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Foreword 

T h e e a r t h q u a k e o n 2 6 J a n u a r y 2 0 0 1 c a u s e d l a rge -sca le d a m a g e a n d d e s t r u c t i o n t o res iden t ia l 
bu i ld ings . In add i t i on t o t h e bu i l d i ngs tha t co l l apsed , o v e r a mi l l i on b u i l d i n g s w e r e d a m a g e d ; s u c h 
bu i ld ings n e e d m i n o r a n d m a j o r repair . N e e d l e s s t o s a y tha t s i m p l e a n d supe r f i c i a l repa i r t o bui ld-
ings d o e s not res to re t h e lost s t r e n g t h ; it on l y h i d e s t h e c r a c k s , l e a v i n g t h e bu i l d i ng in a w e a k e n e d 
s ta te . S u c h bu i l d ings b e c o m e v u l n e r a b l e to t h e nex t e a r t h q u a k e , e v e n w i t h l esse r m a g n i t u d e . C o n -
sequen t l y , it is n e c e s s a r y e s p e c i a l l y in t h e e a r t h q u a k e p r o n e K a c h c h h d is t r ic t t ha t p e o p l e t a k e ap-
p rop r ia te ac t i ons in o r d e r t o a c h i e v e not on ly t h e res to ra t i on of t h e lost s t r uc tu ra l s t r e n g t h t o pre-
d i sas te r level , but a l so t o u p g r a d e t h e s t r u c t u r e fo r e a r t h q u a k e r e s i s t a n c e by re t ro f i t t ing to t h e level 
e n v i s a g e d by t h e B u i l d i n g C o d e s . 

T h e p resen t G u i d e l i n e s on Repair, Restoration and Retrofitting of Masonry Buildings in 
Kachchh Earthquake Affected Areas of Gujarat wi l l p r o v i d e t h e m u c h n e e d e d i n f o rma t i on to 
E n g i n e e r s , N G O s a n d h o u s e o w n e r s s o a s t o e n a b l e t h e m to e n s u r e l o n g - t i m e s a f e t y of rehab i l i t a ted 
h o u s e s a n d c o m m u n i t y bu i l d ings . 

P.K. Mishra 

Chief Executive Officer 

Gujarat State Disaster Management Authority 

G a n d h i n a g a r 

F e b r u a r y 2 0 0 2 



To The Reader 

In e a r t h q u a k e e n g i n e e r i n g t e rm ino logy , Repa i r , R e s t o r a t i o n a n d Re t ro f i t t i ng h a v e r e q u i r e d the 
f o l l ow ing m e a n i n g s : 

Repa i r : A c t i o n s t a k e n for p a t c h i n g up of supe r f i c i a l d e f e c t s a n d d o i n g t h e f in ishes . 

Res to ra t i on : A c t i o n t a k e n for res to r i ng t h e lost s t r e n g t h of S t r uc tu ra l e l e m e n t s . 

Ret ro f i t t i ng : A c t i o n s fo r u p g r a d i n g t h e s e i s m i c res to r i ng of a n ex i s t i ng bu i l d ing . S o t ha t if 
b e c o m e s sa fe r u n d e r t h e r e c u r r e n c e of l ike ly f u t u r e e a r t h q u a k e s . 

R e p a i r a n d res to ra t i on a re a p p l i c a b l e to d a m a g e d bu i l d i ngs . O n l y ' repa i r ' wi l l l e a v e t h e bu i ld-
ing p e r m a n e n t l y w e a k . R e s t o r a t i o n a n d repa i r wi l l b r i ng t h e s t r e n g t h of t h e bu i l d i ng t o p re -ea r th -
q u a k e level . 

Ret ro f i t t ing is r e l evan t t o ' r es to red ' a s we l l a s ex i s t i ng u n d a m a g e d b u i l d i n g s w h i c h a r e o ther -
w i s e w e a k a g a i n s t e a r t h q u a k e f o r c e s l ikely t o o c c u r in f u t u r e a c c o r d i n g t o Ind ian S t a n d a r d Bu i l d ing 
C o d e s . 

T h e s e G u i d e l i n e s c o v e r al l t h r e e a s p e c t s as a p p l i c a b l e t o al l t y p e s of m a s o n r y bu i l d i ngs w h e t h e r 
u s e d for h o u s i n g or c o m m u n i t y ac t iv i t ies . It is s u g g e s t e d tha t t h e t h r e e t y p e s of a c t i o n a r e t a k e n in 
t h e f o l l ow ing o rde r : 

First, r es to re t h e bu i l d i ng 

Next , retrof i t t h e b u i l d i n g 

Last , repa i r t h e bu i l d ing . 

F e b r u a r y 21 , 2 0 0 2 Dr. A.S. Arya 
G a n d h i n a g a r S e i s m i c A d v i s o r , G S D M A 
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REPAIR, RESTORATION AND RETROFITTING OF MASONARY BUILDINGS 
KACHCHH EARETHQUAKE AFFECTED AREAS OF GUJARAT. 

1. INTRODUCTION 

T h e K a c h c h h e a r t h q u a k e in Gu ja ra t o c c u r r e d o n t h e 2 6 J a n u a r y , 2 0 0 1 a n d c a u s e d m a s s i v e 
des t ruc t i on to p rope r t y a n d loss of life in t h e t o w n s of B h a c h a u , An ja r , Rapar , Bhu j a n d G a n d h i d h a m 
as we l l as t h o u s a n d s of v i l l ages . T h i s e a r t h q u a k e h a d a R ich te r M a g n i t u d e of 6 .9 a n d su r f ace 
m a g n i t u d e M s = 7 .7 ( U S G S ) a n d s t r uck t h e reg ion at 8 . 4 6 a m loca l t i m e , w i th t h e s h a k i n g las t ing 
for a f e w m inu tes . O t h e r m a j o r c i t ies in Gu ja ra t e.g., A h m e d a b a d a n d J a m n a g a r , w h i c h are h u n d r e d s 
of k i l ome t res away , w e r e a l so a f f ec ted by t he e a r t h q u a k e . 

T h o u s a n d s of p e o p l e w e r e k i l led or bad l y in ju red in s t o n e m a s o n r y bu i l d i ngs in v i l l ages as 
we l l as in t o w n s b e c a u s e of : 

a) poo r l y c o n s t r u c t e d bu i ld ings , co l l aps ing e i the r to ta l l y or par t ia l l y ; 

b) wa l l s c o l l a p s i n g w i th in n a r r o w s t ree ts , b u r y i n g p e o p l e e s c a p i n g in to t h e m ; 

c) un t i ed roo fs a n d can t i l eve rs fa l l i ng on to peop le ; 

d) f r ee s t a n d i n g h i gh b o u n d a r y wa l l s , p a r a p e t s a n d b a l c o n i e s fa l l i ng d u e to t h e s e v e r 
s h a k i n g ; a n d 

e) g a b l e wa l l s fa l l i ng ove r a f te r c r a c k i n g u n d e r la tera l t h rus t of t h e roof . 

Surp r i s ing ly , r e i n f o r c e d c o n c r e t e f r a m e bu i l d i ngs of v e r y r e c e n t c o n s t r u c t i o n in c i t ies l ike 
Bhuj , G a n d h i d h a m a n d A h m e d a b a d a l so b e h a v e d badly , m a n y of t h e m c o l l a p s i n g to ta l l y k i l l ing t h e 
i n m a t e s in h u n d r e d s . T h i s h a p p e n e d b e c a u s e of 

a) la rge o p e n s p a c e s at g r o u n d to f i rst f l oo r level , in bu i l d i ngs o n sti lt f o r pa r k i ng or 
s h o p s (sof t s t o r e y c o l l a p s e s ) 

b) f o u n d a t i o n s res t i ngs o n so f t so i ls , a b s e n c e of i n t e r c o n n e c t i n g p l in th leve l b e a m s ; 
a n d 

c) b a d qua l i t y of d e s i g n as we l l as cons t ruc t i on . 

T h o s e bu i l d ings w h i c h w e r e par t ly or to ta l l y d e s t r o y e d l^iave na tu ra l l y to b e rebui l t , a n d fo r 
sa fe ty in fu tu re , m u s t b e c o n s t r u c t e d us i ng a d e q u a t e e a r t h q u a k e res i s t i ng m e a s u r e s a c c o r d i n g to 
the va r i ous Ind ian s t a n d a r d s a n d a p p r o p r i a t e gu ide l i nes ( see list of R e f e r e n c e s . ) 

T h e r e are , h o w e v e r , m a n y t i m e s m o r e bu i ld ings w h i c h a re s t a n d i n g in d a m a g e d cond i t i on 
w i th c racks of m i n o r to m a j o r w i d t h a n d ex ten t . T h e y n e e d res to ra t i on of lost s t r e n g t h as we l l as 
c o s m e t i c r epa i r s . E v e n w h e n t h i s is d o n e , t h e s e b u i l d i n g s w i l l r e m a i n v u l n e r a b l e in f u t u r e 
e a r t h q u a k e s . 

T h e p u r p o s e of t h e s e g u i d e l i n e s is to a d d r e s s t h e i ssues of repair , r es to ra t i on a n d s e i s m i c 
retrof i t t ing of va r i ous t y p e s of masonry buildings. R C bu i l d i ngs wi l l b e c o v e r e d in a s e p a r a t e 
gu ide l i ne . 



2. OBJECT AND SCOPE 

T h e s e g u i d e l i n e s h a v e t h e f o l l o w i n g ob jec t i ves ; 

(i) To i nd i ca te a p p r o p r i a t e m e t h o d s of r epa i r a n d res to ra t i on t a k i n g into a c c o u n t the 
bu i l d i ng t y p e a n d t h e t y p e of d a m a g e , 

(ii) To r e c o m m e n d m e t h o d s of s e i s m i c s t r e n g t h e n i n g to u p g r a d e t h e s t r e n g t h of t he 
b u i l d i n g in l ine w i th t he r e q u i r e m e n t s of t he s e i s m i c - z o n i n g m a p of Ind ia ( S e e IS : 
1 8 9 3 - 1 9 8 4 ) a n d E a r t h q u a k e R e s i s t a n c e C o d e s (13 : 4 3 2 6 - 1 9 9 3 ) a n d (18 :13828-1993) . 

T h e ent i re d is t r ic t K a c h c h h is p l a c e d in z o n e V w i th a n t i c i p a t e d m a x i m u m s e i s m i c in tens i ty of 
IX on M S K In tens i t y S c a l e . T h e Dis t r i c ts of B a n a s k a n t h a , P a t a n , S u r e n d r a n a g a r , Ra jko t and 
J a m n a g a r h a v e la rge par ts in Z o n e IV w i th p r o b a b l e m a x i m u m In tens i ty VI I I , a n d r e m a i n i n g par ts 
of t h e S ta te lie in Z o n e III w i t h m a x i m u m p r o b a b l e i n tens i t y VI I . ( S e e S e i s m i c M a p of Gu ja ra t and 
Z o n e w i s e list of T a l u k a s in G S D M A G u i d e l i n e s , Ref .9 . ) 

T h e re t ro f i t t ing m e a s u r e s a re w o r k e d out h e r e fo r sa fe t y of ex i s t i ng d a m a g e d or u n d a m a g e d 
bu i ld ings in f u t u r e M S K In tens i ty o c c u r r e n c e s in t he a r e a a l t h o u g h in 2 6 J a n u a r y 2 0 0 1 K a c h c h h 
e a r t h q u a k e t he m a x i m u m M S K In tens i ty at a n y p l ace m a y h a v e b e e n less t h a n t h e m a x i m u m 
p r o b a b l e v a l u e as p e r t h e s e i s m i c z o n i n g m a p . 

T h e m a s o n r y bu i l d i ngs wi l l i nc lude : Wall-s of b r i c kwo rk , r a n d o m rubb le s t o n e m a s o n r y and 
cut s t o n e m a s o n r y w h e t h e r u s e d fo r h o u s i n g or c o m m u n i t y bu i l d i ngs l ike A a n g a n w a d i s , P r i m a r y 
Hea l th C e n t r e s , S c h o o l s or P a n c h a y t g h a r s ; a n d R o o f s w i t h M a n g a l o r e Pa t te rn (Morb i ) t i les on 
w o o d e n s t ruc tu res , C G I or A C s h e e t roo fs o n s tee l u n d e r - s t r u c t u r e , or R C s labs . 

3. CATEGORISATION OF DAMAGE 

A s s p e c i f i e d usua l l y in t h e M S K In tens i ty sca le , f i ve c a t e g o r i e s of d a m a g e a re r e c o g n i z e d 
a n d n a m e d as G 1 to G 5 ; G1 re fe r r ing t o v e r y s l ight d a m a g e w i t h o u t loss of s t ruc tu ra l s t r eng th a n d 
G 5 re fer r ing to c o m p l e t e c o l l a p s e of t he bu i ld ing . D e s c r i p t i o n of t h e s e c a t e g o r i e s of d a m a g e as 
app l i cab le to m a s o n r y bu i l d i ngs is p r e s e n t e d in Tab le 1. S o fa r as repair , r es to ra t i on of s t ruc tu ra l 
s t reng th a n d s e i s m i c s t r e n g t h e n i n g t o m e e t t h e c o d a l r e q u i r e m e n t s a re c o n c e r n e d , C a t e g o r i e s G1 
to G 3 a re m o s t re levan t , s i n c e bu i l d i ngs or par ts t he reo f s u b j e c t e d to c a t e g o r y G 4 in m o s t c a s e s 
h a v e to b e d e m o l i s h e d a n d rebui l t . 

4. CONCEPTS OF REPAIR, RESTORATION AND RETROFITTING 

T h e r e is a n e e d to d i s t i ngu i sh b e t w e e n t he t e r m s repair , r es to ra t i on a n d s t r e n g t h e n i n g as 
d e s c r i b e d be low : 



Table 1. Damage Categories* 

Category Walls * Roof / Floors 

0 No D a m a g e N o D a m a g e No D a m a g e 

G 1 S l igh t N o n - S t r u c t u r a l 
D a m a g e 

T h i n c r a c k s in p las ter , fa l l ing of 
p las te r bi ts in l im i ted par ts . 

T h i n c r a c k s in sma l l a reas , 
t i les o n l y s l igh t l y d i s t u r b e d 

G 2 S l igh t S t ruc tu ra l 
D a m a g e 

S m a l l c r a c k s in wa l l s , fa l l i ng of . 
p l as te r in l a rge a r e a s : d a m a g e 
to non -s t r uc tu ra l pa r t s l ike 
chhajjas, p a r a p e t s . 

S m a l l c r a c k s in s l abs / A . C . 
s h e e t s ; t i les d i s t u r b e d in 
a b o u t 1 0 % a rea ; m i n o r 
d a m a g e in u n d e r - s t r u c t u r e of 
s l o p i n g roof . 

0 3 M o d e r a t e S t ruc tu ra l 
D a m a g e 

L a r g e a n d d e e p c r a c k s in 
wa l l s ; w i d e s p r e a d c r a c k i n g of 
wa l l s , c o l u m n s a n d p iers ; or 
c o l l a p s of o n e wal l . T h e l oad 
c a r r y i n g c a p a c i t y of s t r uc tu re is 
par t ia l l y r e d u c e d . 

L a r g e c r a c k s ins labs ; s o m e 
A C s h e e t s , b r o k e n ; up to 2 5 % 
t i les d i s t u r b e d / f a l l e n 

m o d e r a t e d a m a g e to 
u n d e r s t r u c t u r e of s l op i ng 
roo fs . 

G 4 S e v e r e S t ruc tu ra l 
D a m a g e 

G a p s o c c u r in wa l l s ; t w o or 
m o r e i nne r o r ou te r wa l l s 
co l l apse ; A p p r o x i m a t e l y f i f ty 
p e r c e n t of t he m a i n s t ruc tu ra l 
e l e m e n t s fai l . T h e bu i l d i ng 
t a k e s a d a n g e r o u s s ta te . 

F l oo rs b a d l y c r a c k e d , par t 
m a y fa l l ; u n d e r - s t r uc tu re of 
s l o p i n g roof heav i l y d a m a g e d , 
par t m a y fa l l ; t i les bad l y 
a f f e c t e d & fa l len . 

G 5 C o l l a p s e A la rge par t o r w h o l e of t he 
b u i l d i n q co l l apses . 

A la rge par t o r w h o l e f loor 
a n d roof c o l l a p s e or h a n g 
p r e c a r i o u s l y . 

* B a s e d o n I .A .E .E . G u i d e l i n e s , f u r t h e r d e v e l o p e d t h r o u g h o b s e r v a t i o n s in e a r t h q u a k e s in Ind ia , by Dr. A . S . A r y a , 

S e i s m i c A d v i s o r , G S D M A . 

4.1) Repair 

It cons i s t s of actions taken for patching up superficial defects, r e -p l as te r i ng wa l l s , repa i r i ng 
d o o r s a n d w i n d o w s a n d s e r v i c e s s u c h a s t he f o l l o w i n g : 

i) P a t c h i n g u p of d e f e c t s a s c r a c k s a n d fal l of p l as te r a n d r e - p l a s t e r i n g if n e e d e d . 

ii) R e p a i r i n g d o o r s , w i n d o w s a n d r e p l a c e m e n t of g l a s s p a n e s . 

iii) C h e c k i n g a n d repa i r i ng e lec t r i ca l c o n n e c t i o n s , g a s c o n n e c t i o n s , p l u m b i n g , 

hea t ing , ven t i l a t i on 

iv) R e b u i l d i n g n o n - s t r u c t u r a l wa l l s , c h i m n e y s , b o u n d a r y wa l l s . 

v) R e l a y i n g c r a c k e d f l oo r i ng at g r o u n d leve l a n d roo f ing s h e e t s or t i les . 

vi) R e d e c o r a t i o n w o r k ( W h i t e o r c o l o u r w a s h i n g etc. ) 



It w o u l d b e s e e n t h a t tne repairing work carried out as above does not add any strength to 
the structure. 

4.2) Restoration 

T h i s i n c l u d e s actions taken for restoring the lost strength of structural elements of the buildir)g. 
T h i s is d o n e b y m a k i n g t h e c o l u m n s , p i e r s , b e a m s a n d w a l l s a t l e a s t a s s t r o n g a s or ig ina l ly 
p r o v i d e d a s f o l l o w s : 

i) R e m o v a l o f p o r t i o n s o f c r a c k e d m a s o n r y w a l l s a n d p i e r s , a n d r e b u i l d i n g t h e m in richer 
m o r t a r . U s e e o f n o n - s h r i n k i n g m o r t a r w i l l b e p r e f e r a b l e . 

i i ) A d d i t i o n of r e i n f o r c i n g m e s h o n b o t h f a c e s of t h e c r a c k e d w a l l , h o l d i n g it t o t h e wall 
t h r o u g h s p i k e s o r b o l t s a n d t h e n c o v e r i n g it s u i t a b l y w i t h m i c r o - c o n c r e t e o r 1 :3 c e m e n t 
- c o a r s e s a n d p l a s t e r . 

i l l ) I n j e c t i n g n e a t c e m e n t s l u r r y o r e p o x y l i k e m a t e r i a l , w h i c h is s t r o n g in t e n s i o n , in to the 

c r a c k s in w a l l s , c o l u m n s , b e a m s e t c . 

If t h e s t r u c t u r a l r e s t o r a t i o n Is p r o p e r l y e x e c u t e d , t h e s t r u c t u r e w i l l b e a s s t r o n g a s b e f o r e the-
e a r t h q u a k e . It is a l s o p o s s i b l e t o s t r e n g t h e n a s t r u c t u r e t o t a k e i n c r e a s e d v e r t i c a l l o a d i n g , if requi red. : 

4.3) Seismic Strengthening (Retrofitting) : | 

It w i l l i n v o l v e actions for upgrading the seismic resistance of an existing building so that /f; 

becomes safer under the occurrence of probable future earthquakes. 

T h e s e i s m i c b e h a v i o u r o f e x i s t i n g b u i l d i n g s is a f f e c t e d b y t h e i r o r i g i n a l s t r u c t u r a l i n a d e q u a c i e s , 
m a t e r i a l d e g r a d a t i o n d u e t o a g i n g a n d a l t e r a t i o n s c a r r i e d o u t d u r i n g u s e o v e r t i m e . T h e c o m p l e t e 
r e p l a c e m e n t o f s u c h b u i l d i n g s i n a g i v e n a r e a is j u s t n o t p . o s s i b l e d u e t o a n u m b e r of socia l , 
c u l t u r a l a n d f i n a n c i a l p r o b l e m s . T h e r e f o r e , s e i s m i c s t r e n g t h e n i n g of e x i s t i n g u n d a m a g e d or^ 
d a m a g e d b u i l d i n g s is a d e f i n i t e r e q u i r e m e n t . S e i s m i c s t r e n g t h e n i n g / n c / u d / n g i s t r u c t u r a l res to ra t ion^ 
a n d c o s m e t i c r e p a i r s m a y s o m e t i m e s c o s t u p t o 2 5 t o 3 0 p e r c e n t of t h e c o s t of r e b u i l d i n g a l t h o u g h ' 
u s u a l l y it m a y n o t e x c e e d 1 2 t o 1 5 p e r c e n t . H e n c e j u s t i f i c a t i o n o f s t r e n g t h e n i n g w o r k m u s t be 
f u l l y c o n s i d e r e d f r o m c o s t p o i n t o f v i e w . T h e m a i n i t e m s of s e i s m i c s t r e n g t h e n i n g c o u l d b e s o m e 
o r a l l of t h t f o l l o w i n g a c t i o n s : 

i) M o d i f i c a t i o n o f r o o f s , 

ii) S u b s t i t u t i o n o r s t r e n g t h e n i n g of f l o o r s , 

i i i ) M o d i f i c a t i o n in t h e b u i l d i n g p l a n , 

iv) S t r e n g t h e n i n g o f w a l l s i n c l u d i n g p r o v i s i o n o f h o r i z o n t a l a n d v e r t i c a l b a n d s o r bel ts , 
i n t r o d u c t i o n o f ' t h r o u g h ' o r h e a d e r s t o n e s in t h i c k s t o n e w a l l s , a n d i n j e c t i o n g r o u t i n g 
e t c . , 

v ) A d d i n g t o t h e s e c t i o n s of b e a m s a n d c o l u m n s b y c a s i n g o r j a c k e t i n g e t c . , 

v i ) A d d i n g s h e a r w a l l s o r d i a g o n a l b r a c i n g s , 

v i i ) S t r e n g t h e n i n g o f f o u n d a t i o n s if f o u n d n e c e s s a r y ( b u t v e r y d i f f i c u l t a n d e x p e n s i v e ) . 



5. ASSESSMENT OF DAMAGE 

T h e b u i l d i n g s to tine r e s t o r e d a n d r e p a i r e d s l i o u l d be t l i o r o u g l i l y s u r v e y e d a n d v a r i o u s 
d a m a g e s s l i o u l d b e r e c o r d e d o n s c a l e d d r a w i n g s . T h e w id th a n d e n g t h of e a c h d a m a g e n e e d s to 
t h e reco rd to as to e s t i m a t e t he r e q u i r e d ma te r i a l s a n d l abou r fo r r es to ra t i on a n d repa i r proper ly . 

It s h o u l d a l so b e a s s e s s e d if d u r i n g t h e p r o c e s s of res to ra t i on , s o m e of t he s e r v i c e l ines 
wi l l n e e d to be d i s t u rbed , a n d the i r t e m p o r a r y b y p a s s i n g m a y be n e e d e d . T h e e x p e n c e s s h o u l d 
be i nc l uded in t he e s t i m a t e s . 

6. USUAL DAMAGE TYPES IN MASONRY BUILDINGS. 

T h e t y p e s of d a m a g e g e n e r a l l y o b s e r v e d in v a r i o u s m a s o n r y b u i l d i n g s d u r i n g t h e e a r t h q u a k e 
a re l is ted in Tab le 2. A l o n g s i d e , t he ac t i ons to be t a k e n for r es to ra t i on of t h e lost s t r eng th a re a l so 
s u g g e s t e d . De ta i l s of e a c h s u c h ac t i on a re d e s c r i b e d in t he f o l l o w i n g p a r a g r a p h s . 

Table - 2: Types of Damage in Masonry Buildings 

Damage Observed Action for Restoration 

a) 

b) 

c) 

d) 

D i f fe ren t t y p e s of c r a c k s s e e n 
in m a s o n r y wa l l s 

Ver t ica l c r a c k s 

Inc l ined c r a c k s 

C r a c k s at t he c o r n e r s o r 

T j unc t i ons , a n d s e p a r a t i o n 
of t he c r o s s - w a l l s 

A t s o m e p laces , o c c u r r e n c e of 
m a n y c r a c k s c l o s e t o g e t h e r in t he 
wa l ls , O R t i l t ing of s o m e wa l l 
po r t i ons ou t of p l u m b a f te r 
s e p a r a t i o n O R b u l g i n g of s t o n e 
wa l l a f te r d e l a m i n a t i o n , O R fa l l i ng 
of s o m e wa l l po r t i ons . 

Sh i f t i ng of roo f i ng t i les or ra f te rs 
O R fa l l ing d o w n a n d b e i n g 
b r o k e n 

B r e a k i n g of A C S h e e t s 

a) i,ii. C r a c k s to be fu l l y f i l led u s i n g a p p r o p r i a t e 
g rou t or mor ta r . 

iii. C r a c k s at t h e c o r n e r s or T - j u n c t i o n s t o b e 

f i l led as a b o v e but b e f o r e t ha t t h e wa l l s at r ight 

a n g l e s to be c o n n e c t e d u s i n g f e r r o - c e m e n t 

c o r n e r plate's. 

b) Th i s t y p e of c r a c k e d , fa l len , t i l ted o r b u l g e d 
wa l l po r t i on to b e r e c o n s t r u c t e d us ing 1:6 or r icher 
c e m e n t m o r t a r a f te r par t ia l d e m o l i t i o n of wa l l 
a s requ i red . 

c) T h e roo f ing t i les to b e r e m o v e d fo r f u r the r 
w o r k a n d t h e ra f te rs to be p r o p e r l y pos i t i oned . 
T h e o p p o s i t e ra f te rs t o be t i ed t o g e t h e r by 
ho r i zon ta l b r a c 6 s ; t h e pu r l i ns t o b e a d j u s t e d a n d t he 
t i les t o be p l a c e d b a c k p roper ly . 

d) R e p l a c e m e n t of i he s h e e t s , i n c r e a s i n g n u m b e r of 
f a s t e n i n g s . 



7. METHODOLOGY FOR GROUTING OF CRACKS 

7.1 Minor and medium cracks (crack width 0.5 mm to 5.0 mm) 

Material/equipment required 
t 

(i) P las t i c / A l u m i n i u m n ipp les of 12 m m d ia ( 30 to 4 0 m m long) . 
(i i) N o n - s h r i n k c e m e n t ( s h r i n k o m p of A C C or equ i va len t ) . 
( i i i) P o l y s t e r pu t t y o r 1:3 c e m e n t s a n d m o r t a r f o r s e a l i n g of t h e c r a c k s . 
( iv) C o m p r e s s o r fo r i n jec t ing t h e s lu r ry 

Procedure:- See Fig. 1 

S t e p - 1 R e m o v e t he p l as te r in t he v ic in i ty of c r a c k e x p o s i n g t he c r a c k e d b a r e mason ry . 

@ s t o n e wal l (b) Brick wall 

1- P las te r 
2- P las te r r e m o v e d and c r a c k s c l e a n e d 
3 - C r a c k s s e a l e d wi th m o r t a r or put ty 
4- G r o u t ports 
5- P las te r fa l len to be d o n e aga i n 

Fig. 1 - Filling grout in cracks 

S t e p - 2 M a k e t h e s h a p e of c r a c k in t h e V - s h a p e by ch i se l l i ng out . 

S t e p - 3 F ix t h e g r o u t i n g n ipp les in t h e V - g r o o v e o n t h e f a c e s of t h e wa l l at s p a c i n g of 
1 5 0 - 2 0 0 m m c/c . 

S t e p - 4 C l e a n t h e c r a c k w i th t h e C o m p r e s s e d air t h r o u g h n i pp l es to e n s u r e tha t the 
f i ne a n d l oose m a t e r i a l ins ide t h e c r a c k e d m a s o n r y h a s b e e n r e m o v e d . 

S t e p - 5 S e a l t h e c r a c k o n bo th f a c e s of t h e wa l l w i th po l ys te r pu t t y or c e m e n t mor ta r 
1:3 ( 1 - c e m e n t : 3 - c o a r s e s a n d ) a n d a l l o w e d to ga in s t r eng th . 

S t e p - 6 In ject w a t e r s ta r t i ng w i th n ipp le f i x e d at h i g h e r leve l a n d m o v i n g d o w n so that 
t he d u s t i ns ide t he c r a c k s is w a s h e d off a n d m a s o n r y is s a t u r a t e d w i th water . 

S t e p - 7 M a k e c e m e n t s lu r ry w i th 1 : 1 ( 1 - n o n sh r i nk c e m e n t : 1 - w a t e r ) a n d s tar t in jec t ing 
f r o m l o w e r m o s t n i pp le till t h e c e m e n t s lu r ry c o m e s ou t f r o m t h e nex t h igher 
n i pp le a n d t h e n m o v e to nex t h i g h e r n ipp le . 

S t e p - 8 A f t e r in jec t ion g rou t ing t h r o u g h all t he n ipp les is c o m p l e c t e d , rep las te r t he su r face 
a n d f i n i sh t he s a m e . 



7.2 Major crack (crack width more than 5.0 mm) 
Material/equipment required 

(i) 
(ii) 
(i i i) 
( iv) 
(V) 

(vi) 

Procedure:-

Step -1 

S t e p - 2 

S t e p - 3 

S t e p - 4 

S t e p - 5 

S t e p - 6 

S e p t - 7 

S t e p - 8 

P l a s t i c / A l u m i n i u m n i pp l es of 12 m m d ia ( 3 0 to 4 0 m m long) 
P o l y e s t e r pu t t y o r 1 :3 c e m e n t - s a n d m o r t a r f o r s e a l i n g of c r a c k s . 
N o n - s h r i n k c e m e n t ( s h r i n k o m p of A C C or equ i va len t ) . 
C o m p r e s s o r f o r i n jec t ing t h e s lurry. 
G a l v a n i s e d s tee l w i r e fab r i c (16 to 14 g a u g e i.e. 1.5 to 2 . 0 3 m m d ia w i re ) w i th 2 5 m m 
X 2 5 m m m e s h s i ze . 

G a l v a n i s e d s t e e l . c l a m p i n g rod of 3 . 1 5 m m d ia , o r 5 m m d ia 150 m m long w i re 
na i ls . 

R e m o v e t h e p las te r in t h e v ic in i ty of c r a c k e x p o s i n g t h e c r a c k e d ba re mason ry . 

M a k e t he s h a p e of c r a c k in t h e V - s h a p e by c h i s e l i n g ou t . 

C l e a n t h e c r a c k w i th c o m p r e s s e d air. 

F ix t h e g r o u t i n g n i pp l es in t he V - g r o o v e in bo th f a c e s of t h e wa l l at s p a c i n g of 
1 5 0 - 2 0 0 m m c/c. 

C l e a n t he c r a c k w i th t h e c o m p r e s s e d air t h r o u g h n i p p l e s to e n s u r e tha t t he 
f ine a n d l oose ma te r i a l i ns ide t h e c r a c k e d m a s o n r y h a s b e e n r e m o v e d . 

S e a l t h e c r a c k on bo th t he f a c e s of t he wa l l w i t h p o l y e s t e r pu t ty or c e m e n t 
m o r t a r 1 :3 ( 1 - c e m e n t : 3 - c o a r s e s a n d ) a n d a l l o w e d to g a i n s t r eng th . 

In jec t w a t e r s ta r t i ng w i t h n i pp les f i x e d at h i ghe r leve l a n d m o v i n g d o w n so that 
t h e d u s t i ns ide t h e c r a c k is w a s h e d off a n d m a s o n r y is s a t u r a t e d w i th wate r . 

M a k e c e m e n t s lu r ry w i th 1:2: W (1 -non sh r i nk c e m e n t : 2 - f i ne s a n d : jus t e n o u g h 
w a t e r ) a n d s tar t i n jec t ing f r o m l owe r m o s t n ipp le ti l l t h e s lu r ry c o m e s out f r o m 
t h e nex t h i g h e r n ipp le a n d t h e n m o v e to nex t h i g h e r n ipp le . 

A f t e r in jec t ion g rou t i ng t h r o u g h all t he n ipp les is c o m p l e t e d , r e p l a s t e r t h e su r face 
a n d f i n i sh t he s a m e . 

S t e p - 9 

Alternative Procedure:- See Fig.2 

1 - W i d e C r a c k 
2 - W i r e m e s h 
3 - P l a s t e r o n m e s h 

F i g . 2 - F i x i n g m e s h a c r o s s w i d e c r a c k s 

7 



Step -1 R e m o v e t h e p las te r in t h e v ic in i ty of c r a c k e x p o s i n g t h e c r a c k e d b a r e masonry . 

S t e p - 2 M a k e t he s h a p e of c r a c k in t h e V - s h a p e by c h i s e l i n g out . 

S t e p - 3 C l e a n t h e c r a c k w i th c o m p r e s s e d air. 

S t e p - 4 Fil l t h e c r a c k w i t h c e m e n t m o r t a r 1 : 3 : W ( 1 - n o n s h r i n k c e m e n t : 3 - f i ne s a n d : 
n e c e s s a r y w a t e r ) f r o m bo th s i d e s a s d e e p as f eas ib l e . 

S t e p - 5 P r o v i d e w i r e m e s h o n bo th t h e f a c e s of wa l l a f te r r e m o v a l of p las te r in t he 
r eg i on of repa i r t o a w i d t h of 1 5 0 m m o n e a c h s i de of t h e c rack . 

S t e p - 6 C l a m p t h e m e s h w i th t he wa l l us i ng c l a m p s or w i r e na i ls at t h e s p a c i n g of 3 0 0 
m m c/c . 

S t e p - 7 P las te r t h e m e s h e d a r e a w i th c e m e n t s a n d m o r t a r of 1:3, c o v e r i n g t he m e s h by 
a m i n i m u m of 12 m m . 

8. INSTALLING FERRO-CEMENT PLATES AT THE CORNERS 

B e f o r e f i l l i ng t h e c r a c k s as in P a r a 7 , u s e g a l v a n i z e d w e l d - m e s h ' g 1 4 ' ( 2 .0 r r im w i r e s 
@ 2 5 x 2 5 m m m a s h ) o v e r a l eng th of 5 0 0 - 6 0 0 m m o n e a c h s i d e of t h e c r a c k bo th i ns ide a n d ou ts ide 
of t he r o o m in a d e p t h of 3 0 0 m m at w i n d o w s sil l on a b o u t 9 0 0 m m he igh t a b o v e t h e f loo r (F ig.3) 
a n d a n o t h e r o n e at l intel leve l o r a b o u t 2 m a b o v e t h e f loor . Bu t if ho r i zon ta l s e i s m i c bel t is to be 
p r o v i d e d at t h e l intel level , t h e s e c o n d m e s h is not requ i red . 

3 , 4 ••• 
1 

- - 2 , 4 

Detai l 2 

- > 
t 3 0 0 

1 - Crack Fill ing 
2 - Connec t ing Corners 
3 - Connec t ing walls at T - junct ion 
4 - W e l d - M e s h or other re in forcement 

Fig.3 - Connection of cracked walls at 
corners and junctions 

9. REBUILDING PORTIONS OF THE WALL 

(i) G e n e r a l l y t h e r a n d o m s t o n e wa l l s a re s e e n to be 4 5 0 - 6 0 0 m m th ick , bui l t by t w o w y t h e s 
ver t i ca l l y (F ig .4 .1 ) . D u r i n g a n e a r t h q u a k e , t h e w y t h e s ge t s e p a r a t e d a n d e i the r o n e or both 
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get b u l g e d (F ig .4 .2 ) w h i c h e v e n fa l l a w a y u n d e r f u r t h e r v i b r a t i o n s (F ig .4 .3 ) . For p r e v e n t i n g 
s u c h d e l a m i n a t l o n , it is n e c e s s a r y to u s e ' t h rough ' S tones o r R C C e l e m e n t s . T h e s e s h o u l d 
b e ins ta l led wh i l e rebu i l d i ng t h e wa l l (F ig .4 .4) . 

S ' 

(d) 

1 3 

11 

1 2 

® 
1 - Stone masonry 
2 - Inner wythe 
3 - Outer wythe 
4 - Roof joist 
5 • Delamination of wythe 
5 - Bulging in earthquake 
7 - Outer wythe fallen 
8 - Old masonry 
9 - Bond stone 

New masonry 

11 -Temporary support 
12 - Cracked wall portion 
1 3 - R o o f 

1 0 

4 

Fig.4 - Rebuilding part of wall 

(ii) W h e r e po r t i ons of wa l l requ i re rebu i ld ing , t he roof res t ing o n t h e wa l l s h o u l d f irst be s u p p o r t e d 
by w o o d e n s t ru ts , (F ig -4a ,b ) . T h e n t h e d a m a g e d po r t i on of t h e wa l l s h o u l d be d i s m a n t l e d . 
T h e n e w por t i on of t h e wa l l s h o u l d be c o n s t r u c t e d us i ng c e m e n t - s a n d m o r t a r of 1:6 c e m e n t -
s a n d m o r t a r in wa l l s bui l t o r ig ina l l y in w e a k mor ta r , but u s i n g 1:4 m i x fo r wa l l s or ig ina l ly 
bui l t in c e m e n t mo r ta r . 



10. EARTHQUAKE RESISTANT RETROFITTING OF BUILDINGS 

For a c h i e v i n g sa fe t y of bu i l d i ngs a g a i n s t c o l l a p s e in a f u t u r e s e v e r e e a r t h q u a k e , t h e fo l l ow ing 
retrof i t t ing ac t i ons a re r e c o m m a n d e d . T h e a m o u n t a n d p l ac i ng of t h e re t ro f i t t ing e l e m e n t d e p e n d s 
u p o n t he s e i s m i c z o n e , t he i m p o r t a n c e of t he bu i l d i ng a n d t h e s t i f f ness of t h e b a s e soi l . T h e 
C a t e g o r i s a t i o n of B u i l d i n g s is g i v e n in Tab le 3. 

Table 3- Simplified Building Categories in the Seismic 

S e i s m i c Z o n e O r d i n a r y Bu i l d i ngs I m p o r t a n t Bu i l d i ngs 

V D E 

IV C D 

ill B C 
1. T h i s C a t e g o r i s a t i o n is in l ine witin IS : 1 8 9 3 - 2 0 0 1 w h e r e t h e m a x i m u m r e s p o n s in s h o r t 

p e r i o d r a n g e is t a k e n a s u n i f o r m fo r a l l so i l s . 
2. H o u s i n g fa l l s u n d e r O r d i n a r y bu i l d i ngs . T h e c o m m u n i t y b u i l d i n g m a y b e c o n s i d e r e d u n d e r 

I m p o r t a n t b u i l d i n g s . 

i) C h e c k leng th , he igh t a n d t h i c k n e s s of wa l l s a n d m o d i f y to c o n f o r m to t h e C o d e : IS :4326 
a n d 1 3 : 1 3 8 2 8 - 1 9 9 3 ( see Tab le 3). . 

ii) C h e c k t h e pos i t i ons a n d s i zes of o p e n i n g s in wa l l s a n d m o d i f y as requ i red , or p rov ide 
r e i n f o r c e m e n t . 

iii) If t h e r e a r e no ' t h rough ' s t o n e s in t h i ck s t o n e wa l l s , t h e n p r o v i d e R C h e a d e r s , by m a k i n g 
' t h rough ' ho le by r e m o v i n g t he s t o n e s in o p p o s i t e w y t h e s , i nse r t i ng a n i ron l ink a n d f i l l ing 
t h e ho le w i th c o n c r e t e . 

iv) P rov i de s e i s m i c bel t b e l o w roof a n d a b o v e d o o r / w i n d o w l intel level . Fo r th i s u s e w e l d m e s h 
r e i n f o r c e m e n t . 

• v) P rov i de ve r t i ca l r e i n f o r c e m e n t at t h e c o r n e r s a n d T - j u n c t i o n of wa l l s , e i the r u s i n g b a r s or 
f e r r o - c e m e n t w i t h w e l d - m e s h r e i n f o r c e m e n t . 

v i M o d i f y t h e roof s t r uc tu re by p rov id i ng add i t i ona l b r a c i n g e l e m e n t s a n d f ix it to t h e se i sm ic 
band /be l t . 

11. CONTROL ON LENGTH, HEIGHT, THICKNESS OF WALLS 

aj R.R Stone Masonary. 

T h e wa l l l eng th s h o u l d not e x c e e d 5 m b e t w e e n c r o s s w a l l s in c a s e of m u d m o r t a r a n d 6 m in 
c e m e n t mo r ta r c a s e . If l eng th e x c e e d s t h e s e , p rov i de in te rna l wa l l at a s p a c i n g no t f a r the r t h a n 4 m 
( see Fig.5) . T h e t h i c k n e s s of n e w wa l l s h o u l d not e x c e e d 4 0 0 m m . T h e wa l l he igh t s h o u l d not 
e x c e e d 2 . 7 m in m u d m o r t a r a n d 2 . 9 m in c e m e n t m o r t a r ( see Tab le 4) . 
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J 

7 

7 
4 

6 

3 

1 • R o o f w i t h r a f t e r s 
2 • N e w t ie 
3 - O r i g i n a l W a l l 
4 - N e w c r o s s w a i l 
5 - C o n n e c t i n g R . C . e l e m e n t s 
6 • N e w w a l l f o o t i n g 
7 - T h r o u g h e l e m e n t 

4 0 0 X . - S 
D e t a i l s 

Fig. 5 - S t r e n g t h e n i n g of long wa l ls by c r o s s wa l 

Table 4- Control on Length, Height & Thickness of Walls 

Type of Masonry Maximuni Length of 
Walls in Room 

Maximum Height of Storey 

(a) R R S t o n e M a s o n r y 
- in M u d M o r t a r 
- in C e m e n t M o r t a r 

(b) R e c t a n g u l a r Un i t W a l l s 
- in C e m e n t M o r t a r 

5 m 
6 m 

35 t but <_7.0 m 

t = t h i c k n e s s of wa l l 

2 . 7 m 
2 .9 m 

15 t but ^ 3 . 5 m 

t = t h i c k n e s s of wa l l 

b) Rectangular Unit Masonry in cement mortar 

T h e wa l l l eng th s h o u l d not e x c e e d 35 t a n d t he he igh t s h o u l d e x c e e d 15 t w h e r e t = t h i c k n e s s 

of wal l . S e e Tab le 4. 
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32. CONTROL ON DOOR AND WINDOW OPENINGS IN MASONRY 

i) D o o r a n d w i n d o w o p e n i n g s l i o u l d sa t i s fy tine f o l l o w i n g : 

D i s t a n c e of j a m b f r o m in te rna l 
c o r n e r no t l ess t h a n 4 5 0 m m 
a n d d i s t a n c e b e t w e e n t w o 
c o n s e c u t i v e o p e n i n g s s h o u l d 
b e 6 0 0 m m or m o r e in c a s e of 
R R m a s o n r y a n d 5 6 0 m m in 
r ec tangu la r uni t m a s o n r y . In 
c a s e of R R m a s o n r y in m u d 
m o r t a r , t h e r e s h o u l d 
p re fe rab l y be on l y o n e d o o r o r 
w i n d o w in o n e w a l l n o t 
e x c e e d i n g o n e - t h i r d of t h e wa l l 
l e n g h t in t h e r o o m . T h e 
c o m b i n e d l eng th of o p e n i n g s 
in a w a l l of r e c t a n g u l a r un i t Fig. 6 - Reinforcing around opening 
m a s o n r y bu i l d ing in c e m e n t m o r t a r to be res t r i c ted t o 0 .5 L in o n e s to rey , 0 . 4 2 L in t w o 
s to rey a n d 0 . 3 3 L in t h r e e s to rey bu i l d ing w h e r e L is t h e l eng th of t h e wa l l . 

ii) If t h e a b o v e c o n d i t i o n s a re not sa t i s f ied , ac t i on be t a k e n to c l o s e a n o p e n i n g or r e d u c e its 
s ize. O t h e r w i s e , p rov ide s t r eng then ing a r o u n d t he o p e n i n g (F ig .6) . For deta i l of re in fo rcement , 
s e e s e e P a r a 16. 

1 - W i n d o w 
2 - Mesh of Fer ro -cement 
3 - Se ismic Belt 
4 - Over lap of Mesf i 

13. MAKING THROUGH' BOND ELEMENTS IN R.R. STONE WALL (Fig.7) 

a) Se lec t po in ts w h e r e ' t h rough ' s t o n e s wi l l b e ins ta l l ed at ho r i zon ta l a n d v e r t i c a h d i s t a n c e 
of a b o u t o n e m e t e r apa r t , w i th 
5 0 c m ho r i zon ta l s tagge r . 

b) R e m o v e t h e p l a s t e r f r o m t h e 
s u r f a c e e x p o s i n g t h e s t o n e s . 
R e m o v e t h e m o r t a r a r o u n d t he 
s t o n e to su f f i c ien t d e p t h gent ly , 
not v io len t ly , s o as to e x p o s e t h e 
s t o n e o n al l s ides . 

c) L o o s e n t h e s t o n e by m e a n s of 
gen t l e p u s h e s s i de w a y s a n d u p 
a n d d o w n by m e a n s of a s m a l l 
c r o w b a r , so tha t t h e o the r s t o n e s 
of t h e w a l l s a r e no t d i s t u r b e d . 
Pul l ou t t h e s t o n e s lowly , ho l d i ng 
it by bo th h a n d s . 

( ? ) E x i s t i n g W a l l ( g ) M a k i n g h o l e s © P l a c i n g b a r a n d 
f i l l i n g c o n c r e t e 

1 - Stones removed to make througfi holes 
2 - Holes 
3 - Hooked Bar 
4 - Chute for pouring concrete 
5 - Filled concrete 
6 - Internal wythe 
7 - External wythe 

F i g . 7 - P r o v i d i n g R . C . ' t h r o u g h ' e l e m e n t s f o r ' s t i t c h i n g ' 

s t o n e w y t h e s 
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d) 

e) 

f) 

g) 

h) 

14. 

14.1 

i) 

Note 

ii) 

i i i) 

iv) 

R e m o v e i nne r m a t e r i a l g r a d u a l l y s o t ha t a 7 5 m m s i ze h o l e c a n be m a d e in t he wai 
B i g g e r ho le is not n e e d e d . 

L o c a t e pos i t i on of t h e o p p o s i t e s t o n e o n t h e o t h e r f a c e of t h e w a l l by gen t l e t a p p i n g in 
t h e ho le . R e m o v e t h e iden t i f i ed s t o n e s l o w l y by s a m e g e n t l e p r o c e s s . 

T h e h o l e s o m a d e t h r o u g h t h e wa l l m a y b e b i g g e r in s i ze o n b o t h f a c e s a n d n a r r o w e r 
Ins ide r e s e m b l i n g a d u m b b e l l s h a p e . T h i s Is g o o d . It d o e s no t m a t t e r if t h e h o l e is 
i nc l i ned i n s t e a d of b e i n g ho r i zon ta l . 

P l a c e c o n c r e t e of 1 :2 :4 m i x t o fill hal f t h e d e p t h of t h e h o l e f r o m b o t h s i d e s a n d p lace 
8 m m d ia h o o k e d m i l d s tee l ba r in t h e h o l e a n d fil l t h e h o l e c o m p l e t e l y . 

C u r e fo r m i n i m u m 10 d a y s b y sp r i nk l i ng w a t e r o n t h e e x p o s e d s u r f a c e s o n bo th s ides . 

PROVIDING HORIZONTAL SEISMIC BELTS 

Seismic Belt Locations 

S e i s m i c be l ts a r e t o be p r o v i d e d o n al l wa l l s o n bo th t h e f a c e s j us t a b o v e l in te ls of d o o r 
a n d w i n d o w o p e n g i n g s a n d b e l o w f l oo r or roof . 

On small wall lengths in a 
room (less than 5m) seismic 
band only on the outside 2 
face will suffice. In this ^ 
case these should be 
connected by ties going 
across the rooms (see 
Fig.8). 

T h e r o o f b e l t m a y b e 
o m i t t e d if t h e roof o r f l oo r 
is o f R C C s lab . Fig. 8 - O v e r a l l a r r a n g e m e n t of s e i s m i c 

belts ( roo f ing r e m o v e d ) 
S e i s r n i c b e l t i s n o t 
n e c e s s a r y at p l in th leve l , u n l e s s t h e p l in th h e i g h t is m o r e t h a n 9 0 0 m m . 

Insta l l s im i l a r s e i s m i c bel t at t he e a v e leve l of s l o p i n g roof a n d n e a r t o p of g a b l e wal l , 
b e l o w t h e roof . 

1 - S e i s m i c b e l t a b o v e o p e n i n g s and 
below roof at eave reve l 

2 - S e i s m i c b e l t o n g a b l e w a l l 
3 - Tie at eave-band l eve l 
4 - D o o r 
5 - W i n d o w 
6 - Raf te r w i t h co l l a r tie 
7 - Ty ing o l raf ter wi th b a n d 

Note:- If the height of eave level above the top of door in less than 900 mm, only the eave level 
belt may be provided and lintel level band may be omitted. 

14.2. Description of reinforcement in belt. 

T h e r e i n f o r c e m e n t m a y b e of m e s h t y p e s as s u g g e s t e d in Tab le 4 o r a n y o the r m e s h of 
equ i va len t l ong i tud ina l w i res . Fo r e x a m p l e in Ca t . D bu i ld ing w i th r o o m leng th of 6 m, M W 21 
w e l d m e s h (wi th l ong w i r e s 5 of 4 .5 m m d ia s p a c e d at 7 5 m m apar t ; c r o s s w i r e s of 3 .15 m m dia 
p l a c e d at 3 0 0 m m apa r t ) c a n be u s e d , t h e he igh t of t h e bel t b e i n g kep t a s 3 7 5 m m . 
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Note : Weld mesh has to be provided continuously. If splicing is required, there should be minimum 
overlap of 300mm. 

Table 5- Mesh Reinforcement in Seismic Belts in Various Building Categories. 

Length of Wall Cat. B Cat. C Cat. D Cat. E 

m Gauge N H Gauge N H Gauge N H Gauge N H 

< 5.0 gi4 9 250 gi3 9 250 gi2 9 250 gio 10 280 

6.0 gi3 9 250 gi2 9 250 gio 10 280 gio 14 380 

7.0 gi2 9 250 gio 10 280 gio 14 380 gio 18 460 

8.0 gio 9 250 gio 14 380 gio 18 460 gio 23 580 

1. G a u g e s : g 1 0 = 3 . 2 5 m m , g 1 1 = 2 . 9 5 m m , g 1 2 = 2 . 6 4 m m , g 1 3 = 2 . 3 4 m m , g 1 4 = 2 , 0 3 m m . 
2. N = N u m b e r of m a d e long i tud ina l w i res in t he bel t at s p a c i n g of 2 5 m m . 
3. H = H e i g h t of be l t o n wa l l in m i c r o - c o n c r e t e , m m . 
4. T h e t r a n s v e r s e w i r e s in t h e m e s h c o u l d be s p a c e d up to 1 5 0 m m . 
5. T h e m e s h s h o u l d b e g a l v a n i z e d to s a v e f r o m co r ros ion . 

15. VERTICAL SEISMIC BELT AT CORNERS 

Ver t ica l r e i n fo rc i ng is r e q u i r e d at t he c o r n e r s of r o o m s a n d j u n c t i o n s of wa l l s a s pe r Tab le 6. 
A l te rna t i ve l y M W 21 w e l d m e s h of e q u i v a l e n t l ong i t ud ina l a r e a c o u l d a l so b e used . T h e w id th of 
th is bel t o n e a c h s i d e of t h e c o r n e r h a s t o b e kep t 2 5 r n m ex t r a t o t h e w i d t h of t h e m e s h . 

T h i s r e i n f o r c e m e n t s h o u l d b e s ta r t ed 3 0 0 m m b e l o w t h e p l in th leve l a n d c o n t i n u e d into the 
r o o f / e a v e leve l ho r i zon ta l b a n d . ( S e e F ig .9) . . 

1 • Masonry wall 
2 • Door 
3 - Plaster first layer 
4 • Steel m e s h In belt 
5 - Wide head nails 150 long 
6 - Piaster second layer 
7 - Overlap in steel mesh , 200 

mm each side of corner 
8 - Vertical se ismic belt at junct ion 

(going across hor izontal belt) 
' 9 - spikes for f ixing m e s h 

Fig. 9 - Vertical seismic belts at corner and junction 
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Table 6-Vertical Bar or Mesh Reinforcement in Vertical Belt at Corners of Rooms 

No.of 

Storeys 

Storeys 

Single 
bar,mm 

Cat. B Cat. C Cat. D Cat. E No.of 

Storeys 

Storeys 

Single 
bar,mm 

Mes h Single 
bat, mm 

Mesh(glO) Single 
bar,mm 

Mesh (glO) Single 
bar,mm 

Mesh (glO) 

No.of 

Storeys 

Storeys 

Single 
bar,mm N B 

Single 
bat, mm N B 

Single 
bar,mm N B 

Single 
bar,mm N B 

O n e O n e - - - - - - 1 0 1 0 3 0 0 1 2 1 4 4 0 0 

T w o T o p - - - - - - 1 0 1 0 3 0 0 1 2 1 4 4 0 0 

B o t t o m - - - - - - 1 2 1 4 4 0 0 1 6 

T h r e e T o p - - - 1 0 1 0 3 0 0 1 0 1 0 3 0 0 1 2 1 4 4 0 0 

M i d d l e - - - 1 0 1 0 3 0 0 1 2 1 4 4 0 0 1 6 2 5 6 5 0 

B o t t o m - - - 1 2 1 4 4 0 0 1 2 1 4 4 0 0 1 6 2 5 6 5 0 

1. G a u g e 10 (3 .25 m m d ia) g a l v a n i z e d m e s h w i t h 25 m m s p a c i n g of w i r e s sha l l b e u s e d . 

2. S i ng le bar, if u s e d , sha l l be H S D or T O R type . If t w o ba rs a re u s e d at a T - j u n c t i o n , t h e d i a m e t e r c a n be 
t a k e n a s fo l l ows . F o r O n e of 10 o r 12 m m t a k e 2 of 8 m m , a n d fo r O n e of 16 m m t a k e 2 of 12 m m . 

3 . N = N u m b e r of l ong i t ud ina l w i r e s in t h e m e s h . 

4. B = W i d t h of t h e m i c r o c o n c r e t e bel t , half o n e a c h wa l l m e e t i n g at t h e c o r n e r or T - j u n c t i o n . 

5. T h e t r a n s v e r s e w i r e s in t h e m e s h c o u l d be at a s p a c i n g up to 1 5 0 m m . 

16. SEISMIC BELTS AROUND DOOR/WINDOW OPENINGS 

T h e j a m b s a n d p ie rs b e t w e e n w i n d o w a n d d o o r o p e n i n g s requ i re ve r t i ca l r e i n f o r c e m e n t in 
t he f o l l ow ing s i t ua t i ons : 

i) In c a t e g o r y D a n d E bu i l d i ngs fo r r e s i s t a n c e a g a i n s t e a r t h q u a k e f o r c e s . 

ii) Fo r res to r i ng t h e s t r e n g t h of t h e p iers in a n y bu i l d i ng c a t e g o r y w h e n b a d l y d a m a g e d in an 
e a r t h q u a k e . 

T h e f o l l o w i n g m e s h r e i n f o r c e m e n t is r e c o m m e n d e d to be u s e d fo r c o v e r i n g t h e j a m b a r e a on 
bo th s ides of a n o p e n i n g or fo r c o v e r i n g t h e p ie r b e t w e e n t h e c o n s e c u t i v e o p e n i n g s . 

i) In Cat.D & E buildings 

M e s h of g a u g e 10 w i t h 10 w i r e s in ve r t i ca l d i rec t i on s p a c e d at 2 5 m m in a bel t w i d t h of 

2 8 0 m m . 

ii) In Cat. C buildings 

M e s h of g a u g e 12 w i t h 9 w i r e s in ve r t i ca l d i r ec ton s p a c e d at 2 5 m m in a bel t w i d t h of 2 5 0 
m m . 

17. METHOD OF FIXING SEISMIC BELTS 

T h e r e i n f o r c e m e n t s p e c i f i e d in P a r a s 8, 14, 15 a n d 16 is to b e f ina l l y a t t a c h e d to t h e s t o n e 
wa l l b y nai ls o r c o n n e c t o r s a n d c e m e n t mor ta r . For th is p u r p o s e e i t he r 1 :3 c e m e n t - c o a r s e s a n d 
mor ta r or m i c r o - c o n c r e t e 1 :1 .5 :3 is u s e d . It is a p p l i e d in t w o laye rs l ike p las te r as d e s c r i b e d be low. 

Steps to construct the Belt 
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Step -1 R e m o v e p las te r in t h e he igh t of t h e bel t . 

S t e p - 2 R a k e ou t m o r t a r Joints to 12 -15 m m d e p t h . 

S t e p - 3 C l e a n t h e s u r f a c e a n d w e t it w i t h wa te r . 

S t e p - 4 A p p l y n e a t c e m e n t s lu r ry a n d a p p l y f i rst c o a t of 12 m m t h i c k n e s s . R o u g h e n its 
s u r f a c e a f te r ini t ia l set . 

S t e p - 5 F ix t h e m e s h w i th 150 m m long na i ls at a b o u t 3 0 0 m m apar t w h i l e p las te r is still 
g r e e n . 

S t e p - 6 A p p l y s e c o n d coa t of p las te r of 16 m m t h i c k n e s s . 

Note : 

1. The mesh should be continuous with 200mm overlap at the comer or elsehere. 

2. Using galvanized binding wire, tie up the roof rafters with the nails of the eave level 
belt before applying the plaster over the mesh. 

3. In brick and Bela stone walls, it will be easy to drill or chisel out holes of 75 mm dia. 
In that case, instead of the nails, use 3 mm galvanized mild steel wires through the 
holes to hold and clamp thejongitudin'^l wires every 450 mm c/c. 

18. PROVIDING VERTICAL REINFORCEMENT AT CORNERS, JUNCTIONS OF WALLS. 

- T h e ver t i ca l r e i n f o r c e m e n t c o n s i s t i n g of T O R ba r as pe r Tab le 6 o r e q u i v l e n t sha l l b e p rov i ded 
o n t he ins ide c o r n e r of r o o m s ta r t i ng f r o m 7 5 0 m m b e l o w the. g r o u n d f loo r g o i n g u p t o t h e roof s lab, 
p a s s i n g t h r o u g h e a c h m i d d l e f loor t h r o u g h ho les m a d e in t h e s labs . ( S e e F ig .10) T h e r e i n f o r c e m e n t 
wi l l b e c o n n e c t e d t o t h e wa l l s by us ing L s h a p e d o w e l s of 8 m m T O R bar, t h e ve r t i ca l leg of 4 0 0 

r - - . 

m m length f i rm ly t i ed t o t h e ve r t i ca l r e i n f o r c e m e n t ba rs a n d t h e ho r i zon ta l leg of m i n i m u m 150 m m 
length e m b e d d e d in t h e wa i l s t h r o u g h 7 5 m m d ia . ho les dr i l led in t h e wa l l in to w h i c h t h e 8 m m dia. 
leg of t he d o w e l wi l l be g r o u t e d 
us i ng n o n - h r ink c e m e n t c u m 
p o l y m e r g r o u t . S u c h d o w e l s 
wil l b e p rov ided , f i rst o n e j us t 
a b o v e p l in th leve l a n d t h e n at 
a b o u t e v e r y 1 m d i s t a n c e 5 
a p a r t . T h e c o r n e r 
r e i n f o r cemen t wi l l b e c o v e r e d 
w i th 1:3 c e m e n t m o r t a r o r 1:1 
1 /2 :3 m i c r o c o n c r e t e f u l l y 
b o n d e d w i th t h e wa l l s g i v ing a 
m i n i m u m c o v e r of 15 m m o n 
t he bar. 

1 - W a l l 
2 - P e r p e n d i c u l a r w a l l 
3 - F l o o r 
4 - S l a b 
5 - V e r t i c a l b a r 
6 - D o w e l 

D e t a i l A 

Fig. 10 - Vertical bar at inside corner 
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19. STIFFENING THE FLAT WOODEN FLOOR/ROOF 

M a n y of t he d a m a g e d h o u s e s h a v e f lat f l oo r o r roof m a d e . o f w o o d jo i s t s c o v e r e d w i t h w o o d e n 

p l anks a n d ear th . Fo r m a k i n g s u c h roo f / f l oo r r ig id, l ong p l a n k s 1 0 0 m m w i d e a n d 2 5 m m th ick 

s h o u l d b e na i l ed at b o t h e n d s of t h e jo is ts f r o m be low. Add i t i ona l l y , s im i l a r p l a n k s o r g a l v a n i z e d 

m e t a l s t r ips 1.5 m m th i ck 5 0 m m w i d e s h o u l d be na i l ed d i a g o n a l l y a l so . S e e F ig .11. 

_ 5 

(a) Stone building 
( i ) Brick building 

1 - Wal l 
2 - W o o d joist 
3 - W o o d p lank 
4 - Tie p lank u n d e r ends of joist 
5 - D i a g o n a l t ies 
6 - Jo in t by nai l ing t h r o u g h 3 m m f lat iron 

Fig. 11 - Stiffening flat wooden floor/roof 

20. STIFFENING THE 

SLOPING ROOF STRUCTURE 

Mos t of t he s l o p i n g roof a re 

m a d e of r a f t e r s , p u r l i n s , b u r n t 

c lay t i les on top . S im i l a r l y A G or 

C G I s h e e t roo fs a re m a d e u s i n g 

w o o d e n pur l ins res t i ng o n g a b l e 

wa l l s or m a i n raf ters. Bu t t r u s s e s 

w e r e no t f o r m e d w h i c h r e q u i r e 

t he u s e of t ies . S u c h roo fs p u s h 

t h e w a l l s o u t w a r d d u r i n g 

1 - P r i n c i p a l ra f te r 
2 - P u r l i n 
3 - H o r i z o n t a l tie 
4 - S e i s m i c bel t b e l o w roof 
5 - S e i s m i c be l t o n g a b l e 
6 - T y i n g w i re i 
7 - D e t a i l of tie 
8 - T ie rod 
9 - C o n c r e t e f i l led in f io le 

® 
Fig. 12 - Stiffening of sloping roof structure 
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e a r t h q u a k e s . F o r s t i f f en ing s u c h roofs , t he ra f te rs s h o u l d b e t i ed w i th t h e s e i s m i c be l t as in No te 
u n d e r p a r a 17, a n d t h e o p p o s i t e ra f ters , on bo th s i des of t h e r i dge n e e d to be c o n n e c t e d n e a r 
a b o u t m i d - h e i g h t o f t h e r o o f t h r o u g h c r o s s t i e s n a i l e d t o t h e r a f t e r s 
(see Fig. 12). 

21. ALTERNATIVE OF CHANGING THE ROOF 

While repairing and retrofitting the house, if it is desired to replace the roof structure or 
tiles with AC or CGI roof, take the following steps:-

i) C o m p l e t e t h e repa i r a n d re t ro f i t t ing w o r k of t h e f i rst s t o r e y i n c l u d i n g p r o v i s i o n of ' t h rough ' 
e l e m e n t s . 

ii) S t i f fen t h e f i rst f l oo r w o o d e n d e c k . 

iii) C o m p l e t e t h e ho r i zon ta l a n d ver t i ca l s e i s m i c be l t s in t h e f i rst s to rey , k e e p t h e ver t i ca l 
m e s h r e i n f o r c e m e n t e x t e n d i n g b e y o n d t h e f i rst s t o rey by 3 0 0 m m a n d l eave u n c o v e r e d . 

iv) C o m p l e t e t h e repa i r a n d re t ro f i t t ing of t he s e c o n d s to rey . 

v) N o w o p e n t h e roof s t ruc tu re a n d r e m o v e g a b l e po r t i on up to e a v e level . 

v i) It wi l l be p re fe rab le to u s e se i sm ic b a n d s , i ns tead of be l ts in th is case . T h e r e f o r e , cons t ruc t 
t he ve r t i ca l s e i s m i c be l ts a n d t h e e a v e level a n d g a b l e fc»ands t o g e t h e r , t a k i n g t he ver t i ca l 
s tee l in t h e b a n d s . A n c h o r s tee l w i r e s in t h e b a n d s a n d e x t e n d out for t y i n g d o w n t h e 
ra f te rs a n d pur l ins . 

vi i ) N o w e rec t t h e ra f te rs , t ie t h e m w i th b a n d s a n d f ix t h e t ie t o m a k e A - f r a m e s . 

vi i i ) Ins ta l d i a g o n a l b r a c i n g in t h e p l a n e of t h e ra f te rs . 

ix) E rec t t h e pu r l i ns o v e r t h e ra f ters , t ie t h e m w i th ra f te rs a n d g a b l e b a n d s . Bol t d o w n t h e 
A C or C G I s h e e t s t o t h e pur l i ns u s i n g J or U bo l ts w i th i ron a n d b i t u m e n w a s h e r s . 

E X A M P L E O F R E T R O F I T T I N G A H O U S E AT K H A R I R O H A R , DIST. K A C H C H H 

T h e re t ro f i t ted h o u s e is s h o w n in t he p h o t o g r a p h (Fig. 13). 

F ig -13 Re t ro f i t t ed H o u s e 

T h e h o u s e w a s bui l t u s i n g r a n d o m rubb le s t o n e m a s o n r y w a l l s w i t h t he roof of M a n g a l o r e Pa t te rn 
(Morb i ) t i les r es t i ng o n w o o d e n u n d e r - s t r u c t u r e s . ^ h e f o l l o w i n g re t ro f i t t ing e l e m e n t s w e r e ins ta l led . 
T h e c o s t of t h e i t e m s in t he w h o l e h o u s e of 6 0 m p l in th a r e a is a l so g i v e n : 
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Retrofitting Element Rupees Rs/m2 

1. R e i n f o r c e d c o n c r e t e b o n d e l e m e n t s ( H e a d e r s ) , 
w i t h 8 m m d ia . T O R s t e e l b a r in M l 5 ( 1 : 2 :4 ) C . C . , 
5 0 N o s @ 70 / - 3 5 0 0 4 1 . 7 0 

2 . C o r n e r S t r e n g t h e n i n g w i t h 2 5 m m x 2 5 m m w e l d - m e s h , 
a n c h o r w i t h 1 5 0 m m l o n g N a i l s & H e a d e r , 3 2 m m t h i c k 
p l a s t e r i n g w i t h (1 :4 ) p r o p o r t i o n ( i n s i d e & o u t s i d e ) . 

5 2 m @ 2 1 5 . 0 1 1 1 8 0 1 8 6 . 3 0 

3 . R . C . C . B a n d a t L i n t e l L e v e l w i t h 2 5 m m x 2 5 m m w e l d - m e s h , 
a n c h o r a t 1 .2 m c / c & 1 5 0 m r ^ L o n g N a i l s , p l a s t e r i n g 3 2 m m 
t h i c k (1 :4 ) p r o p o r t i o n , 1 2 . 2 m @ 2 1 5 . 0 2 6 2 3 4 3 . 7 0 

4 . D i a g o n a l B r a c i n g f o r G a b l e w a l l , a n c h o r w i t h 4 N o s . 
H e a d e r a n d 3 m m G . I . w i r e , 2 N o s . @ 4 0 0 . 0 0 8 0 0 1 3 . 3 0 

5 . R o o f B r a c i n g ( w a l l p l a t e ) , a n c h o r w i t h 7 5 x 2 5 m m s i z e 
w o o d e n Pat t i , 1 0 0 m m l o n g N a i l s a n d 3 m m G. I . W i r e , 
8 5 . 4 m © 1 6 . 4 0 1 4 0 0 2 3 . 3 0 

6 . P l a s t e r i n g ( 3 2 m m ) t h i c k , (1 :4 ) p r o p o r t i o n , w i t h c h i c k e n 
2 

m e s h 6 . 5 2 m @ 1 0 7 . 6 0 7 0 1 1 1 . 7 0 

Total 20204 336.70 

T a k i n g t h e c o s t of a n e a r t h q u a k e r e s i s t a n t n e w s i m i l a r h o u s e a s R s . 3 0 0 0 . 0 0 p e r m ^ , t h e re t ro f i t t i ng 
;ost w o r k s o u t to 1 1 . 2 % o n l y . In o t h e r w o r d s a g a i n s t r e b u i l d i n g c o s t of t h e h o u s e of R s . 1 . 8 0 l acs , t h e 
e t ro f i t t i ng c o s t is a b o u t R s . 2 0 , 0 0 0 / - on ly . 

* S o u r c e : K u t c i i N a v N i r m a n A b h i y a n 
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