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METHOi~OF TESTING~CONS~kUC210N~a'I~-IAI~.2 ~LTO:II~ETERMINE:;'a'~IEIR: i I',~: ":,'Li 

conncct ion •with-embankn~nis ~and ~t 
and th~ settling :basins.~Lof ,-*ore ~..-d~ 
dikos, arc -pertinont!becauso ..~of..':d 
tion matcrials, ~Lthoir~ mothod ~of-.!: 
and thc physical • conditions • dUri~ 

• .,\ ,, 

Primar i!y ,:: only.~rocent.~!~dam~a~d ~ cmbankmc-iit ~construct ion .: in .~. ~. i ~ i ~. " ~ 

Gormany ~ill ~be!brought i~into ::.the ~discuss.ion. ~ 'L .... ' "~ ~ .... ~" *L ~. "~ 

'..Part ,'II ~n~kes~uP~~-tho~PhY sical conditicn~of tho :~atcr~in 

thc soil. 

'InLpart III. arc .~ treato d ~.the .oxpcz imcntal :~ m~t1~o'ds Lby-~:moans 
of which'..the :~important pzoporties ..of~:tlle ~soil arc :discloscd .and 
tostod, both-at tho borrow:.pit.*~and during;constructi°n, ~as~wcll .as 

in tho finishod structure. 
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to~ether inr.a " S ingle -semi '-.tvr 
of .perfect ion, :or, i 
not be found ~in:suff 
adaptable 'to excavat 
become custo~mry:£to,~~ 
lar functions and"to 
constructed high dam. 

1. An imper~Niou~ 
duce the penetration o1' ;t~ 

2 .  A supporting p e ~ ' , t ,  

tical and horizontal ',force: 
mit them into the~founda~i, 

3. :A pro t ec ~ing ~ par~t, 
flow, naves, ~ico, and~:fros- 
.~ind on ,the dovaistr,~am,i~sid( 
fects of burro~,ing animals 
does not belong ~herel. ...... : 
possibility~ Of utLYiz- 
appropriato .place o 

Inmany case 
dam consist ;of :a sing~ 
tions; particularly .iz 
trol reservoiz ...... 
the Prussian ~: 
recognized o.n/ 

,A 

imp S are false ~ ometimes! . iThc erviou and::the'!.orotectlng,r.arts~. ' ' :s • " .  . . . .  ' :~:: 

combined in ~the form of,a concrete,~ ~pron or, slope ;~aving, : .... : , . : ~,:~ 

.'(a) The :Impervious-Bedyes . • ::-=. . . ' 

The water seal o~ a dam is of decisive ~import~ce,. This ;-i~ 
is effected either by:means:of a ~tight soil, bymeans of concre.te 
(also with msonry or ce,~mnt :mortar) or by means of steel sheet 
piling. "v;rith either the concl~te or,t]ie sheet piling an additional 

seal of cohesive soil is generally understood. ~i~ 
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:V~nere,tl 
as .already~ mentior, 
or sheo,t piling,ii~ 
s t ream -s i de ,,at ',a/~ 
stone .or :concrete 
Sloughing,~bf the :',~ 
of the, body <"of,!th~ 
ing -1 ayer ~ which :s~ 
ure 4) ; ,or ~it~may 
dam as.a core. 

The ~problem "0f sea]!ing:a 
concrete 'or ,,masonry;: apron ~Wi,thout, ,,,an)~ 
-similar. . soil is . . . .  
• ~re ate d , hr ie fly 
tional ;practice 

. ; ~ e  ~ ' , , ~  / . . . . . . .  . 

The .,s: 
duaing ~a ~ater seal ' a r e  : (~'~. ~ ....... . . . . . . . . . . .  

• , :  

T h e  g r e a  t e  s t p o s s i b l e  : ! ~ p e ~ e a S i ~ i t ~ . ) !  ~ i ; / :  !~,) i~!~ ~ ~:/':~_ 'i~ i {  ;;~:~,:,~)' : ! ~: i~ ,i,::, 

S u f £  i c  l e n t "  p t a s t i c  i t y  :~to ! f o  ~m~a ~ c o h e r e n ~  : ! sea l ,  i n g : ; l a ~ e r ~ .  1~::,~ ~=:' ~,i ( i  ::~ :: :)~,,.~ 

T h e ,  g r  e a t  e s . t  p os s i b  i ' e  c o h e  S i o ~  ~ 'mld  } i i n t e . i - n a l ; , ~ f r ,  i c t~!on/.~:,to ::!re ~ ,' : }  ~. i : , ,  ~ ~ : [ i ! :  

d u e e  ; t h e  d a n g e r  , o f  ; s ~ - o u g S i r ~ _  ~ . i  i:i{i"'; . . . . .  : ; ~ '  ' "  : " ' : ~ ' '  : ~ ' - "  ''~' ;~"~' :; ...... ' : '  " ~ 

A low ,wet er:abs0rpt ion~c~ 

the • soil: neither .,ddssolves ,;f. .............. 

,% 

,Lie o : because '.,of ~he~ ~, pc ssibi]ii,ty..~: 
.... the~mat erlal ~,to p r e s s i b i l i t y  ~,of "- ' '• " ' " ~ . '  

] " -conjunetlon,,w±~ ~ -,thin, conoretc~.a _ _ ,, 

oresent ~he -so-call At . " ed:iC~hesive i!Soils., .-icla~, !.r.ed~iclay.,~ 

loam, :h oulder, clay., : boulder !:marl ~an~! mar I ...!are ~.used~,.excluSf~ely.:~for : ~ 

impe rvious seals. . , ~. .., , : . .~ 

The old dams, of-:,the ~0berharze',~Mine,, ~buil~":in':tiie,sixteenth ' 
and eighteenth ,centuries "(probaBly mlso ~.th0se (of,.~,the ~ S~-~xon:~:miners 
in the Erz.Mountains' (figure /9) .,.utilized~a -special :$ype tel ~se-al ~i made 
of sod or turf blocks .{,,hiCh proved 6.uite ~satisfactor,y~b.ut-whfchlhave ,~ ':!~ 

~ot been usedagain fin-recent times. i:i ~ ;i~ii!~. 
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I-In the '. older~; I dams :the ;, 
side (figure~iO).; :in-..'.th 
in a trench.which, reach 
For t h e  rest t h e  dams:,c, 
high darnin .thaO dor ha 
12), exhibits/:~e only J~ 
downstream from%he ~.so-d 
granite, a product of)'k~ 
cerra in cohesive ~prope~;- 
maso "~Y wit.h ~ ~oss ' pacE~ 

"" 0 "" ' C " ~  

:~.~:. . : ,  :~:, ..7:~:t~': ~ " .-/;.... - : : ~ :  " : : : , ~  ! .  
. . . .  " . . . . .  . t ? . ' . . "  " '  . t  . .  " -  

the sod which held:the.,, 
tected the darnfrom p ~ p  - , - , ,  . ~ - : - . . . - - . . ,  - - .  ~ ~ 

. . . .  , ~ . ,  .," . - . . ; . .  ,. , ~ ,  ~:~ ~ : . ,  . 

Th~. upper, end .~o r ~ must ~kn ;:~~'~.~ ~ '~ ,- ~ 
high enou@h abo~:the'.~hig~hest nesezvOi: " 
a n a o  for flood conditior~,s. ~ { D i l ; i ! ~ _  ~ u'o :~," ' 

• " '~" " " . . . .  ":: ~" ' " :  ~" " " 0  w a v e  act zon so . t h a t c ' - ~ u y , [ $ 8 ~ s z d e r a [ i  

pre~ented from climbing o v o r . , t h 6 - , i i m o o ~ : -  ..-~:l 

~ n e  a c t  a c e l i - C  ~ . o  d " " ' " - . . . . . .  - . :  . . . . . . . .  ~ " ~  . . . .  . • . . . .  ' . . ~ ' -  . . . .  - ~ " " , - ,  " 3 u n  atzon, or ~abutmen~ :c ~ . o  . . . .  ,- . . . . .  ~ .  .-. , .  . . ,  . ~, ,,-. ,.. ~ _ _  .: .... an,:le~d .to ,~he~des~ructzo -~ ,~: " ,  .- 
h e  d~ t.b~ ougn...ruot~re .or slou~/~in~.. of 'the .a~~÷~-~~T* .,~- ,-,:~ " . ' ,~-':.~, ~. 

uu~c~lon ~o ~ne impervzo~/s ,! . . . . . . .  

men~ where the depth of ~oermea :_ 
be made by means of~:a :trench:f 
impeLmeable soil. (compaze:,fi " 

. . . T, depth of""he per.;-ious overburd !.-:/:: 
ties Of-~wator would penet:-ato-~ 
is indicatod (figuro'15)~, prey /i..:.i/! 

~ , ' o u ~ d  not [ ~ r , . = v e n t  i t h e  ~ r : , ; i ~ t ) , : j t m c ,  t i ~ o n : ~ , ~ # , ± t h % , t h e : i i l m p ,  e r ~ ; ~ o u s ) : f O ~ u ~ 2 , _ . : .  ,, _ :  i : ! . ,  .)i:- 
• zo~, • I n  ~nis case .an imoez~io~ 'blanke¢.(([r:;:ao~.~iis i ; i m p ~ i [ ~ . ~ . ~ i  , , I f  !i:.. ; •, : ,  i:,~[ .," '::!~;, 
tl~ junction ~ i t h . a n -  ~ -~ ~ -u ~.qen 

the path of pcrcolatio~..:must be iO.~.-tcnd.e~d;so;[.t_~it :~h,e:)i~o.:).].gr~Xd.ient, ).: i :~,~i 
a n d  ~ : z t h ~ , i t  t h e  q u a r ,  t i W : : : o f  : f l o ~ ; -  i s ~ r ~ d u c e ' d . : - ~ T l ~ i s i ! d i ~ n : . ~ 6  ~aCCOm, : ' . . . .  ~ ~ :  :~ 

. ' Y pl~czr~s,an ~mpcr.v,'-'~us~aoron. f--~,~. • • ,. ....... 
l o n g  slope.on.the upstream side-t~/:i~ur~-~.6~ • ~:~..=::_- _ . . .  ,. n .~. ~ i " 

e ~  ~ -  - - - - . . - ~  _ _  - "+ ' ~ 5 ~ - : ' ~  I ' J .  ' ~ l ' . ~ u l ' ~ ± ~  "SO I L S  -+ / 0  ~ + ~ " ~, " 

• - ) • o I O m o v e d  ..from,.undez the-,~mpozTzous ~apron and:' ,~. " 
f r o w n  u n d e r  t h e  d ~ m .  ,. i t s ~ ! f  , ~  ~ n ~ a ~  ~ - ~  ~. ~ ~ " , -  . , : " .~ -" : '  ~ - ]  

. . . . . . . . . .  ' . . . . . . . .  ~ ~ ' ~ 1  ~-c racks ' ~ . ' ~ i c a .  ~','ould i .~ :-, 
open short channels. .with~a severe ~sraazcn¢~- "" " under %he:'~~do_m rsholl not i 
occur as the roa11.t--oF the earth or :Tater ~-loading. Thovchoicetas .-:.~:~" "= 
to whotlhcr shoot pilling,or am apron is to bc uscd is also a question ~ 
of cost, but ':'here ample ~q.ocrvious .material is~'at hand the apron 
~,'il]. ~im general be cheaper. Investi~.~tions as to .the impermeability 

4 
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r 

0 

• at .the ToOth"Of ~the 
ily ,-effe cted ~ r~cn ~' ... • ~i/i-i,-~j~ 
Lwould ~!be ~any .repal 
, comb ins d urZth. ~sllee 
,In massive :" .dszns ",Wi' 
,roCk, !She. ;inspo cti 
ttuuity :,fore->the ~pl~ 
difficulty u?hetbn r 
:With :sheet 9iling 

:High '] " .- 
from-" i: 

• ,.. .... ,~ .... • . .... • .., .C~ 

Injum.ie s, mtO the ;::imperv:ious-.~layer~can take [-:..vari-.:~",:~,: - - 

1.~  :-With ~t he .  slo pea.. : ~ue r ,v i6us  .!:layer.i"i~,%h(r ,~pr~e ct.±ng .i a p t  ~ /. .:"..; ...... .:..' , : ~ . -  
and  ' the :impe. ,,~ 

of. ".t,he le aching " ' " 

J°. 

3. '.,Through .tr~ r 
must ~act .,as • a Jfilto~ 
,scarcely ibe exoectod ~ ........ . .... . . , . ~  .~  - • 

-est ,soils ~aro ' also .She/.isoils'ilwith ~the " 
and~ a~ o ~the ref Ore 'the ! mosLt ,iSUS Ce ptiblo ~,% 
be .ave!deal ~they,aro.-:therc'foro ,no.vet-_used 
fdrced .into tho"~soil :on the-.upstream~-.s£d~;~under.~pressUrc~muss 

bouch ,on :the do~mstream ~slide with !~it:s grossulro~(completely)iiirel,i~.vod 
and ,wiSh ,so "sma~l ,a-,velocity :that lit will !.So-,impc ssible 
• cazrY"the finest ~par%icies.'_-fa~'Sl~e~~:into-~tho !neighboring ~ .. - • - 
Ing :~zss. Tha .raids of this"suppor$ing 'layer must not be :so ~l,urge 
that portions. ,:of the iimDor,vious layer .may :be ..pressed into '.the fo"un' i 
dation or .into-the :mass, for .such .transposition .of m,'ttor, ial would 
produce cavities. 

-On the contrary, a favorable condition f~:om She point of 
view of the permeability and therefore from .the point of .view also - ;Q , 

of stability, may result if because of either tr,~sposition of soil 

'5 



• E. . . 

par t Ic, le Sic 
because of 
Ir on~ oz!~ e, 
on 'the u.ps~ 

mortar :and :" 
strong and 

The thic 
its permeability~; 

is under greater prE :.•,:::~;~ 
pressure than in the " 
present in the ,soil ~ 
( as in hydraulic !fills ) ;or-uni~tentional~y %ra~.) ~iS!~adde~d ~t0 ~itl .~ 

ing " ti0n ~, i " " ator is.1 dur construe ns~ ~ "~ 
given time and opportunity_to,:drai~ 
saturated soil uill act ~upon.litsi~ ~" 
walls, pige galleries -- ~ as ~a ,V!isC ',;= i,.~. :i 
sh6ar and nil! become Susceptible . ~ .... 

.The: speed • ~ith which !,the:~const~ct~ion-i~of ~,aT, i~ ,daml !~.ogl~Ssos ' 
thus has a considorable !bearingi.~uoon:~:its~:~saf~.t~ '. > "; ~ "  ~ " : '  ~:':: ::~ : : ~ -  " ~ 

(b) The 'Su:~po~ting•'Body !~ii•~! : ~/i•iiiii~.i/:• •:~ " -.:~ 

on the contrary must permit ,~ulch Seepage ~or:as-passos'~tho '~£~t ......... 
oerv ious layer as uoll as. any~rain water .w~ich ,ihas ~penetratcld-th0 " 
~ m ,  -.to f a l l  r a p i d l y  t o ~ a r d s  ; t h o  : b o t ~ o ~ ,  ~-and :mu.st  idonduc :i' it-.unaer- : i 
grc~md away from-the :site,~of ~the ,d~r,. (A ~dam constructod:~thr0ugh- 
out of uniform~,'impermeable,'~soil~wi~l~bo cdnsidored~la~ter,.J Then 
• ~he n~ jor per t i6~ of the suppor.ting 'body -.wil'l ;remain dry~and ~cap- i 
able of resisting horizontal forces,. ~Sufficient ,.shearing :strengt.h 

• and .permeabiLity is therefore an important ~ requirement :of ~soils 
far supporti~ bodies. Their comprossibilitymust Lbo small; 
therefore tk~y must be compacted as densely as ~po~:iblo during 
construction in order tl~t subsequent settlement . -  particularly ~@ 

6 
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P-~ r 

unequal, settlemen~ ~-w] 
the dam (weirs, Dutlet~ 
The elastic co~ditlon: 

ing since ~it may,:,v£tlate .~ne ~nitial~artific~.i~ 
Gravelly and sandM; so i~s retain ~th4ir i:compact'~ 
increases th~ resistanee!to i:h0rizon - 
light organic soils (peatm01d, ms: 

hated for this reason.~;'TH~ 'dlffere: 
eral soils are fairly.Small; :they:d~ 
the deposition and!upon ~he :vmter -c, 
most of the soi!-fbmning-mlnerals ii: 

i 

less per~aeable so il. ,~Percolat lon,;layo re. ~i2%.~the:Jinter ior':iof- an 
otherwls e: only slightly permmable ~supoortingi~bo~dy~havo!i.been~nsed ~, • 
only occasionally ~in Germany~(figures!il9ii!an'd!~20),..~i~0'n~<the,~other~he.nd ~ -~ 
founaa tion drains have i often, been~:built ~:ei, ther ~of .~e0a~se i~st6ne ~filler 
(in trenches) or ;of,drain pipe with:ifilter '~ype ; '" ; ' ....... 

figures 16 and 20) or .by. excavat ing back ii,lll~ (compare ~, 

meable gravel laye'r,:under %he ~do~;msl 
urc 6) when conditions such'~as,.are:~ 
exist. Foundation drains,can.~ot. ~. 
any of the soil ~.':ithout danger. ....... - :~ .~" 

In dams with :c once'.to cot es: -an#. Lwator ~tha;~:may ~;P0nctr'ate 
the core is collected on the/do~rnstr~am~sfdo~and<carrie'd;h~ossiy ..... 
do ~ward through dlw masonry i(comparo ~if~igureii 5).. i! This ~;stono .~back < /<Q: ~!: 
fill, however, must. not ~bo .: of. such~-a n~$ulre~:as .%o~.yicldAunder ithe ......... ~'~;"' 

influence of harizontal forces. :for"tho'eo~~*-^2-- ,-,-,-.. . ~ .. !i\ 

designed for bonding stresses would'then ca~ ;thC::co=plCt~;i~oad, " ":: :' 
Dr. Ing.  Coil,rio, d i rec to r  of-.thc HarzilWater~Compan~, ::propOses a '-'" .~ '"" 
" doublc wall of steel shoot piling~.Withi:a~.gravOl ':fili:ing :%o::.L":Con~Uct :~ ~:/:~.:/: 
the ~atcr down~,Tard. ':'.:ii~).::/;~:.: ... . 

The Protectin~LaTe~..:-.or.Reve~erf ~ " . .:-.. '.: ..: ~ 

On the do~,mstream side.sod in its ~na~v.e.::soil is~sufficient " 
to conduct rainwater to the ,toe of"the ;~am .~:%hout :the~ fonuation.bf 
injurious fissures and gullies. High embankments :are ~m~ade ~'~i%h :berms ~ 
on which the water is collected .in:small ditches ~and !led:a~y. iSprihk. 
ling water should be permitted to penetrate the soil only so far as.may 
be necessary for the growth of the:sod. For :this reason the upper .sur- :~ 
face should be kept smooth and plain. Ast° the:propez~ies~of the 
soil, no part!c~Llar requirements need be mentioned except that it,shall 
.provide the proper nourishment for the grass. .For the most :part the 
downstream toe is equipped Eith a reverse stone filter to prevent the 
debouching seepage water from p~oducing piping or leaching (figtu-e 21). 

! , 
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!0 
Similarly the :crown ,.of the .,~-:--~,,'asst~ming itha.t.!ilt ~,im:si.:a: i. " -"-. !! 

gentle slope - and occaslional~ly - -:: ~ 
slope beyond the :reach ~of ~he".w~ 
(figure 16). If the reset vomit :i: 
and is only rarely filled :it~ima.~ 
st=ucted of good material, :to :cc~,eri::lhe ~en" 
dense blanket of sod (figure ~22),i, ;or iw;ith~ 
t ice in river and~sea dikes ~(/figures/23.an( 

The usual form of ~a proleztlng 'layer ~lanke~' 
of material laid ~up in the manner of ~he ;r 
figures 3 and 16) in~the fol~lowing ~order.: 
stone, chips and crushed rock. and:a :filler 
The whole serves also to l( 
The'more rounded rock (I~ib% ~ ~: "' " 

holes oz" cavities ,that may : 
the ice. A filler of sharl 
it he carefully wedged with stone isl:iT¢ 
unnoticed cavitiesmaybe formed,under 
washing action. ~LThese i then beccme~daz > 

layer. This is even:~more possih~e~wi~h~pavement~on:sand,and~pa~ement 
on mortars. On the :other hand :the .smooth 
to the attack of ice. The mon01~ithic cone 
next section on dams :of unifo.rmmateri~Is .~ 
struction material for ~the 'protection ~:layer~o2 
coarse sand ~hich will not !slough :and ~st0nes ~( 
they are water and :frost resistant, ,are ~wel,1 :~ 
their we ~ht .the :more ~aluable ~nill they :be. 
found a muc'h greater dlifference in densit;ies " 
2.8 to 3.3 tons per 2ubic meter,, diabase; ~dioJ 
syenite, gneiss, :porphyry.about 2,8, grey :wache ~2.5 to :2.8,"~slate2,(7/: 
to 3.5, sandstone 1.9 to 2,9, limestone !1,5 to ~3,O ;tons per Cubic 
meter). If the impervious !ayer liesmore nearly in ~he interior :oi" 
the ~am or in the core .of the dam, then the ,filter type of pro~ect- 
ing layer is not so important; the protecting laYer acts then pri- ..... 
.~arlly as a load or as a stu'charge ~n~! ns ~.~ eqh±i.ibr,-~t'~-~inst "- 

. . . .  " ~ ' '  ÷ ~ h i h  s!ou~hin& of t h e  s . ~ r e . e ~ ,  d J n r .  body; a ~hearing resistance is 
ther efor~ ~n~orta nt (cor.:tra~'e ._~"~l,~uz-~ 4)." 



C~ 

soil is highly ~ .... " "  

Very i 
81La_ ~ r l  ~ " so ~-mllc 

or layems. ~uch 

of mOl~ o~- less 

skin,, and of the.. 

water in the res, 

quantities of "~wa 

their slipping or sllalZ 

reservoirs :only briefly 

composed of marl'; ~for ~h 

traordinarily slow so ~th 

achieves complet e"satura ..... 

that of the fo~nation::of fissu~ .... '' 

c on t inue d dry ihg. LTh is, '~howe ve 

covering layer. Also~~%he ~rath=. 

soils ~;should be noted. : :The:reel 
moisture c ~ ~ or._~ ~ ions of dams ~wi:t 
by ~aans • of .ground water, ohser,va~l~ , .. - ~ • - s. .. 

.... ~ . . . .  • This ~method'...,wh" 
permeable Soils is imppssib]~ e !in:'~very::densei:soils :sin~ 

no di stinc% :ground water ,.surface ~an-d ~'no,),pronounced ~sa.% _ ..... 

(see page l~.'),. ~Because ithese ~dense ~coZloi . . . .  
in-. their relationship -Hith wat s~, ,:ape c ial 

become necessary., The dam. is then mo~!'long " :;: 
and icarus may be di!uted'~with " / 
qulres re ry careful work. ' addi:tli~ns~of/~sand,, :a:'~Pr~.oces s,~&i'ich ,re- ~.: i .':.~., i:~i 

. . . .  .' ': ." '-:.::i~. ' " .' "~.'-.,, ' i:,:~' ~ :"'~". " ' ~.' . ":. ~."C 

• In the weakly permeable ~soils :~of .unifo~n :idams. ~ , h  ~ mob" .ac:t" 7<::.as- '"-.. .:. ' '~..,-. . 

f~e'stf~ters"ithe.^gra~n dis-t1"ibu.tion mus~i;:be : . s o  .:£avorable::,tha~. :ihe" :: ::.:- :.~: .. : 

:a az; .voids ' .: :. 
- : - .u~ :oe .well trolled with fine' =rai~.!s .~-: .m~ ~: .,.:~:.__~.~ .... . . - . .-:.. .~ 

. . . .  . . . . .  ' .... ,~ - ,o: ...:~.~ :~bui'a-~.lon ', ." : '... .... : W~I~/! 123 thls case ~ ~o~_~.~...~.. .... , . .... ,: ,~. ,..,:. ...... , , ........ /~mne:. ..:, ,:_ , 
.... ~°~-~s ~.~ngu~snaole :mus.t. ~de~ouch".:~ery",low..: :.. .://. " - " 

-(on the downstream slope.,), :a :feature :~hich iis-ach,ie~d b the or 
design of the .,, ' " ~ " • ~' : ' ~ . , / Y: .'~ 0oer:. • dam,~:oss-sectmon, the ". .: . ..... . '~. "_ - ..... 
thus ,the loss fro~, +.~ ~ ..... ~:~. - . .qu.ant~ty .of:see~ag e water, i'(ana... :~ -- :. ..., :. , 

cannot be oermitte~"~ . ~ !  ~ ~r~,:mus~. ~e ! smal'l.:'!:)•:T he:~tOe•.,Of :.th& .',:dam:ii~:<ii:i":: .:. • . 
~- ...... ~,,. '.'±'neen%ire mass 'of .such ~a ~soil must ~ -~ .:" • :, 

be unifo~m t~ou~hout so .that during ~construc.tion:-no Pen,uea~l~e veins ..... ~ 

f e a e.practiee.~of.d ping nds.::i~sel~i:tO..;~ : i.i-: 

and it is ve - " . - pa, ticles .:rol! :,~o :the .loot .o~ii:the i.i!heap : 'i 
deposition. ~ difficult in practice .to cor'~'ect, :~h~ ,effect~of:such:~.. :~:::: ?~..: . 

Only in rare cases .can :such thoroughly :unifoi~n 'fill :~ate- 
ria3 of the most favorabse proportions he obtained ,from-~ " " , 

- • • ~ h e  . , h o - ~ o w  pit 
by mass P~duction ~ethods. Neither do . t h e  ,:most.recent~deoosi%'ing 
machines which ~', ~ ~ " 

ga~e~ .up and redistributc the loosened soil afford 
complete safety against the fohmation of such laminations, veins~,..or 
pockets in the body of the ~am. ~@ 



Thro ugh 'the/depos~t ion} of ~i'ine ~ sedime~tal.y~iqa'~o~.%~[ ,on. ~~:',;O.I 
slope of the emban/mment or ;.through :~iinun~toiS~- h~ i~. ~a~i~+.~% ,~,A~,I~.<+ ,,,~." ' .... ' ; ~, 

the pre cip i'~ation ,:of i~re.versibl 
sil ie ic acid, ~ or h~mus .compound) 

r slow filter will g adual.ly,and .~e 

I f  : sUCh ~a. dam.  o f . . t h e ,  s 
hy hydraulic me:thods 'it is i:possi 
the sot , " , . " " ; " ' "  - ................................. 1 a c c o x  d l  t o  - ~ ,  ~ , . ' -  ' -  , '  . . . .  : ' ,~ . , ' . , '  _ .  . ng  . the  g r a i n  ~ z e  maY.~cause  , t h e . ~ a e p o s i t , x o n . , . o f  .~the .~ . 
r~ner par~s on the u p s t r e a m ~ s ' f d e . ~ a n d i . O f . i ' %  ~ , : ~ ~ - ' - ~ ~ - ~  , " - : ; '  " - : ' .  : - ~ -  " 
parts on the downstre~n.si~.~ "This:meth¢ 
for reservo ir dams; ,.however.,,~ .:in, COmb'ina~ 
transportation fz~m,borrow !pi:ts by,means 

d i str ibuti on ; and s ort ing ,: at it he :'dam ~the ~,'me thod !,!is Wel,l ~ :adapted:~$ o :the ~ , 
c o n s t r u c t  i o n ,  o f  " h i z h  C a n a l  ~emban~entS~. ' ,~( , l6) . ,~  ~<' ': ~ ~ ~. :. ~.'[:i. :!.~ .~' ,: ~-i-...:~!.!.i -. - ,  

To c o n s t r u c t  ';a ih~lg ' h l y . . . P e z = e a b i e . , d ~  " . : C o n i r a a : i c t s  ! t l i e / ~ { ~ l ' i C 2 ~  .-i!: . "  .).i: 
p u r p o s e  o f  t h e  s t r u c % U r e . ; i . n a m e ' l z , ~ . t o  i i ~ , . p o ~ d  ~r~at.e~,' :. P e r m e a ~ 1 6 : ~ a a m s - m a y .  . ; .  
~ e  u s e d  - -  ~ • • " " : ~ .  " . " ' . ~  . - '  . . . . .  , . '  . . . . .  , .  - , . - .  , ' .  . . . .  , . ' , t  ' . , ~ ,  f o~ c~ar ~fy~ng ,or .set tl~ng ~bas~ns ,~.~n :con~e c,t.~on ~,wi~h .,!ore::~h,e ss-. :: !: ,;i 
ing plants and are des i~led ,to ;fil,ter'~t!~e~Wster'~ibroug~t :',to~ithem~',iaden' -';:i ~,:~!~ 
with v..ir, eral particles..Such ,dams "ca~ 
structed. Their ,hei~ht-i s o~ten,:eonSi ~i/i:<,i!i 
water neveztheless is quite <smal~l ~ s~ine,~ 
~s filled ~;-ith ~the ~ec,~pitated :sedime] 
sists of coarse s~one :fragments <af, fo~%: 
sideration must be @iven to,~he ,S:]'id'in, 
water because of !its steep~radient. 

impermeable mater . . . .  ~ ~al aes~gned ~to ".transz 
can of course not !be pe~itted. ? ' 

Ill oth~.r..lands dams of A.. ,:.. ,. 

of boulders or gravel, ~b~t,,~in~Ge] 
age and equalizing basins Of ,the 
embankm~ts of large po~er <canal~, 
ervoirs, the seal cons~ists of;,a 

O' • 

either ~ith or withou~.:a "cutoff :,~ 
concrete she~l o o .7 - 

cases an.aa~itlop~nl seal o f . a  layer,of ~cohe-sive,soil~is~added~..;"h~in . : ~~ . :' .~. 

ihl~_ event the dam can.scarcely be,considered:as onO/i.of,~u~iform?matoki~. '~~ 

~ ttl il~led Because of ,he ~unpreventable ,se ement ~of ,f :soils .... 
there al~ays exists t h ~  - ~ . . . . . . .  . ~ dang,er ~hat flssures ~anai,:open,cracks wh~ich" 
may aamlt large quantities 9f ,water .may be ,i pr.odU~ed ~i~ ~the .iinflexible 
concrete apron. Also larg~:,concrete ,surfaces can:scarceiy,~be ~made 
rlate rti ~,~ht. The percolating water ~y ,transpor,t :,the~:~!f~1er,~.p.article s ' 
of the body of the dam ~further tor;ard ~the interior:and-do,vm~'mrd and thus 
produce cavities under :_the concrete ap~D~,so that ~'after~a ~certain 
amount of the progressive extension .of these ca~it.ies~,the,c~6ncre,te 
crust may collapse under ~water pressure. So,much water m2y then 

@ 
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j, • ~L,,'.' ~'-.. • ~,.,% • ,, :. • .. ,~,~ ~ ,j-~r~.',¢~,, • • • :-. 

pene trate ~-t he • dam '~.t h a  t i~,it..~ may 
must mlso be considered.~hat 

• permeable : mate r:ial ~ O f  -!~he,~ilay 
loam) : materiaLl ,:a -region ~mayi~,b 
can retain-the ~~ ...... ~ 
stant G~is ~WLT1 
.vo ir ilevel :shoul 
by the excess wa 
the destruction ,.,- 

".The . hy~L~a~ 
-bankments of power .~.c 
hydraul~ic !head. -:~In 
tected :fr~n ,.injury .~ 
.which.would result :: 
this layer ~is ~:of :no 

• i'~!~ ,,!i i: i: ,~i~'~ .~ : ~  

I 
q 

I k 
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THE ~Phrk',$ I 

!Beret 
soils suitable .~ 
t he pr ote c~t ing ? 
tain !general re 
ex is ting -i.belt we e 
ive in %the ~',aopraisal 
-'earth dam, ~iThe ,.extrac 
in the :field :of soil 
the agr ic ttltural. ~poi~ 
!plants, whereas ~fr om ~tl 
soils ~buve been~mueh?:1~ 
• physical and~"the '.chemi, 
application ~of -the par." 
however, !there -exists,_~ 

2Evezy '. natur~ 
is a mixture ' of mineral 
The ground water .:conta 
and quantities, ~!.somet~ 
. specL~ic grav, ity and ~il 
with consi~derable ~uan 
etc. ) .can :generally ~be 
• as has ~boen:~ 
be dissolved 
portant infl~ 

~}It 
soils: granu3 
• two are all • 
to tho:propo ~. 
with .the gra~ 
of cap i!,ls~r i~ 
water except 
colloid rese~ 
, proportion of colloidal •,oar.~i¢le s ?~in:or'der ~ito~-oh~i . 
their phenomena. " ' " . ! ,  ~ . ~ -  ' . . . . .  ~ ..... ' " " ~ " ~ ' ~ ~ "  ; " : :  . . . . .  " ,S~ , : : , :  ?L 

T h e  t e s t i r 4 ~  " . o f ~ . s o i l s '  " . . . . . . . . . .  - -  " . . . . .  ,wlth,regard ~o ,th~ir ~aln~s~ze .~i:s~.. . " 
tribution .is therefore -Tundamentally.-~impor.tant,. " .- ..... 

..~oo I ;science dis.tin,~-uishes -the :~follow:iug ~izes iof~igra<,~ns in - - 
accordance with the internationally accepted Atterberg~...classification 
(6).: 
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- . ' !Diameter.-. :.., 
," " . . : ] . . ~ ! " ~  . 

Pea gravel, :gravel ~(rounde~d). ,, : ,. ~. i~!i: 

r o ~ k  . C a n g u l a r )  - ~;over-~20 . r ~ , : - . , . .  

• . 1' - ' ' :  " , '  • ~ , , " ~ '  " " . L ~ ' , L "  " . .  , .  , ,  . - . . . ,  

Gr mt s, 'gravel ..(rounded);,- .'. : " ~' :~.:~).i..;.~.::.": .:.:'..' ~ ";' ~! 
a ' : " " '  ~ : '  " " " ' '  ~ " " :  " ~" :,~:' 'S~:~': '  " 

n d  f r a g m e n t s  • ( a n g u l a r , )  : ~ : ,  : . , 2 0 -  . ~  , . ~ m ,  ~. - , :  : 

Sand -. .--: ':~- i-n .~.:~~ '~ ...:: 

Meal sand . :.. ~:_,-2-,:-~ 
( S w e d i s h  "Mo ' ! )  ' " : '  : " ........ 

- - : . i  y 

Silt " : : ' :  i ,  ~ "' 

• .  ~ <<- ( 6 '  

Colloid .clay ~ .: ~:.~..-i"~,~'~jO~:O02ii ~ 

• P a r t  ic].' es ~ s m a l l e  r '~% he~n:.';O ~ . 0 0 ! ~  ~::'~:~,~ 
s ~ d e r e d  . to~ b e .  m o l e c u 3 ~ r ~ . c o m p o n e ~ t s  <ol~,i-~pure ~S61 

: I n  ~ n o n c o h e s  w e :  g r a n u ! a r 3 ~ a O i l ~ : ~ a t e r '  
forms;, . a m e l y .  . , .  ..... .~ ~.,, . .  ~ . -  ,..:,;,,.. 

i.'. Grc"ud ~ater.-~THis-~,i~'!s,!a~E fthe/,~o;=~:~ 
in general ,:only~'.to ~ gravity:~forces andi'duri~gi:i~ 
analogous , to: oPen ~ate r ;withi~a ~ gradie~!-.~eper~c 
flow (~zidth .of :.;voi~d, ~.~olttme. iio£ "~did,~;i~denSi~:y.i~:c 
be transmitted f Zrom .... ~ i i e i e ~ i ~ ' i O ~  ~pofnts :i Of ~ihigher 
ne i s '  u n d e r  ~ pro" e s s u r e  ; ( -an t  e s i a n : . W a t  ,e r ) ,  .:.,: , iTh e '~:s~ 
part ic le s. ~n-e :no t~nc1~ ic~bl e,."- . " ..... 

, , , . ! t ,  - ,  " , .  

!.' -~.D a m e . t e r - - .  

':~in !%hre, 

,-j 

13 
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"* Sc~e experimenters distinguish-further ibe~wee~-.~these :t~o ~oz~ns-o~ 
water (6).. 

2. ...Cap illazy: an~d i~iTens ile ,via" 
the s0il above :.the . ground :~water ~i-~ 

tion with lair and~.water i.vapor,, ::is 
~against ~the • air to~a.~height ~.corre' 
~and in contact -wi~h :,the -air :,foI~us 
in the .water. ;~In :relat£on ito i.the 

its. negat ire .pressures. ~In -addition ~:to .!the-~avitv "forces '-" t ~ . ~ ' ~  
• and -the surface '%ension,-.0p_cosed tto!ithe ~aiz,~there. occur,a~So.~i~yl~is.~ ... 
- "tens ile water,, -to. a ~certain ,.extent .~he ~ surfac e :forces ~of ~t~ei.~Soi~il ~oar- 

-" z:. ~ k :"-:"!L: -" " 



\-~..~. .. , ~- ! 

: ~icles ; ~these :.m 
compar ison ~.w .th 
~is e : it ' ~otfi~d: m~ 
be added :flows,!: 

3 . .  ~dsorb~ 
zone :above ~the ~i 

• of circumstance: 
• noticeably. ,t 0 :,tl 
immediately: new 

• e~ntherefore b~ 
ve re he at ing): ; -.i 
the chemical :nal 
contezi.t ofthe v 
in the soil is :i_ 

In ~ addi 
may also take '.the 

i::,! i. ::!: !,: :::::: ?ii 

• Cohes ivc 
part ieles • of :coll( 
port ion . - i n  'the mi'~ 
boundary surfaces i 
fluid .phase :. (.wat e'r 

The _mu/taal :-b ehav. i¢ 
the boundary, sul~ 

I 
, t ~ • • !~. Zunke, r : ( 

s u r f a c e s  f o r  o n ~  g 

per ctt~io Centimet 
wh e!m;'~ug import an, c 

Size 

:Sand 

Meal :sand 

• Silt 

Colloid 
Clay 

. . . .  :~ i ~ I  ~ : :~ : : S ~ : : L  ~ ::: ~ ~ | ' ~  
n~ ~ ~ ~ 

!.o02::.;oooooli i0:0000077 ;i i:2,990,e00 ~ 
I 

- - -  - i 

: ~-~, : S  
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~ L ~ ,~ i ~̧  ~ i ̧~¸ ~i~! 5 ~ I~ </i!i ~ • • /  

• •••r • •••~.. •z •i ~• • • • i •~b• ~ i!r~ • 

~• ~ i ~•~ .~ •• •̧~ ••,~• ~ q!i,~i~r~!~/!i'~ i~•~ ~, 1~•~.~t~ •, •I~ 7 i~7'~ii~~,•,~i,• . ~ i~ ~ ,i~i • 

A snarp ~ deS'inea~on ~te~tween i!~the '~'coarse-disoerse ~svs2em i~i - ~u 
granular s, 
exist beca~ 
o@e flap. 
fraction 
tion by he~ 
clay fract ~ 
pres sure. 
dense poss~ 
in relatio~ 
mater ~ls ~, 
the s0il is more~.c 
dense state 'of ~con 
n if i can t!y ~lar ge 5i i 
Ave ryc onsiderab~ 
the electrie~!fi el d 
culty; the irunermo 
pressures ~of ~thous 
densely i dep o sited, 
very sm~ll..With 

otherwise dense so~ 
which the ~sdil is ~d 
par t iclo s wliich- ma~ 
and somcJt~imes ~ upon 
thin so il~ material ~b 
ca pa c it ies ~influenc 
hold shell Of ~ator 
of movement. Thus 

than the dival~ent calcium~ or ~ithe !trivaient~aluminum,. i 
in the~ form of ~quartz ,~can i r@±ain ~the"~'div~ence ~of~%he 
In a s8 ~181 led condlt lOB only on ~e e~o; ~^~- ~.--- 
~rystal~i'~a~ice. and ~ wlih~ ~ery ~ ]~ittle ;:for ce ,~ o .~ ~ ~%~. ~ 
s il~cateso~ of clay on tl~ contra~, ~,onu';hose ~corners ~ 
charge s --~ and the se predominantly ~ negalive ~..[oZ ~anion~ 
latwice occur, and nomnally ~a~s0rb :~he pos ii~i~e:i.i~:ter 
draw to them also ~the negatively ~icharged ~cati6i~'!~Z ~s. 
which on their ~Dart •.again lay~;~on ~waterilo the~ex~ent ~;pena~e~ 
their free excesscharges .(hydration), To ~ompletel~satisfl, thei~ca _ , .  ~. ~ "~Y~ 
tions requires very considerable, quantities :., ot,nat~r;/concentrated 
soil. solutions may, pm-tly withdraw this !blanke t "Of °water from the Col- 
loid Darticlss (dehydration).. 

15 ~ 
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• The~amount :.of ~ tlil S ~wateri~::and '. water-vapor "i ('hygro S c'opiCi~ 
~ .~ .  : - , ,  , . . , . . . .  , ~ , .  . ,  . ~ .  , ,  , . . ~n  I ,  

is used as a..measure ~Of :the ';developed~#surfaCe o~ ~the}:soil: i ~ThmTs,,.~ii. .. ." !. :..~ 

how eve r, . is .: only :acceptable ~.,und, 
tity of .thi~ blanketed~,,water ~.as 
upom t he , numb er :o f ',:the ;: s orbant 
r~_ t~re,~.~nd the ~number ~of ~i.ons~ 
o I t he ~{:hy,~ros cop ic ity !~is ~ima'de ~.:a, 
( 5 )  ( c o m p a r e : ~ : p a g e , . ~  ) :~t-he ~ : m e t h o d  ~... ~ 
drati on is ~.always :-achieved~ahd".:a~'l ~ 
the release.<of .the...enti 
the particle (3)~, . 

Colloid ~ca,t io 
under the attraction<df 
,with corresponding :redu 
quant it ies of "water-b~ 
lants can he .irreversi" 
most part theyare rev, 
inal quantity of ~.watez 
ly hydrated .:cations 'i (~ 
less hydrated .cations . 
c!es ms: 
.crumbl~ 
cat ions 
(peptis~ 
lead to 
ticle s 
lat ion 
ing col" 

,# 

upon the : strength propertiesi'~andLthe ;i.!peluneabili~ ~:of~he:~sdil~since.: ;/:! 
the 
u n d e r - c e r t a i n  ~,~: 
~ ~, ~ t ~ o~.,~ o~ ... : ~ ,  - .  ~o~a_~  . . . . . .  ~ o~..~,.~o ~ ,~o , . - . ~o~ '~ , -~o~e  ..... ~, ~o~..~,.~ ~ t c ~ . , t  ~!'e~ ~ ~ ~;~.! ~.~i ~ ~, ~" 

r e l a t l o n s , : a r e  : m m p o r ~ a n t - : : & n ; ! a b ~ i  t o r y , ~ : . t e s t s , : ~ : : !  ::, :!i~~ ~. : ! !  . ; : ,  { 

t h e - f ,  o r m - . o £ L % h e  . . . .  ~ p a r t  l C l e . : , l n < c o , l o l d : i c . c l a y s . "  ,, ~' .... " ;..,: .::,=~..-:"~" . . . .  .~::.~ ~ ....... ' ::as~:.!]*~ "' : i< , , : ; : , :  " i f : i ,  
hay ion; tli in • flakes : such as!~,thos e ~of.,.'. clay_.., .~-m &'c i 
much~:mo~e .under the ~in~U_uence ,:of:~pressur, e~'~tha~ , '! -~ . 
ticles such: as quar.tz ;. i~iireialtion/-t o ~.t~ir ~ wei~, t~'~th ey i :have 'iailarger~. ~ ~" 
surface and !large r ,~ surfaces ~of :c ozlta ct; .:;$hey ::,~en&~,th erefo~'e ~tOi%~Aepo sl~i ::,i ~ :: 
theraselves in parallels!laminations :so .that ~theiri:p~sticity~and icohes- ~ ~' 
ion:azm :augmented. Nevertheless:',the:electro'chemic~. behav.iorl,of"~he ~ ~:: " ~ . 
elerae~t ~ o~ :;cohesive ~ a ~ d '  
c.!pal cause :of theirs;various :physical ~.oro#er.ties. ~,;,.~ ',~:,,~ . ~.. " 1 

• v ,  . ,  r 

Water :in,the/form of ice ~y have a unzque:~effeqt in cohesive' 
soils some time s even. ,in :tke~ impervious layer under :~he slope., ,'..<,.' whereas theses. ~.~.:i~~ 
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phenomena do,not ~existin:jgranular 
the water during ~free~;ing does ~not:i 
soil. On the~ 
wher~ :the ice c: 
quickly form, ~f( 
the region-to 
cooling, a and ol 
crystals. It, a~ 

Q! 

P essure, and Pressure: Clmn=.es .~in:~:,' 

so il water must: achleve,~.equilihriumi:'~.e~ween!i, the::ex~ernal 
load and t~ internal pressure :.ofi~ a rPoly.~dis[ : 
movement begins, partly ,in'the waterl !a}~ !!:,ps2~ • 

~^~equilibrium condition !is. called tthe :~,,natural ~ Wateri~.c0n%ent,, ~,:of ~i~the, i. : : i 

In granular  soiis  ,the ,sO 'r ant ' :" 

hygrosc0picity is. small, - and".the :"',water: 

the most dense arrangement :or the~-small~est~volume ~Of~,-oids~.!i ~Par,~ich~ ~ 
larly in the case of ,~very . . . .  
like, plate-shaped, or ~kno7 ~, 
position ~ with~ much greater 
which t~ soil-was formed. 
tiom ~&o~ '.to a more dens~ 
which has been often observea. This -" " ~ .... ...... 

• • change ,-In .~the ~,elatlve ~DoSiti6~s .. 
of the particles can be.:brought.~about ~tkrough/flowing~water ~but !~par~ ~ i:~ 
t icularly:~through .~vlb_" ~ a ~'~ io~9~' shaking_ , ~tamp. .... ing :or ~oscilla~ing)j., 9An. / ~, .... 
increase, in :the static external :pressure Tdoes ~not haveis6 :great ilan 
influence upon • the rea~ rangement. Of ~ the! particl es .and i Upon ii%he loom- .... 
pact ion; el'so the. shrinkage ~of the .already ~.very 'weak ~cells~.of ~na,ter :~ 
with the increase iin ithe pressure ~.causes <only a ~:~very, !ins ignificant ' 
imcreas~ in the density~of ~the :soil. ~'0n [the~other han~ the ~increase 
in pressure may ~fracture the ~:soil particles i, an~ ~produce ~elastic ~ .def,- 
mat ion wh ich-may afte r:all produce an Jincrease in~:the .dens ity of.{the 
soil,, The volu~e of 'the water itself :or .~its~density~will remain p~ac- 
tical!y unchanged Tot any practical range ~of 'iizcrease ~in ~pressures. 

When.soil is compacted either as a ~resalt of an ..increase 
inthe pressure or by vibrating, %he water becomes excessive; there 

~t 



is more present ;than/is necessary •!~to :~fiil:';~hs ipo~es~ ',In;,g~mn~!,ar 
soils it general!yJ.flo~s quickly.away.,:~_.(Until~t~iS,,i.happens~iit,~is. ~:- ~:~ 
subjected ~to an~excess *pressure ;(a,~cond~ . ~  - - - , . ~ . . = - ~ _ . . . _ ~  ~ . -. 

of s ~ressed void-water)i; '~he if~iction ~of ~the ~SO~id ipar~iclGS Jis !;:re- " 
duced; the soil tends to flow ~:Or.!toiflOat ;"~it .!~takes ~on-"±~. i~A?; " 
ties of a heavy . . . . . . . . . . . . . . . . . . . . .  ~ ..... - .... f l u i d .  : A  r e c i  " " "~ . . . . .  ~,~ " ~ ~  ~ ; ,  " . . ~  ~ . . . .  ~ : . .  - PP a~le.~resis,tance ~to ~,this;~.~iow,;is(dffered- : 

only by very fine and uniform soils; '~wh:erefore ,!~the~e~:a~re:~sub, ject , ~t61-!i~ " 
sloughing. ~: With a reduction-. of '~ presSure ~ granular' ~Sdils ii~e ~on ire '~' 
little water i~ swe is" . . . . .  : ' ~  , ~  " ~  " ~ ~ " ,  r y e •  

' ., . . i ver..y',weakly;)singe.:/oniy;tthe(ielastic,~;~om.~ression 
and to some extent .thm~water in.~the ~..;~^~<~.-~%~ .... -- ,. ,;. ~ -. -,--.~. p :: ,~ 

As loz~ as %he ; water;iis ;mot ::f~ c ..... into ;:the %materisl. = " 
(condition o£" under, saturation) tensil@;,~orces~exist ! in ;!',the .~.vo id, .i.i; ~ ~ 
water which compress . . t h e  :soil- a " ' . . . . . . . . . . .  

, ~.. t '..the. ~ boun dar ~e s :~,with~ ~ h e ,  :~ a ir~-" and- .,,t' he.• 
soil, concave menisci a~,e:;formed,., also -,~zr'~ " ~en~ers ~he ;so~.-: ',.The~so',il 
thus possesses a slight .Iransitory cohesion.. ,~A~wi:thd~m,Wal::o£ ~the .7. 
water .by; evaporation -produces (the ;-.same, effeclt as ~a-: reduction iiin- :- 
pressure. ' . . . . .  " - : = " ' ; : " i  :~I~: " : ' " 

The finest~granular.~soilsi~(.:dust~,i~/,~reworked!i~ ....... ,.,i.::. ~:.~ 
which in the pure state-exhibit =only~very).weak~:Cohesi '':" ~'- 
teremely permeable. It is only~exceptional~!y~here:~c~ ~ ~ 

c e ss pre ssu re thay '. tend ..to/slough; ~~they'~must ~i,there~jc~ie~:~e!~i depoSited '~ '~ 
between tool e permeable layers~iof)~na~erial..j~.~iiiCi~ ~Wiii;~i~aCt as ii~T;±iters i ~ 
a process which !in,practical ' construc,tiSn?~V:Tead ~~tO~~" . ~" • ~ '~ ~. : _ 
In dams of ve r ....... ~: ..... . ............. 

, r y .  g eat thickness ~thelr~,use-n~2v ~-be . ' ~ n ~ . ~ " ' ~  ' ~ - ~ : -  . . . . . .  " 
r i v e r  d i k e s  h a v e  .~ -' . ~ .  ; . . . . . . .  ; . o ; -  • .. . . . . . . . .  ; :; . . . .  • ' 

• ~ . - een.bu~lt ,oi :such ~loess;:,where.;~the-:mater.~al~ms con- : • 

1 2 ) : ! C o h e s i v e : ; S o . i ~ s  ;-; ' !  - ~ '  ~ : ~  : . - , . : : : - ,  " 

I n  c o h e s i v e  , . s o i l s ,  o n  ! t h e  eontra~y,;-;~he;sor~ant.iea;acity.,of 

the particles is great, ;the ;hlanketi~g ~water .she~l.~a:re ;;thick,:~.and;~.~he : 

presstu.e in them.:is ,very considerable. ~ ,~;In.~.order ~to skrin.k-,the ~.~water " 
shells, very great increases ~pressure,aremecessa~.!.y. i~,The-v~ter 
which is squeezed out car, d~-ain away through .:~ the .!fine ,outermost ~.voids 
only very slowly, the more ~Lespeeially..sin~e-~the breadth of ~.the-pores 
is reduced by the blanketing-water Iccndition of over-saturations.of 
the soil~. For the most part, .the .increase--in pressure iis~transmitted 
perpendicularly to the walls of the ,void .by the com~o-~'essed void-water; 
the pressure between ~he stu'faces of ;ontact of the soil-particles~ 
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and with it 'the :,internal friction,: ~no.~i~longer .in 
the same ratio with ~%P~ <external;~forces-,~as~ ., ' ' ~ - '"~";: do. ,the .tangenm ~al-~stressea". :. 
A :tendency to slough::therefo~:e,exists ~..in"[the."!bb~y-~of !the 
ther~ exists in large:masses -:of so'il ,w~io'h:.itend~:it6'ia6~ !~t, 
tendency to :move along :dis tinct .'surfa6es"..0f ..~sl~p'.: ii~,If ~in 

the shrinkage; during %he second Itime "inte!~al:~later~mayilescape"i~tl~6ugh • :..- 
eva po~a t ion. and the penetra.tio~/.i Q£: air iin":..the. ~.s0ili~withoU~ i~yl n0'%ice_ .!:i • i.: 
able increase in the %shrinkage.• 
dition the shearing :i-,...i 
been increased. 

If the :.external pressure "is 
sult of the hydration,,of the colloid 
covery, the soil again, rega'ins '.its :water.., .ithe par.t~iCles 
selves from each other; the :soil ~sweil.s._tu/der ~the.~actuat~ion ~of'.~conSi~.~.~! ... 
erable inte,.nal pressure; in Somel cases>it ~sof,tensbor~beeomesV£1u'idi(i <,L~II :-:~..i 
in accard~uce w.ith ~the nature of ,the ,eiemehts i.~in ~.the.:~soi,1 ~and i~6f - 
soil sslt s. ~L~,, ~ ~'~ "" :~' ~ .... !i~:! 

As longas equilibrium ~hast:not ~ een achleved,hetweon .the ~. ~ ..... 
reduced external pressure and .the ,comple te:saturation?ibf the:isorDt~i6~ 
complex of the .soil through ~an increase ~:in~:~he'!.i.quan~_iZy::tofi~the~:i~;k~m.t~ei~ . " • i 
blankets ." tens ile forc es ~i( osmotic -~pre s sur~) :~!are ~p~uced ~iini(Lth~e ~N~0i~,i - -i" . 
water which tend to hold .the soil par,ticie~!~inia!.,m0re~iti~% mass,ii~n~::~:-~: : :: 
thus cause the so.called "',apparent. cohesion. ~(~ condi~!0n o ~ ~ ,.undo r- .... • 
saturation .of the.•soil)~. .... . i,i~ ,/. ,i :i /.: : .:: : . 

' ~ . . . .  "1 . : t - .  " 

In ~many cases thd "so il/~oos ~no~-i :recover ~as ,:much • ,wa.ter ~wheni: '. !: 
the ores~ure is released:as i.was 0riginally iexnr6ssed ;-:ithere:il.emainSiia": ' .i~i 
permanent increase ~ density .. 
tion bet~een the .surtaees ,of theipar.ticlesl;:-iiiin..compar, is6n w.ithi!the (i(..-~: 
original condition the .pure .cohesion :has boon :.increased. :...:... i.-.!"- :':: 

Such changes i:imve frequently 'rbeen : produced ,:by,:naturali~svolu. 
tionary processes in :the .soil (burying ~under ~a ,deep ~.depdsit, :-ge610gieal " 

faulting, ice .~ressure).. Cohesive soils .in the ~comoac:ted :state ~are - 
often ~rticular!y impe~eable :and resistant :t6 ~the-~attack ,of 'flowing ~; ..: 
water (fez. example.., the-apglieation of bould0r clay to .the~Hindonburg 
Dam Sylt-Festland, or in the sea dike of the.Zt~dcr .Sea):...Artificial 
working also increases the d6nsity of cohesive :soils (t~mping. and ..roll- 
ing), although only to a certain degree since there is opporttm:ity for 
lateral flow because the duration of artificial pr,. ssure is only short 
so that e:.:ccss ~;atcr has no time to drain m.~ay, and since upon release 
of pr. ssure the natural water content in the volume may bc reccverod. 
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Such soils appears!to .be.~somewhat/elastIc, .... • ~ '~, .~i~ii~i " . ~ " 

~!f the coheslve *~soil/.was ~ini.t.ially dopes'lied ~ ':.~i ~i ' i  
state, severe ~.sh~ Inkage may ~be expected, ~ iL~ny ~'cOns~Iderable ~shrink-.,~ .:~ i ~ 
age caused ~by drying !produces:sh ..... ~:~: 

The addition ,of ~wa~er .... ~ ~~"~ ~ ~" 
! cad to thelir .fracture since '~the wat~ 
able energy may ~..compress ~the air and 
Also the swelling,of ..tho~extornal • :la~ 
scaling. Shrinkage cracks .wi-il~not i( 
swelling if t~ soil In:Jshrinklng~ex~ 

• • ...... • _ <  , 

of water in fat,c oho sir o~ so il s iiis ,very ~' ~l~;/iin~:.~the~ ~,~ inest. ~ciays~ ~. i: ~ i.,i~. ,iii~ :~ 
it prac tically vanishe s.~ ,~Fol- this reason !:,the. ,:cond~t:ion ~of d angerLi! ~..i .~i.!, ~. " 
ous susceptib ility to ~sloughing pr educed by ~over-sathration :may ~en. ~ ~-, 
d u r e  f o r  a ~long.~g.e~ led.; ~.whereas ion ~the~othel ~mnd in~!~:(the ,Cond~ition ~ iil ~: 

In ,very fat ~,.clay, :soils ~thereiS"~no ,very well ~di 
eouncar? ~h ach ~can be-~measured,.~In:~observat:ion well 

t h 2 .  s o i l - m a y  c o n ' ~ i n . a  . . . . .  " " '  . " " la~ ge .proportion of. water :ii~ts -:enl 
the air-filled space of 'the:. well /isi6bstructed ?by ,its i:c~ 
tens ion; thus tile concept ~of..a~sa~urat'ion ?line :is ~fru,i.tlessi~: ..Th:is :, :i:, J ~.I!, :i,?~;!:. : 
is worthy of note in c o n n e c t : i o n .  
d a m s  a n d  f o u n d a t i o n s  o f  s u c h  m a t e r i a l s .  . ,. . /  . ..i!~ . 

. . f i  

@ m 
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I. :Dur 
and soil affect~m 
degree of difficu 
they may be prepa 
for the various p 
only be ~upported 

The :ace, 
to this report. 

METHODS OF TESTING " . . . . .  

2. During ,the- 

L 

merit of ~he so il ~and 'Of..the ~su] ............ ................... "-' ' 
mon%, consolidation, sioux in, 

:e ;j behavior of the water in andre i: / 
level, satulntien, swel~ling, ~upli£t)musi!be;~ebsi ..... 
there may be measul~nents of the'soil 0i.essui~S 
thc dam, temperature measurement~ ilion d ~color!and is~al~ ,!s01ution ~0sts: ~:~ 
to determine the origin of the ground :~htarl, ietdl, ~ iii~i<! '~ .?~:~ i~::? /:ii ~:~i i .~ 

(a) Technical ~ • . ." .. " ' ........ .~.~ ~ ' ' ~ ~-. ~ " • Tcstlng .Methods ~DurLug Explorat~on~and Donstruction .... .. 

(1) . Trenches ~ Shafts an~. Bo rin~..."~ '.T~1'o .~extra clt~ion ~,..of~ :so~ I 

The choice of :a damsito fromil,the ~: ' ~: """:"': ~ ~: ~'~: ...... ~"~ ~ :: 
gica!, and hYdrographica! viev1points)is bas 
its strength, its physical Pr0Pe1~ies :and~ : 
vation, as dote " ~,~ • ~:; ..... rmlned ~b~ ,the ~nv..st~gat ion.. ,~ -This~.covers!!i~he re]levi& 
ing points : ..... ~ - 

, . . . . .  . .. . -- [... . - 

(i) Lcpp!a, A'; :Gco lOg. Vorbedinguhgen d. Stauhocken :(Gcologieal~,Con_ 
s ideration Preliminary ~to Dam Des.ign~)~, V;assorbau ~tu~d ,WDssOz.%Til~,~s6haf~:, 

1908. Lepp!a, 9. = Geolog. ~%[oraussotz~gon f.dl. Errichtung %vonLTalsperron • 
in Deutschland (Geological Prerequisites to ~tho C(mstruc~ion iof: iDams in: : 
Germany), Dcutsch, Wassorurrk.raftanlagon ' 19~4.. (~C~010g.ieal'~Prcrequi- 
sites to the Construction of Hydro-Eloctrlc ~Plants,J ........ 

Terzaghi, K.V. ;Ucbor don Einfluss m~tergoordn, geoleg. Einzelkeiton 
auf die ~" ; ~ ~'~ ~cno~hci~ ~n Dammbauton (Concerning the laflucncc of~Minor 
Geological Details upon the Safety of Dams), Uasscrwirtschaft, 1930. 
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i. ~he difficulty-of oxcavating 

2. The strike and<dip of:'" " 

'X. '  

O 

3. The ground water condi 

4. The extraction - ~ "  " -  

The "borrow !pj 
bore holes. Despite',.,th 
and the " '~ exclusion of4:m 
preferable since '.with-it , ' .  

and Iii above~ay be'::"di -~ 
bets and on .the bet,tom: 
of soils during the ext 
The position of ~,the, 
may be clearly determinq 
cludi~ 3 carefully orlen 
possible any~vhere :!in,the shaft or :trP..~hbL'r-~-~m~:;'~'~.i":~:~.~;~':':~.~^~ " . : :  

upon scattered e:=cavatio~ 
ing, particula~-ly 'ing, lac 
quently c~mnge very rapid 

Concerni~ :the : m,! 
in conmecticn with ~.the.~e~ ~: 

samples for :the:purpose..,o 
have been publis.hed ~by(ith ,.- 
"Society for Construe tien ~Methods- ;*~', - ~ .................. ............ --. 
somewhat extende~ :here: - 

Soil b its of~L~variSus ":kinds "!are used:~for ,i.extrac~i~ L-n~iaiS, 
tttrbed samples from bore holes. : ;John tOlss~i~':ii(2) <deScr 
der opera to d by hsnd with! which s ell, dares ;of/about ~ 6:4 
iongth and 4 cent Lmo t ei-s ~di.am~ t er~m,qy ~b o i: extra ctod./iUnder fav6rabl:e ' ~: 
- . , n d ~ t ~ o n s  . i t  m a y  , b e - u s e d  ~ t o . a - d e o t h : o f  , ~ ~ . . . .  . . . . . . . .  . . ,  
, , . . . .  ,. . . . .  , .  . .  about lO meters, ~. ~ • , ,  -or ~ - - . . . . . .  - . . . . . . .  • . . . . . . .  , '  . . . . . . . . . .  ~ .  ' - ' E h r P n -  

• .. g ~  ~,as '.-onssructcd~:a. cylinder, ~;hich .',:can ibo '..used ',with'.in-~the'::~137 ' 

millimeter casing-of .-a L~Sle :made .v:ith .the:iusual!~rig,":-i~ri~lil/g~.!~shaft, " " 
etc., and ,,;h ich needs, me'rely ,to .be.e=:chan god :fo!;.-~,the -.ordin~.-augor, ' '. " 
to see%ire undisturbed :samples ~from. eohosivc".se~ils ~to:,,ahy :desircd " -" ,~ 
depth (a depth of:25 motors i-has already boonattaTinC&,.. 'The .. .- ) , ~ .:t.ten- ..,,.. 

~"Die Gesollschaft fur/Bo~.-tcsen ,, - Tra'ns, ' -  . '  - ' '  

(2) I. 01sson; Ko!vborr. ToPaz. '"i~ dskr., Fe~.,.," :!9~. ~ ..... 
• * J. Ehrenberg; Gerato ztu' Entnahmo von::Bodenproben:us~.i'!~(iEq~i.,.~mont 
,"or Extracting Soil Samples, etc,)., ~Bullc:tin NO, 15 of the:Preu~sische 
Veruchsamstatt fur Wasserbau und Schiffbau, :Berlin, 1933 -'T~'ans. 
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centi~neter thick core :may'be.~ " ' '~' • " ' '" ~ ...... '~ .... _ taken run,lengths :up ,to ~60 centmmeters,. ~'The ~ 
sample :is conta ined ~iin-:a itwo,part ~brass ~:shell ~wi~th !which the :out%ing~!p'Ipe 
is equipped. This ibrass<~shgll !cani~be~easiily:~removed~an~:serVes,~al~so ~as : 
a container .for tho~sh~ipmen'% :of ~tl~ ~.s~ie~.':.."i!F0r:~te~%~ing~!.~':%h.e~s~le'.:is " 
easily freed ..fr~n the-~vo-part ~she~l. :::!Euri~:g!i..th6:ibr~'a~ing.i:.6IF .~and:!~ithe ~ i- 

self-clos ing~ air .valve' ab eve .,. 'The ipre'ssur0 ii~ofi.:'.~heiJ.hy~adliiC ~i~ack !"i~qu!ired :~ 
to punch out :the !sample :is measur0a~'d i, orbvides:i~aJme&slrd'~of i1& ~bi~nrJin~g : 
caoacity of the s0il:~in case ~ii 

Burkhardt !.(3) desc 
cross-section of ~.the :subsOil 
vestigate~ brought ito ~the :surl 
of the s%ratification;and str~ 
elevation of the rock, and Of 
vealed by its quantity., propor%ioning,:~gra~in~size~distribd%!i0~;~andi~phrL ~:~ .! 
ity my bemade ',:i: ' _ 

ab out 23 meters )..The oquipmont "~is :pa~%iCUl~i-:ada tod i"t0 ~the~embv~'- ! ' 
• -. . .: .- Y: P .... ' l' 

of samplus from beds of :conglomerate., :irub~lc,,. ::or~l~ike iston6&. ~/ " 

- ' I " ,  . . , .~ :  ~ " ,  + ~ . ,  - ' L . '  , - . : ' ~ : , ' ~  " '  ' , , . . .  , - . ' , : ;  . 

The Commit tee-..on .!F0undation ~Resear'ch :i.ofi~th ei:~rm~ :"S6c:i:et~ ~if0r : :. :".- 
o on struc t i on" Me thod s ~ ha s !. prepa red. :..rulesi~ii.'!f.6r i~.t ~" ~.un'i£orm .',!de s'c~ii9%!ion ~ ~o f -" ' - 
soil strata.. As :a . . r e s u L t ,  , '- 

e x i s t e d ,  only:a few clear :a '~~:" 
unified and comprehensive :d 

• ( 2 ) )Labora torly i~ Sbii U.~Th stis.• !.. :/. :.'• ~": ::! :" "i ~ ii i!"." ~ '•i•ii•: ~ .~• :.....,_.. ••...~. 

: ....:.. i .i 
Laboratory/ tests on.s oils, -. are!:~ico~cerned ~h'~ i 

their use 

(a) 
(b) 

tion laatcl~lal .In ~n L~.pervlo,,~s ~lay~r, in,R'~su, oor.tln~ ~]Jo ,, ,e c'-..~ :~ '~ - 

. . . . .  ~:.:" "-' ' i~:. I . " " :. ~. i~. ,i.~ i !..~- ' 
Under (a)., the ~ sh ear ing~str6ngth :,~:of tthe :soi,l imus~ ?be i dotormined 

since from this is derived the maximum slope a~ which,,!a:~s0i:i:,~il:l:istand I. 
in a dam of given.height and of 'tHe ~anticioatod~hydroslta~tic:iand,hydro_ ~ 
dynamic properties. " " ~~ • " ..... ....... -; 

The shearing strength comprises .the internal i frictlioni:and :the 
cohesive strength i(tensile strcngtl~, or cohesion, <or:coherence)., i.The 
friction is that portion of ,the ~osistance :to sl'iding, :.dist0rtion-or 
fracture which exists botvJecn :the irregular surfaces of contact :of @he 

soil oarticlos and which is do.oendont upon :the ~prossuro upon these faces, 
and upon the nature of the faces themselves. 

(3) Burkhardt, E. ; Zur Aufschlicssung dos :Untorgrundos (For Found~t~ion 
Exploration), Bautechn~., 1931, No. 1Z. 

* Obtainable from thn Deutsche Gcsellsehaft fur Bauwcscn (German Society 
for Construction Methods), Berlin N.W,. '7, Ingoniourhaua. 
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.The pure-or:~/~a~. 
" face attra~.,tk on ~.o~ the.,- 
highly comk3r essed-water- 
water content remains :uz. 
surface pressure. ,.i..re~ 
an increase ,in pressure 
t ions of this water ~and'.: 

. , j '  

: Fr ic t ion.. and ~'c oh es i on L a re.~ C ics.ely. ,~r el:a ~ ed i:!.t o ~.t he fgr aini L..ii~:.i:. ~:. ~ " 
s ~ze distribution .of_~.the 

beg in with .~.the, se ~ara~ion 
This.is in'dispensable i.in-~, 
class if ic ation .~carried i:Ou 
tion, or through .sediment 
grains or crumby structu~)~, 'themineral..~.c0ntent;~e.tc. ~:of?many",~t~peS 
of soils maybe observed. .... " 

, ~k mechanical analysis=is zi-¢en:i~On:':page.'~2~ <of ,:ih"is!~.repoft-. ~: :.i.. 
The p~,opc~.tion greater than :20 imi~i, ime!tei~s .:L ~' 
m~a sureIF,~rlt, ~'~ "' ....... :~ ' ~'"~i,.~- ' " .~: ~ : ,- "' i , . ,. : ,..., -:. 

e ~'~ . . . . . . . . . . . . . . . . . .  , :  . . . . .  , i :~::.'. ':-':i- " I ~ - ' L ~  

The sieve, e onsis 
made of drawn brass pipe w 
with a testin~ •mesh ~.up "to size .~Din/:i17!. ~Sie:~es ~ui%h ':.,round ~-holes ~are 

s q u a r e  c o n t i r ~ , ~ . t o r . e  . . ,  .- . , : -  . - :  ..... -~  , . , i , : . ,  . i . : , . - . - :  , . - :  " 
- ,  " . . . . . . . .  " . . . . . . .  : ' "  " : ~  ' " " '  ' ' . . L L  . . . .  

The .:fine :meal :sand, silt, :and-,cohosi~o :soils :af, ter,~be:.ingii: " 
prcparcd (by being : washc~ with ~a !brush 'in~.~disti~icd.~[~iCr-:~d~if/~?i 
necessary vtith the addit!ion ,:of ~ an electr.o~te ~or -:troatmont.iin ~,a .?~i- 
brator, etc.) are sorted ,into ~thcir rss~ecti.ve ,grain ~sizes., i:elutria-.i~,;:.. 
t ion or sedimentationmethods. ~The olutriation method-~with~a.}r~is:~ng, 
stream of water is satisfactory:for ,the separation :.of .Erain sizes ,:-::i~ ~ 

' . • ' . , ; ~  ~ . '  , . . . . . .  : , . . ~ .  • 

d~:gn to 0,0!,millimeter, or, .that .is to :say.,, ,T0:mlcrons. :.Sedmmenta-- 
tion in still ~tatcr .is used for the dctormination-~-of grain,size pro- 
portions in the ranzo between 20 and lmicrom;-this work mus~ ?be-per- ~- 
formed with a temperature-as naarly constsalt as possible 'ina thor- 
mostatieally controlled room since t,mpcraturo .variations have a pro- 
nounccd effect upon .the result. 
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~,. ~..The most difficult ' " ~ ............ ~"~'~"~"~' .......... " "'~' .... 
tion method is the :prelimi~mr~yi!trea~ent,of~ 
s ion into it s elemental components. :~,Very~Di~ 
trellis frequently of fer :a "~very ~gre~t~ire s~,t~ " 
Labor ious wc..shing of ~the: so il ~Wit~ dist-i~16d 
the aid of a Pukall candle Jis ,o£ten .irequ'i2ed~, 
a dispersion machine maybe of ~adva: 
with others this procedureJleads tto 
coagulation of the particles i~to ~b~ 

The large 'dffferen~e ~iJ~1 ~t] .' 
the sa~e, soil by the :various method: 
insufficiencies ~of ~the methods :th 
the methods of propaning :the ~ssmli 
tion the technique here (4),6 It 
velocity with which i the ~particles •i 

depend upon the specific gravity~o~~tho ~orm an'd~u~b~ho ~positilonJ/~ 
of their centors~of gravit~=; ~so that JthOi~:odhdsiv~ sdhs i, c0mpr!i~siRg > ,~ ~ ~i~/, 
a~ they do mineral fragments of i/suc]1~.variduS ~ ~l~nen:ts~and!~ifo'Im~s~anR~ ' 

treated by means of the elutriation an~:sdd£montation~methodi!arC'~ ~ ~ ~,~ 
not separated according to their,grain ,'SiZeS ~bUt ias ~Ramaml !~5)~haS / ~'~ 
do cla re d, a c cord ing t o ~.t hc'ir ~ hyd~a~,i~ie pr opo r ti0s. ~',, ~ ~ ~,i~ ~: i ~/~,~ ~,~:, ,,~ i i~ - 

i • i.~ ~. .?-~ ~.~%1~.,Y~,.~I~I ', i~ ~ ~ - 
T h e  a p  ~ ' ~ . c ,  - ~ .  .. , / ~  ~ .  . . . . .  . - ' • ~:..~. ~ : ~  ~.  ........ ___ , para. _ tus o ~ o~ ~choon%, ~,opotz~,, Scnulze-Harkor ~ ~ card, 

. . . . . . . . . . . .  w .  • • ,,. 

the ~S0aond Convcntion of ,the Subcommittec~,~for Agnicul- 
tural Soil Research, Eultunteclmikcr:, i1925~- ~u - .- ,~. nlccr~, ~E., ,'Gobrauchsan- 
weisung zur Bestin~nung/der :spoziZischen,!0bor~lache <dos ~Bod0ns\~Exo6r- *~ 
iencc in DotcrminLng the Speci~ic ~trface ~:of ~SOilsL, Kulbcztcch~iker~, 
1925 -Hahn, V. v., ~ispcrscid-analyscl,i(Dispczsoi d ~ual~sls)i,• • " " Dresden- 
Leipzig, 1928 - 0d~n, 'Svcn, 71Y0or •dic 'Vorbohandlm~ tier iBodenprobcn 
zur mechomiscI.cn ~ualyse (Conccrning ~," ~-' .~ ~." 

, . ~ n . ,  :Pr~ oara ~ son of Soil _ S~mplcs 
for Mechanical ~mlysis), Bul. 16 of the Geol. Inst. of~Upsala, 1919 
- Schubert, H., Einfluss der Vorbehandlung der Boden auf die ~Ergebuisse 
de'_" mech~uischen Amalyse (Influence of Preparation on :the Results of 
Mechanical Analysis of Soil "-Ssm~ples), Kulturtechniker, 1929, ~No. 3 - 
Gessner, H., Die Sch-lammanahyse (Se~Lmentation laualysis ), Leipzig, 
1931 (contains extensive reference), i~. 

(5) Ramarm, E., Bndenkurde (Soil Science), Berlin, 1911. 
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Shearin~ ~Resistance ~: '~ 

Perhaps :the mos:t i:importaut ~ ' : . . . . .  ' " . . . . . . . .  ' ~ :  ~ :part~ of :any's0il investigation : ~ 
for earth dams is the determination,~0£~ 'the ~shearlin~r0SiStance. :Soii~:~ ~~ 
types without tens ile ~ strength :suck:as ,those ,~free ~:of.loam~:or ~com ...... : : 
pletely dry, or wholly saturated Sands Will ~take ~ ~ . . . . . . .  s ~,uP~na,~ural ~ lopes .... ,,-: 

to •the i~ an~les •of -fr~ct ~on.- So~lo ~exh~blt~n , a,,~ten corresponding . . . . .  ~ ~ -~ ' ..... --. " ' ~ :  " ' : : :  

silo strength, :however, in.a, condition ofilmn~ier-saturat~i0/%,<imay !ten~ iii~: 
up to a certain: height correspondin~ 
stand op- much steeper slopes and eve 
however, with a constant water cont~ 
resistance dependent upon :the cohesJ 
pov.~r of the height :whereas the~mas, ~ : 
sure) and also the frictional resistances~!increase ~with,ithe~secon'd~i: i: 
power ol the height, the influence:of:,th~::h0hesion::upon ithe maximun/, .~ 
slope diminishes with increasing ihe:igh~ilS0 ~that !~he ~Siopei]~ebessary': :-~:,! i 
for the atability of ~an earth i structure :beComes iincreasin6~y ~£1atfer ,:~< :7 ~ 
with the increase in :the height ;and :fhe :slope f,inal'ly ~becomes :~depen- 
dent upon the weight and the-a~le ,of ~fric~tion !alon0. " i ~: /ii ~: ::: : 

In the detez,mina% io n of 'the shearing iresistance ~the ilpr:es-/ 
sul, e and the wa~er content!must be:sho~m ~to:corresp0nd:,withia:~:prob -:] .... : 
able oz p e  h~ps even poss~01e cond~on~_in~he~ dam.:,-Ao a ~/le :.~ ~ 
there are to be determined: . . . .  ,~ i ' :  . . . .  . :  

1. The shear ing resistance ~of ~the ~soil:~in'"the~l.mature ~state.;, ' : i :.~ 
an/ with a consts~%t water content ..... " ...... " "~ : " 

[' . . . .  ~J • , • ] ~ • " 

: ~ .  T h e  s h e  a r i n g  r e s i s t a n c e  < o f  i ~ t h e , p r ~ e  p a r e d : i s o i i : ~ t  - i : t h e  ~ , , n a t u r e i  , - . .  " 

be distinguished. .... ~::~ 

In plotting (figure 26) as~an :example!~:ths ,value ~of :!the , 
shearing res ist~,uc~ ~ mat is first given",(indicated~iWithi:ix)~as~it ~ ~: ,!:~ :~ ~ ~ 
may be obtained for samples :in::the :mature-~state ~Wft1~!,!a,:constan~ 
wa~er content (here about 25%of the ~totallmate~iai)~. : /Sec0nd ithe .... ~ : 
coefficient of shearing resistance,~:nat ~, for the i/~tural water ' 
content is plotted as detsrmined fin the !following war. i ~ :~ .... ~: : 

AfteT mix ing with water, the :soil is ~introduced :~int0 ~i±he ~-~ 
testir~ frame. Its original structure is thus:Bestroyed~asi::~is!:also • 
more or less the case in actual construction. :In this :testing frsme 
the soil is loi~ed for several days withO.5, ~l,0, 1,5,~2,0, 2.5, 
3.0 kilograms per square centimeter:trader ~-tez. For each of the 
various "conditions of rmtural water content,, which are thus ~estab- 
liahed the shearing resistance under the~appropriate normal load is 
determJmed. In th~ graph, (figtu'e 26) these points are indicated 
with an "o." From the t~o series of points mmy be determined the 
curves of sheari~ resistance (~.'mat) and(~nat). A/'ter each .~ 
separate test the v~ter content of the Soil s~ple is dete~uined 
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k~ --t 
a n 4  t h e  w a t e r  c o n ~ ; e n l ;  c u r ~ r e  ! p l o t t e d : t  : i .  . . . .  . ~ . .  :...~.:..:..:iii..: , . .  . i/., ~ i : i : i~ ' 

The ,L~nat ~ curve :~ml 
and on the axis ::of :ordinates 
a measure of ~he :cohesion:of 

The ~.'nat. cu~,#sj 
worked and saturated, inters~ 
m a k e s  a n  a n g l e  ~.~-..2 ' i ( a n ~ r ~ L e . i ! o f  

zontsl. .The tangent ..'of ',:this 
she ar for ~t ~ ,natural :wate r 

es: e r ~ e s t  It. coh ire :so ils .~th "ta ' ":~ ; 
into the portions de~criblingifrict!ion~an : 
To determine the cohesive :strengtl~se.Ter " . . . .  
be prelo ade d with for.,:exampl.e, , :one" kilogram.~per..:square:~c entir~eter ~II/~~ 
and s he are d unde r., a : reduc e d lo ad ~ (itha t .Jis-"::In :~!.t he.;: C onld ~tion.i! of~!~fi'e~_ ./~"; ~ '. 

saturation), and.a .;furthar;sei~ies p_~,~iOaded~with :.two.~:l~i].o~l~§,-~.0er:~.: .-~ 
square centimeter ~ and. likewise, sh eared .under iSUbse.quently :ire'duce~d "i~! ": ! " 
no~nal load. In this way :the ~daslm~!lines :~ : ' : "  . . . .  " ' ~ "  " " :  . . . .  " 

of ordinates at the 7a'lues :kl.iand~:k2 ::Wh'ichl, 
of the no nmal -load have.heen .plotte~ gi~enl 
whichmake s an -angle..~3 (-a~Ele of c0hes'.ion~. 
Thus the cohesion!becomes ..V ~times-.~the tan~¢n±<~ ~: 
( angen~ (~2 - tangent"~3) ,. is,a 'frlc.t ~onal :resisian 

In figure :26 the~V',nat - .cus 
cohesive soils rich Jin electrolyte .ai. 
observed. As a result of ~the .:cmulmblJ 
in ~ie lower range of normal-iloadi~g. 
becomes increasing~l,y greater~and :art8 
proaches the coefficient o: 
Soils I and II). The coh~ 
theless the..change is xery 
of the apparatus. .With:no~ 
kilogram per square centLm~ 
l o n g e r  h ~ s  a n y  a p o a r e n t .  . e f l e c ~ - .  . ,~ ' ,~ -omp~re .  , , " a l s o : ~ ' , ~ g u r e s  :~E6 ~an .d ' ,BT , ) , . , , .  . ~ .  . .~,i!.. ,~.-~ :~ 

-Figu re '26 illus tra t es how ,the !,mature iiS0il,:!exhihits ia. :~- 
larger shearing " , . . . .  ~" ' " ~ " . ,  ... , , resistance ~than :that .~n .the ~,~stai~e~,~.o.f .natural water. . ' 
cont ent,, in the range left ,of 'A ~:as,a::resu~t.:.~of.,,~ts~.:~,eater.-~cohes~on 
( c aus ed. by, previ otto :kneading, under :the :.pressure..-,.of ...mount 
floes, etc. and-by the surface ~tens}ion ~in :the.~,vOid..~water 
sult of under-saturation),; :lit shows~.also~how ::thereaZter ~the,~c0hes,ive ' .. 
strength knat vanishes as a result~:of.~the~disturba~'@,'e::;in..~thei:,~ex~e -. 

and the saturation, ..an~ 'ho~~ the ~:shearing strength- 0"f ithis~soilfa]AIs 
off to C~na t. With:norm+al loads of ~2.5 kilograms per :square .cent~i- 
meter, ~.e water content .and.-.¢he ::shearing :resistanee:~in~,the :mature 
and in the preworked states are~,.equal. Wi'th ~igher loading the 
'~nature,, soil will rewert w'ith .the ~expression,:of ~water to the "natural 
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water content.,,:::As !has "~en ::? 
soils .this may :tak~::<consiiaera~le • ' 
ing :r es i stanee ,is :less ':ehan:::ini: ':th'e: :!i sta~Ig::::-of.::n'aturs] ::::wa~:r;:~ ?b:A~:~.%~+.,, : :: . 
(not e ~the, path;:o<.":~he: ~ 

: The ::sheariz~'-: 
the :ha ttu'a!, water :contei 

In this/4= tan:i¢2 i~iSit; 

.::=.soils 
with .the :aid : of :::ths:/:.~a±i 
it may .al 
my have 

is that 

c iently pla ted in. d ~/fills. ~in ~0rlde .._..~- - . - ~... _ - r  ~.~hati-~:they~may-~ha.v.e i:shf~i6ie~t: ,~.:, ~ -"..: 
compaction withstand J ~h e ~ su~seouent::l°ading :~and:::thus %tel!prevent ''~ ?-i . L:: 

? settlement and ~ sloughiz~ .- - . '. :iii ' - !!': '~ ' : :>: " '~ ' :'~i ,.~',.. k!~..::~,:...!/.:'::~.: .,.~.:~.::: , .~-, ~: ,~, .. , ~ 

The tests ~described::here are..~ :-:~he'?Berl~iu ? : ' . ~:'-.:.~ :.~:! 
Experiment Station.with the :assistance ~,.~ ~-a~.~'~..~.~:~: " ::::i:: ~-~ 

The so il -.c~npa ct ion :+..es te r ~of " 
Hydraulic and .~Marine :::@onstruc.tion :(figu~ 
determination of i.the :shearing,::~resistm:ce 
wit h sample s ,of large :.di:ne ns ions. :T~ ̂ ." 
re&u.~ed tha:t the sample is fractured 

.Equip n~.for dekenni~ing,i: <. 
desighed by :tony othezs, ,'fox, ~ exam ple.,j " 

~ k . " r ~ .  d~u.k, ~ r ~ d ~ ~ t h  ~PresmlreiiEar~h?:~Resist.. - 

an~e )~, 4th e di,tl:on, Revised :bY~:~- ..j:Ehrenberg:,, :P.erl:ir4,.:i~:1931. ' :::::: i .i :: :.:. ...... 
-B. Tiedemann, .Die ~ede.utung~desii.Bodens :iin :!Bauwesen :(.,~e !signif:icance "i, ~i:.-.:!. 
• of So ils !in :~ Cons t :~:c.t ion),, ::Handh. : d,. ~:B odenl.~mde' < (-Hand b.ook.,.i.of :. So i2 i:::: :: .', ? 

"!" ~7< 
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Westerberg (8)~, Streek. (,9),, ;s~iny ; : ( i O ) ,  ,';(i~l~)~:Casagrande 
(lla) and others. -. . . . . .  "~ 

The tests de~scnibed ~above ~under~c~ d 
/S shea r ing r e  s ista nce, : mus t !be ~:supp]ement e~ 

~ ~"De t e  r m ~ n a t i o n  : o f  ~ he ,  : . spe c ~ . f i c  ~:gr~ 

~" De te rmin at i on ,' of. :t he ; plas ticity .?i 

g Dete rminati om -:of. 'the i~:hygro scopic: 

Determination: of ::,the lime. conten" 

The d e t e  m n i n ~ i o x  , O f  i t h e .  a ~ e r a {  

- • : f  

1' 

~ : . , i  ~ ,." ~ 

¸ : " !  !'~' 

I " 

} z 'e,:/' 

" ; 2 '  

: : i ! !~ '  ~ S t i c i t y  ':(:. - / i  " : . ' , : "  . Pla ' . .! 

~Itterberg thought ~to d~de "~he soil t es :~into~,~ s .... 
c!a sses actor ding tq~he it! pla s~icity~ntuhb ers. i':iBy ~plas~i-c~,%-y .,nhm~e 
was defined as the :.diffezence 'between tJ 
of the ,id ry:: weight) :at ithe 51!quid i~limit : 
plastic limit of a claM. ~ The :liquid:}l~ 

(8) Westerberg, N~; :JordtrYcki:kohasionaraT~ordars~er~(Pressu~.e~.,.~O f 
C ohe s iv e Ear t hs): ,' ~ Te~m'.: i~,T idsl~.,/i" St0 Ckhoimi,: !1921 ,~: n o s . ;  ', 3 ~:~ :5. !, :~:, !,: 
(9) Stre ck, :A.; -Die i Festig:keits:eigenschaflte n !b[~diger',.B6:i6h i(St~en 
Properties of Cohesive ~Sgil~)'i. ~ !Deutsche ~Tiefbauze-it~, ~i928,:~. i:~ 
(10) St iny, i J,. ; : Zur. ," Sch~/bfe st igke it: der,:::Boden ( On ~he iShearin~Str.~ 

• :: ~ 

-/~ i • % 

29 

of Soils ), Geologic :n. ~Bau~;esen, :!929~, :no. ~i. " " :. ":::" ~::~)~:/ "~i~::/~: i :~:~ 
(ii) Backofen, :K.; Eine-geotechnische Studie (A':iGeo~eh~'ical .StudY),,: " 
Zentz. 31. d. Bauwerwaltung, ~1930, ::no. 18, ;:~ 
(lla) Casa~rande, A,; ).Prec..'A.:S~C.E.~, No v,.,;!!'.1931. - : 

(lla) Kulka, H. ; Versuche zUr Besti~lUng:~. !Scherfestigkeit ;v .... 
dener Sande u. Tone (Experiments to Detex~uine ~the Shear, ing:St: _ 
of.Sands and Clays), Bauinsenieur, i1932~,,p. 431. :': (~ ~: 

\ 
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pat Jabout ' ....... : ..... ~ ...... ' plastic state. A soil ' ..... • • ' : ~: ~:~ ' ~ ~ .... '~ 4~ cent imeters ~In ::dl ~neter ~an'd i L ~ 
centimeter thick is placed ,in~a;porcelain~/dish~:and ,divi~ded into!~t~m ~ ........ ...... • ~:' ...... ~ ~:~ 
parts by means of a special 6Toovingi~o~i~so~that~ithe~lower edges ~: ,. , c ~ 
are barely seoarated. L!~The water .:content ;of~<the ;sofl is ;:then. !in- ~ /;~ ! • 
creased ~until" ths .two ~halves of tthe ~:s0il ~calke~willl;iJust flo~; ~to- • .... ~ 
gether to a depth-of :one millimeter~,along~the ~ line ~of seoara~ion " ~"? '~ ~:i 
under the effect<bf repeated ~tapping i(~12)~.~ ~Casagr~de~has;iidesigne'd /,i~,i ~' 
a me~hanical method for determining ~the~l.iquid]~it~which~el:i,ni_~,_~ " :, 
hates all subjective errors ~(13) ' '"~ " " ~ " ' " " ~: • ..... ~e ~Experlment ~Stat~on ~V <(Berl~iu 
has adbpted this device. • ~ . . . .  ~ ) 

The lower limit of ,the ~pla,~tic ~ ' ~  ~' " ~ - as ,;the, 
plaatic limit. 'The soil samp'~e iis/plaCed ?:on a ~piece :.of~ absorbent' :;-i-~ <; 
paper and rolled ~; . . . . . .  . .... ' • ~ : . -. ,~ - - ~wi th. the •bare • hand .;Into ~a.~t~hread' about <4:mil~i- ;~;..:~ 
meters .in di~nneter, broken ,in two, :'.and~roiied~again, ~.The.i~plastic 
limit is the water content :at.;which::ilthe .soil:.c~umb].esii!;int0/~.~]~l .:.. . 
pieces when further rolled. ~,~, ......... ~> 

The plasticity index ..... ,~ ~ : ' :S ~: " ~ iL~ or :num~e, ~can:only ;be ~u ed ;£or~:La ; ~ 
rough characterization-:of the soil=and:~'for classi£ication!int0-?S011 ~ , " - "  ' 

groups (14). Thus, for.e, zamPle~.the~FinnishGeotechn{c~l~-Commission. ,. ;~ 
gives the following plast~icity<~diceS: ~ ~ -  : "~ 

[ --, 

W e a k  clays - Plasticity:no. 6- ~ i i ! ~ , .  ., ~ .  . : .  ; ~ ; . i  . : ~ ! ' , ~  ~ 

Moderately fat clays .- ~"' .... ;-16 --~.;19 ' ...... " - " " ' " 

F a t  c l a y s  - ~ "  , 2 0 ~ , - ~ : 2 6  - ,, . ,:.~ ..... . . . ,  . . . .  

Extra fat clays - " L.i~:27 -;37 ' "  

t eniamde, ity.~of; .~: - . .-~ . ..... 
~12) At$~rberg, A, ; EieLPlastizi ~'t der...Tone :.. (The [.Plas~ic. 9 ,~a , ~: -.. 
Clays), Intern. MitteilungenTur~Bod ivol. i,1, ~l ii, nd~v~01 ..... 
2, 1912. . . ~ ~ : ~ L  ~ . :  " ; ~  

(3/~) Casagrande, A. ; Report on an Lnvestig~ion ~of LtheLMethods ilfor i " 
De t ermining Atte rbe rg, s. L iqu id ~:Plas tic~;~Land ~ Shr~ge ~Li~.its ,of ~Soils 
their Phys ic al Meaning andPractical ~o01ic ation,'i'i; ( See ,~ also: Casagrande, 
A.; Research on the Atterberg Limits of-Soils !Public 2oads,:0ct., • 
1932 -.Trans. ) ' " 

(14) Redlich-Terzag_hi-K~npe, .,Ingenieurgeologie . ( E n g i n e e r ~  ingl ' -  Geology)~, 
Berlin, 1929. 
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creased until the 'two ,halves, of ,the :~so~i~l.~ucake ;~V,;iL1 
gether to a depth of..on~ 
under the effect ~of rep~ 

" ~A,- • - ' ',i_ ' ~ i~-f., ~C • '~ _' • • 

The lower .l~imlt 
plaatic .limit. .The soil 

paper and rolled with. :the ~about.,.4,~mi, l,l,i_,_.. ,~,:::: :., :., 
meters in-diameter, broken .in two., ~an~,~rolled .-a ....... ~ '.- ,~- ..... . ...... ' -,:: gain.:.: .Ehe,~Dlas.tlc.::,.,....,:~ : ~ . 
limit' is the .water cont ~t: " 6'. ,sma~~ ":. ,,.~ '-.~,;- , " 
pieces when 'further rolle~. ~ _~:::!::,ii?:i".i~ ~i~.i.~ :.. ~;..:~'~.... '~! 

The plasticity ini ' ........ 
,'for~a ' :" ~' ÷~ ..... ~ .... 

rough character iza tion. of :t' - !into :f"s6"i'l::,': " 

groups (].4)~. Thus, for .example,,:::.the .~Fi~ish..'Ge0"tec~ica!iiC0mmissi0n 
gives the following, plasticity indices,. ~ :" ' ......... ~ " .... : .i: ;i~i 

l~eak clays ..- Plas% icity ,;no..: -. ~6 

l~oderately :fat clays-- " i.':~. :~: "~i6 ii' :19 " . ~ i~ ::,: i ...... ..:,. ii:i1%./~i., .~ 

Fat clays - . :" "2 " .... " ~ :" ' 
. . . .  , " 0 - -~ , .2o .  i - . : ,  - .;"-~ ::~-,~::,.,~(i 

Extra fat clays ,- " '" ~ :27 .- ':; 

(12) Att~rbsrg,' A.-; rie !Plastizit~% ~der..Ton 
Clays ):, Intern. Mitteilungen ~fur-:.iBoSenlau~de 
2, 1912. .~ . 

(13) Casagrande, A. ; Reporti,~on~an /~vestigi~ 
Determining Atte rberg, s ,L iqu~id iPlas.ticj i i~iand 

their Physic el :Meaning and !Pract:ical:~o01Oica~;zon. ~ ~,see.~also,~Casagrande.~_., 
A.; Research on the ~tterberg Limits ::ef-~SoiTs, i~Pub~ic .Roads~, ~0c~,.,,, 
1932 - Trans,) :, ,~ .... 

(14) RedlichATerzaghi_Kampe, Ingenieurgeol0gie '(Engineering :Geology)~, - .... 
Berlin, 1929. ' -,... :. 
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As has, neen,ment~io~ a ter':Wh~ich4mayT~be 7~,:: '~ : . .  "iii :: 

dr iven off from ~ a dry (soil~in !~.%he/re rm ~L6f :wat. 
wa~er) is a certain,measur6,of *!the ~total surf~ 
particles (see psgel4~),, . . 

A~ cord ing to ;:th e~ me~tho~ ~, of ~Mits'dher~ich .... ~he,~:s~il ~ ~;/ : ,~.~i - .- . :  71 ,  

hygroscop ic ,water .is <dried ever ~phosPhor,pent0xid e ~ati~al •:-temperature ~" :•:' " "'" 
of 20 degrees centigrade ~ower ~a/~ten,~percent sulphuric~acidi~v~it11~. ~, ..... ~:/i~"i:, ~i. ,~i:~ 
ab out 96 percent ~of its,~full ~vapor ::pressure ~nhtii~a rconstafit~we'igh% ~ ),/~ ~i,~ ~ 
is re~ched. The !hy'geoscopici'~y-hr pgi~centi~of;~the. . Jdry'~welght~:of:i~!,the,:.~ ,~: " " " 

so il i~. thus dot ermined ' frmu ",the:i~l'os s:~in :,weighti:~(~i5)~. ~ ~Fo:- :::similar',!i ~.:: 

important ,for the'appraisal:of ,the :physical~proper~fes :"0f:~he"7~:6LT; .... J~L: 
it serves to identify the soil, according It0 ~i±S' ~forma%foi~!i~and~i%ype~/i -~ 
Loam and clay soils witha calcium content~are~'!classi£ied~aSi~l~ ~ 
( loam marl, clay marl, '~calc ium-mrl, :etc .'~),, i~.~In ,~s oils i~rich "~ih-~clavs -, 
calcium dim inishes ~the cohe s ion ~ (particulariy 7Aetz ~,c~lcium)~: whA~4~ ~~ : T: 
Ikal ine carbonate (and alkaline ~hydrate) :!increase ;the ~cohesi0n. ~/i .... 

Calcium produces defloccul,.~tion ~and~ crtznbl~ingz.~iiin~clay~c0110ids;~ilthe ~ 
alkaline cello ids~ strengthen~the 'salt ~ condition ~i0f~the i~!colloids:iand J~'-~ 
lead to the s tability of ,the ~ind£vidual i par~t'icles.-'i !~The ~imaris i~as~ a i 
result of their crumb-like:structu~re,~are:~leosor,~and.mor0 pe~mi0ab!e 
than the corresponding clays and"loamSi.-i !/~Acc0rdi~'i~t0'~Var~ioU's-ii~exneri-! 
mentors the soil .crumbs at'~ain a~ magnitude.!0f~ r~:o :Ol:~t0 D,.03 imillim- 
eters (the order.of ':magnitude ~of ~silt tto !fin4:im2ai ~sand)~.~i~ iBecause~:~/-? 
of its wide distribution 'in:~naluare, lame,carbonate ~scone ~0f lheJmos~: : 
important sources of Crumb fo nuat~ion. !De~rr~ination i:of itheicontent ~ - 
of calcium carbonate :is~made,xery~!simpiymi~th~a,~Scheiblar~appa,~:~tusj. ~ • ~: 
~urthor cheanical properties ~:of ~he soi!rmay be ideltermined ~bF cch~i- :i:'% - 
cal analysis (see'later), : ~ >. ~ / "'~, 

"(15) ~Mitscherlich, :F.A.~; BodenLamiof~. ,L~nd'.-~,und ~o~t~irt's.. '(Soil . • 
Science for Agr. and~Forest~E~onomy)., Berlin, 1925. :~ 
(16) Zunkez, F. ; Pas Verhabten des Wasscrs zt~m Boaen (The R,Blation 
of Water to Soil), r.~andbuck dar Bodenlehro, vol, VI, :~.oc. cir. : 
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V" 1.0 
NORMAL LOAO IN 

° ~ "  i " 
¢: I00.  ~m..__ ~ " K+r'"  : ' : " 

=" eo'-  l ~ ; i ; ; ~ ' l ; m i  ' :i 

6O:- 

• 20~. ~ ' 
:1 

~ -u .uo .u  ::z.o <0.6 .~;o:z , :0.06:~,0.02:0~06' /0,002 0 ~ 0 0 6 ' 0 ~  , 

!-SH EAR V A L U  ES.~ EOR ~ N A T U  R ~.-L ~ WATER.,¢;CO NTE NT ..::. ....... .,...: ~,. 
~ ~:.:'~!'::. .. ' ; .::~.";: ;,~.i ~: .:~-~'.~ ~.-.r.~.~.~. ;-r'~ ~e=, ~ I .~:- 

i ~ _ - -  i -; "~"-::- ~':",,'~;,;ki:~ ~ ~  l•:~i 

,-~ °-~ :,.o. i :~ >'"- ..... ,!~ ;i.L ~ ;:-~8 
~ " ~ :'-~'~ ,." IO ," 

. ,',Dry ~J~S~ ~ " - - ~  :';~Pl(zsficity-:.~'No,, ~ ~,~ 
~ ; , 1 0 0 3  ~ ~ . . . . . . .  : . : :  : . :  ::: :U_ime~c6r~ent. ~!0.0 
" - " - - -  :PloSt ic i fy r?No.'•~}40 : ! J I ; " ' . ` r  / " 

~ Lime content ,4.7 , ne ~ ~ ~ -'~,,'K" O.08N . -~_. 

1.0 ;2.0 ~3,0 ~;kglcm. ; ~.,.,~ 
• '%. ~ ,~ : -3.0 ~.-- ~kOlcm.=~ 

I ;',-,.,~1.5. " . ) /  i~"~rZ°- 
.m-z~- ~ -....,..: ~ . ~ :  ?;~,I h,=i ,., 

• - , - z o ' o , t . o -  ' . / - : ~ - -  •~ "~ !,L,o , 8  
'HYqrOscopicNo .69.2 .:, " ~q :" ...... ', ~' ""' :'. ' " 
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In th e: summmr~ ,+~:+f+igu.tre ~.27:., ithe+ .: charac ter!~s:t:ic s:oT ~:f our ++.' ". :i !' ': 
types of cohesive soils+~;are giVen ~in~a~single~iliustm~.~io~: :.i i:.i./-...-~ 

The shearing :resista 

Specific gravit~;.~ 

Plas tic ity .:index; :'Tand 

Lime content. 

Although s imila r ~:iin .me chan'ii 
clay marl exhib its ;-significantly:~les s 
values, a characteristic v~hieh:may~'be 
resulting from :the high .lime con~ent. 

i. :i , !i , : 

These .values Linc'Suding-i:th e i~p~ 
for absorbing ~;ater suffice/in.zeneral 
tion of whether.or.not-~a soil ~isi~'Su-ita~ 
for which part of "thedam,:~i~The ~ipropor~ 

y o~be~ipldtted ~i:~:: " " "*" ~ then the consolidation :diagr&m ma .~als : - .: " " -~:' 

For ~these consolidation.~t4sts with~irestra'ined 
.oansion, -V. Terzaghi has" developed ~.a '.very--Con~enientiap~, 
scribed in his "Erdbaumechanik,, ~i(Soii'Mechanic ...... ~ 
tion). Figure 28shows 'the::resUl~tsi:of:such.a!~ ' :- .~ 
tween the vertical loading ~and 'the void .ra~io~ :~i!~~i-?/ - ~ i ~.iii 

(based . . . . .  '" " '" '' .... " ' . . . . . .  ::' upon the :dry we Igh~ ) .:is ~plotted ~.a~'~snnple 'logarithmic alia, .. ~ i, 
gram. The consolldat ioi% ;mndex: ..... :" .. <> :-~.< • .: . ; .... • - 

gives the change in .the void_ratio with ,the increase ~in,:,%he~.loading, 
it is the reciprocal of the :.direction factor :(S~lope ~i?)of :ithe "pressure- 
void ratio curve. The settlsnent,~h .of.a soil column~of he'i~ht, 'h, 
consists of the shortening,:~d~ ~, of~,the indi~iduai,~i.la~yers,,:~h ., . ~ 
trader the presoures to which they a~e subjected, riM/;:; ~the~ef~.~e 
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if the pressure in the layer incre 
solidation coefficient, ~,,", vari~es 
t a i n e d  f rom:~he  x ~ l a t i o n :  

If the .load-:is 
The coefficien~ ,of :exoaz 

and the sample will .be obviated~ .... L.,"I..:!: "i~i ~ ;~! .. ~"~: • " "  ; - : ~ "  

• ~ '~'t ] :> . :  

Fr~n .these ,consol~i0a,tiom ~tests ..the~]relationr~e,tween . ~ : , . .  , ~.:,:,: ,,~~:~::L~<,~ 
t ime and  cons  o l  i d a t i , m  m~y ~be:direC.t~y..~de~grmin~ d ~ :~d  ~.~ n i o t t e a  ::~n 'i~?:/:i ';"• "~"'~"~:~ 
the time- consol ida tion ~di agram..i~These-~te s~'~ 
of several weeks wi~h .dense sOi'Is. 

If the relation 
t ' cients and he meclmnical 

tests, then an elutriatioz 
rough est,,mate of .the.~soil. : : ~,~~ :-:: 

c /  ] , . 

In figure 30 (constructod :b:y. :' fifty,-fine,. 
soils (gain size less tlmn i2millimeters:).~are ~pl0t~ed accor,~ing to " ; 
the ir mechanical analyses.. The.~uppleri! .triangle.~coniains "~he(!soii,..~. ' . • ' .i-- 
which eonsi sts primarilY .:of ~sahd, me~4lLsand, ~ andi:~iSiit~,~. Some~ii~i~!iii~ i-:.~i]LL i : ! 
percentages of .clay-lwel~ included!in/~ihe~'.:isil~tl;i:i:~.$imi..~i,10wer " .tri_-~~,i~.%,~]~i-/-~-- ~.~,.!:~! 

an~le the soil con~,isting of .meai:.~an~;~ ~.si!~]t,, :I and".:iCihy!/arei...entLered Wi~h~i~:!~ -.:i:~]~/~ 
small percentages ofsand include~ "~.~he'~im&al~i-~sand 
there is thus established a :particular noint_in ..~th& 
triangle. The friction coefficient~:for~these fif~ty 
for a n~ber .of the cohesive soils andi~he~cohesion 
are then determined so that zones can ~be-se~/~upLwithln-which!thelfrio- 
tion and cohesion coefficients of the so~_l are alike .withini.narr6w 
limits; these are to l-e extonded by.the addi.tion of further i:9'oinis:....~, -:- 
as .time permits. This representation glves a numerical cia:~sificaL ..... :.i~i..~ 
tion of the soil types and permits an evaluation of the fricticn 
and cohesion coefficien%s and thus of .%he shearing streng±h::on the 
basis of the mechanical analysis alono. 

• Q 



or the core :~is :placed :;in a glas ~cylinder"~ana:,?',t~e ~space,. be,tween.~'~ke . . :" 
wall and the 'sample 'filled :with :a ~skin ,~of.: :paraff, in ,:or..~/ith :an,~elas- '>, ' ..... 
tic cement solution trea~ed wi'~h::f0rmai:in.::: :ther ~de~aa:s :are'." :: :: 
shovm in figure 31 (i19,):. ::;.i:..~::~"..i:~::i':,i. ' .... /~:.: ...... ~:!i.: :'~-- . o.- 

o 

The coefficient ~:t' :.~::?; .... ::. :":-...: 
value only when .the veloc ::~:!~:,:~i:::"/ c' 
dh'ect prooortion to the ~. '"';":" 

tient of the flO~hydraul:icthrough :that .°~w' 
layer and the gradient.. !The:~asSt~npt:ion . ,DarCy, :'s''' ': !~ 
is valid does not,:h01d ,~:~ith ~very :permeable :coazSe ~L 'grained:so'iiS. '~ : 

Figtu-e .32 .shows the relat :onsh:p between ithe :coef~ficisnt 
k and the void ratio ~ :for ~clay soXls, ~ ~ : . 

::  .ther <Ohe :ca:,: est'  

Salts occurring in 
I~S04, Na2S04, (IG~) ~.S04, may 
conduits, deck plates or aprc 
if water is allovmd entrance.. 
sulphate may produce a so-cal.led 
According to Gessner (18]: ..s~ulpha~ 
cement if the hydrogen chlorideV~bf .... 
of S03 in 100 grams of soil or not 
oxide in the magnesium salt conta~i~ 

:.:i • •~ .•. % :~3~ '•' ~ .•< : ; 

S 

T~anger of the destruction of lhe .cE -- 
:o :0o oo o .... 

• • -, - . .i % .... ' .... ~,~,, : ~,~ ,~',~7~ ~ - - ' ~ " ~  

sodium acetate solutlon, :more than -20 ~,cubic ~centime.ter~ ~8~0ne,lSnth .~ ~ 

normal caustic potash is required :for.:neutraliza.tion. ':>i i ,:: 

Concerning the relation of :the soil ~s ~. 
should be made to :determine the ;weat1~ezing~ipr~ ~in- 
era! constituents of the soil. The chemical meth0d:f0r ;discovering 
the p1'esence of injurious components in .the :water ~or :the :So~il are :i : 
not within the scope of this report.: • .... 

'(17) Redlich.-TerzaGhi-Kampe, p. ~3~.9., ~L a. :Cit, - .... • O --, , L ...... 

(18) Oessner, H.'; DieUrsache Der Betonzerstorung in:Mineral ~b'5'den :"The 
Causes of Concrete Deterioration in Mineral Soi1s~,,, Transactions of 
th~ Interr~:tional Congress for :Soil ;Science., ,Washin~to~ 192V, .no. 4. 
(19)" Gr~, K.; Chemische '~V~der~tandsf~d::gke~t" ~- ° " " yon Be.ton (Resistance 
of Concrete to Chemical Attack), Berlin, lg28. @ 
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As:yet ~no :par.ticul~ 
for iinvestigating the ~resist~ 

The approach~to :.a (~ 
in all of the directions/des 
The extent .to which ~these.;ex~ 
ples will only~be ~isuch~as,ne., 
ous :soil types wit~in:!,the ~bo: 
ture. The si~.ting, :the':mLxi~ 

necessary during the~ construc'~ioncof ,;a ;'.dam:~muSt .~be :~accompl~iShed!~with 
mass methods which are ~simpie :,ana;~,wh~ch , can::~.be~.carrie'd~i~ou~ ~a~,~~the ~.~:.~ ,. 
construct ion. site -without.~ielah b]~is'.ireaS:on~;:'~thel-, ./.:i~.i:':.~!!/~ 
two short methods, :the "~evaluat Ln~:..i:to"ili!itS:~mlec~!a~L .i:!~ ,.. ~i~i.i!.ii~i ~. 
ical analysis and ~plastic ity .~' 

The fo~'l-ow~ing:!is ~an extract" ~ '~ • ~~ - " ~ ~ ' .froze, a, report.~.on ~.const.ruct~on ~- 
control placed at :our :disposal :by:~(Dr,., i~'C61"iori0, .d~irector :of:~he ~Harz.i/ ~'.~i:i,:: ~ ~...:~i 
Water Works ,~.Company,.i(Pro~ince ~of ~Hanove~)..:. !~- ,, ~. . ' : :' :~~ ...... ~:~ '~ ..-~~, .~.i:,~. 

;i(3) ~construction ~ contrbl: 

"The scope •and 
the geese Dam will ',be des 

"The fype cOl dam is .iilluS.tra~e.di~!,~-i.!£,igure" ~:6.:: '.~T]: 
portion of the "ll °nsists"-of:ri~er!gravel',ofi~va~'ii0us ~cc 
tion; the.layer on !the upstream slide :of..~:~he.~core ./cons~istS,u±_~oam _ . 
in sloping layers. Construct!ion .~con~rdl :iwas ~organized!as !!f0 .flows,:. .~i?,- 

:!,' i 
"(a) At the borrow:pit ,(a dredge,excavation 

material we ~e regularly.extracted :£ro~, excavateions. ,iin.<eaChi~stra~um .i.l.i.iil/ii!i ,I:I:I: :I, ' i/i 
and a quick te st: by~ s loving .. down ~.~o i grain iis,ize .~ 0 .:25 i, mi]limeters ~ Was .-~ . . ..... 
undertaken. .The dispositio~;-~to ibe ~made ~ofi~the .:Solil iwas..determin~d :. ..,-~ 
from the.. results of these :analyses, ~,an~ '~the ilconstruc,~ion;~.for~nan ..and., - ,":' 
the switchman a~ the dump ',were :.~insti~cted~intb' i~ichii~rack i~!the.~rains ".~! !- i~ i~i:i 
to .the borrow pit (dredge) ;should ~be:~shunted. ' :~The".quick ~:ite:st-.,~waS. ~: .-i . .:, 
supplenente d by a mol'e .thorough. controi~.~includ:iug ~a :fu~-.l i~Cha1~ical ' 
analysis. " . • ~..~..! • ;~,.~ - 

"(b) Upon the introduction :.of :i, lhe :materiallYand ~bef~re ~n-di!af.ter:i~:. ., " .: 
it had been ra~,med .inlo place~ith.~.a~:spec, iAi-iso~il - ~m !~he ~ ~Cc~npaction ":~ : . i . i 
was measure d and '.t he cons o~ida tio~c~.icUla.te d ;:if i:the., c on soiiidatliSn ~ ':: . ~-i - ::, :,~ 
(in percent of the ,height :~of the .-~6ose-:fi~..~) :,was :found::to ibe sufZi":, ~ " ~": ~! 
cient, then that section.:Tas.-opened ~for .:additioml i:f.ill, .idt~hereise ~~ ',: ..... ~. 
it must be f~'ther rammed (a~,quick-~.~es~ .was - ;~ ,.,ade..~,w ~.th ~, a~: s p eclial.~ s ur- 
vey crew).. These ,quick tests were occnslionally/cheCked aDter certain 
intervals with a.more thoroUgh ,~est; in;additio~,~and ,at convenient 
~ut carefully referenced points, a soil Sample •0f.about one; cubic 
meter,s voitume was excavated, the hole carefully:measured, and ~the : 
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~-void vo lume  ~-of ',the. ~sOil.. w a s / d e t e ~ i n e d  ~!i: 
making ,  a comple t e 'mec han, i c a l  ~snalysis)~..: 
responded to ~that 'specif~ied'~by 
pact ion .requirement ;was~,-aIlowe, 
chan~e was made. ,Such':a ::c 
proportioning~' and :qu~ity ~ 

"As'a result ~of 
the question propounded,me' 

"An eff, icient-and ieco 
testin~ and ',investigation, 
orderly construction ,'of ~,th 
trol. :The scope, nature a: 
have been, described; ~they 
structtu-es, ,they ••have !inde 
more usual .tests. ~The::sig 
the construction, of'an, car 

v 

the z~; tor ials ~ whereas ~the, pr0port~iorJing ,.of ~concre:te:L~is :adaptod '~to <:.'" -,.,-:.,' , 
the construction. For~,~thiS ,reason 
possibilities for ~the :organiz~ition 
plains also the iL~possi]%ility of<e 
tinctions asto whother,.:a,,soil is~ 
only be possible -,to ,establish such 
experience anti,then only for certa~in~ilomdnts~,iof~partid~/l~ir~icon ~'/~i ~:~? ~ • 
stru ct ion forms," , :, 

(b) 'Testing."Me~h0ds .on :the ~Comp20t0d~Dam -~i~i) i /  ::i'ii), ~ ' I ' :  .: .. 

Preparations ~for ~the imeasureme~t ~ioT "..the ~mov~ments: :in.<',thei<: : '!! ...i- 

rolls and obser, vation galleries ,~in ~ho concr0~te ~co ~ ~of :the•,,d~i~ii and~ ~ I'•~ i ~ i,, 
by introducing presstu-e ~ cel~ls into %/io ~int0ri0r ~of the ~stI~clurc..- ~/~ ~ ~ ~ 

~ i ~i-~ i ~ • ~ i ~ ......... i~ ~ • 

Subsidence of -the ~.:foundation~-as ~a ~ rosul~, of ~the ~i~10ad~of'~the 
dam and settlement in ~the dam ',itS~iT~may ~be zmeasurod iiby ~pluc_ing ~piales 

• ~tted w~th .vortic'-ai' sh'~f, ts ~rdac~ing ~.to • i at various hoi~.~ts.~:~ich are ~'" ~ " 
the surface. For protoction~against '.the settlement of~ ~ho :overlying/ i " ~ 
strata the shaft ~should~bo surroum.de:: with ~casinGs. The poak~of ,.the ~ , ~ 
staff carries an elevation mark,~r~hich is observed u.'ith a level. ~Tho 
observations should be bcGun~as soon as~possiblc ,during ithc construc- 
tion of the dam and should be ~carriOd out continuously. For parts 
of the dam which arc subjected to artifi'-ial compaction by means of 
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amp~k~ ~or r o l l i n g ,  on l y  the  ,subsequent d n s t a ~ l a t i o n ~ o f  -re 
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ished dam with'~espe, 
(~0) a~zl then only ;~ 
condition ~.is ~not :fo~ 

,,~ Tl~e: horizon~ 
under the influence;of 

The percolat 

: . 

j . 

/ 

. ~  " • 2  - . .  : .= .  

S ] ' : " : :  

/;!!: 

Ele ctr ic ally Dete ~_in in~; th e So il .~o is tu re in the -'~' ~ "~ ~'~ ~e±~/:, Intern. 
~,~.it t. f. Bo~enki~.de, 14/55, 19E4. 

the testing of the nni£ormity ;in~ihe,~deposit.i( ~% 
explains how dams~deposited by,vam~ious:=methods/were ::~es~ea:-!,~o/~compaz:~i 
their strength and density~;with ..tha~:of,:~i,thei/origilnal,;S0,il:./{':i~The~i~:~ i: 
rials consiste d of Sand:-ana;grav01~:!In,connection'ir;ithi~ilat6ra~ory,il i ,i 
tests this method viill:ipr0bablY:alSo~p~0Vide~valuabioi~inf0rmatio~ :i/~ ~ 
concerning the ~conditions;iof!~dams~:~ith~ic0heSive ~soi~s~ah~:icons:ider- i ';~ ~ i 
able ~Tater content. ~ ' ~  ; ~' ~::: :::: ~:, 

method of me isturo ~:determinqti0n:~may)be applicable ~in ;~CG~,ta'~r C~'~eS .~'~ '~' '~:'~/I'~ 
(22) ; in addition Of :Co:urso !to tlfe:, extraction "C/ 

.~(,'.4) So il :Pro s sum s " ;': '~ 

In order ;.to measure. ~, the .,compress~ivo I-~~.", 
of the dam and the ;;strains ;~:the .:c0rd~.,,Vatl i::Caus~di;'~y ~:_~th::~p~;o~ssu~,~,: ~ {i}. 

o 9 "  " ' ( ;~0 ) La~ e:, ,A. ; ;Lasz en'~;ildung ~ und • der~n ,Verheihu~n~, (Fis stu'e :5'o~m~ ; !~! ;:{ 
and its ;Prevent ion) ,Wasser~:,ir+,,schaft, ~lg~V., <p. :56Q, • ::/i :~ i:/~:/~ i: - !~!!~ ::~,i 
(21) Hertwig)A.; Die dyn~amische Bodenunte%such-~{gen'(~he q)~iC, :: ~ '~!: 
Soil Tests), bauingenieur, 1.~:~l, p. 457~et, seqo : "-" - " !~ i ,!I' 
(22) c~rz, A. ; bhoer ein Tragbares Ge~.'at• ztu ~' elektrisch~n . . . .  ~esti~]m~ng. i~.:~i~,~ 
der Boden2euchti[gkeit ira FelSe (Concern~g-a Portable A.c.paratus for 

~V 

a 
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~, ~O I 
" . ":,3-"- -'• .', '~-;,/ ':• ~ 7 '•'$" 

I t  h a s  p r o v e d  difficul'.tite~ke~such.(presstu,~icei:ls s U f ~ . i !  ~" 
ficiently rugged ,to resist • ithe roug~i !treatmei~t~heyL,oXpe:,:ien~e:cdu~L 
ing the construction of 'the.dsm. . .  : . . . .  . . . . 

Under conslderably~more favorabZe ~,:condltions ~than in i~im .:, 
filled dam, pressure cells :instal,led:,by 0.:::Schaefer,:~under~the~prin_ , 
cipal pie-s of the Nieder"1~inm; • lift :locks~have ;,Miel.ded,.~good ~resuL, tS:: : ' 
(H. Maihak Company,, ,Hs~mburg)~.* ~ • 
uremcnt is based is as ;fol,lows: 
is d~pendent upon the •tension un¢ 
a pa!'ticular tone; thispitch ch~ 
anchorage points of the ,wire :- :t~ 
sure cell or in the struett~e ,.-:.'J .:. ,~ 

i ' "~ v ' • -* vibration by means of an e~entro--magnet. ,-<~he measurome ,:~.~! 
pitch is made r&th'a telephone~rece'v&~ • ! e .  a n d . : , a  ~ c o m p a r a ~ o  ..:: .~: , :  

T h e  f i r m  o f  ] ~ h m s s  S t e  " ~ . - ,  • , ' : ~ , : t h e  . e x -  , - gli.tz has a,~p~essu~e :ceEl' ", " " 
perimental stages designed for Auvestiga~ing"ithn ;press~e distribu-, .' .~c., ~i 
tion in fills and~'~in i'oundatic i: The~2cei'l,'~'abou¢ ~e,igl!t icent£me,te~is iD : " 
in diameter and about 'four cent eters;high; . . . . . .  ' • " :  " ca~.xies, a:,hoxseshoe- - 
shaoed magnet with-a ~sof ~- • - ' . . . .  . . . . . . . . . . .  " :' 

- ~ . ~ r o n  . c o r e  on'the :inside!!of,~one , ~ a c e '  ::whlich ~' . : . , : . -L . . . . . i .  I' 

is opposite to and separated ~bY-:a-;~ery,~narrbw.,clearance ~rom~a.]i.so~,~t ~ ,-: 
iron pia~,e ~hich is rigidlyattached ~to ;±ne~otner,Tace,,, '%~nv.eb, an~ .. 
in distance of the faae plates producm'-f~a~change In the.is 
tion oi' the magnet ~whose magnitude •is.measured~with,~anao 
connection and is indicative of ~ " -,. ~ "'~ d m  . o . e ~ s u ~  ~ ( 2 o ) ~ .  .-.- 

"Ein neuos akust ' " . ' - -  , ~ , , "  . . . .  , , . - ,  ~ ] c h e s .  ,~ .c , , s  zo . . . ~ah_  e n - u s w . ,  .~ , ~ : ~ . . . x ~ e w & c o u s , t : i c . ~ M e a s u r -  

ing ~':ethod),' '~ " . W a s s e . z t c a r t  u. ~ W a s s ,  .... ~.v,...<,~.,,~ 
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.PART IV 

. . . .  r ' i " i l  

the soil should be testedu~ith ~reforence ~to ~t~,e 'purposes~;h'.ic~h~,theyi,_ , 

are intended to ser.ve. The ':.~rcsentation is • " ~ ~-~- .... ~ll~lust ra'.ted~ ~With - nt~ner- 
eus cross-sections of ~r~contly,con~structed :.Go~nan ~;~.:, ~: ,. " ~ ~:~,~ , d ~ ........ 

" ~ ' i ~ ~, ": , " ~ " , '  ~i ~ ~ '  ""~ . . . .  "~ . . . .  

nature of the soil •fromthe~point..of ~' .... " ......... ~ ' ~ ..... ,vle~, ~of sell.~sclenco.~and of ~its ~:. 
relation to vmter~; and. provides a clar, ifica~ien:,of <'.c0nccpts ~.of.~the 
physical properties :bf the ,soii-iimpor~t..iin,c6nstrd'b~i:on.."L< ..... : " : 

Likewise extensively ~iscussed ~are ~ ilthe !itesting'~,,ethods 
appurtenant to earth c enstruc t ion. and ~o :the .:or elLminar.v ~:oX~]orat i~n ~.. ~ 
and con strl~c t ion. of. the ~ds~n wi~h:,..due'-.,roferencoi!,%b '.jth'0,.m~n~ i:.~ubl~ica-: ' : :. i,:! i i i i~ 

dam, and to predict its~properties... ---~- ---- ............ • ~ ~ 

A vory~ apprec iable ~disadvantago ~ef ~!thOsc .~tcSting ~ me'~.th0c 
is the i_ong time required fcr their ~cempletion.-"~or-~,~lhe~cur~c/it 
testing during the construction,of a idam; ~theref0re~,{methods~must . ,.~ ........ 
be devised which will [~ermit.the soil~,~oropert~i 
the f o regoing purpose .to ~ be, determined~ ~.i~i~h , !su ~ ~ ~' ~J' ~<~'i!i ~ 

and accuracy. Along ~vi.th.~a~more ~thorough~.investigatlion~!,in ~the~!!lab_/..~/ 
oratory, simple dete,m~inati0nsmust:ibe~made at ~ the.'.i:Cons~-~1~uct:ion - ~.~. 
site; both should serve ~to ~check-an~ ~supolement ~each~,otho~~. -~ o -^ ~ ~ " 
co-operation and a regular exchan~e.~.of,observati0ns,~on..ihe~ibehavior • 
of the soil mustS.be ~ ' . . ..~ ~-so~,ht :between ;.lab0ratory/~and/.cons~truct Ion cre;m. 

From a ~ kno~vle dge~ of ~: t~is !i fac~t.~the '.PI~a s s ia n .iRe sear ch iins~i ~ 
tutef cm Hydraul ic and ]iarine :.Construction ~ l as,has :i: aiso i been ~..recog, " 
nized for an even longer time .tin ~the~.Hydrau~ic ,Deoar~e~:t.~for .Hydre~ " 
technic al Exoerim,~nts) ~has provided fin ~its ~ soilimechanics ..depa~/tmenk, 
space in ;;,hich engineers actively ,engaged ilin ~construction :maylbe~..-' -~ i 

acquainted ~ith its soil :testing methods iand.where ~tHey~may obtu~in 
an insight into the behavior of soils, and ~the necessa!-y profic.iency 
tQ~perform tests at the const~ction ~site. Further,., the ex~riment 
station l~ms collabo~ated .~'ith the laboratories at construction sites ~- 
in furnishing them with suitable apparatus for.soil. ~tes~ing. .~ 

; Finally, the cxpe~'iment s~ation begs that it bc notified 
of all slides uhich may occur, settlement phenomena, etc.., and that 
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~PAI~T "~IV ::. . :,, .... :,..: 

The report :takes up i:firs~. :!the ~.va~ious 't 
ore ss-sections, in .order to. show'.what~:~funet i ons~ .t 
the d.'~m serve and .to 4nd icate ,the :901ntsiof :.view:,aceording::~%o'~~i~:ich .... 
the soil should be tested':v;ith reference ~.to ~theLpurp~ses ~:v~blchi~they ~.!<il • .i: 

intended to serve; The .orcsentationls :iZlustrato~d:,,vtith::ntuner_: ,~, ., 
ous oross-sections of/r,~contly:construete~,.~Gom~nin -~ams,. .... : : .... ~.~. :'~ '. ..... 

• _ A. portion of the repo~:.is :dev6ted ~t0~:a.:~tr6a~ont ~of:ithe i'!~::i.... - 

Q 

and construction of the d~n with.due roferenco io~,%1~o-~ny_~pu~l!ica_ : ....... ' 
tions on the subject. The methods -d±scussed ~sh~ov;ithat ~/it ~is~!today ~, 
entirely possible in most cascs.~tO ~ do tormine!~w.ith~Complo%e~COl~ta, inty 
whether a soil is sul'~ablc as a~constructionmatc~.ial :for~an Ca,i~th 
dam, and to predict its properties. - 

A very aporeciable disadva~ ~ ~9¢ ~ 
is the long time required if or ~%hoir c ~.~-..!.' 
te st ing durins the construction ,of- a 
be devised ~lhichwill "~ ~ [~ermm~ ~he ~soi] 
the foregoing .ptu'pose to-b ' • ' ~," ~ " .... .~'~-~ ~-.. ::-:~--- ~-: e de%ermmned u~tn.su~mc~nt qumckne'ss : 
and accuracy. Along ~ith a~more othorough.~inVes'tigat'ion:iin ,the ~lab, ~. z 
orator_v, simple detem~ninations'muSt ~be~madeii:a't :'.the:i:construction ii .._i 
site ; both should serve ~to •.check and/suppl~ent:,~eaeh~ot]~.or~, ..~i6se ." :' 
co-oper~tion and a regular ~6xchange i o~ observations -on:~i~he ~bo.h~.~ior 
of the soi7 must be so ~htbet~e ~ ~:-- " ' " " ~. '""" ' :~ :~ - u~g . en l~borator~ .and -constructlon.~.cre~s.. , 

From a knouledge of t~is :fac~ :the Pzussian,~Research :insti- - " 
tu tef or Hydraulic and .~'Jarine • Cons truction if( as 'has :also:,'been~"re co 
nized for an even longer time ~in -the i:Hydraul:ic,,!Deoa.rtmen~ ~for LHydro- 
~eclLuic01 Experim~m ~s) has ~orovi~ed in its SOii:meCLanics de~ar.tment,~ 
space in v:hich engineers actively enga[~ed :in.construction may .bo ,i ~ : i/ 
acquainted ~ith its soil testing methods e~ud where they may ~o~tuin 
an insight into the behavior of soils,:an~ ~.thenecessa~ preficliency 
to perform tests at the const~%~ction:site. -Furthez, :%he experiment 
station has collaborated v..'ith the labo~torics at construction ~sites c.. 
in furnishing them :~ith suitable apparatus for_soil testing,. 

- / 

~ Fi2~lly, the experiment station begs that it be notified 
of all slides which may occur, settlement phenomena, etc., and ~that 
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any drawings which ~ • ~ "" "' .... ' ~ ' " • ~ " " ........ ~ .... ~ rm~y~be ,made ~.of '.these ~occuronces ,be~submiSte~.~,~Z~,,~.~.~ ~. , 
the station for ins~oction. • ~"'~ - " • .... ~~:'~ ~ " 

' • i Theory and 

• c cltuica~ fleldo, expired ~ ancl ~boar ~.£ruit ~ L in.m~ny !~di~ec~ions;-iyo~iy~,,~'i I :~. ~i~ ~ ~ -<~ 

in this ~ y  can progress bo~achievod. " , • ~~!~:~!:~ :i~ I ,~L. ~.i>~ :~/:L ~ ~..iii-~,~. ,i": 

" ' m ~ ' m m ~ N  r , -  

. r 

• - . . 

.~ .... •,• : ..... !,.-, ~ i~• ~• ~:,~!- 

i,i:: / :~~: ~i ~ • ~ i i ~ ~~ ~ 
i•'~.~ • : ~ .-~ 

,i~ .... i~ ~i~ ~i~,:~i~ 
~•~i~i~ir••~L~•'L•~•i: i!i:••• •̧ :~• ~ •k ~,~ 

~'.i~::'~ : S~, ~ 

: {> -. 

r r •. • r• , ~  

r ~:~ ~ i:il ~'~.~''I ~•~ 

. . . .  • "7 i" ~• • • 

k 

. r . • 
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