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MLTHODS 0” T"STING CONSTWUGTION MATERIALSHTDLDETEHHINEJTQEIR
uUITABILITY FOP USL’IH AN ARTH < DAM :

whichk is to: he di cussed at the meetlng
holm during -t e’ ‘sunneT of11955 muet ‘be :restricte o ;
limita in acccvdance arith the'1nstruct1onu and 0110105“1a1d down '
by the Standing: ‘Commiittee of ithet Conmission,lbeca ;
temptationito bring :into-the repor elcmants_
such as geology, :s0il echanics -or.fou
eration of ‘thoir<closeirelation: bo ‘th
comple toncss, “would: bbuVQTY grcat. Tror thcs reasons ny discus-
sion of earth: as-foundatlon nasibosn A .
struction material for.: ‘dams has becn'troatcd )
“the qucstlons put hy ithes ngh Dams § Oommlsnlon :olutcx Y
carth dams whlch.impound rcscrvoirs, ‘611 of thesmoth ds used
conncetion with-embankments ‘and transaortatlon canul ¥
and the:settling: baplna ‘of foTe:, ar5331ng plants, ior fntl‘lov csiand;
dikes, arc pertinont: ‘peeausc sofrthe <8 imilarity “hotwe _hc cbnstruc~
,tlon‘matcrlalﬂ “their: mcthod oftlntroductLOn nto % r

propcrtles mahc a” partlcular s01l typu sultablc for usc as:
struction matcrial in:dams: and whlch propcrtlcs may prohlblt 5.
usc, cithcr-ontirely- or 1naccruarn rmrtE of ithe? dam9 ‘In’thluucon-
neetion the :report: must B0 iintoithe. dcuign of thc c:oss~sect10n as:
wcll as tho type.of conutructlon.whlc"Js\plannea,_whcth:r‘

ing, ‘scraping, ‘hydraulic:Till,” ro1led LI, rox; tamplng
these features are 1nt1mutcly relatcd to ithe:: app11c
so0il. 7Also -the pTlnGlpﬂl d1mcnszon 3
height and with:it the Watcr orcssure,

Pr:marlly only rccent damaanducmbankmcnt

_constructlonrln
Gormany will- be: crought 1nto thu dlscu351on.—;,,‘- %

" Part II tlkCa up thc phys;eal condltlcn or tho wuthf 1n
the soil,. : g e

In‘Part III arc trcated thc oxpnrlmcntal muthods by ‘moans
of which 'the ‘important proporties. ofithe:soil . arc. discloscd and =
‘tested, both-at ‘the borrow: p1t and: du*lng constructlon, a8 wnll as
in tho flnlshbd structurc.



’I'he soll 1:0 be~employed in ; . m! ‘
ious functions and must: therefore_‘pos > a urm er of 4.
ertles, As.a rile- either:all: of:"‘thele{ propertles mare ¢
together in:s single:soil itype : r tile
of .perfection, or,- 'if the rsoiluistesp
not ke found J'inl:su‘ffié:ien'bf quant ties ifor ‘a lau

adaptabl e ‘to -excavation by larsze; scaleé me! _ods’ e
‘become customary ito: ass:r.gxx toithe - va“:xous
lar functions .and to dlStln“ulSh in 'the e
constructad huah da.ms' v

D R T T e P

l. An. anervlous paru, %;ho e Iunqt'mn‘
duce the oenetrntion o:f the _,mpoundcm '

2, .A Zsupport“ing pert, :ﬁhos J.ung,tl. on ids ipo’
tical and horizontal forces (.velght .an
mit them ‘into the foundatlon- '

S. A protectmg par't, whos I'unc*bmr_l S to» esist the a'b'baclc L
Tlow, waves, !ica, and. frost conithe upstream: s ; ,
7ind on.the. domstr-*am sule. liscussion ‘of- ‘thc destructive f-—
fects of burrowing aninals und the L.:)prop::nta’ ekat 1
does not’ belong here, Inva ‘dem. 80 ¢ constructc.d, thi
possibility -of: utlllvlnff aoz.ls of WeTYl
appropriatc Dlaca. 3 g

TIn many c.asos tbc. mporvlous 'Q ':mpn_ * : 4
dam consist of ‘a. s:.np;le nomogeneoufs so:;lwhlch pe:cfoms rboth func,'
tions; particularly .in: older‘dams -0t oW helght'-"or? . '
trol reservoire seldom.£illed and. qulckly emptie
the Prussian Ministry.of. Agriculiure 4in 1907w
recognized-only "dam-earthsm; ‘the; ‘report 10Tt
of the Gennan,zl.ssocmtlon Tor: "fater L'co"mmy nd; wate_ E
concerning the "Pring :.ples forsthe " Despgn,,,(fonstr‘uc
Lams" . on the : eontrary, 'recognzzes _m addltmn 0,
the dam-with functlonal dl‘\TlSlOI‘.S R

‘The J.mper'\rlous and the protectlng rar-to.;- |
combined in ithe form. oI‘ a concrete A0T0n or slope pav;m(-; '

(a) "‘he Impervmus Boéy

The water seal of ‘a dam s oi‘ deon.s_ve mportwce. "hls
iz effected either by meens -of ‘a tlgbt 50il, by means of - concrete
(also with masonry or cenent mortar) .or by mecons ol . ateel sheet o
piling, -With either the concrete.or .the ‘sheet piling-en. adultlonal 2
seal of cohesive soil 'is genevally understood, - ‘.
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‘stone or: concrete (I‘igureé !
-sloughing-of - ‘the ,moe"vlo,ud

dam as.a COI‘B.

'treated brlei‘ly later (fi—t.res '?;.
$ional practlce in - reservou' emba.n]ﬂnen“bs.
: £

cof mporizz::e.

,:.mpervn.ous seals.

as already mentloned
or shect plllng :ig o’ be used,
Stream -side at:a; i‘la‘b -91.0%

of the -bodyrof the-dam-at.
ing ‘layer which: scrves asv-ballast ‘an
ure 4); or.it mayibe’ arx'anged;m ‘the

loan, ! buulder ciay, bculder mav*l and Lnarl‘ e | used mlus:.#eiy for :

“The - old dams .of - the ober‘w.arze AMine :nullt Hne +he s:xteenuh
and -eighteenth centuries {probakbly:also ithose- oft the; S'x..con mmers :
in the .Frz:Mountuains: (rlgure 9):utilizeda; snecml 4ype -of . seal:made .
of sod or turf blocks vhich proved. ‘quite se.t:.sfactory bu’c ‘which . have
not been used:- El“-g‘il.u. in: recent t:unes. -
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- RESERVOIR:ON -

hY s Pressure drop in ihe seal o
~hir't Pressure. dmp ?n the: mutura soll on; fhe upstreom,
side: up - fo!lower: -adge of: cut-off. . :

hm Prassure drop in the:joints of the shoot plhng .
-hm: Pressure - dropint ihe ‘downstream:side: from:the

' “lower:edqe; of : the _cut-offijo the! tallwater
hXs Excoss prassura;onitheitop sof 3 1he,cur-off upsirenm.
hWELExcass pressura on:fhe:iop.of: the: cui—oﬂ‘ do\nnsrrcam
hv—h!I Resuham pmsnre at"lhe top nf cut; L1
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}Im the: older c]a.tns the hoav-y sod 1ayer
‘side (figure 10); in‘the’ leter : Dlace
in a trench.which rea¢héd ‘into the nnz‘ermeaalef \
For the ressg ‘the ‘dams’ cons.u;ted of u_‘

high dam in the. Odcr basin- constructed betwee
12), eihibits e ouly denarture From- *hl..."practlc;._
downstream Trom’the : S04 ‘eore an ddrt.mnal Tixed. e
granite, a 2roduc t “of': kao" 1n121ng-,- decompo tlon,
certain-cohesive ‘properties; ‘thic rcma:ndcr
masorry :with: moss pacKing ! m ‘the oy
the sod whick held" the: earth: togctnor"
tected the- dam rrom plplng (,)‘ 6.

Thu unper end o"_-';thc ‘imperviols ilayor:: n

high enough above the hl@hc...t mse-‘von‘ (lcval o :_ncludm;_., a:L OW=
ance for flood condlhom "

1p:lmg 1P TTom & ‘i‘i‘...c'hs?o;
wave action ~. so *hatf*any, on‘-*ldcm%lo"qu"nt_iiti szof
preventod from. clambing over - tho :;:pc '
action in the protecting: aprnn' ithis
nitely broken by mc"'in.a oi‘ laycx“or '

3 ]

Wheraever posalcﬂ c 'tbe mpc’ % _ )
nocted at the bottom and.the rsidos i Trith. ulthDI‘ an 1m‘3r.,:c'v10‘ s
very: slightly pervious i‘oundatlon or ébu‘bmcnt f"ln ordo‘
Wwill not seccp under-or:arowund the dam;’ '
water from the reservorr any cons:.uerahl-’_
the adjacent Toundation or fabutme_n:-' ‘lead o™
the Qam through: Tupture-ox slouuhing -of the uownstrc
conneetion to the impervious’ ‘layer.of ithe' unda‘c ion or the ‘
ment wherc the depth of - oer'nca?:'le ovcrburd
bte made by means oL a trench Illled arefully
impermeable soil. (compare: Tigures ‘I’ told, 1 dnd
depth of ' “hwe pervious. overburden :is: grcatcr )
ties of water would pencty ata ‘into: tho itrench
is indicated (figuro 15),, prov.ldcd “the Drﬁs"n
would not nrovent ‘the i 'blght vactlon..l .j
tions In this case an :J:mcw'vmus rlanke<. or aoron ‘g -Jmpl
the junction vith an JAmpervicus - 1oundatlon is: not obtaln_blc
the patk-of bercolation must be. o;*:tc-nc*ed 5O gt :

and with-it the- quantlty of .Tlow s, 1-&.ducod o
piished uluhQI‘ by urlvmg shcct ,_Jl.l.lng or 8" -elay . vaJJ_ duop 1nto thc:
{’ou.ndatlon, Or by placing:em rspey U5 ;apron: oi"- Lipt.I"V'J.OU.S s0il ‘en- i~
a long slopc.on the upstivam. side ' (figurc- 26).4. Ylulamg 280118 (b ng,’i.' | ""}
Tor.cxumple) must bo removed ‘from- undc*‘ “the m:p\, rvicus:apron. and " ‘
fram under the ddm-itsclf -in ozdcr that sot Lllng c*'ecks whiieh ould
open short channels-with:a severe: ‘gradicnt tmder thf. ‘dom rshall not 0 L
occur as the resultiol thc carth oxr watcr lo‘-d:mg. ‘The rchoigeas - R
whether sheet piling or wn apron is 4o bc uscd is nlso o cuus.,lon RS A
of cost, but vhore ample “ipervious-material is-et hand the apron = 1
will «im genclql be cheapor, Investigitions as to ihe mpurnea lity ‘.

{}va'tcx'f with he
4) 1

i




close whethe r;not can’s apron can be rmada _
atiun ‘of the increased :excess’ water'

er:h shcet plllng, ‘care:! nms't <}

ailong d:he 1ock joints whlch \:ould_,c’onduc
‘high” pressure ‘bo one o;. 101'c.r pros.mro‘.hb
from-the lowarond of. ‘the plllng; 4
ne.r\rlaus layor f(i‘lgure 17) s

. ’IIIJ‘IJIZLBS to the jznpervmus layer can :
- ous v:a,;3° S

(Thruu,_.,h trarspom mn ‘oi‘ the'ssil.
must ac-i: e.s a f:.ltu.r,; :

ast so:.ls aro - o.lso the SDllS w11;h the 's.rnzﬂ.lest sangle;s oi‘ fl'

-end.are -therefore ‘the :mos Thi

be nv:uded ‘they arc therui‘ﬁn, novor u..,cdl ‘. --'vz.':te 1 % < JE)

foxced ‘into . the isnilon"the upstruam sLde: vundur ;.prassu c st de-
bouch on ;the’ do\.msprcam Jid& vfrth ;Lts mssurc‘ ouplately_‘rellcvod

unﬁ with . sq -smalla welocity thiat it will o dmpossible for it it

.CaTTY " the i‘:.nest purtlc,lc,., Forther ‘into’ “tho" ne:*f_'hborlng fand sunpbrt

‘ing :mass.’ .The :veids of this supporting leumr must not bc 80 'Iarge L
thet pc:rtion,.. :0f the mporva.om l‘lyo*‘ nay ke prus Lﬂ into thc i‘oun-,_'.- T
dation or into the- 1.Aass, for such tu.n.mosnmn :)f material: vould
producc cqv.ltlcs. : o

‘On-the contrc,rv, a fovorcbleo candltlun 1‘10..1 tha poa.::b of
vmw of the pe.metbility end therefore from the point of view 2lao :
T stability, may result if beeausc o2 cither transposition of soil

$7)




pBI“tlclBB ‘or the chemlcal Beparation tof: adiasolved materials, or
because of ‘the defloceulation of: iI‘l'BVBI‘SlblS collcuds (fhydrata of_ e
iron-oxide, ‘silicic: acid oT Ahmnus. { : SR
‘on the upstream s:ule is produced. :

hottam in proport ion w1th the mat ! ( [=1c
placed as @ ﬂore will'require” “the smallest 'quantityvoi‘ ma‘ceri:ﬂ.
since this ‘the is most protected iand will b furthel ‘consolidat e
oy the - settlement of ithe:dam..-;Nevextheless:

hid 1301

‘penetratmg the core. smlw.and ‘o
_shorter for the 'Same braadthmr. ;J:ase
vious .blanket ‘were placpd upon %he.

is under. grcater pres.aure :f‘or ’cne mosl nax‘t u.nder much g::eater
pressure than ‘in the borrow mtu., Tha roter wh‘lch 1s mturall
present in the .soil:as well‘as that swhich<either inte :
{as in- hydraullc i‘llls) or unln"aentlonally (.f'r'a“iﬁ)

‘The . specd rnth hmh the: onstmc_lo
thus has ai consmdorable bea":m@ won 1tsv"safot

(b) Tho Su'aportlng “0@1’

-‘ihereas thc mpurvmu... =body of tho dam must parmltw_ e
penctration of as little" \water‘as pOS.JiblG, thc. rsuapor’clng boﬁy'
on the contrary must’ parmlt .such ‘segpage. vater. as. passes -the ‘im-!
pervious layor-as well-as.any: reun “Weter - 1ﬂh1ch5n'r..s pcnetrat\.d +the
dam, -to fall rapidly ‘towvards the" oot“bon-, rand st uonduct At under
ground -away Ifrom the:site:of the e, (A dem - corstructed 'bh:uough—- .
out of uniform “moomcabla" soil- w:.l" ‘be cvns:.dored laten ) Thcn L
he major portidfi-of the sup:xo:'tln{;'body T - remain Ary and eap-
aile of resisting horizoental forces.;ﬂ"“ufilment ahcarlnr' strength -
qnd permsability is therofore en '.mlptur‘can'l. reguirenent cof ;soils .
Tar supporting bodies. Their comprossibility-must be small;
therofore they must be compacted as donscly as. po::.s:.clo during ,
construction in order that u\lCSL.QU.CT'b settlcment - particwlarly ’ ;.
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wequel - settloment T which mightaendanger: ke various_structnres in*~‘“
the dam (woirs, - .outlets, core'wsnls, .8hee 7piling) may”_ it ‘ '
The elastic coridition "of’ cohesiVe ‘Soils s the‘ '

ing since it mey vitiate “the ‘initial’ artificia15

.ﬂavelly and. sandy: soils: retainitheir’ compactiqn

increases the - resistaneeito’ horiyontal ‘Forces;ithe

light organis sgils: (peau mold ;- marshland, and; uc

noted for this reasony. The. differences idm s densit' :

eral soils ame feirly-small; they: depen@

the deposition and'upen: the water: content,

most of the soi_ I‘ozming minerals “is almos

) If .ufflcient sdll org_he necessary perm abili: : -
availahle for ‘the entlre supporting body, ‘then: a‘?least the down-;
stream side: and the- ‘deeper” ‘partis ‘shouldihe made.co thi 5
while the upstream. part-and ‘the upperrnartﬁ i
less perpeable soil, "Percolation. layersy iin
ttherwis ¢ only slightly: permeable : supaortlng body navc bncn use
only occasionally :in Germany | (flgu“OStl ‘and:20). o I
foundation drains’ have often. been built _1¢hcr of COQ‘S“ stonc flller‘LT
(in trenches) or of drain - ‘pipe: withﬁi Itor:type ‘backifi (compare.
Tigures 16 and 20) or by excavating ‘th '1ght ‘Loam’ lay-“ over.a. -
meable gravel layer: under “the downstrcam.too ‘of “the- dom ¢ | .corpare 1":lg-
urc-6) vhen conditions suc¢hias’ are: fr~quontly foundnln ivo ‘
oxist, Foundation' dralns ean; not howcv»r;\ho pormlt‘c ‘to
any of tho soil !chout d_ngnr.~jg,:y~ ,

In dams with: conchutu cores - ‘any:: ;f,‘”; at ma

the core is collecetod on the ‘dommstriam : and.
dovnward through dry masonry (compare*figch‘ Yoot 4
£111, however, must notibe ol . Such-a: ﬂLtUIL as” to ylcld*under thc;-v
1nflunpcc ef horizontal Toreecs, for the ¢ concrcto ‘corg: 'hlch‘ s,not!
designed for bending  stresscas wonld dhen carry: thc complut '
Ir. Ing. Collorio, éircetér of tha" Harz Viator: Company, ‘pro

doublec wall of stecl shoot plling nlthiaﬁgraVUl f.lllng‘

thc water donnward. o e

( } The Protecting Laycr o*’Revetment

Oon the dornstream side sod in~ its natﬁve so;l 13 suff1c1ent
to conduct rain water o ‘the toe- of “the dam wHithout - the formatlon of
injurious fissures.and gullies. .Hich emhankments: are: made wlth berms
on which the water is collected 'in- &nall ditches and led. avAYae Sormk-

iing water should be permitied .to denCurate ‘the soii. onLy so:far as: mayf7
be necessary for the growth of the''sod,  -For this ‘reason “the upper .sur~.. - ©

face should te kept smooth and plain, ‘As to" “the ‘properties of the _
soil, wo partizulor requirerents need he mentioned except that it. shall
provide the proper nourishment Tor the grass, For the most .part the
dovmstream toe is equipped with a reverse stonc Tilter to preven: the
debouching Seepage vater fronm producing piping or leeching (figwe 21).
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dense blanket of . sod (¢1gure 22), or
tice in river and ‘588 dlkes (i‘l' ;

rmanently undeT, water:, :and:
particularly ‘in- the range Whlch ig.: subJect “£0.. fluctuating'wate
levels, a 'ﬂevemont 1s requlred whlch w:ll ’pronde protec__ io ag

The usual i’orm o; a pl‘otb" "111g ;‘layerfconsu.sts
of materiel laid up in the:manner ‘of  the reverse- 1‘1.Lte .
ilgures 5 and 1o) in“the followmg cuder*“ eQO&I‘QE sand_,,_

holes or CElVl'tleB 'brmt may- ‘ne Iormeﬁ"by 4he mpac.t""

the ice, A filler of sharp-cornered: sxohen "stone, pa
it he "arefully Wedg,ed m.th stone s.‘.:wers_,i :

washing actlon. These then ‘nec-ome dange :

layer, ThlS 1s even:more po.;::-:n:a.e mth pavament on ‘anﬁf
on mortars.

o the attack of ‘dce. -The monollt‘nlc concrete apro‘

next sectlon on dams :of - un:.i‘o'm' mater:.u.ls (

they are water and frost T‘eelstant are well adapted :
their weight the :more wvaluable - 1f:":.].l they el Ing :stones th oJ-3
found a much-. eater dlfi‘e“enoe dAn dennltles than -solls (hasa.lt '
2.8 to 3,3 tons per cubic neter, dlaba e, d:.orrbe ah ut E.u, granite,-
syenite, gneiss, porphyry. -about 2.8, grey. war'he 26510 8 8, sla‘t:e B
to 5,5, sandstone 1.9 ‘to- 2,9, Llimestone 1,5 to 350 “LONS per culic
nmeter), If the Jmpervmus Zayer lies more nearly 1n the interior 01
the dam or in the core:.of the-dam, then the filter tch of" plotc.ct—-_':g '
ing leyer is not so zmpcr+an‘b the o*otectmg layer acts” "her_ pri- o
narily as a load or as a surcharsze and as 51;1 e ilibrs nt n:_;unst,"
sloughing of the suturated=da: hedy; o hi’ L shearing. remstance is-
therefors important (compare “imure. 4},




In the dams in wha.ch the difi’erent i‘unc‘buons
ted into the different portions .of “the dam, ‘tha
form .soil ‘throughout, three ‘cases: must ‘e dlstin@ushed
soil is highly mpernous,, weal:ly pemlous, ‘0 ST

Very J.mpervmus «arel.,. at cla_vs
end marl, “so:much :so “that' they: may ‘be utilize:
or layers, Much has- recantly baen pub.'l 1shed ,
of more or less ‘demse’ leminations” du*mg‘f’roIll'
‘sKin" and .of the . danger ‘of ‘their: ‘presence (s
water in the reservoir these : uOllS rich
quantities of ‘vatey : ‘(:compare ‘page’l2), -
their slipping or. sliding This- consmerat
reservoirs ‘omly briefly- I‘:Llled suchga
cemposed of marl; for the mcremert
traordinarily slow so tha’c in. thls case the body
achieves complete satu*-a'b:ton. Another‘ dange*-oi‘":
that of the" foxrmation: “of flSouI‘GS ‘a8
continued drying. Thls howeve‘
covering layer, ‘Also” 'bhe ‘rather ar
soils ;Shoulé ke noted.: 'The.'m o:msture .con range
moisture conditiong of ‘dams . with ithe “Yepse ‘o it ime mayabe*"mvestlgated
by means . of' grounc- w&tex oLservatmn's' "Thls method whl'*h i
permeable ‘soils ig Jmposs::.bln dns veryu dense‘ i ;
no distinet .ground water . :surfag ‘ 10UnCe
(see page 1€)., Because these dense collom soll‘ are wes unr:,l_lable
in: their relationship -with wat..x:, mspeclal -and:m ‘Ie_.dependao'l ‘
become necessary. The ‘dam 5 -then no, longerf’ "
and loams may be diluted’ with . addlt?ion.:
gquires very carefu'i worlc ‘

.In the weakly permcable 5011:3 ot Y

Siow filters, the .grain. dlS'b'L‘lbU.'tlon st e so

Tinest particles‘are net washed aw&y “the wvoi _ 28011 -
frawmework ‘must e well £i1Ted. with £ . le saturatmn Adine:
which in this case s eas ily: dlstmgulshable must de’*ouoh very low
(on the downstream qlope) ‘a feature vhich “ig achleveu by the!proper
design -of the dam. crosa-sect1on, ’c:m rquant: rty of '} seepage vater (ana
thus the loss from ths reservo:Lr} must e small."f_ The'-toe of :the ‘dam
cannot .be permitted to :Boften, " The- en‘blm mass. -of such S0il ‘must

be uniform +» iroughout 'so- thet - ‘during oonstmc’won P ile] pemnable veins‘f S

and pockets may be formed., -The: practice of " dumplng lcnds 1+sel:€ “to-... ; '
this condition, for the cDa’"se particles. roll 1o ‘the: foot . Oig the Theap!
and it isg very difficult inp bractice o’ correct the eifect QL sSueh
deposition, Only in rare cases .can such - tho“oughly unl;onn 1‘111 mate-
ria} of the most favorable proportions : e obtained from tlie 1'0"'1'07 Dl‘b
ny mass productior me thods, Neither -do the :most.reeent . deoosnmg
machines which gather up and redistribhute the loosened .soil alford "
complete safety against the formation of .such 1am1natior\s, veins,: oT |
pockets in the tody of the dam,




Through “the ' dep051t10n of 1‘ine sedmentaﬂ
slope of ‘the embankment or. through :Lnundat.Lon, o*' ‘a
the prec_pltatlon of - AArreversible-suil: COllOldS
silieic acid, or ‘humus compound) the Lbody '«.Of Ty
glow filter w:.ll c'radually and eventually sea}. :

If chh a dam of the same mpermeable,xtyne is con ructed:
ry hydraulic methods ‘it ‘is posmb]_e 'that‘;fbhe unav01dai~le sor J.ng- ol
tke soil aceording %o ‘the’ grain sizeimay.cause” the'?;'de i
finer parts on the upstream: rsideand :of; the“
parts on the downstream s.lc.«a.m Thls me’cho.
for r

¥ =j, ; :
To ronst“uct 8 mghly permaable dam+ contrad‘lﬂts the J.I:lDl"Cl‘b_
purpose of tha stru.cture namely, tos mpound‘va‘oer !
be used for clarifying. or . settling’ ‘basm
ing plents and are: deslgned 0 . fllter th 5t
with mineral particles. ;
structed. Their he:.uht

sists of - coarse stone fvagmento ai‘i‘oid‘n onmderabl‘e fx
sideration must be ‘given 1o the alldmg fi‘é trof, “th : ;
water because of its steep. gradienty  Tor isuch : DMent cof b
impermeable materisl ‘designed: to tmnsm"’c‘ the iwater "any {

can of ‘course not te: permltted. ST i

In other lands dams of ¢ 'bhls “type iare “froquont

of boulders or gravel, Tt dn: Gcrmany seldom, 4-1.01' examp"' 3, “the. so.nrer- e

age, and equalumg bas:ms o& vthc MJ.ddle I.:a'r"_; 0 e crhaps‘ for

cases on addrbmnal seal of a layer of cohe.r,lvt_é “is/added, sIn
uhZI.S event the dam can scarccly }:e consmorod as '.5]1‘(,':,—'0'fzi__mj_"fom“ma-po'j”

Pecause ot ..he unpreventable settlemen‘t of fllled so,.ls
there always exists the danger. that flSSLlI‘GS"-"anG ‘open ‘crac}'s whie h -
may edmit large guantities of water ‘may: be nroduco& An- the :Lnilexlb__e
concrete - apron, A&lso large.conerete .aurfaces ‘can : suarcelyv,?e made L
watertight. ‘The pexﬂolatlnrf Water-'ray transpor-t the’™ 11ne

of *he body of the dam further towarad the ‘interior:and: dm'.nu"aru and thus

produce cavities under the concrete apmn. 80 “that: ai“l:e*'fa certam
amount of the progressive extension .of these "&Vl‘bles ‘tthe concrelte
srust may collapse under vater pressure, -:So zm.lch *va'ber may then

.




at J.be'qulckly r.eatroya.d.
:that r,‘_bevcauls T :

can retam the waten. ! d ery
‘stant this will not ibe iaisource of danger.,'
Foir level: -should: drop suddenly the

by ‘the excess: wa'ber,pressure Lon the unde 51
the des‘truc'bloﬁ cof*” the dam o'r"' 1o

The hy-lra.ullc thmy
‘bankments ¢ power : eanals 15,{ i ’prea
‘hydreulic: ‘head, - ‘In nav1gatlon anal aleRyc
tected fran -dinjury: Wa-'bh 8 thick: ayercof ‘sand;
‘which would result 'in: ‘the .Tégistanc
‘this 1ayer iils o:f no consequence‘




1o the aropo“tlon din whloh thcgtwo\_,
:Witb the grannlar tyoes o1 3011 arg

tribution is thereforc fundqmentally nrporfant,7 

Oll scionec dlﬂtln;ulshes the follo Jng'slzes of gralns 1n-_
accoruance with the Jnternationally accep«ed Atterberg classiflcatlon

(B




‘Pea gravel, gravelf(rounded)_

rock (angulnr);ﬂf

Grits, gravel ('rppndéa s
‘and fragments (angular):

- Sand

Meal 'sand SRR
(Swedish '"Mo")

5ilt

(German’"SchlurI")

Coliocid ;claj'f,‘
{Gumco)

in. general only to grav1ty forces and ‘duriing ¥flow ito
enalogous to’ openawatnr w-th‘a gradlan"dependant pon th
“low (vldth of vold volume, ] i '

tion W1th air and water 1apor, 15 held above*the ground. wate
‘against the air to: a height corrpspondlngjt a1l

-and ‘in contaet: w1th ‘the sair: ‘Lorms menisci

in the- water.-.: rs-latlon %o the ground. ‘

'its negative pressures. In- addition to ‘the - grav;tytforces,“th tom
‘and ‘the :surface tension:oprosed 4o "the : r8ir, “there’ oceur - also in hls
Mensile waterm to a certaln.extent the surface forces of

¥ Same exaerlmenters alstlngulsh further between ihese tvo fo:ms of
water (6). _ , :
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Do
zone ‘above ‘the %'ten'é;ile."‘v{a#e';f
-of eircumstance:and “to it
-xnoticeably toithe: grav:.ty force&and
Cimmediately: next 1o ithe: sozl partlcle
~ean “therefore be separated or,ly
vere heating);
the chemiecal - natu:re off;th’ £
contert of - the water :asswalls as upon the
in the soil- 1s m equxlm*'lum wrbh“‘ ne

‘ ;e add 11;1011 to the fld.l
may also take the :f.‘orm of {

£i conclus‘ivel)
bou.ndary suri‘aces between the solld op‘s‘

"The nmtuaT hehavmr of the‘phases o}
the p{ounda::,y su*faces a.mn

[

\K\\ Lunker (‘)' dves

surfa ces for.ons; ‘gram ol irfch

‘per CUJJ].C centimeter I‘o;sphe_ 1cally haped
wbelm.mg m:po'.tt.:mce .Of " the 1 ¥i1

m : lameer y.surface
_‘CTass:Li‘lca'blon, m \cm. /F

‘Samd ;zu-— e 2

"‘Meal.sa.n'd !fo.z;-o oz

i1t 7|O”ﬁ2—- ‘0002 | 0005'5 \-'.l,,,e;asc :

Colloid 7-‘:.002 --,.0000011' 0: ooooo-?v i|:2;900,000
Clay .. . R .(“‘ 28¢ 1.2)

‘
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granu.lar 8011 types und “hhe' olloid systemiof :
.exist because of 'the xmfinltely arlous‘ proporil
overlap. \hereas the 5011 _part_lcl

tion by heat:mb oi‘ -bhe molecules*m ,w
clay fractlom are sub,]ect‘ o
pressurr,. ,

matermls 80’ that i‘or the mos : _part ithe watel is_free
the s0il 'is’more: LOT leas' ‘

dense state ‘of consolid tion the s_:_tz
nlflcanﬂy 1arge em COMpﬂI‘lSOIl\’ftO

pressur:,s oi‘ thousands ‘of atanpheres. »-,The erm
dcnsely deposﬂed, Tat: ‘clays:may: completel vani
“very ‘smAll. With-clay ;and loamy: 'S01ls "“_ﬁhe nsideral
or. sand“in adurblon ‘to *the collo;.dal" ortion linereases

Also, rt s oi‘ conmderable mpo"tance whether.
its 1nd1v:Ldual gram structures 5 vrhct’xe .

pOSl'de or exh:.bxt g honey' ‘ : “ilar
otherwise dense soil mass. "Thesc. -t;hmg ‘d.encnd *unon_; it _,mannqr"»m
_which the soil is dcpos:Lted »22pO] alies E
partlclcs 1'«vhn.ch may ‘be | 1:{11’_'|_u.c51'1c:=x
and “somct Fimes :upon the lmc “oT sal: ( - :
the soil. material bccau& of “its: -;ra*i us chcmlcal; value "o
Cap&CJ.'blGS 1ni‘lue,nce.s also the dﬁns' '

iSO -much: ‘bhlcke
than ths dlvalent calclum L OF, the‘;‘ rivalent: almnmuzﬁ Sili
in the form of quartz can retain: 1the dwale*w.r:e ro_f the ra’ce*'rnolecule
in & Saul-‘.}l ied condltmn onl,,r on the Lacas, edge Bile ) 0 !
crystal.: 1a'b1;,1ne and -with: Neryilittle: foz:ce rOrFin Ttk ""‘layers AT
silicatel” i"clay on the. contrarv, on, hnose co:c'ner.a and edges rree
cha“gesu— and these oredommantly negau.ve iof nlons oi‘ thej‘sp e
dattice occur, and ‘nommally -adsort the pO-:l‘tl‘? iwdter ' »
draw to them also ‘the nes,atlvely charged catiouso? soﬂ_ solu’clons {5
which on-their:part -again. layon waterito the - e: ﬁent pemi-t’tedh:
their free excess charges (hyuraulon) “To. vompletely -satisfy -the ca-—- ,'
tions requires very. cons:.demble quantltles (o) i water; concenbrated L
soil solutions- may ‘partly "flthdraw *hls ‘blanket -of ‘water from the col-—_ i
loid pal‘tlclas :dezwaratlon‘ :

o ' : 4




‘dration is: always ‘a0 hlered andv-,al_
the ralm;se o; 'the en'bire_'

1ation upon- them of - 'bhe *hlghly hyd:batea coﬁo;a_
'ing collclds' for examplef ' 33101d311101 '

These h""l‘—"fly ‘sme’cch a. ema‘
‘upon the strength pronertles and the :

-surface an@. larger Surfaces of contaq-t o Lo
themselves in parallel laminations’:so- hat then- pl.n s-tlcrby ard cohes- Co
ior are augmented. ;Nevertheless: the:electro—chemlcal hehavmr of.the 7
element - of ;cohesive: and granular 50115 ‘mst ke recog;mZed. ‘as: ‘me pr.Ln-
clpa,l cause -of 'thelr varlous phys:tcal oropertles. ‘ -

<,
4

Wa’cpr .m "tne ‘form of ‘ice may have a unigue.ef?l eut in cohuswe
smls scmetimes even in the mpe*vmus layer under -the . slcpe, whereus ’c‘n,sc
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;paction;. also the . shrinkage:of “the-already very weak.cellsiof ‘water

&
PR PP

phenomena do-not¥exist 'inigramilar:s
the water duringifreezing:does mot. o
Soil, -On the icontrary the freezing water ;builds iiself
where ‘the ice crystalsifinst ‘begin ito form: ‘Here ‘larger:
quickly form, :foreing“the ‘clay pa iclesfaside :farth
the region - Yo-a greater extent in ‘proportion '
cooling ~ and ‘other: water’particles dra d:arede ed-tagiie
erystals, In addition to!the increase ii volumeand ttoithe Noogent
effect, ‘there remains, afier thaving,:a ne twork :of “fine ‘and$large
channels extending ‘into’the 'interior of fthé' clay.:(12). here iex ia
ice layers and upwaerd ‘pressures,‘and; ‘during 'thaws;ian’inerensein ‘the
water content and therewith ‘a softening ‘of ‘the 'soil, ‘

<and:{are ‘deposited

(b) Pressure and Pressure ‘Chanzes in’Soils’Containing Water

The 501l Water mist achiavasequilibrium hetmeen the -oxtd
load and the internal pressure ;or7a1poly=disperse Sy stems SIf o,
movement hegins, -partly :in the ‘:wa'te:;:;:;f;?‘i\'n;i*;;p,a_:'c‘!..'tlysijiinjjé‘_urlier‘ssq_i’:l." ! :
equilibrium condition iis called the "?;.[Pa”t'_urﬁai"Wat\_é;"“"'c_:qn't‘en‘ﬁ'! rof it

soils

CAN

i (l) GI'&H‘[I].&I‘-SOIJ.S ‘
In granular :501ls -the sorrant:capacity it
hygroscopicity is smail, ‘and'the "Myatsrih ankets". are;sud
small pressure; ‘the "individual:soil’ articles, separated only:hy:
very ‘thin shell of .water,-are’in wry close’icontact-an : :
a fairly stable ‘position. -'This ddes: notimean; ‘howevez
the most dense arrangement ‘or the'smallest volume o;
larly in the case:of ‘very iirreguler grain orms , sTor
like, plate-shaped, or:knobhy/grains - heze:may. exist’
position withimuch greatel void volume, ‘according -t the’
which the soil was formed, /If ‘the soil: changes :from the.
tlon WK to a more.dense, ther it settles with-aire
which.has been of ten ohserved, " This ‘chenge ‘in ‘the relative i
of the.particles can be:brought:about “through ‘flowing water ‘tut par-
bicularly through .wibrationz!shaking, - tamping.or osc illating)..: ‘An
insrease 'in ‘the static ‘external :pressure does 'not have :so . greatian
influence wpon the rearrangement-of ‘“the ‘particles end jupon ithe - COrl-

- that they, lave
oidsy ‘Particu-

with 'th?"increase_ iin 'fth'e?_!jI"esrsurej{causyeg._'-gz'ézi]_,;‘yl‘.g._ji.vejljyj Ains _ig_irijifibaht WL
inersase iz the density of +the 'soil, ‘On-the- other ‘hand (the “increase . - -
in pressure may fracture the :soil. particles .and ;produce -elastic defar-

matior whiek may after-all .produce anincrease -in ‘the ‘dens ity of ithe

soil, The volume of ‘the water itself or:its density will remain-prac- o ‘
ticelly unchange'd for any practical range-of ilrcrease 'in ;px_"e'ssure_.s_‘.— S

‘When soil is . .compacted either as.a .result of an increase
in the pressure oridy vibrating, tre watar becomes excessive; ‘there
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is more present than is- necesaary toif (L1 i ‘

soils it generaliy . flows quickly aWay. Untllfthlsfhappens Htsiss
subjected to an exeess: ‘pressure (a: conditlon?o 4cvel4saturatlon or
of" stressed void-water); ithe: frlctlon of ithe’ 511id | particles ‘isire
duced; the soil ‘terds" to floW'or'to float,(i i

ties of a heavy: fluid. Apprec1ableﬁresistance

only by very fine:and- uniform: 50115ﬂ3wherefore the g.f

sloughing, ‘With g reductlon of ‘pressure’ granular s01ls

1ittle- water, it awells"” very' weakly'=sinee onlyAthe_‘ ‘
and ‘to .some extent the: water‘in‘the;;hell of* ‘fgraln;f i TeCOw

& compaction produced by the rearrangement ‘and the 'z re o
particles remalns. g - ‘

As lorg: as the water is'not Tarce bauk_lnto the materlal
(condition or underusaturatlon) ten31lnlforces emlstsln he v01d~ :
water which compress the : s0il;:at- ‘the houndarles,w1t !
soil., concave menisci- are formed also ‘adr: enters th S
thus possesses a. sllght transltory coheslon.-eA 1tk
water by’ evaooratlon produces the sane”éffect as
‘pressure, . A

The pe“meah llty of the'aall and the vve1001ty. ith_whlch
the water moves vary wzth the v01d ra 1o-and ‘ACeoTd
of the v01ds, _ ; : R ‘

The flne 4 granular 501lsﬁ BV
which in the pure state- extibit. onlyavery weakc c!
tremely permeable, It is- only exceptlonarly'therefare e they Hh
be used as - sealing materinl. 31nce,,as*has beer imention. ‘
cess pressure they tend to. slough; ‘they must : theréﬁqre‘,e eposited
between more permeable’ layers: o“‘materlal wh;ch Wil act: as9f*lters,
& Process which !in:practiea} constructlon.may‘leadﬁ oadqff'cuTt_es.
In dams.of.very great thiciness’ ‘their:use may. é'c0n51dereﬁ‘v i
river dikes have: deen. bu;lt of'”" ‘
venient . :

+

i.| ) Coreswve

In. cohe51ve solls, o the contr TY.yith capacit of

the particles is. great, 'the.dlanketing vater, hells: arPsthzck,aana the? ;, oy

pressure in them is Very Pon31derable. In orde" to . shrink the water
shells, very great inereasaes in: prebsure ‘are necessary.-;mhe water
which is squeezed out can draln avay through the Tine Outermost v01as
only very slowly, the:more . espec1ally 'sinee “the: ‘breadth: of the ‘pores-
is reduced bty the blanketing water (ccnditlon of ‘over-saturation of -
the scil;, For the most part, the ‘inerease ‘in pressure is- trapsmltted
perpendicularly to %he. walls of the void: DY the ‘compressed void- -wetern;
the pressure between the surfaces o contact- .o the 'soil: partlcles,
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ané with it the internal.friction, no‘longer lerefae; ncreasas An
the seme ratio with “he - ‘externdl force he’tunge 1 :

A tendency to slough tharsfome eletS “in thecbody of"hevdmm, that B
there exists in. large ‘masses’of 801l Wth gl : { '
tendency to.mave along ‘@istinet: surfaces rfslup ;

of time the excess Water ‘hes esczped'gthen thp;sollf1a

its particles have grown: closer_to‘éach*other,"

shrunk. The new: equil rium coni 1tidnfcorresponds

water content® .at: the?increased;prnssure;

water co:resnonds, during the’ 1n1t1a1ctﬁn teryal), to

the shrinkage; during the’ second'tlme inteL el water may
evaporation -and the penetration:eof 'air in tha ;8011w

able increase in‘the .shrinkage, In comparlsoniw1t the - u; gina_
dition the sheéring: utrength 1n the nevf Q] ; 1ilibr,

been 1ncreased.‘ o : T

covery, the 5011 agazn regoins 1ts- water; the partlcles separate tham
selves from each cther; the: 801l 'swells: under the . actuation ;of con51’
erable 1nte¢nal oressurc, ‘in some .cases’ 1t'softnns orxyecomes flui

reduced external pressure and the complete qat at;qn‘ £ 'h
camplex of the soil through:an increase “in the uantltymof th_
blenkets," tensile forces i{osmotic ;pressure) :a 1

water which tend to hold the soil’. partlcle”'

thus cause the so~called "apparent coheﬂlon"?

saturation of “the 5011)

permanent increase»in'dcnsity‘QSgaI:csultio -the 1n£enszzledfa£tiaca
tion ‘between the -surfaces .of the . warulcles,u I comparlson w1th~ he
original condltlon ‘the nure. coh651on hasvbcen 1ncreased.

Suck changco havc frequently bccn produccd by natuml‘enrcalu--‘'=

tlonary -processes in ‘the s0il (burying under-a deep:deposit,” guolcglca- 1: Sl

feulting, ice pressure). Cohesive soils in the compacted statc : Bre . i
cf'ten particularly impermealkle :and 1551stant +0 ithe attac ,of flOW1ng
water (foux cxample, the applieation of “toulder -clay to . the ledonburg
Dem Sylt-Feoctland, or in the sea dike of the Zuider . Sea) Artificial -
working also incroases the donsity -of GOhESlVL :801ils (tamplng -and . roll-
ing), althowsk only to a certain degrec since there is opportunity foxr
lateral flow because the duration of artificial pr.ssurc is only short
so that excess watcr has no time %o drain- ‘away, and since upon release
of pr.ssure the naturdl wator contont in the volume may be reccveraod,

%




If the coheslve somlwwas initlally depo lteu inr 5
state, severe shrinhage mmysbe erpected“{ Any.¢ onsiderabla sl ink
age caused by drying produces shrlnkage"cracks

The additlon of water to air-drled
lead to their fracture smnce the water penetr
atle energy may comoress the air ‘and: oroduceﬁi
Also the swelling of: tha: oxtornal layurs 1cad“ o:a progressiv
-scaling, ‘Shrinkage - cracks*will not closo agai during / [
swolling if the 801l in shrlnking axpcn
.sion, \h"" o

As has hecn mcntloned thu puzmeabi;
of water in fat- CDhQSqu s0ils iis worysmall;.: i
it practically vanishes,' For +this Treason: the“w
ous susceptibility to sloughing. ‘produced by ove
dure for a long pericd, whereas on “the :other<hand i) ndit
of under-saturation with ‘its accompanylnvgaoparent‘céheSiOhﬁthé‘
soil may remain - stnble for a long tlme.'f St e e

In very fat clay soila thgre_lswno Ve
water bowndary vhich's ‘cHn be measurpdslh Lservatl
the soil may con»aln a largs’ propo o
the alr-rilled space of 'the woll is’ onst“uctod*b_A lax
ten51on, thus the -concept.of & aturatlon 11n‘,1';fru1tless hlB
is worthy .of note in- connectlon with*"ground waterfbbservatlon "
dams and foundatlons of such mater:als :




S During the _plorat:mn* nrior:dn:! "
and soil affecting the dam: ‘areinvestigated as to: their:«'qua' it
dogree of .difficulty nth whioh 'bhey mey be ob‘b_alna
they may be :prapared for u.;o, and with’ _cgard B0 sthe
Tor the various iparts of ‘the' ‘dam; the’ detailed desig
only he pupparted upon ‘a basis oi‘ :such ‘res

The acccmnunylng prohlems 0
to this report. T

Dur:.ng 'bhe canstructi:m of -the :dam .continusus iests must
be parf')med upon the .nntc.mal,'-“lt st be isorted a.nd-" sys‘aemnt:.call
distributed in the body of the- dam;and; in mtc as 8. '
be -excluded, The tm.a'bment af the_ mcter

In the i:.nlshod dam “the “vertic _
ment of the 5011 and of The supevstnlcturca ust,; i e~
mont, consolidation, slou_x,.h:mg,, oulglng, cracking) "J.a.irew 86 Vtha e
‘behavior of the water in and under the dem’ {( obserwation :
level, satumtlcn, swclllng, upl:.ft) must e, obscrvcd.
thore may be moa.sulmonts 0f tho 801l mesaures i
the dam, tcmporatt.re medsuremcn‘b and;'color

“The choieo of a damsrco from th ,guolog cal: (l‘-} h'o o=
glcal and nydrographlcu'l vmwpon_nts 1.> baso'd_r' pcm ,tho 'tync: oi‘ so1l
its strongth, its physical’ pI‘OpGI‘tlUS and upo;
vation, as dctcvmlned by 'bhc. 1nv".3t1gat10n.ivf?:;
ing points: o L

(1) Loopla, A Gc"log. Varbedmgun;ben d ataubocl’cn (Gc, lr)glcal Con-
sideration Preliminary #o Tam D sign),: Jasscrbau und: \.’(cssor\.u*tschaf-t.
1908, ILoppla, L,= Geolog. Voraussuczungon 1‘ de Err:.ch‘tung von Talsper.ron
in Deutschlangd (Geclogical Prercquisites to - tho ¢ :Construction’ ‘of “Dams ° dn
Germany) , Duutsch, wcmuorurrkraftd'xlaeon, i9=4, -(Gcologlcal Prorequi-, B
8ites to the Construetion of Hydro-Elcetric Prants.) '
Terzaghi, X.V.; Toeror don Einlluss untergoordn, roolug. 1nze,l|;01tcn

auf dle Siehsrheit vor Dammbauten '(Concornmg the Tnflucnec of Minox -
Goological Details upon tho Safcty of Dams!, Tasscrwirts ichaft, 1930,

21




The boxTow plts nre d
tore holes. Despltc “the hlgh Gout)' hlch
and the etclusion of: Water "Are. necessary
preferable ‘since ' with ithese condition 1me
anc III above .way be: directly tested i
bers and onthe bottom: 0T 1the': rshafit,
of .scils during the - extraction ‘of - the
The position  of “the. strataand ‘their:w
may be clearly: detemined, . Also" the ex tractlom
¢luding carefully oriented: samples ‘insthe :
passible anywherein the shaft or: trench The 501 proflle ased_
upcn scattered e: cavat10n5<should be confi“med 'n [ :
ing, partlcularlf in s QlHCIEl de3031ts glnce“ln h
quently change very raaldlv 1n thelr dlstrlbutlon

Concornlnp the fcurﬁh ‘ g 1gatlonfno, _
in conmecticn with: the extraculan, packlng and  h1pping L, 301‘_ﬁ
samples for the purpose of peri‘ormmg= aborauory te %sf in
have been published: by the ‘exXperiment’ Y
"Soclety for.Constructinn; Mbthcds"'* Thege are ;
somewhat extended’ herc"

8011 vits: of varlous klnd
turved sa'mpleu from bore holcs.

5T about'
lcngth and 4. ccntlmuter ﬂd’amctcr may bo ortracto
conditions it may. ‘re: uscd to:a- depth: or.: about 10 mo ars,.: i
r'e:c-g""*‘ naS‘”oustructLd o cyllnder hhlchrccn bo usod r¢tb1n the 137

millimoter casing of ‘a hale: made with the uuual rig, drildin, i.huﬂt;(;;;-f‘g

ete., and which- needs, muruly 40 he e schangsd- Jor the erlnary uUCO
to securc undisturbed: samples. from:cohegive . SCll“_tO ‘any - GB&erd
depth (a doptl of 25 mﬂturu has al*cau ‘occn att 1nudL.|; 35

¥Dic & Gescllschaltt fur, Eowcsen"-— T“ana. S SR
(2) T. Olsson; Kolvborr., Tokn. Iidskr.., Teka, 192;.7

** T, Ehrbnbarp ‘Gerate .zur Entnahme ‘ven Bodenprobon usw,:(;
for Extracting Seil Semples, cte.), Bulletin Noo 15 of ‘the. Pﬁcu851scho

Voruchsamstati fur Wasaerbau und.uchlffbau ‘Berling 1985 - ‘Transe




centimeter thick core: may bOataken 1n lcngths D 0‘60 ccntimetersm The

sample ‘is contained in:a two—part brasb ‘shell: with whichwwhe cutting pipe‘“f'ﬁ

is equipped, This brass shell’: can bq eagil °

a container for tho shipment of’the ample. C

easily freed.fram theo" two—part ‘8holl, Buring
raising of the sample ‘it is" held“fast- #the el
self-closing air valve BbOVe.: ThozprcssurOfof'the
to ‘punch -out the: sample 48 measurcd Foiol prov1d95v
capacity of the SOll ‘in case it“}a ‘b

Burkhardt ( ) descrlbes \pETE
cross~section of “the :subsoil mayé 5 {8 ECUTE €1 -
vcstigatcd trought” to,thu surfu00>so that‘thc necessary 1nVeB 1gatio
of the stratification- and . strength, ‘the iground wat
elevation of the rock, and-.of :tho oventual - valuj of 7 :
vealed by its quantity,. proportlonlng,xg*aln size distrlbutlon5j ,"' U
ity may be made without: unceruainty; tq1
about 23 meters),
of samplcs from: buds of conglomorato,

‘Lahboratory tosts, on' 50115;_
their use in. danms, ‘are prlmarlly alrcctcd*

(a) To determine their- stablllty 1n; he slope, and
{(b) To determlne thglr rolatzonshlp to water and' i

tion maturlal in an unnerv1o us: lQVuI, “inias
‘hazct uron the res uLts of tnb,_ Wtha.jx,

in a dam of ngcn helght and or the antlclnatcd hydrostatlc and hydro-
dynamic prooartlos. o i . L PPty

The shcaring strungth comprlses thc Anternal | frlctlon and the i

cohesive strength (tensile strength, or coh051on, ‘ors cohexonce) The B
friction is that portion of the r051starcc to slldlng, dlstortlon Ur

fracture whiech eoxists bctaccn the irregular -surfaces of eontact of-whe
s0il particles and which -is. dependent upon -the pressurc upon thesc faccs,

and upon the naturoc. of the. faces tnumsolvos. - R : .

(3) Burkhardi, E.; zZur Aufschlicssung dcs Untorgrundos (For Fcund tlon
Exploration), Bautechn., 1931, No. 17.

* Obtaincble from the Luutscne Goscllschaft fuxr Bauvoscn {Germen 5001cty
Tor Cons3ruction Mctheds), Perlin N.W. ‘7, Ingenicurhaus.




tlon, or - ‘chrough sed:.mentatlon, thc, préin slze ,suructu“
grains or erumby. structure) -i:he n.:.neral content etc. of 'nany typos

of so0ils may-be ‘observed. o

personal elevm,nt (as An ¢ hand ...mvln{;‘
‘ber of -samples) - mdy be. avo:.ded.

-squaro ccnt:l.mctcr.

, The fine mcal *sand s:th cmd cohos:.vo ‘so;
prepared (by being -
n‘..cc.asary vrith t}u.

:trc,am of watcr is .;a'blsnctory i'or tho separatmn of [;I‘dln s:chs
down to 0.01 millimotor, ox, that is"to .50y, 10 microns. Scdmcr»ta-
tion in still vater s uscd for the dctormination of gra.m 5ize pro—-
portions -in the range ‘botweoon 20 and "l microm; this -work must ‘b por-
Tormed with a tcemperaturc ‘as ncarly constant es ‘possible in-a thor-
mostatically contrelloed room sinco temperature varmilcns havo a Dro-.

nounced effoct upon the rosult,




=~

‘for Mccheniecal A.n’lquls) Bul, 16 of- thc. Geols Inst. of Upsala, 1919

e The most dlfflcult part of the sednnentationfor'elu r-a
tion methed is the ; prcluninary treatment ‘of” the sanple, 1ts“disper
sion into its elemesntal: components.‘_very.
trolite rrequently ‘offer ‘a " very: proat ra
Laborious weshing of “the 'soil: ‘with dlstllle
the aid of a Pikall eandle is - often requireds’” Ihereas for:samr‘
& dispersion machine may be of advantage ‘in repari' :
with others this proeeduro leadskto almo

The large: dlfferenvc 1n the;rcsult (5] nnaljz1ng onerand:
the samc soil ‘by the “various - methods resurtq larpelyznotffrom thc,
insurfficiencics ‘of the- mebhoda thachlves but frpm;the;diverslty ‘nf
the meothods af . proparinp the * samples.{ I nay bo'approprlutb to!mcn~
tion the tochnique hére (4), - It ‘sholld’ibe: ot ed: furthcr tha.-
veloelity witk which ithe particlcu descend*has ' ’
depend upon ‘the speC1f1c gravity: othhe f 1
of their centors of -gravity; so. that the: '
as ‘thoy do mineral fragments.of : suchmvarlous‘cléments{andeorm and
treated by means of “tho elutrlatlon and; qulﬂCPtuthﬂ method aru
not scpareted according 4o 'their. grain ‘sizcs but -as’ Ram
dcelared, accordlng to Mthoir hvaravllc prcpcrtlc B

The anparatuscs of - Schocrc; opotzsy,LScnula =
others are used in: Gbrmany for ithe clutrlatlon uroccss.
scdimentat ion mothod: are used’ thc‘wlcenor apoarutusgg
dmproved in many: wayq .an’; anparatus duSlunUd§by Sve_iaacn
imcntation eylinder of Atturocrg, :
tgon, as wcll a8 0N | by‘&ochn. “;“r

Tho Tosults of a. g*aln size; aeturmlnutlon I'C g lven vas
poreent of ‘the dry woight campriscd- by nartlclco ‘of purtlcular dlam
eters, and -plotiod- olther as -curves: of SuCCOSulVO erCCntﬂ; ]
gencrally as eculves of accumulative: r :
plot the grain sizes on a logarlthmlc scala :
interval occunicd by tho: vory small hut hlgnly nmnortan
Figurc 25 shows: such curvos far Vhrlpus tynoa DL 50113/

(4) Ruport of thu.Soﬂoud Convcntlon of thc SuLcommlt ccl fcr Agr¢cul— ;
tural Seil Rcsuar;h, ‘Eulturie chalkcr 1985 - aunkur IF.; [Gebrauchsan—
welsung zur Bostlmmung der: spuzzf;scnon,Oburrlachb des BoaonsW(anc"—-
ienec in Doturmlnlng thc SDCClIlc ‘Surfacc.of 301la1, Knlbortgchnikar L
1925 - Hahn, V. v,, Cisperscid-analyso (DlapU“SUld ‘Analysis), stsdcn~_v
Leipzig, 1928 - Oden, Sven, Uber dic VorbebandluAé der Bodenprobon
zur mechanischen enalyse (Ceacerning: the ‘Preparatien of Soil Samples

~ ESchubert, H., Einfluss der Vorbehandlung der Boden auf die Ergebulsse
Jex meehunlschen 4Analyse '(Influence of Preparation on ‘the Results of
Mechanical Analysis of:Soil Samples)., Kulturtechniker, 1929, ‘®o, .5 -
Gessner, H,, Die Schlemmanahyse (Sedlmentatlon Anal"sr:) Lelp21g,

1931 (cont ins extensive reference).

(5) Ramann, E., Brdenkurde (8011 Science), Berlin, 1911,



MECHANICAL*ANA&YSIS@F VARIDLIS SOlL ﬂ'YPES

"’GRAVEL ‘SAND - ‘MEAL! SAND : SILT COL.LOID’ CLA\‘
ggq;;_g_*Fln o Qogse Fme *Cnuraa__ﬂug; :
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| m———iloess" - |
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{08 7102 *o.oe 7002700060002 0000600002\
tGRAIN *SIZE '

% DRY WT.

COHESIVE STRESS K WATER GONTENTIN © & |bo. ..o .

+SHEARING STRESS

15 20 28 30
NORMAL LOAD, v, IN kg/cm2
‘FIG.. 26
SHEARING STRESS AND WATER CONTENT IN RELATION TO THE NORMAL LOAD
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(3 Shearlng Resmstance :‘“:

pletely dry, or wholly: saturated sands v1ll 'talce upjnauura :
corresponding ‘to ‘their angles: of i‘rlctlon. i

sile strength, however, ‘in g: condltlon ‘of':

up to a certain. height. cor“espondmg *to thel

stand on mucl1 uteeper alopes

sure and the water content must be shown to corresoond Wl‘bh
able or nerheps’even possible. condlulona 1n the ~dam;
there are to be determlnei e ©

L. 'The shear_mg_resmtancle;d ‘
ami with a consatant water *cdnten’t'; i

shearing res 1stancn= T mat il flrst r'rcen (mmcated Wl'bh x)

may he ortained foxr s«.mples 1n 'thc mture«state withid.

water content (here atout:25% of the total: matei'lal), Second ithe’
coefficient of shearing resistance,’ 'Z nat i Tor the natura_ water""
content is plotted as. detemmeﬁ 1n the follotun{r vam."'

After mixing w:.th vk tqe 5011 is mtroducea,lnto_tbuff

i

testing frame, Its origimal structuze is thus :destroyed "as-is’: al.ao R

more or less the case in. actual const;uctlcn.- “In this: testlng frame
the soil is lozied for several “days with 0.5, 1, O L 5, 8] 0, 2.5,

2.0 kilograms per square centimeter under wq'ten. .Fox . each oL .the e

various "conditions of natural water content" which are thus -estab-
lished the shearing resistance under the:appropriate nermel load is.
determined. 1In ths graph, (figure 26) these points are indicated
witk-an "o." Trom the two series of pomts maey he determined the
curves of shearing resistance (7Tmat) and ( T ygt). After each
separate ftest the vwater content of +the soil somple is determined




«.j.

and the water con“cent curve »plotted.

. curve makesran "angle ]
and on the axis ‘0¢. ordlnates »mtercep'ts ithe wvalie 7of nia
& measure of '“he cohesn.on or “the "-"sozl*'in he _rua't '

.The Tnat curve (Slnce ‘the ‘soil ‘has ‘keen’
worked and saturated, mtersects “the rorigin-of “co
mekes an angle '@&.p - (ang,le ‘of fshearing resmtance) ;
zontal. The tangent ‘of ‘this: ‘angle - "’"3 oc

‘shear for 'bhe natural water—' :

te preloaded wrth for eﬂcample, ‘one” lcllog,ram per: square c'en'bzmete
and sheared under-a’'reduced load: (that iis ‘111':1:‘_he ‘e _nd:. 1_on of unde
saturation), and.a further'sevies preloaded with 51
square centlme'ter and vlker.lsb -sheared unde‘ ub.:eqwntlyl“{__'_‘ _
nomal load. In ‘this way.-ithe dauhed lmes “which: ’mtersect i he;-;.

of ordinates at the 'ralues :ky <end- kg v.nlch af‘te?'f

of the nomal load have teen plotted 1venpo:u1ts ‘ or ‘she xnm;..
which makes an -angle.@s (angle of cohos1on\ with ithe horizontal
Thus the cohesion:becomes v ibimes :the - tangent: ;ﬁs,' :_"he' remainds
(tangenud?g - ta:ment ¢3) 5 is a f‘1'1ct10ne:!.' -rr351stance.

In figure: 26 the g nat— cvzve 3.s 8 :atraishyt Jine.
cohesive soils rich /in electrolyte a: depal'tw_re maysbe‘more f’cen
observed. As a result ofithe: ierumbling of ithe :soi
in the lower range of normal loadlng son’.ewlza g
becomes increasingly greater and attams here, 1ue vwhi L
proaches the coefficient ‘ofishear for :a meal sand ] comparefisure : 2%,
Soils I ané IIL). The: cohesn.on d:unln:.shesf Wlth‘the‘ I*Lm;bJ.:i.ng'fneve-
theless the.chenge is-very:small; i thiin ;TRIEE
of the apparatus. w:rbh normal 1oadingfofsomcwhat‘morej:“
kilogram per square centimeter:the- formation-
longer tas any apoarent ers ect (pompure lso

larger shearmg; r551sta1r'e thur that An 'the ”'sta_; £ SR
content" in the range left.of A ‘s a-result of itEn ,eauer cobesmn R
(caused by previous k:neadlnt_, under the pressure -of- mcuntams, dee
Tloes, etc. and hy 'the surface “tensien in the void water-_ he re—-;

sult of under-saturation); it Shows also how theleafter” :«_{cohes:.ve
strength dnat varnishss.as g result -of ithe alsturbanc ex‘l:une

and the seturation, :and ‘how ‘the’ shea.ring strength of - tlns soil i‘a_'l_ls L .'
off to.7 pate With normal loads.of '25. ‘kilograms per sguars centi—‘
reter, ‘the watecr content .and the: shearlng resw’carce An+the mature .

and 1n the preworked states arecequal., With hlgher doading the

"mature" soil will ravert vn.'bh the exprcssmn ;of water 'to 'the "natural




[

ing resistance is. less‘ than “in sthe
(note the -path; of' ’che 'Z

The =hcar1ng stress required-to produc
the natural w"ater contcnt- .

Ir Soils frec
with the @id «of ‘the wate

compaction .to withstand the. subsequent
settlement arc’x slough:mg. <

The tests: deacrl‘ued{. e carried sout
Expe riment . ...ta‘tlon with ‘the : assmtanoe of" “the '
Krey; in this comnection: rei‘erence 1s ‘mede i
certain llteratu:re on the f.

The soil. compdct;mn +este of
Hydraulic ard Merine {Gonstruction (flgure"’ i
‘determination of ‘the: shearlng ‘Tesistanceeven:
with samples -of .large: d:.meusmns. , The lateral fl
reduced that the. sanple is fractured‘"

Equlpmenu for detennmlng he ;s
desighed . by mny others ror example i

(6) & Krey, Lﬁd w‘l,, rE'nderstanu
ance) y 4th edition, ‘Revised :by; J‘-'._:.lﬂhrenberg, Perlmu
-B. ‘Tiedemann, Die 'Redeutung des® ‘Bodens : iAn ;Eau'vesen (The Sl_,n:u.lcance'
of 'Soils iin: Constn.ctlon) ‘Handh, \¢i. {Bodenlumde’ i(I-Ianul:w:ok <of :8oil:
Seience), edited: thy ‘E. Blanck “Vol.: Q“,’*‘,i-J.'Qﬁ,E.J'«--.; , L
A7) Mueller<Ereshau;; iErddruck” auf.: Stutzmanern (Ear’t Pressure .o
Keta mlnn- Walls),'f Stutt@rt, 71_906. ey N




‘Westerberg (8), Streck (9) Stiny (lO)
{1la) angd . others. A

‘},.‘ .

" The- detennlnatlon of the avarag‘,
grain element 'is made:with ithe faidoffaip
apparatus d631gned hy ErdmengerAMunn

1€ ~onlw';ap-
'pzoxlmate since as a *efult of adscrptlon pbenomenu rrorsiare 1n—
troduced: hut it 1s.uufr1c1ently a"*urate “For: enrlnee¢1ng puxposes=

As g rule in: mlneral 301ls,w1th a quartz content :predc

Atter‘cerg thmght "to dwme_ﬁ | :
claszses accardlng tO‘thelr!plaSt101tY numbers‘ By plastlcxﬁy
was defined as the: difference tetween the rater‘conuen.' i
of :the 'd xy- welght) -at the "liiquid. llmlt -and t}
plastlc limit of- a clay.: The llquld*’lmlt‘ s

(8) Westeruerg, N., Jordtryckl koha31onara Jordarster (Pressuze-of
Cohesive Earths), Telm,” 1dskr., Stockholm, 11921 nog. o

(9) . 8treck, .A.; Die Fest15‘heltselgenschaften blndiser ‘Roden: Strengt )

Properties of Cohesive. 80115;, DeutscLe!TlafDauzeltung,*1928,1;6;
{10) Stiny, J.; Zun: Schubfest:gkelu der Boden (On the qnuar'_g Strg
of Soils), Geologie:u. Bauwesen, ‘1976, no.‘l.~; : "

(11) Rackofen, K.; Eine: reotechnlsche .Studie (A: Geotechnlcal Stu
Zentr. 31, d. Bauwerwaltunp "1850, ‘no.’ A8 e Y:

(11a) Casegrande, A.;: Proca Al S.C.EL, hov.,“l°51.~

(lla) Kulka, H.; Versuche .zur ‘Bestimmung d.,Scherfeutngelt verschle-_r},”

dener Sande u. Tone (Exuerlments to i Determine the : Shearlng Strengt
of . Sands -and ‘Clays), RaLlncenleur, 1932 p. 431l 0T
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plastic state., ‘A soil:pat about:4rcent imeters :in dianeter ‘and
centime ter thick 'is ‘Ploced -in:aiporcelain dishiand:divided ' intoiti
parts hy means of-a special prooving $061.s0 ‘that the ‘Lower cdges
are barely separated. The ‘water ‘content of 'the 801 *ia ‘then ‘in-
creased until the two halves of “the ‘soil ‘cake swill just flov ito-
gether to a depth'o‘f:‘one’"millimete'r&a.'l.qn"g;;thaifl_‘iri_é,-;foi‘;‘-iig_sep;u_"a;‘aion
under the effectof repeated tapping .(12). . Casagrande ‘has designed . i ¢
& mechanical method for determining !theliqu 1d¥imit whichielimi~ -+ o .7
nates all subjective-errors:(13). The Experiment .Station .V i(Berlin).

has adepted ‘this device, - '

The lqw'erb‘l:hni‘t or fhe pla:ticsta
plactic limit. “The ‘—SOi'lfsmnpie"?is

The plastic i;lv:'y"’:‘ inée'x'ffdr‘,._: numbay - can’ fily ‘be ‘use for
Tough characterization:of ‘Bhe ‘z0il and:Tor-classification fins, 28041 -
groups (14). Thus, for eromple, the :Finnish Geotechnical ‘Cormission.

£ives the foliowing plasticity indice

Weak olays - Plasticityimo. -

Moderately fat clays ~

Fat clays -~

Extra fat clays - 27_ :57

(12) ittaberg, A.; Lie:Plastizitat .der Tone  (The :Plasticity.of-
Clays), Intern. ‘Mittcilungen fur 'Bodenlunde, vol, 1) 1911, .and:

2, 1912, . N e T DR R R e U B

(13) Casagrande, A.; Report 'on}a'nj;Invé"étlgt-fgtion'r.qif_'.-i,th'e:_‘;!vie.thbd" for: - o
Detemmining Atterberg!s Liquid-Plas tic,.and Shrinkage Linits of [Soils,: SR
their Physical Kesning and}PracticalgApjlicationp?g(Seé’dlsd:Cﬂééﬁiéhdei“_r
Aes; Research on tre -Atterberg Limits of :Boils, ‘Public ‘Reads, Octs, - -
1932 - Trans.) FE T LR PR LRIy REYRE

(14) Redlich Terzoghi-Kanpe, senicurzeologis (Enginesving Geology), -~ .

Berlin, 1929,

75




blastic st&te. 'A soil pat about 4 cen'timej'bers in -diameter i
‘centime ter thick s placed ‘in:aporcelain dish iand divii

rarts by means of a ‘specigl’ grooving tool

‘are tarely separated,: ‘The ‘water;contert ‘of _-th

creased until “the “two halves ‘of “the ‘soil cake

gether to a depth of .one: millimeter along th :

under the effect:of repeated: ‘babping {d8)e sag;rand 'haa'dasigned
& mechanicel method Tor: datermin_ing the 1=1qu1d-f 1:1mit :which elimi
nates oll sutjective: erro“s (la)’r ' ;

has adopted this dev1ce. :

Plactic limit, The soil samp is placed’~-on a xpmce oi‘ i
paper end rolled with ‘the ‘baré ‘.hand; into ‘thriead /alic
meters in-diameter, brol:an An. tvo, -ang, rolled agai‘
limit’ 13 the water content’ at which ‘$he ‘801 > Le
pieces when i‘urther rolled. Lo o

rough characterizatlon of 'bhe Soil and§= °~._,=‘Cl“
p'roups (14)

Week clnys - o
Moderatelv Lot clays —
TFat clays  -'-

Extra fat qi;ayé : F- |

(12) Atterberg, A.; Tie Plﬂstlalt&'ﬁ dexr ‘I'he Plestlclty f

Clays}, Intern. Mltteilungen _.f.‘ur &Bodenlnmde‘ vo]. e .

(15) Casugrande Ay Report ‘on-an. hlvestlgr:clon of .ithe-

Determining Atterberg's I.J.qum Pl&lS'tlc, anrl Snrm.:age

their Physicel Meaning and Practical- AApplication, . (See also ‘Gasagrande
A3 Research on tre Atterbarg ijrts 01‘ SoJ.Ts Publ;m Roads, Oct., .
1932 - Trans.) o
(14) Redlich—Terzcghiul{u.moe ' Ingenieurgeolog,ie (Engmeermg Geology)
Berlin, 1929,
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‘€. iByer oscopicity

As hasneenmen‘tione he &nt ty’oi‘wat
driven off from:a-dry ‘804l tinithe . fomm of iwater v
water) is a-'certain measure’of ithe. total mirface

particles (see pege 14'), . .

Accordingto -the.method «of :‘MitacherTich ‘th
hygroscopic water.is idried -ovor ;Phosphor-pentoxideiat u
of ‘20 degrees centigrede over:a ten percént sulphunie ‘acid:
about .96 percent .of ‘its full vepor ‘p: essure ‘until’a ‘constan
is reached. The hygroscopicity :iu’pircentio '
s0il is ‘thus determined fram the loss: sweight i “iTorcgim
mineral types ‘this method yields,good comparative ivalues ‘for ‘the -

surfaces and thus for the fineness:iof the:soil,  -In'himis
mi-cellular surface within the humus substance:is of :som
"Soil types with the same ‘hygroscopicity are:not

througkout 'in their other |physical properties®

and 14}, T S

- _ﬁ Lime ‘Conter

‘The determination:of 'the ‘content :o) : :
important .for the apprdisal ‘of ‘the-physical pro 5 30113
it serves to idontify the-soil ‘according “to iits ype
Loem and clay soils with-a:caleium content are” : Tl
(Loam marl, clay marl, -calc iwm marl, cetes). “+<In:s0ils: rinyela
calcium diminishes ‘the ‘cohesion :(particularly iAet
alkaline carbonate (and: alkal'ine hydrate) ‘increass: _

Calcium produces deflocculation  and ‘erumbliing:finiclay | 5°the
alkaline colloids strengthen’ the :salt: condition’|of itheicolleids end
lead to the stability of +the'.individual :particles.. Theimarls as:
result of ‘their crumb-1ike ‘structure .arelocscr :and more’ permoan)

than the corresponding clays”end Yoams.

“fecording itovarious: SXperi~

menters the soil erumbs atiain amagnitude of4rrom:0.01:1t0 10:03 millim- 5 -~ -

eters (the order . of magnitude:of :s11% 1to /fine meal ‘ 13
of its wide distribution 'in’nature, lime ‘carbonate ‘ the most
impertant sources of ‘¢rumb fomation. Detérmination wof ithe :conten

of calcium carbonate :is rﬂmade»-:,‘ver_yffsfimplyl‘-,ﬁi‘-,th"éa_‘:}_S_chdi_ljl‘;cr-.ifqppdszgi;tiﬁa;.
Further chemical properties .of ‘the 's0il ‘may . be ‘determined . by .chomi
cal analysis (see’later). TR e T R

(15) ‘litscherlich, ‘E(.Af.j; ‘Bodenkunio f.,:_;Ls ad -Ffﬁnd ;Eoi‘sfv‘:ir.tg..; .‘l:fv.(SOJ':_l ) j:j_i ‘

Science for .Agr. and ‘Forest Economy)., ‘Berlin, 1923, e
(16) Zunker, F.,; Tas Yerhabten ‘des Wassors 'zum Boden {The Relation
of Water to Soil), Tandhuck der ‘Bodenlehre, vol. VI, Loc. cit.,
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In ‘the ‘summary,, fignre a2'7
types of cohesjve 50113 are ziven in

Mechanlcal : analysis 3

Lime

_ “to.ithe :clay,
clay marl ﬂx}llbl‘ts s:.gnificantly 1eso cohesion b_ut hignertfrlctl
values, a 3 1 ‘
resulting

These values :anludlng.;s;':‘ Bt
for altisorbing \;ater suf_flcc in g"'

these tests the sattlemnn‘t \-:a.,‘also measmed rith 3
then the consalldatlon ulagra'n may‘also be plott@d

'rE,._:\- .,u" \
(hc.SEd upon the ‘dry Welf'ht) s’ p];otted"fin
gram, The consolidation . index:

gives the change in the v01d ratic: wrbh the mcxease m, he '*'oadinr' =
it is the reclprocal of the ‘directinr factor ! (slope ?) of the pressure-—'_- :

void ratio curve. The settlament, an -of & soil- colu:nn ot he*gh't hy,
consists of ‘the shortening, Ad# ., of. the individual- layerg, Y s R

ungexr the pressures to whieh they are.svbjected, mﬂ therefo“e

z
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N f_fz.\«//, :
if ‘the pressure in the - layer increasea
solidation coefficient, ¥, ' '

teined from mhn Ielation-,

If the load 1s remova
The coefficient of sxoan31on, S

H

. The Rerlln Experlmentvouath
ratuu shown” flrure B° fur the same test

the tlme-consollqulor dlaﬁram;
of several weeks w1th danse so1

W4

tests, then an elutrlatlon an&ly 31 méy he sufficient’:
rough estimate of the. 5011.; '

“In rlgure 30 (constractod by mledemann} sme” 11 ty fine - ...
soils (g.&ain size’less: than N mlllimeters) are plot ted ac"ordnn*ﬂ; S
their mechanical -enslyses, The upper trlangle contazns tn R
which consists pr&marlly of sand meal sand vand"“ .

for a nunber of the cohes1ve 50115 an* the cohesxon coefficients‘

are then determined so that zones can be set up wzthln Jthh”* e - frlc—
tion and cohesion coefflclents of the soil’ars alike w1th1n narrow
limits; these .are o be- extcndﬁd‘ﬂy the addltlon of further-901nt

as time permits. This representation gives a “numerical - c1a531rica-
tion of the soil types and permits an evalustion of the Tricticn

and cohesion .coefficients and thus o the shear;ng strungth or the.
basis of the mechanical ana1y31s 2loncs
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Investl'aulons ‘of permeabll Ty are arried out ppartly;in.
the reworked or - comnacted state, that is 'after ;1 crlginawl
ture of the ‘s0il ‘hes been disturbed and partly n '
In the latter case the 'semple wl “ibe
or the .core 'is placed ‘in-aglas
wall and the ‘sample fllled “with
tic cement solution treated wit
shotm in figure 51 (17).""'

value only when the veloc1ty or “the’ percalatlng ater ‘arle ;

direct pronortlon to the: gradientftnarcy’s law) is then therquo
tient of the rlow ‘through a- uniticross= secti)nal areaﬁofﬁtheﬁspi
layer and the hydraulic- gradient..)Thefansumptlon ‘that Darc y!s"ju
is valig does not hold‘w1th very permeable coarse gr 1ned 3011 .

Figure 32 shﬂws the relatlonshlp'between the
k and the v01d ratlo & for clay]sclls.

,gqeﬂflclaﬁtf

""1 I‘urther Chemmal Tests

s, '1Cas04,
K2S04, Nass04, (NL4)2304, mey cause 1n3ury‘to concreteﬂwor
conduits, deck plates or aprons, ety 17

if wateris alloved ‘ontrance. . Magne. 1um carhona es andﬂmagn°51um v
sulphate may ‘produce.a - so-called: mg ;
According to Gessner (18): -sulphatet
cement if +the hydrogen chloride” solv
of SOO in 100 -Erams of 3011 or not

Denger of the destructlon of “$he cement Bllntu vuth‘th
ECIdS 1f in 100 grams - of uOll and PCO cublc centﬁnp*ﬁ"

normal caustic potash 1s requlred for-neutrallﬂation“

Conoernlng the relatlon of the 3011 to he’, :air, tests
should ‘te made 1o detemnlne the - weatherlné propert;es,of the min- .~
erak constituents: of the 3011. ‘The. chem:cal methad for dlscoverzng
the presence of injurious -components 1n the 7ater o*_the 5011 are ;'

not within the scope of: th;s report. ‘ :

(17) Redlich — 1erzagh1-Kampe, Do 329 Loc. Clt. ,
(18) Gessner, H.; Die Ursache Dexr- Betcnzerstaruﬂg 1n.ﬂ1neral CUden "The
Causes of Concrete Deter1orat1ﬁn in Mineral Soils," Transactlons of .

the Internetional Congress for 'Soil. :Seience), washlnﬁton, 1927, no, 4.
(19) Grin, X.; Chemische ﬂlderstandsdeiakelt von ‘Beton [Re31stanﬂe

of Concrcte to Chemical Attack), Berlin, 1928, .
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The approach|to a.compr te»invest 2
in aTl ol the dlrectlons desorlbed abovo dsen

ples will only ‘b such as neccssary'

ous -s0il types: withln thexborrow;

turo, The sifting, the mixing, ‘and _ trol actl
necessary -during ‘the:constructicncof /g dam must el accomprlshe g
mass methods which are: 51mple”ano'whlch can’be carrledfoub at ‘the
construetion. site without ‘elatorat ‘épparatus. for tHis sonith
two short methoﬂs, “the ﬂvaluatlon :of ithe 5011'aoco ing “to’iits mechan
iced ‘analysis and. plasblolty 1ndex,*we“e givén-above

‘The follow.nr is an extract .re .
control placed at ‘our ‘disposal by Dy Collorlo, direct
Water Works: Company (PrQV1nce of Hanover =

the Soese Dam w1ll be descrlbed;

"The type of dam is 111ustrate flgure 6,_*The maJor
portion of the fill consists:ofl: river. ‘gravel: ofsvarlous oompo
tion; the layer on‘'the. upstream SJGe.or_the'core con31stsrof 1oam
in sloping layers. Constructlon control WRS 101

"(a) 4t the borrow pit (a dredge exca‘ ion) mnples\of "various
material were regularly: extracted ‘from excavations: An:each suratum
end ‘a quick test:by.sieving. down 1o graln smzeio”zo;mlﬂlnetor
undertaken, The ‘disposition’ito :be: mo&ek f ‘the:soil.was dete:

Trom the.results of these: analyses, sand ithe ‘constructio foreman’ and?_
the .switchman-at the dump were 1n5u1ucted~anto which‘track th rains’;
to the Trorrow pit- (dredge) shculd “he' shunted. The qulck test v}
supplemented hy.a more: thorough contrOLvlncludJng a full mechanica1
analysis, ‘ i o .

(b) Upon the 1ntroductlon of’thsjmaterlal and*bcfore nnd‘aftern,
‘it had been rammed ‘into :place swith:a ;special 0011 ‘vam “the s compnctlon j
‘Was measured-and the consolidatio 'oaltulated' Al the oonsolldation

(in percent of thne height of the . loose £I1T) iwas found - “to the suff1~.;i e

cient, thern that section .was: opened f0“‘dddlt¢onal flll, otherw1se _
it mus+ te Tuither remmed (a quick test was<made wzth 2= spec;al ‘sur-.
vey crew)., These quick tests:iwere DCCdulOH&llY dheclod -af ter “ertaln
intervals with a more “thorough - fest; in. add1*1on4 -and :at" convenlent
out carefully referenced points, a soil’ sample of . ahout one cubic
meter's volume was excavated, the hole carefully measured, and the

3H




'v01d volumc of the SOll was determine:d'

have heen uescrlhcd"thny are :no:moxrs - dlff¢0:
stTuctures, ‘they: havo ‘indecd *ertaln ‘oxternal
more usual teots. The 31gn1f;0unt-c1r“crbncc

the HLtbrlalS whcreaSrthg proportlorlng of:
“the conetruction. For. tthis rocason . tbﬂrc ‘is
90351b111tlcs for thc ordanlzntlon of thef

tinctions as-to- whcther ans 011 15 Sultablc OL unsultf“
only bo p0551blc to CutdbllSh such dlstinctlonsfufyc

Preparatlons for the measuqt'"w
goil and of thec- auzlllary strLcturLu”
as measuremcuts oI ‘the percolatlon, must
tion period ty ecmbedding rurcrcncu p01nt el
wclls and observation. gallcrlos in'vthe . concfute ﬂoru of +he dum,
ty intreducing pressurc cella 1nto thc 1ntor10r or thc structun.

Sub51dcncc of thc foundutlon ‘as. d rouult of thc 1oad of*the _
dam and sctitloment .in- the dum ltuGlL may bc mc""urcd by pla c1ng lateg
at various hoights which are ‘ritted with wortical’shifis- ruachlng R0

the surface. ‘For protoctiorn aguinst the settlement of the: ovorlylng'*"?~

strata the .shaft . should Te surrounded: wlth casings, The.pouk: oL ithe
staff carrics ‘en clcvation markwwhich ds -obscrved with o lovel., The
obscrvations should bo begun-as soon:as possidblc-during: the econstruc—
fion:of the dom -and shouwld be corricd out continuously. For partis

of thc dem which arc subjccted to artifizicl compuction by means of
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The : dynamlc 5011‘:.1:931;5 ‘A
Professo.k Her'hwi.s; (El)

their stren,_,th and denalty mth h
~'1ala cOIlul tcd of aand a.nd e-ravcl

method of nois: ..uru'"du.tormlnahon'may be: arjplicabl
{22); in addition- or ‘coursc to tho eytructltm ofs

.4) uOll 'Prcssurcs

Ir order to m&.sum 'l:he comp*-ess:.vc l‘orce~‘
of thc dum cnd the.strains “in the teorc: swall cauwd ny or
and water pr c=s..u_r., PTS ssmu ccﬂls, o:[‘ mnlch ’rharo 'ar
are .required, Do e T :

B

R

(2Q) LaliYex, A., ‘Laszent mimb und’ ders,n Varne.L L \(‘?1=su..
-and 'its.}’.revent ion), Wassnnur*'scl'af.., 1927, ip.DEN
(21) Bertwig, A.; Die dynamische Bodenunte sunhungen ('The- ])yqaznlc

Soil Tests), lauingenieur , 1951, p. 457 et rseq. ‘
(22) ¢orz, 4.; Uher ein Traboa;es Gerat- Zul'~EJ.EKtI‘15f‘h-‘31" restmmnr‘.."’
der .doaenfeun""sr:.l:elt im:Felde (\.-01’1(‘3'"1'1]-11{2 & Portable srparatus for
Eleetrically Determining the Soil Moisture din- the T m;.d, ’ Inte:'n. .
Mitt, f. Bodenkimie, 14/535, 1924, '




It has proved difficult to‘mnhp uch ‘rpssur.fcells qufhu
ficiently rugped to resist the irou ‘experienze @y
ing the constr uctlon of the dam.}

Under oonsiderably ‘more favorabl‘ :
filled dam, pressure cells- inst&lled hy 0. Schnefe'm b j
cipal piers of the Nlederfanh lift ‘Joclks “he e ‘ieldad nood result
(H. Maihak Company -Hamburg)* ¢ The: prin01plo uno i
uremernt is rased is asg: follows- A steel s e
is dependent upon the tenaion unde"t&iNn A ls stroﬁcbed £.3
a particular tore; this’ Ppitchi changen when | the-distance? ot B
anchorage points of thke wire -—'thnt is etwear p01nts'1n he'p"esw
sure zell oxr 'in the atructura - 1B 1engtncne€
Tibration by means of arn: 9¢eo+ro-ma“net.;i
pitch is made fdth ‘a tGLenhonv - ;

The i“m of Wueas-s eglitz SR prcssure ‘eoll A the cex—
perimental stages-desigred for . 1vvestlgat1n,fthnfprQSSLre dlstrlhuf‘
ticn in £11ls and=in Toundatic ‘ b
in diemever end avolt four ecent Ltnrs high; Ca;1150 @ horseshoe‘j
shaped magrnot with'a: sofu‘lror nore on th@_lngido of
is opposite ‘to and sepu: ted'ny A’ very :ax i‘w clearancc
iren plate which is rigidly atiached to #ac Ouner'faue.
in distarce of the face: plates produce"“a change dnes

tion of “tke magnet whose magnitude is" measured Wlth an'auuranr
cornection ani 4% 1nu1cat1ve of'*hp orcusu*nv

T e ‘ ..‘-‘H

* wEin reucs akustlaches‘mcusvc*“ah-an usw*"
ing Method), Wassecrikrar+ U asse:rzvtaﬂhaft
also translatior’ ir possc551cn ‘of ‘Mr. Lan
(23‘ cr., bfo*frer A., rln neuer‘ 50




The report ta}'esupfirstthevarious “typos (0T ‘6 da
cross-scctions, ‘in order to:showiwhat functions ‘the wariou rparts:nf

the dam serve and to iindiceto #he points-of “Wiew-according o i
the so0il should he tes ted:with reforence to “the- purp‘c‘?lsps_fjvvrliic‘h;_;%they
are intended to serve. The presentation is illustrated with numer
ous cross-sections of r.econtly constructed:Gorman.

4 portion .of the'report i devoted to-a “treatment:of “the
paturc of the soil from thetpoint.o wviewiofl ;801 -8cience and of ‘its
relation to water; and' provides a: clarification of ‘concopts ‘ol ‘the:

physical properties of the i.?;s‘oiljjjjj‘mpqr.:t‘anfa*_ “in:conatrv

Likowisc extensively discussed arc tho estingimethods
appurtonent to earth construction ‘and ‘to the rpréliminary exploration’
and construction of the ‘dam with dué roferenca to stho many ‘putlica—’
tions on the suhject. | .The mothods ‘discussedishow that Jitiie today
entircly possible in most ‘casos’ ‘to-detormine iwith complete -eortainty

whether a soil is suitable.as.a.construction matorial Tor:an arth .

dam, and to:prediet its;propar.ﬁiQS.'-i

A vory-approciavle disadvantage rof “thesc {{tc\Sﬁi’ng iijrieiﬁl_jdﬁs

is the long time rcquimdj,-I‘cr_;-'th;’éiij'::cbmp]..b_‘cibn."f.’,‘_'ﬁEd.‘Lﬁ':ith‘p;:qumc' t.
testing during the construction.of ‘a+dam; thorefore, methods mugt
te devised which will permit ‘the 'soil sproperties ‘ros Himportantifor
the foregoing purpose to ‘te.determined with suffic ient quickne’ss’:

and accuracy. Along with a more thoroughiinvestigation.in ‘the la

oratory, simple determinations must’be made at ‘thecomstruction
Site; both should serve “to.check and ‘supslement each iothorn. ' Close
¢o-operation and a Teguler exchangesof observations:.on fhe ‘tehavior:
of the soili must ke sought tetween ldboratory and ;constructioncrens,

From a knowledge ‘of -this ‘fact ‘the ‘Prussian Ress arch Insti-

tute for Hydraulic and Marine ‘Censtruction {(as-has’also been Tecog- :
nized for an even longer ‘time _:»in‘xth’e‘";~Hydra‘u.f_i_ji_c‘jj-D‘epaI"..ftms__n__’r.-;417';5;*,,31}(&':}_07:.

technic al Experimemts) ‘has provided in its’ soilimeckanice department, -

space in which engineers-actively engaged JAn.construction may el
acquainted with its soil ‘testing methods ‘and ‘where they may obtuin

an insight into the tehavior of soiis, .and -the ‘necessar :profieiency -

b perform tests at the construction site. ‘Furthex, ‘the experiment
station hias collahorated with the latoratories it construction.sites
in furnishing them with suitable apparatus for-soil *testing.

i Finilly, the experiment station tegs that it be notified
of all slides vhich may occur, setilement phenomena, cvte,, and that
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”he report takes up iirsv tha various?typas ‘af searih _
eross-scctions, in ‘order to show what functlons thasvariouslp sfo
the dam serve and to indicato thc ‘poirnts’ of view: accordzng $o. vhlch&
the soil showld- ho tested: witb rcforenco to'tle ou ¥
are intended to sarves The proséntation is illus
ous “TOSE-SCCtlonS of X c;ntly constructa Goim

A‘pqrticn ofcthe report”isﬁdcvotédﬁto
nature of the soil ‘from -the- ‘point ol iviowrol rsoilisc
relation to water; and orovidos: d clar;ficatlon cf:concopys )
physical oropcrtles of ‘the 3011 important 1n constructlon

Likow1se ertun51v01y dlscuSaudj re the
appurtenant to earth constiuction: awd to: tba prellmina“y explo“aﬁlony
and construction of. the dam with due rnferenco to:itho many . publlca—“
tions on tho subject. 'The met thods dlSPuEJOd -show ithat:. it"_' ' F
entircly possible in most: CaS8Cs to aotcrminc Vlth comploteicartuinty‘
whether a scil is suivetlc 'as &° constructlon matc 1al Foran: carth i
dam, and to prediet its: oropartlus. Sy

4 verylappreciable dlsadvantagc of thase tcétzng mothods

is the Zong time required Tor thoir comnlculon.-‘

testing during the construct tion cof a: dan,stherofore, ethods’ mugt

be devised which” rl;l'oerml he 50111 roporties mwost lmportunt‘for
the foregoing purpose to ‘he determlned zitn quT1c1;ft quickness

and accuruey. Along with a: more thorough 1nvestigatlon dAnthela
oratory, simple determinations mustibe made at’ the’ consb?uctlcn i
site; both should serve ‘to- chcck and: supulcment eaché thor.
¢o-operation and.a regular e cchange. of; ‘observations on’ “the ‘pohiy

of the soil must te: sought beuveen 1gboratcry and corstructlun c‘er.

From a knowledge of thls Iact the Pru sian Researnh_lnstl
tute for Hydraulic and Marine: Cunstructlon (asfbas alsobeen ‘Tedog-
nized for an even :longer time in ‘the: deraulicgnﬁaartmert’for Hydro-
technical Zxps rlmenus) has provided “in- its: soil'&ecLan1C° aepa“tmenu, ,
space in whiech -engineers actively: engaged “in . oon*trLctlon may ihes o
acquainted with its soil testing: methods. and vwhere they'may obtgln .:‘
an insight into the Lkehavior of soils, ‘ani the necessary - prﬂlchency
to perform tests at the construction: sites’ fu:ther, ‘the experiment -
staticn -has collzborated ‘with: the Claroratorics at construction- 51tcg
in furnishing them with suitable appardtus ‘for. 5011 tcutlnﬁ.

¢ Finally, the experiment station Legs that 1t be’ not*fled
of all slices which may ocecur, settlement phenamena, ‘eic,, and that
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any drawings. which may bn mado of,
the station for inSﬁoction.a”

Thoory ‘and : practlco ‘mugt hor ‘as oLl as, in g0 manyuotho
teehnical fields, expend:and ‘bear. Lruit’ dn: mnn' dirbctions, '
in this wuy can prosrcss b uchievcd._,
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- S Earth ﬁes*stance)

Terzeghi -~

Vageler -

Schucht -~

Mitscherlicht - =5odenkundeffu rLand: und orstw1rte (Sa;l_
‘ Sclencehfron uhCAEblﬂt of Vlew of Anrlcul-
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‘ Julius Sarlrgcr “Vienna and Boﬁdln, 1929.1.-;

(12) Ehrenterg, P. - Bodenkolloide *(Soil 001101ds)‘Tneodore:anﬁln;J
lopl, Dresden and Leipzig, 19223 coms wc also
Iva 3. Mullis, Illustirations of Frost and
¢ Phenomana, Publie Roazds, vol. .9, no. 4,
1930, Rauingenieur, 1930, nu. 44.




Threnberg, J. = ffGrundlabcn-derkBe eghnung vc»‘Stauihmmen

Grawvell -

(17) Hertwig -

Contral Lund Olflcc of: Lowcr SllGSla,~
Harz Wutor Work Co., Ost rodc a.‘H. :

Anprccin tion is also. c39rosscd fcr tkeucp-on ratlon Lf,Pru551an Exoor;
ment Station for River. ini Marlnu Coustructlon-‘eThg ‘head “ef: thc ‘Earth .
Construction Icpartment, Scnicr Enginccr). I.,Ehlcnbcrgrrand Eng:nuur E
Geologist Dr. Ticdemann:arc partlculurly«to bc thankcd for i
ble assistance in pr.oarlng thls report.

The sources Tor Pq;t,IIIcqremgLVCnéinffootﬁgtcs.” 




