmitted locally at the base of the wall need
to be checked. especially in the case of relatively high
retaining walls and where the angle of internal friction of the
soil is low.

The ultimate pressure can be computed using Hansen's
expression, see Fig. 69 and references [1, 2):

[
Piim = N+ M d i+ — 3

5 it

BN d i,
where:
T'N

=

d.o=d,=1+035 y/B
d.=1

i

and the coefficients N.. N, and N arc given by the following
expressions (*):

N, =™ an’ (450 + ¢/2)
N.={(N,~ l)cotg

N.=18IN,~- Itang

For convenience of computation these coefficients.. as
functions of the internal angle of friction ¢ are given in Table
8. The maximum soil pressure developed at the wall founda-
tion is usually found by the expression:

_N I+ O¢
O ax = B B

The maximum pressure thus obtained must be lower than
the allowable soil bearing stress: ’

Gum = 3

Some authors suggest that for cohesionless soil:

Piim

¢ 2

am —

In the case where only a portion of the base section is in
compression {eccentricity ¢> B/6) the soil stress can be
cvaluated with the usual espression:

B
"= 3‘ — ¢
2N
Tmax = '?l_"

where i indicates the distance from the normal force to the
clement under stress.

Table 8 - Coefficients for the computation of maximum bearing
pressure on soil.

® N, N, N,

0 - 100 0.00

5 6.48 1.57 0.09
10 8.34 2.47 0.47
15 10.97 3.94 1.42
20 14.83 6.40-« 3.54
25 20.72 10.66 8.11
30 30.14 18.40 18.08
35 46.13 33.29 40.69
40 75.32 64.18 95.41
45 133.89 134.85 24085
50 266.89 318.96 681.84

1 B i
o B ]

Fig. 69 - Characteristics of the stresses acting on the Toundation of a
Cole s
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4.5 Criteria for the evaluation of deformation

As determined in the experiments described in Chapter 111,
gabions exhibit greater strength in shear than in bending.
This was demonstrated in tests on single elements and on full
size structures. and is confirmed by the appearance of
deformed walls.

So in order to evaluate possible movements in wall
structures it is necessary (o define an appropriate value of the
tangential modulus of elasticity G. On the basis of the
experiments mentioned above it has been possible to observe
{§ 3.4.5) a correlation, for a given wall section, between the

value of G (tangential) and the value of 1.

This relation can be used to determine deflection. In the
examples above it can be shown that the results are related to
the specific procedure followed in loading. In practice the
value of tangential stress in the walls is generally less thus
resulting in a linear expression of t against y and therefore a
constant value of G.

The value of G can be expected to range between 2.5 and
3.5 kg/em? and in any case these can serve as guideline
values.

4.6 Analysis of the behaviour of particular retaining structures

4.6.1 General

The component elements of gabions or pancls of mesh can
be used to advantage in the construction of reinforced soil
structures. They function in a fashion similar to that of
reinforcing strips or geogrids in increasing the strength of the
soil in shear and tension when placed in the backfill. The
purpose of the examples of calculation that follow is to
demonstrate the principles rather than their practical appli-
cation while in Chapter V more detailed examples will show
the entire calculations for the same procedures.

At this juncture it is opportune to remind the reader that
projects of this nature not only require careful planning in the
office but also a meticulous soil investigation of the site to
provide accurate data for the preparation of the design.

4.6.2 Retaining structures using gabions or panels of mesh as
soil reinforcement

This type of structure is shown in Fig. 70 and consists of a
thin gabion wall anchored into the soil with one or more
lavers of ties.

Obviously the computation must include checks on the
following:

a) The strength of the ties and their anchorage length.

b) ‘Stress concentration at critical points on the thin wall with
particular attention paid to the effect of vertical loads and
connections to the ties.

¢)- Soil resistance at the wall foundation.

d) Overall stability of the structure and surrounding soil.

¢} Any necessary control of vertical and horizontal deflec-
tion.

4.6.2.1 Dimensions of the soil reinforcement elements. The
combination as a whole of all the reinforcement elements in
the structure must be capable of resisting the thrust of the
active pressure with an adequate factor of safety, generally
taken as equal to 2.

The position of reinforcement elements is planned by
distributing them along the height of the wall using areas of
influence and assuming triangular distribution of the ecarth
pressure on the wall, see Fig. 70.

Consequently ties or clements that are uniformly stressed
will be closer together at the bottom of the wall.

Table V in Chapter 3 serves as a guide to the design of
reinforcement elements and it also gives the breaking

Fig. 70 - Retaining structures stiffened with reinforcement ties made of
gabions and Reno mattress.
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strength S, for the various types of mesh. The allowable
strength in the mesh can be obtained by reducing the given
breaking strength value by a factor of safety, which in this
case can be assumed equal to 1.2 to 1.3

The anchorage length of the tension clement can be
determined - using Fig. 71 and considering the ultimate
tangential strength r,, related to the normal pressuve of the
soil @ by the usual expression:

Thim = 0 tan @

The anchorage length of the reinforcement element must
extend into the backfill beyond the plane of expected failure
{Figs. 70. 71) this length is:

ns,

S,
[= Zhim o
glaneg

Tyim

where n is the number of mesh panels lined up along the
direction of anchorage stress per unit width of the tension
* clement.

The resulting anchorage length includes a safety factor in
as much as the mesh is stressed to a lower limit than its
capacity. The allowable stress for the mesh is equal to the
breaking strength divided by 1.2 or 1.3.

Although these may appear to be high, it should be
remembered that in this case particularly, they affect the
overall stability of the structure.

4.6.2.2 Design of the thin gabion wall. The data for the
design of thin walls anchored with mesh panels was obtained
from the tests described in Paragraph 3.5.

The test results show that 2 to 3 metres is the minimum
anchorage length required to provide a " pull-out™ resistance
equal to or greater than the breaking strength of the mesh
itself when loaded with soil to a depth of one metre only. The
length of anchorage is computed by starting from the
theoretical failure surface of a wedge of carth resting on the
base. However, recent studies indicate that the rupture plane
critical for masses of reinforced soil is transposed towards the
toe. This results in an increased effective strength of the
anchorages as scen in References [20, 21 and 22].

The project designer needs to consider such data to
determine whether the anchorage length shouid be extended
bevond the 2 to 3 metre dimension notwithstanding the
statement above that fonger anchorage lengths are not
generally required.

It is advisable to analyse the overall stability of the wall
and surrounding soil as a whole, taking a series of slip
surfaces passing through the ends of the anchorage panels.
This entails checking the stability of a wedge of carth resting
against the wall and exerting a thrust less than the active
thrust. but not having the stabilizing effect of the anchors
which lie within the wedge.

The evaluation of the overall stability at connection points
of the anchorage panels to the wall face presents no difficulty.
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This is clearly illustrated in § 3.2.3; the shear strength of the
gabions is in the order of 1.5 10 2 kg/em? and therefore 15 to
20 tonnes on one metre length of wall having a thickness of
onc metre. It can be seen that the shear stress at the
connection points is approximately half the tension stress in
the anchorage pancls, therefore even where the pancls are
carrying their maximum load it does not exceed 3000 kg. The
pancls arc placed with the dimension of maximum strength,
(the direction in which the mesh is woven), lying parallel to
the direction of soil stress. Thercfore there will be panels: at
least 2 metres, and preferably 3 to 4 metres wide and of a
length which will vary according to the wall height and with
the predetermined anchorage length.

The anchorage panels should be extended through the
gabion wall for a least one metre and be securely tied to
cnsure a positive conncction betweer the .wall and the
anchorage. :

For cconomy purposes it is uscful to note that the
anchorage. panel can be used as the lid for the gabion to
which the panel is anchored.

4.6.2.3 Localized resistance of the gabion wall. The vertical
stresses are produced mainly by the wall’'s own weight and
the remainder by the bending stress imposed locally by the
soil thrust. They are computed using the procedures descri-
bed in the preceding paragraphs.

To conclude, the virtually concentrated loads carried by
the reinforcement panels impose tangential tensions on the
wall. These have to be contained within the limits already
mentioned. See § 3.2.3 and 4.6.2.2.

4.6.2.4 Foundation soil stresses. The bearing pressure on the
foundation soil must be checked under both the backfill and
the wall. If it is desirable to avoid settlement due to soil
movement and hence failure of any magnitude it would be
preferable to check the local stresses, i.e. verify that at specific
critical points the allowable soil bearing capacity is not
exceeded (See § 4.4.2). The safety factor can be checked using
the same method as that for local stability (See § 4.3.3).

Fig. 71 - Anchorage stresses in a Reno mattress tie.




4.7 Computer programme for

The calculations required for the design of gabion walls
can be programmed for computer sotution. This is confirmed
in the above paragraphs which show that the scquence of
-operations and design criteria remain unchanged, whatever
the wall section, soil or gabion characteristics. There are
however some exceptions for special cases. A programme has
been prepared for the FORTRAN system and called GA-
WAC for «Gabion Wall Coder. Gabion walls of any shape
and size can be analysed with this programme. It is immate-
rial whether the section is-vertical, or built to a batter, or

- whether it is stepped on the front on rear face.

In this programme the gcometry of the project is described
by means of & matrix. each element of which corresponds to a
structural characteristic. As illustrated in the example of Fig.
72 the gabion characteristics are assigned the number |, the
characteristics of the soil are assigned number 2 and the
unoccupied space is assigned number 0.

The GAWAC programme, which is also designed to deal
with sloping or level backfill loaded with a uniformly
distributed surcharge py. computes the active earth thrust S,
acting on the wall. In cases of simple gravity walls as shown
in Figs. 56 and 59a the programmec assumes the pressure
surface to be the back of the wall. But in the case of walls with
foundation heels and balancing «boxed» soil over the heel,
the load surface is assumed to be the vertical plane represen-
ted by line b-b in Figs. 59b. 59¢ and 67.

The thrust is assumed to make an angle d=¢ with the
perpendicular to the thrust surface.

The GAWAC programme using the known density of the
gabion and soil determines the overturning moment M/, tu.
restoring moment MS. and the overturning safety factor SR.
The check for sliding is performed according to paragraph
4.3 by computing FI, ¥S and the safety factor SS. The
eventual anchorage force exerted on the extreme portion of
the heel beyond section h-b. in Fig. 67, is assumed equal to
the smaller of the two values. namely the allowable tension
resistance of the mesh itself and the anchorage value develo-
ped by the soil. When sp  ed, the contribution of the
passive soil pressure at the toc is also evaluated.

The programme computes the soil pressure both in the
case where the soil pressure acts over the whole foundation
width and where it acts on part of the width only. To do this
it uses the usual reactions for sections affected by stress but
not subject to tension. The output gives the maximum and
minimum soil pressures with the understanding that if the
minimum pressure is zero the stress exists on only part of the
foundation.

The programmie excludes the possibility of having zero
pressure al the toe. This eventuality even though rare can
occur if the soil thrust is low and the front face of the wall is
extensively stepped.

The stress at the bottom of the stem wall i also checked
and here too the case where the stress exists over part only-of
the section is singled out.

The check for overall stability of the wall and surrounding
soil s carried out according to the criteria quoted in

the design of gabion valls
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Fig. 72 - Diagram of the geometry of a gabion structure illustrating the
input for GAWAC computer program.

paragraph 4.3, yielding, after a trial and error computation,
the minimum value of the safety factor (SI) for the stability of
the system as a whole.

Finally the maximum deflection of the top of the wall is
computed. For every 0.5 m increment of wall height. using
the average values for the combination of wall and soil for
that increment, an average tangentiai stress is computed.
From this stress the value of G and the average deflection for
the given wall increment and wall height are obtained using
relations of the type indicated in paragraph 3.4.5.

The maximum deflection at the top is obtained by adding
the deflection contributions of all the increments of wall
height. o

For the sake of comparison the programme also evaluates
the horizontal deflection at the top of the wall using a
constant tangential modulus of elasticity i.e. G of value 2.5
kg/cm? which was derived from experiments on both gabion
elements and ful' scale projects.

It is to be understood that this total defiection. even
though computed, only serves as a guideline value and in any
case is a maximum range.

The GAWAC programme is arranged so that for a given
wall cross section it will automatically cycle through for
different values of the density of soil, different angles.of
friction, for increasing values of the density of the gabions
and various loading conditions, including sloping and level
backfill and uniform surcharge.

Several tables in the appendix were developed with the use
of the GAWAC programme. These tables make it easier for
the project designer to establish preliminary basic sizes for
gravity and semi-gravity walls and for different loading and
soil conditions.
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4.8 Comments concerning the design criteria for gabion strictures

4.8.1 Layout and sizes of gabions in the structure

The best results for this type of construction are obtained
by exercising the utmost care in the filling of the gabions ap-!
in arranging their layout in courses in such a way that ihe
distribution of the mesh in the structure is halanced with
respect to its characte istic functions. This means that the fill
mitw fal should be as small as possible for the given size of
the mesh to obtain a uniform density which will ensure the
best louad distribution and also the maximum and nost
effizient utilization of the wire riesh.

In this respect gabions in 6 x % mesh are preferable to those
in 8x 10 or 10x 12 mesh, and 0.5 m deep to .00 m deep
units. since the - cased ratio of mesh to stone fili will
noticeably improve the static behaviour of the wall.

It foliows that where walls are higher than 4 to 5 metres, it
is advantageous to use 0.5 m deep in preference to 1.0 m deep
gabion- in the lower courses and foundation where tie
compression and shear stresses are highest.

In addition, by increasing the number of panels aligned
perpendicular to the face of the wall and ther=fore parallel to
the soil thrust. the d:’ormation caused by shear will be
effectively reducsd. This is simply achieved by placing the
gabions with their longest dimeuision perpendiculai to the
wall.

4.8.2 Filling

Gabions may be filled by hand or by mechanical meuns.
Every effort shall be made to keep voids and bulges in the
gabions to a minimum in order to ensure proper alignment
and a neat. compact, square appearance, without using stone
of such size and shape as to obtain a rigid construction or
face.

4.8.3 Walls with stepped front or rear faces

Gabion walls can be built with a stepped front-face, or
with a stepped rear-face, see Chapter 1. Walls with stepped
rear-face arc often chosen for functional and aesthetic rea-
sons. However from the technica! point of view the walls with
stepped froni-faces are preferable, ar * certainly advisable for
walls 5 to 6 metres high. Fo. .o 1 w..is the stepped rear-face
is acceptable providing that v1'  ouilt to a batter of not less
than 6 degrees.

4.8.4 Allowable deformation

Graviiy walls are subject to less deformation than semi-
granvity walls and are therefore more suitable in situations
where mosement of the top of the structure is to be avoided.

48

But even in these cases it is possible to use semi-gravity walls
and contru! the movement by me ins of onc or more layers of
tics as described in paragraph 4.6.2, depending on the height
of the wall and thie so.l characteristics.

4.8.5 Drainage

When compared 1o other types of rciaining structures,
gabions walls have an additional safety factor in that they are
permeable and self arzining They are therefore ot subject to
pressuies exceeding those contemplated, nur to the deteriora-
tion of the soil charactenstics in the foundation and the
backfill arcas. '

Notwithstanding the ::oove, it is advisable to take proper
measures (o improve the drainage in the back of the wall
using larger size material at the lower level of the fill (Fig. /73).
and possibly providing 1 concrete apron shaped to drain off
collected waier in a convenient direction, ard installing land
drains.

At regular intervals along the walls drainage should be
provided to carry water awzy {rom the foundation.

4.8.6 Use of filte~ fabrics

In fine silty or sandy soils, it is most important to select a
filire material which can serve as a filter to prevent
migration of the soil through the structure. It is inadvisable
to use filter fabrics against the rear face of the wall because of
the possibility. often inevitable, of the fabric becoming
clogged, with the resulting ¢angerous increase in hydrosiatic

Fig. 73 - Drainage system for a gabion reta’ning streture.

1: Gabion wall

2: Back fill

3: Drainage hardcore
4: Land drain

5: Concrete slab

(m)




pressure.

The use of fabric can be recommended in river and marine
works where a continuous and frequent water movement will
flush the wall and the soil behind it. Obviously in these cases
provision must be made in the design to cater for the relief of
hydrostatic pressure.

Fabric is sometimes uscful for providing a filter between
the excavated surface and the backfill, and for preventing the
washout of fines from the foundation (Fig. 74).

4.8.7 Drainage counterforts

The drainage in the area behind the wall can be effectively
improved by the installation of gabion counterforts (See Fig.

75). These project from the rear face of the wall to the limit of
the arca to be drained which is usually scallop shaped. They
therefore tend. to be more widely spaced at the outer limit
than at the wall (See § 4.3). Their thickness is generally 1 to 2
m and they are spaced at distances which dcpend on the
dimensions of the wall. that is, empirically, twice the height of
the wall. Their function is essentially to provide drainage.
they therefore serve a different purpose to the stiffeners and
ribs used in concrete walls. This does not mean that they do
not contribute some structural reinforcement to the wall.
They can be considered as cfficient anchorage clements
similar in nature to the foundation heel and mesh anchorage
panels, in that they perform as counterweights acting on the
rear face and any forward movement in the structure is
resisted by friction on their sides. They also suchn the top of,
the wall by preventing its deformation.

1 Gabion wall
2: Back #l

3: Geolextile
4 Geotextile under the foundation ™
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G [l&, 74 - Use of filter fabrics in a ylbmn rchu-

i
A f ning structure.
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1. Gabion wall
2: Counterfort
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Fig. 75 - Diagram illustrating gdblon drainage
counterforts.
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CHAPTER V

Exampies of calculations

In this chapter the criteria deceloped in the preceding chapiers
are clarified by the practical application of the solutions to
some specific examples of  gahion retaining structures. The
procedure followed is probably too demanding 1o be carried out
nmanually. and this applies especially 10 the one in Example 1a.
In a preliminary evaluation the designer should therefore
proceed with simplified caleulations, concentrating mainly on
the behaviour of the structure as deseribed in Example 1h. The

Example la

Calculations are required for the gabion retaining wall
shown in Fig. 76.

The density of the gabion is ;,=1.65 t/m*; the density of the
fill behind the wall and that of the foundation soil is 7, = 1.8
t m?, their internal angle of friction is o =30 for resistance
against sliding the cohesion factor ¢ =1 t:m? is assumed for the
Joundation. The gabions are of hexagonal mesh 8 x 10 with
wire diameter ©=3.00 mm.

The total wall height measured parvallel to the face of the
wall is H=28.00 m of which 1.00 m is buried; the structure is
battered at an angle 2 =6". In addition to the soil thrast the
wall is supporting a surcharge load p,= 1.8 t/m?, equivalent to
a soil layer of depth 1.00 m., and applied on top of the
hovizomtal backftill (i:=0).

a) The des-gn calculations are crrried out on a unit length
of wall.

The lines extended at 45° from points F' and A’ intersect
the base at hinge points F and 4 7 e effective length of the
base celement is therefore:

B=F4=430m

The base is therefore full effective.

The vertcal plane against which the pressure is assumed to
act passes through poime D,

by Let 4, V,. Y, and A, X, Y, be the arcas and the

coordinates of the centres of gravity G, and G, of the wall
section and of the soil conlined between the back of the wall
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more precise computations can be made when the final dimen-
sions of the wall have been extracted or when preparing a
computer program solution. **Officine Maccaferri S.p.A. " will
he pleased to offer assistance to interested designers:in the
examination of specific problems arising during the planning of
gabion retaining structures and in the formulation of project
proposals using the GAWAC programme outlined in § 4.7.

and QN D respectively, in the coordinate system OXY with
origin at 0 and has axes puarallel to the faces of the gabions:

Ap=16m?2 X, =200m Y,=194 m

X,=350m Y,=404 m

The coordinates of the points G,,. G,. Q. N. D, F. A in the
coordinate system Oxy which has its origin at 0 and vertical
and horizontal axes, and is therefore rotated 6° with reference
to the OXY coordinate system, are computed using the
following relationships:

x=Xcosa+ Y sinx
y=—Xsinx+ Y cosxa
The results are:
N,=219 m

=390 m

Xo=272 m Yo=075m

Ny=521I'm Yy=649 m
Np=XNp=-4.48 m yp=-047T m .,
Xp=—0.10 m yr= =099 m
X;=43Tm ve=—146 m



¢t Let -
moments about hinge point F of the triangles QEP and PN D:

Lo Mopp. Apsyy My be the arcas and the static

Ager = (xp = Xl Uan x + tane) 2 =0.162 m?

Mopp = dgpp(Np = Xp — (v = x) 3) = 0.646 m*

)2=2 2

Apvp = (DN tan 2

i

S8 m

2
.\I,)\,) = ‘41'\7)('\.’.' T ‘\.1' + (.\'4\ - '\-I.') 3) = 1242 m-

Let M. Mo W0 M, be the weights and the moments with
respect lo hinge pmnl F ool the wadl seetion and the “boxed ™
soil i.e. the soil enclosed between the wall and the plane on
which the soil pressure is assumed to act.

i,

Ay, =204 1m

M, =W,

" m ‘ m

— Np)=60.62 tm m
W=t + dppp — Apyp) = 19.06 1 m
M= 8, = Xph+ Mgpep — Mpyp)y = 72.58 tm/m

Let W0 M. be the resultant and the moment of the
resultant about hinge point F of that portion of the surcharge
located above the boxed-in soil.

Ho=py(x; —xg)=3.16 tm

M =Wy = Np + v = Xg) 2)=11.69 tm’m

Let W be the weight of the soil included between the base
of the wall FA and the horizontal sliding plane RA:
W=, - unze2=1.89 tm

d) Computation of the active pressure. Since the carth
thrust is exerted on a soil to soil planc it can be asermed. (see
$4.7) that

AR

& being the angle included between the line of action of the
carth thrust and the perpendicular to the plane on which the
pressure acts, Let ff be the ungle between the plane of carth
thrust and the horizontal, and e the angle between the line of
the carth thrust and the horizontal:

/=900

0 =3+ (90° — f3) = 30°
Let H, be the height where the active thrust ‘uls and N,
the u)uﬁ'uunl of active pressure:

H,=yo+(xg—xgltane — y; = 8.22 m

K e sin” (/i+(p) : B

sin? fisin(ff — o‘)(l /\ln((p ¥ ‘))“"W L ))

>|n(/; — d}sin(ff + z)

I

0.297

Let S, be the active carth pressure. S, and S, its vertical
and horizontal components and M, its moment about the
hinge point:

Se =1 HS K2+ poH K, =22.46 t m

Sp=S,c08m=1945 t m

S,=8,smm=11231m

.\I”=S (llu_llu_* ]I’(I il

3 OH +2py

= —2.09 tm/m

==y =Sy — )=

/

The moment of the carth thrust has a negative sign because
the line of the thrust intersects the base of the wall.



~¢) In the computation of the passive pressure it is assumed
that
=90 8 =p=23"

P

e=0"
Let K, be the coefficient of passive carth pressure:

K= sin? (ff — ) : 3

T . ’sin(«p+o',,)sin((p+::) T
o ’“"”’”""’(' _\/sin(/ﬁ+o',,)sin(/i+::))

10.10

The passive pressurce is divided into S}, which is the portion
acting up to the height of the hinge point and S} which is the
portion acting up to the level of the plane of sliding (7,). In
addition let S}, and S}, and M}, be the components and the
moment about hinge point F of §), and let 3, and Sy, be the
components of S

s

n=7 0K, 2 =899 ym

S =S,c088,=7.78 t/m
Sp = Spsind, =449 (/m
M, =58,33=258 tm/m
Sp=723K,2=19.50 t/m
Spp=Spcosd,=16.89 1/m
Spr=3Spsind, =975 tm

) Check the resistance to sliding along the horizontal plane
R 4 passing through the lowest point of the fondation. Let F;
be the sum of the forces causing sliding and F the sum of the
forces resisting sliding and ng the safety factor. then:

F,=58,=1945 t'm
Fo=S+cBeosa+ (W, + W+ W+ W.+8, — S, tanp =

=51.39 t.m

Let M, be the sum of the overturning moment and M, the
sum of the restoring moment. The safety factor against
overturning n,= M /M, is not computed because as already
noted M, is negative:

M, =M,=-209 tm/m

M, =M, + M, + M+ M, = 147.47 tm/m

g) Let N be the normal foree acting on the basc scction
F 4. ¢ the eceentricity of the resultant, and o, and @, the soil
pressures at points Foand 4:
N =,

m

+ W+ W)cosz+ S, sinlm + 2) — Spsin(d, +2) =

=56.27 tm

e= B2~ (M;,— M)/N=-0408 m
g, =(1 +6¢/ByN/B =57 t/ym?
ay=(1 — 6e/B)N/B = 19.3 t/m?

Since the computed values of the soil pressure are signifi-
cantly higher at the heel than at the toe, it can be assumed
that these results arc on the safe side and that in practice the
soil pressures will be more uniform.

Computation of the allowable soil bearing pressure.

Let T be the shear force acting at section FA, let py,, be the
limiting pressurc and a,,, the allowable soil bearing pressure,
N. N, N, i, i, d. d, d, the cocfficients to be used in
Hansen's formula (see § 4.4.2):

T=—(W,+ W+ W)sina+ S, cos(w + 2) —

— S,cos(d, + %) =582 t/m
N, = e 1an? (45 + /2) = 18.40
N.=(N,— l)cotp =30.14
N.=18(N,~ tanp = 18.08
i,=1~0.5T/N =0.948
i,=i}=0.899

d,=d.=1+0.35y,/B=1077

q‘lq'q

|
Piim = N d A+ ypy N + 5 BN d,i, = 1318 t/m?%

Gam = plim/3 =439 l/mz >a

max -’

h) Computation of the safety factor for overall stability.
assuming the failure surfaces to be planes (see § 4.3.3) and o
=¢. Let xy, yu be the coordinates of the point of intersection
B of the top of the fill with the line N4 (Fig. 77)

ON =[(xy —xg)* + (yx — ¥)’1'? = 2.50 m
xp=Xy+ONsin(a+¢)sinx =524 m
yp=yny+ ONsin(x +)cosx =6.75 m
A_B = [(.\’A - .\'")2 + (‘\'.4 - .‘,B)Z] b2 = 826 m

Let the weight of the soil of section QNB be:
W, =0N?tan(x+¢£)7y,/2 =0.591 t/m

Varying o the angle at which the failure plane passing
through point A makes with the horizontal, it is found that
the safety factor is least for w =43.58".

With this value of w, let C be the point of intersection of

the failure plane with the soil surface, let T be the intersection
point of the failure planc with the vertical through F, W, the



weight of the soil section ABC, W; the weight of the soil
section AFT, W, the resultant of the surcharge acting on QC:

W, = - 75 cos (o + g)cos(a + w) 4, = 57.48 t/m
sin(w — &)

9] —~

Wy = (-.\',1 -~ xp)(tana + tan w)y,/2 = 19.05 t/m
BC = ABcos (a + w)/sin(w —¢&)=7.77 m

W, = [(xg — xg) + BCcos£] po = 18.51 t/m

Let W be the sum of the destabilizing weights and § the
thrust on the plane OF T, which closes the force triangle vith
side S. W and the reaction along TC:

W=W +W,+ W, + W, + Ay, + W, =145.43 t/m
S = Wsin{w — ¢)/cos(2¢ — w) = 35.60 t/m

Let R, be the ‘passive thrust acting on the plane OF;T:
Yr=yr—(xs—Xg)(tano + tanw)=—5.72 m

R,=y3K,3/2=297.7 t/m

P
Let n; be the safety factor for overall stability:
n;i=R,/S=8.361

The search for the minimum value of »; was carried out by
using the following values:

0 =45° n;=8.399 (first attempt)
m=43.4° n; = 8.362
w=4358° »;=8.361 (minimum)

i) Computation of tension at scction F'A4’ at the bottom of
the stem. assuming the load is acting along the line QA’.

The weight, the moment arm about hinge point F’ and the
moment exerted on the wall section are:

W,=1898 t/m bh=120m M,=2276 tm/m

Let ff be the included angle between the plane on which the
active earth pressure acts and the horizontal, let 8§, assumed
equal to ¢, be the angle between the plane on which the
passive earth pressure acts and the horizontal, w the angle
between the line of the active earth pressure and the
horizontal, H, the height at which the active earth pressure
acts which is the vertical distance between the points Q and
A', K, the coefficient of active pressure, S, the active pressure,
M, the moment of S, about hinge point F’. The computa-
tions are carricd out in a manner similar to those in Para d)
above, thus:

p=a+tan "' ZF{F A" -ZQ)=183.91°
0 =30°

w=0+(90° - f#) = 36.09°

H,=7.12m
K,=0.348
S, =20.32 t/m

M,=12.55 tm/m

Let M be the moment about h'inge point F', N the normal
force and T the tangential force acting at section F'A4’, e the
eccentricity, o,,,, the maximum tension on the section, and
g.n the allowable tension (see § 4.4.1):
M=M,-M,=102] tm/m
N =W,cosa + §,sin(w + o) = 32.49 t/m
T=—Wsina+ S,cos(w + a)=13.10 t/m
B=FA=25m
e=B/2— M/N =0.936 m
x=(B/2 —¢)/0.4=0.786 m
Omax = N/(0.8 x)=51.69 t/m?

Oam =40 + 50(y, — 1.4) = 52.50 t/m?> ¢,

max
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Assuming the contribution of the weight of the wire mesh
on the lower side of the foundation to be P, =10.3 kg/m* (see
[97. then the cohesion of gabion surface is (see § 4.4.15.

¢, =003 P, 005 =026 kg em® = 2.6 tm?

Let * be the fictitious angle of friction of the stone filling
in the gabions (see § 4.4.1): t the average shear stress on the
section, the allowable shear stress.

7
tan

¥ =23
‘ T

~ 10 = 3125
=T B=5241m?

Tw = Ntan@* B+ ¢, =1049 tm’ > 1

Sam

11 Computation of the deflection A of point Z at the top of
the wall, assuming F’ to be fixed. The structure is divided in
clements of thickness Al = 0.50 m and a table is drafted. The
surfuce on which the carth pressure acts is assumed to be
QA as in Para i). above, with H,=7.12 m. Let i be the
distance from Z measured parallel to the face of the gabions
to the centre of gravity of the element. let § be the thrust. W
the weight of the structure above. and T the shear at the
height of the centre of gravity of the element, t the average
shear stress and b the width of the element, 5 the angle of
motion and AZ the contribution of the clement to the
movement in the direction ZQ:

W=y =165A

S= o Ko Hih ZF) + K,poll U ZF) =
=0,3238 7 +0.637 h
T=S8costn+x) -~ Wsinz=0742 § - 0.1045 W
:=1T0h
=1 (G=125
Ac =M =057
Table E1
h b A s T

s o m - lm"i 4w L
(1,25 Lo 020 1 080 0,090
0,73 1.0 TRATTI 11,660 0.360
.23 10 RN 1.302 0,751
1,73 [0 1,730 2.106 1.261
RN 1.3 2378 ¢ 3073 1.870
A 1.3 3125 4.200 2,578
323 1.3 RN 3190 3406
TS 1.3 1023 6,942 4354
403 20 S.500 8.530 5.400
4,73 2 o300 1 10331 6.543
323 ANl 7500 12.269 7.810
373 ML S500 0 1408 9.196
0.3 28 ‘ 9025 1 10,630 10.680
[ A 1875 19,033 12,262

Let also o be the average normal tension, 1, the ratio
between the allowable tangential tension and the average
tangential tension on the clement.

g = (S sin (w4 2) + Weosx)/h = (0.6704 S + 0.9945 Wyh
1= (o tan @* 4+ ¢ ) 1= (0.6068 o + 1.5)/1

The total movement of point Z in the direction ZQ is
obtained from Table El, and finally A, the horizontal
deflection of Z is computed:

SIAE) =0.685 m
A= YX(AS)cosx=0.680 m

The computed A is the sum of the movements due to the
carth pressurc and that duc to the surcharge load: it is
worthwhile to separate the two. In fact the structures
eventually superimposed on the backfill will be affected by
the A’ due to the surcharge, while the «permanent» deforma-
tion A” of the structure is due to the soil pressure.

Assuming a constant value for the tangential modulus of
clasticity the results are:

! — .
A= Zl—z: K, poH, (WZF')cos(tm + %) AH cos o =
W

J
=0.0094 z-l:— =0.256 m

A"=A-AN=0424 m

The effect of the surcharge is to increase the horizontal
deflection by 0.26 m remembering that the wall is inclined at
6°. & point on top of the wall is 0.31 m behind a vertical line
passing through the corresponding point at the bottom of the
wall. when it is only loaded by carth pressure. When the
surcharge is in position this distance becomes 0.05 m.

1 h A8 4 ll N,
Cwmdy (- (s w/m? (-
0.090 0.0036 0.0018 0.53 20.22
0.360 0.0144 0,0072 1,67 698
0.751 0.0300 0.0150 292 136
1.261 0.0304 0.0252 1.28 325
1.247 0.0499 0.0249 397 RN EI
1.719 0.0687 0.0344 5.30 274
2.270 0.0908 0.04354 6.69 245
2,902 0.1161 0,0580 8.16 222
2,700 0. 1080 0,0540 7,38 2,2]
3.273 0.1309 0.0635 8.80 2.09
3.903 0.1562 0.0781 10,26 1.98
1598 0.1839 0.0920 CHETY 1.8%
1272 0.1709 0,0854 10,78 188
4903 0.1962 0,0981 12.24 1.82
YO m




}Z\milplc ib
‘Simplificd design caleulations for the wall in example la.

Fhe stability of the mass comprising the wall and surroun-
ding soil us designated by OZNAF in Fig. 76 is to be
imvestigated. The average density is 1.7 t:m*. The surface on
which the pressure acts is the plane whose projection is line
ABCso that f=96" and o= 24",

In the computation of the stabilizing weight. a surcharge of

I m of soil distributed over Q1 is combined with 0.5 m of soil
distributed over the full width of ZN.

The combined weight of the mass comprising the wall,
swrounding soil and surcharge and their moment about
hinge point F. neglecting the step at the toe are:

W=83x313x1.7=306 tm

M, =WLT5 +0.5)cos 6" + 4.255in 6"] = 135.6 tm'm
A, =0.23110s obtained from Fig. 37 using ff=96, Then the
herght of the resultant thrust becomes:

H,= AN Ccos0"+ QONsint" =822 m

then:

! ) .
S = b} K.,;',II_ + l\u”“” = IS‘)—/ tm

S,=8.co080=17.321tm

S, =8 e = 7.7 tm

H, 1+ 3py
Mo s e

S8 B=1741
3 Jh+hmn> ' m.m

The weight W, of the soil FAR and the horizontal
camponent N, ol the passive pressure is computed:

! .
Wo= 5 Bcos6" Bsin6"=1.89 (m

SORTG (45 +p 2)=58tm

The resistance to sliding on plane R-A. and to overturning
about F.oand the bearing pressure on the base Fo4 are then
calealated using the expressions below:

ny= [0 = W S)tang + 5, + cB] S, = 2.60

=M

n

M, =780
N o=t = S con 6+ 8, 5in 6" =388 tm

¢ B2, = MPN=024m

O I b
)= 172 1t m- = 1.7 kg em*

N
L L

Example Le

In this example the heel of the foundation in Example 1a is
extended back 1 m as shown in Fig. 78 and the vesulting safety
Juctor against sliding is compared ta that in Example la.

a) The eflfective width of the foundition remains the same
as that in Fig. La: the incereased length s assumed 1o serve
only for anchoriage purposes.

b) The anchorage foree can not exceed the strength of the
mesh panels forming the anchors and only the top and
bottom panels of the gabions are assumed to serve as anchors
since the vertical panels carvy the stress. which is mainly
shear. developed at the section through A’. see Fig. 76. The
cffective pancls for anchorage are therefore two. at the top
and bottom. Their load capacity is the ultimate load capacily
of the mesh $.3 tm. (see paragraph 3.3). reduced by an
appropriate safety factor to 4.5 € m for cach pancl. Therefore
the capacity of the mesh is:

St =4.5%x2=9 t'm

where S, indicates the anchorage load carried by the

gabion mesh. i
¢) Analysis of the anchorage foree provided by friction in

The soil pressure at the foundation fevel is:
a=30ye o vp) b py o, AD = 1645 1m?
and therefore the friction force S, is:
S,o=o-tang-1=950 t'm

Since the friction foree is greater than the mesh capacity.
S > Syeane the anchorage foree provided by the section of
foundation beyond DE is assumed to be S, =9 t m.

d) Adding the mesh components contributing (o the other
forces resisting sliding as computed at para ) in example L.
the results are:

Fi=1945 t'm
Fo=351.39+9=60.39 t m

ne=F,F,=3.10

which compares with i, =2.64 as computed in Example la
without the foundation extension.

= Py

rnlhlulnlnl
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Example 1d

Analysis of a wall similar to that in Example la but with
stepped front-face, and a smooth rear-face as shown in Fig. 79.

In -this case the stabilizing weight of the boxed soil is
absent. If the pressure surface is assumed to be the rear face
of the wall, that is a wall to soil surface, the following
assumptions can be made for the computation of the active
pressure:

B=96°
d=¢p =30

Proceeding in a way analogous to that in Example la, we
obtain:

ns=2.0
7 =49
a, =530 t/m?

oy =10.91 t/m?
n;=1.80

Op 4 =15.56 t/m?
(/Tamdpra = 1.9

A=0.54 m

Example le

Analysis of a structure similar to that in Example 1a but with
a gabion at the top anchored by a panel of mesh as shown
in Fig. 80. '

a) The anchorage panel has a total length of 12 m and
consists of two Reno mattress units 6.00 m long and 0.30 m
thick, with 6 x 8 mesh and wire diameter 2.2 mm., tied end to
end over every two metre length of wall,

To be effective great care must be taken in lacing the two
mattress units together and the front-unit to the wall. The top
of the mattress consists of a mesh panel 13 m long and
extends into the body of the wall.

b) The 6 x 8 hexagonal mesh is made of 2.2 mm steel wire
with an ultimate strength (scc paragraph 3.3), of 3.5 t/m. The
total strength of the anchorage is therefore 3.5(2+0.30)
=8.05 t/m which is the sum of the loads that can be taken by
the top, bottom and side mesh panels assuming that their
edges are securely laced together.

The tie is anchored back in the stable zone of the soil, see §
4.2.1, for a length of approx. 6 m and therefore the ahchorage
resistance induced by-friction amounts to:

(1x1.840.30x1.65)tan30°x6=7.95 t/m.

Assuming 7.95 t/m to be the limiting strength of the tie and
reducing it to 6 t/m after applying an appropriate safety
factor, it is apparent that the strength is equivalent to the
lateral thrust acting on the first 3.75 m of structure, including
the surcharge. For that reason it can be assumed that the
anchor achieves its object of reducing the deflection at the
top of the wall.

c) The presence of the anchorage increases the safety
factors computed in Example la, but above all it reduces the
deformation which will be much less than that computed in
Example la. .

Furthermore, the point at which the anchor is tied to the
structure is a “*fixed”” point and even without a more detailed
analysis of the deformation of the soil-anchor-wall entity, the
deformation at the top of the wall can be shown to be
virtually nil:

A=0
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Example If

Analysis of a thin gabion wall anchored with mesh panels as
shown in Fig. 81 and withstanding the lateral thrust of a soil
similar to that of Example la.

The thin wall is formed of gabions without lids, fabricated
of hexagonal 8 x 10 mesh and wire diameter @=3.00 mm.
The anchorage panels which also serve as gabion lids arc of
the sime wire mesh,

In the following caleulation the symbols are the same as
those in Example la. The computations are carried out in a
simplified manner.,

a) Active thrust.
With i=90", ¢ =0=30",:=0, K, becomes 0.2535, and the
thrust acts on the internal wall face.

O ’
3, = (",’ e+ Im”) K,=18.25 tm

Si=35,c08(0 - 2)=16.67 t'm
S, =850 —-2)=742 t/m

H OH+3p, oy, )
3 HA4+2p,7,

=293 8, - 1.81 S, = 3546 tm'm

M, =S5,

-8,bh,. =

b) Passive pressure.
With ff=90" p=3d=230" £=0. K, becomes 10.10

l b .
o= 5 HoK,=9.09 t'm

r EYEE]

S = Spcond =787 tm

S pin
<t Weight of the wall,

",

m

=.,;,= 1485 1m

=W,h

m m o

M =138 W, =20.49 tm'm

d) Tension in' the anchorage tics.

The tension in the ties is computed assuming that the stress
is distributed equally to all the ties and uniformly to the soil
(¢ =0).

If the tension in cach of the ties is S, the moment due to all

Po

AR

T NN N
/

8.00 4,
T

K=

B

1

the ties about hinge point F becomes 28 S and ‘therefore:

B
(’=—‘)——(A’I"|—N’u+28 S,/N =0

where N =W, + §,=22.3 t/m and it follows that:

S=133t/m

¢) Final results:

'xzh-#_Nl:|up+7_S= .80
d ]
M, +288S

=1.63
§ M

H

o=N/B=11.1 t/m?

1) Obscrvations

The assumption that all the ties are carrying the same load
S is a simplification which eliminates the need to determine
cxactly to what degree the thin wall has deformed.

Strictly speaking this would be required to evaluate the
specific contribution of cach anchor. On the other hand the
distribution of the soil pressurc is influcnced by the anchora-
ge elements. .

The mechanics of the processes that take place in the
structure and backfill can be said to be compatible with
limited sliding on the one hand, and with limited rotation,
(the stresses and movement are greater at the top). coupled
with the distribution of soil pressure which is greater at the
base, on the other.

The load is assumed to be acting at the centre of the
foundation {¢ =0) to avoid the tendency of the foundation to
rotale upwards, a situation which in the case of a rigid
structure would result in the anchors being unloaded.

The panels appear to carry only small loads, i.e. 1.33 t/m.
compared to their limit capacity of 5.3 t/m, and this means
that the structure has spare capacity, probably in excess of
that indicated by the safcty factors.

g) Check on essential points.

The stress on anchor No. 6 from the top, is evaluated
assuming that it carrics the thrust from a vertical strip of soil
whose depth is equal to the spacing of 1 m, between the ties.
This anchor can be considered to be carrying the greatest
stress since the load on No. 7 is decreased by the effect of
passive pressure:

S =l + po) K, x | =
=({1.8 x 6+ 1.8) (0.2535 x 1)=3.19 t/m

This load is far less than the tensile strength of the panel '
and can be safely carried by it.
Finally the shear stress is checked at the most critical

v

section F' A"

! 5 .
T (3-- o+ p(,h> K,cos0—6 S=4.47 t/m

1
N = (?7,112 + p0h> K sind+7 3, =18.73 t/m

T = N @*/ B + ¢, = 1873 1an 31.25%/1 + 2.1 = 13.47 t'm?

t=1T"B=447 t'm* < ¢,
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Example 2

Calculations jor the design of the vetaining wall shown in
Fig. 82.

The wall is built with gabions of hexagonal mesh 8 x 10 with
wire diameter 3.00 mm. Using the same symbols as in Example
la, then:

1, =160 t m* Y, =180 t m?

P =25 G=25twm’
c=1tm? ¢, =26 tm’
2= 6" H=500m

£o= 24 po=0

The computations are carried out in an identical manner
to those in Example 1. Note however that the slope is at an
angle £ = 24" and there is no surcharge. The more important
results show:

W,=16 t m M, =29.92 tim/m

I =585 t'm M, = 18.66 tm/m

Wo=0 M. =0

W,=1L13tm

K,=0.713 K, =5.60

S,=1827T1m M, = —~4.30 tm'm (stabilizing}
S,=M,=0 5,=0.67 (m

Fi=16.56 F,=2427 tm

The value of F_ includes 3.7 t:m which is the stabi'ising
effect provided by the foundation.
Mi=0
o= 147
N=3.141m

M, =55751mm

= 1.

G, =83 1m’ 7,=951m?

1= 28.5" ;=137
Gy =9.5 tm?
A=0.26m Tam/ Tk 4y = 1.93

Example 3

The wall shown in Fig. 83 supporting a road is loaded with a
uniformly distributed surcharge p, =2 t/m* and the soil unit
weight is 3, = 1.8 t/m*, and ¢ = 30",

1t is vequired to determine the stresses imposed on the wall.

The problem is solved by Culmann’s method. See § 4.2.3
and compare with § 4.3.3. :
Varying the angle o, the thrust S which balances the
weight of AL B, C, D, is computed:
Per unit length of wall the total vertical load 1 (soil +
surcharge) for wm < 59" is:
- 3) P

12.5 5
tanw tanm

and the thrust is:

sin(w -~ )

S=W - -
cos(0 + ¢ — w)

Using 3, = L8 ym?*, p, =2 tm?. § = ¢ = 30° and varying the
value of o with the help of a programmable pocket calculator
the maximum value obtained is:
S =568 t/m for o = 46.35°

This thrust, assuming it is the resultant of linear distribu-
ted pressures, is the value to be used in the stability analysis
of the wall. As mentioned in paragraph 4.2.3. this method
makes use of all the simplifying assumptions basic to
Coulomb's method. In fact the actual stress distribution is
more complex than an clementary lincar distribution.

;2,00 m

3.00m

83



CHAPTER VI

Review of completed projects

6.1 Introduction

In the final chapter of this manaal a number of examples of b) Slope and clill face stabilization
completed projects are illustrated. In the interest of clarity Works in urban uarcas
they have been divided into five principal categories: Works on unstable slopes
1 Road and railway work. Rockfall and avalanche protection
Structures (o sup.pm‘I stopes and roads ¢} Revetments on.cmlmnkmcnls and other slopes.
Bridge abutments and picrs d) River and marine works.
Culverts ¢) Work appertaining to buildings.

6.2 Road and railway work

6.2.1 Structures to retain slopes and roads

ITALY - Emilia-Romagna - 1913

Structure built along the Setta River
to protect the railway embankment
on the Bologna-Florence line

(Fig. 84).

ITALY - Picdmont - 1927
Bulwark protection of the railway
embankment on the side of the Rea

Stream in Monchiero, Cuneo
(Fig. 85).

ITALY - Piedmont - 1960
Wall to support an unstable slope on
the Susa-Oulx road. _

(Fig. 86 - photographed in 1984).




1: Gabion wall

2: Back fitl

3: Drainage hardcore
4: Land drain

5: Concrete slab
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ITALY - Emilia-Romagna - 1964

Retaining wall for a road cmban-

kment located on an unstable slope near
Bologna. The schistose clay of this :a-
lanque zone is in unstable equilibrium.
For this reason it was decided to build
two structures. providing upper and
fower sections and a double drainage
effect.
Figure 87 shows the layout of the sche-
me: Figure 88 is a photogreph iaken
during the winter shortly after the con-
struction of the walls. It should be
pointed out that the gabion structure
does not suffer from damage due to frost
action. Figure 89 shows the scheme
twenty years alter its construction. The
great success of the project is cvident
from the growth of vegetation on the
embankment and near the wall.




ITALY - Umbria - 1966

A wall of noteworthy dimensions » "W external buttresses
supporting the embankmer: of :. . tostrada del Sole,
in Fabro. provinee of Terni. betw :. Florence and
Rome. (Fig. 90). Figure 91 shows how well gabions can
support vegetation (photographed in 1984).

ITALY - Emilia-Romagna - 1969

Wall with stepped rear-face retaining a very unstable schisto-
sc clay slope. for which it also provides drainage. Construc-
ted near Vergato in the Province of Bologna, it is pericetly
aligned with the road on a double bend. demonstrating the
case with which gabion walls can be adapted to awkward
situations (Fig. 92).

ITALY - Emilia-Romagna - 1970

A drainage wall with a stepped front-face sufcgﬁurding the
Bologna-Pistoia railway in the locality of Silla near Porretta
Terme, Provinee of Bologn:. One of the purposes of the
structure was to provide drainage to a considerable depth.

consequently the foundation is five meires below the level of .

the track (Fig. 92).

SAUDI ARABIA - 1973

Gabion walls on the Alzulfi-Buraidah road. It is interesting
to note that the wall below the road is supporting the
embankment, while the one above was constructed to pre-
vent the sand dunes from encroaching on the road (Fig. 94).



UNITED KINGDOM - Englund - 1974 ;
Toe wall on the A0 road. near Exeter, Devon (Fig. 935).

UNITED KINGDOM - Wales - 1977

Wall with stepped front-face to protect the railway and
to support dwellings in Pontypridd, Mid Glamorgan
(Fig. 96), : :

SHWITZERLAND - 1975

An interesting wall near Alpnach
supporting the railway that runs
parallel to the road located on a
lower level. The structure was
constructed with PVC coated gabions
tFig. 97y
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T US.A - Washington - 1976-1977

Gabion walls on Interstate Highway 90.
near Snogualmie Pass. The road is the
principal cast-west corridor in the state.
linking urban centres and  important
tourist arcas.

The main concern of the Washingion
State Highway Department in planning
this six-fane highway. was-to cause the
least possible damage 1o the surroun-
ding countryside. For this reason. and
to minimize the excavation and con-
struction costs. a gabion structure was
chosen for the retaining walls.

Along one streteh of road a 15 m high
wall supporting the road and an 11 m
v high wall on the upper side of the road
o to retain the slope were planned. The
) walls were founded cither directly on
bed rock or on a concrete slab on top of
the rock where it proved to be too
uneven. At other points smaller walls
were built on soil consisting mostly of

~—

100 m

-

1: Gabion wail

2: Back fil eravel.
3: Original soil hud . -
- Rock The gabions were filled with selected

5 Concrele slab

quarry stone and backfilied with stone
of about 0.60 m in diameter. dumped to
a slope of 1:1.5. The fill was then
packed with soil and seeded aiterwards.
Shrubs were planted to stabilize the
surface of the embankment. Figure 98
and 99 illustrate typical cross sections of
walls and their construction. Figure 100
shows a cross section of a wall suppor-
ting the slope. white Figure 101 shows
the same wall after seven yeirs.

101




SWEDEN - 1976 SWITZERLAND - 1977
Stepped front-face wall in Sundswall in Viisternorrland. Imposing stepped front-face wall in Tosstal Bauma
(Fig. 102). (Fig. 103).
102 Jumerasmmes : . 03

1: Gabion wall

2: Back fill

3: Drain pipe

4: Impermeable sheeting

AUSTRALIA - 1977

Wall installed during the widening of
State Highway 95 at Mount OQusley,
not far from the city of Wollongong
in New South Wales. :
Figure 104 illustrates the cross
section of the wall;

Figurc 105 shows it just after
completion.

CANADA - Ontario - 1978

Walls to slopes on both sides of the
road in Owen Sound (Fig. 106).

04



JORDAN - 1978

“Stepped front-face wall, 14 m high, on the Amman-Agaba

road near Maan Junction, Figure 107 shows a cross section
of the project. The road. cut into the rock on the side of the
mountain, crosses a deep gully having a silty sand bed. The
wall was built to bridge across the gully and the road laid on
material imported for the purpose placed between the wall
und roek face.

t: Gabion wall
2: Back fill

3: Rock

4: Original soil

FINLAND - 1978

Retaining wall on an urban railway supporting the end
of a fivover in Helsinki (Fig. 111).

Because of the bearing capacity of the foundation soil (about
1 kg/em?) a gabion structure was chosen for ils ability to
distribute pressure uniformly and (o adapt to any future
settiement (Fig. 108).

Figures 109 and 110 show a 6 m wall supporting the slope
along another stretch of the road. during construction and on
completion, respectively.

UNITED KINGDOM - Eugland - 1979
Retaining wall supporting a slope along a steep road
near Milton Coombe in Devon (Fig. 112),

N
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CANADA - Ontario - 1979 BOLIVIA - 1980

Foe wall to a slope w Toronto (Fig. 113 Wall supporting a steep slope above a road in La Paz
(Fig. 114).

116
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AUSTRALIA - 1981

Wall with rear stepped face at Guildford Station in the
western suburbs of Sydney. N.S.W. (Fig. 115).

DONMNHINICAN REPUBLIC - 1981
Wall 1o a road cmbankment crossing a deep gully
thig. 116
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SAUDI ARABLA - 1982

Walls both above and below the
road along a stretch of the “Shaar
descents™ (Fig, 117).

SWITZERLAND - 1982

Wall on a road in Sarnen Entlebuch. Worth noting is
the excellent workmanship on the structure along the
curve and its perfect integration into the natural
environment (Fig. 118).

KENYA - 1983

Stabilization of the slopes by means of gabion stepped
front-face walls along the Thuchi-Nkubu road under
constrnction (s 1l




ITALY - Campania - 1982
Series of walls to stabilise the slopes along State road
163 Amaifitana near Naples (Fig. 120).

SWITZERLAND - 1982

Wall retaining the slope above a road in Birmensdorf. Earth
containing sced was nlaced in the gabions with the stone fll
durmg construction. The resulting vegetation ensures a

AN

ITALY - Campania - 1982

Wall supporting the road at the side of the Caserta-
Benevento ratlway (Fig. 121).

pleasing appearance and the integration of the structure into
the local environment (Fig. 122).




U.S A - Kentucky - 1982 SAUDI ARABIA - 1983
Slope retention beside the railway near Corbin Longitudinal wall with stepped front-face o protect a

section of the Zayma-Al Sayl-Al Kabir road that runs
parallel to a «wadin (Fig. 124).

(Fig. 123).

DOMINICAN REPUBLIC - 1983 SWITZERLAND - 1983
Wall below 4 road embankment,

The structure also functions as a weir (note the lateral
cresty which carries water from the culvert under the
road and discharges it into a deep ditch (Fig. 125).

Wall supporting the road necar Lake Sarnen (Fig. 120).

BRAZIL - Rio Grande do Sul - 1983
Wall supporting the slope in front of the piers of a
federal railway viaduct near Santa Maria (Fig. 127).



BRAZIL - Minas Gerais - 1983

Wall at kmu 135 of the ES 030 Araguari-Goiandira
vailway. built by the Sceond Raibway Battalion of the
Brazilian Army (Fig, 128)

NEW ZEALAND - 1983

fmposing counterfort wall at Worsley Spur Reservoir.
Christchureh.,

Figures 129 and 130 show a view from above and u
cross section. and Figare 131 a close up of part of the
work.

L5 {: Gabion walt

T e [} 2. Oniginal ground

3. Land drain

4 Concrele slab
Compacled back fll




CANADA - Ontario - 1977-198)

Along side a wall built in Toranto in 1977 1o support
the voad (Fig. 132 2 Secotidd wall of gabions was built
so the road could be widened (Fig. 133

ITALY - Basilicata - 1984
Stepped front-face wall, under construction, on the

SENEGAL - 1984 (
Wall on the East Tangential road to Dakar (Fig. 134),
Potenza-Ferrandina railway (Fig. 135y

w
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COSTA RICA - 1984 : JORDAN - 1984
Wall supporting a road on the Barranca River in Completed works on a road embankment where o stream

Puntarenas (Fig. 136). - , crosses the abignment {I-ig. 137).
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CAMEROUN - 1984
Embuankment walls on the
Bafoussam to Bamenda Road
(Figs. 138, 139).

CAMEROUN - 1984

Wall at the toe of a slope on the
Eseka to Maloume section of the
Trans-Camceroun Road (Fig. 140).

FEDERAL REPUBLIC OF
GERMANY - 1984

Waull to protect the slopes
overlooking the Ulm-Wuerzburg
highway in Reichenbach-Aalen seen
at the beginning of the project
thFig. 141).




PAPUA - NEW GUINEA - 1975

Gabion abutments for a Bailey bridge on the Kwatit
River (Fig. 148).

CANADA - Ontario - 1978

To protect the abutments of a bridge. this interesting
structure is joined together. both upstream and downstream.
by u simple revetment (Fig. 149y The project was
constructed on Mullet Creek in the city of Missisagua,
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DOMINICAN REPUBLIC - 1979

Gabion abutments for temporary bridges built alter
Hurricane David (Fig. 150).

GUATEMALA - 1980

Wall to protect the abutments of a bridge (Fig. 1311,
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SAUDI ARABILA - 1980

Long wall protecting the bridge abutments and the
embankment on the Jumum to Zaymih Feeder Road
tFig. 1532).

SHUDI ARABLY - 1980

Protection of bridge piers on the Jeddah-Meccah
|




PAPUA - NEW GUINEA - 1975 CANADA - Ontario - 1978

Gabion abutments for a Bailey bridge on the Kwatit To protect the abutments of a bridge. this interesting

River (Fig. 148). structure is joined together. both upstream and downstream.
by a simple revetment (Fig. 149). The preject was
constructed on Mullet Creek in the city of Missisaguir
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DOMINICAN REPUBLIC - 1979
Gabion abutments for temporary bridges built after
Hurricane David (Fig, 150).
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SAUDI ARABLA - 1980
Long wall protecting the bridge abutments and the
embankment on the Jumum to Zaymah Feeder Roagd
(Fig. 132 ;

SAUDI ARABIA - 1980
Protection of bridge piers on the Jeddah-Meccah

Expressway.
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SAUDI ARABIA - 1982
Protection of bridge abutments on
the Riyadh-Dammam Road (Fig.
154).

BRASIL - Goias - {982

Stepped Tront-fuce wall to protect a
bridge abutment in Mozarlandia. The
wall is founded on a gabion apron
0.50 m thick which will check erosion
at the toe as it flexes downwards
(Fig. 155).
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ITALY - Abruzzi - 1984 CANADA - Ontavio - 1984
Abutment protection at a bridge on Paradiso stream near - Gabion wall protecting bridge abulments near Toronto
Chict (Fig. 156), (Fig. 157).



U.S. 4. - Oklahoma - 1984

tmposing wall built to protec: the
abutments of four adjiacent bridges on
tnterstate Highway 35 near
Okkihoma City.

Figure 138 shows a detail of the
project. Figure 139: a panoramic
view,
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PAPUA - NEW GUINEA - 1984

Revetment protecting the end of a bridge on the Mount
Hoenmn 1o Wahae Road (Fig 160)

PAPUA - NEW GUINEA - 1984

False abutments at @ bridge on the Golgol River near
Lae (e 161




6.2.3 Culvert protection

BARBADOS - 1966

Consolidation of a marshy urea traversed by a road.
Figures 162 and 163 show the construction of a culvert
to drain away the water, and the completed project.
Figure 164 illustrates the process of restoring the road
sub-grade by using 0.50 m thick gabions.

“igure 165 shows the project about twenty years after it
was built.



UNITED KINGDOM - England -
1975

Wl o contain the sides of an
cmbankment over a culvert on the
AR road ot Yarty on the border
between Devon and Somerset (Figs.
160, 167).

AUSTRALIA - 1976

Gabion wing walls to a box culvert
under a railway at Marayong
Victoria (Fig. 168).

SAUDI ARABIA - 1979

Retaining wall in PVC-couted
gabions on the Jeddah-Mcccah
Expressway. The wall is continued to
protect a series of large box culverts.
Also note the extensive PVC-coated
Reno madtress apron buill
downstream of the culverts o control
erosion tFig. oY)
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BRAZIL - Sao Paolo - 1979

Composite structure in San José Dos Campos consisting.
in the background. of a bridge abutment and. in the
foreground. a culvert protection (Fig. 171),

e X e, Y. R
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BARBADOS - 1979

High gabion wall under the outfall of 4 culvert (Fig.
1700,

Protection of a road culvert using Reno matiresses
consolidated with hydraulic sand asphalt mastic in the
Sinni River Valley in Metaponto. Provinee of Matera
{Fig. 172),

N .o
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CANADA - Onmtario - 1981
Series of culvert protection walls in Cornwall (Fig. 173).:
Figure 174 illustrates a project of Larger dimensions ,
comisting of a retaining wall o protect a culvert, and of
a gabion apron that extends several metres downstream -

) . ""'._:- "4:5'. ‘ﬂ.f

to give greater protection against soil crosion. Two
lateral channels lined with gabions carry the water
collected from the sides of the road 0 the river,
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1: Gabion wall
Plant 2° Culvert
3 Old road embankment
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U.S.4. - Minnesota - 1983

Structure supporting the embankment  §: * ,°
of Highway 53 and the culvert that
runs through it. allowing the Ash N
River to flow into the lake of the
same name near Virginia, Mn.

Figure 175 shows the plan and some
cross sections of the project which
was carried out by the Department of
Transportation.

Figure 176 illustrates the completed
project.

LIBYA - 1983

Protection of a culvert nei v the village of El Mcbni at
the foot of the Jebel Akhd ir Mountains. The gabion
structure continues to form a long canal that carries the
water 1o the sea (Fig. 177)




6.3 Slope and (:'/[/,'/'./&/('(' stabilization

6.3.1 Works in urban areas

ITALY - Friuli
Venezia Giulia - 1964
Check dam across the
valley ncar St. Osvald
pass. Hs purpose is to
protect the town of
Cimolais from being
inundated should
landshides cause Lake
Vajot to overflow
(Ig. 178},

CANADA - Ontario - 1969

Series of retaining walls to protect dwellings in the
Bavview area (Toronto).

Figure 179 shows a view of the project just afler its
construction. while figure 180 shows the uppermost wall
fiftcen years later.




ITALY - Tuscany - 1969

Stabilization of an unstable slope in San
Mintuto. Provinee of Pisa. The shide
muoyement was of major dimensions and
extended o the inhabited arca. as can
be seen from the site plan (Fig. 181).

The project involved the construction of
a series of combined walls and weirs in
sabions for stabilisation and drainage,
as shown in the cross sechon in g,
IN20 The upper part of the slope was
lined with Reno Mattress.

Figure 183 shows the project just after
completion.

Fifteen vears after their construction.
the structures are still in exeellent condi-
ton and perfectly integrated into the
natural environment (Fig. 184).

N
D Gahion structure lor stabstisation and drainage D Drainage system
4] 20 40m
; D Reno maltlress lining D Inhabited area ==&:Eﬁ .

Section A-A
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tand drain
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ITALY - Emilia-Romagna - 1971

The archeological remains of the Etruscan " City of Misa™
are located on the embankment of the Reno River in
Marzabotto. Province of Bologna. In 1935, to protect them
from the crosive action of the river, a series of groynes and a
gabion wall (Fig. 185) were constructed. Figure 186 shows
these structures after more than forty years. On the left note
the fence that surrounds the archeological zone. Due to
considerable water seepage and surface erosion, the emban-
kment became unstable and. at the beginning of 1970, the
situation became critical.

During the rainy scasons the water washed away the
surface soil. wetted the slip plane surface and caused landshi-
des. Action was taken in 1971, in the form of a new wall 8 m
high. shown in Figures 187, 188, and 189. After fourteen
vears. the present condition of the wall confirms that the
structare has achieved a stable natural equilibrium.,

186




UNITED KINGDOM - Channel
Islands - 1973

Retaining wall supporting the ground
in front of a group of houses !
Gothie Cedars, Jersey. shown ten
years after its construction {Fig. 190).

180

CANADA - Ontario - 1974 CANADA - Ontario - 1974

Retaining wall for an embankment in a residential part Interesting longitudinal structure protecting the abutments
of Toronto (Fig. 191). of two bridges and the foundation of an imposing

building. Figure 192 shows the wall ten years after its
construction.
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U.SA. - Oklahoma - 1977
Wall to protect @ house in Binger
(Fig. 193).
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PORTUGAL - 1980

Gabion wall protecting some buildings in the residential
complex of Queluz (Fig. 194).

PHILIPPINES - Mindanoo - 1978

Structure to protect an inhabited arca in Salay on the
Cagayan de Oro-Butuan City Road (Fig. 195).

SAUDI 4ARABIA - 1981
Wall supporting the embankment on which the royal
residence in Medina stands (Fig. 196). This photograph is
from the Saudi-Oger 1982 brochure, published by Saudi-
Oger Lid.. Riyadh. Saudi Arabia. Figure 197 shows a
At o the ~tracture

194
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BRASIL - Minas Gerais - 1981
Retaining wall to protect a group of
houses in Timoteo built on soil that
is very casily croded (Fig. 198).

US.A. - Kentucky - 1982

Series of wall in the historic section of Frankfort to
protect several houses that face the Kentucky River.
Figure 199 shows a detail of the project. Figure 200, a
general view,
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BRAZIL - Santa Catavina - 1982

Will adjoining the athletic grounds and
facilities of the Athletic Association Club
of the Banco do Brastl in Joinville (Fig.
202y

Figure 201 shows a cross scction of the
wall which features a concrete sub-foun-
dation that colleets water that seeps
through from the highly permeable san-
dy-silt backfill.

SAUDI {RABIA - 1985
Wall in PVC-coated gabions at the toe of
an embankment. constructed for an ur-
ban settlement on Ar Rabiah Hill in
North Dharan (Fig. 203).

204

PUERTO RICO - 1984
Wall under construction to support an embankment near
the new psychiatric hospital in Bayanon (Fig. 203,

REPUBLIC OF SAN MARINO - 1983
Retaning wall below industrial buildings in Domagnano
(kg 204).

reew




6.3.2 Works on unstable slopes

"

ITALY - Sardinia - 1963
Scries of retaining walls 1o stabilize a treacherous slope in of the slope (Fig. 200). and twenty years later the structures
Dorgali. Province of Nuoro. A road has been built at the top arc stifl in perfect condition.

NORWAY - 1973
450m

Wiall to consolidate a slope in Tiovik. Figure 207
illustrates a cross section through the structure. As wo
- vai ;can see in Figure 208, a gabion structure is as suited to
o L arctic condition. as to the tropical countries featured in
other illustrations.
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ITALY - Emilia-Romagna - 1977
Wall at the foot of an unstable slope near the inhabited
arca of Porretta Terme. Provinee of Bologna (Fig. 209).

ITALY - Trentino Alto Adige - 1978

Gabion wall built on piles anchored by tension rods and
interconnected with reinforeed conerete beams, to consolida-
te an unstable slope in Vetriolo. Provinee of Trento.

The slip which was first observed in 1965, occurred in
quartziferous filladis soil at a level near the surface, and
involved a volume of about 55.000 m*.

The movement caused serious damage o the local road and
104 Jarge number of dwellings. Boreholes were taken 1o find
the depth of the slip surface (from 3 to 8 metres). and
obtain soil samples from which the shear parameters were
determined. The low shear strength of the soil and the
necesstty of preserving the existing drainage pattern deman-
ded a structure of optimum flexibility. The design included a
combination of tension rods wnd piles interconnected by
reinforced concrete beams. to precompress the soil. Gabions
were chosen for the vertical structure for their flexibility and
dramage capability (Fig. 210}, The general fayout of ihe
scheme is shown in Figure 211 and the graph in the insert
illustrates how the slip has been almost completely halted by
these remedial measures.

STABILIZATION WORKS SCHEME
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REPUBLIC OF SAN MARINO - 1978

Stabilisation works on a slope at Baldasscrona. The wall  arca above is channcled over the central crest (Fig. 213).
is keyed deeply into the ground which consists primarily Figure 214 shows the scheme six years after its

of weak clay (Fig. 212). The wall serves as a weir. completion.

Surlace water resulting from rainfall on the catchment

ITALY - Emilia-Romagna - 1983
Series of walls for carth retention and drainage on an Wall retaining an unstable hillside above the railway
unstable slope in Ca Pomenicali. Province of Bologna between Bologna and Florence near Grizzana. Province
iFig. 2135 The ground. composed of schistose clay, has a  of Bologna (Fig. 216).

low bearing capacity for which a flexible gabion structure

is the most suitable solution.
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U.S.4. - California - 1983
An unstable slope on Yerba Buena Island. San Francisco is
retained by a gabion wall chosen in preference to two other
solutions. namely a crib wall and reinforced concrete. Fig.
217 shows the plan. the estent of the arca of slip and a cross
section. Figure 218 shows the completed structure.

ITALY - Campania - 1983

Imposing retaining wall supporting a slope subject to slips
and protecting a SNAM station at Capo Scle. Province of
Avellino (Fig. 219).

The photograph shows sceding and planting of shrubs in
progress Lo consolidate the surface of the slope with vegeta-
tion.
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6.3.3 Rockfall and avalanche protection

220 ¢ U.S.A. - Colorado - 1969

Raockfall barrier wall near
Glenwood Canyon, Denver (Fig.
220).

221

ITALY - Friuli Venezia Giulia - 1981 7

Rockfall and avalanche protection project near Udine.
Gubion works are combined with a network of reinforced
concretle beams (Fig. 221).

BOLIVIA - 1982

Rockfall barrier wall along the road that links Santa
Cruz with Cochabamba (Fig. 222).

ITALY - Latium - 1982

Guabion wall to prevent boulders rolling on to the Salaria
State Highway 4 in the vicinity of Posta. Province of
Ricti (Fig. 223).

A smaller wall can be seen hall way up the slope.




BRAZILL - Rio de Jancivo - 1983 BRAZIL - Rio de Jancivo - 1984
Steep slope lined with rockfall protection netting. At the A villa in Petropolis is protected by a gabion harrier

foot of the slope a wall serves to contain any rocks having internal drainage counterforts. Note the double
falling down the slope (Fig. 224). The site is neur fence of hexagonal woven mesh at the top of the wall
Teresopolis, (Fig. 226). As part of the swume scheme, a second wall

with identical features is now under construction.

‘BRAZIL - Rio de Janciro - 1984
Rockfall barrier wall with external counterforts on the
Rio de Janciro - Teresopolis road (Fig. 225). :




227

0.3.4 Terracing

ITALY - Emilia-Romagna - 1959

Stabilization of a slope by terracing with gabion walls on
the Bologna - Castiglione de’ Pepoli Road, in the Lagaro
arca (Fig. 227).

FEDERAL REPUBLIC OF GERMANY - 1971

Terracing with gabion walls in Kaisersthul, Freiburg. for
new vineyards in the Rhine Valley (Fig. 228).

ITALY - Campania - 1976

Gabion wall terracing in an olive
grove in Vietri sul Mare, Province of
Salerno.

The gabions, ideally suited to the
purpose, blend perfectly into the south
™ lalian countryside (Fig. 229),
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BRAZIL - Minas Gerais - 1979

Interesting and imposing terracing to provide parking
arcas for the offices of Usiminas in Belo Horizonte
tFig. 2300

Figure 231 shows a cross section of the scheme.,
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232 CANADA - Ontario - 1974
Gabion terracing for tennis courts in Torounto (Figs. 232,
233).

N 1.,_ : A‘*‘._. “} L
REPUBLIC OF CAPE VERDE - 1981
Terracing for cultivation on the island of Sun Tiago. The
arca suffers from severe crosion caused by intense rainfall
{Fig. 235).

ITALY - Valle d’Aosta - 1980
Terracing with retaining walls to consolidate a steep
unstable slope in Lis (Fig. 234).
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6.4 Revetments on embankments and other slopes

UNITED KINGDOM - Wales - 1968
A7 metre high stepped reveunent at Tylorstown in Mid  started. The structure safeguards a road and dwelings
Glamorgan. Figo 236 shows the slip area as work was above it (Fig. 237).

U.S.4. - California - 1973 T T T e

e |
Revetment stabilizing a vulnerable ! - 23.40 m - e
- , 20,00
slope (Fig. 238). m - Plant
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UNITED KINGDOM - England - ‘ 2 N
1973 : "
Wali m the Brinsh Leyland works
compley at Longbridge, Birmingham . E
H AR o LN
thig 239 2
Figure 240 <hows the plan and @ e
cross section through the structure in 8: '
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ITALY - Sicily - 1979
Revetments built at various levels on a slope o protect a
road in Taormina. province of Messina {Fig. 242).

ITALY - Lazio - 1981

State Highway 509 near Frosinone-a slope revetment
(Fig. 243).

ITALY - Marche - 1982

Revetment to stabilise a slope on the Pictramaura-San
Leo Road., Province of Pesaro (Fig. 244y,

BRUNEI - 1983

An unstable zone on a slope near the capital has been

re-established with o gabion revetment {Iig. 245),

94
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6.5 River and marine works

T
. -
[ Al | &% T

UNITED KINGDOM - England -
1963

PVC gabion river wall at Oreston,
Plymouth as part of a reclamation
and beautification scheme.
Constructed in 1964 (Fig. 246).

CANADA - Quebee - 1971

Walls to protect a city park on the
banks of the St. Lawrence River in
Candue (Fig. 247

UNITED KINGDOAM - England -
1971

A substaatial gabion wall at
Downderrs. in Cornwall. designed to
retiin the C¢hiff face and to protect it
from wave crosion (Fig. 248). The
marine emvironment dictated the use
ol PVC coated gabions.
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2 U.S.A. - California - 1974

Retaining wall 1o support o road
adjacent to the Eel River (Fig. 249),

)

ey IF

US. A - Maryland - 1975 .

agna - 1974
Retaining wall to support a large parking area in Pioppe  Retaining wall of PVC-coated gabions to protect Falls
di Salvaro. Provinee of Bologna. on the River Reno. A Road from possible erosion by the Jones Falls River near
series of small grovnes were combined with the wall 1o Baltimore (Fig. 231,

direct the Now away from the foundation and prevent
undermming of the structure (Fig, 250

~o
)Y
N}

LNITED KINGDOM - Scotland - 1970 '
PV gabion wall prosviding support and protection fo)
droad at Dunkeld i Tasside Region (Fig. 252),

CANADA - Ontario - 1978

Gabion wall o protect a mansion on Lake Ontaro mn
Oakville. near Toronto (g, 233,




SWEDEN - 1978

Wall in Kurlskrona harbour (Fig. 254).- A crane was used
o install the Reno mattress apron and gabion section.
To prevent migration of fines. a lilier Tabric was placed
between the gabions and the backhill (Fig, 235).

v ALerage sea tevel

(L

ITALY - The Marche - 1978

Wall supporting a slope overlooking
Baia Vallugoly near Gubicee Monte,
thigs. 236 and 257).

the litile port of
Province of Pesaro

B R ors (o el 808 bt Avey b ek 1

1: Gatwon wall

2. Back il
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4 PVC-coated Reno mattres, apror
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HAITI - 1979 DOMINICAN REPUBLIC - 1980

Smiall wall at the side of the Port au Prince - Les Cayes Foreshore protection o the coustal road bordering
road 1o counter river erosion (Fig. 258). Mangoe Bay near Margoz airport (Fig, 239).

X, ; A ) . ’

Retaining wall on Pine Street in Amherst (Fig. 26(

).
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BRAZIL - Sao Paolo - 1981

Retaining wall on Anchicta Road in Sao Paolo (Fig,
~N
2010

TRINIDAD AND TOBAGO - 1982

Stepped wall protecting o road along a reach of the
Mulik River near Port of Spain on the istand of ‘Frinidad
kg 262

IRGENTIN A - jO83
Wall on the sieeess road to the Nihuil 1 hyvdro-cleetric
plant on the Awel River in Mendova (Fig. 263).

BOLIVIA - 1984

Protection for the transformer compound of the Santa
babel power station near Cochabamba (Fig, 264).
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0.0 Works appertaining 1o buildings

UNITED KINGDOM - Wales - 1954
Wall at British Railways depot in the Rhondda, Mid
Glamorean (Fig, 263),

k.

U.S.A. - Maryland - 1977
Lining to prevent erosion by rainwater on the sides of an
carth bank surrounding the Hess Oil Co. tank farm in
Baltimore (Fig. 266).

Such embankmeirts serve (o contain any leaks of crude vil.

1973

Gabion wall retaining the hillside
around a transimission tower of the
Central Electricity Generating Board
near Pontypridd (Fig. 267). In Figure.
268 the same wall is shown after more
than ten years.

ITALY - Lombardy - 1977

Gabion protection at the thermo-
electric power station on the side of
the La Muzza canal in Tavazzano
and Montenaso (Fig. 269).
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IRAN - 1978

Temporary gabion structures in the
sand and gravel production area in
the contractor’s compound during
the construction of the Lar Dam
(Fig. 270)

BAHRALN - 1979

Structure in PVC coated pabions
carrying pipelines at the side of the
B.A.P.C. causeway (Fig. 271).

HONDURAS - 1980

Wall supporting the crushing plant
i the contractor’s compound
during the construction of the El
Cajon dam (Fig. 272).

Figure 273 shows a wall built in
1982 1t is anchored with tic rods
and supports a slope along the
outfall below the dam.




BRAZIL - Suo Paolo - 1982
Structure. built on three levels. to
support a crushing plant in

Jundiai. near Sao Paolo

(Fig. 274). .
Figure 275 shows a cross >s.Ll10n of
the scheme.

260 m
- -
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UNITED ARAB EMIRATES -
Abu Dhabi - 1982

Plastic-coated Reno mattress lining
4 bank at the oil pipeline terminal
at Umm Al Nar (Fig. 276).
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ITALY - Emilia-Romagna - 1984

Wall under construction to retain backfill at San
Patrignano near Rimini. An agricultural establishment
will be set up later on the backfill. Figure 277, 278, and
279 show o cross section of the project and the wall
under construciion.

108




CANADA - Omtario - 1984

Nine metre high wall to support the
turning arca for the crane used to
lift the generators for the nuclear
power station at Darlington near
Newcastle (Figs. 280, 281. 282 and
283).

The cranc. among the largest in the
world, is 56 m. high and has a
rcach of 49 m.
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ITALY - Campania - 1983
Gabion wall at an industrial
exatabhishment at Atripalt in
the Provinee of Avellino
(Fias 284,

UNITED KINGDOAM - England - 1984
Biological filters in the sewage treatment plant at
Burnoldswick in Lancashire (Fig. 285). The circular walls
containing the filter material are built of PVC-coated
gabions (Figs. 286 and 287).




GABIONS AS
ARCHITECTURAL FEATURES!

U AL - Missouri - 1980

Gabion architectural feature m a
house in the Meramee River Vatles
near St Louis (Figs, 2880 28Y)

ITALY - Teentino Alto Adige - 1980
Gabion wall supporting a bank close

to @ swimmimg pool in Cortina
N b o
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Appendin - Table of conversion system metric - imperial.

I \ :
{ Quantity ’ Metric units | Imperial units Cenversion factor
I UV L . e o
% Newton ' Pound force IN* = 0.22482 |b!
. i {
FORCE ; ;
| Newton per metre ‘ Pound force per foot IN/m = 006833 1bi/It
: ! :
- i} _ | ; e e
| : Newton per square metre : Pound force per square foot IN/m’ = 0.02089 [hi7i
| PRESSURE - STRESS | 1
‘; Meganewton par squure mctrc} Pound force per square inch IMN/m’ = 145.032 1bl7in’
; ! !
| | .
7. | Metre : Foot 1 m=3.2808 1
j LENGTH i ]
! ] Millimetre 1 Inch ] mm = 0.03937 in
71 : :
i AREA | Square metre Square foot I m’= 10.7643 U
b { |
i | Cubic metre ) Cubic fou i I m = 333107 fv
| VOLUME ; |
' Cubic metre i Cubic yards I mi= 1.3079 vd’
} - ‘ . _
1 | )
j Tonne : Ton ; 1ton = 0984231
MASS . ‘ i
| : Kilogramme : Pound ‘ | kg = 220439 1b
DENSITY " Kilogramme per cubic metre | Pound per cubic foot i P Re/m' = 000242 1b/10
(1 To oblin metric international system values from M.K.S.
systeny used in this book, this additional comversion lactor

should be considered: | kg = 980063 N




APPENDIX

Approximate dimensions of gravity and semigravity
gabion retaining structures

The tables in this appendix were prepared to simplify the
selection of approximate dimensions in the initial stages of
designing gravity (1. 2. 3. 8. 9). and semi-gravity gabion
retaining structures. The semi-gravity type being that which
relies on the weight of the soil over the heel o maintain
stubility, Sce Chap. 4. Tables 4, 5. 6. 10, 11, 12,

The tables numbered from 1 to 6 are for smooth rear-face
and stepped front-face walls. and the tables numbered from 7
to 12 are for walls with a smooth front-lace and o stepped
rear-fuce.

For gravity walls 2 to 10 m high a choice of three separate
slenderness ratios (H By is offered. For semi-gravity walls, 3
to 10 m high. two H B ratios are offered for the stem plus an
additional solution using an extended foundation as an
anchorage.

The foundation courses of walls 5 to 6 m high, especially in
the case of semi-gravity walls. should only be 0.5 metre deep.

In Fig. 291 the basic results extracted from the stability
analysis produced by the GAWAC progranmume are shown
against the principal dimensions of the structure, H, B, and
b. See Chap. IV,

- Safety fuctor-against shding. 5
Allowable soil pressure. o
Allowable compression stress, a,,. in the gabion structure.
for semi-gravity walls only:

Deformation. A, at the top of the structure.

t

The safety lactor against everturning is not given because
in this type of structure the requirements for resisting
overturning are always exceeded.

The units of measurement of the above data are metres for
fength and kgem? for stress.

in the computation the unit weight of the filled gabidns
was assumed to be ;= 1.7 tm?*. the density of the sail 7,
= 1.6 t/m*, the shear modulus of clasticity of the gabions G
=40 t/m?, the angle of bater 7 = 6" the depth of the
foundation betow ground level to be equal 1o one tenth of the
«totaly» height, H.

The results are given for four different values of the internal
angle of friction of the soil. . beginning with the smuallest
vilue required for stability.

Four different foading conditions are considered:

- level backfili without surcharge (¢ =0. p, =0y
level backfill and surcharge equivalent to one metre of soil
(=0, py=1y %1 m)
buacklill sloped at an angle approximately equal to ¢ and
with no surcharge (i > @. p, =00
backfill sloping at 1:2 and with no surcharge (& ~ 26.6" and
Po=10).
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scemi-gravity Walls with a Stepped Front-Face H/b < 2.5
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Scemi-gravity Walls wiih a Stepped Froni-Face 13/b > 2.5
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Semi-gravity: Walls with a Steoped Front-Face and Extended Foundation
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Gravity Walls with a Stepped Rear-Face H/B < 18
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Gravity Walls with a Stepped Rear-Face 1.5 < H/B < 2
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Gravity Walls with a Stepped Rear-Face H/B > 2
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Scemi-gravity Walls with a Stepped Rear-Face H/bh < 2.8
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Semi-gravity Walls with a Stepped Rear-Face H/b > 2.5
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Semi-gravity Walls with a Stepped Rear-Face and Extended Foundation
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TECHNICAL SPECIFICATIONS

~
RENO MATTRESS - ZINC COATED
J
Reno mattress o Fig 1
The Reno mattress is a large and thin structure, made of
hexagonal double twisted wire mesh (Fig. 1); the mattress DIAPHRAGMS
is divided into cells by panels positioned at 1 m centres.
The wire used for manufacturing the mattress is heavily
zinc coated mild steel. The standard combinations mesh/
wire are shown in Tab. 1. in order to reinforce the
structure, all edges are selvedged with a wire having : LT
greater diameter (Tab. 3). : i
Dimensions and tolerances on sizes are shown at Tab. 2.
Wire Fig 2
1) Tensile strength: both the wire used for the
manufacture of mattress and the lacing wire, shall
have a tensile strength of 38-50 Kg/mm?. according
to BS 1052/80 “Mild Steel Wire”. Above values are
referred to wire before manufacturing mesh. MESH TOLERANCE
Tolerances of wire, shown at Tab. 4 meet the The tolerance on the
requirements of BS 1052/80. ?hpegqn? of mgs? “D". t(::ing
2) Elongation: the test must be carried out before axees 'S,iﬂziwiit‘;f"ii" ¢
manufacturing mesh on a sample at least 30 cm long. according to specilication
Elongation shall not be less than 12%. , UNI 8018 :
3) Zinc coating and tolerarces: minimum quantities, |
shown at Tab. 4, meet Yhe requirements of BS 443/82
and exceed those of AL, TM A641-71 A, DIN 1548, QQ-
W-461 H.
4) Adhesion of zinc: the aithesion of the zinc coating to
the wire should be such that, when the wire is Tab 1
wrapped six turns round on a mandrel having four STANDARD COMBINATIONS MESH-WIRE
times the diameter of the wire, it does not flake or
crack when rubbing it with the bare fingers. D (cm) o Wire mm
5x7* 2.00
6x8* 2.00-2.20
* Code number, withoul relerences to dimensions
Tab 2
STANDARD SIZES TOLERANCES
L=300m-400m-500m-600m + 3%
W=200m-300m + 3%
iMesh 5x7:0.15-020-025m,
= ; +25cm.
fMesh 6x8:0.17-023-030m
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2 3
1

_ . 1 1) Phers
L S 2) Pliers with nipper
xé\ i) 3) Nipper
4 4) Closing loo!
—M 5 5) Crow-bat
Fig 3 - Reno Mattress bundies at slock
Fig. § - Tools used in assembly and erection.
Fig 4 - Shipment of Reno Maltress
Tab 3
Mesh wire o mm 2.00 2.20 2.40 -
Selvedge wire o mm 2.40 2.70 3.00
Lacing wire* e mm 2.00 2.00 2.00
* Lacing wire is supplied at the rate of 5% on matlress weight
Tab. 4
Mesh wire emm | 2.00 2.20 2.40 2.70 3.00
Wire tolerance emmi* | 0.06 0.06 0.c6 0.08 0.08
Quantity of zinc gr/m? 240 240 260 260 275 -
Fig. 6

Assembly and erection

1) Unfold the units, erect corners and diaphragms and bind them to the
side panels. Lacing wire is supplied together with the Reno mattress. For
a correct lacing operation, the wire shouid be passed through each
mesh, making a double twist every other mesh (Fig. 6).

2) Fill the Reno mattress with stones, whose minimum size is not less
than dimension “D" of mesh, and maximum size is about 2.5 times "D".
Bigger stones are accepted, provided that their total volume does not
exceed 5% of the cell volume. Stones must be durable and, in case of
cold climate, non-porous.

3) Check filling at the corners. Compaction is not necessary.

4) Bind the lid down with the usual lacing operation.

NOTE- all Reno matiress must be connected to each other along all corners with the same lacing
operation.

Request of offer: When requesting an offer, please specify: quantities per

each size; size of units (length x width x height, see Fig. 1); type of mesh;
wire diameter.

Example: No. 1500 Reno matiress 6x2x0 15 m - Mesh Type 5x7 - Wire

A
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TECHNICAL SPECIFICATIONS

BOX GABION

- ZINC COATED

Box gabion

The box gabion is a structure made of hexagonal double
twisted wire mesh (Fig. 1 and 2). .

The wire used in the manufacture of the gabion is heavily
zinc coated mild steel.

The standard combinations mesh/wire are shown in Tab. 1.

In order to reinforce the structure, all edges are
selvedged with a wire having greater diameter {Tab. 3).
The gabion can be divided into cells by means of
diaphragms positioned at 1 m centres (Fig. 1).
Dimensions and tolerances on sizes are shown at Tab. 2.

Wire

1) Tensile strength: both the wire used for the
manufacture of gabions and the lacing wire, shall have
a tensile strength of 38-50 Kg/mm?, according to
BS 1052/80 “Mild Steel Wire". Above values are
referred to wire be‘ore manufacturing mesh.
Tolerances of wire, shown at Tab. 4 meat the
requirements of BS 1052/80.

2) Elongation: the test must be carried out before
manufacturing mesh on a sample at least 30 cm long.
Elongation shall not be less than 12%.

3) Zinc coating and tolerances: minimum quantities
of zinc, shown at Tab. 4, meet the requirements of
BS 443/82 and exceed those of ASTM A641-71 A, DIN
1548, QQ-W-461 H.

4) Adhesion of zinc: the adhesion of the zinc coating to
the wire should be such that, when the wire is
wrapped six turns round on a mandrel having four
times the diameter of the wire, it does not flake or
crack when rubbing it with the bare fingers.

LID

DIAPHRAGMS

Rig. 1

MESH TOLERANCE

The tolerance on the
opening of mesh “D", being
the distance between the

Fig 2

axes of the twists, is
according to specifications

UNI 8018.
Tab. i
STANDARD COMBINATIONS MESH-WIRE
D (cm) o Wire mm
§x7° 2.00-2.40
6x8* 2.20-2.70
8x10* 2.40-2.70-3.00
10x12* 2.70-3.00
* Code number, without reference 10 dimensions
Tab. 2
STANDARD SIZES TOLERANCES
L=150m-200m-300m-400m + 3%
W=1.00m + 5%

H=050m-1.00m




~——

2 3

i\
L 1 1) Phiers
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Fig 3 - Gabhion bundles al slock
Fig 5 - Tools used in assembly and erection
Fig 4 - Shipment of gabions

Tab. 3 -
Mesh wire emm | 2.00 2.20 2.40 2.70 3.00
Selvedge wire omm | 240 2.70 3.00 3.40 3.90
Lacing wire* omm | 2.00 2.00 2.00 2.20 2.40

* Lacing wire is supplied at the rate of 5% un gabicn weight

Tab. 4
Mesh wire omm |2.00§2.20]2.40§2.70}§3.00[3.40}3.90}-
Wire tolerance ommz [0.06]0.06}0.06]0.08]0.08{0.10]0.10
Quantity of zinc gr/m? 1 240 | 240 | 260 | 260 { 275 | 275 | 290

Fig 6

Assembly and erection

1) Unfold the units, erect corrners and diaphragms and bind them to the
side panels. Lacing wire is supplied together with the gabions. For a
correct lacing operation, the wire should be passed through each mesh,
making a double twist every other mesh (Fig. 6).

2) Fill the gabion with stones, whose minimum size is not less than
dimension “D" of mesh, and maximum size is about 2.5 times “D". Bigger
stones are accepted, provided that thair total volume does not exceed
5% of the cell volume. Stones must be durable and, in case of cold
climate, non-pcrous.

3) Check filiing at the corners. Compaction is not necessary.

4) Bind the lid down with the usuai lacing operation.

NOTE: ali gabions must be connected to each other along all corners with the same lacing operation.

Request of offer: When requesting an offer, please specify: quantities per
each size: size of units (length x width x height, see Fig. 1); type of mesh;
wire diameter; if with or without diaphragms.

Example Mo 100 o ons?2xi«1 m. MeshTupe 8510 Wi di- 27 i

e

it

2
o s

o o
oo g

i
g

g

N,




(iroup

Appendix b

Design Calculations

Group 1 - Calculabions

Participants:

kngr
Engr
kngr
ngr

Roohullah, Leader
M. Azim

Abdul llamid
Bashirullah
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Emgr- ﬁZaoALI/A7ZL

Assignment/Home Work

Complete the previous inadequate design by making another design
that is adequate. Use the same criteria as shown in the previous
calculations and redesign the structure so that it fits the
following criteria. The final design should not be overly
conservative, but it must meet these requirements:

* Overturning Factor of Safety
No less than 1.5 -~

¥ Sliding Factor of Safety
No less than 1.4 (where f = .60)

¥ Bearing Values
Maximum no more than 28 tons/M?

Show all calculations as well as a final sketch of the completed
structure - all other assumptions are the same as the first
design presented (and included here) in lecture. Gabions should

be in .5 meter segments i.e. no dimensions such as of 1.23 should
be used.

Completed design papers are to be turned in to CCSC Engihééring
Department no later than 12 noon, 11 December 1991.

Further Home Work

1) Change the upstream & downstream water levels to upstream -
1.9 M downstream - 1.6 M '

For the sake of simplicity use exact same "uplift" pressures
as in previous design; present this work on 11 Dec. 1991
(All other forces change according tao new dimensions)

2) Also check your design, assuming there is earth pressure but
- no water pressure on upstream or downstream forces, check

for bearing pressure, sliding and over turning stability for
Part 1) design.

If wall is over designed without water pressure show the
size the wall should be, to meet all requirements i.e,
overturning, sliding & bearing, when the structure allows
water to totally drain thru or proper drains are placed so
that there is no hydrostatic pressure on dam. (i.e. redesign
wall w/o water pressure).

This redesign can be presented on Saturday, 14, December
1991.

DSENG-2, GABIUONZ, FW/ah
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