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tnac IT .urv .imr. UTS 15 b forc th: tc ;t. fTpble DO

(I1) Corirrrtvvo yyj'-r mcrsur- iK.nts mnde rftcr the trl-

gxX~°l t 7t IX), It -p- -r e thrtthey orecTi ffere nt
to1 OIclle another, but of ror or less th- s-nc order of r-c-
nltude.

ft -dy conditions nd thorn- driv d from th< t st Virrulr-fini*
tV. dl iturl id conditionof en ncfr trl xInl test the vn:

in 1«11 X - | mrly t-vt 11: 1 4 occurring’ un-
der th disturbed conditions c- u-ed ty the lo ding splndl-
rdvsnc ir ¢ It? >t'K- t ¢ ¢ 11,1 gr «tcr th-n ven tr moxlI-
rum vslu of 1. -Vo r * -uroiat "ny time under steady cell
condlt lor. m

In trying to t u! wmth c us aof the: *xoerlmental ob-
s rvfitlon;-. it *n c- y to x rln- mo? clos .ly the factors
vif.-.ct Ir.f 1 nd vcri- ti no in tr ret of 1 ek'-re from the

tot colli

for- ¢ ¢« (- nt 'l - tr * x* t-st, it-.-dy conditions
exist in tht. t- itc 1 , condltin -to maintain'd only by
theset Ion of the n-rt’cul roh"ml r pressure s. 1 cted for the
creased prior to >02'ti >nV;-: t-.test .esero) in ordr to reduce

age under th r r-t $§ ¢ 11 wm-ndtt tens 1 Indiest d by the leak-

dl Into th- te.it cill r suitin «n Inc- : chnmbr orcssur-

which cus*i mt' r: 1c !> fluid 'lo* out 0? ?n- test. : .» a
[

ly how-v r th' vrlimt c' th ¢t o.m ' r MWC 3x° 1,

due to th- ccr-r ;v I- !rp, whichresults In - ‘cn -n

th ch mb?r :r» -ir r-d i. -nc t n: no f<n e 'ewe - 1 ! _

Fbov

point Shera”h® L ," W
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th test ¢ 11, m» <h 1 <k- m surcd -ft r this tost to
b difi -r "yi r V u-tvcm'sur r nti, but copsrently of
the sr- r",r " (n; 's— th- lonkrr,. men?ur immedirtcly

nt lon 4 ir (11) >:

Purth-ir, X -how - c'l-arly fchnt the value of 1 -kpge de-
¢ mti*-- i f'-'c t,u -t """ *n v py c¢"?0 g* thrn <ven the
'nl nft r thist it. h ron !r cl -rly that div'ln th< tost
en Incr ' 1r fof 1 "' r nit mdm tcth  Incr-.-.nsi 1 ch'sn-
>r pr- ; ’lir c-u« 1by t-/> «lv nm of th loading spindle. Th«
feet thPt the Mol =« ' T -ur nts aftrp th tr lexV-1test
g merrily shew*ttl , arr r» n' with th- r -surere nt carried out
b*for( th tr «x!e 1 f t,ldue toth< formertwo measurements

Hone , it is l:uxo 1 r th t th test which it wr% hoped
11 t<it,¥v r not on -p - p nt tlon, * ? it did net cater for
th-ph ncr-non of nin’* 1 r i« : andth n Incr ¢n-j chamber

pressure duo to doer oac e*n i Inore se in Sfrole volur-' r -nec-
tiv* ly.

Hot v ", r-1t M n lm mr : L m? let rmin *nr th< r te
of 1, akngt unde” th tlofcur: 1 ¢ 1l conditions of an actual test
has thus'net t vn solv 1 y th inforr tion obt itn d from the

I- «.keg r- lsurer nt t - chrri- out, it 1s n vertheless
roe ifcl< , ejJa r it <* o *r oinr discussion , toobta in I-
bettc r understanding of th * 1 which is lively "o cnat
mor reliable itI-' tlon ofth r-tof leskng during 'nactuai
t st b- lon th m r tm t ' be in m

The m In conela Ions from th above discuss lons ar 'v t$§

(1) aa long <" tr r ia' flew of fluid !oto *v t TUmc- ..

(which ii indie*-- 1by =« lu mov " nt in th- car AR
thfiPF 1? a Drossir«< ifici ncy In th- t-3t .. g -g
Irm- ii'.t- ly r» r tm it-rt 1 h '
th rate of I-+.’(ago from tv t .t .
sulting”from ol /A ly*efnr”'tl® mln'd*n *
is observed in som« oas<  thl...... 1 effect which was ful-

ward portion of the curvr comm nc
b

ly discussed In Section ¢ -
Ht.noe, It Is considered that subsequent to the rat- of

loakage A
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lef<rr" Ixastinr un-J r |7 rdy ¢ 11 conditions Immediately be-
fore th ster, ot - "'St, rnto of lerkeee vr-rlts aporoxlmete.
ly pccor
F\r. \1
X
:4- f
i
mssvimcd

etrct hi mt ;VI Vilu. ,

Time

In this dlegr m, r r pr a nts th* r.-nsur »d vr-lu* of the
ret- of 1 hkf-»f 'inmr 7¢ -dy ¢ 11 --nlltlrna im -dirf ei
test, whll-: o"r >r.s :nts t- r: -r-ir- d valu< of th e r'-1i <1.*%*

soon rs the t mt comm nc a r> re *n a pr<acurr "f

P)
o,
X)
th.. rein Slue VoV: menfc
......... — c . S
D fl. ;t >'r. c>arv Ir pc
t <t D. When th.
some it. ¥mum vrl., »» w SUhags.t in (oreseure <x-
- L] L] A
Fge which is the vrlu m' un ] , A nM-3n messurm-
somewhet less then th
nents, sorr wh t pr
"xisting Imer dirt 1. - --- ,
possibly us r presented : AMorm
) . curve ABODE,showrf], it
,1,0roxXi-w(>n vy ygiue of t
was d« cldt.d to eseumt that th Snl]l V conditions before te
rote of /<ekt ¢ wunder ftt toA il th( turning point in
(ordinate at a) , remains oonsy . ' lg reached (which is
the M-in Slug 1 ove nt nttD-. fl1 ¢ . nnd then & assume that j
Mivwn puxn v wa.vi: */- e a'nr, fformlv to the value me' eury

In



Jpscs where “or ; ta-n on vrlu wg obt-in- 1 forth rate of leak-
Pgr .-fter te:v '3C symhi IX)# th rv xIlnuTi v-lue WPS used, eg it
is considere d th*t this v-lu wouldbe. clog® to th r-ctuel mr-xi-
jrum vplue 1r ' o 1 rt th vnd of th t-' *t, whichis r orosented

ty th ordin'te m I

The: nbov  proce h;r v- e« followed in -11 calculations rela-
tino to the it * rrlnetior of Inst- nt-n ous vlu s of S mple Dila-
tion (6v/v) r.nd Poirson*' R-tlo (pi) . Although the rjsuits ob-
tained in this w*y may not h-v b n strictly accurate, it is con-
sidered thrt they r r suffici ntly accurate for th purposes re-
quirv ", a in dctu* 1 fact., t v proportion of slug mov- ment du' to
leakeg. only In th-ov rail n <uur d v lue of slur movement due
to th thru combin<d effects 1is sm”ll (see calculation sheets.
Section e.5 ). Hmnet , -n rror in th v lue of slug movement due
to leakag only, docs not caus r serious 'rror in the value of
S-">pl< DIl tion or K’ n' rtlo.

How v r, in ord.r to demonstrat this f'ct, the calculation
of Pcisson’s tie for th [ -lect :d of ee-ch str .ss:str- in
curve ws c-rrl d out, urinf both th mnesur- d value of leakage
under the stc dy c¢ 11 conditions xisting b fori test, -s well as
th' (maximum) m ?rur< d v-lu of 1--k g wunder the steady cell con-

significant differ nc* in th' V™ lu' of usel obtained (see Section
2-3) Th values of u el hr red on th* value of th< rate of leakage
under st rdy c¢ 1l conditions S5mr- !t ly b for t t, -re ccn i-
derad to b mor r 11-bl , >s the actual r t of | v eg. luring
test ov r th Sel ct d Rang* corresponds closer to this value”
th*n th. on r 1 tin to conditions at th end of the ¢ -e-. ----
reason for this is thrt th Scl=etcd Rang of thr. stress irtre.n
curve alw ys fells within th-t range of thr 'e«in 3-ug vover- n.:
Deflection curv which is to the 1*¥ft of its turr n* t *n » *]**

the range ov r w.!lch th r is - pressure del ic.ency .a -i - -u
cell. Th r for , th "ctu-1 r-t- ofle-k-g over the Selected
Range ir in -ch c* - v lu  whic :c lower -n'n .n *

sured under the steady cell conditions Immediately < cr
start of the t st.

8.3 Tim Eff ctaduring T st

was merely to com; io0

moZTnl s/llnuterbe”% d on, with

(ii) either the ncnin* 1 or c-11br-td rste”of” r1Q,3 ( Inché6g/

out the duration of a t st.
/0 i ». tho rate of leakagt

. . . r? &r»
loading spindle into the t st cell (see Apr
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nov. tent VI.U."Ph In rTr t - t-r-im th- tehtvd" rlur - vecr:nt In

milllm> tr -+  1- v l'es 0 n.y I th test sampl “nly ver rnv
If th.i ret,. .? w®r:In ur’n" t sc rcme.ins constmnt, this

orocedur ’ m In or i’r. low v r, 1 e<k”r-; frotr th. test cell Is

In the first Inst nc : no nt on tl- . H-nc , with the - thod

ilscussv 1 'bovf, thlr t rr.in- tl n rr-y b< r rlously tr error if

while th- d- tt.rrlri*-1 ion of r t of aluf movement due to 1- r-k(

strain which is consld ¥ i to b const nt throughout the test,
the ectir-1 r°te of itr- in dur'm o rt of the t st b< considereblyv
lower than th v-lu wus <. Tn r "-on for this Is that, the
lower th r-t of str in, th gr it r is thi1 nroportion of actual
slug, movement in tol m- only in & 1 surid vr/iw of toVl
slug movement iv to thethr u combin d ff cts, the values of
slug movement du to spindle ntry and sf-mrl velum change only
being ini p. no -nt of tin.

dnec , it w mrc ? my to X-r s: r1l mersuited ratesof

slug movement (v. t r th y b in units of mill ire- tr s/rinut- or
millimetres/ iivis- >n d- f1 ction) , s *ctu* I slug movements In
millimetres ov r the rert lculsr r* n* of ?trrin considered.

For slug itoven nta me sur 1 in rllllmetr VirLnut it was thus
necessary to det -rmir tact). 1 tI" interval corresponding

to th- particular rrre of "tr" fn con liered, Tn ord 'r to obtain

continuous tire recordings dur're t t r ntioned in ctlon ".S.

In ¢ ses wt - continuous tin r<cordings d-uring test were

wrs there fort pose Ibl t v-luet S rpl< Dilation (oV/V) r-nu
Polsson’e R«-1to (ii) for rcf. Incr mr In strain (working fr-on tne
3sme starting point -ch tin - usu lly the cor” ct d ft"t o.

t

'

In case wt r continuou tim r- corlings during test h-d
not bi n ink in, ( r r rkr In th*r r spect .n S c.ion m '*

Viu of Iml DIl f-ti > nd foi * nn" R«tio ccr" --ronai -
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nov®ent vlu-'S In rd r t d t,r-In thr "Cturl slug - vor nt In
,11ttimtr 3 di; t v lur c'i'n.:,.-rf th; t'rt srmnl -nly ver rnv

If chv n't- wul ?2t.v !n lur’ng t 2t rvmr Ins const-nt this
oroced'.f’ in or ijr. How-v r, 1l¥k"g fron th test ccll Is
In the first Inst nc, 1 n no nt ontip . Hence, with the m.-thod
liscuss- 1 *box , this mt rnlr tin n-y h <« rlousl? In nror if
while thi d nt.rrInrtion of rel ofslug movement due to lenkt mre
only (in ;’ tc (& . it.. d& *»cton) b< brsc-d on some rr-te of
strain which Is consid re i to t const nt throughout th test
the actir 1 r*t< of sir-in dur’n- or-rt of the test b considerably
lower than th v 1 :e¢us 1. Th- r <-on for this 1- that, the
lower th r-t- of strain, tho -r -t r Is the proportion’cf actual
slu movement dv >to lc fag only in th  m asured vrluc of total
slug mov ment du to the thr.o combIn d off its, the values of
slug movement du to soindl ntry end srnmpl volume change only
being ind oend it of tlr

H-net , it V' 3 n-c« ery» t xpr- re rll r. asured r-tes of
slug movement (wh th-r they be in units of milllinetres/minute or
millim tres/di\ ir' *n defl ctlon), *s -ctu- I slug mov- ments in
millimetres over th- prrtlcule" r ug of strrin considered.

For slug movements nersur d in Riilllmetr- s/minute it ws thus

necessary to deforrire tv ctu 1 him interval ccrr .sconding

to th particular r-: if tr In con=I3"-red, Tn order to obtain
an rctu-1 slu" rover nt in r wlir tr-> . Hcnee also, the need for
continuous tlr- re cordings luring t t r ntioned in ctlon ".5.

In <s'"s wh » continuous tir r-.corrings during test ware
taken, th* actual tir int rval corresponding to mny p rticuTar
r- nr - of str« in could 1 d!r™* 'thy obtein- d. In th & c-s-. s it
was there for* posrIbl to v-luete S role flirti n (6//V)rnd
Poisson'r Ratio (u) for each incr- *s: in strain (working from -he

srme starting point 'ch 11" - wusu lly the correct d st-rt*of
th str* " sstr in curv r or viously ilscuss. 1 in S ¢t n *'*
rnd sc to obtain curv of Irstrnt-n wus earrrl- fii 11 "r,:-:tr f

(6V/V if.) rnd instant- n ou e+ Poisson ’s R-tio : Strrir »-uw - /-
In csos wl r continuous tim r- cordings during tst ha:
not b‘ n tab r, (r r nark ® In thic r sp* ¢t >n Secti r * * |
this was not posslbL , ani it was only possible to ..etermine t..c
v-lu of Samol* Dilation and Pols on’a Ratio correspondink .o
on'bl v n tl 3t rminati -n , it w-s necessary to cstl%’ L _

in ord r to obt- in the tine 1int rvn! co-"mee-'n n et’. t

could b r<d*, 1i; discuss- 1in th - 1°w ap mlm
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T>ELE XI

AVERAGE REDUCTION
R,T1 OF STRAIN h.TF OF STRAIN [N RATE: OF -

Test
DURING TEST VR
No. NOMINAL C.LIBRATED(=n) OVER SELECTED ngIﬂI)JECTED REMARKS
. . ) R,NCE (=1
inch/r.in. inch/min. Inch/min. r,lljfc (nt/e)
1 0.002:C 0.00: 55: 0.000933 55D Selected
’ Ran - for each
3 O.COff- 0.0e '!4 0.0Cfe-0 . 31 A, test includ s
6 0.00256 0.002500 0,000903 3C.2 the pronounced
0.01250  0.01 : time-lag ef-
4 ' ' c.004000 31.2, fects soon af-
*>/_.wj”: tsr test com-

r nc ment.

It wp9 PIso obr rv d th t th'. Selected n,nge for e*ch of the
four teste Hot 1 rhov , Includ d th rrn-"-' ov r which th< oro-
!

the c°s- of th two t ite durln which continuous tine recordings
hrd not b n trk n (1 its : .2 °nd f), th- strain et which the
pronounc d tlr -lr- ffectr com. nc I hed b( n noted down during
the or! Inrl t .it obs rvrtlons, end h nc ’f& wra known thet thelr
Selectf ? RRn< r (rr chos i), 1 o Ir-'lua- these effects.

It therefor sc mad r esonw»bl-- t conclude thet aoproxlmete-
ly the srmv r ductlon in ret of t n h*d occurred over their
respective 3 loct i Rrn i, m w« lovnd to bo the c”se with

r ductlon in rrt of 4trt *n v their S looted Rnngc-s ci 30.9
(cr-lecul'-I< d with r-"* ¢t t *h cl'br't .d rat ofstrain in er.c.-.
css ) with v ryllttl vri't on amon-' individual vvlues, it w s

decid- d to fdoot r vol.; of33Ih of the calibr? ted r- tc of strain,
or, when- this w-s not vt 1l bl e simply $7>%8 of th nominal rate
of str'In, r” the actual rat- of strr'n during test ov-"r tne
Selected R-nr for the two t sts cmcerned.

6.4 ini 11-1 Volurv of t 't ram-tl 3

Und- r this heading, ' cl nr definition is in the first in-

' Bjza&kr.rs.rs:asrwz: Vor

lidatlon process be d nc A2*

that r:L1lr %y

sliding .



TitELE XI

ARGE REOLCTIION

RTE O STRAN R TE G SIKIN! |N nATECE

Test OLRNG TSI SIaiNORR
No. NOMINAL CALIBRITTHIX=) OBER SHECED RS
= ECIED
' ‘ . h.TGF (=b) RANGE(=53 )
inch/min. Inch/min. inch/min. of rc nt
1

1 c.cor EC f-.0C 5 0.000S33 30.5. EaereCtefgr coch
3 0.0021" o.oCc2: #“u 0.000909 31. test Includes
6 0.00256  0.002500 0.000903 36.2 tt?;g_rlosr;ouenfc_ed
A 0.01250 0.01 "= 0.004000

fects soon af-
ter test com-

* N\
-S89 nencfment.

It n ;lso obr rv d tb t the Selected Rrnge for eech of the
four teste listed rbov , includdth« rsn-e over which the oro-
nounc" i tlr -I" * ff -ctsc ourre(discussed In S ctlon 7.7). In
the c*s of th two t its durln which continuous timerecordings
h-d not V .m trk n (Ists No.2 “nd 5), th- strain atwhich the
pronounc d time-1"r1 iff, cts conrr need had been noted down during
the or1 'nnl t at ob? rvAtions, und h nc-- it vrs known thet their

It therefor r 1r v'-neil to conclude that approximate-
ly th srmt reduction in rat of strc in had occurred over their
resoectivc S.looted Rang 1, as wns found to bo the c- aec with
Teste ho. 1,3,4 end 6. As t lattor tests had shown en average
reduction in rat of #Zrein ov rtheir S lected 'rng s G 3 >9
(calcul«t d wit-, r- 'occt to th- libr"ted rat., of strain in es.ca

case) with verv littl v-"t'tion amono individual values. It w«s
ted rate o a re n,

or, wheri this wfy not available, simply 333w of the nominal re t
of strain, ‘“a the actual rat- of strain during test over the
Selected Ran *« for thtwo t sts concerned.

6.4 In:tl'l Volur; oft at s-mola

(11) th  subs qu- nt chrnr. In this J',nlUto,t0Drelshosr

lidation process be dt noted -o*

th,t tithtr»t 'sj;? ™ * ,Aciolr:lrtM  tloned



A )
cutting cylinder o thin ley r OF r401]S«VU.’ l‘:hat/o which war pre-
viously in contact with the inside f{"C6 of the cutting cvlindor
is loosened from th t st sample end 13 lost. Therefore" the fi-
ne! sr.mnlfi diarmter Is clI fitly less then the actual Inside dia-
meter of he cvl' tij |; tj.nder and henc* , the final sanrole volume

is slightly less than f u Int rnal volum, of the cutting cylinder.

Regarding item. (11): Th consolidation orocess in the triax-
ir.l test cell which t st s.mol 9 -v subjected to during the pre-
shear condition, la + 3'dimensional effect. As yet, the change
in volume of toctt ml durin - t is typo of consolidation oro-
cess can only be evaluat' d with difficulty for the case of satu-
rated samples, but cannot bo evaluated in the case of partially
saturated senroles such as is the case with the teat samples
being considered.

Thus. as both the quantities cone mod cannot be readily
evaluated (if if nil) , It is n cessary to consider what arbitrary
reduction in the Internal volume of the cutting cylinder should
be allowed in order to obtain the initial volume of e test sam-
ple. Further, as th same cutting cylinder was used throughout
for trimming the test samples, it will “lso be assumed that the
initial volume of oil t at sauries was the same throughout.

Th< internal Urnmslons of th cutting cylinder were 1&"dla.
x 3”length, thus glvin: a volume of 8 6 9 cub.cm. Assuming that
on removal from the cutting cylinder a sanrole is yé&linch short in
diameter, i.e. only 1764 inches in diameter, its volume would ba
85.09 cub.cm., thus < rc iuction of 1.80 cc. As regards the addi-
tional decrease in volum- dm to th mconsolidation process during
the pro-shear condition, it is consid r d that this reduction,
as eff cted by thr chrml ir oressures used viz. 10lc/sq.in.,
201b/sq. in. and 301b/sq.ln., could not have been appreciable,
since, from the norm'l 1-dimensional consolidation test w;ich was

conducted (S ction 7.5), the test soil was found to fairly
heavily or* consolidnf 3 (oc aoprox. 8Ton/sq.ft. -"“see rig.lb;,
with !'n undisturt - 3 compression in lex vsiu ven ¥

mined.

''5. Cleui'tion of Pols-on lle ‘1at 1P

vorking from the correct, d start
effects Ignored).

sons! dared:

(1) Determination of the time alepsed over the range considered.

(i1) Determination



(r1)
(r11)

(iv)

(v)

(v 1)

(vii)

end,

- 129 -

Detlerrrln Won o' th, slug movment (In mm.) due to lenkcre
only«

petorrln- tlon of th slur mov, - nt (In mm.) dueto entry of
tr- -n-m ' vn: nl 0 "hl t<st cell - usingthe reto of
slue mov “nt du. to rolndle entry deterrtnod «s shown In
Aor nd:x y , I t 1.

Determination of the slug mov - nt (In mm.) dueto change
in volurr of th tv.t s-mnh only, by combining (11) end
(IIT) '"bov v !femth = nsur d total slug mov-ment duo to
the thr. o oomb*nem vff cts during test,

Determination of the change In volume of the test sample
(<iv) in units of 10“ cub.cm. —using th* value of the cross-
sectional area of the capillary tube employed during the
test series which was determined es shown in Appendix V ,
Item 1.

Calculation of th Sampl- Dilation (jv/V) - using the ini-
tial voluir- of t at sampl s as !t.Occ. According to the
discussion in Section 8.4.

Calculation of Poison's Ratio based on equation 7.5 and

using the rul vatt aelu of Young's Modulus (i.e. either
the particular instentan ous or Fsel value) as well as the
relevant chang in d vl tor stress value.

Mor ' specific ally, how ver, th first calculations appearing

for each test, dve! with the various steps in the following

ord r:

p»* *t rngt « Determination of data relevant to the Selected Range

. 'mg's Modulus
(Egel) ; th - change in deflection (strain; the nett
slug move” ;nt lu- to the tlirec combined effects; and
the- tir tlrns id ov r the Selected Range.

Second p<r :1It- -is (i) to (vi) 1inclusive, as detailed above.
Third orgo; Item (vii) above.

Tun follow th calculations for * As previously discussed
For the rosuits of-n th. , csleuUtlons.jlt
ih-iso! curves nr- pra nt- i in enclc 1 , below the relevant

The ,/
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,houirh™ ev=r;nL mn"t6d:t6ned ebcut the e*<Iw l.tlon.

An nrro* ebovn flruren rnletlng to slug movement should be
;» mjrprete 1 In eccord-.nee Ith the manning given at the head of

JgJle X, Cvton .t. ~-nthe cn e of the calculations oertein-
ing to el, ucri W been omitted, and Instead, alge-
brsle signs have be n 1| ieerted In front of these figures. These
algebraic si ;na merely serve to Indicate how the figures have
been combined in determining the slug movement due to change in
volume ci t* * o earn'd o only (Item (iv) on the orevious oage),
and were arrived at as follows:

(a) Slugmovement due to leakage from the test cell is
from right tc 1- ft in the capillary tube - denoted <—

(b) Slugmovement duo to entry of the loading soindle
Into the test coll la from left to righVin the
capillary tube - aenoted =»

(¢) Slug movemint duo to th combined effects of leakage,

splndl - ntry and sample volume change, is from right
to left generally (i.e. ovo" the main rortion of the
oln Slug Movement : Deflection curve), and is
ionoted < in these casos.

Thus, numerically: (b) + (¢) - (a) = M say,

gives thf slug rovemenl duo to change in volume of the test sam-
ple only.

In crses where the slug movement (c¢) above is from left to
right (ouch as sometimes he nans at the start oi tests), the rc-
levant figure for iter, (c) has been given a negative si’n.

A nosltiv, value for M lenotes that the slug movement due
to chan-, in volume of the tost sample only is from right to
left in the capillary tut , i.e., the sample has experienced a

accordance with the sign convention adopted as discu.”d
Section 7.1.



7))
7))

d3 gWnn



IS

15

is

3

If

"

If U

fEjt;

tfi






FT*

RO

t
1 . C "
T
r4 AV
O A
-J to
a O
ot. o»
r-) r4
x
Q
.
V)
K)
tf Itp
i
rt
.
?i; (EL{
-t to
1 1
*V
o "¢
[+
o S
o o
iO ]
to r-
v ot
*0 cv
¥
O )
) i0
0 p>
0
1 1
0 (§]
0 a
ve o
°C
mnimm

134

.o:\P

*
d

- OK OR&

c!

J46 7

tf)

06
o> 1

«
v

H B .08

f4

to

X
i)

1w
-3

el

Rig

%

20

<

@

Je

978

C«

=]

o 30

c°0 . Q,*30

".‘1,@;61

%o

W

a -
5»

-
Q

o

*

R°

-
PR NS

J

e =+

og°

©

to

T

~+TO O
&

* %

-

n dyl

t%

to

to

O
tt

(o)

07

<. 88

)

to

id

) %
[
1 IQ] hl%
-t r;
ERLE
to to
.
‘Y to
T
i B
4
Cti t<o
I
b Xy
0 0.
a w
o
to. to}I<
to to
to W
cC to
to
o 1
1
FN ¢
#
O ¢
AM:



Bud

N
<

>
nji S A
i v
A\ /\R/\
E
o
>4
(X
3
ft
tv
<

to
-t
f-1

<0

AS2 OF

==

t'

<u

tc
to

t-

tf
ft

% gmES

> v

ey <

L% 2RO

=

SR

CcO
it.
tv

v>
rt

tv

Rif"

ft

«0

05
ts

»¥e

—-

c»

3»

4

a»

22

r-i

to
0
r-t

«n

P
v

£0

to

N

~*

SRR

to

r<

-1
tt,

_. m‘m# ép

<

r-4
S)

Ll
=Re

—_—

tfj
tO
e

b 4G <2

op.® &O

1
o

*0
to
05

to
'1

<o
0
«0

in
tv

-0

tv
«r

te

* o im*

*«

'O
ofi

>

& n

10

«
if1

1 X%%

ft
*0

<0

sC

to
tt
ff-

500 &

NI

fr,
@
£% T %
y'. I
(o] 7 to
—4 (0%
tO uv
«r & ?
% 4 *
X T
N » Rre*
% o
10 nr
. 4 4
B0 S
cx
9 5
t to to e
® 7
4 4
e st
N -
A% 4K
ft ft
SO & R <
H e
to 0)
N to
®Q
to *r
&S 50 K
t
cv
g V=
()
c ;O o
1K
*5 (@)
UJ o m
[ ] [J L[]
K = «
to K

K if}



136 -

G.

@ . D1

*a iS 8

V)
«r

i

lilll

0s &
w
174 B
S> ¥
! —
¢g¢€ 79

un &
OF La

Qa1

:Q



O B3

]

»*

O OB

=

r-

© =& z°

< ROO<

T °P

I
*

Tee

ok

Hg;ﬁ}

<»

4

=] o)

»'t

*
V

Qz®

el

- (¢]
’J-r

0z06

of*
a>

1;.2]3
¢
C

A (i,l o 8
t 0 I g%
i S r4} X- ® 90
. ' [ l;b.> tp
A 0;0 O:0
A
it to f
FoLn Qe
t- . OF
%i/ oV oIV &V =
t1.0 \CSI) 0 24— ® 8
to 0 Ol A\ '0
0 ib Az t <’:
S f#
H : %9 t &R w
M o o M <
J 4 & r-» r <
© Borl H » <
1
° o> WO
IQ IQb‘l f- tV‘
ft ft Vi C w
L
%) t t ' w
e D1% 5
< . o
«I 1 1 1 1
%) 2 9 .
el & L Qi
o o Q <Jo

5@

'
—

H

G 36D

vl

r-

to
Ci



oo

ok

u>

9

l’* 1r—t
. €
.t o
(o] r
rt
. T
\"
<0
k T
G’V <
]\f; : n
10 '3
r. O.
D .
tv 1<
'C IC

b

1-1-rriTT-I'T Tilem

oit:‘* (o]

o SOw=

oV
=

o

<

¥

oWn

10

O 4A°

tv

'f
to

1%i
-0

01 i
MBi

B -

i

I ! <

R 00

@& Ui r

tJ

t



-t
p L ]
%k
ot
i
oo 1
m 14 .
»*
BfllP .
>N

r 7 *T
. NO 1
idie
' 4 o[ -Ir-te fuf
¢ . tm' ::m
I 111
..... o *1 t-
e
1 Nom Rote oP Strain - o
67°0//17
U)»0.33%
'm -/
e ~3/95%
41
t - ’
'of 7ryni* rvir
, s tii- £ oy
S el v %
Cmei*i"l"
|
i,-*"-'-t
5 e 1= .‘};ﬁ " M-
' * ]
> d
41.1 h
t 4.4.44 tk
I1 ’ -4 TS M)
Covi FIG
. t'" vH
=R I Oy
20 B 'S B IV B (K }],11 LE 41!
A oA Ki*.

Wipsoh

i 4] 1 (%('#

r( LrmH!:"

.. Lg‘ « I;‘-« ' *-I:J.fﬁj

f

e »fi'k,] *A4R

< -h i4-

f!
h



0/,

3% w6% &S

°cs oW

an

°0

V- u'J
tv o>
&1 ¢
[o) «P
1.
ft
. .
2
L] L]
to tv
rt
1
G
t
o tQ
n
* *
to K
#
to
1
"t
£t
K i o
10 mn
t5 tv
. *
oG x>
j

ove to

G (o]
r, O
@ u
f* V.

° L]
O
C

+

)

r fe

c
c*

tp
cu

38..%

*

8

o

o

==
N

co0

to
06
to

<0

<<

140

. tf, H)
« i0
Cf at

# 0
ft ft
d3
> o/ |

. Nl
to
v W
*

. #
C

dl
*
@D
%o

4 %
<4 <
4 *

4r
<r
}"*
r-4 r4
0 mi
3 =<
tr v
(@]
ft v
1 1
af I
mtr AL
<« s
<< ft
G *0
m

% ; ft

. *
ft
ft ft

md ¥
(0]
u) 8
10
r4 H
th r
4 #
J
C,.
o 9
Kl o

o

i

@O

to
ot

ft

Ok <37
A>

k%

ft

tv

«r

ft

«

to
10

«a
i*

/3-

O %

°3

ft

Si
to

—»o@

<<

O o =~ O/

a2
'?

XI

t
oi

*61

f*

Qs @

to
to
dt

tv

<6

u)

r-4
«

r-t

¥

i Xj

01

*a
*0

tp

ft

Vi
cv

u>

I'w

»
ft

r-

=]

cv
» <

«#

<@

iljh



ob* &k

Ll S

I$ A :

10

-»

f4

Do

Bow Ve
Ne

44

—

p=j

.— @

ca

r4
tv

t"

& B

<

0

R

o

o

o O

ol &y ©
oo g )
yiog -m— o



O 10,
tti  w
< la
M _
90
uj a.
(0

T KS
<(«2-0.

e PN

. *
ito
S to
r-t
T tr
to
4
t*
D>
P,
Q »
. 8
r+
to
1
4
-4 to
fiy I «
f

- 142 -
v , YO Wi
————— f
a
to |V t
0' . 3
) #4-
t‘g) 1%
4-4
£ Uy
2 1?3 ,§>*
& 4

Nv EO
[o2]
[o°2]

Y%

0 to ;@ o Q %
to tc T r &'
-4 44 14 r-* 4 r-i
tr \Y% 'f XK
<t #4 44 i m44
to O* to u A\
p4 H 44 4
C. - H*t
@ ;10 o a 0 %
moog M s,
«r
i v o * £
44  4» 44 r*
1 1 1 1 .
e 4* 4.
W 04 to -
0 #PA) $ -T 2 6
. » . * #»
g <k {€o CJ M
8§ $ B8 S 8 8
r* C» 3 .
[ ] L] L] L] .
. - - v
y iH r-f )
t- t' » @O {I ﬁ:) g
£ ©
h *0 o to 0
e > b 8
e ; !

s 1 3 °[°,§.

to

vl



1"

)

kv

COo

or

t*

«;)
»

<l 0

T-

«r

=g
6Qo

05

r-

I«

tfi
tc

iti

t”

ts

tv

BT

Ir-
11
r-t

t-

O

O . LA

*0

S»

v

05

* .

C H
ifj

2

9 M

oo

Hi

tfj

%
X

<«

<00

fl

to

~=

>«

r-t

K?



«wm RuU of £4rom*“ D0D256

irymin.
626 Wsq n
6-0 764
1-82%
Sr 6JA%

of Intjer »ruy

STRAH fffwron )

* KE 0 .V 4y e Foe

eoLims'oR

em ':"f <f1
3 B ! o 11vVIo1

I T it 510 i
1;41U Fil



qlrsdt,j LI

& -i-i-

14b -

® I®

B

»rr -

ft
«0
ft

! Ot

<o

Lt [

vg
K)

to at
I 7

to
Cl

to

K)
7>

it
! a

It

[ =4

<l

n

o'

%

r-4 ft ft ; ft

N

Zuo Z2Ee
g 1+
I8P o £+
v T+

*0

m»u,m. = ¥

iffJ

>E88 o
[)

hupulc R

=&Y a2

- 0z
kH@.ﬂ
Ty

\%
ft
te
ft

ft

\Y
ft

tf

ft
o
ft

t1l



QtCA_.c (5]

t0

2

So<T O

o 58 o

22

coes o

M
»
to

to
i-
a
VC
O

Frol o
. 2 o
AN

Tn
S
¥R * o
mvwm °
>0 o
==1o ©

<0
o

O

Ifj L

*e
M

=X

P

W e

*r
: <»
c-
t>

TO @
03
>
a»
to
a M oM

i}
ve
to
1)

1

u
C
-
Kﬂ-
*r

C-

T5
*

tv

a

j D! O
TO
cn
r-1

QT 1
gt=tv 27
.+ 512
o 5% L1
4 Qe
STHL
svig R
-

7))

«

10

5

)
2
a 10

-1
‘-
ol

a N~

' . e
Com o cstd ©

L]
ef o 25 S
: = SKl# o

' *® — =
oo © oCL =
—
P S o~ o557 o
o © - o & o

0O 2 =vo



- 164 -
CHAPTER IQ
CCNCLil 3IQN3

In conclusion. It Is n ¢ ?ury to return ¢n ,

new U*o of th Information vhloh hoe core to h«nd

which tend to r<usiur thi ¢ nt ntlon th t the Mastic theorv
csn be applied to soils. ‘ A

Firstly, th* vtlu< .1 of Pol tson’s R*tlo obtained from the
t sts conducts i, v r< four 1 by uslnp formult based on clastic

p* mnd psol) f*11 within t)lr'.ng* ofv lu s ; oplylng to homo-

cussed in Chi ot r 3 Th v Ilu rtin : rIso f111 Into line

with those ar*: Ij trr to r * #1-: ith r thn met' : , sucha con-
th lestic theory hi st $n vol! 1 with p.. esonftI¥ success.

Thrt valut ¢ of pfiasor © o"'!' *r ;C of 0,6 vr not obtain-

ed Is due to th fact that In ell ¢ s i st eamol s showed a
t-crease In volume With! n t> > ext nt oth- linear range of the
5

m nts of th*- cl *’tic t¥t (< s feu s ; * 1 ct! > 3.2). Had
tain d, it would hnv# = rv 1 tr g nu cation th t a scl.
behaves m r* in ¢ non-elastic mennr ndt: « mnplicat’on of the
With regard to th f< it t* tth curves of Instantaneous
show, d (rt cnecttv- ly) t1 t t> 1 Pol ion"s cFtlo end doung’s

ttr in curv« as in record’tc with th r gu'” y I, "
tic theory (si Chi nt r P) : The cr, of the ; "“r.rt.ens hit -

already b< ;n fully 11scuz- 1i: In th cf of =@ 0x ‘ai.

tlo and Young’s Todulur within tho «xt me

theory to soils.

sts, roci nt r suite of actuei Pr % h,, th theory of
omparlson with th. r* suits of cp.lcu." *on* Jtlon th’t the
l1°stic Ity, lend incr- -sin e¢vidonCv = « | Ix comparison
'f measured and calculated vert I-v-1 & <% ,n3%i1.d surface
uniform layer of sandy dry os ' r*:'u‘® L ,Dpii I prv’surea
,r‘sauros , showed wWry good agreen, o I orOduced by re *

'arc of a transient typ< similar to t..3

traffic .veveeennnnn. /Z
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It on th ref > b conclud d thr.t tlthough soilr do not

comply r 6-m eri *P 't #>h tht r .auir monts of the r.iPq
tic theory, th r la v r-Incrcalnr «vld,ance to atrenpt®nn th/
bell'f thrth th- rycm r pol'. 1to s”li, with r*mom'bl*
confld no mndp a'bly Inll eras f lending, orovldod (recor-
ding to th "35-ni e ' n Ir tim €.] ) the indue.d stresses rre
low comer d to th s r qu’- dt produe feUur: i.e. provided
the indue d tr ss s r - n ibly within the 1 .stlc range of
loading.

With r grd * P 1 n’s Hrtie therefore , It cm be conclu-
ded t-.-t c '"''orlr r *i; * 1 m tie c¢ nc pt and its meaning
is sold r cm 1 *r d th r than in » lation to the elastic state,
it r:r ly nt r ' " rkth r thrn in conn c”'on with ap-
ply 'r.- * ]l " c h r lie. Furth,more, v.h.n this is
the esc, P-!a n’+« R 11lcm rly nt .r in 3-dimenaional problems
of str cm mri me-aln,Inc it w s shown in Chapter 4 that the
elastic ¢ not rt n t fr ct th str ss distribution in 2-
in .r 1 1 . -1 no ! 1 or blerr crn r- suit fro.n
any typ f mutr 1 1 p 'nt 1 in; or finite m m loading,
such -3 - ri11n," wh 1 1 ad du to rril or rord truffle or 1
structural Vun "' * in f of rectangular, squar? or
ci“cul r f tin . vV vV T, « war print d out in Section 4.4, »n
the C" f er T tr'ej n in 3-dir nslonol problems, Pols*
son I Rml1l nTy no r - In th <xnr ssims for cert"in of the
str.: comp nt-,th v rt'c 1nrr 1 stress 6z which is most
fr :qu r.'l "1 rk, « um ft' *ct i by it.
mum So r Str (r.x) In 3-dir-ns' n<1 cas is Iso ™ “cted
by Polrsonl R-'lo v e he nin Chrpt r 6. Jt, fr -- -V
car?' f - Vrt'el nini 1 -d,P 1: scr.’: Ratio was in general
found t m flr > nficmt-f<v ct be lew n cert* in oompfirt.v-i,
ahull =« 1 t!- th 11, th tr ’ distribut ion (»rarx/ ba-
low such d- th - nt ri usly rff ct 1 by = npl-. t. . anbd ¢
viu t tw nz r-n! f ( ! .14). Furth r:sore, on t.k
of din,*, whto " oc *1My f nrlmv Inner' nc- t Hk

s nr
ding v lu f o x.

As f r en tr - die-w*rIbut fon .n s1;11 1 .v.-1lv not of ve-

ccrn d. It "pn -rnth t P I*" tie) settlement of
Br ot ' nif’c nc . Th jm* d < d b7 variation in
Iound- ti ns n nils 1 ,h wwr, more ' -ew (j' . n2) in the
the v .u f pis n 1l kti , :Inc Ih'" ' ;rnrrlv loaded rec-
equatirn 4.11 for th s ttit m nt ol * unit , OPSo of the
tangul-r eer -, (fect r which <1 ol: _nfr 3ami-infinite
M3cpr "si n for t ttl mnat "f th ' ; c¢.%q 376), varies
solid du t 'v rt'¢'-l p int Ic d - * " *2’ro and 0.5, =n0

betw n o.-5 and unit., fr p varying bvt® / tl:n ~f 25< in the
i1s therefore 1labl tr c”us a maximum V

Immediate "/
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imo'dintc ,«ttU»nt v.X« obf ‘ned. Yet, this ,»,»,,» ,
street
only of
As ' result of the llscu !sinn3
lowing conclusi nr ¢ n / m Ir*'vn A fol-
gon* Retl- 1r I -ol«1 In POU-
following Inform.- tlor Is -n' tint! fr' ol &' nter 9% ’
() D.S.I.R. fin itn
(1) For m 'Ilty cloy t n moisture content f Imete-
ly 20/ (rl-'stic limit) , p = 0.45 o anproximete
(I1) r th rr" 11 ‘ot moisturt c-nf nt of S§fF, n=0.25.
(I11) N" V1’ «f r sendr = ro given, but the view wps 0X-
nruso d th' * tn v Hi + f n for sends were b-'l-'w
th n fr cl ve
(b) Find In by th .S. An Corps f Engineers:

content near the op-

indicate that

(1) For <1 an cl y st mr * tun
tinum p = 0,50.
(H) For o dry, "rlv fin , -nifcrm s*nd, p = 0.30.
(111) Results fi) =nd (11) in this case also
p vilv < for smds are bel -w th s

(¢) FindIn,- fr t> 1 - rat

for clays.

ry work discussed in this re-
w isture content of 1~2i»,

that Poisson’s Ratio is

ie., accrr-

Hence, it *s

prt: F ¢ r sil', gano rt ¢
From th ab v d @ it is thus clear
depend nt n m 1 tur ¢ nt- nt In Il typos of soils,
Furth rm r , it la clear th» t in the case of partially saturated
soils, p v-lu 2 * r mnd-- -r te1 'vthose for cloys.
sugg :ted th t th. P Iss -Vs Rat ; :Degree of Saturation rclatlon-
D r of S-turatl "n (Sp)
A
100* 0

0.5
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CHAPTER 9

P.I*CUoSIO:' _0F TEST RESULT?

t’on sheets as the aver* of th values for th< range over which
Ui can b< cons' )er i to constant. This r«nge of vslues hes in
each case been mark. 1 on th< celculotion sheets by e verticel line

alongside th< r levant <igur* ?, which extends between arrow heads'
demarcating the llrttr of th* r mg'

The curves shov ci, *”ly tn*t the rang*l of strain over which
Hi, is constant, io- not <Lvieyc fall fully within chat range of
strain correspot if ng to th* linear rang- of the «ress: strain
curve. In three out of four ir >anccs (Figs.49,5C and 51), the
bulk of th- range of *tr; in over which p\| is constant falls out-

Purtherr.or< , befor-, c¢sm *nr.--- nt of this range of strain, /t< de-
to th*: n . ectiv- (cor t.) v’ in *h r glon of 0.14 - 0.24,

strain curv< . Subs- iu<nt to lhe >i<(const.) r8nSf'» Pt again steadi-
ly increesr min value .

Regarding te D> t* r orlnt*“ mention d, th« ir causes can be
explained by considering again tquation 7.5 from which Poisson's

1=NL" T e 76

sr, more accurst ly, _ f v E ] 91

L T "N T s
cut Young’s Modulus (E) o e
il 6v 664 J 1

oo V= 11 - VTT& fd]J
L0 & #O .
cn the » mn.” d value ol cv ( . . <= . ct, d bv any peak-
1'St sample durin t st) ent It Onn ' |1 would seem to be pos-

shancd variation In Young's Modulus ( ) % '
sible from equation 7.5.

Further, with reg-.r I to the ! “hows that values of Pt
the curve , th so" equation " * value of Sv used »s
AL i1 th::
onty which was used for the ° flm 1 . “ing movement duv to

bl( deflect'on (l.e. strain), and hwncc,



In the err, of p-t "lly rrturrtc i soils therefore *

the informnticn givn =« :v. ve,v r, rn occasion theri mev 81 =0
b, ov, rrldlnr ¢ r-t or. ,urh -- %h-n th'.. cond'tlnn of ¢
soil mess ns o who] tr < ° ':moi end It become.-’ mee-aspryto
ndopt a prrtlcul— v 1" of Pclascn's R”tln (such rs in the rn,e

of the 'VoatorL......... | qu' e ns), in ordr to obtain r result in
close fgre rncnt wit h actual ¢ ndlti ns.

Finally, it jh'uld wmr 'nv e itr as-d thefc in ell cpgesthe

concept of Poisaon’n Hrtic It: soils only her erational meaning

when viewed In rvV-t' n t 11 conditions which ¢m be conslde-
tic Ity is oppllcel k. Such roll conditions therefore constitute
th nly hurtifl o - nwhich th nign’flernc- of Poisson’s

Ratio in the d. trr.n* '’ u fstr is nd settlement in soils can
on any occasion b« v nsiiered.



Of ctv. In eft'ect, thir m enr thnt If tbn ,,

tin 1 t0° InA [ |

ror * ' 'S e ] °  Pbbe of 1 "k'ige could cause a slcni-
and t $ju> 1oV nt *uc to sa:lolu volume change Increases in
relat . n to th 11 % "ov mtlw to le*l<ag' 1 an eper*or In the rate

of I<ekagt I'S continuallylost significant affect'on the value*
of dV and fit, ofct 1: d. On ’- curve of p :c¢ this is manlf- sted
by steadily doer asinr pi vrlu- ¢ uhtil the >it( const) range Is ob-
tained. It is tier for cons ller<; th»t th values of >it(ccmt.)
ere the ror* r<lint 1 -n /111 therefore be u-ed.

"tth rre"rd to th fnt thatp” £r in increases in v luc- sub-
sequent to th (const.) i*inr , It wli1 be noted that this subse-
quent incr rse in valut occurs simultaneously with the turning
point in th - in flug " v -+ of :D< fleet < n curv f& ing approached,
renon of sample x m i m on anorcachlnr failure conditions (see

(relative to th erix*r 1 sempl volur< V) ant, as can be sen

from co i- tier 9, , ! tt ¢c uc ol t auk cuent increasing ve-
in*3 Of p/,.

How v-r, th< f ct th t th< (const.) r ing which preced-s the
rang of incr es’ng v lu +, >xtends outslie tr - liritr of te-
Ilnorr r-n-- of t). o*r< s* sst r< in curv ,isconsider- i to o JI*
to inclusion of  s-mpl* volur- chi-ng duetoconsolidation <1 - "

&

13

as a r suit of th* on; llcm? "nn of the devIator rtr< «? vd r,n—- r”’s
slbly only becom of significant effect near and beyond rhe cna

of the lin nr ronr - 1 prior to th commencement the pheno-
menon of sample *xo-mien on 9oprcaching fa >ure con

u
irenc* s from th. -nd of tl- lin- ar rang ', is >11tJm
indicative of th*. inclusion of consol i let -on can" DOSS ibly

the linear r- nr of th< rtr< m'!'str it. *1

As those consolidation effects r- r s 'included in sample

ring strain (so*. Ch-pt<r 2), ”“hoy canno thf, purposes of
volume changes dui to clast city vt their inclusion is
calculating Polsson's Ratio. i'h; s otherwise hove been
to cause a larger valu< of dV then Vou . q .3 1is therefore

the r.or.nrdlnr to equation me |,
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APPENDIX 1

possible Air br- lc Sim- of the Moduli of F.lnstioltv
““TTndJl

(e) Young's Modulus (E):
y Hook. > L w(Chapt r 2), E =™ _ .. (8)

Sine , If S Is +v , 6. Is rsscnttally +ve,
rnd if $Sis. -v- £ is ( sscr llally -v. ,

Ther for' , E Is rlways positive.

(b) Modulus of Rigidity (G):
Frorr bf-sic st” ngtb of Materials (R f.8,p.55),

D ettt e a et sttt ettt (b)
Sine , if 3s*vw, X is saontlelly +ve,
and if T is-ve,i is essentially -ve,

Therefor Gis ml’v ;/s positive .

(¢) Bulk Modulus fK):
Fror quation 3.2 : For fluid pressure conditions

vh n el = 6 say .
At 38 (<)
nnd >'discuss J if (a) above:
;f ¢ in 4v Els +ve, therefore in (c) :A i? ve when
6 1 -rve,
and if 6 -ve, 6 is -v , th<r<fore In (c¢):Ais -vo when
O1S eV -

Honee, in tquutton 3.4: K= 6A

If A is +vec when * Is *ve, then is *’r.
and ifA ir -v when # is -v , tm n/A s*

Th r fori K Is always positive.
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Tho,". v-lu, s shorn r- '"r. ~r. nt with those obtained
by Rf? srch wor, -r' of 1'- I.;. I.'I, # Ro*d Rczer“ch Leborrtor”

'n-situ rt saw rent ' n<i< of lh- ir/ioh-nlc- 1 properties of -oil

It was four i tbnt ?0. r-onl R; *’0 for silty clay with a liquid
limit of 50 . v man”roxlmstcly 0.45 <t a moisture cont nt quite
son *1 Rrtio w? 0.1 o* [ r ! tur*»nt-nt, thur indicating r

cl ye vrli iil1.1 3V 0.4? *1 so bkdindicated. No data
ere a - y<r «w il' bi fcr - nds, 1it J opinion was exorusaed (23)
t ottt w1 111 t el t.h fr clays,

InforiTati r. ot't i from t u Dir ctor, wst<rweys Experiment
$t- **m, r .s. Army '-rr f me'r ,Vic burs, Missis ’ippi,'29

Their work h? «t @ lit' ¢l 1 nt comparing calcﬁla.ti.ons. by the

theory of -last icity r1t> th inival nt soil measurements. For
a l-an dry -is t moisture contort near the ootimum, a Poisncn’s

fin: , uniform -and, r v¥*lu of 0.1 was 'ndic<t' 3, v/h!ce thus ve-
rif’ s th« odIt *n > tv D.S.I.R., work- -- that the Poisson's
Ratio VM lu..3 for sends art t low then- for clays.

menticm d, thf vslue of PcIsf >nfs Rat *ofor a silty clay drops

'nd 0.239 for - cilty sand et 1 - 2 moisture content would

to partit lly ratur*-1<. d roil condition-.

content valuer, with ttv r* lsvant v -<"

(Sr) o



APPENDIX II

However, reference will be mnde tc pares in Timoshenko's *Theorv\f
Elasticity (Ref.3) wherein the derlvrtlrns ere outlined in full

It is important to oclnt cut thnt Timoshenko uses the seme notetion
ps used by Love end other masters of the elastic theory in th"t

p issonfs Ratio is denoted by the Gr ek letter » (Nu), whereas in
this report Poisson's Ratio is In pH cases denoted by u. However,
since Lame's elastic constants which apnear in Element's ppp”r ere’
denoted byA-nd p, Poisson's Ratio will 1q this Appendix only be
denoted by ~ , tr 'v id confusion in the work to follow. ‘Turther-
more, the unit volumetric strain or Dilation which throughout this
rep rt is denoted by * , is denoted by 6 in Timoshenko's book as
well as in Flnm-nt's paper. Therefore the Dilation also will in
this Appendix only be dtnoted by the symbol €

The first set <f basic relationships which are involved in
Flamant's work art th se given by Timoshei.k''(3) in his equations
(2) ,p.7, viz., th t if with respect to a set of three mutually per-
pendicular axes OX.0OY “nd OZ the small displacements of particles
rf a deformed b dy b< r s lv d int comn-'nents XL, <O, and 4u*>paral-
lel to these r spectlve cc rdlnatc axes, then:

(1) th' lin ar strain ¢ mmn n nts 6 rre expr- ssiblc by:

< 77 by = I = |JIr e (a)

rnd (ii) the shear strain components k pro expressible by:

R (b)

xz' yz

The second a t of basic relationships which are 1"? Ived arc
th”so giv n by Tim shenk®°(3) in his equavons (11),0. , - S
the stresses and strains in n 3-dimonsi 'nrl system:

)X = X( 2p(x ©)
6y — X
6z = Xc
wh r in: . |
(i) A and U ar< Lame fs elastic c ng tents v3 giv -n by:
= UL (d)
A= (14 1) (i-2r)
E (d)
end - G

T*—phear stri ss
where E * Y ungls Modulus \ i: shear strain
V= Frisson's Rati
G - Mod tlua of Rigidity

(I1) e Is the unit volumetric str Ir. > given bj

(f)

k +U *f” . tlenl to equotlons 3.5 en-i

Fr.m equntlon (o) ob,ve. » should be noted th-..

T =/-m X
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(Sr) "longed' . trow th, i-t- pr, d it ri

thet no conciurion ¢ n b, dr,wn tr th- nff c¢-li r, how ver,
tent or Dcg- of -burnt'on on th' 3* moisture oon-
tent Is too r-rll to how u: nny slrnlr, moisture con-
found ty th; Rond R« r,r,.) i-, r’tcr- " "r N rs thet
.-{@10 , It ; nv wi ! w >r/ ! i1f th low -r t-+ v~ 1Id r*"'o

end chrrb.-r nresaur- th » "h- In't! 1 volun, Lecr. -se”of

feet 1 -‘m  aim o " n ¢ "ir r t "o. 1'-v<r ntlv
outweighed the off:t c¢f tlev. -r vol.: rr-tlo end resulted in
a lerr- r voluri &r 2 « - i " ]-sr ten ncv fry - trolure in-
cr -e»» th»n if th-¢c o < : <t %.. . ft ;t of - lower
void Pf-tio 't tl S'r- ch' r r.-T ur 1 cle <«rlv Indicated in
the ccs- of If "1 's. 5 A 1. In h ¢ =< o: * ;0. v with
both low void retic md chs”trtr or*, sur: , th* oh nonenon of
semple expansion sui eee to r 1in* ' 1compression to the
extent of yicl ling -rr le volu-* in xce ofItsrV =i

$
decrease in volur to thnt corr rvon.:in; to an In:r esc in
volur , w i r. **:ly -sfftct I

The effect of verV-tior. in ch'.mbep pressure a* # constrnt
r't of itr «in, or tr >Mr tr n. 'h otee *n< i, ¢ tly pr -

ber pressures for th- twe rc t cttv- r t- s cf str in » T
nt an;lo of frletlor (f ) shown in T .i<(XV) 1 v column

*Pt slightly 1liff - -it for t tw r -t of ;itrrIn, ¢ dMer
rate of str''n ! 1 'r fmh’oh -r v *1u- of »¥pre" of '-ry

friction and th low r v lu of eoh slon. Inoivldu* 1 -y-
cirel for t cf of & f r " r of 'tr 'n, f - e
tor with t r 1 vent ohr ruotur 1 1 . <on in th ce? vy
the low r r t of etrr 1'. Pr ” the * Itov.m ! 'c.' (

date pr .,nt- 'in T 1 XVL !t w'l3 t- v. !

prossur- end rat of tr In probably hev< no . ilu .i*
-"isir, thin ohonon non.

The effect f both v ri'ti n ir ¢;jT" rf’ Vtr- in -t R oon-
tfnt r- te of str- in rnd v r1"tl ;r :n re u ' "tho VPiutn of

tf nt ch*mb' r pr .ssur « (I ' >Xv -r,! o1

Young’s /
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NUMBER

30

20

20

30

mTABLF yi[|
INITIAL INITIAL
MOISTURE  DEGREE
CONTENT OF
(0] SATURATION
Sr
pence-ft errant
2 290 6 64
1620 624
1750 642
1660 627
0 656 2 42
03*6 193
0764
O7(4
0 702 00429

- 160

POISSONS

RATIO

/* Set

0 1401

01390

01425

0 <429

02099

01367

RATIO

p01SSO6
RATIO

01*1

01793

0 <46*t

02372

0 333

DETAILS of

M*07%%

GitV - M348t «
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NUMBER

JABLT Xy

NOMINAL G MINAL SHEAR CmSIOI\KCI
RATE AND YOUNGS' ,
CHAMBER A A POISSONS' pojissons'
oF .~1ct,on
PRESSURE STRENOTH ax»oitm : MODULUS RATIO
STRAIN OF RATIO
S
SHEAR Ex/ Zw " \(iunihvn)
mehta/mm M~j in Ib/6” STRENGTH H
000256 50 89 6
C 8163 0 1367 01535
000256
20 653 7697
4 0,390 0 1793
=3 0'06
0 00256 10 60 6
8125 0 <429 01464
00125
30 102 0 C 7750 0 140%
CC9 ln
00125 20 83 9 9567 02099 0 2372
= 31* 42
0 0125 10 53 0 7212 o 1425
M
INITIAL
YOUNGS'
CHAMBER RATE VOID
STRENGTH MODULUS
RATIO
E % C
b B -b..Vj hi prrxgnt
69 6 863
0 695
102 0
1620
20
f 0 713
20 0 0125 9567 ©0es
0 702
60 6 1680

I 750
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rcge SF [ ]

julk: (E: 1), :t - rotnbl , ('iso A f/AfounE's \'o-
W IS % 1. c¢c,«1 ss&s A Sehs
for - ¢ cvac. Prom th i'-t-, horn. !t ¢ n cl “riy be “en t'hnt
the dIff r- nc « In 3h-r Ctr-nfth n:1 Younp's Yodului viu'/'cn
1 mt fo- v "" " ' r- n-'iy i th- r rn, ct'v' v-lu-' of'
Init ' I voi : r-t'o n: initi'l not irf. content. In the ca-e o
(53 = o011 B B . =% (63 =1Clt./sq.tn.), the higher

Young’f rodulur- v lu occur tog th< « with the low”r moisture con-
tent velu , whil In th *a f th« Sheur Strength values for

the sen-t atn 1" , *h hi hr She r Str-nrth v«lu< occurs together
with th 1¢c r void - t' v lu-. \|f@m- th- high r value of mois-
ture content and voi ratio occur rImultanoously In any one of n
r Ir of t-its, th r iu>1n In tvt] r Strength and Young's
5tr ngth *ni Youn ' o!lulu r- ff :r 1 by the Initial moisture
cont nt nd in*t’ " v 1 rt! of thi r -p] Icing toted, with
void r'ton v‘r e p-rf le.l r f or, dh. nr Sir ngth and raois-
mir cont nt - rt'o- r ff ¢t n Youn; *¢ Modulus.

high r moisture conten* 1 .ccompanl-. 1 by the lower void ”"ri10 in
the ¢ 3 of t N ."- c -vrs<iy int. ¢ @ e2 I Aelk

the t 'twith th 1 wr v 'ir tlo has th hlgner Sruvar i.r ng_..ﬁ,
end th t- t with th- 1 v r mol tnr< ¢ nt nt has the high- r value

of Youn* 3 "-'-lulus. It I thu not nect sssrily the higher r=v-
of strain which 1- ds to the ni h r Shi nr Str ngth, as vcu;d .r-
pear to b th err by com “rim th<Shear str ngth vaw f - r
th-i t st nrir "o, ;en: No. 1& 4, c"1 1 J kN
o-ir No . t =~ -hov v hi h r vt-hv of :-rr’ s*"nf °

lew r r-t -f ~tr In.

relatlv- ly lower -nd hirh- r tr ngth tn. 'e*y . 7~ 1ot nd above
these t st"., 1-"din.- to tv "oor the “tost group
the r.'ohr env- Ion r so?ct ‘v ’y. In * ,! ‘ agreement and
Nos. 2, 4 - "'t voi :r ' ! r *1E

hence gnv o b tt r fit on th oh.r wveiot

The everrg voiir 111 for th< ; AL crh, tvSt group Nos.2,

O731 comp'r;d vith n v r o (. 3s of th'.
4 * 5, Hence, th- hl ;h<-" nv r strenf e Mohr enve-
f-'tt r test group end *hu the st ot v In apparent angle

i0P® In this cos- , 1 "d!n to th*
°- friction (o.) betwo n th txO tis f1
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An effect which h<i not bec-n

streint it th n' of r -no] dur'np t-t the re-
Inf IP I tnc ETII , th' £ -~ 7~ 1" 4 *17% 1o d_
TAIL!  XVII
TE>T — AVERAGE POISSONS' POIS30KS*
re-e TEST RATIO AT 10
TP"PKPAT:3E
¢ Asel >v(consv. j
| » © C.13L7 0.1535
2 21 0.14 1 -
4 ) 0.20 J C. 572
5 24.C 0.1425 -
3 0.1 7% 0.1733
6 20.7 0.1423 0.14C4
It is ¢l nr thrt no cc'd isl n cf-n b ir wn - to th oosfibl *

effect of tv prrticul'r t >t #* retor on the values 'f Pols-
sor.1? Rrilo :t r~in 1.



whence equetions

7x5

presstrne for
In Chr-)t r 4

- 170 -

(b) -b v c¢c-n rig' be v/rltten:

Tx:z =N JTxzz Tyz - ji WZ e (2)
tb stresses »x, Hz .,,d Tv which In the n-tetl-n u«",
f this ronnrt, me the stresses rild> " n '

DC6C 1467 Bef.12,

disciecernents

surface f the

tended line 1

a -

Hence, brs d

tiv By =4

(ill) Ez=|f

Now by equati

U v

FI rent firstly :bt Ins the exoreLl'nsf'r the
A f »ny ¢ int (x,y,z) bel v, the hm”~zmtnl

s-mi-InfInitr solid subjected to rn infinitelv ex-

-""nj of p per unit l.nrth. These me given ss: '
L T me ten X—ﬁ
£ iv \ a +u z/
A+l
2 Tfp ()g'c+z‘ >4 lg V x 4z~

n equ 11 ns ( ):

X AM-K xS *¥A A (M X
X
5,
Z WAz - hB- /1
2 XN +z- (X +z:) A+p 1z Xx"zghi
JL.

P (x2+z2)z - 2X2, - -ztx-tzg)
2if p (x"+z?)

P z(x#+z2)(1 _/*p) - 2x"3
217 p (x?+z2'
P
2%" p A+p x~+z" (x2+zz2 )

=0 A t
I(x *r L* +*m{-!l.<&z*rfa *
(x2+z2 ) " 27{
3s? oo — kSn.
27T p  x™+?/ (x'HiC'
rre+#3).27.- —
Sirj, L (4_;_;E{\;'Z/f J
A+ P

p xfxf+zS) (2-X£ti )-22z?

277 p (xf+2%)°
= 2 1Ip y i
SV ¢ +4N + £,

n (f): ¢ * y X g



Xtp x:
?
Tip {xz*+z2/yx+f] i
F z JL.
il p \ x'-%7,2 XH

A+2%)

X2 +zZ2 ) m

T
ffx
Pence , by eqvei1 >ns (c)
(i) ¢ X = Ae »:2ph
= A" *eJ-LJ-L _
#(Atp) x "tz INpiA*p X3 +z2  (x2%22)2)
J X z :— Az L oxf%
1 Atp x- *22 A At+p X2%%2 T (x2%*22)2
21 X'z
1
te. #  (x2+z2) (1)
P z +2p 2 f A z /%Z3..J
ff(A>p) x: +z- 2Tjp'A+p x2+z2  (x"-kz2) J
L F 2?7
2P (2)
' R (x2+?22)°
F r the calculation of the She»r Stress Ty (le.txt). the e9UctlCn
% = is. + #®P iv firstly us<d (equation (:))
°xz dz 0X
a - -— [ xz(x~+2') = 94T rre t'n z (
2 Wp 1 A
&, = L J&xf>zE,-l.xtxy(-1)(x2«Er "2t " 7 27y (1A
2 #p
r + M-
2ATp X2 22 (x2+z2 F "
( - A
2m) 1T x2+W "' wpl"
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g - e, (xi'zS)-1+ 12a

) B log 12 (x2 +22)'qj
0% =
0 dx ST
I 2az'\.
2 Tlp (x2 +z") AN \Y% +2 N

Further, b\ equations (g);

Txx = Y-Xxz= >>(fz- gxy
' -X 2a%" . _.2X2Z2
So Txz = > 2Tp AN x2*2z2 (x2 +z2 )& Xlp x2+22 (x2+2z2 )&
2P xz2 3
16 T'xt = - Tf (x2+z2) ()

It should be noted thr.t In e<rch c-s the stresses 38X, ¢ Z end7"
finfillv do not sont -in terms of Lr-meh constants, which in turn
contein the moduli oflelrsticitj including Polsson’s Rrtlo.

Th- equrtions (1), (?) nnd (3) ¢ n be transformed into Polar

R — sinTf
°o® VX2 22 Vx#A+z2
CcosA>= co 2-xsln2> = ; COs3 >sin>=
(%2 +2z2)2 (x?+zdr \xc+zc)
. . X272
Hence in equation (1) oSv = —
T (Ye+z2)2
T x2z2
ffz (xs ~ ¢)2
1 A\
- .6, = - " =osf>-a1112 X
_____ >
. ti (b) 21
in equation
6z N
2P ’,4
= " iTz (x2+z2)2
tc, = ~ — cos4>
- 7 Iz
2 F
2 F xz" - .
in equation (c) : /xz --—- < {x2+z2)2 Tz (x2*z5)
le. Txz = . n, .,rr is
It should be noted, ... ..... thet Terzsghl s”s each cese teken

such that the expressions for AV
to be positive.
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s of 3max

J A -6r)2+

as let'rmined from:

M z"51\ + “ <e-&t)
TABLE XVII
=0
Eqn 3 Eqn 5,5

0 30.9468 30.9468

5 3.1942 0.6027
10 0.34 45 0.3061
20 0.0910 0.1390
30 0.C536 0.0706
45 0.0283 0.0340
60 C.0175 0.0199
0 7.7365 7.7365

5 3.2250 2.0427
10 0.7903 0.1536
20 . 0.0763
30 0.0316 0.0525
45 0.0193 0.0294
60 C.0132 0.0175

0 2.7852

s _ 1.6011
10 0.0751 0. 703
20 r.172i 0.0040
30 ) 0.0278
45 0.0137 0.0222
60 0.0080 0.0151

. . 1.2374

5 . 0.9549
10 0.6736 .

20 0.2201 0.C 795
30 0.0767 0.0024
45 0 ,0700 0.0127
60 .c0:% 0.0111

p 2; . 0.5984
10 0, 182 0.3996
20 0.22 4 0.1163
30 0.0938 0.0263
45 0 .0304 0.0032

T 0.0072
60 . 0.3088

C 0 '

5 0 47.0 2 8’%237
10 0 s 600 ) 7
20 016 ° 0.1234
30 0.0976 0’8?%;

0,
45 0 0413 0050
60 z o 1369
p 0.13:7 %’%3?;
0.1271 :
30 0.0876
20 0.102
30 0.0760 0057
45 0.'0245 0.0096
60 0.0772
0.0772

0 0.0756
10 0.0744 0'0597
20 0.0648  ¢.0446

0.0543 )
30 0.0247

15 8’8%2% 0.0136

Eqn 5.3

29.0415
3.2351
0.3610

0,0520

0,0336

0,0192

0,0128

7,. -604

3,,1563

0.8089

0 .0897

C,,0212

0,0100

0.0087

2.5857

1.6709

0. 614

0.1776

0.0471

0.0100

0
1.1929
1.0072
0.6560
0.2196
0.0787
0.0212

0
0.6717
0.6088
0.4684
0.2262

0.0316
0.0112
0.2984
0.2845
0.2513
0.1650
0.0960
0.0415
0.0206
0.1328
0.1301
0.1226
0.0987
0.0728
0.0421
0.0244
0.0740
0.0731
0.0712
0.0628
0.0526
0.0353
0.0250

0.125

Eqgn 5,5

25.8415
1.6515
0.2165
0.1038
0.0529
0.0255
0.0150
7.4602
1.9761
0.1749
0.0540
0.0390
0.0221
0.0131
2.6817
1.5426
0.4581
0.013?
0.0191
0.0165
0.0113
1932
,9201
,4755
,0803
,0066
.0087
,0081
,6715
5770
.3850
1148
0275
10008
,0050
,2978
,2791
,2300
1190
.0505
,0125
10017
1320
,1289
1173
.0843
.0523
.0225
"0095
,0744
50730
,0698
,0575
0430
"0239

9

0.0131

—
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. -.7:c3

3.3214
0.4229
0.r':t'4
0.0137
O .cic:
0.007!

C.O f4
r.0240

0.4551

f..
0.0960

0,.1. -47
o.1: 31
0.1607

0421
021V
1272
125,
. 1182
.0258
0712
.0 15
02 M
0716
.0707
.0 691
.0602
.0512
.0343
.0245

[N}

COOOOD DO OO OO

Eqn 53
27.-311

0.5176
0.0463

6..073

0,8-27
c1 1
0.0350

2,4960
1.7612
0.5464
0.1.90
0.0636
C.0173
0.0055
1.1053
0.939'
0.6243
0.223.-

0.0882

0.0247
0.0095
0.6215
C.r"5C
0.,402

0.0367
0.0150
0.27 61
0.2641

0.0941

0.0 13t
0.0230

0.1207
0.1139
0.0925
0.0694
0.041>

0.0692
0.0663
0.0667
0.0581
0.0497
0.0335
0.0245

0.375

Egqn 5.5

27.6311
0.8689
0,0375
0,0333
0.0175
0.0084
0.0050
6.-075
1.-428
0.2174

0.012C
0.0023

2.4868
1. 256
0.,339
C.0332
0.0016
0.0050
0.0038
1.1049
0.8604
0,4408
0.0820

0.0022
0.5217
0.5340
0.3559
0.1099
0.0298
0.00,0
0.0006
0.2760

€.-S¢€O0

1102

.0481

0137
.0037
0.1225
0.1194
0.1036
0.0780
0.0487
0.0213
0.0095
0.0688
0.0678
0.0646
0.0531
0.0398
0.0223
0.0124

oSOoOooO°



» = 0.50

Eqn 5.3 Eqn 5.5

0 RrT&'T 2:.5.15:;

S 6166 0.9576

10 0. 62U 0.0:90

20 .0 65 0.0016

30 .0260 0.0002

613 C.0C70 0 0001
0 0

0 *.'*312 r,6312
5 3.00-6 1.9761

10 0.-03.- C.2367

1o 0.1570 0.0127

30 r.0500 0.0016

45 0.0151 0

60 0.000°7 0
C 5.3 .73 2.3473
5 1.70 1 1.3671

10 0. 434 0.4217

20 C..M40 0.0<5C

30 C.07 51 0.0071

45 (.02.5 0.0008

60 . 0
C 1,0407 1.0617
5 . o. If”°

C 0.6107 0.4233

20 C.0827

30 . 0.0191

45 C.0335 ,

60 0.0135 0.00<i
. - 0.5175

Lo c. icn 0.34.4

20 0.0310

ig 0.0063

GO 0.0190 0,0016

0.2F5C 8%35(6)

247

. 0.2052

1o PPy 0.1058
' 0.0,70

30 :

N I 7

60 0.01-45 : |
0 7.117* (0)1}% 6
5 0.H61 0.1042

i 0.1095 0075

0.0596 :
20 0.0076 0.0 70
30 - n
0.020
15 0.0412 00095
0.0255 :

60 0.0660
) 0.0660 0 0622
5 0.0657 0.0620

0.0636

10 0.0510
0.0561

20 0.0382
0.0482

30 0.0215

45 0.0331 0.0120

60

0.0245
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— i — 13 . smax
6T
¥ (r ®m )M r?7+z2+z.J r2+22
On t1 o1 f 2z
I-2P
e - ( )
1-
£>¥rp( 2p)
» fid- (PP
values r » '11 v ii. ? f
i i
fhr 6> - t.% r !.c,1 rtfr r nd rr
m
(11) Th H 1" j * nt' -tr - s given -y
£ 1
A ¢ e AN __ 4 -
( 7 I—H) r *z Oz.IrS*WZ!j
Ce t - m / , -
6; =" jf- !
l-s>1
M 12 ( )
1 r' (1- )
116
On t piei / N e-.leul- tI n t:
V1u3fr,11v11,1 f Jie
H<"nc
= 4— (1-:n)
J 2161
.x ’s Si, " by th.
(IM) Th \ L rr Str- -' f7L+
N2
Smrx ' f<Sz-6r’: * irm™

.B(n)

(s)

b'»e EliiiiK-

(b)

e.prcslon:

5.3



tion substituting r =0, thl « Five, the P, ximun She'4d stress s
on the pietif z =0 -

Rm<x

[0 =t (1- p>
2 If Srnex

On th plan z r-0, Sr.x 5- f >und by c'-lcul? tl n to b* positive
for all v lu s f)
Hone i

fl-p) (¢)
m-/2 fSmax

It wll' b s-'-'-n t vat t- gv-** v (<), fb) and (c¢) r due
to th "i" -qu' ' 1 'f:

firstly - 6, = 5r,x - K Is »uts*Itut- 3;
Hone , f r r - rtlevlir 'm!_) v lu f »ny ¢ nt ur, i-y th
fu rdv.r " *Ul ‘m1 21 % ¢ &t find t *u ,S. mr
the ¢ nt ur TT —61 * 6 %3 smux * le unit. ft (units

length)'

Thu vrl us ¢ Icul* t! ns arc she-n In tabular -'orr c¢n tna m xt
peg- .

Equtlon

max



1

Equation: r

K 1-

Con 111e0on: p

C.Ci

1
0.1 1
o.T 1
0 .- 1
1. 1

.C 1
1.0 1

1 1

Condit * n: }

H
«
1 1
»
.0
. tl
.0 If
L U
1
0 It

A

p

-p

Al

=

AR EFA S

oA =R -

(r - ,hnr,
AL XV’i
OK
l L[]
1.
u ..>1
4 :C >

-ffr =st=8§S,,,
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I"TAL MaSTUFE CONTENT

WTOf OVtN
con A 50,L . WATER
e 39 12 M0
28 «37 M”SOUPC- irn.S
12€ £ 2 377
34 137 . 076
31 137 ‘VO'9 19
3377 ;; 030 ize i i SIS
3 2 S7 46 6l o CM ISO 0
e2'r 2374 3 56 2
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1) C 1llbr-t-lon of C w!IT mr Vir

L r.gur d I- nr;tb of crplll-py tub<
yy ight of pore I* In dish ur i

P' t. N- . 1 . ! ' ' . HX vvt "
of 1" ‘n.
1 5 “« 1
2 ¢ . f' >f.c:
3 4" 'C
4 v, "7
5
A<r o ': I . . J . -
T [ ] L]
- V ’.
. . 1 C. 4%
ncc , Vol in “rcur t f'i1 ¢ iLi ry ~ —-m Ir-
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i 10.4-
Cro< *r ction ,r ¢ of cmml, -ry » A= ., ---
« . 5"+ VC ° -e
P-nc . Di« it r of C' olll-ry - vj a3 *
T Tf
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DIrr t r of Lo<-dln- Spin d = Inc' A
Fluid dlrnl-¢ 1inr 1 d'vision ifV ct'é (e -
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4
Wxl V-.1 , io-: -1l .; -
ie

- L. He "oV 1£1IC

. L] L] L]
crus' p slup movement of 1lcm.






1. TAYLOR,D.W. "Pundr-rr nt' 1 - of Soil :.ich”nios."” 'Vllex
(L V York 19 ). (1)o.RO' (:)0.264 (3)n.2bl-252 (4)n.254 (5)0.240

(6)p.2C -259 (7)0.5 0.

2. II OSHPv. '0,S. "Str r,th f t- ri- Is", F rtl. V'-n Nost-
rond (K viYork 19 C). ()p.50-[1(2)p.2.

TIMOSHENKO,S. ”The or; of ellerfcicity". P.cC-r-w-HIll (Nev/
York 193;). (l)o.l (2)0.5 (3)p.7 Qo.l -1 (5)p.117 (6)p,2-
(7)p.3e -339.

1. OCKLF. TON,k.J. Dilseiv;"’ n duri-r popv-gr' du'to Advanced

; . TIL'CSi -;;v'0,s. n Istor; of Str ngth of -torlols". FcGrftw-
Hill (NwYork 1053) . (1)d.2f

f. RYINFR,". "Lullilnr wm i ;1 , th > Mosticltv -no In-
ilastleity " North-Holi n: fAmoi *I* 1 'me:). F)Pem AN em e

7. KHVNII',D.F. 'nd JUDD," ,R. Princlr.l a of Engineering

9.Sf-hvRLE.G.F. "Exp r nt' 1 Elfoticity". Univerr ov rrcss
(Corbrlig 19C ). p.

10. KAY: ,G. V. .1 LALY,T.. "T tls >f Physic-1 -nd Cl.:-del
Const-nt". L'ng? ns (Lone! n 1952) . ' 5 «

12. FLA AST. %'ndu- d s s “ncis d 1'*cr:erhs .'s
13. EICHFLL.J.K. Solution in Pr c. London ) :th. Soc,

Vol.32, 1'00.
1,. CAROT "AS,S. "Dir ct r\“rmIn~tLn of Str ases".

Villers (Prris 1885).

18. NEWMAHK.N.:-. «Slmglinnd Erperlmcen-

tal Station. Clrcu.-r -4 09. m). | , Bpu.



20. K"TEY,B. -.d .RH/ . "The Distribution of Stresses 1ir

' b ° 1

21. SKR P O.i,". PECK,R.,. rnd i*CDOTIL.LD.D. . "SettT."nt
Anrlyslr of ilx Structur In Chlcrg- -ndLondon". Proc.Inst-'
Civ. En rs. Vol. , No., (vuly 1955). p.525-528.

22. SER PTON,/..E. nd 5JER1U! ,L. Contribution to the
<ttl * nt An- ly 1 of und- ti nr n Cl-;/." G otechnique . Vol.?
No.4 (I ¢ mbr 1.57). p. 15

25. d It. r t Prof. J.E. Jennings of Vvltw’ters-
rani Vnlv r 1t, . D..1.;. R -1 R m Lob. (July 1957).

24. JvN;;StR. " n- e[tum esur- nxnt of the rechenlcclProper-
tlen of Soilby Vior t I n to dr I. The Propagation of Surface
Vibrnt" n-1. D.S.T.R.Rod R s. Lrb. Nctc Jo. RN/3015/RH.
(Apr11 1957) . Unoubli ;h- d.

25. JOR®*>R. "In- itu r <+ ur.-mont of theliochenlcrl Proper-

RN/3C:0/RJ. (Moril 1 *57). Unnurllrh d.

or. /~ VJBULL.V. . Lttt rt Prof.J.i . Jennings of fitv/a-
trr. r ni Univ -elty. 1. . Arr.y Corn, ofbngrs.. Waterways Expe-

27. "Inv* stiy-tlone f Pr sur s "nd D tluctions Ear Plexi-

9

p . "Inv. .-fclgat: on c¢f Pro3sure.a and Deflections for Flexi-
p.29-30.
*ind Enfin n

p.323.



aA ©

Vo©

_Zuun«:

fS3

LOG. (PREISSURF.) Ton/Sq "L

Em I m
ot
(0]
Natural MotaLunc (kndtenIJ
Curve;
t4 -
Oto™V t
r*/r
O "S€>
O 64
0O 62
r 66}
O t>G
Pr
4-1
Reddisih-brown teilici Sand * (uJ*t = i*96i%)
— |4*4L4 — @ e -K -
O 58 k
UndratlrYbed Coimpritssion j:lrj[dex (Cc) = 0 '26 s
L , 4. .t t e ta F * t
Overburden Pressure
Precansolidaban Pressure thﬂ 79
OSc n
4 ««l
o 54

Pressure : Void Rotio Curve For the lest Soil

(Norniol 1-Ptmensionol Consolidotmn lesL



Author Rauch HP
Name of thesis The significance of Poisson's Ratio in the determination of stress and settlement in soils 1958

PUBLISHER:
University of the Witwatersrand, Johannesburg
©2013

LEGAL NOTICES:

Copyright Notice: All materials on the University of the Witwatersrand, Johannesburg Library website
are protected by South African copyright law and may not be distributed, transmitted, displayed, or otherwise
published in any format, without the prior written permission of the copyright owner.

Disclaimer and Terms of Use: Provided that you maintain all copyright and other notices contained therein, you
may download material (one machine readable copy and one print copy per page) for your personal and/or
educational non-commercial use only.

The University of the Witwatersrand, Johannesburg, is not responsible for any errors or omissions and excludes any
and all liability for any errors in or omissions from the information on the Library website.





