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Practical Soil Mechanics at Muskingum— I
By Theodore  T. Knappen and Robert R. Philippe

Chie f , E ng ine e ring  Div is io n , a n d  Dire c to r, S o ils  M e c han ic s  L ab o rato ry .  
U . S . E ng ine e r  Office , Zane s v ille , Ohio

T HE END of e mpir ical methods 

in earth- dam design is pre ­

dicted by the record of the soils-  

laboratory work described in the 

series of articles begun in this issue.

By analyses and mode l tests the 

engineers of the $40,000,000 Mus ­

kingum Rive r  flood- control works 

are adapting soils  of wide ly diffe r ­

ent geological character to earth-  

dam construction with a close ap­

proach to predetermined exactness. 

This  is the most notable  advance in 

the practical application of soils 

mechanics in dam building since the 

remarkable  work of R. R. Proctor 

described, in Engineering News- 
Record, Aug. 31 and Sept. 7, 21 and 

28, 1933.

With  the work done at the labora ­

tory of the Mus kingum project, em­

pir icism has been fur ther  pushed

from a dominating pos ition, and the 

design of earth dams is brought 

near to the realm of rational deter ­

mination.

In this and three succeeding issues 

the story of the laboratory is told 

by the engineers who put their faith 

in the he lpfulness  of soils  mechanics 

and whose efforts have been re ­

warded by increased certainty and 

economy in design and construction.

Groundwork for a Rational Study

T
H E  P R O B L E M  of e ar th- dam de ­

s ign for  flood control in the 

Mus k ing um  Rive r  Va lle y roots  

•deeply in  the  ge ology of the  dr a inage  

are a. In  the  nor th and wes t the re  is a 

g lac ia te d zone  of mor a ine  depos its  ; and 

a middle  zone  of g lac ia l outwas h m ate ­

r ia ls  follows  to the  Alle ghe ny  pla te au in 

the  southeas t, whe re  re s idual soils  are  

dissected by deeply e rode d valle ys  tha t 

have  been filled w ith  poor ly  cons olidate d 

s ilts , clays  and sands . The s e  diffe re nt 

ge ologic  sources  give  a  large  var ie ty  of 

soils  both in s uitability  for  dam e mbank ­
me nt  and for  e mbankme nt founda tions . 

T he  dams  are  locate d in a ll zones , each 
of w hich  presents  a  ge ne ral soil c ondi­

t ion w ith  a  specific soil c ondit ion a t each 

location. Re fe r r ing to F ig . 2, a survey 

shows  s ituations  as follows  :

1.— T he  Mo hica nv ille . Char le s  Mill, 

and P le as ant  H ill dams  are  founde d on 

mate r ia ls  tha t  were  la id  dow n by the 

glacie rs , to a large  e xte nt, a n d  have  

founda t ions  tha t  are  both re asonably 

s tr ong and re as onably impe rvious . 

T he re  is one e xce ption to this , whe re  a 

recent fill of uncons olida te d s ilt  had to 

be re move d from the  founda tions  at. 

Char le s  Mill.  These  thre e  dams  arc  lo ­
cated in the  glac ia l r e gion. Altho ug h  

the ma in s truc ture s  from a soils  s tand ­

point  are  re la tive ly s imple , several 

s malle r  s tructure s  had to be founde d on 

rece nt de pos its  of peat some  20  ft. thick 

and were  a m ong  the  mos t difficult of our  
proble ms .

2.— T he  Boliva r , Be ach City, and 

Mo haw k dams  are  locate d in the  glac ia l 

outwas h re gion, a band a lojig  the  s outh ­

e as te rn boundary  of the  glacia te d 

r e gion. T he  charac te r is t ics  of these  

founda tions  are  ve ry pe rvious  clean 

sands  and grave ls  some 100  to 120  ft. 

deep in the  valle y floor , ove r la in by a 

ve ry thin and in places  quite  pe rvious  

laye r  of s andy s ilt. T he  p la nn ing  of

these  e mbankme nts  was  controlle d by 

the  magnitude  and effect of the  seepage, 

w hich had to be de te rmine d, w ith  p r o ­

vis ion made  to protect the  fill aga ins t  

its  de s tabilizing  influe nce .

3.— T he  othe r  e ar th dams  in the p r o j­

ect are  located in the  Alle ghe ny  plate au 

count ry  and have  founda tions  cons is t ­

ing  of uncons olida te d s ilts  and clays  of 
de pths  va r y ing  fr om  5 to 70 ft ., in mos t 

cases unde r la in by fine  s and or  othe r  

s table  depos its . These  conditions , ge n ­

e r a lly  s pe aking, pre s ented the  proble m 

of the  s tability of these founda tions  

unde r  the  e mbankme nt loads , a lthough

some cons ide ra tion had to be give n to e f­
fect of seepage whe re  the  ove r ly ing  

s ilts  and clays  were  compara t ive ly s ha l­
low. Le cs ville , T a ppa n and Cle nde ning  

dams  are  in this  class , while  the P ie d ­

mont dam and also the Se ne caville  dam 

presented proble ms  in s tability  alone . 

W ills  Creek dam pre s e nte d both prob ­
lems . in tha t one  por t ion  of the  e mbank ­

me nt res ted upon a pe rvious  s and and 
grave l te rrace , w'hile  the  r e ma inde r  

rested upon s e condary fill of s ilt  and 

clay filling the  pre s e nt s tre am channe l.

W it h  condit ions  as de s cr ibe d, a pre ­

lim ina r y  soils  r e connais s ance  was  in d i­

cated as the  firs t ope ra t ion in dam 

p la nn in g  afte r  ge ne ra l loca t ion de te r ­

mine d by degree  of e ffectiveness  for

F IG .  1— IN  T H E  S O IL S - M E C H A N IC S  L A B O R A T O R Y  o f  the  M u s k ig u m  flo od-  

c o n t r o l p r o je c t ,  d iffe r e n t  s ize s  o f  hy d r o m e t e r s  a re  us e d  t o  a s s ure  a c c u r a t e  de te r ­

m in a t io n s  a t  d iffe r e n t  de n s it ie s . S o il c la s s if ic a t io n  is  d e t e r m in e d  by  b o t h  s ie ve s  

a n d  hy d r o m e t e r s .
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flood control had been decided. T he  

re connais s ance  ve ry soon made  it a p ­

pa re nt  tha t  dive rs e  proble ms  of e x tre me  

g r a vity  wo uld  be pre s ented for  de ­

c is ion. It  was  appa re nt  tha t  the  unc on ­

s olida te d s ilt a nd clay founda t ions  could 

fa il fr om  r e s ulting  excess ive  shear  

s tresses induce d by ' the  propos e d e m ­

bankme nt loads , such as deve loped in 
the  c ons truc t ion of the  Lafaye tte  Da m  

(ENR, Se pt. 27, 1928 a nd such as are  

a fa m ilia r  occurre nce  in the  cons truc ­

t ion of the  h ig h levees on the lowe r  M is ­

s is s ippi Rive r . Should  a fa ilur e  of this  

type  occur , it was  re alize d tha t it  would 

probably me an the  abandonme nt of the  

s ite , r e s ult ing in a tr e me ndous  mone y 

loss . On  the  othe r  hand, unle s s  a  de finite  

bas is  for  de s ign could be de ve loped and 

applie d, the  cos t of the  s truc ture , if de ­
s igne d to be unque s t ionably  safe , m igh t  

l>e unne ce s s ar ily  high.

T w o of the  dams  propos e d for  con ­

s tr uc tion on pe rvious  founda t ions  were  

ve ry h ig h s truc ture s  ; one, the  Mo haw k 

Dam , 115 ft. h ig h, is probably the  h ig h ­

est e ve r  propos e d on a  s and and grave l

founda tion. T o proceed, the re fore , 

w ithout  a  pre vious  knowle dge  of the  

founda tion be havior  of such s tructure s  

a fte r  comple tion would be unw ar rante d. 

Ag a in  the  e mbankme nts  themse lves  were  

to be cons tructe d of dive rs e  mate r ia ls . 

T he  e xcava tions  for  s pillways , outle t 

s tructure s , etc., a t va r ious  sites  r an into 

millions  of yards , and (fo r  e conomy) 
had to be ut ilize d whe re ve r  poss ible . A 

thor ough knowle dge  of the  be havior  of 

all the  mate r ia ls  ava ilable  for  use in the 

e mbankme nt was  e s sential to the  prope r  

p la nn in g  of the  wo rk a nd the p re pa r a ­

t ion of s pe cifications  for  its  e xe cution.

It  was  appa re nt  the n in the  ve ry firs t 

s tages  of the  pro je c t  tha t  only by a 

thorough- going  a pplica t ion o f the  lates t 
de ve lopme nts  in soil me chanics  a nd by 

c onduc ting addit iona l necessary research 

to a mplify  the  re sults  so obta ine d could 

the  dams  be de s igne d safe ly a nd eco­

nomica lly . T his  calle d for  a soils  

labor a tor y  a nd  made  it cle ar  tha t  it 

mus t be e quippe d: ( 1 ) for  the  r apid 

ana lys is  and c las s ification of soils , to 

lay  the  bas is  for  the  de te r mina t ion of

fur the r  inve s t iga t ions ; ( 2 ) for  the  

de te rmina tion of pe rme abilitie s  of un ­
dis turbe d and re molde d samples  of 

founda tion and e mbankme nt mate r ia ls  

respective ly, w ith  prope r  fac ilit ie s  to 

apply this  infor ma t ion  to the  specific 

proble m at hand, pr inc ipa lly  by the  use of 

mode l s tudie s ; (3 )  for  the  de te rmina tion 

of the  cons olida tion a nd s he ar ing charac ­

te r is tics  of undis turbe d s amples  of fo un ­

da t ion mate r ia ls  and, to some e xte nt, of 
re molde d s amples  of propose d e mba nk ­

me nt m a te r ia ls ; and (4 )  for  the  in ­

ve s tiga tion of the  cons olida tion c ha r ­

acte r is tics  of e mbankme nt mate r ia ls  and 

the  mois ture  r e quire me nts  necessary for  
control in p la c ing  the m.

W it h  the  labora tory  in  se rvice , pre ­

lim ina r y  soil s tudie s  were  be gun in field 

and labora tory  to obta in sufficie nt in ­

fo r ma t ion  to de te rmine  the  fe as ibility  of 
cons t ruc t ing  a  dam a t a  pa r t ic u la r  site 

and to de te rmine  the  probable  de s ign re ­

quir e me nts  to ins ure  s tability  of the  

e mbankme nts , inc lud ing  sufficie nt in fo r ­

m a t ion  about e xcava tions  and founda ­

t ions  for  a ll propose d s truc ture s  to  pe r ­

m it  the  pre pa ra t ion o f a  p re lim ina r y  

de s ign for  e s t ima t ing  purpos e s .

Field sampling first task

Contrac ts  were  le t for  o bta in ing  dr ive  

samples  of the  ove rburde n and core  bor ­

ings  a t the  va r ious  sites . T he  numbe r  of 

bor ings  was  s uch as to pe rmit  the  ge n ­

e ral de ve lopme nt of a ge ologic  sec­

t ion. Us ua lly  two or  thre e  boring's  were  
unde r take n across  the  va lle y floor  and 

about the  same  numbe r  in  each a but ­

me nt. T he  s amples  of the  ove rburde n 

we re  obta ine d by dr ive  tube s  dr ive n 

be low the  bottom of the  cas ing  be tween 

the  ope ra tions  of d r iv in g  the  cas ing 

a nd w a s h ing  out the  excess  ma te r ia l. 

Core  bor ings  we re  take n in rock w ith  

a  double - barre le d d r ill e quippe d w ith  

d ia mo nd  or  me tal a lloy bits . As  the  

charac te r is tics  of the  s ite , de ve loped by 

de ta il s tudie s  o f these  p r e lim ina r y  bor ­
ings , indicate d its  probable  inc lus ion  in 

the  final plan, the  scope of the  inve s t i­
g a t ion  was  wide ne d to inc lude  fur the r  

bor ings  to de ve lop s pillw ay  locations , 

de ta ile d da ta  on outle t s truc ture s , more  

e xact info r m a t io n  on poss ible  borrow-  

pits  and fur the r  data  on the  valley- fill 

mate r ia ls .

Nume rous  bor ings  were  taken by hand 

auge rs  in the  e xcava tion a nd bor rowpit  

areas  unde r  cons ide ration. Sample s  in 

5- lb. sacks as  we ll as 1- lb. s amples  in 

sealed ja r s  were  secured from these e xca ­

va t ions  for  la te r  use in re molde d tes ts , in 

addition to c las s ification work, to fix  the  

ge ne ral characte r is tics  of such borrow-  

pits . Hand- auge r  bor ings  we re  a ls o used 

to inve s tigate , in de tail, the  extent, depth 

and ge ne ral characte r is tics  of na tura l 
blanke ts  in  the  va lle y bottoms  which 

he lp to seal off the  more  pe rvious  laye rs  

be low. T he  s amples  placed in  sealed 

ja r s  we re  to provide  s pe cime ns  for  

wate r- conte nt de te rmina tion.

As  the  s tudie s  on any  s ite  progre s s e d,

F IG .  2— D E T E N T IO N  D A M  L O C A T IO N S  a r e  fa ir ly  e v e n ly  d iv id e d  be tw e e n  th e  

g la c ia l m o r a in ,  g la c ia l o u t w a s h  a n d  r e s id u a l s o il zo ne s  in t o  w h ic h  th e  M u s k in g u m  

V a lle y  d r a in a g e  a re a  is  d iv id e d .
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it  be c ame  ne ce s s a r y  to  o b t a in  u n d is ­

tu r b e d  s a mple s  o f the  fo u n d a t io n  m a t e ­

r ia ls . T he s e  s a mple s  w e r e  o f tw o  

g e n e r a l t y p e s : tho s e  o b t a in e d  fo r  

p e r m e a b ilit y  s tudie s , a n d  thos e  o b ­

t a in e d  fo r  c o n s o lid a t io n  a n d  s he a r in g  

te s ts . In  the  fir s t  c la s s , it  is  no t  ne ce s ­

s a r y  to  g e t  the  s a mple  to  the  la b o r a to r y  

w it h  its  o r ig in a l m o is tu r e  c o nte nt , bu t  

it  is  ne ce s s a r y  to  g e t  the  s a m ple  in  a n 

u n d is t u r b e d  c o n d it io n . W it h  the  s e cond 

c las s  o f  s a mple , the  m a t e r ia l ha s  to  be  

u n d is t u r b e d  a n d  its  w a te r  c o n te n t  u n ­

c h a n g e d  w he n  it  re ache s  the  la b o r a to r y . 

T h is  m a de  it  ne c e s s a r y  to  s e al the s e  

s a mple s  in  pa r a ffin  im m e d ia t e ly  u p o n  

t a k in g  the m  o n  the  jo b . B o t h  o f the s e  

type s  o f s ample s  we re  ta k e n  by  e x c a va t ­

in g  te s t p it s  in  the  fo u n d a t io n  o f the  

p r opos e d e m ba nkm e nt .

Soils classified in laboratory

P r e lim in a r y  s o il c la s s ific a t io n  in  the  

Za n e s v ille  la b o r a to r y  c ons is te d  o f m o is ­

tur e - co nte n t  d e t e r m in a t io n  a n d  gr a in -  

s ize  a na ly s is . T he s e  tw o  fa c to r s  take n 

t o ge the r  g iv e  a  r o u g h  p ic tur e  of the  

ty pe  o f m a t e r ia l a n d  its  p r o b a b le  be ­

h a v io r . T h e  g r a in - s ize  a n a ly s is  a lone  

doe s  no t  g iv e  a ny  in fo r m a t io n  o n the  

p r o ba b le  de g re e  o f c o n s o lid a t io n  o f  the  

m a t e r ia l, b u t  in  a  s a tu r a te d  m a t e r ia l,  

k n o w in g  the  g r a in  s ize , the  w a te r  c o n ­

t e n t  g ive s  a n  e x ce lle n t  in d ic a t io n  o f the  

s t a b ilit y  o f the  m a t e r ia l. W a t e r  conte nt  

is , o f c our s e , a ls o  v a lu a b le  to  de te r m ine  

the  s u it a b ilit y  o f the  m a t e r ia l fo r  d ir e c t  

us e  in  e m ba n km e nt .

A s  s oo n as  a  s a m ple  w a s  r e ce ive d in  

th e  la b o r a to r y , it  w a s  ta ke n  to  the  c la s s i­

fic a t io n  de s k, w he r e  a  s o il t e c h n ic ia n  

to o k  a  s m a ll s a mple  fr o m  the  s e a le d ja r  

a n d  p la c e d  it  in  a  wa tch - g la s s  se t. T h is  

s a mple  w a s  the n  w e ig he d , d r ie d  in  a n 

e le c tr ic  ove n a t  a  t e m pe r a tur e  o f 98 de g. 

C. a n d  w e ig he d  a g a in . F r o m  the s e , 

k n o w in g  the  w e ig h t  o f  the  g la s s , the  

w e ig h t  o f t h e  w a t e r  c o n te n t  a n d  the  d r y  

w e ig h t  o f the  s a m ple  c a n  be  de t e r m ine d  

a n d  the  m o is tu r e  c o n te n t  in  te rms  o f pe r  

c e nt  o f the  d r y  w e ig h t  compute d.

T h e  n e x t  s te p w a s  to  de t e r m ine  the  

g r a in - s ize  c la s s ific a t io n  fo r  the  m a te ­

r ia l.  A  w e ll- t r a ine d  te c h n ic ia n  can 

g e n e r a lly  c la s s ify  the  s o il c los e ly, bu t  

fr e qu e n t  a na lys e s  (a b o u t  one  s a m ple  in  

t e n )  a r e  ne c e s s a r y  as  che cks  a n d  to  p r o ­

v id e  r e pr e s e nta t ive  c ur ve s  fo r  fu r t h e r  

s tudy .

S o il c la s s ific a t io n  is  ha nd le d  by s ie ve  

a na ly s is , by  h y d r o m e te r  a na ly s is  o r  by  a 

c o m b in a t io n  o f the  tw o . F ig .  1 s how s  

the  h y d r o m e te r  ta b le  a n d  v a r io u s  s ize s  

o f hy d r o m e te r s  fo r  a c c ur a te  de te r mina -  

a t io ns  a t  d iffe r e n t  de ns it ie s . T h e  gr a in -  

s ize  d is t r ib u t io n  o fte n  r e quir e s  a  de t e r ­

m in a t io n  b y  a  c o m bine d  m e th o d  o f 

a na ly s is .  T h e  s o il to  be  so te s te d is  fir s t  

w a s he d  t h r o u g h  a  200- me s h s ie ve ; tha t  

p o r t io n  r e ta ine d  is  a n a ly ze d  by  s ie ve s  

a n d  the  p o r io n  w a s he d t h r o u g h  by h y ­

d r o m e te r . It  is  no t  ne c e s s a r y  to  m a ke  

the  w a s h  t h o r o u g h ly , b u t  o n ly  to  r e ­

m o v e  fine s  e no ug h  to  p r e ve n t  c a k in g  of 

the  s ie ve  s a m ple  w h ile  d r y in g  a n d  a l ­

lo w in g  the  s ie ve s  to  c omple te  the  s e pa r a ­

t io n , t a k in g  c ar e  to  a dd to  the  h y d r o m ­

e te r  te s t  the  r e m a in d e r  p a s s in g  the  

200- me s h s ie ve . T h e  c o m bine d  a na lys is  

is  a  c he ck o n  bo th  m e thods  o f a na ly s is , 

fo r  the  r e s u lt in g  g r a in - s ize  c ur ve  p lo t te d  

c h a r a c t e r is t ic a lly  o n  s e mi- log  pa pe r  

s h o u ld  r e s ult  in  a  s m o oth  c ur ve  jo in in g  

a t  the  b r e a k  o f  m e tho d . T h e  s o il c la s s i­

fic a t io ns  us e d a r e  illu s t r a te d  by  the  

d ia g r a m  F ig .  3.

Tentative design now possible

T he  c o m p le t io n  o f the  s oil c la s s ific a ­

t io n  fr o m  the  a v a ila b le  s ample s , de te r ­

m in a t io n  o f the  w a te r  c on te n ts  fo r  e ach,

m a y  be  ne c e s s a r y  to  c h a n g e  the  c o n d i­

t io n  o f the  fo u n d a t io n  by  p r o v id in g  a  

b la n ke t  to  c o nne c t  w it h  the  im p e r v io u s  

s e c t io n o f the  e m b a n k m e n t  a n d  e x te nd ­

in g  u p s t r e a m  fr o m  it  to  in s u r e  a n  a de ­

qua te  r a t io  be twe e n p a th  o f p e r c o la t io n  

a n d  he ad. It  m a y  be  ne c e s s a r y  to  a lte r  

the  c o n d it io n  o f the  fo u n d a t io n  by  r e ­

m o v in g  c e r t a in  m a t e r ia ls , u n d e r  a ll o r  

p a r t  o f the  e m ba n km e n t , w h ic h  a r e  to o 

im p e r v io u s  o r  to o w e a k  to  p e r m it  o f 

e c o no m ic a l t r e a tm e n t  by  a n y  o the r  

m e tho d . T h e  fo u n d a t io n  c o n d it io n  m a y  

be  a lte r e d  by  the  in c lu s io n  o f c onc r e te , 

s tee l s he e tpile s  o r  e a r t h  c u to ff p r o ­

v is io ns . B u t  fr o m  n o w  o n , the  e mbank-
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FIG. 3—THE THREE SOIL CLASSIFICATIONS in general use; comparison 
of the results of a soil test are shown by the grain-size figures.

a lo n g  w it h  the  in fo r m a io n  o n  the  r o c k  

de te r m ine d  by  the  g e o lo g is t s  fr o m  the  

s tudy  o f the  r o c k  core s , p e r m its  the  

p r e p a r a t io n  o f  a  g e o lo g ic a l cross- sec-  

t io n  a lo n g  the  c e nte r  lin e  o f the  p r o ­

pos e d e m ba n km e nt . In  a d d it io n  t o  th is , 

in  s ome  case s  it  w a s  fo u n d  ne c e s s a r y  to  

p r e pa r e  g e o lo g ic a l s e c t ions  n o r m a l to  

the  a x is  o f the  d a m  a t  v a r io u s  lo c a t io ns  

a n d  a ls o  s e c tions  a lo n g  p r o po s e d  s p ill ­

w a y  a n d  o utle t  route s .

A s  the  ne x t  s tep, a  p r e lim in a r y  de ­

s ig n  o f the  e m ba n km e nt  is  p re pa r e d . T he  

p r e lim in a r y  de s ig n  o f the  e m ba n km e n t  

w ill o r d in a r ily  c o n t e m pla te  he  us e  o f a ll 

s u ita b le  m a t e r ia ls  a v a ila b le  in  r e quir e d  

e x c a va t io n s  a n d  w ill s up p le m e nt  the s e  

w it h  the  be s t  a va ila b le  b o r r o w p it  m a te ­

r ia ls  fo r  the  e m ba n k m e n t  de s ig n  in d i ­

c a te d a t  the  s ite . A t  th is  s tage  the  p r o ­

pos e d e m ba n km e n t  s e c t ion c a n  be  a dde d 

to  the  g e o lo g ic a l s e c tions , a n d  s ince  the  

fina l s t a b ility  o f the  s t r uc tur e  is  be in g  

in ve s t ig a te d  the  fo u n d a t io n s  a n d  e m ­

ba n k m e n t  m u s t  be  c ons ide r e d fr o m  n o w  

o n  as  a  u n it .  A ll in v e s t ig a t io n s  a r e  d i ­

r e c te d to  d e t e r m in a t io n  o f s t a b ilit y  fr o m  

the  s t a n d p o in t  o f s e e page  a n d  s t r e ng th , 

w it h  th is  in  m in d .

T he s e  s tudie s  m a y  s ho w  t h a t  it  is  

ne ce s s a r y  to  c h a n g e  the  de s ig n  o f  the  

e m b a n k m e n t  by  p r o v id in g  fla t te r  s lope s  

o r  m o r e  a de qua te  d r a in a g e , o r  t h a t  it

m e nt  a n d  it s  fo u n d a t io n s  t o g e t he r  m u s t  

be  c o ns ide r e d  as  a  u n it  fo r  s tudy .

F u r t h e r  s tudie s  m a y  de ve lop  the  ne e d 

fo r  a d d it io n a l fie ld e x p lo r a t io n s  to  p r o ­

v ide  a ll the  r e q u ir e d  da ta , the  purpo s e  

b e in g  to  d e t e r m in e :

1. T h e  c h a r a c te r is t ic s  o f the  p r opo s e d 

da m s  a n d  fo u n d a t io n s  as  to  p e r m e a b ilit y  

a n d  s e e page  a n d  t h e ir  s a fe  de s ig n  to  r e ­

s is t  p ip in g  a n d  s lo u g h in g .

2. T h e  c h a r a c t e r is t ic s  o f the  fo u n d a ­

t io n  m a t e r ia l as  to  a m o u n t  a n d  r a te  o f 

c o ns o lida t io n , s h e a r in g  s tre s s e s  in du c e d  

by  e m b a n k m e n t  lo a d  a n d  r e s is tanc e  

s t r e ng th  o f the  fo u n d a t io n s .

3. T h e  s u it a b ilit y  a n d  us e  fo r  e m ­

ba nk m e nt s  o f m a t e r ia ls  f r o m  e x c a v a t io n  

a n d  b o r r o w p its .

T h e  de v e lo pm e n t  o f e q u ip m e n t  a n d  

me tho ds  fo r  m a k in g  the s e  d e t e r m in a ­

t io ns  is  de s c r ibe d  in  th r e e  fo llo w in g  

a r t ic le s .

* * *

T he ne x t article , to appe ar A p r il 9, 

describes  me thods  of  conduc ting the  

pe rm e ability  and seepage s tudies , w hich  

brought  out the  im portant  fac t that an 

ups tre am blank e t w as  often more  e ffective  

and e conom ical than a core w att in  re duc ­

ing  seepage.


