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Behavior of a Sandy Uniform Soil During the Jaltipan 
Earthquake, Mexico

Comportement d ’un sable uniforme durant le tremblement de terre de Jaltipan, au Mexique

by R. J. M a r s a l ,  R esearch Engineer, In s titu to  d e  Ingeniería, C iudad  U niversitaria , U .N .A .M .. M éxico

Summ ary

In August 26, 1959, an earthquake of intensity V II on the 
modified Mercalli scale, occured in the south-coast region of 
the State of Veracruz, Mexico.

In Jaltipan, M inatitlan and Coatzacoalcos seismic action 
was most severe. In addition to damage sustained by various 
types of structures, the foundations of three buildings of the 
Naval Shipyard and of several sections of a nearby quay in the 
Coatzacoalcos River behaved in peculiar manner.

Soil exploration and tests carried out on undisturbed samples 
taken from the subsoil in Coatzacoalcos showed that the upper 
strata contained layers of fine uniform sand and silty sand,
10 m. thick. These materials lie on soft plastic clays or layers 
of sand and sandstones of marine origin.

After reviewing the bearing capacity of the soil and carefully 
examining foundation damage the author concludes that failures 
were caused by partial liquefaction of the sand and silt.

Somm aire

Le 26 août 1959, un tremblement de terre d’intensité V II de 
l’échelle Mercalli modifiée, eût lieu dans la région située le long 
de la cote sud de l’état de Veracruz.

A Jaltipan, Minatitlân et Coatzacoalcos, les effets sismiques 
furent les plus graves. On observa indépendemment des dégâts 
occasionés à de nombreuses structures de types variés, un com
portement inhabituel des fondations de 3 édifices de l’arsenal 
et de plusieurs sections du quai construit le long du fleuve 
Coatzacoalcos.

Les sondages et les essais effectués sur échantillons « non 
remaniés » provenant du sous-sol de Coatzacoalcos, m ontrent 
que la formation supérieure est composée de couches de sable fin 
et uniforme et de sable limoneux sur 10 m d’épaisseur, ces 
matériaux reposent sur des couches d’argile plastique ou des 
dépôts de sables et grès d’origine marine.

Dans cet article, sont présentés les résultats des essais effectués 
et les observations des ruptures des fondations. Après avoir 
étudié de nouvean la capacité portante du sol et soigneusement 
observé les dégâts causés aux fondations, il semble que le m otif 
de ces ruptures, doit être attribué à une liquéfaction partielle 
des couches de sable et de sable limoneux.

In  o rder to  investigate the dam age caused by  the  Ja ltipan  
E arthquake on  a  num ber o f  buildings in the C oatzacoalcos- 
M ina titlân -Jâ ltipan  region (Fig. 1), the  In stitu te  o f E nginee
ring o f the U n iversity  o f M éxico undertook  local soil explor-

a tion . T he au th o r gives labo ra to ry  data  and  conclusions ab o u t 
the probab le  causes o f foundation  failures th a t affected seve
ral structures a t C oatzacoalcos.

T he seismic m ovem ent occurred a t 8-30 a.m . G reenw ich

Fig. 1 General location, and site layout of Coatzacoalcos Veracruz.
Vue générale, indiquant les points où ont été effectués des sondages. Coatzacoalcos, Veracruz.
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Fig. 2 Soil Profile, showing variation of mechanical properties with depth.

Profil du sol, indiquant la variation des propriétés mécaniques avec la profondeur.



S tandard  T im e on  A ugust 26-1959. T he epicentre was located 
in the G u lf o f  M exico, 35 km  from  C oatzacoalcos in  latitude 
18°27' N  and  longitude 94° 16' W ; its dep th  o f focus was ab o u t 
20 km .

A ccording to  seism ogram s obtained  from  several stations, 
the in tensity  o f  m ovem ent was 6-5 o n  the R ich ter scale. The 
prevailing period  o f m otion  on  firm  g round  was estim ated 
a t 0-7 sec. and  m axim um  g round  accelerations ranged  bet
ween 0-07 and  0-2 g.

In  C oatzacoalcos, heavy  struc tu ra l an d  founda tion  dam age 
was observed, while in  Ja ltipan  on ly  the first type  o f destruc
tive effect was recorded. In  the fo rm er tow n, the upper layers 
o f subsoil are m ainly  com posed o f loose sandy  silts, below 
w hich layers is soft m arine clay  or m edium  sand. O n the 
o ther hand , in Ja ltipan  the soil consists o f  deep deposits 
o f  well graded volcanic sand, som ew hat w eathered and  w ith 
pockets o f clay  ; its shear strength  was determ ined by  triax ial 
tests a t constan t m oisture con ten t and  was 0-2 +  o ' tan  25° 
(kg per sq. cm)

Exploration and Sampling Borings

The exp lo ra to ry  boreholes n ear C oatzacoalcos were concen
tra ted  on  the left bank  o f the river, where p o rt installations 
have been constructed  and  where m ost o f  the foundation  
dam age occured. Tw o con tinuous sam pling borings 20 m 
deep and  several exp lo ra to ry  borings using a  standard  spoon 
were d ri lle d ; the location  o f ihese borings is show n in Fig. 1. 
U nd istu rbed  sam ples were obtained  by m eans o f  th in  wall 
sam plers o f 2 in. and  5 in. diam eter.

Laboratory tests

A t the lab o ra to ry  tests were carried  ou t w ith undistu rbed  
sam ples from  borings Pc-1 and  Pc-2 : Specific g rav ity  o f the

solids, n a tu ra l m oisture con ten t, liquid and  plastic limits, 
in itial void ra tio n  and  unconfined  com pressive strength  were 
m easured. T he results o f these tests are  show n in Figs. 2, 3 
an d  4 w ith the soil profile. G rain-size analyses were also per
form ed o n  sam ples represen tative o f the su b so il; Fig. 3 
shows som e o f the grain-size curves. This diagram  also includes 
a  p lasticity  ch a rt and  ranges o f  ac tiv ity  fo r bo th  the silty and  
clayey soils. W ith som e o f the 5 in. d iam eter specimens, 
conso lidation  tests were carried  ou t, an d  preconsolidation  
pressures thus obtained  are  p lo tted  in  Fig. 2.

Soil Profile

A ccording to  Fig. 2, the fo rm ations present in sam ple 
boring  Pc-1 are as follow s :

F ro m  the g round  surface to  El. — 2-5 m , layers o f  m edium  
to  fine clean sand, w ith void ra tio s o f  ab o u t 0 -6, m oisture 
con ten t varying from  20 to  25 per cent and  specific gravities 
o f  2-66 are  found . These layers are  in terbedded  w ith som e 
silty ones. T he g round  w ater table was 1-3 m  deep.

Between El. — 2-5 and  E. — 6-7 m , there is a uniform  layer 
o f loose s a n d ; void ra tios are p ractically  constan t and equal 
to  un ity , w ater contents abou t 30 o r 40 per cent. E xcept for 
a  few specim ens, these m aterials are n o t plastic. U nconfined 
com pressive strengths range betw een 0-2 and  0-6 kg /cm 2, 
and  specific g rav ity  is o f the o rder o f 2-70.

F rom  El. — 6.7 to  El. — 9.0 m , sandy  silts w ith void ratios 
o f  1-1 to  1-2 are  p redom inan t. W ater contents are o f 45 per 
c e n t ; liquid  lim its o f  ab o u t the sam e m agnitude, and plastic 
lim its o f 30 per cent on  the average. The unconfined com 
pressive strength  changes erraticaly  betw een 0.2 and  0.7 kg 
per sq. cm . I t has to  be no ted  th a t these m aterials have an  
appreciable am oun t o f b io tite , organic m atter, and some 
seashells.

A  layer o f clean m edium  sand 0-9 m  thick lies below El. 
— 9'0  m.
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3-  C l a y  , Pc- 1 
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Fig. 3 Plasticity chart and activities of silty and clayey materials ; grain-size curves.

Diagramme de la plasticité et de l’activité des m atériaux limoneux et argileux ; courbesj granulométriques.
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Fig. 4 Stress-Strain Curves of silty and clayey materials (unconfined compression test) ; sensitivities.

Diagrammes contraintes-déformations des matériaux limoneux et argileux (essai de compression simple). Sensibilité.

Between El. — 9-9 and  — 17-8 m , sandy  silts and  clays are 
found , their plasticity  increasing w ith depth. M oistu re  con
tents vary  from  50 to  75 per cent and  liquid lim its are  m uch 
higher than  the n a tu ra l m oisture con ten t, reaching values 
o f  90 per cent, while plastic lim its are  under 40. U nconfined 
com pressive strengths range from  0-2 and  to  0-8 kg /per sq. 
cm , the sensitivity  varying from  2 to  8. Specific gravities are 
greater th an  2-70. A ctivities fall between i-1 and  13-7 (See 
Figs. 3 and  4).

Below El. — 17-8 m , there are  com pact sands and  sandstones 
o f  m arine origin.

In Fig. 2 the results o f tests perform ed on  sam ples from  
boring  Pc-2 are p re sen ted ; the soil profile is also show n. In  
com paring  inform ation  from  boring  Pc-2  w ith th a t o f Pc-1, 
it  will be observed th a t there are im portan t differences below 
E l. — 8-0 m. In  boring Pc-2, below th a t elevation  there is a 
th ick  fine silty sand deposit, having a n a tu ra l m oisture con ten t 
o f  ab o u t 50 per cent, and  void ratios o f 0-4 to  0-9- E xp lo ra to ry  
boreholes drilled a t different po in ts near C oatzacoalcos ind i
cate  th a t the subsoil is o f  erratic  type.

Silty sand .and silt materials

These soils deserve special a tten tion . T hey are  non-plastic 
m aterials, a n d  in a ra ther loose state, judging  from  their 
n a tu ra l void ratios. Besides, as can  be seen in Fig. 3, their 
grain  sizes are  quite uniform . These properties are  character
istic o f m aterials that, w hen subjected to  a  shock like tha t 
p roduced by  an  earthquake, are  susceptible to  structu ral 
collapse (2). A  large m ass o f this type o f soil can  undergo 
rap id  displacem ent, behaving as a  liquid. In som e cases, 
this phenom enon is local and  lim ited to zones where m axim um  
shear stresses occur.

Foundation failures

Two types o f failure were observed in the C oatzacoalcos 
reg ion  n ex t to  the r iv e r; bo th  o f them  are  indicative o f a 
p a rtia l liquefaction process tak ing  place in the silty  sand 
layers, particu larly  those betw een El. —-2-5 and  El. — 6-7 m  :

(a) A  sudden settlem ent o f the o rder o f  ab o u t one m etre 
in  the colum ns o f  the N aval Shipyard  and  the w alls o f the 
M achine Shop (Figs. 5 an d  6).

Fig. 5 Collapse of column footings in the N aval Shipyard. 
Rupture de l’assise des colonnes dans l’arsenal.

Fig. 6 Subsidence of a continuous wall footing, Naval Machine 
Shop.

Élévation du radier continu de l ’entrepôt de I’asenal.
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(b) R elative horizon ta l displacem ents between sections o f 
the “ Puertos L ibres” quay  (Fig. 7).

Fig. 7 Relative displacement of two sections of the Puertos 
Libres Quay.

Déplacement relatif de deux sections du quai « Puertos 
Libres ».

B oth types o f m ovem ent were a  consequence o f the A ugust 
26, 1959 earthquake.

T he m etal ro o f  o f the N aval S hipyard  is supported  on  con 
crete colum ns which, in tu rn , rest on  spread footings 1 m etre 
square a t a  dep th  o f 0-8 m.

The w alls o f  the M achine Shop are founded  on  continuous 
footings 0-9 m  wide a t a  depth  o f 0-8 m.

The Puertos L ibres quay  sections are form ed by a  m etallic

substructu re  resting o n  tubu la r steel piles, 20 cm  in  diam eter, 
w ith an  enlarged helical toe. T he length  o f these piles is no t 
exactly  know n, bu t it is greater th an  10 m.

It is w orth  no ting  th a t the Shipyard  construction  was 
com pleted in  1956, an d  th a t no  signs o f disturbance were 
observed before the Jaltipan  E arthquake. T he Puertos Libres 
quay  was built in  1910 and  its behav iour was satisfactory  
un til A ugust 26, 1959.

Conclusion

T aking in to  account the features o f the sandy  silt layers in 
the subsoil a t C oatzacoalcos, it has been concluded th a t the 
founda tion  failures result from  p artia l liquefaction o f those 
m aterials, induced by  seismic action.

Phenom ena very sim ilar to  the one described above, bu t on 
a  m uch larger scale, have taken  place recently  in the V aldivia 
region as a  consequence o f  the severe earthquake th a t struck 
southern  Chile during  M ay 21 and  22, 1960.
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