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GAB I ON GONST'UJCT I ON Tl-:CIIN I QUJ~;S

AND PUACTIGES
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Om:c the gabion i..,. "dim., its lhJ is lOH'er'f!'rt nnd bound to the
nd,jac{"nt sid('\of lIu: hox. In Ud~ \,:';1'.". tim gahb'H\ i:.h!CO!nt'S II
sIngh- unH'dth definit<" nml u".-hat i\".dy s'abh~ diM(>usions. Once
bexpg ;U'!C' n lI ....d 'd tit C'\:'fW small :slone, tlu'> mesh ",I Ii pn'(~V(Hlt tl

,..'altH" flo",· from ."c-men-iug the ~HIl)IH"S. The lw<",:c·s tU'(> h(~a\'y enob;h
to r"'sist UJOVCOdu!ul even b:' Hln~C' I\\at(~r' fh-Jk'c4- itnd high streftlfi
\"(.-)«.9Cit h-s, un! ike coatea"(-lt."" thcn: dl() not lfT(H,"k. F'ethrict.t.icn is

don,"" 1~nmp I c" tl-I:' ou s i l(' .

tiahion masoIH'~- cnn l)(~ d('rincd .us .1 collection of blocKs al·ram~ed.

rol imdn~ ""cr'tni •• r"ules, in stncks .wel att.ached together by ldr'e.

/

cage gabion

STACKI N(;· c.AG~:S TO,FORM

{iAnION fl.!"SONRY



Inns(!l1se gnbion mason"':· ',-nIls C.tUl be compared to honded drx
~·toll(~mnSOrlt·,.· ",·alIS. c;ahions c.,n be tnH~d inn fHlmbe,' of
.Ii ff{~"erlt> h'dyS, to'Hune'l fe~:

Bank·Protect:lon against flooding

backfill
p

.0·.. ··.. ·..~.···.J
/' ~~;.- >0. .

bank protectIon against erosion

),
§ \

a-.c.:..~--: __-- ===------ \.
\

\~

footing gabion3

.3



'/~--
~_J> '.' "", ."

~ G-.

.A~

J'.. " "d

fl1:mndatto:-,
cm»crcte



•
n



Embankment.

WeIr

~.

~.

concrete 0.2" m thick

I
\R---. gablen

L-.._~...'. 2 x 1



footing gabion

Angle view

l

shallow drainage
ditch

-if



-, '-....-Ji;t.jJ~"JiIfl~Ii,J;jlt ~l;;"!lf" 0'\ ~H~Jrf, F.l!1~·
r oJ If.i-t~H]l~: f'..W f-':"'''l~ rl'ln,

Jt·f'J:~!"'H~I.!- J;,l~l!jjt

'iY\_-!-'~t" 1~.H\(t

i!f·l.'l;jf-'tJ-'~t1i l\'J..

~j\t""'!i_~,tt\t! v~:{Jtjll



r'())nd l ~j) Ib)~!

P :"OlL tI: fC lL l." qjl
-""---1

;';:""--:-~;:':::::=:""M~W~'

, "' ..\\

.-,--~.... 0·"

....~ -.,

Dr.idg~ Foundat.ion~

___ rootIng gablon





EROSION REMOVES S,OIL

CORRESPONIJ/NO TO ONE' T,t((/CJ:: I_(.~D

FROH EVERY AC'Rl:::.- EVERY YEAR



Ilain and hulel' flo\~s ,'E'1II0\'e the top soi I f.'om aI'HUIE' land.

The allnual loss of top soil is milch Idghel' than YOIl might think,
usually much mOl'e t-han a big L,'w:k load of ;-:oi I f.'om e\'cry acre
(~\'el'Y ~'('a)·. I r nol SL0l'l'pd til(' lop :~oi I \-li 11 geL thinner every
ye~\l' and yipld~ hi)1 decl'ea~e. Hills can dp\'elop into gullies
d i S};E'C t i ng the 1alld, ntalt i ng it II IHom i tabl ('> fo!~ ag f' i ell It ure or
n tllt'l'S llse~,.

El'()~ion is mOl'p S(~"('t'(~ in l()aJlly-giltY-:'i.and~ soils t.hali 1.11 clay
soils, and it is also more SP\'(~I'C 011 long and steep slopes.
rash'all;; Pl'osion ix de(lC'ndent 011 the p;tttPI'1l of cultivation,
(>~p('cinlly Itl regal'd to tile" \'e~(·tati\·e cover :llnd the stJ'uctur'e of
UIl~ so i I .

EI'OSlon i",ni I loss) COIl3('qll('nLly fh'pends 011 several factors:

amounl and
~'IlP I'~Y 0 r
(, .. iufall

t e I'od i b j lit Y
i) r t hra so i I

+ length and
stl~epn('ss

or SlOpE

+ crop and
land
management

YOl, l"al"IO~ clwtq~e the ,'aillfall uI' the soil, Lut you can change
:he 1 ettgth and al '':>0 the stcepII(_'~S of a slope through "terracing".

Tel't aces Call be constl'llcLed as d i leltes across. the slope Ol' as
benches or I'idges aCI"OSS the slope - these tc~rraces help to
reducp the slope () f it hi 11 side & the I"eby I'educe the ve loc i ty 0 f
l he flo \~ 0 f \,' it tel" • 1fth (' \' e 1 0 (; i t Y 0 f wa l e r flo \v i s not. red u C e d
by ll~,.,.acing the pl'oduction of I'ills ~ gullies ,.;ill be increased.

!<i !ls al"e channels in the gr'ound made by a small stream of water,
h'hf~l"l'<lS gull ies '\1"(' lal'gel' :"renches in the ground made by running
h-at PI".

GULLY CONTROL

\,'hE'n l'i lis have incl'eased in size so that they cannot be levelled
out through ploughing or other simple means they are called
gull ies. Such channels can rapidly increase in size, especially
in silty- fine sandy soils, E'ven jf the .\to'ater flo\to's are small.
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Erosio~ Processes in Gullies

:\ 1. llae he ad 0 fag u 1 1 y a " ,.'ate I' fa 11 "
Ln'e of erosion causes a rapid cutting
buck into the ~dope (fig. a).

1 ........ ----

fig. c

fit> b

• • •

-

. , .

The deep e.'osion make~ the sides of
lhe gully unstable and causes
movement of the soil fl'OIll the sides
of the gull:.' t.o the Lottom. In this
way the gull~' is not 0111:.' deepened
bllt also \ddened (fig. c, shm\ing
a c ['oss-~ec t ion 0 f the gu 11 y 'd th :)
slages of erosion).

If the earth layer is thick enough, the
f1 0\\ 0 V e .. 1. he flo 0 I' 0 f 1. he g 1I 1 1y w ill
dt:>€'pen the gllll~'. This deepening does
not st.op until the gully has reached
solid rock (fig. h, showing 3 stages
o f e I' 0 s ion i nthe l. 0 n g i t u ct ill a 1
directiull (If the g,dly).

Measures

There al'e th'O main measures to control gully erosion:

1 ) Di ve r ting t he ,~.ate r whi c hen t e r s t he g u 11 y b r me an s a f a
cutoff drain, 01' a r'idge of soil.

2) Preventing the water in the gull:.' from causing erosion by
pro lee ting the he a d and the floor \·d the 1'0 s ion l'e sis tan t
materials. The measures ",ill differ according to the shape
of Un"> gll11~-:

'a) A h'lde, shaJlm.; and Hot vel'y steep gully, compared to
b ) a n a ITO,.. and s tee p gill! Y (h' i the 0 nee n t rat e d 1 a r g e wa t e r

f10\\'5).

\{hen choosing the reqld sj te rneaSUI'e it is necessary to consider
the C\\'ailabil ity and cost of construction materials.

13
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Floor of Gully, Wide and Shallow

Erosion on the floor of a gully can often be stopped by strips of
g l'ass, p lac e d a 1. eve r~' 2 n d, '1 tho l' 6 1. h rn e t e r .

Al ternati vely stone walls called checl< dams can be arranged
across the floor instead of vegetat.ion. The stones should be put
into an excavation (approximately 0.;) re(~t deep), so the upper
parts of the stones are level with the floor of the gull)'.
It is also possible to comhine the bm L~'pes of materials:

15
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Channel with three

stone thresholds

1) a gcass sl.rip abo\e the sLone thr'cshold, 2) a grass strip
bel 0 h' U l(~ S \" 0 Il e t h l' C' s Itold, 0 r 3) g r ass s t }' ips bot h a h a\' e and
bel 0\," tlw stone threshold.

Cross-sections of
stone thresholds



Floor of a Gully, Narrow and Ste~

In stet'p and nat'r'ow gull ies the checlt dams have to LE' made more
solid to reduce t.he the slope and to resist the velocity of thp
..... ater. The ends of thE' check dam should l.w somewhat. higher to
prevent ~'atpr fl'om cutt ing J'otliHI them.

\"ooden ~Ial.er·ial (No Stones Available)

-

View of an eroded channel:

with two wooden _

check dams

-

1 (1



gJ1ECILlh\l'LJJ~lliG STQNK ~LttTl~HIAJ~

(s tonE' "'1 n l. c' r i 1\ I) L.1 I' g (> S l 0 III' S :\ \ a i I it b I (. I

View of a gully with
a check dam

Cross-sect"ion
of a check dam

-Apron

StQJl~_~!aterL~lL-1ar.~StonesNot Available
In ~~uch a casE' ~r1bions can be Ilsed.



TIlt' USl' or ~abions (Jfre'I's :-:(:'\'('I'al Hll\'Clnlages 0':('1' that of othet'
"(dlst I'\il't inn matt-'I'ials, e~';1,(,(:iIl1]y \\'bel'(-' \,01'1\ Oil soft. 01' unstable

~ l'Olilld i s In I,l' lillde 1'1 al,!' 11.

\ ~ h h i 0 II \\' ()\'I, (' a 11 be i II t "~ I' I"l q . t. (' d II I a 1\ y :-: \;115 (> \,; i I It 0: It any I' i s k to

lht' ~·;(I1i\lily of th£.· fillished Slnll.:tlll'e. This means thaL the
pI'Ogl'PSS of' horl, can lot? I\l()l.iifictl accol'ding 10 t.he labol' actllaLl~'

a\'aiLtl:!1p III Ih( !-,I'oj(:,cl Ht'PH.

\\'01'1\ ,'HII Ill> illt"I'I'I'ldl~d, 1'01' <.>';:1l11ple during lIH' rainy :.;cason.
This I"; Iltd al\,ay~.; pos:::'.ilde and Hl"'a~",; diff'icull. on sit(·s "her€.'
m-IS';III'~ '11' "'on':I'pl..' \\ol'l,s al'e bcillg Illldpl'l a\.:r·n.

(;dl:jl'l.-;I.I'\h'tlll'PS ill'!:? made up of L:ll'ge Ltl'Jcks, ,jniIHc,1 unfe' II)

'ilhllh,'I' .11,.1 al'p, Ihel'E'fol'(~1 exLl'elllPly slaLJlf·. GaLicT! h'orl\
I',':..d·d~: l"'IIIHl'kably, \,£:,]1, erosion and lllldf:'I'CI,ILtill;; IJ~ h'alel',

TIl(" eL:sti,: quality or ~udlion hl.lrk i;.-; aile of its main ad\'antagps.
The d:.;e of' he~:ct~ollcd h'ir'c mesh al10\\5 it gallion to modify iL~; form
I,., ('OIll[>t"lISatF for' ilTE'!5ulal'itips irl Lhe lIatlll'al ground on h'hich
ill it's hillhHl! \\ I> a k (' Iii ,,~ its sir \I c L II r (' .

; t':.; ~;lq'lJ I PliPSS m;II.:("s
-=,',;\llId hhi{'h is P)'OIIt-'

its
to

LISP parLiclllal'ly apprOpl'ihLe
e 1'05 i un and undE' reli I. t i ng.

on soft

'~dhiuli IiIllllld:-i il:-:;l'lf l)(,>,.rpc\l~ 1.0 the pl'ofiLe of the gJ'O\lllU.

TLt> s i iii\' 11'
111-;\ ilIH'{'S I

cOI\{'l'!d of ~allioll ~ll'lI('tlll'l',-; IIIl'icIIIS that, ill eel'Laill
hOI'I, cal. ilL' IHldel'Ic.kell ill slage's, ('01' p:-;amplp:

nlisillg dll l.>d'I'floh' lip (spil]hC1~'i;

I' a i singab a I d.: [H' 0 t C' c t ion \\ a 1 ] ;
(>~,tl'ndill~;1 ball\'; Pl'ot,ccl.ion !:?n,ill;

Tlii-,;,: IIlPClIL"'; Ihat
;1 \ a i \ a b i J i I.. u r

t.l\£~ pac(> of h'or'\'; can lH' adapted to t.he'
}oe,1I lab,.:>,' \"lIi ... 11 hi II \'<try thl'ol.SiHllil

J \]
.:

the yea 1'.
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galliun Hill
{'isk 1.0 Lhl?
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I3EFOHE UNDERMINING
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The technique of gabion work is of qrcat value in development
pt'ojec t s.

The maLer'ia] used is inexpensi\'~ and Lhe simple assembly
Le c h n i llU e sinvol v e d r e qui r e no s pc c: i a 1 too 1 S 0 r ski lIs .

i':e\'ertheless, a certain amount of care needs to he tateen as far
as t.he conception and execution of projects using gabions are
concerned.

fl\lleed, even minor mistakes made in t.he planning and
jmplelllenLal.ion st.ages of gabion worl, can br'ing abollt the rapid
d (-' s t T' \I eli 0 nor t h (~ H 0 r k • This 0 cell l' r e nee, \~ hie h g i\' e sri set 0 a
c (' r t a j n dis t r'll s tand dis l ike oft It e t e c h n j que, i sun for tuna t e
since, \"lH--'1l pl'oper'ly designed and executed, gab ion wOI'k pro\'ides
rill economic'll solut.ion to the construction of nllmerous types of
s true t.lll'PS •

~(Ol'p.O\·~r, Ihe decision to adopt. t.his technique' benefits
lillelllplo~ed nr underemployed cOllllllunities s:ince it necessit.ates the
1Iiobi 1 i zat ion of a lar'gt:' h'ol'k [or'ce of unski lied labor.

~im~licity-of Gabion Work

T Ii e (" 0 n c e p 1. ion 0 f g a hi 0 n s t. l' U c t u res i s vel' y s j mp] e . S Lab iIi t Y
call be incr'casPd by using oversized gabions, ,,'ithout. push:ing up
t hl> ('cst of manufacture undul y.

Increased Utilization of Local Resources

"\VHr'L from \dre mesh h'hich, in the majol'it.~· of cases, is
import.ed, and entails foreign currency spending, the rest of .the
l'esources needed for the manufact.ure of gabians is available
locally.

These resources are:

Unskilled labor;
Skilled labor;
Gangleaders;
Materials (Stones and Pebhles);
Tools for stone extraction and gabion-handling.

20



CHARACTERISTICS

TYPES OF GABION

Th€" most common and versatile gabion is a rectangular
lJ H l'alelepiped (box shape) in form, 1 meter high and wide and
bet,,,'epTl 2 to 5 meters long, according to specific requirements.

Add i t ion a ] par t. i t i a II '"all s, k n 0\11 n a s d i a p h rag ms can be fit ted to
~t.I'engt.hen the gabion, preventing it from becoming too misshapen
011 ground h'hieh is liable to subsidence.

STANDARD CAGE

GAnION

/Lid

Height '(H)

, f·_---2-.-0-0-m~--_
Length (L)

1
t

~[]
f- - - -1- --

D2 ~
~:

--- --

4-/117 3

~- - - -
4 k- -Lid

~ t7

~ 2m -iJo

21

The above standard size needs
a total of 10 sqmtr of mesh i.e.

a) for 4 sides 4x2 m ~ 8 sq.m of
\\Tire mesh.

b) for 2 ends 2 pieces of
1 x 1 m = 2 sq.m.



OTHER TYPES OF GABION~

Ot.hel' :~abion t:~'pes than the stannard cage gabian exist, although
less freq\H:'ntly employed ~he~' can be adaptprJ to meet the specific
requirem(-~nts of certain types of sLructur'es.

Footing Gabions

The' olll y dis t inc Li on be l\\'een the foot i ng gab i on and standard
gabioll is its height which is generally 50 centimeters.

Foot.ing gabions also exisl in heights of 15, 23, 25 and 30
centimeters. Such gabions are eBpecially suitable for bank
protection work ann for reinforcing canal banks.

Like (.rdinary gabions, fooLing gabions can be fitted with
diaphl'aglll h'alls inside, for \lse on unstable ground.

,..--- Lid
~

_~ Diaphragm

FOOTING GABION

FI'l"fED WI'fJJ

DIAPHRAGMS

Stones

The purpose of the stones contained within gabion cages is to add
\\'eight and to absorb compression which 'is the only force gabion
sLructures have t.o withstand.

22



Movementcause(l by stones sliding against each other is absorbed
b~' t.he \d f'e mesh 0 f the cage. The rna in COf\:-; ide ra t ion is to
prevent too much movement within the cage by carefull~' arranging
the :-;tones in such a way that. there is the maximulII contact
1.1 e f.\\' ee !l 1. he irs It r f a <: e:-; •

r f .~ are i s not t a ken \d1e n s t a c kin g the s tone s , the y w i 11 s 1 ide
about, deforming the lIIesh cage and even breaking ito

slipping

tr''ansfer of
upper surface 1op. d.,: , ,

cOnRECTLY PACKED STONES

transfer of
opper surface load

BADLY PACKED STOl'f'ES

Ne\"(:'rtheless, even \.. hen every precaution is taken in filling
gabions they have a terldency to deform when the stonework suffers
forces other than of compression.

Cross Ties

To combat this eventuality, the gabion can be cross tied using
galvanized wire to link opposite and adjacent walls together,
",'h i ch \V i 11 he 1[> reduce the tendency a f the gabion to become
misshapen.

During the filling of the
gabion box with stones,
cross-ties help to
stabilize t.he box; ties
can be placed across the
box in either direction
C1ild/ or d i agonall y in the
corners.(as shown in
sketch)
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Diaphragms and cross ties slrengthell the wire mesh cage and help
the gabion keep its shape during and after filling. Cross ties
also contI'ibuLe to the even distribution of stones after
stacking. The addition of cross ti(~s should always be used for
gab ionso\' e l' t 'yollie tel'S i n .1 eng t h . .

1 10 ------
~-Cross Ties

Stone Filled Gabi~

With Cross Ties

Front View

Without Cross Ties

'<;:-----J
2 m

SIZES AND SPECIFICATIONS-----

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

~tandard Gabions

Length

I
\Yidth

I
Height Volume' \veight of basket

m m m m3 (Kg)

2 1 1 2 14
3 . 1 3 20.l

-1 1 1 4 25
5 1 1 5 31
6 1 1 6 37
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Footing Gabiops

Length Width lIe~ghlJ Volume

I
Weight of basket

m III 103 (Kg)

2 1 0.5 1 .0 10
2 1 0.3 0.6 7
3 1 0.5 ] . 5 14
3 1 0.3 0.9 1 1
·1 1 0.5 2.0 18
4 1 0.3 1 .2 13
5 ] I 0.5 2.5 23
6 1 0.5 3.0 27

------1..

DOUBLE-TWIST

HEXAGONAL J1ESH

Ne s h s h 0 HId be 0 f thE' i1£" " ~H>" '111 1 DoubI e - t w i s ttyp e •

Smaller-sized mesh exists i.e. 80 x 110 10m, 50 x 70 10m, but is
reserved for instances wh(~re only small stones or pebbles are
available or \.;here a structure needs Lo·be exceptionally
resistant..
It is alwars more economical to use large-sized mesh gabions
(1~0 x 100 mm) filled with large s~ones.

Gallions may also be made using single-twist square mesh which can
11<-> manufac11lred 10cal]~' from imported rolls of iron Hire.

Although less expensive, this type or gabion is not recommended
for large structures or for those which Hill have to stand up to
great stress .. The single t\.;ist square mesh can be used, however,
in constructing low-stress structures, e.g. small supporting
walls, ]-210 high.

..r(---
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It is imperativE:' that 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 Specificati~n~

Binding ,.;ire, which j.- used to secure the lid o~ the cage, should
be about 3.5 to 4.0 mm in diameter. 3mm diameter wire may be
lIsed if there is difficulty manipulating and tying the heavier
'" ire.

.Wire Cross Ties (3 mm)

edging wires (4.4 mm)

...... ire mesh (3 nun)

Horizontal cross ties are placed at 30 cm interval~ e.g.
a 1 meter lligh gabion will be fitted with two cross ties.

1.00 m

30 crp

30 em

30 em

front view
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These same cross ties are spaced 75 cm apart along the length of
the gabion.

Plan view

,.

.r -, I l

""", I I I
__ t. 7~/5 em ..L 75 e~

~rost Ties SPTCing :

( I lengtl: ! I
I I I l
I I I I.L-._--!._----!.---~---...:...---~

width

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 &ccording to the size and shape of the filling stones.
For example: More ties should be fitted with round pebbles,
(wllich tend to slide, causing a gabion to become misshapen and to
bulge) than in a gabion filled with angular stones which "hold"
better.

1 •

Sequence for fitting trusses

Fill up to level of first set
of cross ties.

2.
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Fit first set of cross ties.



3.

4.

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

Fit second set of cross ties.

Required tools:

PLACING THE GABIONS

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 to 200-300 kg.

After cllecking 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

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

I1d _ 1
base

end

2

3

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

BRINGING THE SIDES

OF ruE GABION T()'}ETHER

STEP 3 Bind the using wire.

(Required 10 L.M of 4.0 to4.5 }m dearn. wire)

binding wire
4.4 nun

STEP 4

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.

Put the empty cage in place in the construction.

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

access

NO
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CAGE BEFORE
FILLING

STEP 5

STEP 6

Bind the gabion by its edges to those of the gabions
,,,hich c\l'e already in place. This step is of particular
importance as it helps ensure the solidity of the
structure. \

N.--------,

The caC{e is secured
by binding "adjacent
edges together using
4 mm wire or a
double binding of 3
111m ..... i re .

Using a jumper bar (a heavy il'on bar of 18 or 22 mOl
diamp.ter), the base of the cage is stretched into its
filla] posit.ion.

The oal' is lIsed as a lever. It is placed through a
hole in the mesh near a corner and pre£sure is exerted
on it to force the free sides of the cage into their
final positions.

The alignment of checked.

USING A JUMPER BAR TO STRETCH THE BASE INTO POSITION

~TEP 7 Fitting Cross Tie Wires

Precaution should be taken during this operation. The
tie wires should be attached to two or three "ires of
the mesh to prevent them stretching or breaking, by
spreading the tension borne by them over an area of the
mesh.
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Longitudinal cross ties should he slightly
distance between the sides they join. A 5
t.he iength of the t.ie is normally provided

~ :s<:;0-;; T1e- - {
-Lc::'- __.. _._.__ . 2. 00 I~___ I

I ~

NO

Cross Ties

SPREAQING THE CROSS
TIE WIRE LOAD OVER
Tl'{Q __Th'I13T S_

'Cross Ties

NO

Cross Ties

shorter than the
percent reduction in
for.

1. 90 m '>j:-<

~-
~-cross Tie j--_ .. ---

.
2.00

~
m - I;r

STEP 7 AniSle cross ties are then fitt.ed,
precaution.

YES
tal< i ng the same

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 lid.

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
workers t training
kind and size of stones

31
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The productivity of workers engaged in unpacking and
assembling gabion cages can be estimated using the following
mean values (t.ime taken unloading gab ion parcels and
positioning assembled gabions within the construction is not
included in these indicati.ons).

Productivity in m3 jman days

Volume of Dimension Surface area
the cage of wire mesh

1. 00 m3 2 x 1 x 0.5 7 m2

1.50 m3 3 x 1 x 0.5 10 rn 2

2.00 mJ 2 x 1 x 1 10 m2

4.00 m3 4 x 1 x 1 18 m2

Productivity

8 m3 jmd

6 m3 /md

4 m3 jmd

3 m3 jrnd

9HOOSING 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 \vorkers 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.

32



Dimensions of the Stones

The st.ones \vhich will be placed next to the walls of the gabion
must. he at least one-and-a-half times larger than the largest
size of the wire mesh.

Examples: mesh

80/110

100/120

stones

a 1 165 mm

~ 1 180 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

~ handle

mild iron
reinforcing
(¢ 6 nun)

rod

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 \vire mesh.

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

mesh~

~ small stones
r,-._~

33
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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 \lIhich will spt'ead the load.

Pebbles

Pebbles are particularly sllitable for filling footing gabions,
since they increase the flexibility of the gabion and thus its
abi.l.ity 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 gab ion 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 GABlON CORRECTLY FILLED GABION

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

TYPICAL GABION RE'rAINING WALIJ/CHECK

DAM ANALYSIS AND DESIGN



:r.Y~lg.~L,Jlub i on J~~ Lui n i r!l:L,J'la.llL.Ql!~gJs_.-.!2_am

Aofl~ly.§.J s JL.DgJioign

(jabioll I'elaillin~ halJs Hnd/or c11f:~cl\ dams, alL;)ou~h t.hey are
r<.'lati\Oel~ f)e~;iblto' strucLures, al'e gent:?r'all~' anal~'zed &/01'
desi~lled in the sallie ha~' as cHI~' IIlIUiS gl'avit~'1 rigid structure of
r E.' i n f 0 l' C E-' d COlIC' I' (' l e () r' mas 0 n r ~. The f u IId a IIIe n l a 1 c: h a l'act e r i s tic s
o f l he gab i 0 11 I. e. i l s f 1 ex i b i 1 i t Y all d i 1. s a b i 1 i l~' Lore 
distribute for'ces and pl'eSSUI'es, are geflel'aJ.1~o not taken into
ace 0 1.1 n t . Tnthis sen s e I the r e r 0 r P,t he gab ion \\ a 11 i f des i g ned
properl~' lbpcausp of its in illl!pl"enL flexibilit~' and
ad () pta b i 1 j L~o) l" a II b p con sidered r e 1.' t i \' ely mOl' e s lab 1 e l han an
pCjui\O;:llent gr':l\ojly structure design aCColllIJlished utilizing
lIl;olSOru~~' or' conCI'td.e.

\'; i t 11 Lhen b 0 \ 0 e
typical gab ion
n.' l.rd 11 i Il ~ \,0all
:-3i:lme lira rlnE:' r .

i n 11\ j 11d h'e h' ill p r nee e d l. 0 a Cl a 1 ~' z e 6: des i g n a
cll(~ c k d a III • T h Co' a n a Ly sis and / 0 l' de s i g n 0 f a gab ion
h'olllLl be accomplished ill more or les:.:; e:-~actly the

Cheek Dam DeHign

\C!'IIl<l11y \dwll a desj~n lS be!5ull the firsL stpp is lo establish
the desi~n critel'ia because in the practical h'orld, as opposed to
tht' 'acadpll1ic', a design is begun h'ithouL any 'givens'. For
(~ :-~ a IIIp] E' lit i s cI e t e rm j ned t hal are t a i n i n g \\'all i s r e qui red a t a
mOlllltaino!IS I'oad h'here earth is constantly spilling on to Lhe
r 0 [\ (1\, a y r end E: ri. n => pas sag e d iff i c u 1 t i. e . , '-...--

, ,\\\. '"

!~r(r;?f' , 0"c)' n cd ,,-'5 v r- ;.ace

1'1

Eadh ..s'p,'l!ao "'_ -\ '0/
10 \"1., f'

./ ~'o /~r. 0 P"'e.Vltj(l~ ..sur ace.

Ne<-v 0U;- lace' )'oll~ 't,:
,It( oa J IN'~ i ~ /<{f-':'-. If

[1-,-'~
id I pre dOh' e b e ~ i II \d, t. h the des i g n ? Ha h' h i g h s haul d the \...all be?
h'hat t ~' p e 0 f IIIate ria 1 do \,' e use for the h' a 11 Ii. p. can c ret e I

masorlry, gabions)? ~hat design conditions/criteria do ~e need to
k nOh' ? H 0 h' t.i 0 h' f.' de t e r In i neth e c l' i t e ria r;, h:hat i s the g l'au n d
\\ater level? Is there flooding from the mountain? And if so hO\{

oft en? A r (' \, f' i II an ear t. h qua k e z 0 n e :> h' hat are the so i 1
c h a r a (' t e r 1 s t j c s .;- \,' h e T' e j s the f I' 0 s t 1 eve 1 ? \,' hat s t r eng tho f
concrele do he llSf'<' \,'hal reinforcing steel do h'e use? \\~here do
h'e pllrchase t hp stepl and hOh' do \,'f' insure uni fonn qual ity? .-\nd
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For n c he c k d a In (\dli c 11 i s e sse n l i a 11~' a dam p 1. acedin a g ull~' 0 I'

stream to control the flow of water) the decisions are a bit
e a S 1e r . Genera] 1 y a c he c k dam i. s con s t r u C' led 0 f III a son r~' 0 r
gnblons, \'cr:.' seldom, except in the case of large struclures is
reInforced concrete used.

HI.:: I-Ioy'; '( o,.,·ra f
IHt~ ...~/

Dr N· f)AM He'.jht
,..;

I
•...q

i

, I

""I.:>.'hJY-al j/of€ '-'\
(/5 "10) \

\

CIJr:c. k. I.:) ~'''''
(7,/p. )

To ill us t r ale the d psi g n 0 fat ~' pic a 1 gab ion s l r II c t u r e \\ e ' lit a k e
a IH'aclical problem; an actual problem encountered i.n the field 
the design of check dams to conlrol and check the floh' of flood
" ate r sin a g u 1 1:.' and Lore d u c: e the s tee psIope 0 f the g u I 1 y b:-'
creating sill traps behind the check dams & thus change the :510pe
from n nat.ural slope, to Ci "trainpd slope". W~

___ DM # 4- M ~,.~ ~}fl

(T p) ,"-'f ,..-_,.~.----- -"II ~_. •......... ,/ .,-
-' -,;;;<-;' ,- I H.X.

Assume it is necessa['~' to "train" a stream or gully bed slope
from lS% to say, 5% - llsing rule of thumb estimates (see
c\ppcndix). The dam height is dependent upon the dam inlcr'\'a]s-
say \d:' keep the dam int.er\'als to -10 meters then, using rule of
thllmb forlllula:

D. H. = (s - St) II.T

\\ h e I'pD. H = [la m He j g h l

s = "\'atllrnl" Slope
St= "Trained" SLope

DH = (] 5 .05) ·tO~J = -l meters high

:\ 0 h des i g n a ·1 me t e r h i g h gab ion c he c k dam a c I'ass s t r c am / gull y •
s tar t \d t h 'r II 1 e 0 f t humb' s i z e s (ma d i f i C'd) ass h 0 \\ n i n .-\ p pen d i :-:
&. analyze t\'pieal section. 'Z.o 1.0 /,0 ,5

,. J---- .... --. ..,...;..-.. _1- -... ..
I I

- ... J--- /'A:'~
. ()
,~,
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dl'uirwge calculations and a field sur'\'e~' itBuse>d upon flood k
h' as d () t e t'1II i II <.' d l Ii c
i I S f 0 110 \\ S :

flood "'(I t.e (' levels arC'

('ompHclcd f i] 1 is pi aced ill ('I'Olll uf the check dam as a
precautioll to P('£'\'(~1I1 hp::\\y flood halers fr01ll undermining the
dam.

Force Diagram

/
I

!

/
I J

/

1 h

....

/~t

F0 ('C (' diu!5('Hm

\.

/
./

/
h,

- - -_---t-
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cst. = 2.6 T /~f3

os t . = 2.9 Tnf~.s

',g t . = 1 .6 T /~jJ

Dn"
Saturated
Submerged

Dry c,-i = Cst ( ) - 11) ,,"here n = .J'::>

00" = ost ~o to
'::> :\. . I

Sal 0 0 ' = lost I-II) + flU 6,,-• '::> .i6s +.:1 x 1 .0
) . 82 + . 3 = 2. 12

Sub.o~ = (os - 0\\ ) ( 1 - n)

= (2.6 - 1.0) (.7) = 1.1

fig = 1.82 T/~J Dr~

6g = 2. 1 T/~j3 Saturated
og = 1.1 T /~IJ Submerged

\.; her c n =po r 0 sit ~

(Assume 30% voids)
u=degree of saturation{say
100%)
0'" = Unit h!gt. of \,"ater

O\<,' varies bet\\n. 1.0 6: 1.2T/~13
(Use Avg. 1.0 T/~3

Assume not turbid)

= 1. 68 T / ~13 Dr~"

= 2. 0 2 T / ~1 3 Sat.
. 91 T/~13 Sub.

be
oe
oe =

l~arLh

(Assume
l-n~: l'aded )

Horizonal Force':>

Water Pressure

Lse General Formula.

h

Uplift Pressure on Gabions

Assume hydrostatic pre ~sure on upstream &. do,,"nstream faces act at
base as shohn in ForCL Diagram, resulting in a trapezoidal
distribut.ion.
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E~rth Pressure

Use either of two classic theories, the trial wedge method first
de\"eloped b~' the French EIl~illeer, C.A Coulomb in 1776 or that
de\'eloped in 1857 by the Englishman, \-:.1. Rankine, for horizontal
earth pressure, in coheslonless soil, based upon the general
expressionj

Values of K,.. :

Per Coulomb

(1+ (2 Sin2 ~ -2 sin¢ . Cos¢

Per Rankine.

K,\::; (I-Sin <It)
. tan 8)~]2 (I+Sin It,)

\,' here '1' ::; An g 1 e 0 f rep 0 S e 0 f so i 1 (a s sum e e q lH\ 1 to i n t ern a 1
friction angle).

L'nder Coulomb Theory (h'hleh h'e'11 use) it is assumed:

A:s.sVNP"'/ON:; .'

~ F al Ivr~ .:s ()"../o.. ce I.S

Gt. plane.

7-) Tf., ru:£.r ac,Js Ih ~
known d II" :..c:hClf)

r--I

'--

~~ :

____01 _ --.J



P earth for passi\'e pressure (in cohesionless soil)
Per Coulomb Per Itankine

Kp = CO,.::::S~I~tl__---,,- --:-

[1- (2sin 2 .tl + 2sin 2 c1>. cos c1>. tan o)~]2

or \.;here {) = .p

Kp -
[ 1

Cos <1>

,"2 sin <fl]2

I\!, = 1 + Sin <1'
1 - Sin ·11

t.:se thisJ
equation {

.Design Factors
Assumed Angle of repose

Friction factor
( internal
( fJ

friction)

Gabion on coarse sand/gravel
Soil f = .60

Gabion on Rock f = .70

Allowable Bearing Pressure

On Hard Sound Rock Use 300 Tons/Hz

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

On Earth
Compact/Gravel/Sand

25 to 30 ton/H 2 } use 28 tons/~2
Med. to hard coarse Sand

On Compacted Fill Use 15 tons/Hz
Med. to stiff inorganic clay
or sandy clay stiff.
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(Assume \0 Ea ,'UICjuukp)

Ove.r1..!!l:!J1M
For small structures (hgt. to 2.5 ~1 abo\'e grade)
use F.S = 1.2
(with all forces acting including uplift 6: passive
pressures)

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

use F.S = 1.5

Sliding

F() I' sma 1 1 s t. r II c t u res (h g t. t 0 2. 5 III t s )
Cse F.S. = 1.·4

For larger structures (hgt. oyer 3.0m)
Cse F.S = 1.5

( :\ b sol ute ~1 in. - ]. 4 use i f nee e s sa r y )
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Using Calculations

Vertical Forces - Net Stabilizing Moments
(See Force Diagram, Pg. 37)

TONS Meter

- ..

Moment(abt Pte B) Stabi lor 04

Over Turning ,,-
Sour
-ce

Force

SYllbol
Ltr. Ref.

Dimensions

Meters

Area

M2

Unit Total
o 0

1'/M3

Arm

Ton Meters Remarks
---" -- ~~-~ ---+

---- ~ --.- -.- --- --- - ~

- oj
I. '- :.0 - 'J

( ..;.,. ::: • :~ 1

L'pll. til

h'aler
l II

",,, i

:\'h1=1.0\1.8+
'h'lt;! 1.C):..;).O
, \, lu =1. 0:\ 1. ;j
- • - T
~ lip = 1.:1

( Q!,~, ..! ,L...l )

.:) :-., ~. 0

. j :, 1.0

L.5

. :)

•.j

1.0

2.0~

L.CJ2

2.02

.91

;). 1

-1. :J;)

1.01

.-lC

'j .) .7
•.1. _J

;~. I.j

1 .)-
.• .;...J

-J.25

+ 16. ,")8

+ 11. On

t -!. 2')

t 1.:13

·*Total Force
= 16.691

L\ssume abt.
22% of total
force acts)

S t l'llt.'

t 1.11'''''

{ (,Im )

I •
"':,; 1 :';.0 :-.; 1.0

:.L 0\ 1 ..)

LO :\ 1.0

,LO :\ 1.0

:':.0

,l, .j

·LO

LO

L.25

:c: • 1

2. 1

o '"-. I

1.1

1.1

-i.2

9.-15

8.1

,I. ~

2.18

1.0

1.3

2.0

2.0

2.25

+ ~.:.:

+l-L 18

+16.80

+ 8.80

+ 5.58
---,- -- --- -----_._-~--_.- .. __.----~--- ----._-- ----------~- ------.- ---- ----- ~ -- -- -~----------_._------- ----- ------ --_. --- --.--------~------------'----" -

Tutal \\'gr. (=hRr)
(Resultant Force)

\et Stabijizin~ ~Io

{- 'Is I ab:

+I:L lOT

~

t 9-1.9-i T-:-l

fl

Resultant Fprce Location (From Pt.B)

i. ('. --------- :\ -L 5 = 18. 68 T (too hi)
2

Assume 13% loss thrll gabians IIp.Llft
pressure dissipates rupid1r thru
galJions - simila" to sketch belal>:

6.8 + 1.5

Dr-3, GABION, rW/as

42

~~Istabilizlng

- hresliltant

9-1.9-1
= ------ = 2.20 ~trs.

-13.10
(from Pt. B)



Horizontal Forces - Net Overturning Mo.ents
(See Force Diagra., Pg. 37)

------~ ----------. -....-------~

Sour- Force For.ula Active Heights Unit Horiz. Ara Over turning
-ce Desig- Horiz. or Wgt Force Mo.ents

nation Force Passive h 0 --) + +
Sy.hol Cost (-- -

Reaarks

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

, \, hI X 112 111 =1.8
h2=5.0

1.0 +9.00 ') _.J ... 22. ;')0

-------------------------------------------_._------_.----
- . .}

.;) , h-ll~ l.!i +l2.:i0 l.ni +20.88

Iii-I II-I =1. ;j lou -1.12J • JO - • ;ic;
- ----~-~.--.-.-.-------~- .. --.-- ----~ ~ .. --._._. --- ---.---..---.- -- ··-_· • ~· ~~ __ ·· ... _· __ ·.T · __ .__• .~. _...
Earll. :11:. .S~ ~1.o.·"A 1\,\ .:JO 1120=:3.,) 2.0~ +:L il 2.!5i + 9.01

.. - ------- ----_ ..- ..._---_.. _--.----------- ..--------_.._---------~ ------- -----_..----- -----------------------------

+ 3. II::l • I.J + ~ . :3 ~J

Ht· J + • :i 1 • ,')l! + • 1G
- - --------_.. --- --.- .._----- -------------._----.-------- -------,-------------------

• :.J ci!:;" hp rd' ~L U In =1. 0 .91 -1.3i .J3 -
__ 4 • • •• _~ _. • • • • • __~ __••• • • • ._. __ • •• _"0_- _. . .. ~_ __. ._. •• . . " __ ~ ._~ 0_._ •• •__ •__ . •__• •• ._

+26.21

+ 5-1. 83 T "

Su••ary

::6.2i T (Dri\ill~ force)
= ;')-j. 8:.3 TI

)' fl [\ e L fi <J r i z. forT I'] (- - » =
- '.IOT [\et Chel'tlll'll. ~lo] (

:~esll~tanl !-o["C~e Locati(;l1 (Ft'om LillI.' _.l,-Bi

\ I'm =
- \10 j ;)\ • H:3

= ------ = :.:.()~ 'Ill'S.

-Fit 26.21

- -- -- ----)
I

I

:: i. r i-: " ~I to

/

/r
~~~~u.,z._

0-...
()

~--~-~f-------

. ~_ _a-r' .
I~ d =" +.5 e

I j



Stabilizing ~Jolllent :::~Js Lab.
r.S. = ---------------------- =

O\'ertul'ning ~Ioment ::: ~J 0 • t.

F.S.

* Sliding

=
!) -l • 9-1

5-1.83
= 1.73> 1.5 ~l 0 [' e L hall a 11 0 \.; a b 1e .

Therefore 01\ for
0\' e r ttl r n j n ~ ( \\' ill
not o\'erturn)

F. S. =
Flesi st ing FOl'ce

- - - - - - - - - - -- - - - - - = He sis ting for c e = ~ \,' . f
Dr'i\'ing Forc(~ ~\\'=\et total hgt. f=

coef. of frictio~/use .60
therefore resistant F=
-13.10 x .60 = 25.86 T
Dri\ing Force = 2-1.93T

-13 . 1 0 ~~ . 6
F.S. = --------- = .99 <: 1.5 .-\lJohable

26.21

\ 0 goo d lIesst han a 1 1. 0 \, a b 1 e - III U s linc rea s e s i z e and
\\'pight of hall or place \"all lQ\\'e[' into ground to
Je\'elop passi\e resistance t.o sliding. Can ['educe 1".5.
to 1.4 absolute minimum.

First detpl'lIIine if resultant force is \\'ithin middle
third of footing i.e.

/

' ...."

X",;:</, /
/ ><X<',~

.'[.5

1__._.....---4--1

44



If resultant within middle third then pressures is trapezoidal &
can be obtained as follows.

Use Standard Columrl/Beam Bending+Vert. Load Equation:

on Fdn.

P(l..t;~"v (11\.l (f 1'..1 G.Iy )

NOJI.

= £ ± ~Ic

A I

P=K
..\ = .-\ rea 13 a s e use d for 1 met e r dee p f t g. 1. e. \d d t h = 1
C= d/2 (~. depth of footing)

\~K \ve. d/2
~1 ="'e Press = ± ------------

d 1/12 bd 3

bd 3 h' ~ 6 Ke
1= - ---- ( ~loment of Press = ------- ± ----- or

12 Inertial d d 2

\~R 6e
Final Equation Nax Pres. = ( 1 +

d d

\v,e. 6e
Min Pres. = ( 1 -

d d

If resultant olltside of middle third then pressure is triangular
where the triangle area is equal to the resultant load W, located
at the centroid of the presslire triangle, as follows:

f:- --1, ~-- /

Pill =
h'

= ------
.5(:-,:1 3a

45

Where x = 38



Check Location of Resultant
~FH:::'2~,'l.-1"T

{VI i eIdIe

c -I 0 c k \d set COlin t e r c I 0 c k h' i s e = 0)

(t L6.:21 ~ 2.09 + (--13.10~) = 0

i"d.78 = -t3.10 ~~

5·1.78
~ = ----------- = 1.27 ~

13. 10

rher'efore 1:' ldist of h'r frolll center line)

·1. S
e = ----- -a but a = 2.20

2 8 = 2.20
:\:

1.27 = .93

e =
-t.S

2
.93 = 1. 3 2 ~l

Therefore e out side middle t.hird. L-se triangular
dis t rib II t i 0 Il too b t. 8 i n ma :~ i mu rn pre s sure .

2 \\ 2:\:-13. ] 0
Pm = ------ = ---------

.h .93 ') 79'- .
Pm = 30.90 T /~f2 > 28 T /~12 \0 good

Concl\lsion

0 1 = 38
= .93:\:3 =

d l = t") 79'-.

IJesign inadequate - bearing pressure o\'erslr'esses supporting
? 0 j I p lu s fa c tor 0 f sa f e t~· a g 8 ins t s 1 i din g too 10\\; 0 IlI~-

f :I C tor 0 f sa f e t ~- a g a ills 1. 0 \' e r t urn i 11 gade q u 8 t e - In II S t
r' f> des i g n h' a l ] b ~ i 11 (' rea s .i n g Iie i g h t 0 f ,,- a 11 &. be a r i n garea.

·Hi



Complete the previous in~dequate desigrl by making another design
that is adequale. Cse the sallle criteria as shoh'n in the previous

calculations and redesign the structure so that it fits the
following criteria. The final design should not be overly
conservat.i\'e, but it. must meet t.hese requirements:

* Overt.urning Factor of Safet~

\0 less I.han 1.:i

* Sliding Factol' of Safety
\ olesst. hall 1. 4 (\,' her e f = • 60 )

* Rea r' i rig Values
~iax imum no more than 28 lons/~12

S h a h' a 11 c: ale u 1a t ion s a s \,' e 11 a s a fin a 1 s ketc h 0 f t he comp 1 e ted
s t I'll C t II r e - a 11 a t he [' ass u mp t i on s are t he s arne as l he firs t
design presented (and included here) in lecture. Gabions should
be in .5 meter segments i.e. no (Umensiol\s such as of 1.23 should
be used.

Completed design papers are to be turned in to CCSC Engineering
Depar.tment no ]<\ tel' than 12 noon I 11 December 1991.

further Home Work

1 ) Change
1 . 9 ~i

the upstream & downstream h'ater levels to upstream -.
downstream - 1.6 M

For t.he sake of simplicit:-r use exact same "uplift" pressures
as in previous design; present this h'ork on 11 IJec. 1991
(All other forces change according to new dimensions)

.. ) Also check your design, assuming there is earth pressure but
no water pressure on upstream or dOhTnstream forces, check
for bearing pressure, sliding and over turnin.g stabilit~.. for
Parot 1) design.

I f h' a 11 i s 0 ve r des i g ned \d t. h 0 u t .....ate~' p ['e s sure s h 0 \,' the
size the \-:a1.1 should be, to meet all requirements i.e.
overturning sliding & bearing, \\'hen the structure allows
water Lo totally drain thru or proper drains are placed so
that there is no hydrostatic pressure on darn. (i.e. redesign
Kal] wlo water pressure).

This J'Pclesign can be presented on Saturday, 1~, Decembe~

1991.

IlSES('-~ G.\BIO:-<2. n:/ah

·l7
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Appendix A

Rule of Thumb Procedures



Where:

H.I.': Horizonta11nterval

V.I. - Vertical Interval

D = Distance Along Ground

S = Slope (%)

RULE OF THUMB PROCEDURES

Spacing Between Terraces
•

Any variation of a number of formulas used in various
parts of the world may be used.

·/0
~.~I. H·I. .,~

1[ :;:?""- ~cc.
_I' ~O

Te~~C!.e..l
Formulas:

Method #1 V.I. - .6 .,L s%/13

us Soil Con.#2 V.I. - as f b-
Zimbabwe #3 V.I. • f f/2

South Afrim·ft.4 V.I. • S/a f b

Algeria ~~5 V.I. • SilO f 2

Israel #6 V.I. : XS f Y

Au?tralia fl.7 V.r. = .18(S f X

Kenya #8 V.I. • %S/8 f 1
V.I. • %5/4 .J 2

V.I.ln
Meter

a:: .3 & b :: 1.0 Feet

f =5 to 6 Say 3 Feet

a = 2.5 & b = 1.0 Feet
Meters

X = .25 & Y :: 1.5 Meters

X • 1.9 Meters

From 12% to 35% Feet
From 0% to 12% Feet

Relation of H.:. to V.I. to D & S:

5/100 = V.I./H.I. H.I. =V.I. x 100/5

D = (V.I.21 H.r. 2)t2
.

Example: Distances for t4e thod #1 (Formula Shown Above)

SloDe (%)

5
10
15
20
25
30
35
40
45
50
55
60

V• I • (He ters)

.98
1·37
1.75
2.14
2.52
2.91
3.29
3.68
4.06
4.45
L•• 83
5.22

A-I

H. I. (Heters)

19.6
13·7
11.7
10.7
10.1

9.7
9.4
9.2
9.0
8.9
8.8
8.7



RULF. OF. THut"~ PBOCSDU::r.;S

For Runoff Calculations

Use Variation of Rational Formula

Q = ACI/360 'Nhere:

Method

1) Obtain A from Topography
or measurement

2) Obtain C-From Table B
( attached)

3) Obtain I-For Cape Verdi
Say 20 Year Rain = 1.5 inches
per hour or 38.1 mm/hr
3a) Obtain T.C. From ~ables

7.8 or 7.9 Attached
3b) Obtain I from Fig. J

Attached (in 'Vhour

4) Calculate Q = ACI/360

For \'Ieir Sizes

Use Formula b= Q/Z.O hd3/ z

Assume lId ' Calculate b

or Assume b, Calculate hd

A - 2

Q=Runoff in Cubic Meters/Second
A=Area of Watershed in Hectares
C=Coefficient of Runoff i.e. ratio

of rate of run-off to rate of ra
fall (runoff/rainfall) .

I=Intensity of rainfall:in.mm/hour
(based on time of concentration-

Where:
Q = Runoff in cu.m./sec
b = Width of Weir in meters
hd= Height of Water over Weir



RULE OF THUMB PROCEPUf:01

Spacing Between Check

D.H. D (S - St) H.I.

Where:

H.I. =Hurizontal Interval

S =Natural Slope %
St =Trained Slope %
D.H. =Dam Height

. Normal D.H. Varies from 1.5 to 6 Meters

- For Existing Slope to S III 10% Use

D.H. ..' .07 H~"I •

- For Existing Slope to s= 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. - "7- H.I..."

Numbe t' of Dams (N)

N = L/R.!.

A - ,

Where
L = River Length Meters



!'ULE OF THUMB PROC~DURES

For £pillwaY & Apron Sizes

'Existing Gradient

10 to 15% L= h

15 to 20% L= 2.3 h

L= 3.0 h

on-
Use Apron at all "locations where dOVinstream spillwaY is/darth.

Omit Apron where downst e~m spillwaY is on rock.

r.xtend aprons at least 1 meter beyond weir on either side - for
light flows i.e. to 15~ gradient

t<'or heavier flo\'ls' (1. e •. pigher gradients) extend apron two
meters, i.e. above 15%.

11--_ _ W_e_'''-_~
I I
{ " II ~
I

: i I -1,.")( ./.0 '::'1$·'o_Qrodl
I I --="2.0-;> JS!/~~e/.

A - 4



RULE 0 v THUM3 PROCPDU?~S-,--

forces acting on dam)

.~

For Da~ Hei/;ht & Dimensions

(Assumes file hydrostatic plus portial'up,lift
'. IWall Diagram .

r~oW

~~_,~ 410 ~ I- 8·
:'1all n bl ---8 .,., la e ..

. Height t-iasonry Gabion
Meters Dam Dam

(H) B C - B C

1 1.0 .6 ·3.0 1'.0..'
2 Z.o 1.2 3.5 1.5
3 3.0 1.8 3.5 1.·5
4 3.5 2.0 4.0 2.0
5 lj.O 2.5 4.5 2.5
r 4.5 3.0 5",5 2.50

~here H is Over 6 meters - Dam dimensions should be calculated.

A - 5



DRAINAGE ·RUNOFF -2

Q =ACL. RATIONAL FORMULA (Logical 0Rp-roach).
q :sP.UNOFF - Pea);: djschorse of' wclersneci in cubic reef per.secona' (c.r-s.) due /-0

rnox.i'rnuh7 s~orh7 ossvn?ed. See F.r"fr.AlorjPg.s..oo (lbua/Iy (£-2Syeor.r).
A aAleo ofwoler511ed ./n ocres.· . .
C =,Coerl'ic:ienf 0' run orr, Tobl~ /JJ6hW{Meu:sure OT/osses dve 10 inl'//froflon,.efc.).
i. ==-/n.Ie.ns'I'y ol'rainrall in inches pernou/" bOoSea' on Concent'-ror/on rirne.,Sl:e Pg.S.oo.
Concenrrofion time-lime ft!.9v}recl Torroin ra/li,?!? ol.77osf re/7?ole poinr fa reoch dltJchcrge
Doinl'. Q7ncenrrofio" f}rne 1?10$ incluee Over.'ond 1'/0I0'oI ,time, Fi!? H, Pg.S-oo?ondChohnel
'low rime, Pg. 5·04, 5-05, .5- 2·7 oncT 5'29.

TABLE A,..COMPUTATION FORM FOR RATIONAL FORMULA.
LOCATION A TIMe: OF DEe-leN PROFI\.. EnOW"MIN.

~-

~HAN' CAP"· V SNY. INV.

IN TIME NEL SlOPE CITY ft. "THEIl. E:L~V. nrov.
INCA£· [roTAI Q ft. lEHGrlI FALL lO56[S !UPPERSTReer FROM TO C TO CHAN OF L 01\ n FULL per LOWfll
NEHT c.f,s pc-dt. c.f-eo. ft. ft. ft.INUl NfL CONe PIPE Sec. fND [liD

* SIz.e +
1'"111ST sr. A B 1.13 /.8 :44 16.' 0.3 /6.5 3.8 3D IS" .008 .0/5 4.6 3.9 60 0.48 0 82.00 81.52

MAIN RD. B C 1.9 3.7 .50 2.5 /10.8 3.7 ~.8 D·2 .011 .030 12.0 2.8 420 4.'2 0 81.52 76.90-
" " C D 2.0 5.7 .50 1,8. la.3 3.5 10.0 21" .007 .0/5 11.1 4.5 480 3.36 2.20 74JO 70.34

4-,Vo/c thaI the .sequence 01' design as If.' e xornple, Fitg.J, Pg.5·OO,J;nvolver friol
c:ssurnptlons In delerrninln9 i.+ ,lC"all /n manhole.

CD
@
®
CD
CD
@
@
@

VALUES RUNOFI'" VALU E. VALUE eo .... .,

TABLE B- OF (: = OTHBIL
/lA/NFALL PROP05ED AUTHOR-lTV

5UP..FAC.E:S MIN. MAX MIN. MAX.

R.Oop,s, .3/09 f 0 met-ol. o.~o '.00 0.70 o.'llS
Concrete or ~~pha/fo. - 0.'30 1.00 o.~S 1.00

PAVEMENTS /311 urn i nous Macodo '77 Open al?::/ t::/o~ed ILlpe. 0.70 0.90 0.70 0.'30
Grovei, fron? clean ena' /OO:lG 1'0 clc</eq and compeer.. 0·25 0.70 o.IS 0.)0

R.R. YARDS 0.10 0.:;0 0./0 0.30

SAND, rrom uniform !lroin size, no /ines, Bart: 0.15 0.50 0.0/ o.ss
10 well groded, son:;g cloy orsilf. Llold Veoefolion 0./0 0 . .40 0.0/ O • .!lS

f)l!ns~VCQclolion 0.05 0.30 0.01 0.55

LOAM, From ,:,ondS' or grovell!!, 1-0 Bote 0.20 o.Go
c/oyey. . Lioh~ Veaetollo" o. /0 0.45

EARrH Dense Veqelollon 0.05 0.35
SURFAces GRAveL, rrOtn clean groveland :,ravel Borc 0.25 o.cs

sond mixfures, no :Jil/- or c/ay /0 high Liq/d VeQclol/on 0.15 0.50

cloy or si/f con.lcnf. Den~e VeaeJcrfio" 0.10 0.40

e.£A'r, I"rom coar.se sondy or s//I-y To e,ore 0·30 0.75 0.10 0.70

pure co/loid;/ cloys. L'-ahr Yeoefohon 0.20 0.60 0.10 0.70

/Jp."<;e J/eguofion 00/5 0.60 0010 0.70

City, business areas. 0·60 0.75 o.Go 0.95

elli/. dense residential areaS Vary .75 10 soil and veqsfotlon. 0.50 o.lOS o.~o O.GO
CO,YPOS/T£ SuLJurben reslo'enti%reo:!!>. " " .. o.~S 0.55 0.25 0.40

AREAS
R urol nJs/',./cJ'S 0.10 0.25 0./0 0.'25.. " .
Por..tS, oal/" Courses. efc., .. " - 0010 0.35 0.05 0.25

/VOTE: Va/ue5 or C "ror eor.!h surFaCeS are fur/her voric:Q" ",5/ de9n:e DI' soluro:!'iC!n,
cO/77pacl'/on. surrocc /rre9u/arily ana' s/a'pt!!:, bg characler or suhsoll, ond LJ!t'
presence or fro:J1' or glazecT1 .,now .o/" ice. '

CD Bryant ¢ Kuiehling, Report, LJock. Bay.Sew<:rage .oisrricr, £Josfon, /909.
o Melcolr ana' .eddy, American Sewerage pracrice, 1928. M= Grdw-H/I/.
0) Used hy Clig o/" BasIon, reported by MefcolF ~ Edd'y.
@ Use:O-: og ell!! or LJe~/oif; I'epo'i-fed b!l Me.fcolr;1 Eddy.
® 1.. c. Ur?uha,.~, civil Englneer/ng Hondbook, /940. M~ Grc';"w-Hill.

A -- (;
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Preface

Flexible Slrucl""es hare heell sll('('esslililr usedliJl' sOllie lillie liJl' soil relelllioll al/(I iI/ rirer works {or erosioll cOlllrol .
.IfJl' lalld reclalllal iOIl alld,he Slahili:al i~J11 (~fsleel; slopes. / II I h(~.Ii)lIowillg pages ({Ii £II' a hrie.freriel\' 'of Ihe rariolls Iypes
4 Sl/'IICI""es (/1/(1 iliaIerials gellerall." IIsed.f{)r soil rei elll iOIl. ollly Ihe ft.'1 acc({ferri gahiOl/ Sll'llcl /II·es. Iheir 111£11hods l?f
cOllsll'Il('l iOIl al/(I Iheir.limci iOllal c/wracle/'isl ics will he discussed ill detail. 01her pllhlict/l iOlls ill I his series.f{)CUS Oil Ihe
IIUlllerous IIses of Rello maltress alld gaMolls ill WaleI' cO/ll'ses al/(I road cOI/slrllclioll: spec(lically rirer lraillil/g works.
li"ill~s /;1/" dWI/"t'/s alld c(//wli:edwaler courses. ha"k proleclio" .Iill" Iwrigahle l\'alel"\\'(IYs. prole'clio" of coastal amI
harhol/r slrucll/rl'S (/lid lillill~ o{ c/(//I/.'i, lVilh Ihe J'uhlinllioll (~f lhis ledminli series Ihe qflidlle Mac('({li:rri S.p.A.
pfOp".\l' (II iIIus(rate (Ill' s(/lielll dlCll'(/c(el'istic's ,~rtlf(' .flexible s(rt/clllres built of galJiolls (llat COIlstilule Ille hase 'd' its
product i,)//, (/1/(1 also to (/drcll/('(! (Ill' kllowledge l?r 11O\\' Illese S( I'I/clllres per.fCmll ill (lleir various app[;cat iOlls aJilI
SU~~l'SI ral iOl/al ail('ria .If)r Iheir :il'/('cl iOIl ./Ild desigl/. D.{/idlle A'1acn{lerri S .1'. A. Irltst thai Ihe mallllal will assisl Ihe
"II~illl'l'I's alld desi~I/('I's illle/,{.'.'il ed ill II/(' slltdy alld desigll (~f II/('se slrllcillres. I I is hoped Ihal il may serre 10 iI/crease
I Ill' Wil' orl1e:dble SlrUCI/(/'('s wllicll ill IlIImeroltS applical iOlls l?lrer ad,'(mlages. hOIh Iechl/ical al/(I ecollomical. orer
olher Iypes.

for Ih(' help al/(I expert adric'e 111£1.1' gare ill Ihe el!itillg l?f the I1UlIIIWI al/(I ji)r their reriel\' of the experimelllal
programme ntrried ow ill Bologlla, m.r g1'llte.!itf tl/(mks are dill' 10 Pn?f Ellg. Clalldio Ceccoli al/(I Dr. Ellg. Pier Paolo
Diolal!l·rj 4 Ille IIISlilwe (?( COIlSlrllcliOl/ Tedlllology. Pn?f. Ellg. Giorgio Follolli al/(I Arch. Giuseppe Lomhardilli l?f
Ihe IIISI ilwe (?f Topograpll.r. Geod('s.l' alld AI illerttl Geopllysic's (1' Ihe EI!gilleerill8 Departmelll l?f the V IIirersit y (?f
Bologlla.

Bl)logna. Jallllary 19S7
dr. eng. AI/(Irea Papelti

GESERAL .\lAS.·IGER
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Foreword

This mantlal presents some guidelines. general criteria and
nc\\ dc,'c1opments useful in the process of selecting. designing
and ouilding soil retaining structures using nexible g.abions.

Tl) this end the results of recent experiments and research
programmes investigating the behaviour and strength cha
racteristics of these structures will be examined.

Ollkinc !\iaccafcrri S.p.A. intend to promote a new and
useful cl)ntribution to the field of design and construction of
retaining walls by bringing the results of the research to the
ath:ntion of engineers and olTering advice on methods of the
design and building of gabion works.

For more detailed study of the topics discusscd hcre. the
reader should consult authoritative referenccs cited in the
bibliography.

The manual also presents detailed examplcs of calculations
to illustrate the principles discussed. as well as an extensivc
review of earth retaining projects using gabions.

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



CHAP1'ER I

Retaining structures

1.1 Introduction

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

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

type of construction and structural charactcristics:
- o\erall shape and dimensiom'
- analysis of the static and dynamic forces involved:
- loads transmitted to the foundation.

The function and the selection of structure type is also
intluenced by environmental factors such as:

morphology of the soil surface:
surface water runoff:
le\c1 llf the local water tablc.

In the long run climatic 1~lctors have decided effects 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-geoillgic 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 c1assilied into various groups:

- retaining walls
- sheet piling
- wells and caissons
- reinforced soil
- walls tied and anchored to rock
- shoring of excavations.

This c1assilication 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 arc treated in detail in the following chapters. For
the other types of earth retaining structures the reader is
referred to the bibliography [I. 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 nativc soil.

When retaining walls arc used to contain earth fill. the
embankmcnt must be protectcd as much as possible from the
effeci of seasonal weather varialions. especially from surfacc

and deep penetration freczing.
Therefore clay backfill and foundations should be avoided

because they absorb water. swell up and give rise to
unforseen increases in pressure. It is advisable to usc non
cohesive materials, preferably coarse grain sand and gravel
that permit the flow of water to thc-Io\\~cr-strat<~ and to

. existing drai l1§.,__

If the structure is not self-draining. it is necessary to avoid
the accumulation of waleI' 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 T~"pes and materh\ls

T\) approadl the problem correctly. It is necessary to
determine the strength characteristic of the materials so that
they ma)" be best utilized in accord,mce with the install;ltion
procedure and requirements dictated by design calculations
and assumptions.

T\) lind the mo:)t technically and cconomically appropriate
s\)lution and taking the climatic and environmental factors
into aCC\lunl. the designer must consider:

the nature of the construction materials locally available at
the most ,Ilhantageous conditions. (sand. gravel. cement.
stone):
time required for construction (urgency);

- available space at the construction site;
availability of adequate equipment:

- special l'in.:umstances such as existing structures on the
site.

Design critaia arc dependenl on the calculation assum
ptions and on the technological rcquirements of the type of
construction and materials adopted as well as on the desired
safet) factors and the allowabk stresses of the materials.

The design process may be more or less sophisticated with
the possibility of using computer-generated preliminary solu
ti\lIls to simplify and optimi/c the design.

Since the material and the type of construction can not be
separated 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:

II gra\ity walls.
.21 reinforced concrete walls.
.11 \\alls made of pre-fabricated elements.
-ll gabion walls.

For the first three types the reader should consult the
authoritative n:ferences [I. 2. J. 4. 5. 6].

1.2.."\ Gabion nails

These are "cellular" structures formed of rectangular
ca\!es made of zinc coated steel wire mesh. filled with stone of
th~ proper size and mcchanical characteristics. "

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

The choice of the materials to he uscd. both for the lilling
matcrial and for thc wirc mesh. is fundamental if a truly
cffcctivc structure is to be obtained.

In particular. the mcsh. must satisfy the following require
ments:

high mcchanical resistance;
high resistance to corrosion;

- good deformability;
will not uma vel easily.

Hexagonal double-twisted wire mesh. either zinc coated to
international standards or coated with zinc plus PVc. mccts
all the rcquirements beller than any othcr type.

In designing gabion walls it has prcviously 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 safcty factor.
Rccently a series of experiments were carried out on

prototypes of gabion walls. (sec Chap. II\). The results have
pcrmilled us to determine the static behaviour of these
structures and to dcfine their principal characteristics. assu
ming that the mesh serves to contain the stonc 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 charactcristics and appli
cations arc discussed in Chapter II.

I:



1.3 Uses

Rl.'laining \\alls arl.' lksignl.'d 1\1 pnl\'idl.' rl.'slrainl againsl
Ih~' lall.'rall.'anh Ihrus!. They arl.' uSl.'d for Ihe containlllent of
nil and in Ihl.' stabilization of both natural and artificial
slopl.'s such as road embankments. river and canal banks and
I.'\ca\atl.'d sections.

Bllih for natural and anilkial slopes. knowledge of Ihe
en\irllnml.'ntal conditions SUdl as the distribution of intersti
tial pressures. lhl.' hydrologic cycle. the paranwters of earth
resistance and its deformation rate permit verification of the
stability conditions and the sekction of action in easl.' of
Sl.'tl kmen t.

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

Thl.' lirst includes:

a I \kasurl.'s that pn:sen·e the geoml.'try of the slope and
Ihl.'rdore protect it from all occurrences. such as erosion.
degradalion. etc. that tend to modify it. Included among
thl:se ml:asures arl: check dams. longitudinal and transverse
bank prlltel.'tillil works and varilHis types of slope protection.
In thl.' linal analysis. thl:se arl.' riwr training works and slopl.'
I.'onsolidation projects carril.'d out with the usc of various
:-. t ruclll re... [7].

hi \\"llrks fllr siabili/ing slopes includl.' gra\ily. sheet pile....
and diaphragm walls, Sinl.'~' rigid walls \\lluld require prohi
hili\l' dillll.'nsilllls, either Ilexible structures abk 10 wilhstand
:-.ignilil.'alll lkformalion or tension rods with anchor plales
an: gl.'lll::rally used [X].

The ,,'..'llllli I.'atl.'gllry llf Illea ... ures indlllks:

al \\"lI"ks III colkd surfacl.' water from various sources and
rapidl~ dispell it. particularly in an area subject to landslidl.'s.

hi \\'llrks to collect and dispose of the watcr present in the
:-."il. Thl.'~1.' \."llllsist in I.'itha installing relatin:ly superficial

drains such as trl.'lll:hl.'s tilled wilh granular materiab and
drainage pipes of various types. tunnels. drainagl.' wells and
columns; or deep draining walls in which the function of
earth support is subordinate to that of intercepting the
subterranean. water thaI is 100 deep 10 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 lind foundation soil.

Cuttings arc created by excavating through the existing
natural soil whereas in I.'mbankml.'nts. the soil is importl.'d
and stabilized by ml.'chanical compaction. Thus thl.' same soil
can present ditTerent conditions depcnding on whet hl.'r it is in
embankments or in cuttings.

To limit thc amollnt of earth works. retaining walls arc
used to shore the faces of thl.' sides of the cxcavation. On the
other hand a wall supporting a road embankment is a wall
supponing fill. The height of this type of wall usually docs
not reach the level of the road surface but the ground is
sloped down at thl.' natural slope from the road tu the top of
the wall.

Bridge abutments and their wing walls arc often retaining
walls. built to support the road embankment and to protect
ils toe from possible erosion that could cause slips and
subsequent undefllllning of the road.

In some cases retaining structures arc intended mainly to
protect the earth from the erosive effects of tht: weather and
an: often l'alled revetments. llere the support function is
minilllal because Ihe re\'l:tment is resting against compacted
stable soil and the protective function predominates,

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



CHAPTER II

Gabion retaining walls
Technical and construction characteristics

2./ Introductio/l

In the planning of all manner of projects. whether they arc
for th~ imprO\~mCnl and or proll;~:lion of waler courses.
("nab. roads or railways in mountainous, forest or urban
areas. among all the alternatives of structure types and
materials which the designer can choose. the box gabion, in
l.'omparison to rigid forms of construction. often olTers
greater reliability and wider application [9. 10].

In till' cases of unconsolidated soils with modest mechani
\.\11 strength and those subje\.'t to settlement. the gabion

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

A retaining wall built of box gabions is an homogeneous
monolithic structure, and is able to function under tension
and to absorb unforseen 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 corrosion.

J ') D(!scripliol1 l~l gahio/ls a/ld charact(!ristics l~lI1Ult(!ria/s

2. ~.I Bo," gabions

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 I.

Gabions arc rectangular cages made of hexagonal double
t\\ isted wire mesh fiilcd with appropriately sized cobbles or
l.jU.UT) stone.

The wire used is soft steel. annealed and zinc coated to
international standards,

The doublc twisted hexagonal mesh and high quality zinc
l.'lHlting arc determining factors for the good quality of a box
gabion. Double twisting tics together the wires that form the
mesh and guarantees that the mesh will not unravel should
one or more wires break (Fig. 2). Zinc coating provides long
term prl1tection for steel wire against oxidation.

The mechanical and qualitative characteristics of the wire,
i.e. breaking strength, elongation and quality of zinc coating.
meet the most rigid intcrnational standards.

The gahions can be subdi"ided into cells by inserting
Jiaphragms \\ hidl arc mesh panels with the same characteri
,ti\.'s as the external sides. spaced I m from each othcr to
~trengthen the structure and to facilitate its assembly. The
g<lbions can be I to 2 m. wide. In the first ease the lid and the
base arc formed out of a single sheet of mesh. see standard
~ahil)n Fig. Ja: in the secllnd case the lid is made from a
~~·I'.II;lll' ~hc\.'1 Ilf lll\.'~h, ~\..\.' lllllltil'k \.·ell gahilln. Fig. Jh.

rite I 1Il\.' \.·oiltcd \\ ill'. hdlll\.· heing woven. l:an he coated
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Tallll' I - Gallion dillll'nsions

Gabions - Zinc coaled Gablons - Zinc coated with PVC sleeve

e{
o
~ ,
0-

-------------.---------- -------,---._-------

~t~sh typ~
Wire
o mm

Thickness
m

Wire
Mesh type ---------- -------------1

o inner mm 0 outer mm

Thickness
m

~:~~-'-----l 1.00

___ .J. .__

2AO
10, 12 2.70

-'.00

2.40
X x 10 2.70

-'.00

0.50

10 x 12

8 x 10

2.40
2.70

2.40
2.70

3.40
:UO 0.50

(] x X 2.20
2.70

1.00

--.---.- ---------jf---------------

:'i x 7
2.00
2.-10

___________.J

Width. 1011 • 2_()IJ III • Length: 2.{JO . 3J)(} . ~.O{J m for gabions 10 m wide; 3.00 • ~.OO • 5.00 m for gabions 2.0 In wide.

Renu 1ll.lItre" '1Il<J gabiuns arc manufa':lured wilh double·twisted hexlIgonill mesh milde wilh anneilled mild sleel wire. line coaled according 10 eire. Cons_
SLIp LL "0_ 2078 dll 27.8_1962.10 liS ~43·1'J82 and tu U.S. Federal Specilicalion QQ·\V·461 II finish 5·c1ass 3.

! 1'\ C ·Cll.lled Ill.tllr"", i1re made wilh wir", ,oated hy e.\lrusiun with a sped•.. highly corrosion resistantI'Ve. The I)'pes indicated II1lhe table arc slandard: ffJr
.nof..: tI~l~lIkti inlornlaliun. ''':1: g..:n..:r,tl ~"l'llogu~.

2.2.2 Characteristics of filling materials Table 2 - llensit}· of different t}'pes of stone.

Type of rock
An)' SlOn~ or oth~r material may be used to fill the gabion

a~ long as its density and other characteristics meet the
structural. functional and durability requirements of the
pmjecl. The most commonly used materials arc round or
quarried stones. r-.laterials of higher specific gravity (Table 2)
arc prefcrable partkularly if the gravity function of the
strlll.:turc is predominant or if the structure is submerged or
C\Pl1Sl.'d to running water. To ensure the durability of the
Slnh:tur~ Ihc stone Illust be wcather [I\_lstanl. non friable.
insllluhk and suOicienll) hard.

Basalt

Granite
liard limestone

~
TraChytes

Sandstone

Soft limestone

Turl'

Density t', (kg/Ill"

2900

2600
2600

2500

1

_ 2300
2200

1700
._--_._-~
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I'i~ur~ ~ SllllWS a diagram for thL' d~h:nnination of the
apparcnt dcnsity of th~ Iilkd gabion givcn the dcnsilY of Ihe
tilling material ;', and Ilw porosity of the gallion "II". which
generally varies from 0.30 to 0040 dcpcnding on thc hardncss
and angularity of thc stone. the granulomctrie curve and
whcth~r it is round or quarried [Ill

The most appropriate size for stone varies from I and 1.5
tt) 2 tim~s the dimension 0 of the mesh (Fig. 2) that is, the
ston~ should he larg~ enough to prevent its escape through
th~ m~sh.

The us~ llr smaller sizcd stlHlC. I to 1.5 D. pcrmils an
impro\cd and more cconomical filling of the cage, il also
allows a heller distribl;tion of the impos~d loads (Figs. 5 and
01 and adaptahility of the struelure to deformation.

I" tkg/m')

L . .- -__. __
Fig, 4 - Diagnlll showing thc llclCrl1linalion of thc apparent density;. "f
Ihe lillcll gahilll',. givcn thc lIcnsity ;',llf thc lill matcrial al;lIlhe por",lIy .. ,,".
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2.3 Assembly and illstalla-tion

Th~ gabions ar~ dispatched from the factory folded and
packed to reduce thcir volume and make transport to site
easier anti more economical. AI the construction site the
single gabions are opened anti asscmbled; the edges ar~ tied
and th~ diaphragms. where fillcd. arc bountl to thc side wall
panels. Th~n scvcral empty gahions arc joined together, set in
place and firmly laced to the adjacent gabions along the
~dg~s in contact. both horizontally and vertically.

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 tFigs. 8. 9. 10). The

material is arranged inside the gabion to minimize th~ 'oids.
Once the filling is completed. the gabion is closed by lacing

the lid along all edges and internal cell diaphmgms.





1.4 Characteristics (~( gahion retaining structures

2A.1 Technical characll'rislics

As \\1: ha\c sl:cn. thc asscmbly anu installation or th.:
gabil1n \.·onsists or a sl:ril:s or very simple operations. Howe
\er thl: resuhing structure possesses some outstanding techni
\.·al au\antages:

al 11 is a r"il/lorced structure. capable of resisting any type of
:-.trl:ss and in particular tension and shear. The wire mesh acts
Illlt \lnly to \."lHltain thc stone. but it also provides a
\.·11mprehensi\e reinforcement throughout the structure. To
gi\1: the strudurl' the greatest possible strength, particular
allenti,lIl shlluld be paid tll delails such as the sclectilln or the
prllpl'r type \)1' gabil)ll. I:ardul filling and correct lacing
methods.

hi it is a de/iml/ahl(' structun.:. Derormability. contrary to
pllpular llpinion, docs not diminish the strength. but increa
ses it by drawing into action all the resisting c1cments. The
:-.tructure takes on the characteri~ticsof a complex reinforced
line l'apable of adapting in a wide sense to the redistribution

or loads due to the nlOvement of the stone fill (Fig. II).
It is pointlcss therefore. and often damaging. to stiffen

gabion structures. or even 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 or 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 extcnt of the deformation.

c) it is a (J('rlll('(/h/e structure. capable of collecting and
carrying away ground water. so eliminating or attenuating
one of the principal causes of soil instability.

The drain.age function is augmented by evaporation gene
rated by the natural circulation of air through the void,:>
bet ween the filling stones.

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

I Ill. II . f{,:slIlh or 1.:,ls lI1ad.: "11 Ih.: h':lHlillg
.lI1d d.:f,'rl1ulion rrop.:nk, or a gahion
"rs , iii 1I1,',h I}r.:. J !l1l11 ,lIall1.:1.:r \\ir.:. fill.:11
\lIth dl.,phragll1s. Th,' filkd gahllll\ lIas 'oad.:d
\\Uh /11K hars "11 a .l 111 d.:ar spalL Th.:
\\ ",glil ,.f till' filkd gahi"11 \\;h 5.IlKl kg. Th.:
\\Or.: lI1.:sh ralkd .II ;1 load or \5.000 kg.

11

2A.l FUnclional charal'lcrislics

O\cr Illany years. gabion retaining structures have gained
c\crgn)\\'Ing success in the rictus of soil protection and
l:llnsenalinn and in the construction of river and canal
slrll,tllrc:-.. I'llad and railroad I:mhankments and cUtlings.
111I~ is duc. at kast in parI. til ccrtain functional qualities:

fU/I'.! 1('1"/" dl/ralli/ill. which IllcallS thc strucillre Illay he

considered permanent: deterioration of the mesh from oxida
tion is a very stow process with effects no more serious than
the aging of any other structurc. 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 cstablishmcnt of a natllral state of



1)

equilibrium. This means that the ~tructure has to hold up
under less severe conditions in comparison to the original
silUation when its presence was :~bsolutcly indispensable.
- ('liSt' l!r il/sllll/lIliol/. in whatever environment. without the
aid of specialized personnel or special equipment. This aspect
takes on notable importance in marine and rivcr reclamation
projects. where rapid intervention is often necessary to retain
thc soil particularly in areas of difficult access and where all
St)rts of wcath.:r conditions prcvail.
-- pos.\jh!e lI/od(fic(/ljOI/ or lile .\In/I'll//"(' at a later date: new
units can be install~d along side those already in place and
others can be installed above them to increase the height.

mpadl.l' jiJr (~Di.'cljre jill/CliO/lillg 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. .
- ('{/se (!( lIIailllelllll/Ce. low cost. a"" ften not even necessa
ry.

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

2.5 Types (~r gabioll lI'alls for earth retaining structu"es

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

In '-he definition of the wall's geometry one must take into
accr .mt 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 classified into four
different types (Fig. 14).

I) gravity n.:taining structures
21 semi-gravity retaining strw;tures
31 structures to stabili7c cmb.~nkmcnts

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

The sl:\'eral types arc distinguished primarily with regard

to the calculation criteria that arc most appropriate to each.
Gravity rctaining structures are dimensioned using tradi

tional methods of analysis.
Semi-~ravity structures rely for their resistance on the

reinforccment provided by the mcsh to an extent that they
can be considered as a special type of reinforced structure. ~n
Section 4.3 the calculation criteria ror gravity and semi
gravity gabion structures arc set out. Structures for the
stabilization of cmbankments may be treated as gra\'ity
structures.

Section 4.6.2.2. shows procedures which arc based on the
results of the original full scale experiments for the design of
walls anchored with one or morc layers of hexagonal mesh
panels which provide static support and limit deformatiun.

Gabion rctaining structures will. due to their nature.
deform to quite a degree. thus for them to function properly
it is unwise to have vertic:.1 faces for heights grcatcrthan 3.0
Ill. For heights greater than 3.0 m the face should be battered
at not less than 6 degrees. or should be stepped (Fig. 15).

19
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CHAPTEH, III

Design criteria for gabion structures
Experilnental work and observations

J. / '1111 rot/lid iOIl
I

It fllllll\\:- fr~l1n Ihl.' slud~ llf gabion slrUl:lures in Chapler II
Ihal Ihl.' (akulalions for II1\)sl." lksigned for retaining earth
!lllht'ta~1." illill al'l'lHlllt the partil'ular nature llf Ihe materials
"111lpl,,ing Ihl.' tilled gabilln and Ihl.'ir physil:al and meehani
..',d ..'ha ra..:lerisl i\.'s,

:\ series llf lesls in Ihree phases was de\'ised 10 oblain data
f,'r Ihe cxaminalion of these dloiraclerislics and of the
b...h;l\illur llf gahillll slruclures ulllkr (llad. In Ihe firsl phase,
..'llmprl.'ssilln and shear Icsls on full size gabions and on single
mesh p,lllds were ..:arried oul in the laboratory fl.lr the
p'.lrp"sC llf dClcrmining slrcnglh ;!nd ddormation parame
Ie,.,. In thc se(ond phase, load lests were performed on full

size 4.0 melre high retaining \\ ails for Ihe purpose of n:iifying
the previous results, identifying the beha\iour of the structure
as a whole and 10 eslablish the mosl appror"iate l.:akulation
paramelers ami their limils of applil:ation. The purpose of thc
Ihird set of tests was to e\'aIUale the usc of hexagonal \\O\en
mesh panels in soil reinfon.:cmenl and as a form of anchorage
for retaining strUl:lllres.

The ohservations madc during thc tesls and thc rcsults arc
detailed in the following paragraphs. The purposc is 10

idcntify the specific prohlems rdating to gabion Slflll.:IUfl':s 10

assist the designer. who. in view of the numerous paral11CI~~';

involved. must make Ihe final dedsion.

3.l Tesls Oil .lid' see gahiol1s

I h... ilh:..·lunical :-Iress ksb \\":1''': perforlll..:d in Ihe Labon
,,01':,1.11 SdenZ:l dell..' CllSlflllillni. ISlruclllral Sciel1l:e Labo
r.lIllr~ I. ,If Ihe l'ni\asil~ of Blliogna ItlJ7l)lusing specimcns
lluJe ,If lIn..: llr nlllr..: gabilll1s \\ ir..:d logelher. Their nominal
'lie \Lb 0,50 . 11.50, 0,50 m. and Ih..:)" were fabricated frm'n
(, . " \\ 1'\ \.'n h..:\agllnal mesh llf wire diameler :',7 mm. The

gabilins were asscmhled. laccd wilh :'.4 mm diameter \\ ire
and filled hy hand with quarrieJ siolle (Fig, 16).

Three series of lests werc made: simple compre~sion,

c'lmpression with lalcral expansion reslrained on IWO Oppll
sill.' sides. and shear [12. 13].

3.2.1 Simple cOl11llressio/l tests

The first series. to examine compression wilh frce deforma
tion of the vert i'.:a I sides. was inlelllkd to prO\'ide general
indications of the resistance of gahions to cllmpre.;sion. The
points requiring invcstigation werc:

IiI. The sequence ofeo'ents Ihal an:ompany the progr..:.....,i\..:
deformalion induced hy ;nuea..,ed loading.
(ii). Tn determine the poinl of linat failure of the struelure
involving the fraclure or the ~;[l.ne fill by compaclion.
deformation and ruplure or the mcsh resulting in the spillag..:
of thc stone fill.
(iiil. Inllllence of Ihe orienlation nf Ihe wt.:ave of the me"h in
rcialillJl In Ihe direction of Ihc applied load.



li\ I. The dfect of diaphragms incorporated in the gabions
IFigs. 17. 18).

To verify the possible il:Ouence of the method of applying
the load on the mesh contawing the stone, some of the lests
made on single gabion units w~re repeated on two units, one
on top of the other.

For each type of gabion thrcc or four tests wcre made.
Tahk 3 shows. for each type of gabion tested. a diagram
indicating the direction of the hexagonal weave on the free
\ertical sides and the position of internal diaphragms. if any.
thc number of the test spccimcn. and the initial dimensions of
thc tcst spccimcn before the vcrtical load was applicd.

The direction of the weave and the position of the internal
diaphragm in the types of gabion tested generally correspond
to those occurring in adual construction. The opportunity
alTllnkd by the observation of the bchaviour of gabions of
different conligurations and thc need to generate a wider
sprcad Ill' data has promptcd additional investigation. The
l~nllS "llllrilont.lI mesh" ,ind "verticlll mesh" refer to the
direction of the major axis of the weave of the mesh.

Figurc 19 shows curves for the expcrimental valucs of (f

= P .-4 and of I: = .111 II derivcd from type A tests. where II is
thc initial hcight of thc spccimcn sui ~ccted to compression.
_\/1 is the reduction height from its initial value due to the
apphL'alilln Ilf the vertical load 1'. and A is Ihe area of Ihe

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 [(I
kg/cm 2)/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 intac!. followed by an
extensive readjustment under loads which are small compa
red to the ultimate load, but greater than those expected in
actual practice. This phase is characterised by values of
/).(1/11/; usually below 20 kg/cm 2 except in the case of two
spccimcns of the" n" type.

A second phase begins with the fracture of some stones
inside the specimen coinciding with a deformation ~hll of
about IO:~;J' Intensification of the load and hence the
compression. le:uls to grellter slone frugmcntntion which
spreads through the entire cenlJ al core. At the same time the
increasing tension in the steel mesh and in the peripheral
stone on the exterior. exercise a containing action on the
ccntral nuclcus, which by the end of lhe tcst is reduced to
minute fragments (Fig. 20). Coincidental with the increasing
load and Ihe crushing and bulging of the specimen. mphac "f
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Fig. :W - Slunt: filling ana le,ling.

till.' :-t~~1 \\ ir~ m~sh m:curs in th~ ar~as of concentraled
pr': ......url' \\hidl arc citha at thl' Cl)ntact points bctwe~n the
gahil.n and Ihe loading piates or where very sharp edges of
... ll'ne arc in CllIlIm:1 wilh the mesh. The frachlrc of a single
\\ ire doc~ Ill.t aff~cl the containing funclion of thl' nelling
,,\Ih:~ Ihc \\l1\ cn hc"ag.l)nal mcsh will nol unravel.

Ihe GIII,e" llf fractlln: llf the wire arc unpn:dictahlc and

they present themselves in the various tests under a ';tri~t~ of
Il1ading. and comprl'ssion ,·allll's. They arc \'isibly inllllelK~ll

by Ihe disposition of the mesh wean~ in rclatillll ht th~

direclion of the applied load. The I"sl ph"s..:: is marked b)
eXh:nsive rupture of the wire mesh rendering it incapable of
containing. the stone fill and the specimen. unable to su...lain
any rurther increase in load. fails.

'l'--'



In I·lg. 19 all Ih~ 1~"ls ... 11\Iw ;111 aimosl lin~ar n ....alron
b~'I\\\'~'n t7 = J' ..\ ;IS a fllnl:li\lIl of ;. = All II and valul:s of
\,. \. b~'I\\~'~'n ~o and ..HI kg \'m:, Ilfll\'idl'd ,\II II r~maills

'1I1.dkr Ih.1I\ ;d,\lul ,~O" .. , :\h\l\~' Ihi" \alul'. as Ih\' \'or~ of Ih\~

'l,'n~' fill j, pnlgr\'ssi\\'I) fraclurl'd and Ih~ ~\Il'rnal Illesh
Ilh:r..:.I,ingly ':\.':I"\:is.:s its l:t,nlaining funclion. Ihl: curVl: risl:s
,h.lrpl) ... ll :hat \\h\.'n \ahl\.'s llf .\11 II approach 50 ..... fl. .. A,;
1,.I~·h~'", \alu~'''' \lh'r ~Oll kg \'m:,

l·"lllp.lrb,'n \If Ihl' r~"'IIII" "I' I~· ... ts .. , and .'\" \\ ilh vl:r1Il:al
.lIld Ihlri/\Inlal mesh rl:spl'l.'li\d), tkmonslral\.'s Ihal Ihos\.'
\\ Ilh 11llri/llnlal ml:sh ar\.' slightly nllll'\.' rigid. This indical\.'s
Ih;11 Ihlri/llnlal m\.'sh nn Ih\.' sid\.'s of Ih\.' units ddorms kss
r.lpldl) Ihan the \l'r1il'al \.'\l:n 1I1hll'r "mall loads and Ihl:rd'or~

~','nl;lIlb Ih.: shIn.: lillnlllr~ dricil:nlly Thl: mosl outslanding
dllf~r.:n~·~ iii Ih.: hch;l\iour llf hori/onlal and wrtil:al ml:sh
lIllIls i" \knll'nslral.:J by Ih.: \alll':s llf Ihl: ddormalion ~h II
.1111.1 ;l\\.'rag\.' ply...... ur\.' I' .. \ allh\.' pl'inl"ffaillln:. Inlhl: caSl: of
h"ril<lnlal m\.' ... h unils, IS\.'\.' 1\.' ... Is·\"I. ~\I\.'llSi\·\.' rupluring of
th,; \\ Ir\.' ,'~\:urS al loads of kss Ihan 10 kg l:m! wilh
,:,'rr~"p'"1dingddormation of ks" than JO"... Vl:r1ical ml:sh
lInit-.. l~\.'''' t\.'sls -tl. fail al Itlad" gr...ala Ihan .10 kg cm! wilh a
~·,'rr:,p'lIlding ,kf'lfmalion llf alh1uI 5(1" ... This Gill also bl:
.lllrihul.:d hl a k ......... r I\.'nd\.'ncy of Ih\.' IlllriltHllal ml:sh 10

,kf,'rm.

(,'mpari"'111 of Ih.: rl:sllih llf Il.'sl ('. twilh diaphragm). and
"f \\:"t ·1 (withoul diaphragm). slhlws Ihat Ih.: inclusion "f a
\ ... nil.'.i1 diaphragm has IllI appr.:ciahk dlccl on Ihl: h.:ha
\ I,'UI" ,,1' Ih... gabi,'n.

T\.'"t c'lIldu.:l\.'d on pairs of gabions. on.: on lop of Ih.: olh~r
.lIld indicah:J h) Ih~ S)mh"ls .1" + .'\" and H + H giw Ihe
f,.II,I\\ ing n:sllll ...:

T\.'''I ,A" -r .-1,,1 yidd\.'d r.: ...ulls suhslanlially Ihe same as
tlhlS~ llf lesl .·Iei.
1'.:,,1 (B -r- BI yidd\.'d r\.'sulls similar 10 Ihose of I\.'sl B for
dd,'rmali,'n in Ihe .10-.15 .... range. For deformalion grealer
Ihan .15 "" il \\as imp"ssible to keep Ihe specimens in place
under Ihe applied load.
In g\.'naal. Ih\.' lesls conducled on double gabions did not
indiGlle any appreciable inOuence on the seale faclor.

3.2,2 Compression tests with lateral expansion restrained on
tno opposite sides

Th\.',,\.' tl.''''''' ha\\.' b\.'l.'n dnn\.' ,lIl specimens similar 10 Ihose
l"....d III 1l.'''1-. .-1 (gahions wilh \"l~rtical mesh nn Ihl.' side
p,IIl.:!"", hy placing IWo \l:rtical slilTl.'nl.'d sleel plales against
th.... 1\\\1 ,'ppnsil\.' lOide panels in order In reslricl Iheir
dd,lrmali,)Jl.

The plates were luhricall.'d 10 reduce the amounl of friction
hct\\ccn Ihem and the gahioll. These lesls. conducled in Ihl:
';llll\.' manna as described earlia for Ihe simple compression
tc"l. \\erl.' terminat\.'d \\h\.'n Ihe sleel plales heeame 100

dl'1l1n~'" \)1" \\ hen Ihl.' unre ... lrain\.'d gahion faces made COI1-

tal.'! wilh Ihe guide hal'S 01 IIJ.: pr\.'ss. The results tlo nol JilTcr
subslantially from Ihnse of Iypl.' A Ie..",. showing. al-.n in till ...
GISl:. an inilial adju"lnll:nl of Ihl.' "Ionc. Ihl: cru"hing otlh\.'
inll:rnalcore. and Ihl.' ruplure of Ihe mesh "ire l\\hidl III 1111"
case happl.'ned only in two of Ihl: Ihree lests and UIH!.:r \~r~

high loads). It was nol possibk e\en wilh Ihe m;l\.illlulll
prl.'ssurl: of 1'/..1= J() kg cm! 10 bring Ihe gabion 10 Ihe failur\.'
stag\.'.

Whl:n thl: Iwo CUf\'l:S in lig. It). represenling Ihe ..\~rag~
bl.'ha\iour of Ihl: spl:ciml.'ns of Iyp\.' .-1 and Ihose .,pecilllt:ll ...
wilh reslricll.'d laleral deformalion. arc compafl~d. a gr.:;lIer
rigidily especially for small loads can hI.: obser\\.'d in Ih.: 1;(,,1

s\.'ries of lests.

3.2.3 "Sillllill' shear" tests

This terminology I'das 10 a Iype of lest \\hl.'r\.' ...hl:ar ... Ir.:""
prevails.

Table'" illuslrall:s Ihl: typl.'S of slrudure I\.'slcd "ilh a
dimensioned seclion of the arrangl.'mcnl. the maximum load
I' allain\.'d. Ihe an~ragl.' maximum sh\.'ar slress r. and th\.'
maximum lkOeclion II. The Il.'sl rl.'sults aI'\.' shown in Fig. 21
and Ihey show a nolicl.'abll: shl.'ar rl.'sistancl.' in Ihl.' gahion ...
accompanied by ....onsiderablc deformation. The shl:ar re'.i
slance is provided by Ihe mesh and is therefore increased b~

increasing Ihe slrenglh of the mesh ilself or by il1lrodu ....ing
appropriale diaphragms IFig. 22).

In Ihe shear lesls a small inilial readjllstment of the slnne
lill. wilh a relalive largl.' dd'ormalion was nOliced. follo\\ed
by a slilkning. phasl.' in whidl Ihl: struclure hl:came llIort:
rigid as the rl:sislance of Ihl.' mesh was hroughl inlo a\..'lion.

Table 4 shows the values of Ihe shear module G = r (211 11.
where I is Ihe free span of 0.55 m betwen the supports.
calculated for the maximum load and for a load P = 2500 kg
which corresponds on averagl.' 10 Ihe beginning. of Ihe
slincning phase (sec diagram II-r in Fig. 211.

3.2.4 Interpretation of the test results

The results of Ihe experimenls which were slIInm,tris\.'d anti
discuss\.'d in Ihe prl.'cl.'eding paragraphs may Sl.'n\.' I\) chnify
some aspeds of Ihe beha\'iour of Ihe mall.'rial.. \\ hich
Cl1nslilute Ihe gabion struclure.

a) FirSI of all the simple shear and compression Ics(S h,He
demonslraled thaI during the initial applieati,lIl of the hlad.
il is impossible to inlerpret a proeess of deformation that is in
fael quite reversible. parlicularly as the irreversible portion llf
lhe dislorted mass grows considerahly as lhe ddormation
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Fig. 21 - Resul" or "simple shear" le,h on !!ahilllh_

... Test NO.1 .Test No_ 2 .Test No.3

pWCl'SS iJll:rl'asl's. In otha word~. the behaviour of the
111~''tl'rial may only be considered to be clastic when the values
llf strl'~S arl' I~)\\' and it is obvious that conditions arc
impfll\l'd if thl' gabions arc loadl'd in such a way as to
pr~\l'nt dl'flll"l1Iatil)n on two oppo~itc sides. that is by
n:~tri\."tilig thl' ll\."\."urrl'nce of ,kfllrmation to one plane only.

!tshould he noled Ihlll Ihis cOlll.lilion ,)ccUrs frcqucnlly in
pral:til:l'. so that in some respects the compression tests on
unit:- \\ ilh restricted lateral deformation happen to be more
'l~nili\.·;lJ1t than thosl' of simpll' compression.

internal movement and an increase in density. The associall:d
deformation has an irreversible nature and in this sensl' \\1..'

can speak of" plastic" behaviour of the material. The load
ddi.mnation diagrams clearly reveal that the rigidity of Ihl'
material increases directly in proportion to the load. and in
the case of extensive deformatioll. the test samples did not
n:lil:h cOI11Jllcte fuilme condition. These IWu clises I'lrOl11pt LIS

to describe the behaviour of the material as hardened-plastic.
It is accompanied by a mode of deformation that for all
praL"lical purposes IIlUSt he considered as indelinahll'.

bl Oncl." thl' phasc hl'yond the "c1astic" condition is reached.
Irol..-lll.-.: 111'1111." shin\. in IhL' corl." hcgins ;tnd is i1cL"lllnpanicd In

cl The slope of the load dcti.1fI11ation curve. taking thl'.
~illlP'" "I1I11PI\'ssil l ll 11"1 :"'111 ,".IIil!".k Iii. 1 .Ii,:. i



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
tnlllsverse direction. will reduce the ductility of the speci
mens. The horizOiltal diaphragms also seem to have a certain
effect in this sense. These results confirm prior impressions.
which albeit were intuitive. that the resistance of a filled
gallion is for the most part provided by the containing action
performed by the mesh on the stone fill. ,

If the behaviollf of the gabion material is interpreted in
terms of the criteria commonly u,sed in respect of soils, e.g.
Mohr-Coulomb. it can be conduded that the containing
action of the mesh on the stone fill corresponds to the active
thrust. On the other hand. the conditions in actual structures
arc simi liar to those in the experiments except that no

expansion can take place because the unit is contain.ed 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
equal in each case.

This is equivalent 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 concrete beam, or
in terms of soil, assuming that the filled gabion possesses
cohesion (see § 4.4.2) and therefore has a high angle of
internal friction and also a high value of cohesion.

3.3 Laboratory tests 011 panels of mesh

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 thc mcchanical 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 Officinc Maccaferri S.p.A. laboratory in their works in
Bologna (Fig. :!3).

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

Similar tests were made on panels loaded at right angles to
the weave of the mesh. The breaking strengths obtaineq in
these tests arc 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
elongation was from 6 to 7 ~:,. for those applied at right
angles to the weave it was 20 to 22 ,/~.

Table 5 - Ultimate failure loads on hexagon;,l woven steel wire
mesh (kg/m).

I
Ultimate loads (kg/m)

l\lesh
type Wire diameter (mm)

rw- 2.0 2.2 2.4 2.7 3.0

3500 4000 4500 - -

6:\8 3000 3500 4200 4700 -

hlO - - 3400 4300 5300

I lOx 12 - - - 3500 4300

~(l

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 III

in each direction. The first wires failed at the rounded edges
of the plate at an average recorded load of 3250 kg.

Fig. 23 - Tcnsile Icst nn WiiC mesh panels.
23



3.4 Load tests Oil /id/ si:::e structures

3.... 1 Test arrangements

,

The tests on full size" m high walls were made at thc Zola
Predosa fal:\llry of Ollkillc Mal:l:aferri S.p.A .. near Bologna
between December 19X I and February 191'2 in collaboration
\\ ith the Istituto di'Tccnica delle Costruzioni of the Universi
ty of Bologna.

They had pnwed to be necessary because the scaling factor
used in the modd tests could not be reliably cstablishcd in
quantiti,'c terms. A number of practical problcms had to bc
ll\'ercome to perform the full scale tcsts. and thc procedurc
was complex. however. in the final analysis some very useful
and significant results were produced.

The simulation of thc earth thrust against the face of a
retaining wall presents scveral problems with regard to the
measurement of both the load intensity and the most
probable load distribution. To eliminate 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 each other.

onc mdrc apart at the base.
Thc hcight of thc wall was" m with bottom width of 2 m. a

vcrtical front face. and a stcppcd back face that reduccd the
wall thickness to 1.5 m from the mid hcight to the top of the
wall. The 0.50 m thick base platform extended 0.50 m on
both sides and thc totallcngth of each wall was 5 m (Sce Fig.
25).

Thc cnds of thc space containcd bctwecn thc internal faces
of the walls were doscd off with steel plates interconnected by
wire ropc tics (Sec Figs. 26 and 27).

Insidc thc cnclosurc wcre placcd flexible water tanks
arranged to form two separate chambers as shown in the
drawing in Fig. 24. To ensure that the system would continue
to function at the maximum loading and greatest dcforma
tion. the tanks had to bc completely impermeablc and havc a
high tcnsile strength. Thcy were significantly oversized to
a\'~ommodate the large movements expected of the structure.
Between the tanks and the intcrior faccs of the walls was

2': ----- -----------.-------

0.50 m 1.50 m

i!!!!!i!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

---------

1.00 m

i-
1.00 m

1-

Fig. 24 - Sketch showing Ihe arrangemenl for lesls on full
size gabion slruclures.
Fig. 25 - The gahion walls heft're lesting.
Fig, 26 - Installalioll of Ihe steel plales al Ihe ends of Ihe
water lanks.
Fig. 27 - The upper flexible lank almost complt:lel)' filled
with water.

1 Gabion wall
2 Gabion foundation course
3 Flexible tanks
4' Polystyrene panels

3.00 m
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phl\."~d a 5 cm thick sheet of p~llystyrene to separate the tanks
frllm th~ st~d m~,-;h and th~ ties which might have torn the
tanks cr intafered with their movement.
Th~ positions of the end plates were carefully adjusted so

that the ti~s interconnecting them would not damage the
tanks.

To ~nsur~ a linear distrihution of the water thrust. the
upper and lower t.mks were hydraulically connected, .;el' Fig.
:!-t. The depth of the water during the successive phases of the
load tcst was measured from the outside by means of a
piezometer.

Since the loading system on both walls provided a situa
tion which was not affectcd by the end condi.ion. it was
possiblc to assume a planc of deformation for the cen r.-I
portion of the walls.

The walls were formed of gabions of nominal dimensions
of 1.50 x 1.00 x 1.00 m. 2.00 x 1.00 x 1.00 m and 1.50 x 1.00
x 0.50 m without interior diaphragms, in 6 x 8 double
twisted mesh of wire diameter 2.00 mm and laced together
with 2.00 mm diameter wire. The filling material was
roundcd rivcr stone of avcrage size 90 to 120 mm.

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

The cross section of the wall w:\s determined on the basis
of convemional methods of design for gravity walls. and
using reduced safety factors.

A maximum hydrostatic head of 4 m and a gabion density
of 1~OO kg nr' were assumed and the seclion had a safety
faclllr of t.22 against overturning about point A. see Fig. 28.
and 1.06 against sliding on a horizontal plane through point
.~ using an angle of friction of 31" for the stone fill. The
maximum hearing pressure on the base. assuming zero
tcnsillll and compression on only part of it. was 5.3 kg/cm!.
\\ hilc thc a \crage sh~ar st rcss was in the order of 0.4 kg/cm!.
taking into consideration the interlocking action of the stone.

3.4.2 .v1ethod of measurement

A photogrammetric system was used to measure the extent
of deformation on the exterior face. II was' chosen in
preference to direct linear measurement for two reasons.
Firstly it was expected that the deformation would "C very
large, judging by observations made on numerous completed
structures anl by the results of test on individual gabions as
ou,lincd in Section 3.2. Secondly. obtaining an averagc value
for the deformation at a specific height, would entail taking
horizontal measurements at a large number of points. in vicw
of the unusual character of the gabion material.

In the photogrammetric method a grid leference 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 hav~ been
practically impossible using conventional equipment espe
cially as movements varying from 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
tcd on fixed tripods to take simultaneous pictures of thc
surface of the wall. From the results of the photographs taken
at various stages of loading and using an arbitrary but
identical reference 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
coordll1ates on the adopted cartesian 'system [15] of the
positions before and after the load was applied denote the
movement of the wall.

The measurcments were performcd at night to avoid any
possibie clTect due to temperature changes during the day
anti In facilitate the photogrammclrit: operations



3....3 l.oading s~'Slcm

The load was applied by pumping watcr into thc tanks
between the walls in successive increments. This allowcd spot
checks to 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. Thc evolution of thc deformation of the
wall ,,:an be studied in Figs. 31. 31. 33.

After a water dl'pth of 3.4 III fWIll the base of the wall had
been l'I:ad\.:d. the structure was left under load for 10 days to
obtain data on the effect of unifor'll loading over a period of
time. Subsequently on 4/1, 19X1 the structure was partially
unloaded by lowering the water level to 1.00 metres and then
inl..'reasing it again on 6 1 19X2 to a level of 3.50 III (6/1/1982.
Figs. 30 and J4). Thl..' load was maintain.:d at this level of J.50
Ill. while the strul..'tun: was kept under observation until

15/2/1982 before increasing it to the final point when a
dencction of 0.60 III at the top of the wall was attaincd.
During this period the increase in deformation was only
minor. (Sec Fig. 53). The watcr depth was thcn reduced to 2.3
III before procceding to thc final phase.

After the 3.5 m mark was passed. sizeable incrcments in
deformation took place without significant increases in load.
A maximum valuc of 3.6 11\ was finally reached and the
structure was unloaded for the last timc on 18/2/1982 aftcr
the denection had attained a limit value of 1.10 III (Figs:'36.
37).

3.4.4 Commenls on the obsened measuremenls

The coordinates of the 266 points on the grid reference
matrix recorded at all stages of loading were transferred on to

Fig, .,0 . L~\~" 'If 1,,,,,ling in m~lres of ":I\~r uuring Ihe ullfillinn or Ihe
l~sl.

i
rig ..'1. .'~..l.l. .'-1 • S~<Il1cn~~ ,.f plwlI'graphs showing Ihl: deformalioil OIl
\.'nt\l....· 1'11 ....\.·:'\ \,f lh\." h.·~l.
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a maglll:ti~ lape, This tape was Iatcr uSl:d in a ~ompulcr

programml: to analyse the dcftlrmatillll at every point at cad!
test stage with respect to its initial vcrtical position,

Fig. 38 illustrates graphically the average values or ddor
mation at various wall heights at some or the loading stages.
On pll)lIing these results it was round that the sl'i1l1er was
rdali\dy millllr. aitd Ihercflll'e after discarding the high and
low \alul:s Ihl: averages ohtained for the deneclion were
clHlSiuer..:d to be vcry dependabk. The evolution of the
;I\wag..: ddkction of thc top or the wall as a fundion of th..:
hydfl'stalic load is illustrat..:d in Fig. 35.

:\fter thl' diagrams and photographs \\l'r~ examined, it was
c\llldulkd that the ability of a gabion structure to deform
lkrin:s mainly from the int..:rnal sliding or "shearing" whid!
takes place within the filling material when it is subjected to

thrust. In addition to this fundamental observation, it IS

possible to deduc..: the folhming:

al The deformation induced by the load is essentially irrner
sible. As already indicated by thl~ results of the test on
individual gabions. tlt..:sc structur..:s do not bchavc elastically.
ISl:e Fig. 35).

bl During the In,lding and unloading cycl..:s. unloadin!,! do,'s
not substantially decreas..: the deformation nor docs loading
essentially increase it. In the course of the operation the
stru~tun: was ne\'CI completely unloaded (Sec Fig. 351. It \\ ill
he ret:ogni/cd Ihat these l')'de~ undoubledly rcprcscnt the
sun:essive dlangcs in Ihe Ihnhl of tht: soil thai occur at hack
of a retaining wall due to the ~hang.cs in the water conh:nt of
the backfill and other nalural conditions.

I I;: .~~ . [)~n~,·lh'n "I' th~ Il'r "I' th~ \\ all al l:llrr~Srl.nding load I~\~b

J\lung th.: r~UI.J Ill' 1.:,1.
FIg..'X . A\erage \alu~, ,,[ Ihe d"ncdhlll al \allnU, I~,d, 1'[ Ihe ""II ~I

sde.'led slages ur luaJlllg

"ll" Jh. J7 • Gaoi"" ,\<111 a, il arp.:ar~J al Ihe ~nd "I' Ihe I"ad le,l.
.._------_.•_ .._---- ----------------, 36
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cl Wh~n th~ stnH:tur~ is subj~ct~d to a constant load ~w~r a
Il'ng pl:rillli. th~ ddurmatiun incr~as~s progr~ssivcly. This is
d~arly shown in Fig. 35 in thc p~ril)ds b~tw~en t 5 til and 16
th [)~c~mb~r 19HI and bclwe~n 6th and 11th February 1985
whcn the stnH:turc Was continuously loaded.

This cl}f\dition can be allributcd to an unstable equili
hrium whkh relics mainly on th~ int~l'Ilal frictiun bctwcen thc
Shlll~S llf the filling material. hut is also reinforced hy the
cllntaining action of the st~c1 wirc mcsh.

til Wh~n th~ t~st strlletur~ had b~~n loadcd to its maximum
capacity and was incapable of withstanding any additional
thrust. the process of failure was v~ry gradual and although
e\tensi\e ddorl1latiun occurred. thcr~ was no sudden or
abrupt collapse. This confirms the supposition that gabion
strlKtures an~ ductile in tlwt they can toleratc massivc
defurmation without losing their ahility tu rl,;sist thrust.

Thl' descriptillil "ductilc" is somcwhat imprecisc in vicw of
the l'llmpk\ and co:nplhite charactcristics nf thc nWicrial.

and its behaviol'r under load. It is howevcr possible to sp~ak.

in a widc sense. of a "ductility coefficient". This coefficient
can be consid"red as the ratio betwccn the degwe of
deformation occurring Ht thc point at which thc structure
ceaSes to support ;1 load inl.:remcnt. and that at which the first
mcsh failure occurs. Using this criterion it is possible to
obtain ratios of thc order of 20 and highcr. which would
allow gabion structures to be classified as vcry ductile.

c) Thc significance of the inlluencc of the tensile strength of
the mcsh on the stability of the structure was clearly
demonstrated in the tcsts. It is illustrated graphically in Fig.
39 which shows a detail of the mesh in the tension zone at the
junction between the wall and thc foundation course.

3.4.5 Obscnatiuns un the lest rt'Sulls

I h!. -to - ('Urles illustraling Ih~ ddllfmalioll ;111.1 <:llrr~s(lllllding slu:ar
\aill~'.

when h = 2.0 III

when h = 1.5 m

(i = 5.:U3 r +0.44

G=5.733 I+O.13

-i -i J
1;-

Xj-Xi' I

I,
Gj = ~~-

Ij

and therefore the shcar modulus at point ; is:

3.4.5.1 'JI/(' 11011 1;lIe(/r h"'/II!'iol/r 01 gah;oll structures lIlIil
(I';t('/';a .ltJr as.wss;lI/-: Ihe degree 4 ch~/iJrlIl(l/;(}II. The examina
tion of the tcst results disclosed a rcmarkable "non linear"
behaviour of the material which. if ignored. could lead to a
misunderstanding of the principles that determine il. On the
basis of these obscrvations and bcaring in mind that the
deformation mainly results from shear stress, a study was
made of thc relation bet wecn the shcar strcss and the shear
Illodubs of ehrsticit)'. taking the tcst structure as an cxample.

The photogrammctric records givc thc dcllection = at
height x at each point on the grid reference system for each
stage of loading. Consequently one can evaluate the specific
shear I at any point and obtain thc average shear stress I by
dividing I by the wall thickness h so that I j = 'j/hj.

The dellection at the point; in Fig. 40 can be approxima
tcd from the relation:

Using the numerical results extracted from the photogram
mctric rccords, the value of I. and thc average dellection in
the vicinity of the point. can be cstablishcd at evcry grid
point. and hencc the value of the shear modulus G. known as
the secant modulus. It has thcreforc bcen possible to obtain a
relation between the shear stress r atlll the shear modulus of
elasticity G. It is linear as illustrated in Fig. 41 and can be
cxpressed in thc forms!·):I

I
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I!~ .N - ('I,',~-u(l ,,[ Ih~ ar~a SuhJ~<:ll'.1 hI lellSlk slfess allh~ jllllli heh\eell
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Meuured deformation

Computed deformation
t 
1

G (kg/em I

•
I

oO!--::O,..l.f"'O-=-O.~20=-"'0""!.3""0---"0""••""'0-'0""'.5;"'0'-""-01>0

11m)
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the verlical component IV al the base is 13.4 l. Ihe bending
moment M is 7.15 1m and the horizontal component Tis 6. J3
l.

Assuming thai only pari of the base is carrying stress. as
indicated in Fig. 43. thc results would show:
(' = MIN = 0.536 III and thereforct")

'm... =0.67 kg.cm 1

Fig. 41 - The relationship bel"'.:en ,hear and Ihe shear rnodulu, "f e1a,li"j·
I)" ill gaollln slru..-lures.

Fig. 42 • Comparison belw...en Ih... m...asur...d and Ihe compul...J lalll...s I.f
deformalioll for Ihe wall und...r 1,'SI.
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3..1.5.~ AIII//Ysis o{ stress ;11 ~I/hioll /Ilafer;a/s. The analysis of
a horizontal sc(;tion through a conventional retaining wall
would normally covcr the lension, compression and shear
strcsses. and thc bcnding moment. Howcvcr, in Ihe case of a
g,bion structure, thc analysis would only usefully serve 10

check that the compression stress was within the specified
lolerance for the slone fill. sinl.'e thc steel wire mesh in every
known Glse is always under stresscd.

As an examplc, consider a fabion wall loaded with a head
of water of 3.5 m. The density of the filled gabion is I.X t.m·',

Ikn\.'e the results show that (j varies linearly with rand
that thc slopc of thc curvc cxpressing this relation is
pra~:tkally indcpcndant of the valuc of 11 which, howcver,
establishes the initial valuc of G for, = O. The curve of r
pll)lIcd aga"lst G varics with the thickness of the wall and
also with thc wcight of thc gahion mcsh. Since the duration of
the Il1ad can modify thc slopc of thc curvc, there arc two
wrsions of the modulus G according to the time scale. i.e.:
immediately after the load is applied and over a pcrind of
time (Sec Fig. 35).

Fig. -l2 shows a cl1mparison between the actual deOection
llf the wall during the test when il was loaded to a water
depth of h=3.40 m on 16,I2Ht and the value computed
fmm the above expression. The computed values arc remar
kably close to the actual ones but the figures for deformation
~i\en by the expressions can only be regarded as indicative.

From the examination of the most significant load test
results. thc following C0nclusions Illay be drawn:

al As far as gabion struclures arc concerned, the above
expression for the relation between, and G should only be
used rllr llbtaining rough guideline values. It should be
remembered that the gabions in the test wall wcre manufac
tured from light weight mesh which deforms easily, and were
Ill1t filled with diaphragms (Sec *3.4.1).

bl The simplified but perfectly tenable assumption can be
made that. for gabions under shear stress of a typical valuc of
r. the modulus G has constant average values of between 1.5
and 3.5 kg cm 1

. The seleclion of one or the olher value
depends on a varicty of circumstances which the designer
must cl1l1sider in cvery indi\'idual casco

cl In view of the wide scalier of the plaited results. it was
dCl'idcd to extract from them critcria in general terms only.
This simplified criteria has been cmployed 10 formulate some
quite Icnable hypotheses without resorting to elaborale
rna thema Iics.

,', 'Ih,' \.tln... 1'( (; III Ill.:,... ,'\ph'"'''''' " ill kg .-Ill'.

,", ("'lIIpr""''''1I ,H,·"'" arc' '\'II,ld,'r...d a' 1l<:1I1j! Ill"III\" III Ihi"
.l!l.tt~ " ...



If it is assullll:d Ihat ,hl: whole of Ihe basI: is dlh~r in
"'olllprcssion or Icnsioll as in Fig. 44. Ihl: results change 10:

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

2.000

must not exceed that allowable for an :tvl:rage compacted
gravel whkh may he taken as equivalent to gabjoJl filling
malerial (See Seclion 4.4.1),

The tension on the mesh is usually low. The siress which il
has to resist can be simply computed as 'being equivalent to
the resultant of the tensile stress acting on the whole of Ihe
section, In this case. the part in teJlsion covers a widlh of 0.38
m and the resultant tensile slress is: n.S x 4.05 x 0.38 = 0.76
lonnes per metre length. which is well below the slrength of
the mesh (Sec § 3.3).
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I. I
I I

11~____.__..~_r~ .__._.. __
I'll! ·0 . ("hara':l~rhli.:s "f Ih.: ~\I~rnal I",,," allIl int~(J1al str.:ss.:s aCling
lin Ih~ ha,,~ ,,':\'1I,1Il ,.f th~ W alll,.a,ku W Jlh a -'.5 111 d~plh of willer. a"slIming
1l:.JI ,'nl~ pan "f Ih~ O;I"~ i, in nllnpl~",i"n.

Fif.. +1 • Characteristics of th~ ~\ternill loaus and internal streS\~ on the
has... Sl.'ctiun of the wall loaded wilh wilta 10 a 1c\c1of 3.5 m assllming Ihilt
pari is in compr,"Ssion and pari in lensi'lIl.

3.5 ExperiJ1u!'lIS 011 f/ie lise {~l wire l11e:·;/i pUllels
ill soil ,.eiJ~lo,.cemellfalld as earth allchors

The linaitesis on gabion conslnu.:lion rnalcri:tls wl.rc madc
III investig.lle the use of panels of mcsh as .tnchorage
clements. A conventional gabion wall. in ccrtain situations.
car. be replaced by a simple Ihin ouler face tied into the
hackfill alone or more vertical inh:rvals by panels of mesh.
or thin gabioll maltress units. anchored in the soil. To
e..,lablish Ihe nec~ssary anchorage lenglh. an experiment was
sel up to measure Ihe minimum relJuired to cause tensile
iailure of tl"" mesh ralher Ihan Ihal 10 exlracl the panel intact
(Will th~ suil. A tesl was also made to establish the relation
between the applied traction and Ihe yield point of the
andHlr..,.

Only Ihe hasic essentials of the collected data is presented
h... hm. ~onelheless. it should he snfficient 10 provide useful
~Itlddln\.·" f,'r ,k..igner:s.

The lesl equipment consisted of a steel box shaped as a
bOltornlcss Iruncaled pyramid 3.00 x 3.00 x 3.50 metres in
size and having hOfizontal slols cut in two Opposile faces at
two levels (Sec Fig. 45). The procedure for tesling was as
follows: soil was placed in Ihe hoxes to the level of the haltom
of the slots. and panels of mesh laid over it so that their ends
protuded Ihrough Ihe slots (Sec Figs. 46 471. Further soil was
Ihen added to a predelermined height. To lind the anchorage
resistance. traction was applied at the end of the panel ~Ild

measured by a dynamometer.
The load was applied to Ihe pancl via two sleel damps

which gripped Ihe mesh over its full width to ensure a
uniform dislribution of stress. Traction was measured by a
dynamomcler with digital controls which had been designed
ror the purpose. It had a maximum capacity of 12.000 kg and

.n
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d m~;I,ur~m~nl a~curac~ 111' -I!.;g. 'S~l' Fig. -IX). The lengths 111'
Ihe l~,l ,amrle, \\l'r~ taken bdllr~ and after testin!! tn
ml.';hUr~' thl.' dllngalillil.

I',tral\l~·t~rs whidl \\~r~' tak~'n inlp I.'llnsidl'r;ttilln fllr thl'
I'illl','-e, l,f Ih~ tl'sh \\~'r.: Ihl.' m.:,h typl'. the dir~'l.'lillll of th.:
\II."I\~ Ill' Ihl' ml'~;h \\lIh r.:ferl.'ll ..·l' 10 the direl'tilln of pull. the
kl1!!!h "f Ih~ palld ouri.:d in the sl1il. and the type and depth
pf "'d ,'\a Ihl' S'lIl1pl..:. Thl' typ~, 111' l11~sh that wac tested
\\1.'1,' thc S, 10 in .'.00 111m dlalllet.:r wire. anothe 6 x X In 22
1l1l11 ..lJanl\.'l\:r 1\ ir~'.

Th,: mesh \\as tested by traction parallclto. and perpendi
.. ubr hl th.: direclion of the \\.:a\e. Obyiously il is important
III kllll\\ III \\hidl direl.'lion th.: Illesh should b.: laid to ootain
the llplinl\ll11 andlllrage Yalul'. Further information lin this
'UhJ':d can be fllund in Seclilln .' ..\ and -1.6.2.3

"1",',(0, \\ ere also made 1\ ilh panels of the same specification
"f m~',h but PVC cllated. Nil substantial diffl'Il'ncl's wcrc
l\:~·,'rd~d. I'ands lIf .:kdricall) wchkd mesh werc also t..'s(.:d.
II \\;IS flHlIld ihal th.:) had 111\\ ductilit)' and I.:ndl'd tl1 fail
'llJd.:nl~ and instanlaneollsl~nn:r the fuJi width of the panel.
\\hen "llll1pareo to h.:\agllnal wl1\'en mesh whidl fails
!!I;ldlnll~ in slages, il \\(lltld scem lhat il is less suitable for
11111. p.lrticllbr purpllse.

I h,' \\Idth Ill' Ihc pands lIscd III Ihc tcsls was 2.00 III and

Ihc cn..,;,se..! Icnglhs \\cn~ 100, ':.00 and J.OO Ill. Thc soil

'l:l,IL'I;!e It.-pth, .l\l.'r IhL' p;tllL'I, \\I.'rc I 00 and': 110 III

Fig. 47 • 1\ nh:sh pOind prolruding ffl'l1I a ,101 ;II:U gripr.:d 0) Ihe sled
damp which ensured a unifurlll dislrihulion of !.Iad.

Fig. 4S • The dynamomcler used hi measure Ih" IracUur. applied I" Ihe
mcsh pOind \ 101 Ihe Sled damp.

The soil types which were test~d were natur;"I)' occllrring
gravel. crush~d stone 3(J to 50 nll11 in :;ize..lIld a mcdium
grade of sano.

The soils in the lesl wcrc not compat:ted illld therefore il
can be assllmed that if tll..- !ndfill is compacted eilher
mcchanicallyor by a sllpcrimposco surcharge. the anchorag.:
value will be greater Ihan that achie\'cd in th~ tests.

Although it IS stated aoo\'e that Ihe oojecl in the tests \\i1~

10 achieve .'nchorage failure by rupture of '.he mesh rather
than by its extraction fr<'m soil. there wer~ some failures llf
the laller kind (Sec Figs. 49. 50).

Figs. 51. 52 and 53 show the results of the tests on the X
x 10 mesh ..S i:.; the tension in the mesh in kilngrammes pl.'r
Illetre width, occurring at th.: I:llmmencement of mO\em~nt
in the Glse of extraclion. IS < 5000 !.;gm). otherwise i1t thc
pnint of rupture. (S> 5500 kg m). The graphs ilillstralc Ih~

relation bclween S and I.". the anchorage length, for 1\\11

values nf Ihe soil depih /I al,O\e the sample.
Thc commenccmcnl of mo\emcnl of Ihe panel thrnugh IhL'

soil was noled by keeping the mesh proluuing through Ihe
rear of the box lInder observation. i1nd mcasuring the
Iraclinn al the point when it started to mO\e. Fig. 5-1 shows
vailles of S for lhe X :< 10 mesh plOllCli agains! I' Ihe \olllme

\)f soil superimposed on Ihe pand in t:ubil: mdre~ per metre
width.

\, lhc !-,rilplh ,hn\l IhL' \,IIIIL'., I,f ;llld\nLI~" ,I"tlll"'\l III



I I;: ·N . Palld nlrac'h:d inlal·1. rh~ a:ldhlrag~ knglh was insllni.:i~"1 ill
thh \'''~l''~

Fig. 50 • Pal1~1. failure eallsed hy a Iliad nceedlllg ils lelbik 'Ir~ngIIL

gra\1?1 and l.'rushl?d st()n~ arl? sin.iliar. and it ca,l b~ concluded
thaI a ~.llO m andlOrage L:nl!-Ih is sl.llTiciellt to develop :\
r~sistanl.": against e\tri!ction ,d1ich i" al leasl equal 10 Ihe
strength of the mesb. An exception IS sail:!. particularly
"hl?rl? the dl?pth l)f sun:har~: i" small. wlwn a 3.00 m
,lIh:lll)ragl? kngth applies. Th~ gener,tI rule is th .. t the width
llf th~ panel must n~\w he less thaI! 2.00 m.

It is intl?rl?sting lO note that the failure values were nearly
:qlultl).the hreating strength of the mesh in thc cases where
the andwrage was aJequate. hut where the mesh I'ailed (Sec
f I~'. 33 I. ·\n e\cl?ption. mentioned abo\·c. was the test ia sand

al a surcharge depth of 1.0 m in which failure occurred at a
much lower load. This may be due possibly 10 thc lack of
compaction provided by only one metre of sand. this being
insufficient to prcvcnt the mesh from contracting latl?ral1~.

Tilis condition docs not occur in soi! (.r .1 larger particle size
and il would certainly improve as the surcharge of sand is
increased.

Further obscrvations and guidelines for Ihe design of
anchorages using panels or Illc:;h can be fOllnd in section
4.6.2.3.

1
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CHAPTER IV

Computation criteria

4.1 Introduction

In th~ pr~s~nt dlapter the criteria, useful fOI desiglling
gabillll r~taining structur~s. will be reviewed. H the behaviour
llf gabion structures I";'-'re similar to that of concrete structu
res th~re would be no heed for such a review, for in that case
it \\lHlld be sufficicnt to rder the reader to the existing
technil'al literature.

.-\S it is, the peculiar characteristics of gabion structures
require \· •• :ious refinements with regard to both the most
appwpriate criteria for computing the loads trailsmitted by
the Sl':: tothe retaining wall and th~ criteria for verification of
th~ a\kquacy of the structure and its safety factors

In writing this chapter therefore the most recent technical
lit~;"\ture on retaining structures and on experiments carried
l,,,t on gabil)n e1emenls and l)J1 full .;ize structures was taken
inhl aCL'lHIIll.

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 [I. 2, 5, R, 16, 17,
I Xl

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

al An analysis of the loads transmitted by the soil to the
st ruct ure:

b) /I. stability analy<;is of the combination of the wal! and
surrounding soil a .. a whole.

e) A struetural analysis and design of the wall and soil
foundation;

d) An evaluation of the potential movements and deforma
tions.

First of all in order to carry out these computations the
mechanical properties and engineering etiaracteristics of both
the foundation soil and the soil being retained must be
known. It 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 project 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
reader should refer to the technical literature and to the
mechanical characteristics and strength of gabion structures
(See Chaps. II e III).

4.2 Loads imposed hy the backfill

~.2.1 General Table 6 - Minimum displaccment and rotation required
to del'clOp thc acth'c prcssure in retaining structurcs.

-----------,----------.--------

f----------,f---------f-----------

Rotation
(/

Delleclion
Ii

0.00 I II 0.00 I

__0.00_4_tt JL--__o_.0_0_4 1

:-=f'~ -G I

I
!

Type
of soil

Non cohesive
Cohesive

._----~~~

The loads imposed by the soil on a retaining wall depend
Iwt unly on the mechanical characteristics of the soil. defined
b~ its internal angle of friction (p and/ or cohesion c, but also
on th~ extent to which the structure can deform.

It is knO\\n that the activ~ pressure in an earth retaining
structure can only develop when the retaining structure has
deformed sufficiently. Table 6 lists the lower limits of
nHl\Clllcnt necessary to hring into action the active pressure.

It follows that in the case of very rigid retaining walls,
pressures arc de\'e!oped in excess of the active pressure.
\\ hereas \\ith Oexihlc \\alls the soil is mobilized at its lower
Iimil of L'quilibriulll and it exerts the aclive pressure OVer the



~ntirc hdght If.
It is alsl) wlHth Illlling that where impervious walls have

Ill) w~cp 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
ofllculation for a general type of wall loaded with a given
soil as seen in Fig. 55 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 pressure on the
structure is due essentially to the fill only and therefore it can
be computed on the basis of the cp and (' of the fill.

Fig. 55 - Schcmes ror the backfilling or gabion rctaining structurcs.

Fig. 56 - Forccs c.\crlcd on thc gabion rctaining structure according to
(""II'lInb's lhcL1ry.
---------_._----------------------,

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 (p 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;

b) The friction forces arc uniformly distributed over the
rupture surface;

c) 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 I)

with the perpendicular to the soil-wall interface and in
such a direction as to oppose the motion;

e) 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.

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

K =___ sin 2 ({1+({»)

" . 2/J . (Il ~)[l Sill(If>+.(.))Sin(IP-/;)]2
Sill ) Sill ) _. (J +

sin ({I - Ii) sin (Il + r.)

4.2.1.1 Cohes;o/l{ess soils. Assuming the conditions just ife
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"
cxcrlcd by a cohcsionlcss soil of unit weight ~', on a wall of
height Ii is

s = H2~'IK"
" 2

The coefficient K is called the coefficicnt of active pressure.
The resultant of the active pressure is applied alll/3 from the
base and its direction makes an angle (i with the perpendicu
lar to the wall. In gabion walls (i can be assumed equal to IP.
U) = qJ) 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
values of the friction angle (f> and for various inclinations of
the thrust surface fl and the soil surface I:, thus permitting the
immediate computation of the thrust.

For stepped rcar 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 earth pressure
(I X57) dcals with the condition of the plastic equilibrium of

pressure on (he VIall

1: Back fill
2: CuI plane
3: Existing soil

/
/

/----r-
wL'::r::

~r
.' _t J::! --

.1'

./ "'(0

~Il)

@

:.c

37



I 'I:!, 5" - Diagrams 1"'1' Ih.: 1:l1lllPlllalil1nllr Ih.: I:'ldlidl:nl or al:lhl: presslIrl:
1/\,,1.

0.1"':'

0.7---J,--i\----\,---\--+---t--------

0.8----4---+-+-----------

0.5----l'~-V-........:~-\-+__\_--\__\--t__+_-+--

0.2j__p_=_96_0---,L

.---- .. -~

• t t --0· -r~-<

.- t- .-. -t--"""!

0.7----''I-.....-\---\--Ir--\---+--+--t--t------t-

0.8- ---\---\---t--I--+--+--+-------r-

.~.,----------------------------------'L ~--------------------J

K.

1.0----I---I--__\,..---Jf------\--+----\---I-'--\------

0.4~1__P_='-7_5_0_

..------ ------.._---------------._----------

_._-~-.----. . I .. ..-
•• •• • 0·-

1.0- '--+---+--+---t--t--\-.......J\--+--+--

0.9----\----t--+---\--·-\---\--+--hr--t&--
~.'

0.8------'r---\---\--~--Jf'-':-__\_ _I_-_\_-_+_-

0.7----->,,---->r'1.:-'r---\---\----\---'1---\---\--_+_

p= 80°

0.3": ~ I . 1 I III!
____15_°__18

0
kl'O__2_4_0__2_7_0 3_0_0__3_3_0_~60 390_~..J



the soil. without consideration of the friction between wall
and sllil. thus obtaining:

,-, ,
K __ _. ~os I: =~ eos- I: - co~~ tp" - cos 1. __, ,_

cos I: + " cos - /: - cos- tp

4.:./.2 Cu"('s;l'(, suil. With silty soils and/or clay soils a
limited amount of cohesion can be assumed" .

In such a case the active pressure can be computed as:

(I) = 45" + (Pi:'

The angle (') (Figs. 56. 5~) defines the inclination of the
rupture surface that corresponds to the active pressure S... Its
~ener:l! expression is found for instance in reference [18]. In
practice it is possible to assume:

4.2. J ,3 Ohsl!/"I'CII;cJlls. Some c1arificati'm ,,'ill be helpful when
applying the above theories. since. as will be seen later, the
diversity of practical situations requires further approxima
tions. whieh experience shows to be generally acceptable.

In the theories just reviewed the distribution of the earth
pressure exerted by th.: soil on the structure is assumed to be
linear. \vhereby in the absence of cohe~ion and surcharge. the
resultanl pressure aCls al a height /1/3 from the base.

Fig. 59 schematically illustrales 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
surf;lce against which Ihe soil rests.

In case b) the earth thrust can be computed along the
imaginary section 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-h is the mass Ihat acts on the heel of the \\'all.
and is computed in the overturning and sliding analysis of the
wall.
Cas~ e) 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 earth thrust is made with
reference 10 the ideal section h'-h' at a distance back from
point lJ equal to or less than the footing .

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

~\
~.
L,..:..
!-'
~\

----1--"'
:.--

pres-sure on tho wall

~
....... -

C., /~,;;., ..
. ",'., .

:I:i,

The thrust is assumed to be inclined at an angle I: from the
horizoiltal.

Clllllomb's thellry in the case where /1=90" and ti=/:
prllUUI:O:S Ihl: samo: o:xpro:ssion as Rankino:'s theory (Fig. 5l{).

In addition where ()=I:=O". the value of K" becomes:

®

b
I
I
I
I
I

1~,
I
I

@
b

b'

Fig. 51< - hm:es exerled on gahion retaining
structures according to Rankine's Theory.

Fig. 59 - al Gahion gravily wall: hI semi-gr;n it)'
gahion wall: cl semi-gravity gahion \\all \\ilh
anchorage heel.
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4.2.2 Earth pressure due to surcharge

The thrust from a distributed surcharge load on the
Ill)rinwntal ha~kfill (Fig. 6e) is easily computed. In practice:

S" = PH II 1\."

Where the ha~kfill soil is homogeneous the c~)ntact pressu
re between soil and wall due to the surcharge is uniformly
distrihukd. and the resultant is applied at 11/2.

In ~ascs where retaining walls support elevated roads it is
common practice to consider the uniform surcharge load Po
abon: the wall as a layer of soil of weight equivalent to the
given pressure and of thickness 11, = pol}',. The effective
thrust against the face of the wall due to the surcharge and
the weight of the cohesion less soil can be expressed as:

and the line of action Sa intercepts the back surface of the
wall at a height cl from thc base. wherc:

II (II + 3fl.,)
cl = 3- iT+2J1.

The cvaluation of the thrust duc to nearby concentratcd

50 -----------------

P"

;'hK"

____.__. .-J

Fig. 60 • Laleral soil pressure distrihuliol1 due 10 a uniform surcharge.

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 vehicles 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 referenccs [J. 2].

4.2.3 Evaluation of earth pressure in complex loading condi~

tions

Often in practice the Sl face of the ground above the wall
is irregular, 'as shown Tor instance in Fig. 6 J.

In such cases it may be convenient to refer to the .limiting
conditions and making conservative assumptions. A more
precise analysis t:an be made using the Cullman method
which is based on substantially the same assumptions as
Coulomb's. This method seeks 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 litenturc [I, 2]. In
chapter V the computation of thc thrust acting on a wall
supporting a road, a case in which this method is frequcntly
uscd. is presellted as an example.

H

Fig. 61 - Example of a wall with a surcharge non-uniformly dislrihuled.
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4.3 Criteria flJl' the stahility analysis of gabion walls

Whatever the type of the retaining structure. whether
gra\'ity. semigravity. or rcinfor~ed soil (sec Chap. " and §
~.2.1 1.:) il is usually necessary 10 check the stability of the
work wil h rcspcl.:t 10:

a) sliding
h) O\'Crturning
cl O\wall stahility of the wall and surrounding soil.

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

4.3.1 Check for sliding

This check is made with reference to an horizontal plane
(Fig. 62). Specifil.:ally. for gahion walls. Ihe stabilizing forces
(F,) resisting sliding arc friction UN) and cohesion (cH) at the
sliding surface, passive pressure (Sp) at the toe of the wall and
anchorage forces (Sr) at the heel of the wall:

Some of these components Illay not l~~ present depending
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N w~ + W, +- W, +S. sen,i"1
5,. sen ,i,.! p,,1

F. = IN + cB + Sr cos,ir + S,
F, = S.cos,i
'I. ~ F. F,

p"

J J r n J JLJ JJ rn

Fig. 62 - Forces 10 he considered in analysing the resistanl'e 10 slidinl!.

Fig. 63. 64 - Tests 10 determine Ihe coefficienl of friction belween gahions
and soil.

Fig. 65 . a) Increased foundation depth; h) widening of the found~t!()"·
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l)n the type of.\\'all and existing conditions. The normal force
.\' is the sum of the vertical fon:es perpendicular to the sliding
surface i.e. soil weight. wall weight. vertical component of the
sl)i\ th~usl. and surcharge and I is the coefficient of friction
between soil and footing or hetween soil and soil; (' is the
cohesion factor. and B is the length of the sliding surface (Fig.
621. For a computation of thcse contrihuting faclors refcr to
Chapter V... Examples of Computations".

With regard to thc coefficicnt of friction. specific expcri
ments wcre carried out to determinc what valucs should be
used for gahion walls. sic: (Rio Reventado. lnstituto Consta
riccnsc de Electricidad 1965 [19]; Bologna Officine Macca
fcrri S.p.A. 1985 Figs. 63. 64). For cohesive soils the ratio
that was ohtained hetween the horizolltalthrust and the filled
gabion was rather high. 0.7 to 0.75, but since thc contrihu
tion of cohesion needs to be taken into account in these ca,scs.
the resulting cocfficient of friction is lower. In cohesive sbils
'alues are slightly, higher than the traditional tan Ip. where Ip

is the angle of internal friction of the soil. In the analysis of
the resistal1l:e to sliding at the base of a gabion wall. it is
rcasnnahlc to usc:

I = tan Ip

since it can he assullled thaI sliding occurs on a soil to soil
face and not at the gabion to soil interface.
Cl)Jlscrnllivc values of cohesion on the sliding plane may be

used in addition. in the case of cohesive soils. In the
experiments referred to above. the kinematic coefficient of
friction bctween gabions and artificial surfaces was dctcrmi
ned. For concrete surfaces the coellicient of friction was
determined to he 0.64.

The horizontal thrust lending to produce sliding is:

The safety factor against sliding is 'I,

'1., = F,/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 usually a
mailer of judgement wherc the merit of the work. the dcgree
of refinement sought in the computations. and the al:curacy
with which the soil characteristics arc known all need to be
taken into consideration. It should be noted that in this
rcspect clay soils arc the most trcacherous on various counts.
mainly becausc their charactcristics vary significantly with
change in water content.

To design walls with adc4lJate safety factors against sliding
is often diflkult especially where the ioundation soils havc
low friction factors.

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



".].2 Check for o\'erturning

For a retaining wall that is resisting active earth pressure
and where its own mass is a resisting force the overturning
nwment (Fig. 66) is:

AI; = S"I"

and the restoring moment is:

where II;", is the resultant of the wall's weight and the weight
of the" boxed" soil above the heel and I". I".. I,•. arc the lever
arms for the forces S". H~Ol' and S,. respectively.

The safety factor against overturning is given by:

'I, = M,'i\1 i

and its m1l11mUm 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 minillHlIll thickness of the heel and toe is equal to or
greall:r 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.

:n addition since the strength of the heel in bending is
negligihle. only the .. hoxed" soil lying on a length of the heel
equal to its thickiless 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 Il-Il only
the horizontal top and hOllam panels of gabions arc conside
red tl) he effective. The vertical panels carry the anchorage
stress developed between Sections a-a and h-IJ and in
conjunction with the interlocking action of the stone fill they
also transfer the shear and bending stresses at Section (H/ to
the main structure.

failure surface can be assumed to he a plane inclined at an
angle (I) with the horizontal. This surface is assumed to pass
through point A, the lowest extreme point ')11 the heel of the
foundation as shown in Fig. 68. To find the failure plane i.e.
the one with the lowest factor of safety against sliding. the
angle (I) is made to vary.

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

For every (I) there needs to be found a I¥, the combined
weight of the soil and wall in the clement CIT. This weight is
a force of known magnitude and direction. Also for e"ery (I)

the direction 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 Ip with the perpendicular to CT

Knowing that the direction of the force S along side OT of
the mass under consideration makes an angle I) \\'ith the
horizontal. it is possible to determine the magnitude of S by
using a simple force polygon. Finally it is possibie to
determin~ the intensity of the passive pressure Sp. for which
the reader should refer to [I. 2] and Chapter V.

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

To ensure stability the minimum value of 'Ii to be used is
1.2 10 1.3.

Fig. 66 - Forccs to hc consiucrcd whcn checking thc overturning l1lOl1lcnl.
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4..l3 Check on overall stability

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

The analysis for this condition consists in searching for the
slip circle. i.e. 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 ~implifications can be used to reducc its
complexit) to a simple geometry of linear. circular and
logarithmic spiral curves.

For a discussion on the general methods of solution the
reader should refer to the hibliography. In the special case
\\ hL're the lill hehind the wall Lllnsists of cohesion less soil the

w,.., = W", + W, + Po'
M, = W,..,' ... + Sll,.
M,=S.,/"
1/,=M,Mi

f-- .. I"

W, .. , ,>-- I.,
--r-
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4.4 Analysis and design (~llhe wall and its foundation

.a..a.1 Wall dl'sign

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

The bending moment .\1. the shear stress T. and the
'hlrmal Slress.V arc the ";IIues to be .'hecked at a typicai cross
section.

The bending moment and the sh~ar stress arc functions of
the horizontal thrust of the soil and of the eccentricity of the
perpendicular resultant. The perpendicular resultant is a
function of the weight of the wall. the weight of the soil
resting lln 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 section it
is possible to compute the internal 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:

AI
(!'=-

N

The maximum computcd normal stress (amax ) must not
excccd the allowable stress (Ii"",) which is a function of the
density i'y of the gabions. i.e. the type of rock fill and its
compaction" (Sec Table 7).

The limits suggested arc 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.
instantaneous· settlements of t;le order of 5 '%', can be expected
and long term settlements can reach up to three times this
value.

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

T
r=-

B

The allowable shear stress IS:

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:

r ~ a tan rp* + ell

Table 7 - Allowable compression slresses on ~abion

slructuml clemenls.

---------------~_.----------------_._-
Linear il1lCIlXllation can he usetllor intemlctliatc value: IT,m = 5~'~ :- ~

This exrn.:ssion can be obtained by making the following
assumptions: the section reacts partially when e> B/IO. the
length l)f the dTective resistant part of the section is x=(B/1
- ('I 0.4 and the maximum stress is O'max = N /(0.8 x). The
\';IIues of the maximum stress thus obtained arc smaller than
those obtained using the expression lim", =(NIIJ)(I +6ejlJ).

1.4
1.6
1.8

.,
5
6



where." is the average normal stress at the height of the
section under analysis, cp* 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
l'ompaction of the gabion fill; If'* is related to the density
;',,(111,.') of the filled gabions by the empirical expression:

cp* = 25 j'" - 10"

For convenience of computation these coefficients. as
functions of the internal angle of friction <i' arc given in Table
8. The maximum soil pressure developed .it the wall founda
tion is usually found by the expression:

N ( 6(')"ma. = B 1 + B

The tel'lll ('II represents the overall cohesive effect of the
wire mesh on the gabion structure. The value of c" depends
on the ratio of weight of mesh to the volume of the gabion
structure. and it increases as thc gabion depth decreases. with
gahions fitted with diaphragms. and with gabions construc
ted of heavier me~h. Conversely thc valuc of ('II 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 I x 1
m in size. without diaphragms and with 8 x 10 mesh of wire
diameter 2.7 mm. ('" is 0.15 kg/cm 2; and for gabions 2 x 1
x 0.5 m in size. with diaphragms and with 8 x 10 mesh of
wire diameter 3.0 mm. ('" is 0.40 kg/cm 2

• It is possible to
compute the representative ('" valuc using the empirical
espression:

(" = 0.03 PII - 0.05

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

Plim
a"",=)

Some authors suggest that for cohesionless soil:

In the case where only a portion of the base section is in
compression (eccentricity I! > 8/6) {he soil stress can be
evaluated with the usual espression:

B
1/=---('

2

where I'll is the weight of the metallic mesh per cubic metre of
\\all [91 expressed in kg/cn,-' and ('y is expressed in kg/cm 2

•

The limits of the shear stress arc also fixed in order to
control the degree of deformation rather than for reasons of
safety. where II indicates the distance from the normal force to the

clement under stress.

~.4,2 Check on foundation bearing pressure

N,,={N,,-I)cotlp

N:= 1.8 (N,,-I)tan(f'

I 09

i

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

~-

tp N, N" N~

f----

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

I20 14.83 6.40" 3.54
25 20.72 10.66 8.11
30 30.14 18.40 18.08 I
35 46.13 33.29 40.69
40 75.32 64.18 95.41
45 133.89 134.85 240.85
50 266.89 318.96 681.84

1/ = ;',.1'

«(. = d" = I +0.35 riB

d.. = I

where:

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

The ultim~lle prcssure can bc computed using Hansen's
expression. see Fig. 69 and references [1, 2]:

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

B '
-----~._ ..j

J

--------------
Fig. (,t) - Chara"erislics of Ihe Slressc's ;Il'lill~ \Ill Ihe fOlllldali"11 "f a'" " '" ",,,,, .



4.5 Criteria for the evaluaaon of deformation

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

SCI in order to evaluate possible movements in wall
structures it is necessary to define an appropriate value of the
tangential nodulus of elasticity G. On the basis of the
experiments mentioned above it has been possible to observe
1* 3.4.5) a correlation. for a given wall section. between the

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

This relation can be used to determine denection. 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 "I and therefore a
constant value of G.

The value of G can be expected to range between 2.5 and
3.5 kg/cm 2 and in any case these can serve as guideline
values.

4.6 Analysis of the behaviour of particular retaining structures

".6.1 Gencral

The component elements of gabions or panels of mesh can
be used to advantage in the constructi"n of reinforced soil
structures. They function in a fashion similar to that of
reinforcing strip~ 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 exam~les 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
prtwide accurate data for the preparation of the design .

....6.2 RClaining slruclures using gabions or panels of mesh as
soil reinforcemenl

4.6.2./ Dimensions (?{ the soil reil!!cJrCemelll elemellls.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
innuence and assuming triangular distribution of the earth
pressure on the wall, see Fig. 70.

Consequently ties or clements thilt 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 - Rctaining structures stiffcned with reinforccment ties made of
gahiolls alld Reno rnallress.

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

Obviously the computation must include checks on the
following:

al The strength of the ties and their anchorage length.
b) Stress concentration at critical points on the thin wall witl1

particular a!lention paid to the effect of vertical loads and
connections to the tics.

e) Soil resistance at the wall foundation.
J) Overall stability of the structure and surrounding soil.
c) Any necessary control of vertical and h~rizontal dencc

tion.
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Fig. 71 - Anchorage stresses in a Reno mattress lie.

4.6.2.4 FOl/lldatioll soil stresses. The beRring 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).

4.6.2.3 Localized resistallce 1?1' the gabioll \l'all. The vertical
stresses arc produced mainly by the wall's own weight and
the remainder by the bending stress imposed locally by the
soil thrust. They arc 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.
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This is clearly illustrated in *3.2.3; the shear strength of the
gabions is ill the order of 1.5 to 2 kg/em} and therefore IS to
20 tonnc~ on one metre length of wall having a thickness of
one metre. It can be seen that the shear stress at the
connection points is approximately half the t~nsion stress in
the anchorage pa:lcls. therefore even where the panels arc
carrying their maximum load it docs not exceed 3000 kg. The
pancls arc placcd with the dimcnsion of maximum strength.
(the direction in which the mesh is woven). lying parallel to
the direction of soil stress. Therefore 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
ensure a positive connection betweer. the ,wall and the
anchorage.

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

I
I

~h::;:'::::::::':;:':'!'b:'Q:::::;~;:::::'
I 1 f

l__ ~I ~ I ~
_j . ...liSo +!fI2

______1- __. .

where II is the number of mesh panels lined up along the
direction of anchorage stress per unit width of the tension
dement.

The icsulting anchorage length includes a safety factor in
as much as the mesh is stressed to a lower limit than its
capacity. The allowable stress 1'01' 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 ,hat in this case parti;;ularly, they affect the
o\erall stability of the structure.

[
_ Slim _ liS,
------

f lilll atanlp

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

Tlim = a tan cp

-I.fl.:!.::' Desigll I?I' the thill gallioll \l'all. 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 earth 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 seen in References [20, 21 and 22].

The project designer needs to consider such data to
determine whether the anchorage length should be extended
beyond the 2 to 3 metre dimension notwithstanding the
statement above that longer anchorage lengths arc 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 earth resting
against the wall and exerting a thrust less than the a<.:live
thru~t. but not having the stabilizing effect of the anchors
which lie within the wedge.

The naluation of the overall stability at connection points
nf the andlOragc panels to the wall face presents no difficulty.

strength 5, 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 flilll related to the normal pressure of the
soil (T by the usual expn~ssion:



4.7 Computer progranune for the design of gahion valls

Fig. 72 - Diagram of Ihe geometry of a gabion structure illustrating Ihe
inpul for CiA WAC compulcr program.

paragraph 4.3. yielding. after a trial and error computation.
the minimum valuc of the safety factor (Sf) for the stability of
the syskm 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 tangential 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.

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

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

The GA WAC programme is arranged so that for a given
wall cross se( tion it will automatically cycle through for
different valucs of the density of soil. different angles. o~
friction. for increasing v<:lucs 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 GA WAC programme. These tables make it easier for
thc project designer to establish preliminary basic sizes for
gravity and semi-gravity walls and for different loading and
soil conditions.
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The calculations required for thc design of gabion walls
can be programmed for computer solution. This is confirmed
in the above paragraphs which show that the sequcncc of
operations and dcsign criteria remain unchangcd. whatevcr
the wall section. soil or gabion characteristics. There are
howcvcr somc exceptions for special cases. A programme has
been prepared for the FORTRAN system and callcd GA
WAC for «Gabion Wall Code». Gabion walls of any shape
and si?e can be analysed with this programme. It is immate
rial whether the section is vertical. or built to a batter. or
whethcr it is stepped on the front on rear face.

In this programmc the geometry of the project is described
by means of a matrix. each clement of which corresponds to a
structural characteristic. As illustrated in the example of Fig.
72 the gabion characteristics are assigned the number I. the
characteristics of the soil arc assigned number 2 and the
unoccupied sp'ace is assigned number O.

The GA WAC programme. which is also designed to deal
with sloping or level backfill loaded with a uniforrrly
distributed surcharge Po. computes the active earth thrust Sa
acting on the wall. In cases of simple gravity walls as shown
ill Figs. 56 and 59a the programme 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
lI:d by line h-h in Figs. 59b. 59c and 67.

The thrust is a"sumed to make an angle (~= If' with thl.'
perpendicular to the thrust surface.

The GA WAC programme using the known density of the
gabion and soil determines the overturning moment M J. t ...
n:storing momcnt MS. and the ovcrturning safety factor SR.
The check for sliding is performed according to paragraph
4.3 by computing Fl. FS and the safety factor SS. The
cventual anchorage force exerted on the extreme portion 01'
the heel beyond section hob. in Fig. 67. is assumed equal to
the smaller of the two values. namely the allowable tension
n:sistance of the mesh itself and the anchorage value develo
ped by the soil. When sr ',cd. th':: 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 act!> over the wholc 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 subjcct to tension. The output gives the maximum and
minimum soil prcssures with thc understanding that if the
minimum pressure is zero the stress exists on only part of the
foundation.

The programr.'1C excludes th~ possibility of having zero
pressure at the toe. This eventuality even though rare dill
occur if the soil thrust is low and the front face of the wall is
extensively stepped.

The stress at the bollom of the stem wall i,; also checked
and here too the case where the stress exists over part only'of
the scction is singled oul.

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

17



4.8 Comments concerning the design criteria fiJI' gabioll sir ~!ctures

".8. t Layout and sizes of gabions in the structure

Th~ b~st r~sults for this typ~ of construction are obtained
by exercising the utmost care in the filling of the gabions apl
in urranging their I"yout in courses in such a way that ih\.:
distribution of the l'lcsh in thc structurc is halanced with
respect to its charaCh.. istic functions. This mcans that the fill
m'h. ial should be as small as possible far the given sizc of
tl"..: mesh to obtain a uniform density which will ensure the
best load distribution and also the maxilr.um and most
cffi;.ient utilizatio:1 0f the wire r lcsh.

In this respect gabions in 6 x " mesh are prderable to those
in Xx 10 or 10 x 11 mesh. and 0.5 m deep lo 1.00 m deep
units. sin..:e the P' .cased ratio of mesh to stone fill will
noticeably improve the static behaviour of the wall.

It fol.ows that where walls are higher than 4 to 5 metres, it
is advantageoJls to use 0.5 m deep in preference to 1.0 m deep
gabiow in the lower courses and foundation where the
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
effectiyely reduc~d. This is simply achieved by placing the
gabions with their longest dimelisioll perpendiclliai to the
wall.

".8.2 Filling

Gabions may be filled by hand Of by mechanical me"ns.
E\ery effort shall be made to keep void,; and bulges in the
gabions to a minimum in order to ensure proper alignment
and a neat. comp\lct, square appearance, without using stone
of such size and shape as to obtain a rigid construction or
face.

".8.3 W::tlls with stepped front or rear faces

Gabioll walls can be built with a stepped front-face. or
with a stepped rear-face. see Charter II. Walls with stepped
rear-face are ("Iften chosen for function'll and aesthetic rea
sons. However from the technica: point of view the walls with
stepped front-faces are preferable. ar I certainly advisable for
walls 5 to 6 metres high .. Fa .(I·~r w.... is the stepped rear-face
is a.:ceptabie providing that \,"\' Juilt to a ':>atter vI' not less
than 6 degrees.

".8.4 Allowable deformation

Gra\'ily wall" are subject to less dl'formation than semi
gra\ity walls and are therefore more suitable in situations
where nll)·.·.:ment of the top of the structure is to he avoided.

But even in these cases it is possibk to usc semi-gravity wall!>
and contru~ the movement by mC.ins of one or more layers of
ties as described in paragraph 4.6.2. dePrnding :m th.: height
of the wall and tlle so;1 characteristics.

4.8.5 Drainage

When compared to other typ.:s "I rtlaining structures.
gabions walls have an additional safety factor in that they arc
permei..ble and self on:iiling They are therefore not subject to
pressUI es cxceedin!J those contemplated, nur to the deteriora
tion of lhe WIt chara;::lcflstics in thc foundation and the
backfill areas.

Notwithstanding the :,oove. it is advisable to take proper
measures to improve the drainage in the back (if the Willi

using laiger size materi.ll at the lower level of the fill (Fig. 13),
and possibly providing '1 concrete apron shaped to drain olT
collected waier in a convenient direction. ard installing land
drains.

\t regulur intervals along the walls drainage should be
provided to carry water aw~y Irom the foundation.

4.8.6 Use of fille· fabrics

In fine silty or sandy soils. it is most important to select a
fill:"g material which can serve as a filter to prevent
m:grution of ,he soil through th~ structure. It is inad\ isable
to use filter fabrics against the rear face of the wall because of
the possibility. often inevitable. of the fabric becoming
clogged. with tI.e resulting <iangerous increase in hydrostatic

Fig. 73 - Drainage system ror a gahioll reti.:ning stndure.
----------

1: Gaoion wall
2: Back fill
3: Drainage hardcore
4: Land drain
5: Concrele slab
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pr~ssur~.

The use of fabric can be recommended in river and marine
works where a continuous and frcqucnt watcr 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 useful 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.

1 Gabion wall
2 Back ;111
3: Geotexlile
4 Geotextile under the foundation

,. Gabion wall
2 Counterforl

r.. j'.-' _r.··r:-'T: -T'·····

75). These project from the rear face of the wall to the limit of
the area 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 I to 2
m and they are spaced at distances which depend 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 docs not mean that they do
not contribute some structural reinforcement to the wall.
They can be considered as efficient 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 stiffen the top of.
the wall by preventing its deformation.

',' Fig. 74 - Use of !iller fabrics in a gabion retai
ning slructure.

Fig. 15 - Diagram illustrating gabion drainage
counterforts.

~-----_._---------------_.-----------------'



CHAPTER V

Examples of calcuhitions'

/11 [his clIaf![('/" [lie cri[eria d(,I'('lof!('d ill [11(' pr('('('dillg c/l/lP[('/"s

,/I'" cI"rUi"d hy Ih" pr,,('/ icC/[ "pp[ic,,~ iOIl (!I' Ihe SO[III iOlls [0

SOIllC s[lcci/ic e.'l:lI/llpl('s I!{ gllbioll re[lIillillg SII'IIC[lI/'('S, n,('
pl'Occclll/'e lill/ml'ed is pl'Obll/Jly [00 t/elllll/Illillg to he cII/'ried Oll[
1lllIlwally. al/cl [lIis IIpplies ('s[weilll!." /0 [he ol/e il/ E.'I:lll11p[e /11,

/1/ II prelilllilllll'Y ('('(/[1111 [ iOIl [he desigll(,/, shollid Jllel'(:/iwe
pl'on'ed lI'i[h silllpi(lied CII Ie II IeahillS, cOl/n'lIl ral illg IIIl1illly IIIl

[II" /!l'illlriolll' 01' [~/(' sl1'/lc[lII'e liS des('/'i/!ed il/ E.'I:II/I/ple [h. The

Example la

eait'lI/atioIlS (/I'L' I'l.'qlli/'l.'tI .fill' thl.' gubiml ..etaillillg lI'ull
.\h(lll'll ill fig. 76.

rhL' tlellsity of tile gabioll is ;'!I = 1.65 t/I".I; till.' tlelisit)' oj till.'
fill bellilld rill.' lI'all alld tllat (~f tIll.' lmll/tlatioll ,~oil is ;', = 1.8
t 11I.1, tlleil' illtl.'I'IIal allgle (~f.fi'iL'tiOll is Ifl = 30",' for I'esi,~tall('e

agaill.\t slidillg the (,1I11e.~illllla('tlll' L' = I t/1II 2 is u,~.mllle/IJI/I· the
.fill/Ildatillll. TIll.' gabiom al'e (~,. hl.'xag0l1al lIIesh 8 x 10 lI'ith
lI'i,'l.' diallleter 0 = 3.00 11I11/.

TIll.' tlltal lI'all height lI/e&l.\I(l'l.'tI pul'tlllel to till.' J(/('e (~f till.'
lI'a/l is H = 8.00 III (~f II'IIidl 1.00 11/ is hlll'il.'d; till.' Stl'lI('tlll·1.' is
hattel'L'tI at all allgh- 1. = 6", III Illiditifm to till.' soil tlll'lIst till.'
lI'all i.\ Sllppol'tillg a slll'('hal'gl.' loutl Po = 1.8 t/1II 2

, I.'Cfllit,/dellt to
a soil la,\'1.'1' I~f depth 1.00 III., all/I applil.'tI Oil top I~f the
11III'i:0Ilta[ buck.fill (;: = 0).

//lore preci,w ('O//lPllll/lioIlS ('(11/ h(' /lwde II'hl'l1 /~/(' .lilw/ dill/el1
sions (!( Ihe 11'111/ I/lll'e heell ex(rllcled or wizen prepllring II

cOlI/lwler pmgrllll/ SO/III iOl1, ..0.llici/ll' M lIcc'!I'erri S.p. A . .. \l'iII
he p[ellsed [0 (!llc'r assis[lIl1ce to il1teres[ed desiRlle/'S'il1 [he
eXlllI/illl/[iOIl 1!I'spec!lic pmh[el/ls lIrisil1R tlllrillg [he pill/lllillg of
gllhioll rell/illillg s/ fllclllfes 1/111/ ill the .fiJl'lIlIl[lIt iOI/ (~f pmject
pmposlils IIsil/g [he GAWAC pmRl'lil/Il/Ie oll/lil/ec/ iI/ *4.7,

and QN f) respectively. in the coordinate system OX}' with
origin al 0 and has axes parallel to the faces of the gabions:

Am = 16 /112 X m= 2.00 m Y,,, = 1.94 m

A, = 13 m 2 X, = 3.50 m }~ = 4,04 m

The coordinates of the points G",. GI' Q. N. D. F. ,4 in the
coordinate syslem OX.l' which has its origin at O. and veqi.cal
and horizontal axes. and is therefore rotated 6" with reference
10 Ihe OXY coordinate system. arc computed using the
following relationships:

x = X cos!Y. + Y sin ':J.

a) The des:gn calculations arc c'~Tied out on a unit length
of \\"<111.

The lines extended at 45" from points F' <lnd ,4' intersect
the base at hinge points F and A . "lC effective length of the
base ekmen t is Iherefore:

H = ['-4 = ·t)O m

The base is therefore full cfTcctive.
Thc \cnical planc against whieh thc pressure is assumcd 10

a,,'( passcs through poilll J).

hI LeI .-1",. X",. };II and .·1,. X,. }; he Ihe areas and the
,,"','rdinak's "l' the ccntres of gra\'ity (I", and (I, of the \\'all
SL',,'II,'II ;Ind PI' the s"il L'I'lIrillL'd hel\\eL'1I Ih~ haL'k Ill' Ih~ wall

50

.I' = - X sin':J. + Y cos ':J.

The results arc:

x", = 2.19 m

x, = 3.90 m

\Q=2.72 m

x.\. = 5,21 m

xl:=xII~-4.4X /11

x['=-O,IOm

x. I = 4,37 m

rm = 1.72 m

Y, = 3.65 III

.l'Q=6.75 m

.l's = 6.49 m

.I'll = - 0.47 m .,

.1'1' = - 0.1)1) ,11

.1'.1 = - 1.46 m



. ,:
~ ..' .

t..--450 m, --~----~

l:1 L~t .-tvU" .\1Vtl•. A/'\Il' .\1/'\/1 b~ the areas and the static
nll)lll~ntsabout hinge point F of th~ triangles Q/~P and Pi\' J):

,) being the angle included Ill:tween the line of action of the
earth thrust and the perpendicular to the plane on which the
pressure acts. Let II be the angle bet ween the plane of earli1
thrust and the horizontal. and (I) the angle between the line of
the earth thrust and th~ horizontal:

II = 90"

(I) = ,i + (90" - f/) = JO"

= 0.297

.'I" = ;',H/ Kj2 + Polf"K" = ~~A6 t m

sin 2 (/1 + Ip)
-- - .. - - - -

.,. . ( !sil1(/p+/»)Sin(/P-';))\ 2

Sill-II sin (/1 -- ,)1 I + .I. ;---;---;---------
\J Sill (Ii - M Sill (/J + 1:1

k,,=

Let If" be the height where the active thrust acts. and k"
[he coefficient of active pressure:

Let .'I" he the active earth pressurc. .'Iii and .'I,. its vertical
and horizontal components and M" its moment about the
hinge point:

.\1, = (.-1, IX, - x rl + .\1(lU' -- .\I/.\/)) ;., = 7~.5g tm,'m

II; = 1.-1, + ..1(1/./' - ..1/•.\"/));', = 19.06 t III

.\1",= 1I;"(x,,,-xrl=60.6~ tlllm

II;" = .-1 ",;'" = ~6A t m

L.~t II; . .\1. he the resultant and the moment of the
resultant about hinge point F of that portion of the surcharge
located abon: the boxed-in soil.

L.~t II;". .\1",. II; . .\1, be th~ w~ights and the monw1ts with
l"l~sP':l:t to hinge pllint F of lhe wall section and the "boxed"
soil i.e. the soil enclosed bel ween thl' wall and the plane on
which the soil pressure is assullled to act.

.'Iii = .'I" COS(I) = 19.45 t m

,\', = ."I" sin f') = 11.23 t III

LeIII', be the weight of the soil included between the base
nf lh~ wall F.·l and [he horizontal sliding plane R.·t:

,(fl., 11" + Jpoi;', \' .
.\1" = ."I" ]'-I[-')--.-::- - (Yr - I'll;. - .'i,L\/) - xrl =

. "+ -Po 1/ . .

= - ~.09 till/in

til Computation llf the aClive pressure. Sinee the earth
thrust is e.\ert~d on a soil to soil plane it can be as~"""ed. (see
~ ·Ul lfiat:

The Illoment of the earth thru:-.t has a negative sign b':GllISC

the line of the thrust intersel'ls the hase of the wall.



el In the computation of the passive pressure it is assumed
that

II "" 90" ii I' = (fl = J(l" I: = (l"

Let 1\.1' be the coefficient of passive earth pressure:

I\. = sin 2 (/1- (~I

I' ., J' J • ( Jr:"in (=(P=+=()::=',,=)S='i=n={(=p=+=1:)7)~2
Slll- /1 Sill (/1 + () 1 I - -~~-------
.. " sin(//+(),,)sin({/+I:)

= 10.10

The passiw 'pressure 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 (.\',1)' In
additio'n let S~/' and S~,. and M;, be the components and the
nll)ment ahout hinge point Fof S;, and let S;:" and S;,. he the
l"l1ll1pOnents of S;;:

s;, = ;',.1"11\. r 2 = 8.99 t,m

.\I~ = S~/.I"f3 = 2.58 tm/m

S" ' l' , 19 -0 .
• P = ;·,.I'~I"'1' - = .) t,m

fl Check the resistance to sliding along the horizontal plane
R.-l passing through the lowest point of the fondation. Let F j

be the sum of the forces causing sliding and F., the sum of the
forces resisting sliding and 'Is the safety factor. then:

Fi = S" = 19.45 t,m

f, = S~" + c13eos '1. + {H~II + IV, + WI' + H~ + S,. - S;,.)tanl{J =

= 51.39 em

,/, = F, I; = 2.64

Let .\l i he the sum of the overturning moment and M., the
sum of the restoring moment. The safety factor against
ovcrturning 'I. = ft.",; !'vl; is not computed because as already
noted AI; is negative:

.\l i = AI" = - 2.09 tm/m

.\1, = ,\1", + AI, + Ale + AI~ = 147.47 tm/m

gl Lct :V be the normal force actin!! on the hase section
FA. (' the eo:entricity of the resultant. and IT I and 1T 2 the soil
pressures at points F and A:

.\ = (IJ;II + IJ; + 1J;.leos'1. + S"sin(w + '1.1 - S~sin(lil' + '1.) =

= 56.27 I 111

I! = 1312 -- (M. - Mi)IN = - 0.408 m

IT I ={1 + 61!113) NIB = 5.7 t/111 2

Since the Cf.:mlputed values of the soil pressure are signifi
cantly higher at the heel than at the toe, it can be assumed
that these results are 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 Plim be the

limiting pressure and IT"", the allowable soil bearing pressure,
Nt" Nq' Ny, iq , iy, "t' "q' d;. the coefficients to be used in
Hansen's formula (see § 4.4.2):

T = - (IV,II + IV, + H~.) sin '1. + S" cos ((I) + '1.) 

- S~cos{(il' + '1.) = 5.82 tim

N e = (N q - l)cotl{J = 30.14

N,= 1.8(Nq-l)tanlfl= 18.08

i., = I - 0.5TIN = 0.948

I
Plim = eN,.de + Yrl',N"d"i" + -",BN.. d.. i.. = 131.8 t/m 2

.
.. "J ":2 I I I

h) Computation of the safety factor for overall stability.
assuming the failure surfaces to be planes (see § 4.3.3) and Ii
= Ip. Let XII' YII be the coordinates of the point of intersection
B of the top of the fill with the line N A (Fig. 77):

QN = [(x", - XQ)2 + (y", - .\'Q)2] 112 = 2.50 m

XII = X'" + QN sin{er: + I:)sin:x = 5.24 m

YII = J'N + QN sin (cc + I:) cos '1. = 6.75 m

Let the weight of the soil of section QN B. be:

WI =QN 2 tan(O:+I:),',/2=0.591 tim

Varying w 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 (t) = 43.58U

•

With this value of w, let C be the point of intersection of
the failure plane with the soil surface, ret -t be the intersection
point of the failure plane with the vertical through F, W2 the
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T

B r-T-.-:h-r

weight of the soil section A Be. WJ the weight of the soil
section AFT, W.. the resultant of the surcharge acting on QC:

,II _~-2cos(a+r.)cos(a+w)"-5748 I
h 2 - ., AB . ) II - • t m_ sm(w-e

BC = ABcos(a + w)/sin(w - e) = 7.77 m

W.. = [(x8 - x Q) + BC cos e] Po = 18.51 tim

Let W be the sum of the destabilizing weights and S the
thrust on the plane OFT, which closes the forct' triangle ".',ith
side S, Wand the reaction along TC:

S = W sin (w - cp)/cos (2cp - w) = 35.60 tim

Let Rp be the passive thrust acting on the plane OFT:

Yr = J'f" - (x.~ - Xf') (tan a + tan w) = - 5.72 m

Let 'Ii be the safety factor for overall stability:

'Ii = RplS = 8.361

The search for the minimum value of 'Ii was carried out by
using the following values:

Let {/ be tile included angle between the plane on which the
active earth pressure acts and the horizontal, let 8, assumed
equal to cp, 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, Ha the height at which the active earth pressure
acts which is the vertical distance betweell the points Q and
A', Ka the coefficient of active pressure, Sa the active pressure,
Ma the moment of Sa about hinge point F'. The computa
tions are carried out in a manner similar to those in Para d)
above, thus:

Ka = 0.348

Sa = 20.32 tim

M a = 12.55 tm/m

Let M be the moment about hinge point F', N the normal
force and Tthe tangential force acting at section F'A', e the
eccentricity, Urn.. the maximum tension on the section, and
(Jam the allowable tension (see § 4.4.1):

M=M,-Ma =IO.21 tm/m

(I) = 451'

(t) = 43.58°

'Ii = 8.399 (first attempt)

'Ii = 8.362

'Ii = 8.361 (minimum)

N = J¥. cos a + Sa sin (w + a) = 32.49 tjm

T = - JoY. sin a + Sa cos(w + a) = 13.10 tim

B = F'A'= 2.5 m

i) Computation of tension at section F'A' 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:

~v.= 18.98 tim h= 1.20 m M,=22.76 tmlm

e=BI2-MIN=0.936 m

X = (B/2 - e)/0.4 = 0.786 m

um.. =NI(0.8 x)=51.69 t/m 2

aam = 40 +50 (}'g - 1.4) =52.50 t/m 2 > am..

53



Assuming the contribution of the weight of the wire mesh
lln the Illwer side of the foundation to be 1'" = 10.] kg/m·1 (sec
r911. then the cllhesion of ;!abilln surface is (sec *4.4.1).

Let 1,1* be the Ilctilious angle of friclion of the stOIH: lilling
in th~' gabil'lls (sec *4.4.11: r lhe a\'l.'rage shear slress on the
~~·~·tilln. :,'''' the allowahle sh~'ar slress.

1.1" = 2:' ;'" --- 10 = J 1.25"

r"", = .\ tan (p* .H + e" = 10.49 t m! > r

II Computation of the lJeflection ,3 of point Z at the top 01"
thc wall. assuming F' to be lixed. Thc structure is divided in
dements of thickness ,311 = 0.50 m and a table is drafted. The
surface on which the earth pressure acts is assumed to be
QA'. as in Para i). above. with H,,=7.12m. Let" be the
dbtance I"rom Z measured parallel to the face 01" the gabions
tl) the centre of gravity 01" the ekment. let S be the thrust. IV
the \\..:ight of the structure above. and T the shear at the
height of the cenlre of gravity of the clement. ! the average
shl.'ar stress and II thl.' width or the clement. ~' the angle of
motion and ~.; the contribulil)Jl of the element to the
nhnenwnl in the direction 7.Q:

11'=-1',',,= 1.65 A

F=,'icos(ul+:xI-lI"sin:x=IU42 .'1-0.1045 W

r = F /l

;. = r C; = r 25

Table EI

Let also fT be the average normal te.',lsion, 1/, the ratio
between the allowable tangential tension and the average
tangential t~nsion on the element.

fT = (.'I sin ((II + ex) + IV cos ';()/h = (0.6704 S + 0.9945 IV III>

1/, = (fT tan «(1* + ("/)/! = (0.6061\ fT + 1.5)/!

The total movement or point 7. in the direction 7.Q is
llbtained from Table EI, and linally ~, the horizontal
deflection of 7. is computed:

~ = 2: (~~) cos ex = 0.680 m

The computed ~ is the sum of the movements due to the
earth pressure and that due 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 ~. due to the surcharge, while the « permanent l) deforma
tion ~" of the structure is due to the soil pressure.

I\ssuming a constant value for the tangential modulus of
elasticity the results arc:

= 0.0094 E ~: = 0.256 m

,3" = ~ - ~. = 0.424 m

The effect of the surcharge is to increase the horizontal
deflection by 0.26 m remembering that the wall is inclined at
6". a point on top of the wall is 0.]1 m behind a vertical line
passing through the corresponding point at the bottom' of the
wall. when it is only loaded by earth pressure. When the
surcharge is in position this distance becomes 0.05 m.

11
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I'h.: ~tahilit~ of th.: lIlass l'olllprising Ihe wall and surroun
ding Sllil as designal<:d hy U/NAF in Fig. 7(1 is to he
in\\.',tigated. Thl: a\l:ragl: lknsity is 1.7 t.nl'l, The surface on
whidl the pr.:ssur.: al:ls is th.: plane WIHlS': projection is line
III. sn that II = 96" and (') = 2-t",

In thl' ~'lllllputation dlhe slahili/ing w.:ighl. a surdlarge of
i m llf ~'llil distribuh:d mer QL is l:lll11bined wilh 0,5 m of soil
distrihuted mer the full width nf /.\'.

Thc comhined wcight of the mass comprising thc wall.
sUITllunding soil and surcharge and their momenl about
hinge Ihlill! r; neglccting the slcp al the toe arc:

\I' = X.S x 3.5 x 1.7 = 50,6 t m

.\/ .. = 1\'[(1.75 +O.5lcos6"+·L:!5sin6"-j = 135.6 InUll

J..., = 1l.2,:' I: is llhtained frolll '·ig. 57 using 11=1)(1". Then the
hl:ighl III' the re~\ultanl thrusl hCI'lIlIles:

S,. =..0 , f.:,.:·,I1~ + f.:"/',,1I = IX,I)7 1m

S" = ,Ii" L'Os (,) = 17.32 t III

S,=S"sinl'I=7.71 tm

\/ ''i II" (' I!" + 3p" :") _ S,ll = 17.4 tm III
. ,,' ,', 3 J /" + 2/1(1 :'/.

Th~' \\l:ight 11'1 Ill' the soil FAR and thc horizontal
~'\llllpl\(ll'nt \'/' of thc passivc prl:ssure is compulcd:

II', = , :', IJ cos 6" IJ sin ll" = UN I m

Thl: resistance to sliding on plane /LI. and to overturning
ahlllit 1-', and thc bearing prcssurc on the base r.·l are then
~';Ikulatl:d using the expressions below:

Exalllille II.'

III II,i,\ (,xuII/plL' tl/(' ,/('d I~" tIll' jiu/lldution ill t:xampl(' la h
I'X(('/11/('d hm'k I III liS .\"011'11 ill f'ig. 78 ,/Ild thl' I'(',mltillg \'~"I't.r

.fill'till· uguill.w .\/itlillg h 1'1111"1111"1',1 til t"'lt ill 1:.\:IIlIIpl(' / u.

al The dTeclive width of thc foundation remains Ihc samc
as that in Fig. la: Ihc increased length is assumcd 10 senL'
only for andlllrage purposes.

h} Thc andlllrage fOITe can not excced the strcngth of the
mcsh panels forming the anchors and only the top and
hollom panels of the gabions are assumcd to scn'e as andlllrs
sincc the vertical panels carry the strcss. which is mainly
shear. developed al the section through ,-I', see Fig. 76. Thc
effective panels for anchorage are therefore Iwo, at the top
and bollom. Their load capacity is the ultimate Inad capacit~

of the mesh 5.3 1m, (sec paragraph 3.3). reduced by an
appropriate safety factor to -t.5 t, m for each panel. Therefore
the capacity of Ihe mesh IS:

SIII<>" = 4.5 x .2 = l) I 'Ill

wherc S""',h indicates the anchorage Inad carried b) the
ga binn mesh. ,

c) Analysis of the anchoragc force pro\'ided by friction in
the portion of thl: foundation DL Sel" paragraph -t.ll.2.2.

The snil pressure al the foundalinn k\'c1 is:

(j' = ;', (.I'v . 1'/1) t I'" + :'" ..1/) = 1(1.45 t m2

and therd'ore the friction flll'ce .'1,," IS:

S.," = (j' ·tan (p'/ = lJ.50 tm

Since Ihe friclion force is greater Ihan the mesh capacit~.

.'i,II' > SIII",h' Ihl: anchorage force pro\'ided by the secljon of
foundation beyond DL is assumed to be SIII"h = l) I m.

dl Adding Ihe mesh compolll;nls contributing to the other
flll'ces resisting sliding as computed al para n in cxampk la.
the results arc:

1-', = IlJ.45 t,'m

1-',= 51,.\1) +9=60.3lJ 1m

'I, = F" I-'j = 3.10

which compares with 'I, = 2.64 as I:Ompull~d In Exampk la
wilhout thl: foundation extension.

II, = \/" .\1., = 7.XO

\ .~ III' +- S, )cos 6" + Sl,sin 6" = 5X.X till

l'~- H 2 -1\1" -1/,,1 S ~·(),2-t m

\' (' lll' ) ,
" ..,." = IJ 1 -+- Il ' = 17,2 t Ill' = 1.7 Iq,u;l11!

r
I

6"

O
E --'~,!

~I

i
::~!T~r1.71..

1.00 m
.., ,..

5.5 m

. .p"

(I I I I I II I \~hW:~'f"'?"1
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I'.xample Id

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:

IJ = 96°

(j =qJ = 30"

Proceeding in a wuy analogous to that in Example la. we
obtain:

'I. = 2.0

'I. = 4.9

'Ii = 7.80

(1£0,4' == 15.56 t/m 2

.1 = 0.54 m

79 r-------------------- ----,

Example Ie

Analysis of a structure similar to that in Example Ia 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 (see paragraph 3.3), of 3.5 tim. The
total strength of the anchorage is therefore 3.5(2 + 0.30)
= 8.05 tlITI 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:

(I x 1.8+0.30 x 1.65)tan30"x6=7.95 tim.

Assuming 7.95 tim to be the limiting strength of the tie and
reducing it to 6 tim 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 saf~ty

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:

11=0

r------------------'-------,SO

I' ,". ,.

100 m
-..:{ ~- /'Po

.lJ (rITT~2ltR,:~;,..\y, .,

...2.50_11l,

,.... ~~Ofl)_
-~

E

IS
o:i

I..

/
/

/
/

12.00 m
-I

'.,. "



Example If

.4 IIul.rsi.~ 1Ij' u thill gabim, wu/l allL'horl!d lI'ith IIIl!sh pallds as
.~h(m·II ill Fig. 81 alld withstalldillg thl! lat/!l'al tlll·u.~t oj' a soil
.\;IIIilu,· til that I~" Exulllpl,' I".

The thin wall is formed of gabions wilhoul lids. fabricaled
of hcxagonal 8 x 10 mesh and wire diameler 0 =3.00 mm.
The anchorage panels which also serve as gabion lids are of
Ihe same wire mesh.

In Ihe following calculalion the symbols are the same as
tlwsein Example la. The computations are carried out in a
simplified manner.

al Active thrust.
Wilh If = 96". (p = () = 30". I: = O. K" becomes 0.2535. and the

Ihrust aels on the inlernal wall face.

S/r=S"COS(r)-:.<)= 16.67 Vm

s. = S"sin(,) -:.<) = 7.42 1/111

\1 =5·!i 1/+31'0 ;', -- S.I =
'" '" 1-1 .,. ,)"

.J + -1'0. ;',

= 2,93 ."I" - I.HI ."I, = 35,46 tm'm

bl Passi\c prcssure.
With 11=l)O". (p=,) = 30". /:=0.1'" becomes 10.10

s,.=~-:·,/I~I\,,=9,()9 1m

'.:1 Wcight of the wall.

1\;" = ,·1", :'" = 1-l.H5 t m

.\1", = 1I;"h", = 1.38 II~" = 20.49 tm In

dl Tcnsion in' the anchorage lies.
The lension in Ihe ties is compuled assuming Ihal Ihe stress

is dislribuled equally to all Ihe lies and uniformly to the soil
Ie = 0).

If Ihe tension in each of the ties is S. the moment due to all

Po

'DO Ifl.., ..
... 200 m

the ties about hinge point ,.. becomes 28 S and 'therefore:

8
(' = 2"' - (fl'!", - M" + 28 S)/N = 0

where N = I'V,,, + 5" = 22.3 1/111 and it follows thai:

5 = 1.33 1/111

e) Final results:

S/", + N Ian Ip + 7 S
'1,=-· S

'/r

= Mill + 28 S = I 63II, M .
"

a=N/B= 11.1 t/m 2

I) Observations
The assumption that all the ties are carrying the same load

S is a simplification which eliminales the need to determine
exactly to what degree the thin wall has deformed.

Strictly speaking this would be re4uired to evaluate rhe
specific contribution of each anchor. On the other hand the
distribution of the soil pressure is innuenced 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 rotalion.
(the stresses and movement are grealer 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 k=O) to avoid the tendency of the foundation 10

rotale upwards, a situalion which in the case of a rigid
structure wo'uld result in the anchors being unloaded.

The panels appear to carry only small loads. i.e.' 1.33 tim.
compared to their limit capacity of 5.3 tim. and this means
Ihal Ihe slructure has spare capacity. probably in exccss of
lhat indicated ,by the safety factors .

g) Check on essential points.
The stress on anchor No. 6 from the top. is evaluated

assuming that it carries the thrust from a vertical strip of soil
whose depth is equal to the spacing of 1 m, between the tics.
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:

SIIl):= (yJI + Po) Ku x I =

= (1.8 x 6 + 1.8) (0.2535 x I) = 3.19 tim

This load is far less than the tensile strength of the panel
and ean be safcly carried by it.

Finally the shear strcss is checked at the most critical
seclion F' A':

T;::,(-}.",h1+Pllh)K"COSI)-6 S=4.47 I/m

N;::'( ~ }"h1+ Poh)K</5illl)+7 }'I/= 18.73 tim

r","=Ntanlp*/lJ+I',/= IX.73lan31.25"jl +2,1 = 1147 l'm 2



Exaillple 2 Example 3

Cakulati(m.~ .l"m· the de.~iNII of tl,e "etaillillN lI'all slwlI'II ill
fig. 82.

Tht' lI'ull is hllilt with Nuhiolls (~"//(,:I:ugm/(/I IIl1.'sh 8 x 10 lI'i,h
lI'in' diuIIIl'h'" ,too 11I11I. lJ.~illg the .~(I/lle s.'·IIIhol.~ u.~ ill EX(l/III,h'
la, tht'II:

Thl: computations an: carril.:d out in an idcntical man ncr
to thosl: in Example I. Note however that the slope is at an
angle /: = ~-l". and there is no slll'chargc. The more important
results show:

f" = 1.60 t 111'\

tjl ",,'25"

(' = I t m~

:Jt=6"

II;" = 16 tm

II; = S.X5 tm

II: = 0

1, = UIO I Ul'\

(; = 25 1m 2

('" = 2.6 1m2

H = 5.00 m

Po = 0

AI", = 29.92 tm/m

.\I, = IX.66 tm'm

.\1,. = 0

TI,e lI'all shml'II ill fiN. 83 Sllppol'ti"J: a "oad i.~ louded lI'itl, a
'IIIifm·III'." di.~tl·ibllted .mrt:ha,·!:e Po = 2 ,/m2 alld ,he soil UI,i,
lI'eighl is I"~ = 1.8 If'II'\, twd '[I = JO".

I' i.~ "eqllil'ed ttl detalllille ,he .HI'e.~se.~ illlpowd Oil the lI'ull.

Thc problem is solvcd by Culmann's mcthod, Sec *4.2.3
and comparc with *4.3.:1.

Varying the anglc (I). thc thrust S which balanccs the
weight of 1\, B. C. D, is computcd:

PCI' unit Icngth of wall thc lotal \'ci-iical load I\' (soil +
surcharge) for (I) < 59" is:

. (12.5 ) (5 )II' = ---- _.:1 ;', + ----- - J (I"
tan (II tan (I)

allll the thrust is:

S = W sin ((I) --_~
cos (ii + ([I - (II)

Using I"~ = 1.11 t/nl''' (10 = 2 1/11\2, (i = cp = 30". and varying the
valuc of (I) with the help of a programmablc pockct calculator
the maximum valuc obtaincd is:

The value of F, includes 5.7 t m which is the stabi'ising
dTect prmilled by the founda tion .

This thrust. assuming il is thc rcsultant of linear distribu
tcd pressurcs. is thc valuc to bc uscd in the stability analysis
of thc wall. As mcntioned in paragraph 4.2.3. this mcthod
makes use of all thc simplifying assumptions basic to
Coulomb's method. In fact the actual stress distribution is
morc complcx than an e1cmcntary lincar distribution.

II', = 1.15 t m

1\.,,=0.713

Sol = I X.~7 t m

S;, = .\1" = 0

f; = 16.56

.\1; = 0

'1,= IA7

.\" = 31.1-l tl11

"1= .:!X.)'-I

i'. =0.26 m

I\. r = 5.60

.\1" = - -l.:lO tm,m (stabilizing)

8;;=0.67 t,m

F, = 24.27 tm

.\1, = 55.75 tm m

II, = Y•

II; = 1.:17

T"lIliTlr·.I·~ = 1.93

S = 5.68 tim for (II = 46.:15"
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CHAPTER VI

Review of completed projects

6.1 Introduction

In th..: final ..:hapl..:r (lflhis manual a numb..:r ofexampks (If
l'llmpkl..:tI prl)jccis arc illuslrah:tI. In thc inlercsl of darity
lhc~ ha\c bccn tli\'itlctl inlo Ii\'c principal calcgoncs:

al Rn;\tI and railway work,
Slrll~·lur..:s III supporl slopcs anti roatls
Bridge abulments and pil.:rs
Cuhcrts

b' Slope alll: dill face slabilization
Works in urban an:as
Works on unslable slopes
Rockfall and avalanche prolection

c) Revelments on embankmenls anti olhcr slopl:s.
dl River and marinc works.

el Work appertaining 10 buildings.

84
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6.2 Road a~1{1 railll'ay lI'ork

6.2./ Structurl!s to :rl!tain slojJl!s and road\·

ITAL}' - Emilia-Roma.':lIa - 1913

Structure built along the Setta Ri\'cr
to protect the railway embankment
on the Bologna-Florence line
(Fig. X41.

1TA L )' - Pietll/lollf - 1927

Bulwark proleclion of Ihe railway
embankmenl on the side of the Rea
Stream in Monchiero. Cuneo
(Fig. 85).

1Ttl L )' - I'iet/mollf - 1960

Wall to support an unstable slope on
the Susa-Oulx road.
(Fig. 86 - photographed in 19l-l41.

'.. ·t·,-, 86
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1: Gabion wall
2: Back fill
3: Drainage hardcore
4: Land drain
5: Concrete slab
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/ TA L }' - Emiliu-RomaKllu - /964

Rl:taining wall for a road I:mban
kment located on an unstable slope ncar
Bologna. The schistose clay of this ..:a
lanque zone is in unstable equilibrium.
Forthis reason it was decided to build
two structures. providing upper and
lo\\er sections and a double drainage
effect.
Figure 87 shows the layout of the sche
me: Figure 88 is a photogr,:ph iaken
during the winter shor!!y after the con
strill.:tion of the walls. It should be
pointed out that the gabion structure
docs not suffer from damage due to frost
action. Figure 89 shows the scheme
twcnty ycars after its construction. The
great success of the project is evident
from the growth of vegetation on the
embankment and near the wall.

88
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I T.H. r - Vmh,-iu - 1966

:\ wall of notcworthy dimcnsions .. "1, cxtcrnal buttrcsscs
supporting thc cmbankmcr' l)f tostrada dd Solc.
in Faoro. provinl:c of Tcrnl. oct\\:. Florcnl:c and
Rl)mc. IFig. 90). Figurc 91 slwws how wcll gabions I:<ln
support \cgctation (photographcd in 19X4).

/ Ttl I. }' - f:.'miliu-R oIIIUJ.: lI/l - 1969

Wall with stcPllcd rcar·facc rctaining a vcry unstablc schisto
sc clay slopc. for which it also providcs drainagc. Construc
tcd ncar Vcrgato in thc Provincc of Bologna. it is pcricclly
aligncd with thc road on a doublc bcnd. demonstrating thc
casc with which gabion walls can bc :tdapkd to awkward
situations (Fig. 92).

.,

93

"

/ Ttl L Y - Emilia-R Olll('J.:lIU - 1970

A drainagc wa!1 with a stcpped front-facc safegliarding thc
Bologna-Pisloia railway in the loutfity of Silla ncar Porrclla

... • Termc. Province of Bologll". One of the purposes of thc
'. structurc was to provide drainagc tf) a considerable dcpth.

~ : ".' conscllucntly the foundation is five IllClres bclow the Icvel of ..' .
thc track (Fig. 9:).

SA UDl ARABIA - /973

Gabion walls on the Alzulfi-Buraidah road. It is intcrcsting
to note that thc wall bclow the road is supporting thc

'of cmbankmcnt. whilc thc one abovc was I:onstructcd to prc
vcnt thc sand dunes from encroaching on the road (Fig. 94).



(\/ iTD I\I.\'(,'DO.\I - Eng/lilli/ - 11)74

T,)~ \\all on lh~ AJO road. Il~ar I'\cl\:r. Dc\'on IFi;. 95).

UNITED KINGDOM - Willes - 1977

Wall with stepped front-race to prolec t, the railway and
to supporl dwcllill!, ill POlllypridd. i\lid Glalllorgan
(Fig, 1)6).

SII1TZERLL'"D - 1975

All inkr~slillg wall Il~ar Aipilach
SUppl1rling lh~ railway lhat runs
paralkl 10 lh~ road Il~cal~d on a
I,,\\~r le\'el. The slruclure \\as
Cl1l1SlrUdcd \\'ilh PVC coaled gahiolls
I Fig, 971.
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U.S.A - II'1I.\!liUJ:tIJII - /976-/977

Gabion walls llll Interstate Iligh\\-ay l)().

near Snoqualmie Pass. Thc road is lhe
principal cast-west corridor in the stale.
linking urban ccnlrcs and important
tourist arcas.
Thc main conccrn of the Washington
State Ilighway Department in planning
this six-Ianc highway. was to cause the
least possible damage to Ihe surroun
ding counlryside. For this reason. and
to minimize the excavation and Clln
slruclion costs. a gabion sli'uclure \i;IS
chosen for Ihe retaining walls.
Along one slrelch of road a 15 m high
wall suppol'ling Ihe road and an II m
high wall on the upper side of Ihe road
10 relain Ihe slope were planned. The
walls Were founded either directly Oil

hed rod, or on a COllcrete slah 011 lop of
the rock where it proved to be 100

uneven. At other points smaller \\'alls
were buill on soil consisling mostly or
gravel.
The gabions were filled with selected
quarry slone and backfilled with stone
or about 0.60 m in diameter. dumped 10

a slope of I: 1.5. The fill was then
packed wilh soil ano seeded altcrwards.
Shrubs were planled 10 stabilize Ihe
surface of the embankment. Figure 9S
and 99 illustrate typical cross sections or
walls and their construclion. Figure 100
shows a cross section of a wall suppor
ting the slope. while Figure 10 I shows

i Ihe same wall after seven years .

.•
-:.--<;-. ~ -~...;: ........

if.!!

""'""4"".o""0""m= Wl/A

1: Gabion wall
2: Back foil
3: Original soil
4: Rock
5- Concrcle slab

10
a
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100- ....

000 m
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CL\'.-t DA - OntQl'io - 1978

\\'alls tl) slopes on both sides of the
rnad in Owen Sound (Fig. 10(1).

SWEDEN - 1976

Stepped front-face wall III Sundswall in Viisternorrland.
(Fig. 102).

105
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SWITZERLAND - 1977

Imposing stepped front-face wall in Tosstal Bauma
(Fig. 103)
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AL"STRAUA - 1977

Wall installed during the widening of
State Highway 95 at Mou!1t Ousley.
not far from the city of Wollorigong
in New South Wales.
Figure 104 illustrates the cross
section of the wall;
Figure 105 shows it just after
completion.

'02
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JORDAN - 1978

Stepped front-face wall. 14 In high. on the Amman-Aqaba
rl)ad ncar Maan Junction. figure 107 shows a cross seclion
Df the proje\,:1. Thl' road. cut into the rock on the side of the
nll'untain. crosses a deep gully having a silty sand oed. The
wall was builtt\') oridge across the gully and the road laid on
malcrial impl)rlcd for the purpose placed between the wall
and Tock fal:c.

Because of the bearing capacity of the foundation soil (about
I kg/cm 2

) a gabion structure was chosen for its ahility to
distribute pressure uniformly and (0 adapt to any fUlllre
setllement (Fig. lOX).
Figures 109 and 110 show a 6 m wall supporting the sillpe
along anolher stretch of the road. during constructil)n and on
completion. respectively.

loa

110
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f1.\'I..4.\'D - 1978

Rl'taining \\all on an urban railway supporting Ihe end
l)f a tlYll\ l'r in Helsinki (Fig. III).

112

UNITED KINGDOM - E//Klul/il - 1979

Retaining wall supporting a slope along a steep road
ncar Millon Coombe in Devon (Fig. 112).
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;;u.~d,6-];~jJ.;·";I:n~;!"'~"":;';("';I"fW~~~
C 1\1 /) I - O"'W';o - /9"'1)

I,lL' \\all !II a SlllllL' ill '1'\11'\111111 (Fig. 11.1).

Wall wilh rear slcpped face al Guildford Slalion 111 Ihe
\\l'slern suburbs of Sydney. N.S.W. (Fig. 115).

J)O.un/CAS REPCBUC - /98/

\\'all III a rllad l'l11bankl11cnl crosslI1g a dccp gully
I Fig. II (II.

66

BOLl VIA - /980

Wall supporling a slccp slopc abo\'c a road in I.a Pal
(Fig. 114),

• 114



S.HJI)I .HU/l/A - 1982

Walls both abll\1: and belo\\ th~

road along a strl:ldl of thl: "Shaar
tkscl:nts" (Fig. 1171.

SWITZERL.ND - 1982

Wall on a road in Sarnen Fntkbuch. Worth Iwtin!! IS

the excellcnt workmanship on lhc structure along the
curvc and its perfcct intcgration into the natural
cnvironment (Fig. IIX).

/\EN}',.. - 1983

Slabilization of Ihc slopes by means of gabilln slcppl:d
fronl-race walls alon!! the Thllchi-Nkllbll road lInd~'r
,"1I1 '.1111< '11, III (I i: l I Iii I
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I T.-1/. }' • Cumpun;u - 1982

Sl:ril:s or walls to stabilise the slopes along State road
163 Amalfitana ncar Naples (Fig. 120).

ITA/. Y - Cumpun;11 - 1982
Wall supporting the road at the side or the Caserta
Benevento railway (Fig. 121).

SIIITZF.RL-1.\'IJ - 1982

\\all n:taining thl~ sillpe abll\e a rllad in Birmcnsdorr. Earth
"I\IlI,linill~ seed \\as placed ill the gabiolls with the slollc fill
dl!l'In~ ,·,llblrlll'lilln. The rc\ulling \cgl:latinn cnsmcs a

pleasing appearance and the integration of the structure into
Ihe local cnvironment (Fig. 122).



l'.S..-t. - I\ ...IItud•." • 1982

SII)pc rctcntion hcside the railway ncar Corbin
(Fig. 1~31.

SAum ARAIl/A - /98.J
Longitudinal wall with stepped front-face 10 protecl a
section of the: Zayma-AI Sayl-AI Kahil' road lhat runS
parallel to a <<wadin (Fig. 1241.

•

REPCBUC - 1983

\\';dl hell)\\ a roal! embankmcnt.
The structure also fun<:lions as a weir (note the lateral
~'re," \\ hidl carries water from the culvert under the
rllad and discharges it into a deep ditch (Fig. 125).

SWITZERLAND - 1983

Wall supporting the road ncar Lake Sarnel1 I Fig. 12lJ).

IlRAZIL - Uio (,',./11111(' do ,<),,1 - 1983

Wall supporting the slope ill front of the piers of a
federal railway viaduct ncar Santa ~Iaria (Fig. 127).

1~&
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URIZII. - .\lillll.\ Gt,,·/,i.\ - IIJc'U

\\;111 ;It "111. I:' of thc ES 0:'0 Aragllari·(ioiandira
r;ril" a~, built b~ the S":l'llllli Raih\ay Batlalion of th..:
Br;t;/iliall .·\rlll~ IFig. I :!~:l.

.\EII Zr:.-lI..·l.\'1> - /IJH3

Illlpll~ing L'ollnlcrfllr! \\all al Worsky Spur Rcscrvoir.
(·hristdllll\:h.
ligun.:s 12lJ and IJ() sl1\1\\ a .. icw from abovc and a
l'nl~, ,eClion. and Figurc IJ I a close up of pari of Ih..:
\\ llrk .

~,_.
~.

_ • a

--

.~~......
".~.. A

~L~~ h. t .~~ :', ~ ~~I t~
• ~ •• ' .... I~' j""~" •., ~~. - ."../!16 "r ' • .......~• ... ,~.J .. ':

. '. wJ!' ·t'..l ... ~ y"t .(' '- Y"...• '- . ,; .... ," ..'i .:it) '. ..:J ..- J' ~

1 Gabion wall
2 O"ginal ground
3 Land drain
4 Concrete slab
5 Compaclcd back fill



c.~ .\.HH - (J/lral'io • 1977~"98J,
:\ldng sid..: a wall hllilt in Itiro,nlo in 1977 III support
th..: rllad (Fig. U21:n SCC'lltll.liWlult or gabillns was built
Sl' lh..: I'l)ad clHtld be widened (rig. I JJI.

SE.\EG.tI. • 1IJc'I.J

Wall lHI th.: East Tangcntial rllad 10 Dakar (Fig. 134
I fA L )' - Illlsiliclltll - 11)11.1

Slcppcd fronl-racc wall. undcr cunSlnH:tion. on lhc
POlenza-Ferrantlina raih\'ay (Fig. I JSI.

COST! RICI - 198.J

\\ ,til ,upP,)rting' a rllad on thc Barranca River 111

I'unl.lrl'nas IFig. 1.~61.

JORDAN - 1984

Clll11pleled works on a road cll1hankll1clll \\ hcr..: a ,lrL';11ll
crllsses the alignment ((.jg. 1.171
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fEDERA L REPL'BLIC Of
GER.\f..t.\ r - /9801

\\'all to protect the slopes
ll\~rl(}(lking Ihe UII11-Wucrzburg
hil!hwa\ in Reidll:nbach-Aalcn seen
at-the heginning of the project
lhg. 141).

CI.\lEROL".\' - /9801

El11bankl11~nt walls nn thc
Iht'oussal11 to l3al11cnda Road
IFigs. 13X. 139).

CI.\lEROL".\' - /9801

\\'all at thc tnc of a slnpc nn the
Escka Itl \lah1lll11c section of the
Trans-Cameroun Road (Fig. 14(1).
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/).·tPL' - .\'E". Gl'I.\'E:' - /975
Ciabioll abutmelits I"or a Bailey bridge Oil the K watit
/{ i\er IFig. I·HI).

IJO.\II.\/CI.\' REPUH./C - 1979

(j,lbi,'n abutmcnts I"ln Il'mpl)rar~ bridgcs buill ancr
Hurricanc Da\id (Fig. 150).

SACDJ AR·lB/.·I - 1980

Long "all protecting the brillge abutments and the
embankment on the Jumum to Zaymah Fel'uer Road
(Fig. 15~1.

,Ii It 1>IIIU IH.. - /1),110

I'r"ll'l'tllln or bridge piers Oil the .Ieddah-l\lccc,i11

C' N..' 1>A - O"tario - 11)78

To protect the abutl11enls or a bridge. this intere,ting
slruclure is joilled togl'lher. both upstream alld dll\\ IhtrC;1I11.
hy a ,impk rC\Tlml'lll (I·ig. 14(J). The projl'CI \\a,
cllllstrllclcd llll I\-llllkl Crcd: ill thl' cit~ llr \li"l,agu;1

(,'UA lEMA LA - /980

Wall to protect the abutmellts 01" a briuge (Fig. I:) II.

('
t'

,(

"I'.',....



PAPC·. - .'\'EII' (;['I;\,EA - /975

Gabillll ablllllll:llts for a Uaill:) bridgl: Oil thl: Kwatil
Ri\w (Fig. I~X).

C:I N..II>'" - Ollft".;/1 - /1)78
To proll:c1 (hI: ablllllll:llts of a bridge. lhis illtl:l\~stillg

slructurl: is joined togelhl:r. both upstream alld dowll"tn.:alll.
by a simple n:\,elIllen( (Fig. 14()). The pnJject was
cOllslrul·ted Oil Mulkt ('rcd ill thc city "I' ~Vlissi~aglla.

149

'50 151

I>O\I/.\/Cl.\" REPUH.IC - /1)"1)

li;lbi"1l abutlllcilis 1"'1' k'lllp"rar~ bridges buill after
IlurriL";lllc Da\id (!-ig. 1501.

(;UA TEAI ... I.A - /1),1;0

Wall to \)I"otecl lhe abutments of a bridgc (!-ig. 151 t.

SA CDl A R.-lBJ..l - /9,1;0

Long wall protecting the bridge abutmellts and the
embankment Oil the Jumum to Zaymah Feedl:r Roa
(Fig. 1521.

S.·I em .1 R..t IH ..( - /9.'W

Prllh:ctillll of oridge piers 011 the kddah-Mcccah

F\press\\ay.

.,
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SAUDI ARAlHA - 1982
Prolcclion of bridgc abutmenls Oil

Ihe Riyadh-Dal11mam Road (Fig.
154).

IHUSIL - (;0;11.\ - ;982

Slcpped fronl-facc wall 10 prolcct a
bridge abulmcnt in MOIariandia. The
\vall is founded 011 a gabion apron
1l.50 m thick which will check erosion
at Ihe loe as il Oexes dowJl\\'ards
!Fig. 155).
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IFIU·· .111,.,,::; - 1911-1

-\hulmclH prlHcdinll al a hridge 011 Paradiso slrcam IIcar
Chicli t Fig. ISH

C:l NA f)A - O"t{/l';/1 - 1984

Gabioll wall prolectillg bridge abulmcnls IIcar Torollio
(Fig. 157).



LS.1 OldI '. - ' I/lwI/1/I - 19X I

mpl1Sinl! \\"111 h . of

'h -' 1II1!.1 ulmenls f f In pm!..:..: III . l) lHI I' . u' ,11:
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6.2.3 Cu/rert protection
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BARBADOS - 1966

Consolidation of a marshy area traversed by a road.
Figures 162 and 163 show the construction of a cuhcrt
to drain away 'the water, and the completed project.
Figure 164 illustrates the process of restoring the road
suh-grade by using 0.50 III thick gahions.
':'igurc 165 shows the project ahout twenty years after it

was built.



.HSTR.-tU..t - 10)76

(·.\/TEIJ I\I.\(;J}O.\I - Ellgllwel 
IIr5

\\ all I,) .... 'Inlain Ih .... sid ....s nf an
~'I\lh:lnklll~'nl ,I' .... r a .... uh ....n nil the
-\ .,03 r,lad al Yarty Oil th .... hurd .... r
bel \\~'~'II f)e\nll and S,llllersel (Fig.s.
lh(). l(l?).

Gahi'lll willg walls
under a railway al
\·i ....hlria (Fig.. 16X).

10 a bnx .... uh .... rt
Marayong.

SH/JI ..t R..t HJ..t - 1979

Retainillg \\all in PVC-....oakd
g;lhinns on the Jeddah-l\1eccah
F \ press\\·ay. The wall is conlinued 10

pr'lt ....Ll a s.... ri .... s of larg.... box culvcrts .
.\1-,1 IHlk the .... xlellsi,·c PVC-coalcd
R~'llll Illaltress aproll huilt
dll\\ Ihtr~'alll ,If th .... cuh-crts to ....0 II t1'01

l'r'''I<l1I II I).!. I fll)l.



High gabion "all under the outrall or a eulverl (Fig.
1"1I1.

IlUAZII. - SI/O PI/% - /979
Composite structure in San Jose Dos Campos
in the background. or a bridge abutnlCnt and.
roreground. a ,culvert protedion (Fig. 171 J.

I
\ ..~...

consisting.
in the

- O"ta,.;o - /98/
Seri~'s Ill' cuher! pr\ltedion \\'alls in C\lrnwall (Fig. 173).·
Figure I"~ illustrates a pnljel'l or larger dimensi\lns
cnlhisting Ill' a retaining \\all tIl protect a culvert. and or
a g;lhi'lil apr\ln that e'tend, se\t:ral metres d\l\\'nslreaJl1

ITA L Y - lla.~i1i('ata - I WW
Protection or a road culvcr! USlllg Reno maltresses
consolidaled with hydraulic sand asphalt mastic in the
Sinni River Valley in MetapI)Jlto. Pnn'ince of \latna
(Fig. 172).

to give greater protectioll against soil erosion. '1\\ II

laleral challnels line,' "ith gabiolls carry thc \Ialer
collected rrom the sides \lr the road to the rin:r.
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Plant
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I, GablOn wall
2' Culverl
3 Old road emhankrnc-nl

------------------------------------~--------

L5..4. - .\li/l/lc!wta - 198.4

Structure supporting the embankment
of Highway 53 and the culvert that
runs through it. allowing the Ash
Ri"cr to flow into the lake of the
samc name ncar Virginia. ('vtn.
Figure 175 shows the plan and some
cross sections of the project which
was carried out by the Department of
Transportation.
Figun: 176 illustrates the completed
projcct.

UBrA - 1983
Prlltcctilln of a culvcrt nc; r the village of EI Mcbni at
the fll11t llf the Jehel Akhd Ir Mountains. The gabion
structure continues to form a long canal that carries the
\\.IlL'r II. 'hL' ,ea fFig 177)



0.3 Slop(' (flld i"IUI'./l{('(' sla!Jili::alioll

6.3.1 Works ill ur!Jall ar(las

C.4 .\.4 VA - Oll1a,.;o - 1969

Serics of rctaining walls to protect dwellings in the
Bay\ie\\ arca ITl)rl)ntl)).
Fi~url' )N Sllll\\ S a \ icw 01" I he prlljl'C( just .Inn ils
c,lnstructillll. \\hile ligure IXU shl\\\s the uppermost wall
fiftccn ~cars latcr.

1Ttl I. )' - 1:,.;111;
Velle:;a G;II/;II • /96-1

Check dam across thc
valley nl:ar SI. OS\'ald
pass. Its purpose is to
protect Ihe lown of
Cimolais from heing
inundated should
landslides cause Lake
Vajolll 10 ()vcrn()\\
(Fig. 171';).
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o Drainage system

o Inhabited area

..'r·".... t.,..,.~.····('··

! 0 Gallion slructure 10f stal'lIllsallofl and dramage

o Reno mattress Iinlllg

/ T.1l. }' - TII.mlllY - /969

Slabilizalion nf an unslabk slnp~ in San
\Iiniall). PrlHilH:c nf Pisa. Th~ slid~

nlll\ Clllcnl was nf majnr dilll~nsionsand
c\lcmkd tl) Ihc inhabil~d ar~a. as can
b~ sccn fmlll th~ sit~ pia n (Fig. IXI ).
Th~ prl)jcct involvcd thc construction of
a scri~'s l)f l:l1l11hincd walls and \\'~irs in
~abil'ns f'll" stahilisatinn and drainap.~.

a~ Slll))\ n in thc cross scction in I:ig.
I ~~. rhc upp~r part of the slnp~ was
lincd with R~'no 1\lallr~ss.

Figur~ I X3 slwws th~ projel:t just afler
~·"lllpktil)n.

I'ifk~'n ~cars aftcr their cnnstrlll:tinn.
the slrllL"lures ar~ still in cxccllcnt wndi
ti,1n and r~rfectly integrated into the
natural ~'n\'ironlll~nt (Fig. IX4).

Section A-A

1 Gablon structure lor stabilization and drainage
2: Back fill
3 Onginal profile

__ ._0-_-·--·_--- _
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1 Gablon wall
2 Back f,lI
3 Drainage hardcore
4 Land drain
5 Concrete slab

/ TA L )' - Emiliu-R IIIIUlK"U - 197/

Thl' ardll:ological remains of the Etruscan "City of Misa"
arl' located on the embankment of the Reno River in
\Iarzabotlo. Province of Uologna. In 1935. to protect them
from the erosive action of the river. a series of groynes and a
gallion \\all (Fig. 185) were constructed. Figure 186 shows
thl'Sl' structurl'S aftl'r more than forty years. On the left note
thl' fence that surrounds the archeological zone, Due to
considerahle waleI' seepage and surface erosion. the emban
kml'nt bl'came unstable and. at thl' beginning of 1970. the
~ituation bl'caml' critical.

During thl' rainy Sl'<\sons the water washed away the
~urfacl' soil. \\l'tled the slip plane surface and caused landsli
dl'~. Actioll was taken in 1971. in the form of a new wall 8 III

hi~h. SIH1\\1l in Figures 1!\7. IXX. and 189. After fourteen
~l'ars. thl' prl'sl'nt conditioll l)f thl' wall confirms that the
,tructurl' ha, achic\cd a stabk Ilatural equilibrium.

189



CA YHH - Ollta,.;/1 - 1974-

Retaining wall for an embankment in a residential part
of Toronto (Fig. 191).

VNITEI) KIN(jI)OlH - ClItHlllri

I.~/I/Iltls - 1973

Retaining wall supporting the ground
in front of a group of houses ;It

Gothic Cedars. Jersey. shown ten
years after its constrlll:tion (Fig. 1')lJ).

CANADA - O"W,.;/1 - 197.1
Interesting longitudinal structure protel:ting the abutments
of two hridges and the foundation of an imposing
building. Figure 192 shows the wall ten years afler its
l:onst rUl:lion.

U.S.A. - Ok/lI//lI//Il1 - 1977

Wall to protel:t a house in Binger
(Fig. 193).



POR rUGA I. - 1980
Gabion wall protecting some huildings III the residential
complex of Qucluz (Fig. 194).

PlIIUPPINES - Mil/dull/III - 1978

Structure to protect an inhahited area in Salay on the
Cagayan de Oro-Butuan City Road (Fig. 195).

S.H·D/ ARABIA -1981
Wall supporting the embankmcnt on which the royal
residence in Medina stands (Fig. 196). This photograph is
from the Saudi-Oger 1982 brochure, publishcd by Saudi
Oga Ltd .. Riyadh. Saudi Arabia. Figure 197 shows a
_\.'1," ,r i Ii.' ·1 III- 'I J! :'C'

, \- 194
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IlRASIL - Milius Gauis - 1981

I{elaining wall 10 protecl a group of
houses in Til11oleo buill on soil lhat
is vcry easily eroucu (Fig. 19X).

U.S.A. - Kl!lItl/('ky - 1982

Series of wall in the hisloric scctlon of Frankfort 10

prolect scveral houscs thaI face the KenlUckv I{iver.
Figure 199 shows a detail of the project. Figure 20{J. a
general view.
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S Concrete Sidb

BR AZ II. - SUlltl' OHUI'jlll' - 1982

Wall adjoining the athletic grounds and
fa~ililics t)f Ih~ Athlclic Associalion Club
t\f thc Ban~o do Brasil in Joill\'ilk (Fig.
~021.

Figure ~Ol shows a cross seclion of Ihe
wall "hidl featurcs a ~oncrete sub-foun
dalion that ~ollccts water that seeps
Ihrough from Ihc highly permeable san
dy-sill ba~klill.

SACDI ARABIA -1985

Wall in P\'C·~oated gabions at the toe of f" .. <.
an cmbankment. constructed for an ur
ban sCllkmcnt on AI' Rabiah Hill in
:\orth Dharan (Fig. ~(3).

REPCHUC Of S.·I.\' .\1..1 RI.\'O - 1983

R':I.linil1~ \\all hdl\\\ induslrial huildings in ()omagnano
Ih~. 21l4)

-oIl.(.

~t.i.."", .
PUERTO RICO - 1984

Wall under conslruction to support an cmhanKmcnt ncar
thc ncw psychiatric hospital in Bayanon (Fig. 20:\1.

203
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0.3.2 IForks ull /llls/ah!e slopes

I TA I. }' - Sw·t/il/ill - j 963

SL'ries ,lf retaining walls tll stabilize a tn:aeherllus sillpe in
Dll rg;lIi. PHn ince llf NUorll. A road has been built at the top

_ 3.00 m_

~.
;~"

.,~

.1.•

450 m

;J~(;';:"....ail
3,:;c,," f::

llf the sillpe (Fig. 20(1). and twenty years later the strllctun.:s
arc still in perfect condition.

NOR IVA }' - /973

Wall to consolidate a slope in Tio\'ik. Figure 207
illustrates a cross sectil)n through the structure. As \\L:

can sec in Figure 20X. a gabion structure is as suited til
arctic condition. as til the tropical countries featured in
other illustrations.



1TA I. )' - Emiliu-Rllllwg/lu - 1977
Wall at tile foot of an unstable slope ncar the inhabited
area of Porretta Terme. Province of Bologna (Fig. 209).

1T.... L )' - Tn'llti"o .... ,ty A tlige - 197H

Gabion wall huilt on piles anchored by tension rods anJ
interconne~:tedwith reinforced concrele beams. 10 !:onsolida
ll' an unstable slope in Velrillio. Province of Trento.
The slip which was first obserwd in 1965. occurred in
quartzifcl'l1us filladis soil at a level ncar Ihe surface. and
innlhed a volume of about 55.000 nl'l.
The 1l111\cmenl caused scrious damage 10 the local road and
Itl a large number of dwellings. Boreholes were laken 10 find
the depth of the slip surface (from 3 to 8 metres). and (0

obtain soil samples from which the shear parameters were
dctermined. The low shear slrenglh of Ihe soil and Ihe
ne,:esslly tlf preserving the existing. drainage pattern deman
ded a structun: of oplimum llexibility. The design included a
et)(11bination of tension rods '.nd piles inlerconnected by
n:inforced concrete beams. to preeompress the soil. Gabions
\\ere l'!lllsen for the vertical structure for their llexihilily and
drainage ....apability (Fig. .::!Illl. The general laynut nr Ihe
s.... heme is shown in Figure.::! II. and the graph in the insert
illustrates how the slip has been almost completely halted by
the ...c remedi,d measures.

STABILIZATION WORKS SCHEME HORIZONTAL SHIFTINGS OBSERVED

1982

--,---~-------

Years

1, GatJlon wall
?: Reinforced concrete beam
3: Piles
4: Anchorage
5: Slide volume
6: De9raded (lIIadis
7: Ouartziferous filladls
8 V,II"
9 llfJh~1

10 ~~lidllhl.ltIO" w(J~k
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REPL'HUC Of SAN MARINO - /978

Stabilisation works on a slope at Baldasserona. The wall
is keyed deeply into the ground which consists primarily
llf weak day (Fig. 212). The wall serves as a weir.
Surfal.·e waleI' resulting from rainfall on the catchment

area above is channekd over the central crest tFig. 21.\1
Figurc 214 shows thc schcmc six ycars after its
complction.

/ TA I. }' • Emiliu-RomuKllu - /979

Series of walls for earth relent ion and drainage on an
unstabk SlllPC in Ca Domcnicali. Provincc of Bologna
f Fig. 2151. Thc grlHlIld. composcd of schistosc clay. has a
Il)\\ bcaring capacity for wh:'.:h a Ilcxible gabion structure
is the n1l1s1 suitable solution.

ITA L Y • Emiliu-RomaKllu • 1983

Wall retaining an unslable hillside abovc the rai"\a}
between Bologna and Florcnce ncar Grizzana. Prlwincc
of Uologna (Fig. 216).
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t'.S.:t. - Califlll'II;a - 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 shO\\-s the plan. the e.dent of the area of slip and a cross
section. Figure 218 shows the completed structure.

I fA L }' - C(l/1111/1II;1I - 1983

Imposing retaining wall supporting a slope subject to slips
and protecting a SNAM station at Capo Scle. Province of
:\\e11ino (Fig. 219).
The photograph shows seeding and planting of shrubs in
progress tl) consl)lidate the surface of the slope with vegeta
tion .

.--
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6.3.3 Rockfall and m'alonclle protection

LJoS. A • - C IIlm't1t11l - 1969

ROl:kfall barrier wall near
Glenwood Canyon. Denver (Fig.
220).

221

223
ITA I. Y - F";llli Venezia Gilllia - 1981

Rockfall and avalanche protection project near Udinc.
Gabion works are combined with a network of reinforced
concrete beams (Fig. 221/.

BOLIVIA - 1982

Rockfall barrier wall along the road that links Santa
Cruz with Cochabamba (Fig. 2221.

ITA I. Y - Lati""i - 1982

Gabion wall to prcvcnt boulders rolling on to thc Salaria
State Highway 4 in the vicinity of Posta. Province of
Rieti (Fig. 223).

A smaller wall can be seen half way up the slopc.



IIRAZI/. - Rill 11(' .hllldl'll - IlJ.~3

Sl~\.·p slnp~ lin~d wilh rod,Jall prol~ction netting. Al the
flHll nf lhc slopc a wall servcs 10 conlain any roeks
fal1in~ dl)Wn lhc slnpe (Fi!;!. 224). The sile is ncar
Tcr~sl)pl)lis.

1I1l:! ZI/. - /lin lie JllIldl'll - 1984
A villa in Petropolis is protcctcd by a gabion barricr
having intcrnal drainag~ coulltcrforts. NOIC Ihe double
fence of hexa!;!onal wovcn mcsh al lhc lOp of thc wall
Wig. 226). As parI of lhc samc schcmc. a sccond II all
with idcntical features is now undcr constructioll.

liRA ZI/. - Rill Ik JllIldl'(I - IlJ8.J

Rllckfall barrier wall with external counterforts
Ril) d~ Janciro - Ta~sopolis road (Fig. 225).

on the
1
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6.3.4 Terracing

ITA L }' - Emilia-R(Jma!:"a - 1959

Stabilization of a slope by terracing with gabion walls on
the Bologna· Castiglionc dc' Pepoli Road. in the Lagaro
arca (Fig. 227).

FEDERAL REPUBLIC OF GERMANY· 1971

Terracir,g with gabion walls in Kaisersthul. Freiburg. for
ncw vineyards in the Rhine Valley (Fig. 228).

'.~

~ '. -.'
...... ,

.. :.:.- ''':~~.~ ...''3·~r::~~·;:·~:;~

ITALY - Campa"ia - 1976

Gabion wall terracing in an olive
grove in Vietri sui Marc. Province of
Salerno.
The gabions. ideally suitcd to the
purpose. hlend perfectly into the south
Italian coulltryside (Fig. 229l.

lJ)



IlR.-IZIL - .\Iill".\ (h'l'Ilis - 1979

Inl~r~slin~ and imposing I~rral'ing 10 provide parking
",,~as fl)r Ihe \llTil'es of lJsiminas in Iklo HorizolllC

tFig. ~J()l.

I-Igllrc ~J I s)w\\,s a l'n)ss scclioll of lhc schcmc.
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6.4 R(,I'('II1/('lIls Oil (,l1/holl/.: 11/('11 Is ([lid oIlier slopes

l .\/TEI> 1\1.\(;1>0.\1 - lIak, - II)M~

.\ 17 Ill~'tl\.' high ~l~'pped r~'\elm\.'111 al Tylnrsillwil III !\,Iid
(ilaml ,rgal1. Fig . .::'36 sh,l\\s the slip 'Irea as work was

slarled. The slrllcllln: sakgllards a road alld dwellings
abow il (Fig. ].17),

.:'Jt·

I \ ilL I> Id\(,'I)O\l-i:/lg/a/ltl
/Ir.l

\\;111 In Ihe British I.e~ lalld lIorks
l,lmpln ;11 Ll1llgbndge. Birmillgham

II I),' .::'\'>I
Ilgure 2-W ,Illl\\' Ihe plan and a
\,'n", ,C\,'tillll thl'llugh Ihc slrlletllrc ill
\\hl,'h PVC· elJated gahions \\ere
lh,'d In \ le\\ llf thc a~'ld nature llf

Ihe ",Id..11I1
... 3.00 rn B,I',I-. t.i1

c; :
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SEPA l. - 1976

High \\all r<:laining a sl<:ep slope and highway (Fig. 141).
ITA U' - Sid/y - 1979

ReVl:ll11cnls huill al various I<:v<:ls on a slope III prolecl a
road in Taormina. province or Messina f Fig. 141}.

+,.c
,,~,

/ ..
/ .~\

'1.

ITA l. r - LIl:;o - 1981

Siale Highway 50l) near Frosinone-a slope rC\<:II11<:nl
(Fig. 14.\).

ITAL)' - M(/rchl' - 1982

Revclmcnl 10 stabilise a slopc on Ihe Pi<:t)'amaur~l-Sal\

Leo Road. Province or l'l:saro f hg. 144).

JUWNU - 1983

I\n unstable IOnc Oil a slope ne;l)' the capital has heen
re-cst;lhlished wil h ;I ga bion revet menl (I-ig_ 1451.

')'1
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6.5 l?il'e/" (fl/l! /lUIi'll/£' \l'ork,'

246

['SITED J\I.\'GDO.\I - Ellg/Illld 
1963

PVC gahil)n ri\er \\'all at Oreslon.
PI~ nHluth as pari of a redarnalion
and heautification scheme,
Conslructcd in 1964 I Fig, 246).

CA SA DA - Qlwbc!c - 1971

\Valls (0 ProtCCt a city park on the
hanks of thc 51. Lawn:ncc Ri\cr in
Candia~' (Fig. 2471.

L\I rEO J\J.\GDOM - EIIg11l1/1J 
19"'1

:\ ~lIb~(;'llti,i1 gahion \\'all at
Do\\ nlkrr~. in Cornwall. dc~igl!cd 10

rcwin Ihc diff facc and 10 prolccl il
from wa n: crosion (Fig. 24X). Thc
ll1arine cl1\in\JlIl1Cnl dictatcd thc usc
\If P\'C ~··.lalcd g,lhions,

100

243
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I r /1. r - fllli/ill-RoIIIII.!:",' - 197-1

Rl:ldining \\all III sllppnrt a larg,' parking arca in Pioppe
dl Saham. Prll\inl:l: nf Bologna. nn Ihe Ri\'l:r Reno. ;\
,cries Ilf small gmYlll'::s were l:omhined wilh the wall III
dir,'.:t Ihe 11,)\\ a\\ay frl11ll Ihe f,lllndalion and prl:vcnt
undermining Ill' the slructure IFig. 2501.

('.S.A. - CI/I!fill'lIil' - 197-1

Rl:laining wall 10 Sllppl'rl a rllad
adj,II:l:nl III Ihl: h:1 Rin~r IFig. 2-l1)) .

U.S..-I. - MI/I'ylllllt! - 1975

Rl:taining \\all of PVC-coat.:d gabi'lns to prll!l:l'l '-all,
Road fmm possible erosion 1)\ lhe .Innes Falls Ri\er n,';lr
Ballimnre (Fig. 2511.

I \/lF1> 1\1\('-00\1 . SCI/tla"t! - f/ro
P\(' ~;I"I(ln \\ ;tli pr'l\ idln!! ,uppllrl ;Ind pWIl'Clill1l fOI

.1 r".ld .It [)lInk"'d in T;I~,id,' I~egion fJ-ig. 2521.

('./.\'./1>./ - (}"'I/I'ill - IIr'S

(;;Ihion wall In protel't a lllan,llln ,In 1.;lke Onl,lrIl1 In
O'lhilk. ne,lI' Toronlo IJ-ig. 2531.



SII EVE.\"- 1978

\\':111 in Karlskrona harbour (Fig. ~54). A crane was used
h) inslall Ihe Reno mallress apron :Inti gabion seclion.
Tl) !lI'Ch'nl migralion of lines. a lillcr fabric was placcd
b,,'I\\\.',,'n Ih,,' gabilH\S and thl.' haddill !Fig. ~55).

1.00 rn- -
7.00 rn

2.00 m

1 Gablon ...•..all
2 Back 1111
3 F!lle( fabriC
4 PVC-coafed Reno maitre'}, aprc·r

ITA L )' - Tile ;\1w'elle - 1978

\\'all suppOrling a slopc lHcriooking
Bai~1 \'allugl11a ncar (,ahiccc MonIc.
Ihg~. ~:'() and ~:'7).

Ihe lillie pOrl of
Province of Pesaro



lI-tlTI - 19"'9

Small wall al Ihl' sidc of Ihc Pori all Prin\."c - I.cs Caycs
road 10 \."11\II1ICr ri\\."r cfllsion (Fig. 25X).

LS..·40 - .\1u.\.ml'!IIIHl'm - J9XO

RClaining \\all on Pinc Sln:cl

I)()MI:\'IC:l/V UE/'UIH.IC - /IJ.')(}

Fnrcshorc prolcl."lion 10 llw \."oasla I r'lad blJnkrin~

i\langlJc Bay ncar i\larg\ll airp'lrl (Fig. 25')).

.~ •.".. .. ' .:
... ' ~ . -
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nR"I Z II. - .'i/ll/ I'J/II/I" - 1981

I{~lainin!! \\all ,m :\ndlil'ta R'liHI in Sal) !',Wlll (hg,
2(»1.

lRI\JI>tl> 1\'/> TOn,.j(;() - II)S:?

Sll'ppl'd \\all prllt~L'ling a rll;ld alpnl! a Il'adl III' lh~

\\;lIik Ri\l'r nl'ar !'Prl of Spain 'Ill Ih~ i"land of Trinidad
IFig :1I2J

I/U ;J:'\ fI.\1 - 1WU

\\all "ll thl' alXl'S" rllad hI lhe NIIllIil I hydru-de;:tril'
planl 1111 (hl' :\Iud Ri\l:r ill "lemhI/a (Fig, 2(131.

JUJU U.4 - 198-1

I'rllll'l'linn for till' Ir;lI\sfllnn~r COll1PllUllll 'If lhe Santa
hah.:! pl\\\er slalion near C\)chahamha (Fig. 2(,4),



0.0 IVo/"ks appertaining /0 huildings

CSI TEl> 1\1.\(iDO.\I - W"h's - 195-1
Wall at British Railway~ depot ill the Rhondda. Mid
Glamol"!!an (Fig.. 2(5).

~
l~
U.S.A.

tt) contain any leaks of <:rudc oJ!.

265

UNITED 1\1:\,(;DO.\1 - SOl/til Wllle.\ 
1973

Gabion wall retaining the hillsidc
around a transimission IOwcr of the
Central Electricity Generating Board
ncar Pontypridd (Fig. 2(7). In Figurc
261< thc same wall is shown aftcr morc
than ten years.

I T.H. )' - LlJlllhlll"lly - /977
Gahion protcction at the thermo
electric power station on thc side of
the La Muzza canal in Tavazzano
and M on(enaso (Fig. 2(9).

105



/ R.·lS - pr,ll

Tem p,)rary gabion sl rucl ures in Ihe
:-and and gr;"d produclil11l area in
Ihe l',lnlr;\l:lllr's cllInpound during
Ihe l','lhlrudillll of Ihe I.ar Dam
I Fig.. ~7()1.

/HIJR.H.\ - 1979

Slnll'lure in PVC cO;lIed gahions
l'arr~ ing pipdines al Ihe side of Ihe
IL\.P.C. causeway (Fig, 171),

1I0S/}l'R-tS - /98U

\\'all suppMting the crushing plant
in the contractor's compound
during the construction of the EI
Cajl)n dam (Fig. ~7:!I,

Figure 273 shows a wall built in
1l)~2. It is andlllred with tic rods
and SUPpl)rtS a slope along the
t)ulfall bdo\\ the dam,
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BRA ZIL - Suo Puolo - J982
Struclure. built on thrcc Ic\'ck 10

support a crushing plant in
Jumliai. near Sau Paolu
(Fig. 174).
Figure 275 shows a cross section of
the scheme.

"; I··.· To :·.1;. ".1'" !',." ',1"\)'l.~:
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\.50 m.. -

, Gablon wall
2 Back I,ll

~.

L\JTEI) ARAB E.\IIRA TES 
A hll f)/whi - 1982

Pbstic-c\lalcd Reno mallress lining
a bank al the oil pipdine lerminal
atL'mm AI Nar I Fig. 276).



Side View Section A-A 1 Gi1blO WC:11l
2 Back tlil
3 COlTluaclt:o 'If,';

4 Emt,;Hli',(J;o.:r;t
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1T-1 L)" - Elllilill-RolIIllglltl - 19S-I

\\·~t11 under L'llllslrul'lion 10 rdain backfill at San
Pdtrignanl1 nc=ar Rimini. An agricultural cstablishmcnt

\\ ill bL' SL't up IatL'r on thL' hackfill. Figure 277. 271<. and
~-'J ~hp\\ a ~TIISS sL'ctilln of th~' projcl'l and tlll.~ wall
und~'1 ~'IIIl~1 rll~'i illl!.

11I~
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:\II'Wlldi\ - Tahll- uf cUI\H'r~iml sy~ll'm IIIl'trk - impl'rial.

Quantity' Metric units Imperial units Co",'ersiol\ factor

Neilton Pound force IN" = (),22~l12 Ihl

m = 3.2808 fl

mnl = 0.U3937 in

IN/m = O.O(,gS'+ Ibl"lfl

Inch

f\lctre

Millimctre

FORCE

U:NGTlI

~-------..-'----_·---------T-
; AREA i

I

Newton rer metre Pound force per foot I
_______+_______ -----------------1--------... --

I
Newton per square metre : Pound force per square foot \ INIm~ = (L02089 Ihl"lfl -

PRESSURE - STRESS i
'--_ McganewlOn r,~r square metr~ Pound force per square inch I IMN/m- = _145,()~2 l~rtin~_

, I
Foot I

I
I
i___________---,- ,__4 · _

Square metre : Square foot I I m~ = IO,76~3 ft'
.__________ ----+1----

m' = UO,\) yd'

m' = 35.3107 ft'Cubic fOllCubic metre

VOLUME
I

I Cubi,' metre i Cubic yards II

,I '
1-------·-----··-·--, .. ----·----------,--------------'---------'---r----------·----r---'-------·.. ---- -,- ---.-----

, T\1 11 l1e : Ton I I Ion = ().l)g~25 t

1\1 ASS

DENSITY

I' ilo~r~ll11me
".,-,._~ "i

I

Kilo~ral11me I'C1 c'ubic metre I

Pound

Pound PCI' cubic fOOl

kl:' = ~.2()~5') 1\1

I k~/I11' == (l,()(,.::'~.::' Ib/lt'

I ;'1 To obtain l11elri,' il1lern;ltiol1~i1 system valuc, from [\LK.5_
'YSll'l11 used il1 IhlS hook. this addilim,al ,'lIl1\ c'rsiol1 faclor
should be ,'onsilkred: I k~~" ",SUIl!» N

------ ---1



APPENDIX

Approximate dimensions of gravity and semigravity
gabion retaining structures

29'

The tahles in this appcndix wcrc prcparcd to simplify the
sc!cctilln of approximatc dimcnsions in the initial stages of
ul'signing gravity (I. ~. J. 8. 9). and semi-gravily gahion
rl'laining. slrUclllrl's. The semi-gravity type heing thaI which
rdies nn thl' weighl nf Ihe soil over Ihl' heel 10 maintain
slilhility. Sl'e Chap. 4. Tahles 4. 5. 6. 10. II. 12.

The tahles nUlllhercd from I 10 0 arl' for smooth rear-face
and stl'pp~'d frllnl-facc walls. and Ihl' tahll's numberl'd from 7
hI I~ arl' fllr walls with a smooth fnlnt-racc a IIII a stepped
rcar-fac~·.

hlr gra\it~ \\alls 2 til 10 III high a dlllicl' of tlnec scparalc
slcnderness ratios (liB) is llffl'red. For semi-gravity walls. J
til 111m high. tWll H B ratios arc olTl'red for Ihe slcm plus an
addilillnal slliutilln lIsing an ~·\tl'ndcd foundatilln as an
andlllragl'.

The fllllllliation Cllllrses of walls 5 to (1m high.l'specially in
thl' case Ill' sl'mi-gra\'ity walls. shnuld only bc 0.5 melre deep.

In Fig 291 thl' hasic results extracted from the stability
analysis prl1ducl'd hy the CIA \\' AC prllgrammc ,1I'l: shown
against thl' principal dimcnsillils Ill' till' structurc. II. B. and
b. Sl'l' Chap. I\'.

- Safcty factor' against sliding. 'I.:
- :\lIll\\ahle sllil prl'Ssurc. Ii,:

:\lIowablc c(1mprl'ssinn strl'Ss. (TOll' in thl' gahion slruclure.
fllr semi-gra\ it~ \\alls only:

.- Dl'formatillll. ,.... at thc top of thc structurc.

Thc safely factor against ovcrturning is not gi\clI becausc
in this type of structurc the requirl'll1ents fllr resisting
ovcrturning arc always excceded.

The IInils of measurcmcnt of the ,dll)VC data arc metrl'S for
knglh and kg'em! for strcss.

In the compulation the unit weight of Ihe filled gabi1'Jns
was assumcd to be 'i, = 1.7 (m·'. thl' density of the soil :',
= 1.6 I/m.l. the shear nwdulus of elasticity of the gahillns (;
.= 40 I/nl!. the angle or halter "J. oc fl". thc dcpth or Ihc
roundatilln bdow ground ieI'd 10 he elJualto 011(: lenth of lhe
« total» heighl. II.

The resulls arc givcn for four differcnt \',lIues of the intcrn,1I
angle of friction of thc soil. (fl. heginning wilh the smallest
valuc rClJ uired for sta hil il y.

hllir dillerenl loading conditions arc consillercd:

- level backfill ,,,ithout surcharge {I: = O. 1'0 = OJ:
level hacklill and surchargc equivalent to one mctn: of sllil
(I: = O. 1'0 = i" x 1m):
hacklill slopcd at an angle approximately equal tll ';1 and
\1 ith no sU1"l:harge (i; :-: (fl. I'll = OJ:
backlill sloping at 1:2 and with no surchargl' (I: :-: ~6.(1" and
I'll = 0).
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___ I 2.60 1.6 2,9 0.30 31" 1.83 U J.O --~~~t 33" 2.8'7 1.8 2.0 0.24 I

19" lAO 1.3 5.4 OJ7 25" 2.08 I j 60 0.43 29" 1.46 2.0 6.6 0.58 28" 1.44 2.0 6.8 0.56!
21" 1.71 IJ 4.0 0.34 27" 2.45 1.6 4.4 0.38 31" 1.65 1.8 5.4 0.55 30" 1.85 1.4 4.3 045 I
2)" 2.08 1.4 3.3 0.30 29" 2.88 1.8 3.(, 0.34 33" 1.&7 1.5 4.6 D.52 32" 2.31 1.7 3.3 0.37 I
25" 2.46 J.(, 2.S 0.27 31" 3.40 2.0 3.0 OJI 35" 2.14 U; 4.0 0.49 34" 2.8(1 2.0 2.8 (U 1
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GABIONS

r

TECHNICAL SPECIFICATIONS

[~ RE_N_O__M_A_TT_R_E_S_S_-._Z_IN_C_C_O_AT_E_D__~J
Reno mattress
The Reno mattress is a large and thin structure, made of
hexagonal double twisted wire mesh (Fig. 1); the mattress
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
greater diameter (Tab. 3).
Dimensions and tolerances on sizes are shown at Tab. 2.

fIg 1

LID

H

STANDARD COMBINATIONS MESH-WIRE

Wire
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/mm2

• according
to 8S 1052/80 "Mild Steel Wire", Above values are
referred to wire before manufacturing mesh.
Tolerances of wire, shown at Tab. 4 meet the
requirements of BS i052/80.

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 tole,'''iPces: minimum quantities. :
shown at Tab. 4. meet 'lIe requirements of BS 443/82
and exceed lhose of M ,TM A641-71 A, DIN 1548. QQ
W-461 H.

4) Adhesion of zinc: the 8, Ihesion of the zinc coating to
the wire should be suetl 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
erack when rubbing it with the bare fingers.

MESH TOLERANCE
The lolerance on the
opening of mesh "0". being
the distance belween the
axes of the twists. is
according 10 specifications
UNI8018

Tab 1

o (em) o Wire mm

5 x 7'

6x8'

2.00

2.00-2.20

. Code number. without rclerences to dimensions

Tab 2

STANDARD SIZES TOLERANCES

L = 3.00 m - 4.00 m - 5.00 m - 6.00 m

W= 2.00 m - 3.00 m

Mesh 5 x7: 0.15 - 0.20 - 0.25 m
H='

I Mesh 6 x8: 0.17 - 0.23 - 0.30 m I

± 2.5 em.



I) Ph~rs

2) Phers wIth ntpper
3) Nipper
4) Closing 1001
5) Crow-bat

FIg 3 - Reno Mattress bundles at slOCk
Fig 5 - Tools used in assembly and erection.
Fig 4 . Shipment 01 Reno Mattress

Fig. 4

Tab 3
Mesh wire o mm 2.00 2.20 2.40

Selvedge wire o mm 2.40 2.70 3.00

Lacing wire' o mm 2.00 2.00 2.00

• Lacing wire IS supplied at the rate of 5% on mattress weIght

Tab. 4
Mesh wire omm 2.00 2.20 2.40 2.70 3.00

Wire tolerance o mm± 0.06 0.06 D.C6 0.08 0.08

Quanlily of zinc gr/m 2 240 240 260 260 275 .

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 should 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 "0" of mesh, and maximum size is about 2.5 times "0".
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 mattress musl 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 mal~ress 6 x 2 x 015 m - Mesh Type 5 x 7 - Wire
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TECHNICAL SPECIFICATIONS

( BO_X_G_A_BI_O_N_-_ZI_N_C_C__O_AT_E_D _

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 2

• 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 meet the
requirements of BS 1052i80.

2) Elongation: the test must be carried out before
manufacturing mesh on a sample at least 30 cm long.
Elongation shall not be l'3sS 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 coaling to
the wire should be such that, when the wire is
wrapped six turns roum! on a mandrel having four
times the diameter of tile wire, it does not flake or
crack when rubbing it with the bare fingers.

LID

MESH TOLERANCE
The tolerance on the
opening of mesh "D". being
the distance between the
axes of the twists. is
according to specifications
UN18018.

Tab. 1

STANDARD COMBINATIONS MESH-WIRE

D (em) 0 Wire mm

f;ig 1

H

FIg 2

5 x 7·

6xS"

8 x 10"

10x 12"

• Code number. withoul reference to dimensions

Tab 2

2.00- 2.40

2.20- 2.70

2.40 - 2.70 - 3.00

2.70- 3.00

STANDARD-:;S:.;.:IZ:;.:E:;.:S'-- ..:..T.::O.::lE=:R:.::A.;:N.:.:C::.:E:::S:.....j

L = 1.50 m - 2.00 m - 3.00 m - 4.00 m

W= 1.00 m

H = 0.50 m - 1.00 m

± 3%

:t 5%

:t 5%
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1} PinUs
2) Pliers wllh nippa!
3) Nipper

. 4) Closing 1001
5) Crow·bar

Fig 3 . Gablon bundles al slock
Fig 5· Tools used In assembly and ereclion
Fig 4 • Shipmenl 01 gabions

Fig 4

Tab. 3

Mesh wire o mm 2.00 2.20 2.40 2.70 3.00

Selvedge wire o mm 2.40 2.70 3.00 3.40 3.90

Lacing wire" o mm 2.00 2.00 2.00 2.20 2.40
~

• LacinY wife is supplied al Ihe rale of 5% un gablen welghl

Tab. 4

Mesh wire o mm 2.00 2.20 2.40 2.70 3.00 3.40 3.90

Wire tolerance o mm ± 0.06 0.06 0.06 0.08 0.08 0.10 0.10

Quantity of zinc gr/m 2 240 240 260 260 275 275 290

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 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 "0" of mesh, 3nd maximum size is about 2.5 times "0". 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 usuai lacing operation.
NOTE: all gablons 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' No 1000 .ons 2 xl y. 1 rn Mw.;h T"fir! n\'10 Wi,,- eli· 'J 7 f"I!.

FIg 6

.;:

.: .v

.;.-.:-:-.
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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
followiug criteria. The final design should not be overly
conserva~ive, 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 1M 2

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 slJch as of Lll should
be used.

"';'

Completed design pa~ers are to be turned in to CCSC Engineering
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 to 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.
overturni~g) sliding & bearing, when the structure allows
water to totally drain thru or proper drains are placed so
that there is no hydro~tatic pressure on dam. (i.e. redesign
wall wlo water pressure).

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

DSENG-2, GABION2, FW!ah

JI)
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calculation table

;~:::~====~::::===========.====================~~::======;:::;==========;~:::~:=::~:~=;:~;~=;::~:;::r:;~==

:ce : ---------: Dimensions Area "f; W AI''' Overturning t').-
: Symbol [H] [H2] [T/H3] [Tons] [H] :--------------------------------:
:Ltr. Ref.: :Ton Meters: RellarkB

:=::=========:~==:==========================~=====:======================================================:

-~.2 319~: -1l;.59 n
~ -,--~--------------------------------------------------------,----------------------------------------:

:Wo.Z£;; W;,., : 1.11;-\." ·(,8 1\;38: f : 1l.3X .~3134: 38.0( :r" . :
r-----r-------------------------------------------------------------------------------------------------.
:'[,'1'#1: W" : lJ5 xl !l(.50: 2,02 : ~IO..9 :1;.25 :33163 :0 :
r----t-------------------------------------------------------------------------------------------------:

,Wi2 5 X1 3,lJb: 2, ()2 b.OG: 5, <.10: 30JO : of'" ,

'--~~~-~~~~~~1~~~~-~~------~~~~~~~~~~!?;Z~---~:Ci4---~~(i~~~~~~~~~-~--------~~~~~~~~~'

. WE~ 1XO,S ~50 : 2,02 1. 01 6,0~ 6.06 (l ,

.--,-----------------------------------------------------------------------------------------------,
Wus : t)( D,S : 0,50: O,~)\ : 0, ~S ; b,VO; 2., '70 ;.fl

.-~~~------1-~-~-----------~~(;D-~--~;io-----)4-:~(,-~-t~-~----~~-~()-~~-----------------:

.-------------------------------------------------------------------------------------------------
W ~2 3, sD;.r; 1 ~\5G 2.lt '7. 3.r; : 1,7S: 12, 8-6 :"

-------------------------------------------------------------------------------------------------
W~~ ~\SO .. i ~. 9J 2. Ie g,~S: 2,25: 21,2..6 : (;)

-------------------------------------------------------------------------------------------------
;__~~~ ~ __~~~_?~~~~_~~.!_~_~ _~!!~ __~_?~i~__~?:~~~~~}0_~__~_~ ;
: Wsr--: C,S"c'SiSG:2,1S: LiO : 3,03 :2.,75: t\33:.(1 :• ~ --------- 1 ----------------------:

: WSG : 1x G,sO : 6,.56 : ttl) : 'l.LS :3,2~ 2"3,25": (l :
-------------------------------------------------------------------------------------------------:

:---------------------------------_ .. _--------_._---------------------------------------------------:

:---------------------------------------------------~---------------------------------------~-----:

:-------------------------------------------------------------------------------------------------:

:==:========================~==========================================================-~================:

Total weight (Resultant force) : b4. 7-9. : ~_ . j: :
: •••• a ••••••••• ~ ••••••••••• s ••••••••••• =•• D ••••••••••• ••• K••••••••••••••••• c ••••••••••••••••••••••••••••• :

Net Stabilizing moment

=========================================================================================:================
c: Gabion

~
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Calculation table

===============~===============================:=========~===========~=====::=================================

[11) Ton .et&r

: Sour-
,. Force Formula i\ctive :Helghta: Unit :Horiz.I

:ce Desig- Horiz. or :Weight lForce

nation forces Passive f ---)- :
'6 I

S~bol cost h : <--- +
[Ka/Kp) [11) : [T/113] [T]

Arll :Overturning
Ho.ents

f) .(l-t
He.arks

:===================~===========}i=====~===================================================================~=:

: HWI :11.0 hi h't: l::;:~-: t'-,:;: f Ijl.S: 2.15 : - Z6.1'2): ') :
I------------------------------------~-----------------------------------------:----------------------:
:IIW1.. :O.SOw ht-'2. : -If ~ : ht =r: I :- n~·S-: I." '7 :-ZD·~1): ~ :
:-----------------~------------------------------------------------------------:----------------------:
: /lUI,) :tJ.SPw h:!,'t : _ft__ : h,;;(.$ I : to (25: tJ. ~: 0. ~ to ~ :(1 :
.-------------------------------------------------------------------~----------:----------------------:

I-Iel :(J.Sie hN'. kc.: Aa':--l? l:nta ~ ~.s: 2.62 :-3.1-1 : 2 .{.1- :- Cf. c/()' ")..
o

~ -li~~--~t~hr~~~-~~~~-k~~-~~~~~~~;.~~.~~-~;~-I~-~-O~10-:Z~3~-{--:-j------------------:
,----------------------------------- -~-----------------------------------------:----------------------:

lie'!> :1J.5r~/1"1b1.Ka.: ka';O.3:f,"21,-:c(Y~ ~.ql :-(J.3/: tJ.'):-O.()5 ").
:-------------------------------------------~----------------------------------:----------------------:

:/~r :tl,s-PehiKp: kp~3 :h,,-=f :0.91 H·'.~6~O,~J):(}.lf)S-:r :
.-------------------------------------------------------~----------------------:----------------------:

/

;-------------------------------------------------------------------------------:----------------------:

:----------------------~-------------------------------------------------------:-----------~----------:
f I I
o 0 I

:------------------------------------~-----------------------~-----------------:----------------------:
, I I I. , . ,

:--------------------------------------~---------------------------------------:----------------------:

:-----------------------------------------------------._-----------------------:----------------------:

------------------------------------------------------------------------------:----------------------:

------------------------------------------------------------------------------:----------------------:

:---------------------------------------------------------~--------------------:----------------------:
, " I
• I' I

:------------------------------------------------------------------------------:----------------------:

-------------------------------------------~----------------------------------:----------------------:
, I 'I I
I , ,. ,

:----------------------------~-------------------------------------------------:----------------------:

------------------------------------------------------------------------------:----------------------:
o ,
f •

:===============================================================1~====~===============:=====~================:

: Net total horizontal force :-2b.l/: . :
:=================;=======~=============================~=====~=====================~~:======================:

: Net overturning .o.ent : - 5" ~. if.3 :~
======:====:===:.~=~=:=;:=;=======:=~;===:==~===~===;=~.=====:=== •• G========;===.=E===~=~=======.==========.==
c: Gabionh m.
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Calculation table

~~:;=;;;;====:=;;;=::::::==::==::=::=::::=:===:===============::======:=::================================

: Sour- Force

:ce :---------:

Symbol

DIIDensions

(H]

Area

[H2]

Unit

t-
[T/H3]

Total

IAI
[Tons)

:Holllent (abt. PloD) Stabil. ~ /t
Ar'lIl Overturning n-
[H] :--------------------------------:

:Ltr. Ref.: :Ton Meters: Regarks

:=:===:========::~:======::==:=============:=============================================================:

.,
·i

~-- ---r-------------------------------------------------------------------------------------------------:
:~~~:V/e : \){~,S : If,S- : 1,6~, : t,r;;~: 412P32J2.: +0 :I ,---- _L 4 :

\A'el.: ,'\ 3 : ~ : 1.~~ ::,~;O~ : ,1),0: 2 '{, 2.0: i>"} :
------------------------------------------------~----,-------------------------------------------:

: W~ : I xl : 2 : 1.68 :C.s,~;~/! S,S": 12J/4f>~ () :
I----~------------------------~-----------------_·_-~-------------------------------------------:

__ Wlij '1 X1!. . J.I.~~ .'/,'·~ b',O: -(o,os: n. _
:__ Y1l~l __ ~ ~~_? ~ ~ ~ __!:_~~_~ __~~_~ __ ~ __~_~__ ~ __~~~! __ ~ ~ :,

W.s ' I{ )<~iS : 3 1 S : ',Sl: G,3-=r; i ,rS: H,I"..) ~ :
--_ .. __?_-----------------------------------------------------------------------------------------,

: 'W$ :1.< ts : L,,~ : 4.82 : ~.I~ : 2.2S: 1~.t,3: f1. ;
• ~ -------------------------------------- 1

: W·, :,)( S.S : S.S' : '.Si. : (.O,l'J : 2,15: 2l,Sj: n-·· ;..--- ~~------------------------------------------------------------------------------------------:

. WSt; I" b. S G,'; l,bL [I.ll~: ~;2S': .:so.4S": ~)
r-------------------------------------------------------------------------------------------------:
..-------------------------------------------------------------------------------------------------:
:-------------------------------------------------------------------------------------------------:

:-------------------------------------------------------------------------------------------------:

:-------------------------------------------------------------------------------------------------:

:-------------------------------------------------------------------------------------------------:

:--------------------------------------------------------------------------------_._-~-------------:

:-------------------------------------------------------------------------------------------------:
I I I , ,. ,

: ==== =============================~ =========~ =========~ =========~ - - - - . - - ~ - - - - - - - - - - ~ - - - - - - - - - - -(~ - - - - - ~ - - :
: Total weight (Resultant force) :.s 7.(~~.·------~----------~-----~-C~-,~ -----7--;
: ======= ==================================================~ ~; ===or. =========== ~ =.= =====-= 1=~= =============== :

Net Stabilizing IDOIDent .' \ I SS,Cg'".: ()
===:: :: =:: .:..: :: ;: ==:: .: :: :: .: .: :: =.: .: :: .: =:: :: .: :: = :: =.: :: ==.: ==.: =:: =- =- ===:: =:: :::: ===:::: ~~ 4j i ='= ':; f:: :::: :: :: =:: ':..:.:: =:. ===~ ;: =:: =.: .: :: =:. ='1 ::.::.:: =:: =:: =:: :: ::;: =

C: Gabion J .. '- .
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Calculation t,able

: ~'()'.It Force Fun'lllla Active :Heighl;s: Unit :HQrir.

:C:f.4 Desig- Hot'iz . or :Weigl',t : Force

rut. ion f,jl ces Passive I --_.>- :.- I

Symbol cost. h ( :(--- +:
[Ka/Kp] [M] : [T/M3]

, [T] I, I

Ann :Overturnin'3

Morne?ts
0'(' SjG..b,(

Yl1 ~."" .

[M] Ton metet'

Remarks

: _. --- •. ...-,.!: -- _._-. -~. _.~ .• --•..- - - - --.-_._- -----~_••..__. --------_._._._---- ---------- ------_._--------------_. : --_._---- ------------- - :

----- - ----- -- -_._------ ----_.__._----_._-------------------------_.------- ------------- :---------------------- :

, "1---------------------------------------------------------------.------.-----.---.---------,----------------------., .
I

: - •__. -_. • · .._._. . . ...._._.9.~. •• . .... : :

:._-------.~-- _._- --.-. ----_._-----_.~--_.~-_.------..-_._-_._------------_._--_._-----_._--------- :-...----_.._---------------

, . - _.. . I I
1- - ---- - .--- ... -- -----.---.-----.--------.--------..-------,----------------------.------------ I ---------------------- I

:- -----------_...--_.- ------_.._------------------_._-- ---_._------------------------- :----------~-------_._-- :

---------_._------_..._-------------_._----_._----------._-----: --_._-------,----------- :

:-------------- ---------_._._-----_._----- .._- -------_._-----------~------------------~. - :---------------------- :

:_...... -- -- ------_..__._--~- --- .__._--------_._------------_._._-,----_._--------_._-------------- :---------------------- :

:._- - --- --------~ ...~- _.._-_ ... _- ._._- .~---_.__ .-.-.._.-._--------_.--_.. __._-_.-._---- _._--_.-.¥_--------- ~ ----------------------- :

:_.. - - -~-------_._-.---- - -_ •._.- .-._-------------------- --------------.---_.._---_..~---_._--------~-- :----------------------

: __ . ._~_._¥ .• . ~ .... . ~_' ..... ¥ • I

, I

._ .. _. -_.- ..'-'- ~.'.- .-_.- -- ----_..~_._-_._.~-_._---_._-.~_._~~ ......------_...._._-----~.----_.~_. -_..~_._----- ------ :---~---------_._----- :

------------------------------------------_._-----------'---_._---------------------:----------------------:

.. _.-- .. _------_._~.- -_.~_ .. _-_._---_._-- -'._-_._~- --_._-_._-----_._---_._---------_._------------------: ---------------~--_.~--:

. •• __ ·0'--- . . .• ' ._. __ ._. ~ __ ._~.__ .... . ._ ... __ .__. . •• _. __ • . . '_.- : ~ . :

N.?l. total hor izontal force

:~~~=~~~=====~=~=======~======~=======~=~:.~===========~=====~~==~=====================:==~====~~============::

Net, Ovel t,urn ing r'loment. : - q. 6G :~

C; G..lb i 0,,10

= ----------- 2 ..S"b
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Calculat iOl; table

1

:Honent (abt. PLlI) S~llbll • .c"'t
Overturning 1")-

:---------------------------------:

: Sour- Force

:ce :---------:
: SYlllbo 1

:Ur. Ref.:

Dilllensions
[M)

. rea
[ti2)

Unit

't
[T/H3)

Total

W
[Tons) [H)

:Ton Hetcr~: nellark""

:===;========:=================~================~================'=======================~:===============:

:-----------------------------------------------------------------------------------------------_.~:

2 x: I 2 t. 68 3:3f:: (,ti S-,04:()
:-------------------------------------------------------------------------------------------------:
: Wl-z.: (15 Xl: 1,5- : 1,68 : 2 ;S2 : 1,"75: 4, it/ :'" . ..:
-----------------------------------------------------------------------------------------_._------:
Wf.3' 1)< 1 : 1 : rI '8 : I r 6~ :2,C : 3 36 :(l

--------- ---- --------------------------------- ---------------- -----'_ .. _-- -- .--------------------- ..
We '-1 0,5,)<' J 0,5" /t6B (JlfLt: 2,2f: IIg9 :.()

._------------------- -_ ... -- -----------_.__ .

: w~ : Co~1 : ~S": L!;2: 09-1 :Cj 2J: C;228:.() :
I-~--- -------------------------------------------~ ----------------- .. ---------------~-----------:
: WSL: L~'~ :·1: f,22: (,82: C S: C" g/ :.() :
~ --W;~~3-~- --i~-5-Xf-- ---~---1~t-~-(~-g2-~- ··2.-~-~-Oii2C1g-~~---------------- --:
~ --~'i~--~ ---2;--(-.. ----~--- 2-··--~- i~-~2--~-3-:64-~---i---~--3,6L;--~-i)----------------- :

~ -l~-s ---~---z-;-i;-i----~--;£:i-~-1~S--L-~-<,-,-\~i~-i,-2f-.~68--~r-----------"------:
.-----~------~-----------~-~-------------------------------------------------------------------~-:
I •.------------------------------_._-----------

:------------------------------------

._---------~----------------------~-----------------:

~----------------------------------------~
, • I •. .. .

:-------------------------------~--------------------- --------------------------------------------:

~-----------------~----------------------------------- --------------------------------------------!

:----------------------------------------------------- --------------------------------------~-----:
I
I

:--------------------------------------------------.-- 4~ • ~ :

-------------._------------------------------------------------------------------_. --------------~:

I I I ,
t •• I

:::::===;::::=::::~:=~;:::~::::=;::::;================;=~:?=~5~~=======;==========;=====================;

:===~==========:====,==================================================~=============:============~=====~:

Ne\. Stabilizing 1Il0ment : 2.1/2iJ6: (I
=~===========================================:===~================================~==========~=~=~===~====

c: Gabion 2 f. 206
2'2.0')
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Calculation table

Remarks

~ SCiU - Fot ':12 Fonnul.i fictive :lIei'Jhls: Uni t. :Hot iz .
:'':(;' 0"'Si9- HoI' iz . 01 :weight :rotce

nat.ion fl:lrces Passive ---;..,-
$YIll00l cost II : <:--- +'

[K"~/KrJ] [1'11 : [T/M3] [n

Ann :overturning
MUlOents

: O. S ~O bil·
fI-t 0\'1'\ .

[N] Ton f1l8ter

:;=~=====~~=~~;;~~:;~~~~::~::;.~~=~:~:;:~=;:i=~~~:;;:;==~=;~~7=~=~~=l>~=~==~=~=======~=========:
:------ ----------.---'i------------------------- ...---- v

-----.... ,--_._--------------------: -.----------------------:

lIe7..- :o.sfehq Kf:/<~. :h.:: f : '/.68 :2.5t : O.3Y1: O.'il( :<J
. : - --~._- ------- ._-_.--- .--_.-.-_._-------_.__._-----------_._------_._-----.----_._._------------; ---------------------;--:

:- ~-_.- --_._- -_ -., ----y.. ----._. __ ._---_..-.~_._------_._--~--- --- ---.-.--_._---_. _..~.-.~-----_._--_._-_ .. :------------_._-----------

I ,--..-._.__.-.- --.-----~---~----.-.----- -..- ----- ----.-.--.------------.--------.-.--------- 1----·-- ----'.--------------- I

.~- --_. __._--------_ .._._. __ .~- .- -_._._---~_.- ---_.- ---' ~-,--------_._-----_.---_._-----:-_._--_._-------------.--:

- -'- _. - --_._,--- .. _._--_.~. - -- --- -_._--_._------.__._--~------------- -_._--_._-,----_.,--------------_._-~- :----------------- -------:

:-----_.~.------_._-._----_.-.------------------------------------.--------------------:----------------------:

: --.- - ----- ------_._- -- -_ ...----- ----_.- ~--------_._--------_._-_ ....-- -._'_._.~-------- - -_._-_.__ ._-----: ---_ ....._------------_.--:

: ---- - _...--------_... - ----~- _.- -_._----- --------_._- --_._------~;--_.~--_._--------- ...--_._---------: ---------_._._----_...._---

: ~.- - ---_._--_... ------_.- -_.~---.-------- -------------_.._--,.~----~---- ----_._------------------: ------------_._-_._----- :

_. _ •• ~__ • __~ .w ~_. , __ • .__ < - • ~ .: ._.__• :

_. • __ • • • .__ ~._ . •.~ , • . I .... .... L I, ,

----- - ------- ---_ ..-_.- ---- ----_. _._-_._-_._-~--~----->-------------------------_._----- --------: _._-------------------- :

: • • __ ~ .•__• ·_~ w • __ · • • • . • : :

, ,,
---- -- _. -- ------_.__.__ .. --_ .._-------------------_.__._---------- :-----------------------:

..--------_.__ .. -------------- --------.------------------------------- :---------_.:-_--------_.-- :

.__ .- -- - .. _- - --_._--- -_._----- _._----- -----_. __._----.------_._-------_._--------~~------------_._--- :_.--------------------- :

: - - -_.. ' -~---_.----~-- -_._- ----_.. __._--_.. _. __._-~-----------'--.---------------_ .._._----------._--_._-: ---------------------- :

Net. total horilontal force : -3.'1-3:

C. r.>3biunh
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