
, , 1, ' 
I 
, 

t 

I J 
I , c I 1 

r • 

Earth Reinforcement Practice, Ochiai, Hayashi & Otani (eds) © 1992 Balkema, Rotterdam. ISBN 90 541 0 093 1 

Anchored earth technique using Semi-Z shaped mild steel anchors 

R.B.Singh 
Bonaras Hindu University, Varanasi, India 

ABSTRACT : Anchored earth technique of so i l  rei nforcement has been dev e l oped over the 
last e i ght years as an appropriate . techno logy and economy- intens ive one w ith the use 
of Semi-Z shaped mi ld steel anchor s ,  and the first Indian prototype , constructed i n  
July 1989, h a s  withstood two monsoons and f i e l d  traff i c  loading successfu l ly .  The 
theory of res i stance of the spec i a l  anchors and two new prototype des i gns are 
presented in the paper . 

1 INTRODUCTION 

In an effort to make the anchored earth 
techn ique a s imple'  appropriate technol ogy 
and economy- i ntens i ve one , a Semi-Z 
shaped m i l d  steel anchor has been develo
ped over the last e i ght year s .  Exhaustive 
laboratory studies u s i ng largely sma l l  
scale mode l s ,  compatible  with several 
micro-structura l  tech n i ques , made t h i s  
pos s i b l e  ( Singh et . a 1 .  1985,  S i ngh and 
Finlay 1986, S ingh 1 987,  S 'ingh and 
Siavoshnia 1988 ) .  

The holding capacity of the anchors i s  
a resu l t  of the pas s i ve res i stances 
mob i l  ised by them over three-dimensiona 1 
so i l  wedges that form on the inc l ined and 
the stra ight arms of the anchor during 
its outward movement through the 
compacted fi 1 1  s o i  1 under super imposed 
loadi n g .  

The first I n d i an f i e l d  app l i cation of 
the technique, u s i n g  Semi·,Z shaped m i l d  
steel anchors , was made in  J u ly 1909 , to 
construct a vert ica l -faced 3 . 5  m l ong x 
2 . 5  m h igh x 7 . 5  m wide approach 
err,bankment to a sma l l  road bridge us ing 
the loca l l y  ava i l a b l e  s i lty c l ay soi l 
(Singh 1989, S i ngh et . a l .  1 9 90 ) . 
Continuous moni tor ing of deformation of �he facing e l ement s ,  hold ing the anchors 
1n the ir pos it ion s ,  has shown 
s�t isfactory res u l ts , under the imposed 
f 1 e ld traffic loading and the inter
veni ng two 'monsoon per iods . It was 
e stabl ished that stable cond itions.  
exh ib ited by neg l i g i b l e  further movements 
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of the fac i ng e l ements , were achieved in  
a period of 1 8  months from the t ime of 
construction ( S i ngh and Agrawa l 1 99 1 ) .  It  
must be recognised that anchor movement 
under superimposed 101lding i s  a norma 1 
and necessary event for the deve lopment 
of the fu l l  three-dimens i onal  s o i l 
wedges, and hence consequently of the 
maximum pass ive pressure s ,  or resi stance 
to deve lop in  the system . 

2 THEORY OF ANCHOR RESI STANCE 

To estimate the maximum p U l l -out res i s 
tance, s imp l i fied mathemat i c a l  formu lae 
and express ions have been de�e loped to 
calculate the areas of fa i l ure surfaces 
which develop around the effect i ve end of 
the anchor ( S ingh e t .  a l .  1 9 85 ) .  The 
three-dimens iona 1 soi l wedges , though 
pear-shaped in rea l ity, were assumed to 
be bounded by s imp le surfaces of 
revo lution . Exact de 1 ineation of these 
s o i l  wedges was d iffi c u l t .  

F i g .  1 shows the shape o f  the Semi-Z 
shaped with rounded corner anchor used in 
the cons,truction of the fi rst I n d i an 
prototype , and the horizonta l trace of 
the wedge boundaries that dev e l op on the 
stra ight and the ,inclined arm of the 
anchor . The trace for the incl ined arm i s  
a segment of a cyc l o i d  o r  a c ir c l e ,  as 
appropriate to the type of soi l under 
consideration,  the former be ing for 
cohesive soi l s  and the latter for 
cohesive-fr ictional so i l s .  
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F i g . l  Semi-Z prototype anchor and 
horizonta 1 traces of the three-
dimens ional s o i l  wedge boundar ies for 
fu l l  mon i l i sation of pass ive resi stance 
in the local s i lty c l ay f i l l  

The dra i ned or effective so i l  parameters ,  
determined from tr i a x i a l  tests on 
representat ive compacted f i l l  s o i  1 
samp l e s ,  are used to get the numer i c a l  
v a l ues o f  t h e  coeff i c ients in the 
equations of the log . spiral and t�e 
cyc l o i d ,  and they are fltted as shown 1 n  
the fi gure . Number of s l ices o f  equa l 
w i dth are estab l i s hed, and the product of 
Y and ds ident if ied i n  the figure,  i s  
summated 

'
for both the surface s .  The 

surface areas were assumed to be 
terminated on a vert i c a l  p lane pas s i n g  
through t h e  longitudinal  a x i s  of the 
stra ight arm of the anchor, j ,  e. ,aK 
revo lution was the l imit used �o 
calculate the so i l  wedge surface area, A ,  
effective i n  mob i l i s ing the anchor 
resi stance . A p a s s i ve wedge res i stance 
coeff i c ient, Kp, was determined, and was 
used to c a l c u late anchor res istance as 
be low: 0 , Pp " \Jii."k.,c(45°-t CP/Z) + 2c'to..n(45+<P,£> 
where ; �=  p a s s i ve resi stance 

an= ver t i c a l  stress at anchor 
I leve l i n  KN/m2 

2 C = effect i ve coh e s i on i n  KN/m )6'= effective ang l e  of internal 
fr i c t i o n ,  

,.� 
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then, Kp = Pp/aii. 
and, anchor resistance = kpx o;:;xA 
A factor of safety of 3 was used. and the 
design of the anchored earth system could 
be proceeded in the usua 1 way fa 1 l0wing 
from t h e  anchor res i stance calculated for 
the anchors at different leve l s  in the 
compacted f i l l  . 

A method has further been worked out to 
determine anchor res istances for 
i ntermed i ate pU l l-out stages consider i ng 
part i a l  devel opment of so i l  wedges ( Gupta 
1990) . 

Strength i s  a l so mob i l i sed .  
addit iona l ly, b y  the "dowel ;' 
r e i nforcement effect of the straight 
shaft of the anchor , when frictional 
forces deve lop a long the shaft in the 
i n c i p ient pUl l -out cond it ion . Although 
these forces were cons idered in the 
ana lys i s  of laboratory p U l l -out results .  
they were neg lected i n  des i"n as  offer ing 
a h i gher factor of safety than the value 
of 3 actu a l ly adopted . 

3 ANCHORED EARTH PROTOTYPES 

Deta i l s  of the des i gn and construction of 
the f irst I nd i a n  anchored earth prototype 
have a lready been presented ( S ingh 1989, 
S i ngh et . a 1 .  1990 ) . 

Two a l ternative des igns for a 6m high 
approach embankment for the new Varuna 
Br i dge at Varanas i are presented 
hereunder : 

1 ,  F i g . 2  shows the Design I ,  wherein 
there is no curtai lment of the stem 
length of the anchor s .  The design is 
s i m i lar to that of the f i rst Indian 
anchored earth prototype mentioned above . 

2 ,  F i g . 3  shows the Des i gn I I ,  which 
i ncorporates curtai lment of substant1al 
lengths of "dowe l "  act ion component of 
the straight shaft of the anchor 
rei nforcement, In t h i s  des ign , further 
sav i ngs in steel used have �een attem�ted 
by prov i d i ng anchors w 1 t h  curta� led 
shafts a l ternating on left and r 1 ght 
s i des of the centre 1 ine of the embank
ment in adjacent vert ical sect ions, as 
dep i cted in the figure. I n  t h i s  way 
sav i ng s  of about 70 per cent of steel 
cou l d  be effected, if o n ly a 30 per cent 
reduction in u l t imate maximum strength 
cou l d  be accounted for . . 

No propping of facing e le!"ents . dUrl �9 
the construct ion of the des 19n gwen ;� 
F i g , 2  wou l d  be required, s i nce any sma 
movement of the anchor or the faCl ng 
e l ement starts to mob i l ise the pass we 
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F i g . 2  Design I for approach embankment for new Varuna Bridge at Varana s i  

pressure. However , propping wou1 d be 
required in case of the construct ion of 
design g i ven i n  F i g . 3 .  

A lthough the f i  1 1  soi l for the new 
Varuna Bridge anchored earth prototype 
construction is a s i lty c l ay, it may be 
noted that a l l  cohesive and coh e s i ve
fr ictional so i l s  are s u i ta b l e  for 
anchored earth construction .  

Corros i on m i t i ga t i on of the anchors was 
attempted by u s i n g  a three-coat epoxy
based paint formu lation . Coa l  tar p i tch 
l�p�oved by epoxy res i n  is l i k e l y  to be 
Slml lar 1y effect ive but cons iderab 1y 
cheaper . 

The construct i on tech n i que involved can 
b<; qu ick 1y mastered by the work force at 
S H e ,  and the job of s i te superv i s ion i s  
not too lnvo1ved. Sav ings i n  ' costs o f  the 
order of 1 /3rd to 1 /4th are reported 
POss i b l e for anchored earth structures as 
Compared to convent i o n a l  a lternat ives . 

th 
Thus Cons ider ing a l l  re levant factor s ,  

h
e anchored earth tech n i que u s i ng Sem i - Z  

s aped anchors cou l d  be categ or i sed as an 
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appropriate technology and an economy
intensive tech n i que for s o i l  
rei nforcement . 

4 REINSTATEMENT OF A H I LL SLOPE 

F i g s .  4 and 5 show the design proposa l s  
for stabi 1 i sat i o n  and r e i nstatement of a 
1 5m h igh h i l l  s l ope u s i ng the anchored 
earth tech n i que . The part i c u l ar s ite 
location i s  the Geth i a  s l i p on the 
Bare i 1 1y-A1morah road at Km. 1 2 . 8  in 
Na i n ita1  d i str ict ( I ndia ) .  The 
construction process for rei nstatement of 
the s l ope has been proposed in five l i ft 
stages of 3m height eac h ,  as shown i n  
F i g . 4 ,  such that each l i ft stage i s  
constructed and left to stab i 1 i s e  for a 
period of one year before the next one is 
constructed . F i g .  5 dep ict ing the 
proposal deta i l s  in p l an v iew, shows that 
the stems of anchors are threaded through 
bond stones hav i ng ax i a l  holes of 
appropriate d i ameter . The bond stones, 
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F i g . 3  Des i g n  I I  for approach embankment for new Varuna Bridge at Varanasi 

wh ich may be of natura l stone or of 
cement concrete, prov ide add it iona 1 . 
stab i l ity to the corresponding l i ft stage 
of the s l ope, as we l l  as they g i ve added 
protection to the shafts of the anchor s .  

5 MERITS AND DEMERITS OF THE TECHN IQUE 

Two of the unmatched mer its of the 
anchored earth technique are that no 
catastrop h i c  fa i l ure can ever occur in a 
proper ly des i gned and constructed system, 
and that a lmost a 1 1  types of s o i  1 s ,  
i n c l u d i n g  waste so i l s  l ike co l l iery 
overburden so i l s  or fly ashes, can be used 
as f i l l  in  the system. Other mer its of the 
technique are that cost ly and t ime
consuming l and acqu i s i t i on problem i s  much 
m i n imi sed or a ltogether avoided , and that 
it is a very cost effect ive s o i l  rei nfor
cement techn i que . 

The i nherent demer it ari ses from the 
fact that the m i l d  steel of the anchors is 
prone to corro s i on ,  and waterproof 
p a i n t i ng to i n h i b i t  it is requ ired . 
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A more effective system, ca l led the 
' Comb ined System ' ,  u s i ng Semi-Z shaped 
mi 1 d stee 1 anchors a lternat ing with a 
heavy grade non-woven synthetic permeab le 
geotext i le i n  depth of the fi l l  structure 
has a l so been devel oped by the author and 
reported ear l i er ( S ingh 1990a, Singh 
1990b ) .  

6 CONCLUSI ONS 

Anchored earth techn i que,  using Semi-Z 
shaped mi  ld  stee 1 anchors, has good 
potent i a  1 for app 1 icat ion as an 
appropriate and economy - i ntensive soil 
rei nforcement technology. The first 
I n d i an prototype appl ication, made in 
1989 , has performed very we 1 1 .  Two 
a lternative designs for a 6m h i gh 
approach embankment, and one for the 
r e i nstatement of a 15m h i g h  h i l l  s l ope, 
are presented i n  the paper . In the 
a lternative design for the approach 
embankment, s a v i ngs of about 70 per cent 
of steel cou ld be effected ,  if on ly a 30 
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Fi� . 5  Reinstatement proposal for Geth i a  
s 1 1 p ,  Nainita1 ( I n d i a ) ,  showing det a i l s  i n  
plan v i ew 

per cent reduct ion i n  ultimate maximum 
res istance mob i l  i sed cou 1d  be accounted 
for . 
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