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S E C T I O N  I
theories, hypothesis, considerations op a general character.

SUB-SECTION I b
GEOLOGY AMD SOIL MECHANICS.

SOTT, MECHANICS AMD GEOLOGY 

(A contribu tion  fo r  d iscussion  )

Dr. A. VON MOOS, g e o lo g is t , L. BJERRUM, c iv il-e n g in e e r ,
Laboratory fo r  Hydraulic Research, and S o il  Mechanics of the 
Swiss Federal In s t itu te  o f Technology Zurich (Sw itzerlan d ).

A. AIM.
This a r t ic le  was a consequence o f the ob

servatio n , that in  the in v ita tio n  b u lle t in  to 
the second In tern ation al Congress on S o il Me
chanics in  Rotterdam in  1948, the word Geology 
was never used in s p ite  o f the papers mention 
of p ra c t ic a l and th e o re tic a l problems o f s o il  
mechanics. This gave the impression that S o il 
Mechanics are today more or le s s  independant 
o f Geology. Therefore we have both tr ie d  to i l 
lu s tr a te  the su b jects trea ted  by S o il Mechanics 
and by Geology. This study leads ua to the con
clu sion  that not only the point o f view of 
S o il Mechanics, but a lso  that o f Geology are, 
or should be, considered in  the m ajority of 
problems concerning p ra c t ic a l S o il-  and Founda
tio n  engineering.

B. DEFINITION AND DEVELOPMENT.

I f  we mentioned the word Geology in  the 
in troduction , i t  was in  i t s  more general mean
ing of g e o lo g ic a l, as used in  anglo-saxon 
co u n tries. These g e o lo g ica l sciences (General 
Geology, Geomorphology, T ectonics, Paleontolo
gy, Petrography and Mineralogy) study the e f
fe c ts  o f fo rce s  on the form ation o f the e a rth 's  
cru s t, the e a rly  h is to ry  o f the earth, and in 
v e s tig a te  the m aterials composing the outer 
la y e r  o f the earth (N ig g li, 1924). Both purely 
d e scr ip tiv e  methods, p a rt ly  with measurements, 
and, in  recen t, years, a lso  experiments and 
model t e s ts  were employed to th is  e f fe c t .

The a p p licatio n  o f g eo lo g ica l knowledge 
to tech n ical problems i s  considered in  Econo
mic Geology, which stud ies the composition of 
raw m aterials (mining, o i l ,  e t c .)  and also in 
Engineering Ceology which engage in  problems 
o f C iv il  Engineering. In the fo llow in g paper, 
we sh a ll unite these two branches under the 
term of Geology, which sh a ll therefore  include 
the g eo lo g ica l as w ell as the p etrograph ical- 
m ineralogical scien ce.

Within C iv i l  Engineering, S o il Mechanics 
has developed since 1920 to an independant 
branch o f Foundation Engineering. Terzapfri 
gave, in  h is  "T h eoretica l S o il Mechanics'1 in  
1942, the follow in g d e fin it io n  o f th is  science:
"S o il mechanics i s  the a p p lica tio n  of the laws 
o f  mechanics and h yd raulics to engineering pro
blems dealing with sediments and other uncon
so lid ated  accumulations o f s o lid  p a r t ic le s  pro
duced by the mechanical and chemical désinté
gration  o f rocks, regard less o f wether or not 
they contain an admixture o f organic co n stitu 
en ts".

Apart from the th e o r e tic a l S o il Mechanics, 
there e x is ts  a la rg e  f i e l d  o f  the p ra c t ic a l 
s id e , which forms an in te g ra l part o f C iv i l -  
Engineering. E sp e c ia lly  the above mentioned de
f in it io n  of S o il Mechanics omits the recip rocal 
in flu en ce e x is tin g  between Engineering Geology 
and the p ra c tic a l a p p licatio n  of S o il Mechanics. 
The h is to ry  o f th is  scien ce, as the fo llo w in g  
lin e s  w ill  show, prooves th at i t s  development 
and ap p lica tio n  was, and s t i l l  i s ,  only poss
ib le  when a c lo se  cooperation e x is ts  between 
Engineering Geology and the C ivil-E n gin eerin g  
scien ces.

P rio r to 1925» two tendencies were e a s ily  
d istin gu ish ab le  in  S o il Mechanics: one purely 
th e o re tic a l (Coulomb, Rankine, Bousslnesq) . the 
other experimental and p raictica l. At the same 
time Engineering Geology developed; i t  trea ted  
p r in c ip a lly  lan d slid es (Alb. Heim) and hydro- 
lo g ic a l  questions, and , le s s  freq u en tly , main
l y  with the a id  o f engineers, foundations were 
examined. The c o lle c te d  fa c ta  were only empir
ic a l  described, and beeing hardly num erically 
In vestigated , the conclusions were based on 
personal experience. Already a f i r s t  c l a s s i f i c 
ation  of the d iffe re n t  s o il  types, based on ex
periments, was undertaken, e sp e c ia lly  by the 
g e o lo g is ts , fo r  the use of m aterial te s tin g , 
foundation and a g ricu ltu ra l technology. 1 ) ,  2)
3).

The p u b lication  o f a paper by the Swedish 
Geotechnical Commission in  1922 and o f the 
"Erdbaumechanik" by Terzaghl in  1925, show a 
turning point in  the evolution  o f the S o il Me
chanics. Since then the in te re s t  in  th is  sc ie n 
ces has become more Intense, whereby the f o l 
lowing tendencies can be distinguished:
1) On the one hand a large  development o f the

th e o re tica l b a sic  p rin c ip le s  o f S o il Meehan- 
ic s  4). 5), 6), 7), 6), 9).

2) On the other hand, p a r a lle l to the former,
a) a b e tte r  c la s s if ic a t io n  of s o il  types, 

based on a p h ysical research o f the s o i l ,
10), 1 1 ) ,  inpart with sp ecia l considera
tio n  o f  the petrographical-m ineralogical 
and collo id -ch em ical knowledge o f f in e 
grained loose sediments 12 ), 13 ), 14).

b) a b e tte r  comprehension o f s o il  processes,
15 ), 16 ), 17 ), 13) 10), 19).
These newly won aspects permit today the 

f u l l  use o f p ra c tic a l experience and allow s i t  
to be applied from one case to another on the 
grounds o f a comparison o f geo lo g ical and 
p hysical s o il  c h a ra c te r is tic s  20), 2 1), 22),
23), 24).

This historical summary shows, that in ex-



p la in in g  the a lte ra t io n  o f  s o i l ,  as w ell as in  
the a p p licatio n  of p ra c t ic a l experience to 
g e o lo g ica ly  sim ilar d ep o sits, the g eo lo g ica l 
scien ces have contributed  considerably to the 
development o f Foundation Engineering.

C. PROCEDURE OF THE INVESTIGATION.

The h is t o r ic a l  survey has shown that be
s id e s  Mathematics, P hysics, Hydraulics and 
S o il Mechanics, Geology i s  one o f the a u x ilia 
r y  sciences of Foundation Engineering. The in
ten tio n a l or unintentional consideration  o f 
g e o lo g ica l methods in  each phase o f a p r a c t ic 
a l a p p lica tio n  in  Foundation Engineering w ill  
be b r ie f ly  explained in  the fo llow ing:
a) Preparatory phase.

The general ideas o f a new p ro ject are 
developped by the engineer. S o il Mechanics o f
f e r  the th e o re tic a l p rin c ip le s  fo r  the solution; 
the Geology, with i t s  general and lo c a l know
ledge of the m aterial enables however a prim
ary  judgement o f the b u ild in g  ground.
b) Research phase.

F ie ld  in v e s t ig a t io n . The next In v estig - 
a tio n  i s  th a t o f the b u ild in g  ground, by way 
o f  te s t-b o r in g s , in  order to recognise the 
g e o lo g ic a l s e r ie s , to take samples and to make 
f i e l d  experiments. The ap p lica tio n  of geo lo g ic
a l  experience and procedure permit a systemat
ic a l  d isp o s itio n  o f the te st-b o rin g s, the cor
r e c t  co rre la tio n  o f id e n tic a l beds from one 
borehole to another; ch a ra cte ris in g  the en
countered rock as moraine or s o lid  ground, i t  
decides whether the borings should be continu
ed or not, in te rp re ts  the observations in  their 
r ig h t  sequence, judges the genesis (lake depos
i t s ,  g la c ie r  form ation) and the evolution  of 
each g e o lo g ica l stratum (e .g . former burdening 
with g la c ie r ) .

Taking into account the te st-b o rin g s, fu r 
th er experiences and other r e s u lts  dating from 
the neighbourhood, a ca refu l and in te l l ig e n t  
extrap o latio n  may present a very o b je ctive  
p ictu re  o f the su b so il. At th is  prelim inary 
stage, many in v e stig a tio n s  are fin ish ed  with
out a more exact lab orato ry  examination. Suc
cess depends on the in d ivid ual geo lo g ical ex
perience and a good understanding o f the pro
cesses at work in  the s o i l ,  but o f course w ill  
unknown approximation.

Laboratory examination. The determination 
o f the samples in  the laboratory continues the 
work o f a more g eo lo g ica l nature mentioned in  
the f i e l d  examination. Besides the d escription  
o f composition, co lour, degree o f weathering 
o f the separate samples, fu rth er in v e stig a tio n  
e n ta ils  the co rre la tio n  o f the samples with 
sectio n s through s tr a ta  and boreholes. This 
g e o lo g ica l examination determines the c o llo id -  
chemical and petrographical composition of the 
m aterial ( e f fe c t  or humus and carbonate con
te n t, that of ce rta in  ions and even tually  th at 
o f c la y  m in e ra ls .) .
c) Syntheslc phase.

The g e o lo g ica l data, together with the 
c h a r a c te r is t ic s  c o lle c te d  in the f ie l d  and labo
ra to ry , form the b a sis  fo r  the tech n ical reck
oning, which demand the purely  mathematical 
and p hysical deduction from the engineer.

These ca lc u la tio n s  n e ce ssita te  a general
is a tio n  and Id e a lisa tio n  o f the natural phenom
ena. The th e o re tic a l fin d in gs cannot be always 
applied to the concrete example without a care
fu l  comparison o f the id e a lise d  conditions and 
o f the re a l s itu a tio n  considered, taking into 
account the d e ta ile d  g e o lo g ica l circum stances.
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D. P r a c tic a l use and consequences.

We have tried to answer the question men
tioned in the introduction, as to the complete 
indépendance of Soil Mechanics from Geology; 
we have tried to show that geological procedure 
forms an integral part of many phases of prac
tical Foundation Engineering and that it has 
made a considerable contribution to the scien
tific side of Soil Mechanics. It was our inten
tion to draw attention to the fact, that a de
tailed description of underlaying stratas and 
the physical situation, as well as the practic
al application of the theoretical calculation, 
both demand a geological examination.

We intentionally avoided the terms of en
gineer and geologist in the proceeding para
graphs, because we did not wish to decide lèiich 
of them, in practice, introduces or uses geolo
gical methods. It has been shown that a geolo
gical solution can be applied to a concrete 
problem through the cooperation of different 
Institutes (Geological Department of a Univer
sity or Geological Survey Department and Labo
ratory for Soil Mechanics) or persons (geolo
gist and civil-engineer) or also by an engineer 
who is acquainted with and has experience in 
Geology and Soil Mechanics.

Here we should like to mention the fact, 
that, in Zurich, on the suggestion of Profes
sors Niggli and Meyer-Peter, a permanent geolo
gist has been employed at the Laboratory for 
Soil Mechanics since its foundation in 1935*
The help of the geology has been much appreciat
ed in Soil Mechanics, especially in our geolo
gically complicated land. From our experience, 
we should like to suggest that a geologist, 
with a knowledge of colloid-chemistry and petro
graphy, be on the staff of the larger Labora
tories. This is also a means of interesting ge
ologists more in Soil Mechanics than has been 
the case until now.

Finally, this cooperation or symbiose of 
Geology and Engineering is not only a question 
of technical competence in each branch, but 
also of the individual character, whereby 
science, as well as a certain measure of in
tuition and love of responsability are descis- 
ive.

Practical Soil Mechanics is a young and 
adolescent science, where further development 
can only be assured by continual and varied en
couragement. This encouragement may come from 
the theoretical science of Civil-Engineering, 
from practical experiences or, last but not 
least, from the geological and petrographical 
knowledge of the geologist, but will in all 
cases be equally and heartily wellcomed.
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SUMMARY
The p ra c t ic a l u t i l iz a t io n  of developed g e o lo g ica l inform ation i s  being e ffe c te d  

by the M ississip p i River Commission in  the Lower M ississip p i V alley  D iv isio n , Corps 
of Engineers, Department of the Army. This i s  brought about by f u l l  cooperation be
tween the s o i l  mechanics group and the g e o lo g ists  with the former converting the in 
formation and data furnished by the la t t e r  into a form which i s  r e a d ily  used in  de
sign and construction . The e f fe c t iv e  cooperation of the two a l l ie d  f ie ld s  of s o i l  
mechanics and geology i s  brought about by a common-sense and r e a l i s t i c  approach to 
the problem with a c lea r  d elin eation  of the function s of each.

INTRODUCTION

The purpose o f th is  paper i s  to show that 
s o il  engineers and g e o lo g ists  can work together 
to th e ir  mutual advantage, and as a team can 
provide b e tte r  and more economical inform ation 
fo r  f in a l  structure  design. The scope o f th is  
paper i s  lim ited  to the demonstration o f the 
use and re la tio n sh ip  o f geology and s o il  mecha
n ics  on work accomplished by the M ississipp i 
River Commission in  the Lower M ississipp i River 
Commission in  the Lower M ississip p i V alley Di
v is io n . By fa r ,  the greater portion  o f work is  
confined to the a l lu v ia l  v a lle y  of the M issis
sip p i River and to those of i t s  tr ib u ta r ie s .

Most g e o lo g is ts , s o i l  mechanics engineers, 
and c i v i l  engineers have rath er f ix e d  ideas 
concerning the re la tio n  between geology and 
s o il  mechanics. O rig in a lly  the fe e lin g  between 
the three groups was quite o ften  very c r i t i c a l  
of the other' scope of work and i t s  re a l value. 
More re ce n tly  i t  i s  b e lie v e d  that they are be
coming more cooperative in  th e ir  a ttitu d e  one 
toward the oth er. I t  i s  considered th at the 
gradual development o f th is  cooperative a t t i 
tude w ill  lead  to b e tte r  and more economical 
design. I t  i s  unfortunate that numerous exam
p les can be c ite d  where the geo lo g ist was a l

lowed to p lay a too important p art in  the de
sign  of a structure  a l l  to i t s  detrim ent. Poor 
s tru ctu ra l design has a lso  occurred in  in stan 
ces where the c i v i l  engineer ignored g eo lo g ic
a l fe a tu re s .

For purposes o f c la r i t y  and s im p lic ity , 
the term " c i v i l  engineer"as used in  th is  paper 
re fe r s  to engineers with regu lar c i v i l  engineer
ing techn ical tra in in g , u su a lly  in  general 
o v e r-a ll charge o f the type o f work referenced. 
The term " s o ils  engineer" re fe r s  to s o il  me
chanics engineers. A g e o lo g ist is  an individu
a l tra in ed  in  one or more o f the "earth  scien 
ce s".

The c i v i l  engineer rece iv e s  tra in in g  in 
the sciences of chem istry, p hysics, and mathe
matics and u t i l i z e s  them in  h is  work. Quite 
o ften  he has found that due to the com plexity 
o f the work he nas had to u t i l i z e  the se rv ice s  
o f s p e c ia lis ts  in  these f ie ld s  to complete the 
necessary design work. Thus, fo r  example, oc
curred the development of the stru ctu ra l de
sign engineer. The science o f Geology was of 
equal importance to the c i v i l  engineer. How
ever, i t  was only r a re ly  that the engineer had 
adequate tra in in g  in  geology because th at 
science covers many s p e c if ic  f ie ld s ,  and only 
an occasional engineer received  background


