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A  L i q u e f a c t i o n  C a s e  H i s t o r y ,  C h i a p a s ,  M e x i c o

U n  C a s  d e  L i q u e f a c t i o n ,  Ch i a p a s ,  Me x i q u e

R . J . F L O R E S - B E R R O N E S  Re s e a r c h  Pr of es s or ,

A . W . D A W S O N  Re s e a r c h  Pr o f es s o r  at  t he Nat i onal  A u t o n o mo u s  Uni v er s i t y  o f  Me x i c o ,  Me x i c o

SYNOPSI S A s er i es  of  s mal l  ma g n i t u d e ( 4. 5 t o S. 5 on t he Ri c h t e r  s c al e) ,  s ha l l ow f oc i  e a r t h ­
quak es  s t r uc k  t he ar ea near  t he c on f l uenc e  of  t wo r i v er s  i n t he s t a t e  of  Ch i apas ,  Mex i c o ,  dur  
i ng t he l a t t e r  par t  of  1975.  They  c aus ed r epea t ed  wi d e s p r e a d  l i que f ac t i on  i n r ec ent  a l l uv i a l  
s ands  l oc a t ed  ad j ac en t  t o t he r i v er  and wi t h i n  a d i s t anc e  of  6 k m f r om t he gener a l  e p i c en t r a l  
ar ea.  Ev i denc es  of  l i que f ac t i on  c o n s i s t ed  p r i mar i l y  of  c r ac k s  o r i en t ed  par a l l e l  t o t he a l l uv i  
u m- t e r r ac e  c ont ac t  f r om wh i c h  s and and wa t e r  f l owed out  i n a l i qu i d  c ondi t i on.  I t  i s b e l i ev ed  
t hat  t hi s  k i nd  of  l i que f ac t i on  ma n i f e s t a t i o n  i s t y p i c a l  when  t he t opogr aphy  o f  t he r ec ent  a l ­
l uv i um i s r e l a t i v e l y  f l at  and a s u r f ac e  c ohes i v e  l ay er  i s p r es ent .  I n add i t i on ,  a n u mb e r  of  
o t he r  p h e n o me n a  s uc h as bank  f a i l u r es  ar e des c r i bed.

I NTRODUCTI ON

Dur i ng  t he l as t  f i f t een  y ear s  many  geot echni _ 
c al  eng i neer s  hav e been i nv o l v ed wi t h  t he si ^ 
t ua t i on  i n wh i c h  s t r uc t u r es  ar e f ounded on 
l oos e t o me d i u m dens e c ohes i on l es s  s oi l s  
wh i c h  may  be s u b j ec t ed  t o s t r ong  ea r t hquak e  
s h a k i n g .

Thi s  pap e r  des c r i bes  t he r es u l t s  of  a p r e l i ­

mi na r y  ana l y s i s  of  a p a r t i c u l a r  c as e h i s t o r y  
of  s and  l i q u e f a c t i o n  whi  ch oc c ur  r ed ' .1 t he 

ep i c e n t r a l  ar ea of  a s er i es  of  s mal l  magn i t u  
de ea r t hquak es .  The ev i denc es  of  l i quef ac t i on 
c o n s i s t ed  p r i ma r i l y  of  c r ac k s  i n t he r ec ent  

a l l uv i a l  depos i t s  f r om wh i c h  s mal l  t o mo d e r a ­
t e quan t i t i e s  of  l i que f i ed  s and and wa t e r  
f l owed.  Pr e l i mi n a r y  da t a  i nd i c a t e  t hat  t he 

a l l uv i um g e n e r a l l y  c ons i s t s  of  me d i u m dens e,  
me d i u m s and wi t h  f ew f i nes .  The c r ac k s  wi t h  
l i que f i ed  s and wer e  t y p i c a l l y  many  met e r s  
l ong,  wer e  en c o u n t e r e d  at  many  p l ac es  i n t he 
f i e l ds  on bo t h  s i des  of  t he r i v er ,  and a p ­
p e a r e d  r e pea t ed l y  as a r es u l t  of  t he 
s e i s mi c  s hoc k s  wh i c h  ar e r epor t ed  her e.

Fi e l d  o b s e r v a t i ons  made  i n t hi s  s t udy  i n d i ­
c at e t hat  when  r ec ent  a l l u v i u m i s c ov er ed  by 
a c o hes i v e  s u r f ac e  l ay er  and t he gr ound s u r ­
f ace i s r e l a t i v e l y  f l at ,  t he man i f e s t a t i o n s  
of  l i que f ac t i on  t y p i c a l l y  c ons i s t  of  l o n g i ­
t ud i na l  c r ac k s  wi t h  ex p e l l e d  s and r a t her  

t han s and boi  I s .

SEI SMI C ASPECTS

The z one wher e  t he wi d e s p r e a d  man i f es t a t i o n s  
of  l i que f a c t i o n  wer e  obs er v ed  i s l oc a t ed  
near  t he c on f l u e n c e  of  t he Sant o Domi ngo and 

Gr i j a l v a  Ri v er s  i n t he St at e  of  Chi apas  ( f i g
1) .  The s e i s mi c i t y  of  t he r eg i on i s qu i t e  
h i gh and t he s t udy  ar ea has  been s ub j ec t ed  
t o Mo d i f i e d  Mer c a l l i  i n t ens i t i es  be t ween  VI  
and VI I I  s ev er a l  t i mes  dur i ng  t hi s  c ent ur y .  
The l i que f a c t i o n  r epor t ed  i n t hi s  pap e r  was  
c aus ed  by  t wo s mal l  ea r t hquak es  o f  ma g n i t u ­
de 5. 0 and 5. 5 on Oc t o b e r  6,  1975,  and by

ano t he r  one of  ma g n i t ude  5. 6 on No v e mb e r  5,  
1975.  The appr ox i ma t e  l oc a t i on  of  t he ep i c en  
t er s  wi t h  r es pec t  t o t he s t udy  ar ea i nd i c a t es  
t hat  t he mos t  i n t ens e ma n i f e s t a t i o n s  of  l i que 
f ac t i on oc c ur r ed ' v i t h i n  a d i s t anc e  of  6 km 

f r om t he z one of  ener gy  r e l eas e.  The f oc al  
dept h of  t he e a r t hquak e  on No v e mb e r  5 was  
me a s u r e d  l oc a l l y  t o be be t we e n  2. 5 and 5. 0 k m

Fi g 1.  Ep i c en t r a l  a r ea
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The e a r t h quak es  c aus ed  s er i ou  

t han SO5» of  t he hous es  i n t he 
Cupi a,  El  Amat a l  and Amér i c a  
about  3 0 ?o of  t he hous es  i n Ch 
The dama g e d  s t r uc t u r es  wer e  c 
l y  wi t h  adobe wa l l s  and c l ay  
c o n s t r uc t ed  r es i denc es  o f  br i  
r e i n f o r c e d  c onc r e t e  beams  and 
not  damaged.  The Mod i f i e d  Mer  
was  VI  t o VI I  and t he ma x i mu m 
c e l e r a t i ons  i n t he s t udy  ar ea 
t o hav e been on t he o r de r  of

s damage  t o mor e 
v i l l ages  of  

L i br e;  and t o 
i apa de Cor z o.  
o n s t r u c t e d  mai n  
t i l e r o o f s . Wel l  

ck  wa l l s  and 
c o l u mn s , wer e  

c al l i  i n t ens i t y  
i r m g r ound  ac-  

s ar e es t i ma t ed  
0. 30 g .

FI ELD OBSERVATI ONS AND DI SCUSSI ON

The ma i n  ev i denc e  of  l i q u e f a c t i o n  c ons i s t ed  

of  l ong c r ac k s  i n t he g r ound  f r om wh i c h  s and 
and wa t e r  f l owed out  i n a l i qu i d  c ond i t i on  
( f i gs  2 and 3) .  The c r ac k s  wer e  on l y  f ound 

i n t he n ea r l y  ho r i z o n t a l  f i e l ds  of  r ec ent  al ^ 
l uv i um ad j ac en t  t o t he r i v e r  and r an p a r a l l e l  
t o t he r i v e r  and / o r  c on t ac t  wi t h  c ompac t  t er  
r ac e depos i t s  wh i c h  s t r a t i g r a p h i c a l l y  u nde r l i e  

t he a l l uv i um.  No t r ans v e r s e  c r ac k s  and on l y  a 
f ew s and v o l c anoes  or  bo i l s  we r e  obs er v ed.
Thé l o n g i t ud i na l  c r ac k s  wh i c h  ex p e l l e d  s and 
and wa t e r  i n a l i qu i d  c o n d i t i on  v a r i ed  f r om 
onl y  a f ew- met e r s  t o mor e  t han f i f t y  met e r s  

i n l engt h;  t hes e c r ac k s  wer e  o bs e r v ed  by  t he 
au t hor s  i n numer ous  ar eas  of  t he r ec ent  a l ­
l u v i um a l ong t he San t o  Domi n g o  Ri v er ,  and 
f a r mer s  i n t he zone r epo r t ed  s i mi l a r  d e s c r i £  
t i ons  i n many  o t he r  ana l ogous  ar eas .  Loc a t i ng  
t he c r ac k s  was  v e r y  d i f f i c u l t  i n f i e l ds  wh i c h  
wer e  no t  r ec en t l y  p l o we d  bec aus e  of  t he t h i c k  
v ege t a t i v e  c ov e r  i n t he ar ea.  The c r ac k s  wer e  
t y p i c a l l y  onl y  a f ew c en t i me t e r s  wi de  and 

l ar ge l a t e r a l  d i s p l a c e me n t s  o f  t he f i e l ds  di d 
not  oc c ur ;  t hi s  was  p r o b a b l y  due p a r t l y  t o 
t he f l at  t o pog r aphy  of  t he r ec ent  a l l uv i um 
and p a r t l y  t o t he s hor t  d u r a t i on  of  s hak i ng.  
The ea r t hquak es  o c c u r r e d  . l ur i ng t he dr y  s eas on  

when  t he r i v er  i t s e l f  was  on l y  SO c m deep and 

t he g r ound  wa t e r  t ab l e  i n t he ad j ac en t  f i e l ds  
v a r i ed  b e t we e n  1 and 2 me t e r s  i n dept h.

An open p i t  was  e x c a v a t e d  ar ound  a c r ac k  wi t h  
ex p e l l e d  s and i n t he f i e l d  a d j ac en t  t o t he 
San t o  Do mi ngo  Br i dge  i n o r de r  t o get  a b e t t e r  
v i ew of  t he p h e n o me n o n  ( f i g 4) .  The g r o u n d  wa 
t er  t ab l e  was  f ound  at  a dep t h  of  1. 3 m.  Fi g

4 s hows  a p a i r  of  c r ac k s  i n t he c o hes i v e  s ur  
f ac e l ay er  wh i c h  f i l l ed  and t r apped  t he l i que^  
f i ed s and when  t he por e  p r e s s u r e  d r o pped  and 
t he c r ac k  c l os ed  s omewhat .  The c r ac k  was  g e ­
ne r a l l y  n a r r o we r  n ea r  t he g r ound  s u r f ac e  t han 
at  t he g r ound  wa t e r  t ab l e  whe r e  i t  was  o f t en  

empt y .  I t  t y p i c a l l y  was  c o mp o s e d  of  on l y  one 
b r a n c h  up t o 4 c m wi de.  The g r a i n  s i z e c ur v es  
o f  t he l i que f i ed  s and f ound at  t he c r ac k  at  
t he t es t  p i t  and f r om o t her  ar eas  ar e s hown 
i n f i g 5.  The s and wh i c h  l i que f i ed  appear s  t o 

be mo s t l y  a u n i f o r m me d i u m t o f i ne g r anu l a r  
ma t e r i a l  wi t h  l i t t l e  or  no f i nes .  The i ndi v i _ 
dual  gr a i ns  ar e g e n e r a l l y  s u b a n g u l a r  t o s u b ­
r ounded  i n s h a p e .

-  ■ >'  '  —  

- - .. ■ ■ ;
V  *  r-f

Fi g 2.  A  c r a c k  f r o m wh i c h  s a n d  a n d  wa t e r  f l o we d  o u t

Fi g 4.  A  f r ont  v i e w o f  t he  c r a c k s  at  t h e  o p e n  pi t

The s oi l  p r o f i l e  a l ong t he ax i s  of  t he br i dge  
i s s hown i n f i g 6.  The r es u l t s  of  t he t es t  

bo r i ng  s t anda r d  p e n e t r a t i o n  r e s i s t anc e  f or  

t hat  p r o j e c t  ( r ef  3)  wer e  r ed r awn us i ng  t he 
Gi bbs  and Ho l t z  ( r ef  2)  c o r r e l a t i o n  f or  a v e ­
r age c ond i t i ons .  I t  was  f ound t hat  Bor i ng  N° 7

3.  Aer i a l  v i e w o f  s o me c r a c k s  wi t h  l i quef i ed s a n d

£ 2  Tr apped sand

2 3 8



was  l oc a t e d  i n dens e f o r mat i ona l  t e r r ac e  d e ­
pos i t s  of  me d i u m t o c oar s e  s and wi t h  f ew 
f i nes .  Th i s  ma t e r i a l  was  ob s e r v e d  not  t o l i ­

quef y  or  s how any  o t he r  s i gn of  d i s t r es s .  Bor  
i ngs  made  i n t he r ec en t  a l l uv i um s how c o n s i ­
der ab l e  s c a t t e r  i n t he p e n e t r a t i o n  r e s i s t a n ­
ce but  g e n e r a l l y  i nd i c a t e  c o r r e l a t e d  r e l a ­
t i ve d e n s i t i es  abov e 55% and may  be c l a s s i ­
f i ed as be i ng  me d i u m dens e.  The p e n e t r a t i o n  
r es i s t anc e  of  bo r i ngs  l oc a t ed  i n t he r i v er  
i nd i c at e  s i g n i f i c a n t l y  l ower  r e l a t i v e  d e n s i ­
t i es  i n t he zone of  f r equen t  e r os i on  and r e ­
depos i t i on .  Al t h o u g h  t hes e da t a  wer e  o b t a i n ­
ed i n 1962,  t hey  appear  t o be r eas onab l y  c on 
s i s t ent  and t end t o i nd i c a t e  t hat  t he s ands  

wh i c h  l i q u e f i e d  wer e  gene r a l l y  l oc a t ed  wi t h i n  
a me d i u m t o dens e a l l uv i a l  depos i t

The ma n i f e s t a t i o n s  of  l i que f a c t i o n  may  be 
r oughl y  g r o u p e d  i nt o t hr ee c at egor i es :

a)  Tr ac k s  wi t h  l i q u e f i ed  s and i n t he mi dd l e  
of  t he f i e l ds  o v e r l y i n g  r ec ent  a l l uv i um

b)  Cr ac k s  wi t h  l i que f i ed  s and i n t he a l l uv i um 

adj ac ent  t o t he c ont ac t  wi t h  dens e t e r r ac e  ma 
t er i a l s

c)  Cr ac k s  wi t h o u t  l i q u e f i ed  s and  a l ong t he 

r i v er  bank s

T u x t l a  G u t ie r r e z

4 / 1 1

S ieve  n u m b e r

Fi g  5.  Gr a i n  s i z e c u r v e s  o f  t h e  l i quef i ed s a n d

Am eV ic a  L i b r e

A c c e s s  em ban km ent Re c e n t  s a n d  a l lu v iu m

S u r f a c e  cohesiv e  layer

S t r a t i f i e d  lenses  o f  f i r m  sandy  

clay and  v e ry  dense  m ed ium  sand

B e d r o c k

S t r a t i f i e d  len ses  of  h a r d  c l a y  

and very  dense sand and grave l

B - i B o r in g  lo c a t io n

Fi g 6.  Sa n t o  Do mi n g o  b r i d g e  soi l  pr of i l e

The t endenc y  f or  c r ac k s  t o f o r m at  t he c o n ­
t ac t  b e t we e n  t he r ec en t  a l l uv i um and t he v er y  
c ompac t  u n d e r l y i n g  f o r mat i ona l  ma t e r i a l s  was  
v er y  p r o n o u n c e d  i n s ome ar eas .  Ho wev e r  unt i l  
mor e s p e c i f i c  da t a  on t he s t r a t i g r aphy  i n 
t hes e ar eas  i s ob t a i ned,  i t  wou l d  be p r e ma ­

t ur e t o s p e c u l a t e  on t he r eas on  f or  t he d i f ­
f e r enc es  b e t we e n  gr oups  a)  and b ) . The c r ac k s  
i n gr oup c)  we r e  as muc h  as SO m l ong and up 
t o 40c: n wi de  at  t he g r ound  s ur f ac e.  They  
wer e  g e n e r a l l y  l oc a t ed  wi t h i n  20 me t e r s  of  
t he r i v er  bank  and r an p a r a l l e l  t o i t .  The

c r ac k s  wer e  f ound t o be empt y  and onl y  o c c a ­
s i ona l l y  c o n t a i n e d  s and wh i c h  had l i quef i ed.  
The c r ac k s  we r e  a l way s  wi d e s t  at  t he g r ound  
s u r f ac e  and t ended  t o c l os e near  t he gr ound 
wa t e r  t ab l e  at  a dep t h  of  1 t o 2 met er s .  The 

r i v er  b ank  appea r ed  t o f o r m a b l oc k  wh i c h  
had r o t a t ed  d o wnwar d  about  t he bas e of  t he 

c r ac k s  and s l i d  out war d.  The s oi l  abov e t he 
g r o u n d wa t e r  t ab l e  i s i nv a r i ab l y  c ohes i v e ,  

and be l ow i t  c ons i s t s  of  a l l uv i a l  s ands .  
Henc e,  i t  appear s  t hat  t he u n d e r wa t e r  t oe of  
t he bank  l os t  i t s  s t r eng t h  f l owed i nt o t he 
r i v er ,  and c aus ed  t he o bs e r v ed  bank  mov emen t s

2 3 9
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The r eg i on  o bs e r v ed  i n t hi s  s t udy  has  been  

s ub j ec t ed  t o Mo d i f i e d  Me r c a l l i  i n t ens i t i es  be 
t ween VI  and VI I I  s ev er a l  t i mes  i n t hi s  c e n ­

t u r y  .

On at  l eas t  t wo oc c as i ons ,  s ha l l ow f oc us  
e a r t hquak es  wi t h  ma g n i t u d e s  of  about  5. 5 
c aus ed  wi d e s p r e a d  l i q u e f a c t i o n  i n r ec ent  a l ­
l uv i um l oc a t ed  at  a d i s t anc e  of  l es s  t han 
about  6 k m f r om t he z one of  e ne r gy  r el eas e.

Bor i ngs  and s t anda r d  p e n e t r a t i o n  t es t s  made 
i n 1962,  f or  t he San t o  Domi ngo  Br i dge,  i ndi ^ 

c at e t hat  t he r ec ent  a l l uv i um i s p r o b a b l y  i n 
a me d i u m t o dens e s t at e,  and t hat  i t  t y p i c a l ­
l y  c ons i s t s  of  u n i f o r m me d i u m s and wi t h  f ew 
f i nes  p a s s i n g  t he N° 200 s i ev e.

The p r i n c i p a l  ma n i f e s t a t i o n s  of  t he l i q u e f a £  

t i on c o n s i s t ed  of  l ong c r ac k s  pa r a l l e l  t o t he 
r i v e r  wi t h  ex pu l s i ons  of  s and and wa t e r  i n a 
l i qu i d  s t at e.  The v o l ume of  ex p e l l e d  mat e r i a l  
was  r e l a t i v e l y  s mal l ,  and on l y  s p r ead  s ome 50 
c m on e i t he r  s i de of  t he c r ac k  t o a dep t h  of  
s ev er a l  c en t i met er s .

Al l  of  t he c r ac k s  obs e r v e d  i n t he r ec ent  a l ­
l uv i um wer e  p a r a l l e l  t o t he r i v e r  and / o r  c on 
t ac t  wi t h  unde r l y i n g  f i r m t e r r ac e  depos i t s .

No t r ans v e r s e  c r ac k s  wer e  ob s e r v e d  and a l ­
t hough  l a t er a l  d i s p l a c e me n t s  of  t he f i e l ds  

wer e  g e n e r a l l y  s mal l ,  s ome of  t he f i e l ds  a p ­
p e a r e d  t o hav e mo v e d  as a ma s s i v e  uni t .  I t  
i s b e l i e v e d  t hat  t hi s  k i nd  of  l i q ue f ac t i on  
ma n i f e s t a t i o n  i s t y p i c a l  when  t he t opog r aphy  
of  t he r ec ent  a l l uv i ums  i s r e l a t i v e l y  f l at  

and a s u r f ac e  l ay er  of  c ohes i v e  ma t e r i a l  
ex i s t s .  I n s uc h c as es  i t  wo u l d  be us e f u l  t o 
d i g s ha l l o w t r enc hes  and c a r e f u l l y  t r y  t o l o

S UMMA RY  OF  OB S E RV A T I ONS
c at e s uc h c r ac k s  as an aux i l i a r y  means  of  ev a 
l ua t i ng  t he l i que f a c t i o n  p o t e n t i a l  at  f u t ur e 
c o n s t r u c t i o n  s i t es .

The r i v er  bank  s u f f e r ed  mo v e me n t s  of  up t o 
about  50 c m and mov ed  bo t h  l a t e r a l l y  and by  
r o t a t i on.  The mov e me n t  of  t he r i v er  bank  was  
mos t  p r o b a b l y  due t o a l ar ge l os s  of  s t r eng t h  
of  t he s and at  t he t oe of  t he b ank  wh i c h  t hen 

s e t t l e d  c ons i der ab l y .

The dens e t o v e r y  dens e g r anu l a r  t e r r ac e  d£  
pos i t s  wh i c h  s t r a t i g r a p h i c a l l y  under l i e  t he 

a l l u v i u m s howed  no s i gns  o f  l i que f a c t i o n  or  

any  o t he r  k i nd  of  d i s t r es s .
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