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SYNOPSIS

fhls report descrit,-g inv stirnllons err led out In order to
otain a better understanding of th concept :>f Polsson’s Ratio
as rclfttod to the determination f str 13s end settlement In soils.

Since Polsson *s Rati, is nrimarily a concept associated with
the. clastic nroperty of materials and tnor- fore generally cnly en-
ters into sollj work in connection witi applying th. clastic theo-
ry to soils, the InvestIfatl nr comnlmce with o brif r view of
the brsic principles of the ;lastic th ory and the lastic prcpor-
t'es of materials, It is fcur.i t; t Polssn's °11 for elastic

Consideration is then rivem tc certain 2-dimensional and 3-
dimenslanal problems of stress and strain in the the ry of elasti-
city. It - f and tb :t tic r lull :f elasticity do not affect the
stress distribution and hence nlsr the strains in 2-dimensional

tical point load aopll-:d t - th- horizontal surface of a semi-in-
finite solid, the affect f verl 'us values of Poisacn rs Ratio on
he results

show thet in the cro' f the raxlmum Sheor Stress (S”ax)which is
a major concern, the stress distribution is insignificantly affec-
ted by variation in th= value of Polssonls Ratio below a certain
comparatively shallow depth. Furtl ‘wore, on the axis of loading
where the naximur stras ¢ values occur, the variation in 3mex cor-
responding to the extreme limits of the range of Poisson’s Ratio
values applicable to l1* st ic materials as mentioned above, is only
a constant 141;,

Attention is then turnmed more dir sctly towards the elastic
the orv and Poisson’s tat 1o in relation tc soils, and current con-
cepts'of elasticity end p. isacn’r Ratio in soils work are then
briefly reviewed. As a result vt subsequent discu?;: 1v t-..-

hesivec- end cohesionlesTT, Poisson’s Ratio can only have the value
0,50 for the purposes of elastic consideration:

An ett-mnt to determine Pols on’s Ratio for a s 11 from la-
borat rv ¢ nduet i tr" xi 1 shear testa, Is tnen described in full.
The results of 6 tests conducted show that tbv value of Poiss n s
Ratio for the silty sand test soil used (moisture content between
i-2 » li<o betw n 0.14 and :.,24. Phis rdor ot the values ob-
tain d. is found to compar- favourably with the order f yaluei-
obtained by overseas Investigat rs (using methods other than that
mentioned obrve) for various s 11 types at moisture cmtents less

then saturation value.

Tt is fin-11" conclud d that Poisson’s R-tio is only of Ii-



CHAPTER 1

INTRODUCTION

The essentsnl require lent of any foundation Is thet It

must
be able to support any form of superimposed loadlnr In e safe and
stable manner and without detriment to the latter. A soil as the

most common type of foundation material encountered In practice,
must comply with this requirement. A thorough understanding of

the stresses and strains in soil foundations resulting from a su-
per imposed loading is thu' essential.

There are In general two approaches to foundation design
in the more specific sense of bearing capacity of a soil founda-
tion. Firstly, there is the method 'mown as Limit Design, /merem
the safe allowable bearing capacity of a soil is obtained from a
deterr.Lm Lon of 11~ ultimate beer Ing capacity to which a suita-
ble factor of safety agf Ins’ such cate3strophic shear tallure Is
then applied,and secondly, the method of .ttress resign, wherein a
suitable factor of safety against possible overstress is used to
obtain the allowable stress in the soil foundation.

In the case of the latter method of foundation design, some
method of determining the stress induced In a soil by an apnlie-i
loading is necessary. The only means by which this is possible
is by the use of some theory relating force and the deformatin
produces (as the fund-mrntsl alternatives for stress and strain),

since it is a mechanical property of all matter that tis apnllca
tion of load causes deformation. In some instances,however de-

u

N o
,.a.

impossible goal.

Tt hos t ore become cractice to use the theory of elss-

;81! in;::

cussed in mere detail la.r.

S i i 1 S 1 1 1 S 1 1 1
terms of Polsson's Ratio.

Section d.ij;. in !
by the Greek letter p.
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Hence, in using expressions derived from the theory of elas-
ticity to evaluate stress and strain in soil foundations, (the
latter especially in the form of settlement), the soils engineer
is faced with having to decide what value of Poisson's Ratio is
applicable to the particular nrotlem he is dealing with, and as
yet there is a great deal of uncertainty in making such decisions.

The work described herein is an endeavour to obtain a bet-
ter understanding of the concept of Poisson's Ratio as related to

the determination of stress and settlement in soils by the use of
the elastic theory.

In th< first Chapters to follow, some aspects of the clas-
sical theory of elasticity end Poisson's Ratio in relation to this
theory will be discussed, while later Chapters are directed to-
wer Is the elastic theory and Poisson's Ratio in relation to soil'’.
In particular, a determination of Poisson's Ratio for a soil from
measurements made during a triaxial compression teat, will be de-
scribed end discussed.



CHAPTER 2

ELASTIC TPEORY CONSIDERATIONS

t Whenever dealing with nrobi''ms relating to the theory of
elasticity, It Is Important to benr in mind the assumptions on

which the tn”or is b~ , as well *s th. limits of Its anplica-
bilit Y P
ility.

"o it mat ri ils nc to some extent the property of elas-
tic Ity (*wl, viz. thnt when deformed under th action of a system of
applied forces of magnitude not exceeding a certain limit kno vn
as the elastic limit, the deformation disappears onremoval of the
forces and the body regains its original shape. On a broader ba-
sis, elasticity Implies+<~) that there is a definite relation be-
tween force and doformati en wnich is independent of any other va-
riable such ms tin , ) te if on ! oosin** a loo i ¢ particular va-
lue of strain (e mr. - or of itif trmation) occurs, oni if this
load bv removed ur 1 re-imposed, th value of ?tr» In as pre-
viously will agair occur. It should't'"'" noted therefore, that
elasticity implies onl; o infin't r +1ation b tw-en force and de-
forms t ion and not necesr-trily my -m m'cil r r latlon, such as for
instance a liner on; +

However, Rox :rt Hook- ( A A vn - the first to investi-
gate the elastic rroo-. oy of m«<tori«l » mor-. closely and he suc-
ceeded ir fst»tlishlng by xr-ri“mt that in many instance? the
relation t >tY«e™ the <"e.gnit-id- of the fore- and th' doformations

This fvproximet 1y Hr. ar rolttl )r t it* n fore '.nd th e+ deforma-
tion it proiuc s, is 1v 1e'sis of the so-called Hook *~ Lew v,nlcn
assumes the idr-1 material in which th r lotion between force and

ly became the basis on which the theory of elasticity was oev<-
ce
r\ of elasticity octuf tly Impll'iS linear elasticity In 'cco" J:nee

with Hooke h Lew, Throughout thi* report, th.-r- for. , th.- term
this sense.

For tn< purpot s of mathematical treatment, the theory of

[ |
the theor ' t. eutm* Hook 's Lew °* ? was r. »nt’oned »nov- . r.rvher,

It e« jsur " the * th* ratt * of such hr we¢ if homogen ou ° ;e

that at very point of the body th* elastic properties are idcn-

tropic 1.4 , that the <lastlc properties are the mane in all
directivna.

The elastic theory can thus strictly be noplied, in the
first Instance, only to m't-rlsls which hrvs properties In ac-

extend as the extension oroc eds.

f See also Ref, 1, Per've



*'Mch setl.sfits 1< tb : fv , t'"- theory horn
"' n appl' -1 te ;rly "v £ -cc r<C «n-  to

>. with great -iccur r-y. J. mn- -, , \ e ,r- ey with wi!eh
--  th- '\ Can t "4 tc . d- %rd % how
v'os ly "' abov-T' ™mtl-m- '< , '>n « 1 * 4,

A very Imp srter.t ¥ at c?° t. if. or-y f - I-:ntic tty which

otv r no*?* 11’ vr' trl‘ i » «h < tlrr em " -r considered to
r ndent ¢/ tb rat Hoe . ,let* <f tr; 1 o, enlr t'r.t-
tii ou? n pi le<tlor of ° t 1 cer’:r t eroi .c fr Inet- nt.i-
neous str* In, °r i Jr. til . *itrt -t t :y ruffere r.o
t Ir.e ff ;cts or cb r. of - : -t- ¢cm mr .,r! /trr.In. In
structural rafcorltls, loth Ir.:tant tr r sert.lr, andc n t-ntru3
during- strt in m irvr.-t .civ r I';» ¢ «-Ith‘utth If th cere of
Pr irt In o K ' 40 a*
cccur.
Uth r r3t) Poll m1: pat! : It r-rc Ir c¢-dy be nran-
tl.rel in Chapter 1 th: t/t*? m ccr.ii'-r ¢ - th C -f prf 't-
of tm st -ve discuss lonti that tr.I™ 1 actually on'.:" th-. casewitn
V . lieel -Eteris! which beltvsr strictly according to Hooka’s
I's*, by Irplici;tr'r.,, ° ;1 1 > r tr t p:’ .on” Seti' ior
tr - Ideal r $teriel 1is onlyconr "witlit tr.clvrt'c r-n/ o
t IC*d!" court ant' ) within th I "*tc »srp*' “'fib r~ " e
»b 1. tr3 tlest'c Ur it 1s. *Jter* I Pol > ¥ tecor-s c Vvt-
1« VvV -T.o. > i * it otr - i I r "1 h-cr :rtr c-'c-r
*rv 11 let 1 and eJTOf n4 wh* n* stot* offe 1l sr« *j Brcroec'- ;. ¢ ro>+-
g.*a"r fet*0 thowr 1 Cfir 15 re’ 1* ir tr# - v *+ Ao the fe--
sw 1 Ve "tVr 7 "Os :
eo* *y-r, It *s of -Jttr .r l-e orti -¢* to rf ' Fp koo
rrl "v. "r f'Or, f 1 t- .ny - t-r" j' oy
p'/: ‘ny ° tio whic- ! & iC'f. , - =*rlc* .; t. t
R N o I' ' . : con- =:'mn'it ntr.-,.*%,-
e it eemt o] *
y ,"hic. 1- r :%ts4 tt the attit

f*'y* tf . t1- >



.These two constants nr - how -v @ not the onlv constants of
elasticity. The Bulk f'oiulus (K) .id the Modulus of Rigidity (G)
ere *Iso such cons“onts. It ¢ n b ohown Section 3.2) , thet
the constants of elasticity r !nt-r-r 'ate i. Yet, from the
1souse ton to follow In the flrrt Sectlc of the next Chapter,

It will bv s en th-t for the coSrplut< definition of the elastic

'eecdul777 end Pol:;son’ Re t *o u : 'ny tb two most

:ormoniy ac" -
ted (1.1).



CHAPTER 3

POISSON'3 RATIO IN R LATION TO ELASTIC MATERIALS
3.1 H'jt "r ecul ()

During the Inlti 1 :tr-3 of th- d vclopm<nt of the theory
of(1fstic'ty t th binn *n f th 10th & ntury, th- mrly In-
” st!f-tor: uc v vi r, Cr- ch;;,Pots n, Lear , St. Very nt,
mnd ot re, !11 i rr 1 th Ir vor’m nth s--crl! 1 mol- cul nr thnay

of son kind of nttr ctlv endr pal tv for «mi tv;- mn th wulll-
mr-t perticl s of f- e cody.

Navi r In 1 1, workln fromth nxI<nullr th iory, v the
first to st-blIsh mrelation b tw n th d- formations nd the

th form of a t of thr e« diff, =<ant!* 1 hurt Ions of to tlltrlum,

which not* bly ¢ nt in i r1 on I* 1lic constant, fhis

that th ol stic rrop rtl s of r isotroolc ) ly coulu bf comol

t ly d fin d by on c¢ccnel nt, *yth -oduiu: ’n fn*lon (E), v-

pcoept d by th oth r rly invetig’tr rs mlr< *ly r ntton ;.
Polsson I in* v-ry 'rt r -1-d in t;. th- Dry of Ir -itlclty

based on th - 1in of mol cul*r t"uctur , obtains 3 lu< '"n.r of

equilibrium end fecour. i-ry cond'ti n .Ir'Vr to tnor obteir | by
he found t.ct for si-pi- t n lon of < prism'-tier I th* axial
elongation must V rcco yani try* 1Irt r 1 contract"on of mag-
nltud p , wh r p . u, P v In 'fy * C25.
for th Id-:. -1 isotrovle mt ril, w f* d n th uii-e listlc-
const-nt hyooth si of t- mol cul r th nry.

How v r, in *h 1 ha * org=r- n of? ™ i > rlv-“‘ior

of th qu tlon of 1" e1lelly -vf*h -it usIn,- any hynot ? ' mre-
garding tb< behaviour of th mol culstructure of elastic bo-

tlons from -c¢c n i1 r* tton ofctreln n ryy mnd chsw 3 tbz-1 for
an 1isotropic body tv :* tic c-e t nt: v r r quir< i, in.itt *1{

p 3 rlcus controv ray *n * v- rls to tvo schools of theve'tt
in th d v loom n* of t th or;/ of -1 I1-lty. Ar - # -« Tt

v rl physicists b cr- int r t d in th 3 ° rr Invtion >f
*l:.stic constent? =nd trl d to s-ttl- th argur nt by 3ir>»ct
t- st".

Exp r !mr- at o ¥rle ’- mi 1t r: A cuvff r tv
det rmIn v 1 3 of Pol - on * R tlo for v rion r-t.r" 1Is, in
both ¢*<$§ » show d v lu =« diff nt to Po’Xonls tht n* t"c 1 v -

Althourr. th 3 ®nd ot r xn rim-nt 1 r<suit: ver In conflict
with th r suit from th 'in'-con t-nt hynoth <l-, and could
only b justifl d by dopting n two- it lc-const *nt hypothesi
for 1 ©tropic lTod!-s, th -on’rov ry, eml<i n t | » ttl- 1t -
Cause it was always poaslbl to aryuv that the w terials used
hrd rot b n d rfectly Isotropic.

Gry- Or n's r suit fo -nJ furth r support when G.G.Sto-
kes ana rnz N umn nn ind nd, ntlv v rifi d, by different theo-
retic 1 aopro'ch 5 r mote from th mol- culor theory, that two
elastic constants wr n c¢ .as ry to d, fin the el; stic proper-
ties of r mat..ri* 1 compl- t- ly. It w”s only at th start of the
20th Century that W. Vo'/1, on of Numann’s pupils, finally
settled th controv r;;y b. det rmining thr elastic moduli of
thin prisms cut out from sinyl <crystals of r material, md in



addition studying trie compressibility of cry.'teir und r uniform
hydrostatic pressure, nd than showing th* t tjv- r suit h ©° j~
twined definlt ly disproved thos r 1 tlons b tw n th 'l-stlc

constants which follow from tr. un l-const’nt theor., .

Thus th Navi- r-Poisson hypothesis r-g‘r i-nf mol eui r
forces v/as shown tobe untr nabl '"nd with it Pols onl.,; vsu 0

missibli

n ou, I otro”':. I'I1T """ ¥t. rl 1

In discussing this probl r It 1' uxful ticonsider Ir the

first Inst nc th qur »::.. T 1"t tr.* trvv r - "
These po tion r at n:r. r« ' *ionr-nl: n '\ T hi
dt lx dr frnec 1 ..V u * e

of - thr -dir noion 1 yut - of nriInclt >/ str ' 5 ®

Fir. 3,1 b 1

It can tv showr - tht th sum of th- tr- in- [ng of to
principal ox mf snpr- h-:, is Vv ntyt
f1 + G*trr V- ( (1" ">)  vecvrneneccsnnnnne -1
e eeeseneneens 3.2
A — hj* 'y

whore V denotes the original volum of th cube “nd 6V the sub-
sequent ch-n in vol.ur .
There for , by coirl inlng 3.1 -end 3...:

DiList Ion (A) = 'ir " T" &2+N N1 ?

oooooooooooooooo

Ref.2, p.52 end 0.61-63.

HPVA



" 3f,d onfquvt ion 3.3, it nr; b shown-- t ,rt forfluid pressure

con;it ion? v:livn 6%se- 6p= - svy, nnd " Eg- 6%sg sy,

" 3n=1:) =~ 3.4
vT r Irknown rs th >*-udulus of lrsticifv of volun ', or sim-
oly, V. "bull' Modulus’.

*1  -he . , cor tlen t ot § ~ . &p z fg*fnd = 0; ond
Ci r"- £1 A 'wv, * 1T £- ~0;-y b eriown* tor* sul"E in P our-
rd tL 'd of str e, 'r.1 h ncr. firth r r 1?.tlonshlomoy be ob-
tf Trn i+j
A 5
T = C 3.5
where 'n ¢t Ir th r ir ah M str , & 1 th pur sh- er strl in,
'snd tr known & t:. Wil of 1 ¢lclty in sh fr ' or olnoly,
tr "To lulu; of r, *d!V. ',
>i». tw= eorhlr/.r..-> qurt 3. , it ¢cnr -illy =
T he-t i
3K(1 - p) 5 L D V) 3.6
With regard to th-*\lg tr-We i.n of t'vthr moduli of el sti-
city E, r:'. 1% cen .. ( A : n:ix I) thr t v.nfitev r
the el”ebr'mlc signu of tr. prilncip I str ms nd strnine fnd th.)
I. t iv:iy, . 1 %" thft . .. - mv . *Wv \ -hi,
S - frrl t qg rm n  t v ,minte cut th-t
"f wer gr ntr > nl, or ' y r 1 :- th n-1, 1*mrr
or 3 woul 1 t er gr*tv , n h ec for n ‘'errmic rclid Pol; .’
- Mrzf o - rolr *m* mnt onti. ro il 1 r*npe of
v-lu - of p, :'it m - vr 1 Cuminv p in r D Do-
hsvlour« he . vr ; mweto c¢c.n*i3.r ery v Tu ~ouTTTT V-- r ro*
Neo 1 n>- *, -r in *-no , 1' *nr -it . * nbr - r’s
oprrox I[-'t sditit*on for te oor-ut tin of th- ; ttl rent of
lopda covrir. : finit - rt f ¢* art c f <I; stlc l«ye*r ¢ on
mrigid tm5 , h show xtr m 1'-i' th ff ti af u * 0 --r1
p ~ C,. > the s *1 - n*!Influ- r- v 1 I/, *n1ti r i v-nt
curv for If rt - nl frpvu in t r*nr rrr- .7
lvylor ml) - - in, m- r ¢l r ft - ntor , -:17 9 tre f >f-

k tm n zr -m 0.5."

Thorthus oppenrs to b r.gr- men’ rs fer nr the upper
limit of p 1 ¢ ncrn d, v'z. th-t p -nt 1 .r m r t- C. In
tion in nl-stic m./t ri 1 1 - mr- from quet len 3.3. Substi-

tuting p - 0.5, ive t Dili tlon M) q*1to r ro, 1.t .
. !

*Ref.2, p.52 nnd p. 1-63
+Ref.2, p.04-57.

"One instmce was found('*”) wh r T-rznghl mentions p>0.5, but
this Wes in conn.ction with conditions existing when th< mate-
rial appro-ched o stst- of f ilur , i.e. condit mons outsid,.

the el-stic rang
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Un"ea ~ action of -'polled stresses. For the cese where 6 % fg
"Hf 3 ‘r_ negative (I.e. applied compressiv-. stresses) end
~ *wy - eiterl i is sold t~ be incompressible. Practice!

DM®tenlils <! this type orf n't uncommon, rubber being probably
the best example (see Suetl n 3.5).

Regarding the physical implications of ¢ nditi n u>o0.5:
It can be seen from -quati n 3.3 th-t if p>0.5, th n eV/V is
negative, i.e. 6V Is nretiv- , which Impli s that th rrt rial
has su: Iered av >luir ducrc =mnir th -cti n of p sitive ten-
"1 "™ es» r .t rr- tiv T, th rr-t ri 1 hr sufftr d r~v ~
| '"™7 jncr*. "St: une r t-i. ucti n f rppll d e orr slv str sce.
A° inc nee ivobl that fitr r f th crndl11i ns can *ccur in
practice under elastic ¢ ndit: ne, Ail kn wn materials sh'w a
volume decrease under ¢ mpr a iv- 1 adin , nd It will be shown
_es. "Iscuss Ion In Oh°pt r 10) th* t soil rv-r the lina(r rang-
cf the strc os:atr- h _curv 1 n xc- at 1 ~ rtirti, o, »s' "irh d
out by Suaria, p “o.r uld r nd r 1th r the Pulk * dulus (Y)
or the 'dulus ofRig, dity (G) ngtive, rnd as already discus-
sed, 1 th K n i G n n:yi - ’tiv f mim tic mat" rials .

Other exfimpl.-s such ns a ¢ nsideratl n f an isotropic
elastic prism rentinr -n p rfe-ctly frlet ? nlese b*s< us dis-
[
tha esc 'el <riemt r1 1". In th c¢-r menti md, Terz' ghi
considers the 4 vertic 1 .’ds f th Is *r'pic, elf ~ric prism
to be confined betw cn p. rf ctly sn th verticrl wells such thet
later-1 str In ¢-n  ccur du t the self w-uight ~f the mete-

where Y In the the ry f nrth pr s uris kn m s th w ffi-
dent f i~rth " mr c-° r it", nd 1lsuch thet n It r-1
>1, which r. ns that t. .-t r 1 pr ur 6w induced by the v r-

ticsl self weight f th nteri 1 is gr at r th-n the vertical

known in tt c( f Ir'cr-*1 . In f-ct, v ¢ 1 giv
Ko =00 , which is cl-nrl man imp s 1b1 ¢ nditi n.

It therefor- s -ms r -s'ru ble toc nclude th°t -s n upp«r
limit f r -leestic, !s tro’c r t rl-1, F is n’s R¥ti enn t
exceed 0.5.

In considering r xvth r ss’blel w r limit f P”isson fs
Retl *», the ~«lgr'fc -nc f - ~<0 c¢c n) it'n will hr1 fly b< in-
vestigated. Firstly, +s Sarlr pin‘td ut, if ju is negative ,

it must h-v- a I v j- limit f -1 , sine /i 1 ss thrn 1 would
again r nder cith r th Bulk F-dulus (K) or th- Modulus -f Rigi-
dity (G) nog'itiv whichlIs n im- -slblv c nditi n.Further,

the physical »w Mc 11 n f mng tlv F iss n’s Rti -r p-
parent fr r ¢ df tIn of P Iss n’s R-tl its- If In th-.
first inst-nc , rr m its d finlti n, P in n's RotlI- is th< ra-
tio of th 1 t r 1 ¢ ntr cti n:1 nrit 1iinal .xt noi n which is
observed in the crsc of a b-r f el- stic mt- rI- 1 sublJt ct<-d tv

axial tonsil- 1- -ding, " th -r v rss ¢ nditi ns in th» cas of
axial ¢ mpr s ivo 1 -din . In b th ¢ s s thr Intt rr L rodlongi-
tudinal strr*ins nro cnsld r d t h v th- s m- nlgebr-icsigns,
so that )i is -Iwnys psit.iv . An .y tlv P~TsT n’s Ratio would
thus moan thet elth rth signof th. Irt<rnl contraction is
negative, which Irnnli s ¢ Intor-l1 v-xpmslon accompatiying a longi-
tudinal extension; or, thesign of th longitudinal extension is
negative, which impli s a longitudinal r ntrartlon accompanying
a later 1 contraction. Both th< s< conci pts are Inconceivable

for any practical elastic mat rial.

Also /
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Aisc in th CrSC if T rzp.'hi’s tr pic lrstic nrism con-
i : tv n ncrl ictly s vh v rt1c 1 wnll m <n impngslbl< ccn-
"ol . . in, if p

the v. rticvl r.1r seur idu t th s If w 1, ,ht fth nffa rir-1 '1-
j  %cts down enl is th r for <lw yn p 'it *vw- mccordin” to th'

?1iss ci tht prism t-ir Actd up:n by </t r 1l prcssur< dun tf
“nt cfr;- rirr verttel W 11 which nr v. nt 2*tm1l strain fror
ccirr lr the 1lid » of th or Li:- mr ect <+ un n by * Ir & '<I
°n imp -s. ibl mndit! n.
Horic. , it s mmr n-bl t ¢ nclud ' t P 1 s nl-R'tl
in or f-ct' <c mnr. Ct n, ¢iv fr 1 the, > tr pic, mtrrirl
Hav r, "T wv2 . * nt! n :, b thl rz- hi rd f -1 r
consider ja » C 1 t 3 r 1le* * V| ml ot r ,lar-
tf'“ ir'"™>r, 3 'r-'it', iir xt n 1 *i cc mprni d by n !:eVeri 1
rrntr  ;t' n; ri-rr!to:!r 1 ¢ ntr *l' n 1* cc r-+n! by
Thty usu* .Ij ccur w» rl t r 1 x nri o und 7 ¢ mpr- eiv< str 9-
1
red r.>t r t -tt i1 ° d xor-'l i thi ¢ -illi'* (n mrtion
f.3). 0 < 7 e i
fer crrk cin t t n s mvl t I * | v. . 2u for n-
eret- 1? ml: clc: Z iP' vir > > . - 1
Hne '* >v - "Nor b1 t rcec rt - v In f z rr os
th >t f - » r u , ! tr re, * %t rt 1, P n’

or 1 f«l12 vit ’r te 1 o z r - 1.

3.3 Vi, f F ' nl ¥ ¢ r Pr cti. 1 Mt rl Is
It '~ f int r it t n t th f 11 wi t bl rf volu- f
nd Filk V iulv K, Iv -n by K Li !l by'* " frovrl w
| i . i
v lu r wr rt "ir r by usiny bs rvd v In s f F nnd p In qur.-
JL 3.b
end here , wo’ry ' rv : v lu f hd c lv L. * v lu s
lmt Ton en! , by u 1 qu*1l n z.- f pr v! n 1, . W< Aut) rs
mention <lc eb<t th xt nt f th »yr »m-nt !'>ty, n tl crl-
cul t 1 -nd t rv mv f "G, r’¥ rn !viio t’m f
the d--gr f isrtr py f th rot rl 1.
T hi T /

rsnm mP1
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In Jilt; on to th v lu of Pol son's R<tlo given In the
ntov  Tec-bly (which v mpiniv for r tals), th- foil owing v lues

r ev llmbl for mt r!e1- oth r thin m tel ; «e - ntion'd -t
of the pr viou S ctlon , :Iror' nko(P.l) rt-t s th't
-] 'm R4 f°r* ccrk oo-n V t kn *s qu> Lto z r*o, whlle the
valu for Conor tv is In th r gior 0.011-0.175. Furth-r, Kry-
A 'n' " EV th foilor1% v lu 3 of Poisfon’a Rrtlo
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CH.-.PTER 4

POISSON'S RATIO IM RELATION TO ELASTIC STATES OF
STRESS ;ND STRAIN

4.J. Introduction

For - body In qull Ibr'uv und r th -ction of ext' m 1 for-
0 6 str § conoon nt i m* nc - ry(0.0) te d fin the st- te
of stress <t mny loint In th, body compl- <1 "1th r f r nc. to
¢ rectangular sj rt r of -g wi*p t 'x OX, OY fnd 02, th se ctr-:»
sos "r thv normnl str so 6%, 6- , 6A, Tt mth sh erini str ssos

) V XS. t 3X ’ t2-. ‘1"r1  'Iso, 6 str- In compo-
nonts ril noc.ss ry ['M to d rin< the st t. of str-In t ny
point of the. bpax com.plet 1 . Th s 'r th wunit str-Inc in the
three r.r” idicuV ~ dir atl « € nd th wunit sh' rr
strr Inr JT yz r Imc ; to ! U iiC ¢tl ons.

.n,r two ty s of ¢ nd!ti nr, how v r, th nunt r of stress
end str «.in cornon nts n c-s ¢ ry to d fin th< stvt .s of strego and

-wo con'.::tions rr known s t t of pi*n- str is nd * stnt of

vd.cn oroblerr. 1 yc : t - "'e nsiotv L orold-- of ;V ticity.

° '

If m thin pit is subj ct d to th action of fere< « r*pli.i

rt th boundary, r r . 1 th °n f th nl-t rr-j 11j ;ril s-

-XV. -vz *r z ro on bot urf c¢ of th nlr-t. , fnd without

ri1
‘ V4
svhstont Lr1 error it c-n b ms ur d th't th r corpon< nts er-. zt-
ro throughout t> th' 'kn f t- -t . " condition conot V
tut e ste® of pi n tr I'tr'utlon. rits :<lut 1.>n,
problem of pi n itres th-r for r nulr<s th dt o-in-"tl on of
txz. II

t d, how v r, th't t f ct t ote t 1 6 , t>, Tvr
zero *n cr ™ ct! on rmnileui-r to th Y-- xii-of the picto,
kxy %

£ r suit of th» str srm s which nr not z rr

Th 3 msiMplifie-tion of th- urobi m ssin th ¢ - of
thin pirt i *encount r 1 wh n one ro- to th other xtr r in

If « long cylindrical or prism tic 1 body b sub,] ctec to th
action of fore s uniformly dIl;tribute i *Long its length nnd in

the displ"cements during di form: tion ct n considerable dlst'n)le
from th - nds,occur only in olrn s p<cotndiculr r to the <nxis
of th body, -nd th strain compon- nts £y, 8Zy, -°nd seyz ere

zero. This condition is known ¢s n stet' of plsn str-In.

Furthermore ./



Furthermore, the ah rring sfer an a T*. -nd T which r-ro pro-
port .orv 1 to Kxy 'nd "rt Iso z ro, whil , < £ 0, the
norm 1 stress 6"y (which imnot equr 1 to Z*ro)CRn readily b< ex-
or< sscd in t srrra off 6 X -nd 67by ripnl;. in - br>s ic orlr.cloles of

stress ¢tnd strain?* orobi m of pi n str'in is th refore re-
dticua, >s In th ¢ s of probl ms of pirnc stress, to the deter-
min-'1! -n of only thr v str * compon nt RS 6 -nd Z ,, «md

-—LI.M Ji1iM Jill1M

Fig. d.r 0

TTTTTTTTTTTTTTTTTI

h- nee, in loth c- m, th r"obi rn of str s end -tr in reduces
to ' problem in t-oim nstons. It should ‘Iso b not d in th
case of orotic ms of pinr str in, th"t conditions r not rl-
tered ir rny way If f uniform xt nion in the direction of the
axis of tb t ly 7 sue r 1mo?: d uoon th st-t of olen strain.
Further-e-, , th f<ct t Kt t thr str in? »mnt’on d (6y, |X7,
fyt) nr. z ro, cor ?tit it s e* ifore d condition du to th
length of the be ly, in v 'oh th thr nor”-1 sfr-ss s <X, 6v,

6z f-cting ov W cross- cta>nrnor- 1 tothrx’ of th body,
serve to relInt'-!r th st t f pi n tr mn.

?h.c two condition of pi rtr s nd nl- n str' in ther -
fore const 1tut 2- iln nsion-1 problms In th th ory of elasticity
and in -11 such ¢ $th i t ’memin o n of str s end strain in

I
4.3 Th. Moduli_f -fe~"d * Ah ' 'ec to 3f't s of PI'm

Str r.1 FI' r Hr 'r

In d -411Ir. *w! tth. probl - of n 1-tic, isotropic solid

in -quill rriur und- r Hvn bo y nd urfc fre :, ’ ichc 1135 )

tro«tr t. foil >wir tv d-J1I" n ! n 1 ¢

(-") Thft of r Ion cylind r with rrnli d fore- s o<rpendi-
cular to it.- 1 mn»ith 'nd th smm rt corr ponding
points lIon its 1 ngth ( ¢ r of pinxK strain),

and (b) thrt of ¢ thin pift with opll d fore* s in its plan*
m err of pimn str s).

He det rrrin s th str -s function whichs<tlsfb a the <qua *lons
of equilibrium fnd th bound ry crnd’ti ns in wmch ¢ st , -nd
then shows that if th b d; fore r z ro, th*¥ str r in

the solids r indep nd nt of th modu'i of -lasticity provi-
ded tb r sulk.Int forc on eh bound-r; v nl h s. Th «Iso
points out that wh r th r is ¢ -infl* boundary (such as in

th** cr of « mml-infinit solid), th! I tt- r condition Is
always - t! -fl d nd th str ' n r Vov*fov* always inde-
pendent of the moduli of el-sllcity in this c- s« , provided
there 1is no body fore . His fin 1 conclusions -r* that the
stress distribution in Istic 1isotropic bodit s for the cases
considered (era s of pirno stres - -nd pi' n* strain) rre inde-
pendent of th moduli of elasticity if, firstly, body forces
are absent, end s condly, the bounder; 1is simoly connected. If

the boundary is multi-conn ctcd, such ns in th< case of a per-
forated body, th stress' s m* Ind. p nd. nt of the moduli of
elasticity only if the r sultnt fore on each boundary sepa-

rately vanish s.
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-w thus appears th-nt In ¢ dimensional pi'obi 1ms (cmses of
n!'rn ' ss “end pirm strain) wherein th stress distribution in
T:“inf ;n » Ifstic. Isotropic solid is requir d (the cose
. me1 or simply-connected bounder;), th- .trm.c distribu-
t~°n !. independent of the moduli of )losticity orovid d the body

Ft is of inter at to note ( '«'") thct Michell's conclusion

ar- t prctic-] Importone- in c<s :i1 wher th< photo-elf stic
method oi stri ss *m lyeFs is used, :tncc it ;nrbl s experimental
results obt« it'd with tr onsor vent mnt rl'is to be ?ppli d inane-
di® 1ly to ny other n?ter VI such «&@s st 1 3f th external for-
ces are the same,

4.4 Polmen's Ratio 1. relation to States of Stro-a <nd St*"-in
in ' S'-ml-Cnfinit, elf stTc Solii

'Vit:. * view to tl. later discussion of the application of
th( le stlec theory to toils which, for such purpos s, mr gen -
r' 11; consider i to t semi-Infinite in xt nt. ¢ rt in 2-dimen-
Slorv . and 3-dimensionrl probl ms of stress rnd strain in r semi-
if * "-it Inst, tc solid v111 t review d in this Section.

firstly, chur- is the case of an infinitely ext nded line
lord of constant m- tnitudf per unit 1 ngth on the surface of a

s- ml- *re ¢ it -1' -t tc 11 I (fir:, .w) , From th Ilecus *ion 1in
th nr vious Section, 1 is cl rr th t this 1lc ding condition
produc - r st;t of pinr ¢ strain In th solid, rnd th problem
is ther'for essentially r 2-dlm nslon'1l on. . This c- so w-s

origtnr 11} d rIt with in r pr >er by FI-"m nt (1-) in which he cut-
lints th d rivntion of th math rvtic 1 xpressions for the
stresses indue d at +ny point in th solid du to such applied
loading. Tbs xpr isions h*v Iso b n 1iven in pol”r coor-
dir t by 1 rz ghi (8. ) wma followa (cf.Fig.4,3) :

%

Ne----- X - »
/ ! rjrir tt 11ir linyfjDy *w)ff

Fig. 4.3 11
/
1/
? q1 .
G2 =Jp'~Ar*cos Yy . 1
X -y *- 7 cos' B SIN' Y e 4,2
xzi --jL" VTN S § | W AN 4.3

wher qr 1 th le d nr unit 1 ngth of th streight 1im . It
should h noted as discuss d In S ction 4.2, th t due to the
st' t of pi-n str' in, only three stress components e¢ppo-.r in
this C'S' . Furthurmor , it should b- noted th-t the equa tions
do not contain Poisson's Ratio for th r asons discussed in

Section 4.3

In th-. latter conn ction, it is of interest to note how
Poisson's Ratio b corn s liminnted from the basic expressions
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ixirr lur. n Plrrrr-nt °r origin-'l p.'per during his derivation

¢ I reduction of hi;.- ' th )mntlce.l expressions from which
iz 'erv-r -nt h-wv net b- n glv =n in the pc- r, but (re given
in ..opcndlx II of thlv pnpor.

Secondly, then' ic th of n strip lor>d of infinite
'mmd cone tf rit f7/ tnitc ) width on th surface of a semi-
/ V.M n 7)" " '° scn" N (-"If ¢ -¢1). Thi'* probl m war solved by
\' « "nd -r ectuolly only nnytvnsion of the problem
;! ! \!">-"ot which s Jj icuss- t *bov . It in thr fore

;¢ > . ¢~ 1li-- noions 1 orobi Im. The solution is obtained by in-
tegration of the basic expressions foi* th-. cn.se of < straight
nr>-r mf- constant re nitud< nd of inflnite extension on the
2urf nc: ci ni- infir ’t soli i, T-rz° hl” < m® gives these- ex-
press ions lor t> str ss-Is -it -ny point .In th- semi-Infinite
solid -!S (of. Fig...

Fig.4. * TTTTTrmrrrrrver
>
94
T 4.4
&
— 1 - InY oo 4 N s 5
h
> -1
UXZ - r o e 4.6
M 13-t
where q Is t- load p r unit of area on th strip. It Is civar
that, for th s',TO r- ssons aa discuss d in the cse of the first
2 -dir. j-nrtonr-1 probl - ¢ n lor -bo/e-, th s expressions also

only comprise 3 stress compon nts which lo not cent- in Poisson’s
Retie.

Other 2-dlm nstone 1 orobl r-i of str s.;, -nd strain, such as
those sol'-d by Carother ;(}0 -md Jurg nson”'-", follow the same
pattern as the two ¢ M<S d -It with abov in thrt for th' com-

plete detr rminrtlon of itr - end str- in, xprcss <ons fc" only
the thr Str--r i component.- O.., 6X ndO nr, requir d, all of
which do not cont- in h '--onf R-tlo,

Howev. r, th case of n v rtic-1 point lo'd applied to the
horizontal surf ic of - ; ml-inflnlt els, tic solid (Fij .4.5),
which was originally solv- d by BoussirvsqdS) t is * 3-dimensio-
nal probl m of str-s. -nd . -in. The xpressions for the stres-
ses -t any point in the sol/ th-r fort- aotu-lly comprise 6 stress
components in this cse, but :wu to radial symmetry the vertical
component (ttz) nd th horizontal compon- nt ('dr' of shearing
st.-ogs or radial pl-n s (su mFig,4.5) are each equal to zero and
only 4 stress components are therefore inwlyd. Th< relevant
exor asions only are [Iv n by both T-ylor(l «3) rod Torznghl(8«5),
but their derivation hes b n outlin d ag in in full by Timo-
shonko(3."). The expr--saions er -s follows:

Qe
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5 - -9- 3A
V4 evr U? ~ # W <$cos''e> and j;((;;
3r-“ z 1 - 2H
:4 (r2+,2)% VA+72+zJy N+ z2
= -R 3slr.'6.c  3e - . ."(b)

1 + con & _J

zZ
4..>(e
(rz c-+ E- *Z [32+2,7 ()
sfIE a-2P)(cos3f . *.9(b)
rz 5 O (3sin0cos4a6) 4.10(a)
?sl2 -.10(b)
where Q in each cas ¢ is the -nltud- of the applied vertical

point load. Pol; ion's Ratio io s ep: r in th abov * expressions,

rrvrrren veTvenmy Tinvtrfrnxrym

Fir. ,.b rei

although only In t> ¢ ¢ of c rt- in rtr s; compon nts viz.6r
and $t. This la thf c<: ;Inc the moduli of elasticity affect

the sir ss distribution In d-dirrvn.aionnl nrobims.

Ext nslons )f th abov m ntion d probi mIn th form of
a uniformly distributed 1c¢ linr on efinit <> a such as arec-
tangul' # jquar ¢ or circuit ¥ vr , m1so constitute -dimensional

problems of str ar nd str- In, nd h nc , the correspondinr ex-
pressions for the str at compon nts will aVo conl in Polsson's

ere rather involved, and th results of th- computation cannot

problem has t n solved by Lovell?) ond th> results have been
comp Ilf I in tab] s which main it possible to determine the
stresses at any point by me ns of a s!eiple process of Intorpo-

lat ion.”

loth Terzaghi(s.s) and T ylor(1«3) point out, however.

[P el
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SOIL PROFILE ON THE NORTH SIDE OF JUTA ST
NEAR BICCARO ST., BRAAMFONTEIN, j 'BURG.

0
d W;73 \
Surface Rubble
well-graded firm fine reddish-brown
*ilfy  sand
10. 0 . Moiefu? - Confenf increasing
wifti  depfh
Occasional pebbles
Pebble Marker confammq quarfz and sandsrone
pebble layers — maximum  size of
pebbles approximately 4 in.
Firm red clayey srff, — residual
30-0" from  shale. Requiring

pick for excavation.

Joifit planes mc'med in all directions

Occasional pebbles



Horizontal R-1i" 1 Stre/> <5,

Equation :<fr = I -

r+/*¥jNr 4z

TAHLE 1V
r
© p - . P p 0.06
0 41J 6311 -4 3210 _ 2105 0
5 +2 1979 4 9779 43 a4, 53.-1 4f .3190
10 ¢0 Clu 40 3024 40 5873 40 9722 41.16:5
20 -0 1703 -0 0(i) 0 40 0844  40.1687
30 -0 10« -0 Off1 -0 0271 40 012:7 40.05:
45 -0 c-73 -0 ¢.792 -0 0207 rO 001C 40.0159
60 -0 aJ 0 - -0 ClI, -0 0032 40.00-4
0 — 210" 6i 94 -1 1045 -0 3523 0
R +H "1 41 3654 41 7300 49 0993 .
1C +0 6570 40 7496 40 '43b 41 1364 41.32
20 40 034- 0 C784 40 1464 40 21 ;C - .
30 -0 C° -0 mi 40 0:55 40 0605
45 -0 C1I : -0 ¢1.1 QaC . 40 0127 .
60 -0 "/ C175 QCC4 40 0032 4 .0157
10 0 -c 71 : '36 -0 3979 -0 I9E9 0
g *0 0111 * 17V¢ * 3 =70 4’ 3141 40.6 '
10 40 577r 40 :.34 40 6112 *0) 727z  40. '
20 am 1r : 4 17 40 23. 3 2 eeee] 40.
30 fo o1 4'j ( >if 40 07+  ¢0 1050  40.136 '
45 -0 01 0 40 0143 40 7 4 .0
60 -0 0159 -0 0OC61 tO 0032 ¢ om » .
16 0 3. 13 -0 st -0 i -0 ' w91 0
5 | -0 r t- 40 0191 4 1003 4 1 14
10 40 0~ 4 1751 43 2419 4! 30 3
20 40 13'7 0 7% »' 133 4 351 a4 9.
30 0 < n 40 C'7HO 40 103! 40 1: 79 40.1-i:
40 aC>4 *0 Q1 1 =0 033 | 4C +0.0 0
60 -0 C4m 40 CC *0 ogq:" 40 0207 4 .02
20 C -0 19&3 -0 14 -- cv ¢ -0 04093 0
-0 i»7x -¢ ( -0 01 40 C1! =
10 .0 ocme @¢ O 40 CAf9 ¢ 1i - 40.1703
20 40 C . 40 1: 1 40 1: 40 1 30 40. 1 "
30 40 Cf57 40 ( 40 1C 3! 40 4 . 1
45 40 r.r'" 40 751 o 4 0-V 4 0! . 4 .
60 4 27 40 Oil1 40 017: o O -3 40.C :,
30 0 -0 C -1 -0 C56" -0 ra«f -0 Oi 33 0
6 0 071f -0 o 7 -0 or-3s -0 OOf« ¥0.0143
10 -0 03f -0 o011 - 4C 003: 40 023) + .c
20 40 0171 40 ( X 40 060; 40 cr-o 40.0939
30 40 c¢cn ; 40 Of 41 40 06 -1 40 0812 40.093 9
45 40 C271 40 036r 40 04In 40 0! 11 40."6 1
60 40 01 13 40 05C* 40 0255 40 0313 40.05 2
45 0 0 (7 -0 0309 -0 oi n -0 0095 0
5 -0 0350 -0 O05fx 0 0199 -0 006i 40.0032
10 -0 05-0 -c Q151 -0 0095 0 40.0095
20 -0 004 - 40 0044 40 0127 40 059< 40%0302
30 40 Oil1 40 01., 40 09: 5 40 0334 40.0914
45 40 01.'1 40 025! 40 0302 40 0350 40.0*%14
60 40 01 .3 40 o1 n 40 0223 40 0271 40.0318
60 0 o 0323 -0 0159 -0 0111 -0 0064 0
5 20 0507 90 0143 -0 0095 _o 0048 40.0016
1C -0 0191 -0 0127 -0 0080 o 00:2 40.0032
20 -0 oo .o 0048 40 0016 40 0064 40.0111
30 -0 0000 40 0018 40 0095 40 0143 40.0191
45 40 0080 40 0111 40 0159 40 0207 40.0239

60 40 0111 40 01 13 40 0175 40 0207 40,0239
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The results of vrrlous laboratory t< its on the soil are ta-
bulated below;

TABLE VII
Atterberg Limits : Liouid Limit : 25.2#
Plastic Limit : 17.0#

Plasticity Index ; 8.2 "

Lin< nr Shrinkage ; 3.3#
Grading Anmly mls ; Grmvol : B.5#
Snnd : 53.0#
Silt . 30.0,
Clay 8.5.,
Specific Gravity ; : 2.62
Void Ratio ; (Undisturbed state): 0.70
Compression Index Cc . 0.21

The soil appears to fmll into the class ML of the Cose grande
Airfield Soil classification and *nto the ol'ss A4 of the labile

Roads classification. A full Kra.!n curve end £ oressure ; void
ratio curve determined from a normal l-dim> nr1 npl consollq?sneter
test, are shown in Fig . 1' &IB r vetlv* 1y, The molstui't con-

tent of the soil at the tlm of s moling In th< field Is nqt known,
but would aopoar to have b, n epproximately 3 (see Appendix IV ,
Fig.53), thus indlcetlr r D-gr f S turetion ©f approximately
11%

7.3 Design of the Exoerir. rt T

The aim of the exrer imentr 1 work was to determine Fvis.s > s
Ratio for the selected t it soil by conducting a series of Conso-
lidated Undrained Trlaxial Sh* r T its ( cu) viIth strain control
en samples of the soil . Th* t -t to b- acco-dlnr t wlIr -
tish standard orpctice.

In vlew of previous discuss'on , this meant tnat the ' xp'.ri-
mental work had to be designed to n bl the m ssur,mert 2 t.-,
change in volume of P soli sflirplF o! known vr-lur e %‘ to
a known change 1M stress within the linear range of th* 1101
stress;strlin curv- ° Th information thus obt* inod woul a t; n

used in equ'tltn 7%, f previously derived, to enab1- Tre evaluation
of Poisson’s Ratio for th sol'.

from the fluid reservoir.

durlnftes? bl°"ocur” “u meSu?ed” tMs

be ./
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Ir "rbrknLHnLpendLut'hothl”ro”*r*reff”tr

need to be determined.

In this case the flow of fluid as a result f

g £ -~"B $ i? H drE if£f -5e e s

spindle into the test cell.

. W

i g i i i i i

change of the sample only.

i 1 i S 1 1 1 1 E S
entry only.

7.4 The Test Apparatus

This consist, d of a standard r del3Trlaxlal Compresslonjes

e more sceurcte determination oi tno ?
ted for e test could be mr t .

" Dol hi ooorcted hy -n electric motor
e trl x1el machine was

in the test set up is shown in tig.19.

.z

found /
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vV v "r " | mv'as “rz: (") ‘nd (b) ns Above in (1).
"1 Rrdl "™ ~tr (5r: (r) str ss dntr for 5 values
of p in tbulr forn.
(b) .-tr 3« contour di'cr-rns
fnr conditions: p=0, 0.25

) nd 0.50.
d
(b) Str ss contour di“grnms
f r conditions: u=0, 0.25 e¢nd
c 0.375.
" ' r'" - or nddt v rsu: D nth on th<
fnd 0.50. L
m' <l - 1 >tr (« x)7 () ss *bvv in (3).

(b) Str ss contour diegrona for
¢ nd' on:: : p=0, 0.25, 0.375

nd r.o0.
u"v ' X f- o r tr ¢ c¢ ntour: for condl-
teir >: p 0, 0.7: nl10.60.

g« ' v X't . « Ir (S- x) v.r us Dot) on the

AXmS -1 i p=, 0.25 nd 0.50
Sr.  following ro’nt wit' r grrd to th v-.rlous dingrnms

nhcul :, h r, LR § . 't 11v, In t c s 1f it r(4) Above ,
str ss contour e*r.rr - f - tr v- lu - f Polssonh Retie (p=0,
m - -0 :
str -e e cuv -r vV f op->.,0. S sr::lv, r ,zerding
SR L vV u f o "'z ee | _Fr Sr enid"» rr< -QuO1
on t xim f 1 edir f r tr w'- v lus of Poir on’a Ratio
' Sctin t.")y, "! * e ! -1V wn 'n F' .S or-' the
' fr Sr 6* r cr'e ¢ ex* rf lo« iinrt Fir-
th-r, it r t t ie tm ¢ 1 f th stress con-
tour > r " fr 6p. 6° S- x, ¢ t r lin ?2 wr fr g. ntlr
foun : to int r c t th r*z r.* 1 surf e« z = 5 of th semi-infi-
nit cli . In th 0 ‘t mr ror :'tl t< c<leui--te th-. xnct
position of th r. ’m' of *ot r ~-t! n f ny str sscontour lino
wit-. - urf ¢ z 0fr - qu ions obtain 3 by rewriting 1in
reh ¢ o .t r 1 vt of- sc T n nt xpr - *ion In suitable
form nd '''t o'e @ 3re- th ¢ rditien z = 0. Tte pro-

ccdur 'rr] -* I ' 1ml I n r o dt if in full in Appendix III
It- . 2,
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Vj3P"ic & normal

Equation:

6z

_ti g

10

15

20

30

45

00

10
20
30
45
60

10
2C
3C
45
60

10
20
30
45
60

10
20
30
45
60

10
20
30
45
60

10
20
30
45
60

10
20
30
45
60

10
20
30
45
60

Sz

.0516
9152
.1040
.'037
.0006
.0003
.0000
.rr. 4
503
ANTS
.025:
.003.
.0000
.00T0
L1747
."V43
.5,35
.0 5.
.0143
.0016
.0000
101

.-313
.6467
.16

.0381
.0064
.0016

QW ULWODODDODOO =W

Ao OO

.0250
.692;
2117
C.C 21
C.C127
C.0032
0. 30C

0.4074
02117

0286
0025

o O

.5006
.1496
.0939
.0414
0191
1321
.1305
1241
1019
0764
.0430
.0239

eleleoloNoe oo Noe e NoNo)
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Henc , ;n t rms of tb discus'lon In - ctlon F.R, if cny
saturated soil t t subj ¢cb d to an o dom t r t- st, It can expe-

r' ncnc V ;t’c e ttl ¢ nt es ¢ - ult of th- ; oil 1 10'ding,
-Inc- , In t c- of -turmt d oil, such s ttl m nt Is essen-
sum. d to 1 Incomor-. 'rl -nd in addition I-tur-1 strmin bo nr -
v nt ), no suei mttl - rt c n ccur. Alt'rrr tiv- ly *Iro, If

'
which th rfor in >11 th ¢ for ¢ lenl t!er t’ I' tic r )r iffl-

medlsto) settlement of any typ of lemyv '[ soil, > vf-lu- of

the statement *e thu er.loftv nr viou" S ct’on r- ; -<'n the

vfilm of p - nil « t to o tir-t co- ionl soils.

As1 r suit of V °tov d! ¢ ; lor., th :u of lon orisos
aldered th*t !t r.-y oc « *bly tdu ' o th —corrb'n d <ffctr of
very slight \# Id ir. t conf'rfn tt r-n, (which wss essum. d
to t v ?0 sfcov-), e 1 i *e jovin " "h nor us n t-a ,v ot r
dvtr i: Iro, st -*nr t ve r nt
6.4 1r- f -ry "12qur '
which strrt! of cor, *cslIt rt >iml ¢ nt.*.n ter. ns< r -

[
struetur -TVstly ecc nturtmt non-'sotroolc con :<*m n .

t:nc- to It rl1l mr T-.

e at r f-rd *r stf> oor ‘titut s lut! n 1 o<t
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Max!mum Sv nr >tr« ;n SIL-UL
Equation: Sp.y
TABLE V]
z r Swnx
p=C p =0.1:1 p =025 p=0379 p =050
3 <0 29 .-:i 7363 27.-311
: 3.'166
10 0.3,95 0.3610 0.4229 05176
20 0.0 10 0.529%
- 0.0520 0.0264 0.0483 0.0865
30 - 0.0336 7.0138 0 0.0260
45 0.0 C.0i 2 0.0105 0 0.0076
60 0.0175 0.01: 0.0071 0 0
6 0 7.7375 7..,304 7.1835 6.9073 6.6312
5 3. C 3.1563 3.0974 3.0:91 3.0096
10 0.79-3 0.50 <9 0.-308 0.5 627 0.9039
20 0.0 6 0.00 2" 0.1051 0.12V1 0.1570
30 0.c 0,0 12 0.0229 0.0350 0.0502
45 0.01 3 0.0ICC 0 0.0063 0.0151
60 0.013 r.00 o 0 0 0.0063
10 0 7.7 .0 2.6. .7 5563 2.4868 2.3375
5 1. 295 1.9709 1.9149 1.7612 1.7091
10 0. 751 0. -1; 0. 51, 0.84 54 0.8434
20 0.177 i 1776 6.19C5 0.1990 0.2140
30 0.0 7 0.C ,71 0.0541 0.0636 0.0751
45 0.G132 0.0100 0.0122 0.0173 0.0245
60 r 'C 0 0 0.0055 0.0103
1E 0 1.237 m 1.1429 1.1491 1.1053 1.0607
5 1 0416 1.0075 0.9726 ",9393 0.9055
10 0. 0. 60 0.6395 0.6243 0.6107
20 0.2 01 . 0.2209 0.2239 0.2286
30 0.0" 7 0.0757 0.0829 0.0962 0.0948
45 0.0 O: 0.0212 0,0240 0.0287 0.0335
60 0.0 0 0.0055 0,0095 0.0135
20 0 0. o 0.6717 0.64 62 0.6215 0.5968
5 0. O.'T - 0.5972 0.5658 0.5446
10 0. » 0.4684 0.4551 0.4402 0.4271
20 0. 2 0.5 59 0.9228 0.2214 0.2209
30 0.0 3 0.09=3 0.0960 0.09-5 0.1018
45 0.030i 0 0316 0.0339 0.0367 89(1)111‘?0
60 0.01 CO 0.0112 0.0122 0.0150 0's% 50
30 0 0.30 %  0.: .-94 0.2873 0.2761 ’
0.2747 0.2641 0,2543
5 0 @ 52 0.2945 :
. 0.2432 0.2346 0.2262
10 0.2'00 0.2:13 :
20 . : ' y 0.0947 0.0941 0.0938
30 0.0. 7 0.0960 :
0.0421 0.0-t33 0.0445
.0: ' 01272 0.1225 0.1177
45 0 0.1'77 0,132 ~
0.1251 0.1207 0.1161
5 0.1317 0.1361 : 0.1095
0.1182 0.1139
10 0.12"! 0.1226 0 095" 00925 0.0898
20 0.1022 0.0997 ' 0.0694 0.0678
: 0.072 0.0712 .
45 0.0 127 0.0421 00544 0.0250 0.0255
0.02:4 :
60 0.02,5 00716 0.0692 0.0660
60 0 0.0772 0.0740 00707 0 0683 0.0652
0.0731 : '
5 0.0703 00691 0.0667 0.0636
10 0.0744 0.0712 00602 00581 0.0561
20 0.0648 0.0628 0 0519 0.0197 0.0462
0.0526 : 0.0331
30 0.0543 0.0335 .
0.0343
45 0.0361 0.0353 0.0245 0.0245
- 0,0245 :
60 0.0255 C.0250
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LAI ORATORY Tb ,: S

7.1 Theor- t?c”l Conrli r-t ~on:;

Ph-' bas5 <+ on which i so’l o n | «c¢c a I red to approx!rat

the elastic state of str- se we discu d In Section f.1. As
was mentioned in that Section and as w s al o implilt 1 by the dis-
cussions in Chant r 2, Pol - nr -*io oni; ¢ v rat 'onal m an-
in.r within the linear rang* of lo ’inn of a s<i11 'r str ;ra:strain
curve .In this Chapter nd in t - to follow, ?i? v ’'mation
of Poissonfs Rati'" from t o's rv! behaviour of <« acll v'thin

its 1in er ran -a of loadIn ¢ mring a tr’>'X’al comnre -jsicn t it,
will be d scrib d and ilscun d.

Since the last lc const" nt er- r<Jati 3 to volumetric

strains, ( Chant r /) !t hi to v r' Pol “n*s
Ratio for a soilby measuring th ch-nr in volume ofthe soil
resulting from a ¢ rtlr <« rsurl incr in lo«ling witln the
lin ar ranrt . Phi In i or. t w #f th 1.r :* n-
tions of a tr Isx’ 1 cor* r 'ont t.
Dllation (A) 4- 6\ +62*%68) - 2"
In the derivation of thlqu "'.on, trv principf Irtr 5 N,
5, and (fx 'er consid r * in n"word irecti on t
cube of unit 3Id , wit'". 1.n ¢ r=v nt ’on »uon at th.' Ir o-
volume Increes ) caus -d th >-ct’onof th* system * orlInci il
Stresses, Is consider it"' p "tv r t th 1o * A
is posltiv for principal tr -n act ing *n n outwar : :ir cii >n.
However, in th 1 ¢c- of riaxi 1 ¢ m-r- -s' n tv
direction of tha nrinc * "r-- omeo ts o r I-' ¢

dered end Ir addition, tbr f ml-ri cio 1 str« m" s are o1 equal

ed so that Conor ive r! nciuv tr 2 " s o-oro. t t

siti vn and hence, th Hat’ r b)Is po ttv '"'r 9 r iu-l .or in

allround cherr.rer .iruss " in * t st ¢ , : » ".n

3.3 becomes: 1, N X, ” .
Dilation (A) = =-f- by* 200 ¢ - Y,

have that:

<51 - 63 *fd
and hence

dr=f «Wd*e%!l



V rfclcol Shenr Str»-sr'

Equation:
a Trz~ A

10

15

20

30

45

60

- 25 .
Trz

TABLE 111

r

0
b
10
20
30
45
60
0
5
10
.0
30
U
60
0
5
10
20
30
45
60
0
5
10
20
30
45
60
0
5
10
20
30
45
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tht chnmb' r pr- ssure merely ectlng as a static allround pres-
sure with no effectIn so far as causing volumetric strain during
'v ' concerned, !. . the test conditions are similar to those

ot conducting a t st under an allround constant air pressure, say,
tmfi whc-ric pressure . In effect e, thus has zero value and equa-
T n3 above should be am nded accordingly.

It should be point d out,however, that the s < chamber
or' usur controls the m sir d vrlu- of the volumetric strain
produced by " (*V as m asur d during th< test) , I.e., for dif-
—2--:- us ot 6 * the ner rang- of 6 _results in a dlff * nt
m ssuro ' value of <W, so th t indirectly” although in th* e¢que-
tion O3 has z ro value, its eff ct is included in tue celculetion
ol Poisson's Ratio. Furth’r, it should be borne in mind that the
change in volume during th- pre-sh- ar condit’on resulting from
tne action of tne 63 ch-mb r nr ssure, is mainly as a result of
consolidation off ct , whil- th chang in volume within the 1i-
near range resulting from the apclication of ft; is considered to
be due to elastic ff cts, end as such forms tht valid basis of
the d termination of Poisson's Ratio from an equation applying
to the elastic stat only (cf. Ch'pt-r 2).

Hence, it v-s int nd d to conduct Unconsolidated Undrein-
ed sheer t st , <, in equ'-tion 7,3, h? zero value end the sample
volume V, is actually th s-mple volum- V2 referred to in the a-
bov- discuss'on.

Equation 7.3 thus b comes:

F -7 «%)(! = SP) e 7.4

From this r letionship Poisson's Ratio (p) can be solved
for by rewriting the mquatlon as follows

(1 - 2p) = c + —
<d
<5d £ n
&V . E re
&l- v 64
The values of nil th unknowns on theright hand aid of
this equation can b obtain-d xn- r!lnv ntally from = tr lax." - comm
pros ion t at, erid hone , th- v i1 O p can t- oc Ie' 7 Ne

Thus, th- experiment'! work wardesigned to eneble the
meF-rnrvment during - trl xV 1 t' st, of th- unknownsdV, F and 6d

in the right hand aid- of quntion 7.5 V being the volume of

the t st mo!- at th and of the oonsoildHlon oroccas during
the ore-shear condition. Th method by wh'ch this volume was de-
termined, is discus ¢d ful y in ct ,on '.4,

7.2 The Test Soil

(Fig. 16).

bebly of r tr- nr.port d o igin.
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1 ‘ or,P*ictt l.rn to prnctlcr.l problems of the expressions for

y," T "rv yxPr'scion fer th- vwrtlec I norm'l :t" .ss (6Z) hence ,
xyr’ 33ions for ctr< s< components containing Polbcon fs Rnhlo

m_ ‘Jfdln s, inct , as dlscuz- d by both theref rences ust
...n.xtn a, *n ' r<e lord Is very often rc olrced by an equivalent

*‘lm ' -out introdueinm verj significant rrors.

vV X n « >twm v 'tic'l norm'll stress distribution

'

m I rrrting Boussln<sq *r expression for th-. vertical normel

i K - "JCr- p sol! i dir to noint led (eou ttons 4.7 ( ) and
(b)) . ... xoresslon is '!lv:in ly b-th Terz”"ghl(8,7) ,nd T-ylor
3xpr r for th m °d- c ..xte in ’rl-infin't elas-

tic scli't in 3-dIrensi -aal nrobi tms of stress -nd strain, - Iso
cent' in ter-s if P( ?esonlr Ratio, since disnlnc rents are direct-

vor’ic'., horizontal emd radial displacements produced by r ver-
ticalpoint load apoll d to th horizontal surface of a seml-
iof i#if elastic solid. Twviis xpr .si ns h ve [so be-n riven

Schi m:d -r vld) obtain 1 by int gr t on rn =xprcssion for the
settlement of the corn rs of ¢ uniformly loded rectangular area
of Tilth : rr: 1 ogre L. iis xoression Is ‘iv-.-n by I- rzr-rhi (6.9),

Af=GE . —£L . TF 4,11

wheq 1-the int nsity of th-. uniformly distribut- d loading,

area,Th! it not r xnr a ; n which is fr quently used in
s0;1 work ca w'il t v ct' n 6.2.

It is thus clear that with regard to tn« determination of
'-t'-s and :fi-"in i- ¢ a mi- *nfinit 1 etic, 1isotrooic solid
due to 'npli d surf ¢ f rc -+, Polrsonfs Ratio only ontars in

3-dir nsion 1 rr i me f e°r e -nd stre in, ince ns was shown

In S-ct#>n .3, moduli of 1+ t’city do not affhet the stress
It ehouid be not d t t hrth ¢ a of = r ni-Irtfh.it. elastic

solid «vh r in 11 led in - > tvell d vertically on it - surface
(as is gr r 1’. th ¢ in 11 work), r 2-dlmc-na lcnr-1 problem

of stress end strmin ° th-r f r rlIso one vher In the apr-1! i
loading occur .I: nl h-'rim n i r , -nd similarly in the c .7m of

3-d’m ns®on 1 er t1 .-/e.
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AV | nppxic”tirn to proctlc .1 problems of the expressions for

CAor i, n.. for str ru Cvr.p-n-.-nts cor t' Ininr Poisson's Ratio
'r  Sn S? ur d* ?his c#ll; nr Inth< era.- of finite
‘<, '“r;"s, s nc , 's dlr.oul i by r ththe references just
;v : 1 ¢ wWrk off 1 » r>?c¢ 3 by an equivalent
- ‘x r>e' mn N " th< v rticf 1 normal stress distribution

9

Oc' 1 r-./tnl- In* In': t- <Ivstl- sollj, s if *'ived by Nev/mrrk(13)
ty Inti rrr*!titu’ boussinenqf? >xprf snion for tht vertical normal
I

I

alro dot m not cont in Pol n Rati< .

tic scili in 3-dirennional probl in? of stris and strain, r-lgo
1

vert 'cr-, horizontal n3 r* i?ri displacements produced by " ver-
[

Schle ich-r '1d) obtain d b; int.gr- f'on an expression for the
sett; >- at of the con rr uniformly loaded rectangular area

who .tubs: qut ntly writ ''it in tr. form:
1 2

"her- q : tl intr ilty f tr inif irmly distrlbut d loading,

I[ts v?lu d -"jan ta 1" ti- LjB of the sides of the loaded
area. This I onc® .r xt rm I> which is frequently used in

It T thus cl r temt wit’ regard to th determination of
at" r and str*In in m ¢ ml-Infinit , 1 stic, 1isotrooic solid
du- to -noli 1 surfrc f "c s, poisson’s Ratio only cnt rs in

in S-.ct' n t> a-du"ltof writicit dint <fifct th srr-a;s

It °hould t not d tvet *n tr- c-a of r s ri-infl nit elastic
solid when in-11 lor ling ff"mil d vertically on its surface
(as 1g rr“ll\ tr cr : Ir.toll work) , r 2-dim- nsionnl problem
of str- ss and str* In Is th r- for- Iso one v/her in the -pnli- d
loading occurs ir onl m2- Mr--nsions, -nd slmll- rly in th case of

3-dImons Icrral pr< bl w. '.
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TABLE V

-0.0000

-0.0207
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20.0127
0.0064
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-0. '36
0
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-0.0005
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whil 6r 1§ c<-v :1i  1ifIj in th t t- a rd t» rr. in
axis of . mh:!-e (r-0) > * v tc 1 Int 1-ri th -qu- t' enr
for 6.» - 6- r .:m t . r r.*>r > es, Vv! -,
(6r Ar-u 4 TF
z on tk axis f lo* i*nr fr ti e ; vVv¥lu *r: F as n’s R¥11 .
Thest. f- cts 3«rv- * :1 ¢ b<tm - ur.c rst ndinc of the
behr viour if t: tr< ' < ur ;'m o f *<5r 1 Of dr. to.
the horizonte rurfm* f * v’ 'n " - r luc  In siz
While at the r e tox X tv o AN T* arc bule 1nore 1’111
. forrv" r erOT.rlvtel;. v and! Bh'Ss nd or iy
. . . " K b
the two po: iti W ore -r; buli  r® *n . hrtrth?i'.t ul -
out on both th< ” rllcl m=m 5, ri nn th— orieont
mrv 1 t) -t at. p-0

ly v r.L
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CHAPTER H
zHF j.FPECT OP VARIOUS VALUE 1 OF POISSO','S R..TIO ON
r.iF 1iRES 3 DJSTRII-UTIC IN .. SEI'[-INPIKITF ELASTIC
SOLID DUE TO rtl, "PPLI' D VERTICAL POINT LO,.D

5.1 Introduction
, . I;,s “5'ot r th eff ¢t of ver'ous v lu s of Poisson’s
RO R qu-'t ions - th b- wc 3-dir- nsion' 1 cr s* , will b.

giv n in V. pr vlou mChnrt r.

S5tr Cr' *n.etlr-n ?d Curves
For t puroo:i r. un : r con ’iration, ih vrlu< of th wverti-
cal point .o * Q !r Bous.”in- sq’s qu' tions wr-a assumed to be 1000
ur- % Cc't*c . 1, e lo' t“Ic unit- of , it- r fore- or length were
<ia°Pr- ;I» & It w in" ni mto r 'V r th- result:: rdaptable to
"eny syst r. of un'ts. Th |unit.:; of the stresr- s celculetod ere
r r sir ly : un-ts of fore / (units of 1 ngth) °, the numeri-
-1 V'-lue o' th str s c”leui-t d b”"Ing th: sr-me for sny units
end 1 n th. h't this is th< c¢”sr, ¢? n b: seen from n
con "ft 'on o4t frr- of mny of EousrlInesq,s equations, for
exo”nl , qu-t'on 4.7(r ) 3f or v*ously:
* "ur' Tr2+z2W ' 4.7 (r)

mot ;v r * units of 1 ngth m-y be, the num riel vrlu« of the

t rr I1?2-  (rP+z#)*/* vill in ch ¢c s b th arm , end hrs dlmen-

’tone : (units of I not'-:)-, whil th nut rie | vrlue of the term
7T i

6z » t -rc iuct of * two t rms, h's - num- ricrl value

which is ind n nd nt of th particular units of force rnd length
us \. Th only ff ct 1 th°t with th I"ter pres*nt”tion of the
r rilts 1- * f -rr W/ curv , str -as contour di gr-ms), the scale
)f ory IIl rrr i p nds or. th r rtlcul r units of l-ngth used,

thl-r 'sc- »l , nr  -c- r Iv n with -ny of th- diagrams-

For ch tr co- nt, i. .67t 6?. 6t 'mt™® Trz, the va-
lu s if th str r-m fr mmv b n colculat d for a grid ofpoints
ext nding 60 units ofl ngth horizont lly on either side of the
axis of lo din of to v rtlc-1 ooint lo *nd to " d*.oth of
60 units of lengt: r low th hor-zontl wurf ce of the semi-
infinir solid. Forth, r: r, for th gri i of points Just detail-

ed, str ss- *wr o-lcul t ;for -ch of th str ss components
< mnl 6t (w-.ich cont- trr - of Pol son's Ratio) using five
Str sr 1lwr 'mn -11 ¢ velu t d by dir ct calculation from
th r 1 v nt qu-t'on- -nd th r suit-- h v b n presented, as
mention 1 rbov , rminly 'n th form of str ss contour diagrams.
The. ctu'l r suits ofth calculations for onch grid of points
hav b n compIl dint- bul r form ”“nd e+ppi nr in 1i«ch o» ae on
th - ‘err di t ly b f r th corn soondln; curvt s.

For t >-ximum Sh ar Str ss (Smnx), th standard equation
for 2-dim nsion" 1 ¢c- s was us d, -Ithough th. problem being
consider d is s nth 1ly ¢ 3-dlm nslon 1 on. . Th< reason for

thi" is that ch 3-dlm nslon ] crs h s proved to be almost in-
soluble (as point d out by Knt y and -rr (2°)), and th< only
known solution is th t of Jurg nson(l-) for the sovcial case
of a uniformly lo d d clrcul r ar a. Even in this case the so-
lution is so compile ted th t Jurgcnson dots not give his

formulae, /



rt f , 't mpp_ r- th t SWX is rot v- ry

crit i§f’_1; tje 2 1 7 vtr3 t1 n r P-Is n*m ! throughout
‘Fhe lin’tr of 't my cl1’at ¢ 'emty 1. . s 1Is L very
import mnt err ;li. o " ¢l Uy It ¢ n ke ; n fport s stu:y
of th r rl. <l v mi "' he VI l-u Stre s -t 'tvs 'm
whe r fr It 3t str-a v 2u s oc ),
V vt l¢ nErr 6 . Srrx S
Ities «id f mtr 1 *t mey th rofci
ir. o -n. a m:t< fr m th- ?xi of loliil
qud® fr quently 1°rg r *h;n th COPPl 3'
in tr X £ If) 1!'nm* i S nf 3~«jr
for th ¢ e jii . 60 of t* c rr e.ilr mvolu S
Cr'11l r. ;3 0 thi fl/\r 1? .
tr Is n n:rc- Snd th !'r xtr<’
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Irr r nt 1n 10.°! "s would rm< r t f':
Surlo ;1 ff t by f * n * < vor * e " 1"
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rorinul’ 3iince tmy contmin functions of d rivr fcives of the

n

0 "or "l m r f- :1m neion- 1 ¢ mis theref:rc fre-
r s rl 1t 'n o-" n 1 nl cose:* spHciell. pg rcc r-

Knty end 1+ 'rr,itintr luces 'n rddifcionel factor of
srfty which my b a h'" -h-a 1.25;

] "'ou ’ly 'C™M I (Co tr 4), f-dim nsionel crao:3 pr'!
> " rror>-"is 0' Din tr as or nlen strain. In the cor of
Prr 1 (on! r : rrin' | «% to ths* m orl nt tior. of coordi
xs , dn ~ 7 4),Cf fZx 'n5 Cvz Ire z ro, while in
t-i* 0 - d'r otrein, t'x nd %z Ir "zro, but ov ir not
2r 'h  ncrr. I n ;g r 's« ctr sc ctin, on t? twopor-
n-nilcul er clrr ¢ cme**n’nr thOX nnd OZ ¢x-s nr*- combined to
'v.. t’1 m-xI'nun S:er ,r g Str za, th r culting 2-dir nsion- 1

ornul 1is:

T X I'M" 6 Xe + t7NK-" e 5.1
For t . vtin to ¢ i, !t th r for do, s not necc ssarily sig-
R D
eeevan [f th th'rirlnc L I tr m is not. zero since in the case
"¥r I'n'r ! . . ' - '"'n " -c 1m- clem, 6 ir not
oqu' 1 to 2 r . rc 1 , if th norm 1 end sheerih stresses
noting on th two m rr n:c lmr 1 n cont" inini the OY and OZ
* X : mnl ir, :, *e "lor’- :-dim < -ionrl r Intionshio is
obt-in d;
-Irex - 1 r&:~ ®y) + 1MyZ° e 5,2
In th ¢ of * ' in r qurtion: of stress, the que-
Ilon .1 . "v. M v ¥ fori * (cf. rig. 1.5,
Ch «’ m 4):
Sn x - <5 6y) TAVVTY .
and  SpnX ~ 1§ 6Z NN A+ Mz e 6.4

but, !’C Xfs -r4 :et'nm v ¥cns:
Smx ' M)

Although m- ti ¢« : .1 (or b-'C 11; qu tion 5.1) is the general-
ly -cc nt-d xrrec:on for bt rrri* 'ny Sm x, Sm x w3 valueted
from bot* th qu t’on." .5nd .5 -d v for the purpose s of

str c r n ont 6r 7 ; Ir cornuon- at » both of which

cont in t rms of Poles'a R tlo, Smrx was also evaluated for
* 1 . . . .
tabuler conn'ri n of te r u t *®Iv n in Appon IIx ill, Item

ly ace nt 1 qu tin /.1 for 2-dim urb-n- 1 cases, gav tnc larger

v lu : of 3 rx in all ¢ exc t r f v v, r; isoli t- 1 instances.
On thfollowing p- s thr cult" of all the abovementioned
c'lcultion -nd th cornspondin, curv i3 -r- ur -sent 1. Thos

mppi. -t in tn followin s qu no:

1. v rtle 1Norm-1 Str ¢ 6Z: (") Str sc irts ILn tabular form.
(b) Stress contour diagram.

2. Vertical /
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c*1l ',r ' ’ u - "Pir o * ¥ -tr - -nd s- ttl< -
tho iTort mlr * ot Ir. n  ier-.-= must be of n
raodtir' t- or it * <1 m cl r of t< -1+ of @+ ™ tending to
proii. fi .ir ' v f *mr iltcwme tc t of eny r -1
fii lure :y t>1e t. m ml e Xc Jr « v Im ol t it 5, th t- ¢t of
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mi
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fror Mook ' | L

fror t .31: aci tr Y x < r- m t i ri f1Id t -rlIn/
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tier.-' n e r;lr wttn'" ¥ [ L f
In th' r. *t S.e t f e > /"t ?i* °r '
[
pr m ior t t, will t ;r't i o-r 3 " ‘e

whir sue i ¢ -tt |l 'nont !tv 1,

EXtrusSioOn .oeeeereeeeeeennn.



aSKETCH SHOWNG ARRANGEMENT >3
OF THE VARIOUS CIRCUITS IN THE
TEST SET-UP

UQADNG SPINDLE"
VARIABLE
HEAD OF MERCURY

TEST CELL WITH
SPECIMEN IN POSITION

MAIN RJJD SUPPLY LINE

CAPILLARY TUBE

ERCURY SLUG

CAPILLARY TUBE FIXED

TO SCALE GRADUATED IN
MILLIMETRES

INTERMEDIATE FLUID

RESERVOIR
SOLO LINE DENOTES

LIMITS OF TEMPERATURE
CONTROL CHAMBER

MAIN FLUID SUPPLY LINE

XFROM ROOTPUMP

MAIN FLUID RESERVOIR AT
BASE OF TRIAXIAL MACHINE

FIG. 19
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p p f
could flow without causing

movement ¢, tn lub.

forably not mor than this.

the test soli.

Due consideration was given to the following matters.

sltion over the whole series ca tes

Ing element and f-n were thus nwer us- i.

Figs. 20 to 23 Inclusive

are photogr-phs showing various
aspects of the tost snparotus.

The test procedure would then be as follows:-



Figs. 20 &21



fK,22 - TMAMAI TL3T CLu. WIIH
;~AMPL.f Ik POSniQN,

K,G 23 -( APILI-ARY Tuflf. (WITH SLUG) FIXED TO GRADUAT{-D SCALt._

Figs. 22 &23
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cell, rs is usuol procedure with triaxinl tests. Hiving 8ute,n--
the preselected chamber pressure , ms indicated .. hue pressure

goUge, the vrriaule head of mercury ke suitably adjusted, n uv-
cessmry, and an ccurat h<ed netsurer.Int rr d- .

Immediately prior to t.sting the sample, the canillery tube

this condition it is possible to move the mercury slug intn,

smooth curve which thus also straddles the gap.

and the following effects take place:

h- a taken Place due to the oth r two eff cts.
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effect, d by th disturb d conditions during test. However, es

this serves eg a morns of obtaining some ider of the lerksge du-
ring test, the ' m nsur -cnts were tr’-en "nd in each cos- w- 1
the full particular chamber er asure acting and only the capil-
lary tube circuit cut in.

To obtain som idea of the leakage wunder disturbed condi-
tions similar to those existing during - test, a measurement ol
slug movement due to th combined effects of leakage rnd snin .-
entry only wos contemplated, from which, by knowing from c¢ "cu
lotion thf v lue of slug movement due to snindl ntry only,tu
value of slug mov ment du to laokag only could be determ.n .

tlon of a test in th followinr manner:

With the ceoillary tube circuit closed off end th- main sun-

tion of the test, as discussed above.

As /
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As ell samples wer; to oonsolldeted In the trl< xlel N
under the respective chfmber pressures selected, it WPS necessary
to know within wh t length of time such consolidation would be
completed. Hence, in conducting consolidation test on *n un-
disturbed sample of the tort soil, settlement:tlme readings we
tfk,,n In ecoh «<epe ItnmedUtcly -ftor ol-cing ths lood.ng Incre-
ments corresponding to chamber pressures of 301b/sq.in. oUi-y

b

SR& 'S ''!"s85*"isss & ."aiisb &
24 hours before testing,

being trimmed.

assc.'sa.nxs » SKTS s-“
ppT’ticulsr chamber pressure selected.
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SETTLEMENT--TIME CURVES

FROM NOR DIMENS ONAL CONSOLIDATION TEST?)

LOAD
450

*e

440

410

400

LOAD;

380

370 LOAD

350

345

INCREMENT; 0 05-0 7 tons/*2

30

INCREMENt=10-15 TonS-/*

INCREMENT: 15-2 0 Tois/ff.2

2.4 Hrs

FIG. 24

mHe



SETTLEMENT-TIME CURVES!

(FROM NORMAL I-DIMENSIONAL CONSOLIDATION TEST?)

4bS

LOAD INCREMENT: 0 05-0 7 tona/rr.
450

445

24 lira
440

435 30 40 Mime
410

405-

400

LOAD INCREMEN;: 10-1 5 Tortt./th2
995
390
965 -
21 M

360
3f5
360

375

370 LOAD INCREMENt: 15-2 0 Tons/fh2
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This Inf b« ndon ,r recording of slu;- r.ovm' nt dueto
the combined rffects of 1 "Va- end soindl-ntry wes crrrl. d out
according to th' nrocf iur f wvirib". und r "T st Aoper' bus", In
rdd’tion, hol v r*, tiir' F -»dl1ln?-s wor nl so t- kenin ordr ¥V to de-
terminc th- mt- of strain under the s- circumst-nc s end so to

nsc rtein th- possible eff ct of the nertlvul®roh'mb r nr- 3sure

ret of streln w s d t«rmln d in this msnn r for ech t st mnd
will h r ftcr be < fmrr d to - ath- G Lirr't 1 r-m' o' -t

After this combin d r- cording, sfurther 1- mk-g- measurement

w r fin 1ly md , s’ 1 r to th< on spreviously c-rrl-d out.

Th- i with the ¢ plll'ry tub< <circuit cut out. rnd only the

reservoirs. Th f il d s-""1 w-s err -fully r<mov ''nd
ture content d t rmint'on c-r*1l d out.

discarded --nd e r r t t rt sues qu N . °® - m- oo

Appendix 1 ).

7.6 t Cb cvitim ' "< ! C"irv ?
per in the foil owln S- rerr.-
1. T-bulmr pres nt< t *on o* th- follov'ug a- *
(n) T <k"e r vir n* V- -
(bt rot- At
5. (--) 3tress:Strn In cur ve .

fb) Young’s Modulus:Str in Curve.

a ; NN ers s ar™ s na & rs s ."”



during rn mctu- 1 L«st. This curv !« 1 rded: " rIn slug move-
ment : dffl ctlon curv
Then, foil owln, on tl sets of t :t r .ulfs for *oh of the

six t' st" D rforr d, 'rt

8. Sum" ry in Tetuler m ol tm Ix fr lex1 I tr suits, 1.
th fh' sr Str- n--th r ult r sulr* 1 for constructin' thr 'ohr
Cire If.B for rch tvst.

9. Two sets of Mohr Clrcl , cor msr.ond'ngt tv r wults 4 tests
within th'" s-r so- 1 c¢c t g rt> s.

The followin points should, how vor,be clelly noted:

(1) Tr'rx*ml ch-ml r “r eur Vv lu* s could X r d on th-
pressure grugc orov 1l d for ’hi ' "urno ¢ , tut, s r ch-ck nd tor

¢ rescsurvey, the v.i -ht ofir rcury column L tone- 1 by th-
heed of r. rcury w s t:tu;m ¢ nv rt 1 to mn *Qnlv ler.t oresmar'. =
Sur« ige Alll hr "t = - f-rr- 4t r th hominr® cnem-
*
(V) "1ttt * rlt * I v* for etr-syj ¢ ic i.-*'on -n o
I- (lor,-1to Ve trr in), '.
this f'ctor in ch '
ti inr- in"

ding Stress :otr In curv-






(*)
MEASURFWVEN"?  OF
SIUG MOVEMENT

rTS"T No 1

SLUG

LEAKAL"

S*"ASUFEMENI OF

MOVEMENT

PUE TO LEAKAGE 1IXC TO LEAKAGE

ONLY
L€fom .1ggT
TEMP 27.500
isp 4/2 e,r,
VOLUME
TiMC
SCALE
o
15 21.57!
3( £1.62!
00 P1.6C
16 £1.476
45 21.45
e 00 21.475
it
30 £1.37*
45 i1.35
15 £:..wv
30 21 £7%
00 121,225
15 21.£
30 21.1 'u
46 21.V
5 CO 21.125

AfLIBLJtB1O1
MR t'?.rbeC
MI 6/15 o.r

mMi'

ONLY.

VOLXA*

SCALE

cm

P.90

.6~5
.60
.60
425
.vn 5
.30

OO »wo

9.20

9.10
9.076
9.00
7,9v
7.925

U I

B rwmo

A Qwu
W N

~N
— 1

MEASUREMINT  OF

MOVEMENT OJE

Ce)

MEASURED NTS

SLUG

TO OOMNNEC

EFFECIS (¢ [IFAKAVE L

SPINDUE

tNTFT (AFTER "~ESf)

TEMPERATURE S7.26pC

| OFFUECT  VOUUME

GAUGE

42
43
44
45
AC

49
50

11
53
54
56
66
67
68
69

61
62
63
64
65

67
68

70

TIME 6/05 ,T.
1
TIME
SCALC
@ Lml" 5t
7.40 0 CO
7,3V
771 2 02
' 77!
"_7
"175 4 00
7.176
7.10
7. \C € 06
"5
7.0;
7.00
"0 e 04
6.9"5
6.976
6.9?
6. 10.02
6.9C ?
S.fC
6.
6.9? U 56
T. 9%
6 .VO
13 47
e, *6
F.-:
c.-"=5
f"cs 16 44

MEASUNIMNI'  CF
SLUG MOVEMENT
DE TO UAKAC

KA

temp 2

TtMf

00
if
41
16
45
cC
15
45

16
30

00
I't
30
46

¥ TR J%a[& X

M5/- .
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DEFLEC [ oAD
-TKDN

DC 3of 20

S .'0*5
33 37
M 37 o-

3t: 49.
37 |

%!

40; 69.f
42

alm 7
43] 1.
44

4.> .
4t * S
4.\ 9u.
4311

49. ‘e 4,
br 1 *.
51 13 .6
s5£ 11

53 1 .
54111-."
CCZIT .
fd: 17".
57 1.

>0 1

vr 1 1.
ee .
61 IT .3

6% 1
64! 1

fu 1.4.
56

67 °
68| 1 e

83 < .
84 16 o
60 271 o
90 V

9% i .
9 T e
1< 1 .
105 1 .
108 1 1.
111 1

114 1

TEST..N°°
SLUG
SCALE TIME
00 00
.70 oc 27
Lo 00 66
.30 01
| 07
b.u ‘08
0K
74.375 10
"% 5 10
ev L1
73 .3( \Y%
9<.3C
: L
1 ' ¢
1 14
1 .1 14
1F ~
14. 16,
1*. 1 16
17
1 .1 1e
Id
1, 73
7 lv 59
70 51
00
5 32
00
71?2 X
o 27 57
LB
*.
> 66
26
56
7. " - 76 74
45
. Tt 14
76 31
< 29 ht>
31 1
43
1 r-
S .
23
50
7, 71
» '6 57
6.7-, 57
,1 23
7 4,
43 49
.4 5t
46 3.

- 69

MAIN TEST OBSERVATIONS

SLUG LOAD
SCAL
cm Ib
H.
1 Te(
1
2 * *3
1.(5 90
o .

.'y{;’ lor
73 ¢ 1 4.
74 5- 11

1 l« *

. 111
96 . 11*.1

#ft 1

IT *

e* v; 4. %

1 »ﬁ

1$ . 15ty
>1 . 1 °
1534371 134

34 4 1 .
36 J* 142
ie, 7. 143.
3m:.' 114.

1

. 1-1 .

m 14" .
'jt'O1 11

R Vi

16
tvr¥*e
i 3iT o
it
(»
*A <L if
41,'r 1 VI .1
41,. 1161¢
1,.4 lie:
41 . i 7

il0O id

90

23
74
25
26

28
29
zc
31
32

64
57
00
63

66

77
75
00

ST hAIN

f

. (CRRECTED

STRESS
(iS-CsliM



toRFCCTEDI (UFREITROCOHH T COmEETED

SSue. LOAD bLmr SiRAN STRESS
SCALE to
t-m H)(n

41.4 ,

41 .4 3 4 JO

41.45 1t » 93

41.4. € . % ; e

*41.36 1€ > O# Q@
41.:. 1*.;.: 1)2 .

41. 75 105 -5....0
40.776 163.1 ioe

4 % 103. in

4 .05 1(. . * 114
4 .51 162 .4 1X7
12.
11. - 12 4 4. .
H .: 126 .
H . 129 «
it. .
a
la

R
RN
=N

Wy WY WO WWRA

1'2
155
T 136
141 1.71
144 T.9f-
.R 147
1 .4 15
1
7
?

SR LE
:-b.O\u_
AN

o 2
(9}

ESESN

16?
Ve
169 >
IdC



J9L CAUBRAJ£(LBAIE OF. STRAIN (d*- 301b./bQ m)

2 575 divVmin
odoe”sV/min

(b> ACTUALJATgg .SSW JAWNOTCST, jO,

IVRW IM p |
2SM /

- OOOWMSt**
B0

A i03%

(WTKUIM iw  D9334V/mn
i3dtvS. ~00009337ni0

[ M6* . -

T.ML (MINUTES}

ee_-\h «n



SvSol* 5¢"In
c-CT73?
w t biSS/i

L UW - -fiyt
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dy i

CALCULATION OF INSTANTANED>f, W UZ£L3

STRESS

ENE NN
~ W
< W

14.0.
16.e0
1.7

?25.rf

3C.64
34.e?
5". 5§

41.53
43.CC
41.38
47 .1t
48. -
50.63
.66
54.33
11.

60.03
63.

70. :3
73.7-

70.CJ
76. ¢l
- .11
E .00
6L.61
63.SC
8:1.04

72 -

JEST -

.QF. rQyNGS.

STRAIN
EVIVIL*

<< 67

0.133
1.IT?

COG
1 300
1 ,400
1, T

- «7VC

900
i ;CC
€ coo

M QB tiUS-(?1

SrR* N DUE
TO BftiCXNG -

IN IffECTS

pftXi-nt

OOOQQOCCCQOQOCOOQO ceoSococococoCcrnocoo0oooCc oo

il

CORFEr <D

pexffi*

0.

0

o

—_ e = =

133

:OOO
100
10

400

|
60",

53

VCGIN'S

- /0

I ¢ |

2697
6313
677

7649
8363
6400
84S9
0401
6401
9296
*161
616¢
6042
277"

7668
7792
7619
7563
74 6<
7319
72 61
7194
7063
6999
€69
6382
5121
5061
5599
5564
6127
4944
421 A
4589
4< 10
4252

MClJv. US ®

w

V m
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DATE PERFORM ED 2 2/ 1/ d7

SAMPLE C )No O DATLP FOR 24"""0~RtOR ) TE£
TIM E STAR" O F T b T 2/ 53 P‘l\/‘[.']:‘]iA ER A TrUR? 23 25

TIM E END O F TEST 3/ 10 p m T .M ER A!

NOMINATL 6, CHAMBEFP PFESSUFE. 30LE,'M N
H E A D )F M E R IR > 3 6 \ H E N
A C A 6 CHXMZB8ER PRL SSLRE 26 736LBy 5Q-IN

+ 00123



3l

TES'L

()

MfA.SUREMENT  OF
SLijO MOVEMENT

DUE TO LEAKAGE

ONLY

UEFORE TEST

TEMP 25.5°C

TIME

VOLUME

SCALE
&#HC CGa
00 26.00
15 28.375
30 26.95
45 25,925
00 26 .90
15 25.95
30 .
45 26.9
00 25.775
15 £5.75
30 25.7T0
45 £:.676
00 .
15 m25.625"
30 25.55
45 2? .526
00 25 .50
15 25.4"5
30 2% .45
46 25.40
00 26.376

- 75 -

2 LEAKAGE JAEASUFEMENTS.

(8)

MEASUREMENT  Of

SLUG

MOVEMENT

DUE TO LEAKAGE

AFTER

ONLY.

JESTrn

TEMP:25ec6°C

TIME

TIME

nr.ift <<

0 00
15
30
4b
00
15
3C
45

2,

15
30
45

3 00
15
30
45

4 00
16
30
45

5 00

3/1 bp.m.
VOLUME

SCALE

CD

28.00
27.95
27.625
27.75
27.55
27.56
27.45

f.: "5
7.126

£6.95
*>6.65
26.75
21 .55

25.41
26.525
26.225
26.126
£6.00

©

kCASUHEMENT OF SLUG

MOVEMENT DUE TO COMBINED

EFFECTS OF LEAKAGE i

SPINDIJE ENTRY (AFTER TEST)
TtMPERATURE; 26.CcC
TIMC * 3/2£p«»*
DEFLECT OiJJME
TIME
GAUGE SCALE
1O g‘f> man  C
00 50 1.60
57.5 1.80
55 ?2.L 5
57.6 2.30
60 ,..55
61 .5 2.925
66 3.075
67.5 3.40
70 .66
77.5 .90
75 4.70
77.5 4.50
80 4.70
Bg_£ 5.00
85 | 35.35
9" . § 5.05
90 5.95
72 .5 6.20
95 6.50
97.5 6.90
100 7.05
102.5 7.35
105 7.60
107. 7. b
11C 6.20
117.5 6.45
115 p.76
11 5! 9.05
120 9,325
127.5 9.825j
12b 6.926;
177 ¢ 102253
130 10.626
132.5 10.825
135 11.125
137.5 11.40
140 i -
147.5 12.00
145 12.50
147.5 17.56
1.50 12.86

(P)

MEASUREMENT OF
SLUG MOVEMENT
DUE TO LEAKAGE

ONUf.

AFIL* JESLCyL m
TtMR 21>.0°C  Is

TIME 3 /3 5r «fL,;
VOLUME
TIME
SCALE

mfi % cm
0 00 £37

15 23.575

30 93.425

45

00 23.175

IE ..

30 .

45 £2. HI

00

15 {

30

45 22.476
3 00

16

30

45 .

00 21.80

16

30

45 Cl.40

00 21.275 -



irxi!f

QLimMW UZ&JO,
Sl OfiUKiIUCied. tVimnighL fe #

(a) BEFORE
AW, ;rtmnA*

« -« - kuit'

fij AFTER tcsT @)

(dj AFTER Tfc$T (2)
A1 Vi im*n

, » T .

z . xflt n'"1

J4 i ot ft

ni: °i;!
«:1:



76b -

m e;ct3.jif SPINDLE

Slug fron kft to rig

y40 <m M.iiBam# ye o4

LIT



TT'T'T'
- 83 .
TEST NQ3 LEAKAG6.. MEASURFMFMTc,

DLTEBMNA
1,3) BEFORE Ttar V3 from right to m coc*i cob4
10
14m" s
U AFTER TLST (j
a53%cm
il
i AFTta EST (%
Oil cm
* CMweylun e-(n\VHJﬂW
*0C7f«cMN«T|SN OF KATE OF SUIG M w atiEJH I J§i
sfiftfisc& enxcrsy, k*«#5E A -seee”™ FHTSIJ
S1i” .nKivjinailJ rtim lefi ua
kKjJ vi" % "TF/O Ov
0i» mmL oo ¢
036cm 21(to

jflpwiyo-Odi
0ZSomnyoooi
14 diva



1 ITW  wpm
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SAMLN° JLIJ-EAKAGE “~CASL” MENTS

' ™ f
CB) co

W*SVREm, 11 O MfeASUAEMINT Qi MEASUREMENT jf  $LuG

! SUC MOVEVENT
$7JIG  MOVEMENT /(G UEMENT DUE TO COMEVICD i

X£ TO LEAKAGE tXE TO |EAXAGE EFFECTS OF LEAKAGE ¢
ONLT ONLY *"INOUE ENTRY (AFTER TEST)
r&om”™ST AFTER  TEST fi'
TEmP  ?7027?°C tfmp 5 . - ¢ T MPCRAt RI S f
TIM- 1i,1° . TIME «
VOLUME rOWMfc OEFSCT : VOLUME
fIMt T"M£ TtM< T-ME
SCAJE SCALE $ GAK.UE SIAIE 1

mi me c«. i vm fC am Tt >x

e cc ex tV. 116« (0
15 15 41 16,

30 Uy s 4 i it
46 , 4i . A,

1 30 1 X Je. 9 : 19
U n . 16 . i-s 1 tT 1 .
30 . 30 i e 4t5 Ix .3 -
46> ,21.ee 45 47 19 ,7j; 45 i

5 00 . 2 OC 1 -.4"'rc 46 19 : -

V . _ Ir ,.~.4"6 19.0 ' 15 1
30 _ K i 1 .72 3 58 SC
45  21." 46 |1 .5 j7sC 4c

500 oc 1-.325 . i
16 .. 15 1 . 4L 1; :
SO ri. 7. 1 . 54 Ce sc !
45 1.6- 167 - 56 4' i

4 00 . . X?

16 21.6 m-. Me
30 ri.-- 1 0 ¢ A
45 oo - NE 45
5 00 . ocC 5 - & 21
ei 1#%
65 Lirn
64 ti.<
65
66 121 .50
67 1. 7,
66 21,
6y 4, I .
70 21 -

71 ™



10 36

1b.

JEST .N°©

1OAD St UG

GALGE
1$
1?2.r5 f5.55
ro.4
?24.C 23.1C
76.7 .
29.Cc "'.1C
35.: ° 2C.7
'T.B ?r '
4 .
43.' i-'.eb
62..5 16.9
56.9 1, .7
AL
64.6 13.86
65.
75.7
4. 3
5.775
gy
r-’.4t
"7.15
lit.5 5'.
26.36
r-r .:-'f
577
;Y. «
14.1.6
5 %.0
B
51.M
i.
4.476
74.72!
;». 87t
175
,46
10.875
,0.4: 5
27.8
131.1 T .5
15 .7

02
03
08

11
12

13
13

14

16

19

21

23

3

00

36
16
07

19
57

08
41

46

6V

24

41

61*
57

53

.63

53
52

61

49
4L
4!

41
41
40
39

38

MA.IN FESJ QeSEF~TIQNS.

IfMWRA-f %" ,tD rI3AVWXITED kKXXWBcj

ruRff

23.

CORRECTED
G LOAD iocmrr STRAIN STRESS
SC hue.
e (6rd») e<
10 Ib 105m  fuf W o)
< 0
€. 5 2.26 1 09033
-<.025 ‘5‘2 2 0.067
0 . 3 0.100 s.3
H .2C 9.0 4 0.13) r.1
0.60 11.7 6 0.167 .
1,9( 15.0 6 0,200 7.54
2.5: 219-25 7 0.C.35 10.29
W 8 . 12.66
41C  2".s 9 0.500 It .66
1.45 33.2 10 18.70
37.3 11 21,00
7.70 41.v 12 <400 23.68
. 4: .T 13 .45S  25.€6
49. 407 2".99
10.ev 63 m« It C.50C s.),,a
16
) 6C.2 17 0.567 33.82
15.35 63. 18 0trOC  55.49
14.10 19 0.653 W53
It .00 69.6 20 0.467 = ,06
1f,8C 72.4 21 C.2< .
If .60 75.6 22 4 %4
" 6.2 23 4 . 4
1%, 1 4i .j 24 coCc' 4'.28
It. "s or.v 25 i.733 46.C
1*. Mt 85.7 26 4 .
2V.t 97.7 27 ) 4'.10
10.(26 09. 20 0.933 4'.vr
21.026 91.0 29 5.31'
*r 30 .
v 75 »?. 33 1ICO bt.re
23.1C 96.4 34 1.1V 54. g
:3.40 99.7 3t 2.1'7 56.10(;
100,¢ 36 .
24. 101.t 37 1.233  56.54
4.5 102 .t 36 1.i1f?  :".ie
24.: : US. 39 1. SCO 5,755
cE "7 5 104.: 40 1,33§ 57-97'
26.',5 ICf* 46 2.1'115. .4
6.175 1092 60 1.'tr 6x . r
:»".4¢ nec .3 28 2'1-4'
25.56 111.8 e
5p.. 1 110.3 6f 2.167 6 .1
26.4 IU*.1 2.33\ 60.f
.30 114.2 ;°6 ccr gg-g
26.078 I11f.4 80 . .
- : 85 >.653 63.9
5,826 116.2
'5.676 116.7 " 010
26.40 117.1 96 K '67 g
25.10: 117.2 10C 2. '33 24-1
24.71 117.7 i?(f) 012
c4.1b 116.C . .
- R Y000 ek
2: . M ) *
,975 v 12! 4.167 21;?1
21.775 1°<.1 igg : '
1,4 7f 0 i
1.27: 120.7 135 4.50 65.K
136 4. fc3h
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] 6£f ORE rtjbt o i . ) )
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rnr /flt
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TE T sL MAIN

(Coni.)

- J __________ _
iCHUEC ~ OAD SLJt mrMp<m .1°r T LO "av(C71¢j ;TORfIEJFD
"N C*IGE $CALS M TLRt a'tl i oerer ’AbB STRt-SS

| -<d4/ -Cv 64

1 id>  JH%Y = 1

12§ 135.9 21.075 120.9 4667

173 1*5.9 436%0 V£976 120.> '
: ' 121.C

175 136,0  4.X 66 34 5 Ifl.v O s
160 13f.L  4.60 67 P6 .30.275 '181.2 ' 66.1c
195 136.7 5.20 69 2f 19.675 121.? 55’30
190 136.9 6.75 73 17 242  1'.125 13!.9 g1
196 1*7.1 6.375 73 17 18.550 1:2,1 _ 65 30
20C 1?72 ,f 7, 1) 17.975 12f.e 5,5" %5724

205 137.2 7.6v 77 11 17. 75 1w 6.667
e.2' 79 11 16.676 122.2 #."33  65.01
215 1'?. . 91 04 ic.075 iff .r 6,0..0 64.89
9,478 83 00 16.40 120.9 6.1C- 64.47

226 1S7.P 10.f a A* £6 14.80 121.1

230 137.f 1C. 96 51 x4.175 in .: C * 455
236 13' .. 11.3b 90 48 13.1 £5 12 . 6.667 64,43

2*%0 137,2 90 43 11.975 128.2 fr A
£46 1V>.9 92 3« 24.0 12. 75 if! 7.000 64. 2

I I
I
&—-.....
R L



"<aDC [LOAD

N GAUGE
vuoe

DD 56

3C . . nm

J?

36

3~ i
4

4!

47

43

44 #
45

45 46%*
\% 4
<

40

w f .
61 1.
fr "7,
«*

%>

56 .

S*

&

3* 104*
1

fl

er 11' .1

61 tv.

#® ]

w1l e*

«$ %

6- 101.5

wm L e

# 1 =

7< 185.

72
75

74
75
76
77
79
70
90

% -

82
63 .
84 1it.
8t 1t.

86 114.
87 11;.

g = s =

J& s-

| SLUG
SCALE

T.'Mt

Oof
il 09
01 <4

>2 40
04 of
IC 4

if 26

v 34
1K
if 41

54

tm 47
21

2 M

$3 n
A\

» 4 4%6
21

w7
*4

77 M

ST <
04

If
54
Sf8 4.4
By 14
29 3f

it 19
50

51 23
*1 44

109

MM 1A

: fiecm

A*

§U§A;f m owpfen.D 'oowfrtl

SLALE

0

0. 7
A, dsr*gw

1.

- 54

- 5%

D i°

i OAD

=n:r

L T

=

15
'3
14
li

1?
If-

8C

23

S7V€
L«
£79
>0
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INSTANT A N A~
OF Y % S(» W C % ~~

COAKECT(D STRAIN XJE
S' RAWN COFFKCTEX) YOUNG) |
srm %8 TO 8fi>On<t. - APAIN )
s a : AVIUUS v) i1
IN  EFFCC7S «b o
A - (1]
2y 1. pendent f/15. ki
7.X 0835 C.I*CO 0.ioo0 7347
0 <.13 < 7739
loo( t. S <,157
11 .66 0.:'C 7503
V. ) i S L..6C 788¢c
- s 6 C. ?)3 bOLb
. it c.re? 9656
1 ' 4v Y ##0
. 43 7703
27.1f m.167 i t.: - 2%G9
39.41 f 1.400 7476
. 0.4%7 P42
51. U (. 30 <.S0C 7008
. (.635‘) ). >3 7004
3t. .0t> .66 ,667 6839
. 0.7 00 0.600 677C
4 .54 v.'/st # 0.653 (689
43 .34 v.7t ® 0.--67 6573
(.f ﬁ (.-06 6466
4€.¢ <% C.7 6344
. C.367 n 0.707 6858
4d.1( <,9 # (.40' 6138
4%%9) o» ifs.l # T.f°3 933
SC.91 y ﬂf 0,567 5872
SI. # f L 0.9 ' 5767
. 1,?0 5480
54.46 1.133 1. . 5320
51.6 ft 1.067 5217
. ft 1.1 SICK
66.64 1.23 X 1.1 3 0
" ¢ 1.167 4900
57.1 » 1."67 4796
67.66 1.300 1.000
it w 33 47C2
57. j? 1.533
50 41 ¢ % C ft 1,<0r, 4245
' 1.1-67 5671
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izsL Jtm .

CAl1J % ATIpN OF INSTAhTTANgDLPs yvyJGS

QF -YOyN&S; MOQULUS (E1

CORRECTED STRAIN STRAIN DUC r CORRECTED LOUNGS
%sglE -5 TO SEDOINO - STE AIN
. N trrecT s =b Aoy
penwrif pertert pHnapnt | s it
4.51 c.eoc i.no "402(;
6.7 C.237 . s144
e.96 c.ee- 0.117 . 76£°
11.93 j-300 Iff 7953
14.63 0.335 C.163 7994
17,41 0.167 ] 8041
0.400 t  bo 815f.
23.04 0.433 0.1°83 8141
26.31 0.467 0.017 8142
58.n C. 6C< c.r',50 8196
.de (.633 C.383 8214
34.25 f.567 C.417 8213
1-.»e: 0.600 0.4: ( 8200
39.2: f.633 0.463 8106
41.53 (.667 0 .t1? 8033
44,1: 0.700 0.f60 6027
46.16 C.733 (. 583 7918
46.5? Y, 617 0369
5 .33 0.660 1743
61.9¢ . 33 - (P 7elf
53.6° . 0,-17 7482
54.92 0.900 7323
36.08 0. '>s 733 Thoc
57.12 0.-67 0.117 0991
et 1o 830 o
’ < 63 6661
v 64 »
5%%42 1.067

6299
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i -MAIN TEST OBSERVATIONS.

SLUG TEMPERA |(DRR£CIE0|IIR(]FOJ(IN\(II
"TKSE | GALIGE TIME TORE SCA[E LOAD  KimjEnf SI"[CTV[_N
GAUGE
cm Ib ﬁ’%«
0 0 0 0
9 9 "L.65 - e 4.5 . 93
52.L, 17. S A 67
592.S ' i\ - . 1 7. ,.S:
5> dronounc®* e t *TB- 11 ~ Pot$
vV ! 13 '<.7 c.:y
4 7
If.46 593
14.6 b
1" 4C 1 .M 7 tv
5 112 '5
l.< ~
5 1#
c2.5 1 *.e ’
4.0- 1.*
87.5 14
5 i 1.417
a;.» 1tr 145.1 '
16C 1.5a-
= 1.4 151.r i.ecr
a 155.
171
107.8 y
n.sr 167.7
1 1ST
. - V.52;
1275 1, TS
ii.- i >it' : ‘75(
IV 1 1 t. 2".275 .97
1if . m! 17
157.6 1.1. 1 4.8 3. -
142.5 67
146 1 - 250
147.9 1 . 1
IbC 1 .1 24 .-1 ,Ay*7
15 .s 1iba. . g
166 1, . 0% #
1'. -1 26°2r s
16 v 19 . . 00
icrs i1, nrac 1933
let i 1-7. 117.5 :
167.9 1 .7 R
17C 1 . j.3< 317657
1?76 1b,.7 s i t
17h 1. 1A 5
18 1 167.0 4'
m i .
147.9 1 . v
'Pec %]j: =

:CORRECTED

STRESS

101.7

I1CI1.
1 1.
101.7
101.c

10<7
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NoS RA kom

RATE car ~ AM .
- ('<»-Jo Ity s<ijn)

ac divit,

* 12 1 deVim
6 ei2707m,1

NOTK;. W cuXsA FOR OETCRNIWTKW OI ACTUAL HATI OF
STRAW DviRind rC3T, Oi*(f TO CONTINUOU6 TImt WFASvVjRtMthltS

baTTw til* W t~ r X kia *

- t-

F 3.4
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tE sr NO .
CAUaAATXIN OF WSTAKTANgXiS A
(f1
CORRECTED STRAIN STRAIN DUE CORRECTED
STRESS TO REDCMNC, - STRAIN
s X *b

fb/~ H pemrnt A pe;ErEI;f*CTS percent
5.0 0,216 0.150 0.066
14.31 0.333 0.183
22.67 0.417 0.267
26.84 0.500 0.3b
54 .1 0.583 0.453
40,23 0.667 0.517
4b.37 C.750 0.600
5,63 0.933 0,683
55 59 0417 0.7 67
6v.45 1.000 0.86C
65.62 1.083 0.933
67.45 1.167 L.o17
71,02 1.260 1.100
73.75 1.333 I.183
76.64 1.417 1.267
19 63 1 500 1.550
;M M B

rOvNOS
MOOU.US (£)

7575
8092
8492
8240
8061
7793
7646
7407
7248
6994
6619
6632
6456
6234
604 9
5898

ti
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TESI-

eAhaM QON~*A*"JNS2«n)v® ~.i"

eL-m t*5s! MOOULUS (E)

TED
COIS{;RFEA('SS S SIRAIN TO 24X »T;w, | . NM
MODULUS (C) '
ucrt«rrft ’ D;TE‘)%%TTD Axenamt °
# o g
10.99 Rty 0,093
17.4 5 0.gir
23.03 - M 7130
29 .67 0,407
3f.iC
36.64 C.R33 0573
4 .56 (.Jo" 0.¢- 61 r?
43.63 1.CK 0
46.83 1. 03 0,977 6063
<".52 1.107 1.907
1.260 0.990 !
bl.i 1 1,7 33 1.073 47: 4
@2.06 1.417 1.167
52.64 1,600 1.240

mc v
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TA-" NV "«CAajJREMENTS.
GV T to (?)

M ASURIMICNT MEASUREMENT OF  ypASUREMENT OF  SLUG
SLUG MOVEMEN! SLOG MOVEMENT MOVEMENT ul TO COMEKA” r
DUE TC LEAKAGE  OvE *V LLAKAuf,  pppFECT? OF LEAKAGE ¢

/INLV ONLs SRINC v£ Nim ~AFTLR TEST)

1ifPSL..3.4 Afm T«KrOi

TEMP TEMF 4. ‘¢ 7 LMPTRATURE f4.C0C

VOv ,ME ' 06FLE- T VOLUME

Ttwf
sAUGE ! SCALE
" - Ly, A 7T ME
Cro 11, K fl 2 .70 oo 00
1" r' I .7C
) 1 .70
4L T ) 2037t (
1 Or 11,'Tf 1 . 01.54
n .&o V .6 .
"4 66 - ¢ 1
0.4 ?2 o 1,475 69 ,NT6
r .40 6f i 03 38
30 61 If
T 6?
- ' 53 1 . ?2f
1 64 * .80
3 u V, 05 35
4 § « A% ,875
4 0 : .1C S" 12. X
16 2C. 1 6 1<
30 tu" 1.
" _ 70 1 4 07 32
6 c . sy T 71 b
72
73 .
71 1,V
75 . cA
71 LT
77 1.X
"o
79
a<
€1
62
83
J 4 '.i *
m'b
86 .
87 1. =L
ftp

69 ] **
90 .

(D)
MEASURCM f- of

SLUG MWEMEN-

»>' TO LEAKAGE
ONLY

AF:5A 1(31
TEVF

rVC

smi '/VE
TIME

W A -af
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OTE PERFORMID Jo / i/ 57

SAMPLE COMSOi DATED F *| :20:T- OPT ST
TIME STAF “sF 'TEST 11 2e am’ Mf-xA jRf 20 75¢(
TIME END ' i 1200 NOON vi' AL 20 75%C
NOMINAL 6, OAMG6E Q F L = 10 n
HEA A% 16

i AM F* * e 825 8 >.

NOMINA RATE >r STRA * 000256 -t' Vv"AT



»r?1

k H14,76")

81.1 -

IE S1ifc¢'S a.

M "?22VT ,fcCfmcrDN CURVF

PgFUCTtON Qo * w)

e o | _ *.
"71 T*1

’ 5. I3

m

si
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DATE PERFORMED 15/ 2/57

SAMPLE CONSDATED FOR ;v* ao®**RIOR TO TEST
DME START OF TEST e 46 » m.TEMPERATURE 24 o*C
TIME END OF TEST 8 58 am TEMPERATURE 24 25*%c
haok' NAL 6~ CHAMBER PRESSURE 201b / SQ in
HEAD OF MERCURY 38%4 INVHE5, HENE:i

ACTUAL 6 HCHAMBER PPE SURE 18 750 1 8/ SQ in

NOMHA? RAH Of STRAIN 00125 m™coky MTCTC
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(a) DEFQRE
035em» 4 u7onmyinin 1
(b) AMCR TESI (D *10/1in
1065 am P 10875my,", /IKEH*'"rn
? | - * * nirymm
(dj AFTER E3T (cl
O£2Cm *2 37 inrymid

QFJ&SS QF SLUQ wgyg~ N OUE_TO j&W
AfyDLC_$rilHY

9;155 ', * 4 mt/OW
1S3 nm 3so1

0 476 cm

5 1%,

DEFLECTIbMjLi -V -1
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TESTW 4. RATL dF ST

(P) CM.SRATEP iRATF QE _Sm a

(M
i w
150 dive.
C00Ar
37>0*
LU JR—
RATT (IF" STRAIN DURING TEST fa. zoiyStin)
- 15533 divytnm
(0)
4"10»27b
' - III‘?SIS'O'_A 000
ila divs. 0 db>>M/filn
(i 40~ 173) _ _/\_>0*
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: S Fr tr
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CAULATTONOF LNSIARJANEOtJS VAIJJES

CORRECTN>

STR :scC
s a

™M
7.46
16. 6
24.12
31.10

39.75

53.37

64.-2

69.17

75.]f

76.96

80.c3

62.2 5

63.1

62.6"

63.99

- 96 -

JELLJ6EL1

. STRAIh  Xjf
STRAIN

To aa>DtNo -

[ton erft 1* EtrecTs

v . bOO

.-50

0.631F

1.667

1. 50

2.000

OF YOy~S. MgCKAtiSXEI

consfcrED

STRAIN
=b

pc*r<trnt

0.08'
C.167
0,21

0.417

$-3
0.867

750

317

1.000

1.1'-7
1.-50
1. 533
1.417

YOUNXx,$

MOIX8.US £) 1
=%
bN

5470
9916
5646
533

9532
9174
9154
8323
6629
829 i
7956
7596
7291
6986
6£.7?
6241
5905

5542
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.im NO 5t

DATE PERFORMED io/1/57

SAMPLE CONSOLIDATED FOR 5**PRIOR TO "EST
TIME START OF TEST: 4171sP *+ TEMPERATURE 24 o“C
TIME END T TEST 4/43 pm TEMPERA! RE 24 oC
NOMINAL 6, CHAMBER PRESSURE I0UB/ SQN

HEAD OF MERCURY e ~cHEs, HEN i

ACTUAL 6, CHAMBER PRESSURE d825 i.b/sq -n
NOMINAL RAT h QF STRAIN 0 0125 inches/ min*- i



T'Kianr.--.m

(A)
me WENT OF

Sir'S MOVEMIIKT

DUE to LEAKAGE

W orxx oW
TEW *v,", £)CC

timi 4/2( r.t».

VAUVE
riMf

v

BP.75
22.725
22.70
22,7C
22*70
22.70
.675

22.65
22.65
22%625

22.60
22.60
2 .60
88.575
22.575
22.55
22.56
22.525
82.50

TKSr

.
9

1

MEASo-WFMOrr OF

SLUG

MOVEMENT

DUE TO 1iJWAuE

«2»-.2tsrCXj

TEuU P

TtM#

TIMF

ONLY.

F4.roc

4/45 . *.

— R

MONGM.

**w

15

1 .
IT.976
17.95
17.9Y5
17.#0
17.975
17.66
17.295
17, SC
17.—t
V’.75
11"*725
17.75
117.67L
17.Ff
17.695
17.61
71,

Oy -

AvA/'LKAGE MgASyREKCNTS.

to
A P)

MOVEMENT DUE TO COMBIiKD ¢ jG MOVEMENT

EFFECTS OF WEAKAC# L OUT TO JEAKAGC
>»INDLE ~ LNTRY (AFTER TESI) | ONLY

TIMPIVEVME 14, : SC

f-MF 4/:.
DEFiltr ; VCXJUME
GAUGE SCALE TIME TIME
mw at< Tur. mwr.
00 ; .sc 0 00 If
16.67%*
3.3C I: .66
16.625
3.90 16.626
4.25 1C.60
4.ec 1 . "5
4.925 2 15.67;
. 16.65
5,6A 15.525
. 1 >.
6.31 1
16.475
7.025 15.45
7.50 15.45
7.90 3 1C .
8.75 15.4
8.70 T,
9.20 If.,376
9.6 3 59 " b
9.(5
66 10.26
If .675
11.10 4 46
11.423
7& 13.7:"
77.5 ir.275
80 ; .625 5 32
82.5 12.95
HE 15.30
87.5 43.6
SK 14. i 6 18
X 5 14.40
9¢ ! 14 .~
97.5 15,
IoC 16.476 7 03
16.0."
106 16.40
107,f :(.T?5

110 17.15 7 61
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Tebwm
JJT-
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(4)

MCASURfMENT ~ OF
SIU0 MOVEnCNT

DUE TC LEAKAGE
ONtY

TEWS3 24«C'°C

. 5?fF
»30

TESV.

(8)

MEASUREMENT Of

SLUG MOVEMENT

OUE TO LEAKAGE

ONLY

T<M 6*19 i

0 oc P4.7

-4.%:7%
24.60
24, T
14.L

24,425
f4.4-x
24.3 b
f-i.l

24.25

1 00

24.176
24.1t
24.12:
24 1<T
r4. 76
24.05
4. f
24.' '22
24.'- 0
23..-1
2 5.3L
2'.85

6 00 i3.'"C

2-.7

mMPI

:MAfWiE; MEASUHDCNTS

©
MEASUREMENT or SLUG
MOVEMEN TO COEA~NED
ffFLCTS Of leakage %
ji'’NOUS, ENTRY (AFTER TES")
t MFEh atuW 24 .f 5°C
7 9.07 k
GAUGE | SCA.E 'F
r7 mi'l s«c
CC 3C 0 00 00
.5
35 41
37,. d
X. 00 56
45 .25  Use
1 .
60 1 .60 01 44
52.5 If .cct
rr 11.40 02 ce
t-.t
62 102 32
52.1 1'.:'
66 . Sv
€ . f 13.:.5
77, .1 :.5C 03 19
72.5 1S."75
71t 1 25 03 42
14.406
8C 1 ( 04 04
S, 15 .15;
85 04 26
*7.. It.
a ' .5 04 50
e 1 !
95, 1 5 05 14
97 .6 ]
1C 05 37
102.6 17. -75
106 .. n 06C
.1 A
11'. 06 26
{‘\7, -3 j ! 06 5c
SPH*

y

i5
D)

MEASUREMENT OF

SLUG MOVEMCNr

DUE TO LEAKAGE.

ONLY.
test(2)
r¥** P4 .rb°C

“ VC

after

elCi.T

1 time

mm SEC



H SI-fcio X£si QB§Baerlote

iTEMPERA SLUG CDRRKJET- me
GAUE TtME TURE SCALE LOAD STRAIN STRESS
14", Cv Cxi
10> in nimm
£1.10 CO O 24.25
: 00 24 - 0.276!
00,37 0,167
22.00 00 45 :
. 50
00 56 0.333
g Bl |
47. :
21,65 03 07 £367  ¢06
10.80° 03 30 22.5 r,”50  24.12
1E.C5 03 48 . S5
.57.5 16.95 04 10 0.,17 3d.75
114.30 04 26 62.0 45 .69
110.5 12.70 C4 46 8.40 32.5 1.063  53. 47
120.4 11.20 06 03 105. 4 1.167 £ .85
131.C  9.70 05 21 11.4C 37.5 1.21 64.72
139.0 6,775 05 35 12.525 124.0 1.3"3 -1
146.0 05 50 13,20 131.C  42.9 1.41?
151.5 7,30 06 04 13.60 136.f 1.:.v 75. %
157.0 6,825 06 19 14275 142.C 47,5 1.563 78.96
166.5 6.625 06 33 14.476 14C 1.667  80. -3
82.5 163.V  6.£25 06 45 14.4"5 146.0 1.750  62.15
165.0 6.70 06 56 14.40 1.-33 5.2
166.0 7.20 On 08 12.30 151.0 57.5 1.417 3.
166.5 7.625 07 21 12.475;151.5 - .COG
166.6 6.575 07 33 1 .52! If1.5 m. '3
165.8 IC.ro 07 45 11.10 1b" .6 , 167 83.5
164.7 11.06 07 56 10.0? 149.7 67.5 2.250
163.4 12.025 08 06 9.071 146.4 61.
161.5 13.025 09 16 b,07f 146.6 2.417  60.d
160.2 14.275 08 27 6.82! 14? Z ; be .r
13.625 08 40 270 143.0 5
16%.0 1C.40 ce H : : " ’
167.C 17.45 09 04 143.c " 2.750
156.5 16,75 09 13 " "
166,C 19.30 09 27 8.5 o170 774
154.8 21.CO0 09 47 y 96 76. !
154.2 2'.70 09 59 07.5
163.5 23.60 10 10 : 10C 3. <3~

153.2 24.60 10 24 24,26 -



113 -
[E3T Nife

INITIAL 'V -CCTLQN &k
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277 )
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AUMIVIARY OF TRIAXIAL TEST PF<ti,; s

TABLE Ml
NOMINAL  acTuaL  pgviaTOR ENCES
STRESS AT  NORMAL
TEST RATE OF CHAMBER FAILURE STRESS AT
NUMBER  STRAIN  PRESSUREA) FAILUREA);
INCMEV LB/
7t*iun . 'SO IN IB/SGIN.
1 000256 28 6 89-6 118-2
& 000256 18 7 65 3 840
6 0002 56 8 8 60 6 69 4
2 00125 28 7 102 0 130 7
4 00(25 188 83-9 1027

5 00125 8 8 53 0 618
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7,7 Discussion

A study 1 tht record d dstr for esch test shows thet the

vsrIstion xn—t "tino_ enrlle th enclosing wooden box wecs in-
iiTid

38 see. -1 ' lom wo.'rs th-t the test series as a whole was con-

ducted within t- niner- tur- r- nr f 20.75 )C-r7.5°C, ie., o maxi-

mum variation in test temper- tur. betwomn any two trsts of 6.75°C
(Tests 7 .1 ''nd K .6.)

The actual time allowed f-p cone lidatlon in the triaxial
test cell was In caoh case v ry close to 24 h-iirs if not exactly
so, exceot in tue cos-, of 1 st N .1 in which consolidation was
allowed for only 22hrs.ISmin. H waver, this probably had very
little bearing (if rny) on th- results of the tests.' The test
samples were aun”r ntly s dry in each case, that no nristure
was over f -und in the b”wl b 1 w th- open drainage cock after
the completion f consolidation.

Fr or the m iofir o rt nt r '-sur yts t- ken, it appears thet:

(a) over the durnti >n of th test series, (which lasted for about
4 v ks excludir. th 11lm token for trial tesvs), the initial
moisture content of test samples decreased in value from
about 2.5:1 to 0,5 , thus indicating that drying out had been
taking place in the laborat ry while handling the block sam-
ple. The vnrl us v lu s of initial moisture content:time have
been olotted (Fig.53, Aop- ndix IV) and so m to indicate that
the rat; of docrease in moisture content was approximately
uniform iurin this period.

(b) the final (after tost) moisture content of test samples was
always slightly great r than th corresponding initial mois-
ture content. In :nch ces this was probably mainly due to
leakage through the walls of the rubber membrane enclosing
the test ssmpl , as . sp ¢l 1 provisions were made to pre-
vent this from happening. An -'ddltior.. 1 cause may have been
th-t scme f th m isture adhering tc the ?irface ol the ruo-
ber membrano rft r tst was imported t the sample on removal
of th: membran . Itls r rely possible to prevent this iron
happening. I-do XxX. .ipncndix IV is a summary in tabular
form f the m Istur content before andafter test o! each

test sample.
Regarding the V-td R-tl- 'nd R grho f SAtur-tpn fl]|’hss
V)

the dat- of the ¢tt itn Fir . t-> P! In* x o .
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In pummrrlst i form n ole IK, Section 8,2. In the seme Section
these results r.s well ng the factors effecting the rete of leek-
rge from the test cell or- diecurbed in more detail.

The str- eotstrr-Iln curve r n-r-lly show - well defined linear
ppnge which commences 11 or clcn to th start of the curve depen-
din*- on th< mrgnitu dc of the t dline-in effects. Some mentiaqmn*
about "bedding-in" ffoots i *lr dy mde in section 7.6. It
»pg mentioned that th- corrected start of th- stress;strain ciurve

5 obtained by producing the #nnroximrtely linear oortion of the

curve b ckwards to ini r c¢t th str- in axi". In order to deter-
mln the ooint at which nreportionr-Vty b tw< n stress end strain
erases, 1. ., th- nd of t lin 'r rang ,th- curve of Young's

Modulus v vsus str; In w* < ore-pared. This curve Is considered to
serve ~s ¢ very us ful gu* 3e to the sel- ction of the ooint men-
tion 1, sine , while str- nnd str- In ar proportional, Young's
Modulus h " constant vrlu- (independent of strain), and there-
fore, und r th sc condItt ons, the curve of Young's Modulus versus
strr *n is s horizontal straight line. Hence, in the ideal case,
the -train t which th< Young's Modulus Istrain curve starts to
?lor downward ft r th In!tl-1 horlzont-1 straight lino portion,
demarcates tv point -1 which proportionality between stress and
strain ceases, 1. dem-rcsti - the end of the linear range. -he
rcturl plotted curv s, ho- wWr, show tart this horizontal stra“gnt
lire portion of the Ide 1 Young's Modulus:strain curve ws seldom

rJ"f'Ctlv r allsu :. K v rth less, thes. curves were oj considers-
ble assistance in judging by car ful inspection where the lin y
range cc sed in each ¢ s . Th point eventually aec-ded on,

shown mark'd by the 1 tt r ¢ -

cacn

f°llure condltmns.
rit* ~bpdclln®— N.rects,

eraselfluid nor out of the t< -t «
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th-' bedding-In Dt-.riod, thla 1-tt r cff ct outv .Itrhs the combined
effects of en Inltl-1 sm-Il s-mple compression end leekege from

th( tost coll (which both t-nd to cus, fluid flov into the tost
cell), 'nd r ;suits in r nett fluid flov out of th test coll 1i.e.

increr-sinf slug sc-1 r -din. s end hone th- initial upward tr nd
of the curvo .

Subsequently, how v r, wh- n th t<st set-up is firmly bedded
down, "Il tlv ' M i lo -ilnr is t ken by the tost somple causing
it to cornpre-s consid. r-bly -nd et the seme time severely restr-tn-

soon f'S this happens, the combin d ff cts of sample compression
nd lofik"ge from the test c 11 at*rt to outweigh the eff ct of
spindl. entry into th t- stc 11, nnd thus, result in < nt fct in-

flow of fluid into th t “tcell, 1. deer- »sing slug scale
readings end hence th coir- no m nt ofa downward trend in the
curv. and the formation of t p pk obs rv d.

Th< argument pr nt d bov- is str ngth- nrd by the actual
calculation of 3"mpl Dilation (6./V) durini ¢ti st (Section 8.5).
Th se calculations show thrt ov r th bodr.it -in rrng- , sample
compression li small coom<r d with -ubs qu<nt sr*ple compression

cf S'-mpli Dilation for : .;tdo.4.) Th pronounced peak-shaped
bedding-in < ff-. ct woul 1 thus occur in ces- s where the effect of
th initi' 1 )3vane of th lcrting spindl- into the test cell

cons Idi rrbly xc is ti  cocosit ff ct- caused by sample com-
or ss'on and I>e>" % This 1 ¢ probably only possible In the case
of an init V 13y v- - loo ly -did rpl

v nt lon was pr viousl ' mnde about the possible  —I1—2&
of str'in obtrinai from the caTibration of londVnr .ndie en “r-
t e th vhu e=r'r ini-tv , r-t Of strjin.obtrtnod H the

wit! d cr -min-" ch nbr nr 1

a point corn 'nondin- epproxi 1 'm; b nom-non is revealed
comm nc « nt, indicating a n g>- -" ; rf.pid increase in
ring this period. In contr "t, th - . C, it will also be
str, in stundlly inor s s *""11, "'libr-tcd rate ofstrain.
14 No4n 4. t-bn v lu-. ol the

1S ./
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bedding down 1>enrol t ,.nd
full nt overcoming th r slst-nee of theiv-mnleto dcfcrmrtl on?

which, /r r”' ; ' 'mns to b e m xIlmum. The subsequent
ste-dy Incr. 's In th' “ctu”l r t of ctr, In Is due to = Kt3*dv
Jocr,” in th. v lu- of Youn"oiulur (See Young's Modulus:
Strsin cur-v ). *h a cont'nu 1 until, et sample failure the

nfite of O in 4 =-'"P in t ly th SRinf ps the c&lxbi** ted r*/t *
of ptmin, which, not' oly, wr- d t rrr.lm i for tb condition of
lord inf* 3plndl "dv-nclnr into th t -t <1l *ainst the resis-
tance of the ro.l v”nt c’uri r pr- <ssur- only. The disturbing
thought ' th-t the- t "t' WV intend- d to have been conducted
gs t' it; subject to strm!n control.

Finally, It is n-cesslry to considerreasons for the oeeks
The bf sic c¢Vuso of this "h- nr--n n is th< sheno of the stress ;
strain curve* C1r ful Insn-cti n shows thft within the accented
extent of the Hr -r r-nr- of th str s :str* in curve, the curve

curv< cf Y<ung' ;ohilus : >tr In w or-ipsr.J by cnlculnting

working fror point tc point cion * th curve but always from the

st-rt of t curv- , vh ich in t. ' ¢ s , is th-: torrectedl stert
shep* 1 curve -nd tm' =s c* it modulus m thod of cclculetion, the
result is cl* y$ p 'V-e el vrr’et’ n of You** *8 Modulus.

It Is considered th-t the slight S-shep- of the curve is
rt its low r ni r-re-l due ho th - inclusion of bvdoing- in ef-
f cts, end, 11 th- uwooer *nd, du* to e natural slight curving

Strsin curve to th left of It-i oe* k would probably hsv« been
-uch n rr-r horizont 1 nr * r by -ould hrve conformed e.oscr

In nil ¢ ".s low r th.n t> corresponding p« ?k values c-f 1*.anf m

mnxlmum v luo obt- ’m» -{I< by th-. otr r ;v .

(the corresponding p vmlu< b n- Inot. I p
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CHAPTR 8

RI7DUCTTON QD TEST RESULTS AND THE DETER* INATION
OE POlooON1TS RATIO

&.1 Introduv blnn

Hefore the ovrluatlon of Poisson's Rrtlo for ecch <st cen
some iroortmnt fret or/ r 1'tin,- to the .vilurtlon, some of which

in S cfclons 6.5, 8, 5 =ni .4 h-r. o ft r.

For th vliu'-1lon of poi » on* R 1llo, th r*t of slug
movement due to lerd-/c from the t st c- 11 during mctu tl test

mersurt ment ¢ nnot b n T dir ctly, Inci It Is not possible

to isolett th< efl set « of :Auo mov m.-nt dui to entry of the load-
ing soindie into tho t- st ¢ -1.1 end oh'rr In volur*'. of th" test
s'-r.pl during t n.

To enable aotot lde« of the r'to of It'Urge during 'ctu' 1l
test, the only clrcumst®* nc- i und r which slur rover-nt duo to

cumstences we: likely to t diff r nt to the rate of leakage

occurr Inr under the I1lsturt t c 11 con it: on: of -m fE<f.-—-yLl»
r further Indirect r<®*ee-eirerrent c¢.” th reto of lcekrge w'r me-«
from t st which It wcr hcoei stmul t d th® disturb : cen

ditions of rn «ctu'.l t st.

sturbod cell condition of « 'ctu L-

r spindle into the tost cell, 1is fi
From the dot, shown In the Tobies, It Is evident thst:

f /inf, to lerkago measured imme-
> 8;.A,.n, hwr than
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TABULAR —IX—QE— AU,— LEAKAGE MEASUREMENTS
L "y
¢ 7 NOMINAL  OBSERVED SLUG MOVEMENT DUE TO CALCULATED OBSERVED
1 2  RATE LEAKAGE ONLY UNDER SLUG SLUG CA ORATED
n A  OF STEADY CELL CONDITIONS. MOVEMENT MOVEMENT RATE
a STRAIN DUE TO DUETOCOM  OF
5 STRAIN
BEFORE  AFTER TRIAXIAL TEST SFINDLf  BINED EFFECT .
Y | - TR,AXIAL ENTRY ONLY OF LEAKAGE S
Intr* vmim-N 1 2
it TEST =N & SPINDLE  jrKhes/mmut t
mr mNut 4 N mnvth Ay deflect  EVIRY -M
imi *vdeflect
*i:" _»
; 30 000256 0 32 2 80 4 S00 1614 0171 0002555
<2 667 "2 00 0 250
3 20 000256 I 54 *00 ( 1614 ( 0002544
2 14 (2 33 (.0 333
e
6 10 000256 0675 0947 050 16(4 1112 0 002500
2 30 00125 127 :#00 v’ n
% 1614 1136 —
52 36
1%909 _
4 20 00125 0ft 5 0875 2 571 1614 1363 001262
2 000
5 to 00125 0 500 1000 0 700 1614 1531 001270

NOTE THE uAXrwUM VALUES OF SuJG MOVEWENT DUE TO IIAHVBL FOR EACH TEST, AAE
SHOWN OOERLINED IN RED

DETERMINATION OF SLUG MCACNCNT DUE TO LEAKAGE ONU UNDER

M 3 51 HENCE N HENCE 1CN~” MAX
RESUL- AAA4 06
OBSERVED SLUG CALCULATG CALCULATE:
CALIBRATED TANT SERVED
SLUG MOVE - WCVEMENT g1 yG MOVE- SLUG MOVE SLUG
TEST MENT DUE RATE  GUE rocoMi MENT CwE MENT DUE  MOVE- wMovE
TO COMBINE C OF BINED TO triMDLE TO SHND< £ MEN;O MENT
NUMBER EFFECTS OF STRAIN EFFECTS OF ENTRY ENTRY UE buE TO
LEAKAGE ft LEAMCC 1 ONLY TR EIEM A uti
SPINDLE t * SPINDLE ONLY. : _ UNOEP
DEFDIS- o pADY
TR r Do ENTRY *N X TURBED
I.* i«fle.i ne* CELLCOM. CELL
-M XS tyn  d«O«t tCONDI ~ O-
mrr tiv .lel'le.t ad im «rnw(* Qg%lgys T.JNS
nw "wivi# v, wa<i
I ¢ 173 ) 3ss 0442 I 614 4 124 4 366 4 500 0066
-» B
3 0333 2544 0 M7 16 $106 3288 20T 9
6 111 2 2 300 2 7% r oi4 4~oT5  1*255 07947 0306
) s 0 8 7 474 I 614 20 691 3217 2%571 0 646
s 1 531 12 70 15444 r614 20 498 ros4 1000 0034

* NOMINAL RATE OF STRAW USED HERE, AS CALIBRATLD RATE OF S5TRAN WAS

DETERMINED FOR THIS TEST



TABULA;>SUMM/y<J "F— ALL LEAKAGE MFAMN

TABLE IX
NOMINAL OBSERVED SLUG MOVEMENT DUE TO CALCULATED OBSERVED
1 9 RATE LEAKAGE ONLY UNDER SLUG SLUG CALIBRATED
9
RATE
n te OF STFADY CELL CONDITIONS. MOVEMENT MOVEMENT
a \']()J STRAIN DUE TO DUETOCOoM  Of
- £ ' BIFED EFFECTS STRAIN
L4 BEFORE  AFTER TOAXIAL TEST SFIKX.E 55
e . TRIAXIAL
tot. vt/ Tt L , CNIRY ONLY [A LJLAnAGt.
TEST - N A SPINDLE  wches'mmitc
om BliSty Y * : ENTRY =M
) »'V m Hmt*  wmw/div dffiert ofim. mdeflect
1 30 0002 56 0 92 2 60 4 500 1614 0173 0 002555
iod
i2667 (2 00 fO 250
3 20 0 00256 154 Sioo Fo6l4 0002544
.2 34 (2 33 (.0 333
H—-
6 10 000256 *675 0947 050 1614 7’1‘12 0 002500
2 30 00125 * 27 4 00 Vet
1014 —
s 2 36 1136
1909
4 20 00125 0 875 0675 2 STl 1614 1363 0 0(262
2000
5 10 00125 cTsoo 1000 0 700 1614 001270
R
NOTE rX maximum VALUES Of Si-uc MCVtMFNT out TO UAKAGE FOR LAO TEST. ARE
SHOWN UNDERLINED in RED
DETERMINATION Of_SLUG MQCMEMT [XC TO LEAKAGE QNLT uNDER
DISTURBED CELL CONDITIONS, AND COMBERISON WITH NAAXIMUM @
OBSERVED SLUG MCNEMFNT DUE TO tEAKACf LfsDEP S T A TELL C-JfiJTONS
M = S3 HENCE N XNCE HENCE. MAX-
CALCULATE: CALCULATEL: RESUL- MUM OB
BSERVED : :
OBS CAUBFATEO  OLUCG TANT SERVED
TEST M¢NT DUE RATE  DUE TO COM MENT t>-€¢ MINT DUE  MOVE- yovgp.
TO COMBINED of BINt D )TO f To SMNDLE ™€Pt  MENT
NUMBER FFECTS O sTRAIN ENTRY DUE TO
LEAKAGE K ONLY
SPINCXi LN- DEROIS GNDER
«N X5 TUBBED
TR < s <ym NIRY b CELL
N = tm.its . kedct COE#;O%“C XD
- k-
mm liv ilefiv i X <1 mnut °g8 T N§<
M#? “mitvie tv BNV
4 50C 0066
1 2 555 0442 1914 4124 4566
— w 325 2667 0 592
3 0 33 2544 6 047 Lo 14 4 100
0947 0300
6 1112 2 500 2 7%0 f>14 4dTs 1235
5.950 L230 0 712
2 1130 12 50 14 225 1614 20 175
ir? 2571 0 646
4 1%3%3 2 02 17 474 1614 20 691 rr:
T 0054
5 1531 12 70 19 444 1614 20496 ross  Tobo

* NOMm. RATE OF STML
DETERMINED FOR THIS TEST

USED HERE,AS CA.RRATED RATE OF STRAW WAS NOT
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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 l«11 X o | mrly t-vt 1L: 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 '!7 - tr * x* t-st, it.-. -dy conditions
exist in tht. t- ite 1, condltinn -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 .eee-ro) 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 1. -nc t n: no f<n o 'we - 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 discusslons 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 7 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
14 - 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 r ¢

P)
o,
X)
th.. rein Slue VoV‘ menfc
......... — e ]
D fl. ;t >'r. cirv Ir pec
t <t D. When th.
some IT. ¢mum vrl., »» w SUhags.t in (oreseure <x-
S 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 $nl SV conditions before te
rote of [<ekt ¢ wunder tt A 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 o assume that j
Mivwn puxn v wa.vi: */h- e a'nr, Iformlv 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 r;suits 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 "i, 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' ,tlo.

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 ¢ 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 e+l hr red on th* wvalue of th< rate of leakage
under st rdy c 11 conditions S5mr-!let ly b for t t, -re ccn i-
derad to b mor r 11-bl , >s the actual r t of I v eg. luring
test ov r th Sel ¢t 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.!ch 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 cta during T st

was merely to com; io0

moZTnl s/llnuterbe”% d on, with

(i1) either the ncnin* 1 or c¢-11br-td rste*of » r1Q,3 ( Inch6g/

out the duration of a t st.
/o0 i ».. tho rate of leakagt

. _ . r? & r»
loading spindle into the t st cell (see Apr
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nov. tent VIiU.bh In r.r t - t-r-im th- t@htvd” rlur - vec :nt In
milllm> tr .+  1- v 1 (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'n o rt of the t st b< considereblyv
lower than th v-lu us <. Tn r " -on for this Is that, the
lower th r-t of str in, th gr it r is th1lnroportion of actual
slug, movement in tol m- only in t 1, surid vrlw of toVlI
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 twact). 1 tl" 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 =r 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
,1ttimtr 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- es: 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 »-u - /-
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 correspond ink .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 - I°w ap mlm
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T>ELE XI
AVERAGE REDUCTION
. R,.TI OF STRAIN h.TF OF STRAIN |N_RATE OF -
es DURING TEST PN Ui,
No. NOMINAL C.LIBRATED(=n) OVER SELECTED SELECTED REMARKS
) R,NCE(=l

inch/r.in. inch/min. Inch/min. ﬁljgc(nt/e)
I 0.002:C  0.00: 55: 0.000933 ss.p,  pelected -
3 0.COff- 0.0e '!4 0.0Cfe-O . 31 A, test includ s
6 0.00256  0.002500 0,000903 3C.2 tth.e Pflonounged
4 0.01250 0.0l ¢.004000 31.2, e el

fects soon af-
*>/wf 7 tsr test com-
o 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 (I its : .2 °nd f), th- strain rt which the
pronounc d tlr -Ir - ffectr com. nc :! hed b( n noted down during
the or! Inrl t .it obs rvrtlons, end h nc £ wra known thet thelr
Selectf ? R*n< 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? tedr- tc of strain,
or, when- this w-s not evt 1l bl « simply 3798 of th nominal rate

2

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 & r,rs.rs: as rw z:V>r

lidatlon process be d nc A2*

that r:L1lr %y

sliding .



TitELE  XI

. AVERXGE REDUCTION
Ri.TE OF STRAIN R: TE OF STRx IN ! [N nATEOF
Test . DURING TEST STRAIN OVER REMARKS
No.  NOMINAL CALIBR.'iTED(=r) OVER SELECTED SELECTED
. . _ h.TGF (=b) RANGE (=53 )
inch/min. Inch/min. inch/min. of rc nt
| c.cor BC  f-.0C 5 0.000933 305  ooleeted o
3 0.0021' 0.0C2: 14 0.000909 31. test Includes
6 0.00256  0.002500 0.000903 36.2 ttlilfng’rlosnouenfced
A 0.01250 0.01 "92 0.004000 fects so%)n af-
¥ A339 ter test com-
" ’ 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"r 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 'si;? ™ * ,Miolr:lrt M tloned



A ()
cutting cylinder o thin ley r 01r r401]S«VU.’ {hat/owhich 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 m 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; dv ! 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<<Iwl.tlon.

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

gJle X, Cvton .t. ~-nthe cn e of the calculations oertein-
ing to el, ucri VW been omitted, and Instead, alge-
brslc 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* * e 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 1I- ft in the capillary tube - denoted <—

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

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

spIlndl - 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 re-
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.
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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 s t $n vol! 1 with p.. *sonftI¥ 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 trng 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 wmndp 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 ¥ * 1 m tie c¢ nc pt and its meaning
is sold r cm 1*r d th r than in r lation to the elastic state,
it r:r ly nt r ' " rkth r thrn in conn c”'on with ap-
ply 'r.- * 1" 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-
iin .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 ma 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 oompfir’t.v-i,
ahull =« 1 t!- th IT, th tr > distribut ion (»rarx/ ba-
low such d- th - nt ri usly rff ct 1 by =m npl-. t. . anbd ¢
viu t tw nz r-n! f ( ! .14). Furth r:sore, on t.k
of din,*, whto " c *1My f nrlmv Inner' nc- t Hk

S nr
ding v lu fe 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 I ,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 er -, (fect r which <1 ol: _nfr 3ami-infinite
M3cpr "si n for t ttl mnt "f th ' ; c¢.%q 376), varies
solid du t 'v rt'c'-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 Ilscu !sinn3
lowing conclusi nr ¢ n / m Ir"'vn fol-
* A POU-
gon RetI- 1r -I -ol*1 In

following Inform.- tlor Is -n-' tint! fr' ol &h' nter 9% ’
() D.S.I.R. fin itn

(1) For m 'Ilty cloy t n moisture content }
ly 20/ (rl-'stic limit) , p = 0.45 of anproxlmete
(11) r th rr" 11 ‘et moisturt c-nf nt of S, n=0.25.
(I11) N" V1’ «f r sendr = ro given, but the view wps o0x-
nruso d th' * tn v Hi + f n for sends were b-'l-'w
th n f r cl ve.

(b) FindIn by th .S. An Corps f Engineers:
(1) For <1 an cl y «t mr * tun content near the op-
tinum p = 0,50.
For o dry, "rlv fin , -nifecrm s*nd, p = 0.30.

(H) =S
(I11) Results fi) =nd (11) in this case also indicate that
p vilv < for smds are bel -w th s for clays.

(c) FindIn,- fr t> 1 - rat ry work discussed in this re-
prt: F tr sil"', gano rt ¢t m isture content of 1~2i»,

From th ab v d- m it is thus clear that Poisson’s Ratio is
depend nt n m I tur ¢ nt- nt In Il typos of soils, ie., accrr-

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. Hence, it
sugg :ted th t th. P Iss -Vs Rat ; :Degree of Saturation rclatlon-

*g

D r of S-turatl "n (Sp)
0

0.5 100*
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CHAPTER 9

.P.1"CUo0SI1O:" _0I-

TEST

RESUT.T*

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

The curves shov «c¢i, *”ly tn*t the rang*l of strain over which
Hi, is constant, io- not <Lv.eyc fall fully within chat range of
strain corre spot ifng to th*¥ linear rang- of the «wtress: strain
curve. In three out of four ir >tanccs (Figs.49,5C and 51), the
bulk of th- range of *tr; in over which pl| is constant falls out-
Purtherr.or< , be for-, ¢ sm- *nr.--- nt of this range of strain, /t< de-

'

to th*: n e ctiv- (cor t.) v’ in *h r glon of 0.14 - 0.24,
strain curv< Subs- iu< nt to 1lhe >i< (const.) r8nSf'» Pt again steadi-
ly increesr m in value

Regarding t - I>t* r orlnt“ mention d th« ir causes can be

explained by conside

Ratio was evaluate i:

Sr, more accurst

cut Young’s Modulus

cn the »w mn.'

1 'St sample durin

ring

1

\L" THir]

2
again tquation 7.5 from which Poisson's

ly, _ f <v E ] 91
L T "N T
(E) e e
il 6v 6647 1
oo V= 11 - VTT& fd]J
0 & HBO .
d value ol cav ( Lo<e . ct, d bv any peak-
t st) ent It Onn' 1 would seem to be pos-
In Young's Modulus ( ) % '

shancd variation

sible from equ

ation 7.5.

Further, with reg-.r I to the !
the curve , th so" equation '
AL i1 th::
onty which was used for the ° flm 1
bl( deflect'on (l.e. strain), and hwncc,

“hows that wvalues

* value of Sv used »s

Aing movement duv to

of Pt
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ve,v r,
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'"moi end It become.-

of Pclascn's
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ur

concept of Poisaon’n Hrtic

when viewed

In rv V-t '

tic Ity is oppllcel I<.

th nly hurtifl
Ratio in the
on any occasion b«

(V]

d. trr.In* '

nt

1-

u
v nsiiered.

n which
fstr is

in ordr

1 soils

R”tln  (such rs

therefore

rn occasion theri
%h-n th'.. cond'tlnn of ¢
nee-as pryto
in the rn,e

2

N

mev

to obtain r result

ndlti ns.

nv e :tr
It: soils
11

th

only her
conditions

nign’flcrnc-
nd settlement in

as-d thefc in ell
erational
which ¢cm be conslde-

cpgesthe
meaning

Such roll conditions therefore constitute
of Poisson’s
soils



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

tin 1 tO° InA [ |

ror * ' 'S e ] °  Pbbe of 1 "k'ige could cause a slcni-
'
and t $juw  rr.ov' nt *uc to sa:1olu volume change Increases in
reirat . n to th a1 K "ov mtiu* to 1e®*<ag' s an err*or In the rate
of 1<ekagt It 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 1 ler< i th»t th values of >it(ccmt.)
ere the ror* r<lint -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 xn; i ®m on anorcachlnr failure conditions (see

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

from co i- tier o, , ! tt ¢ 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; 11em? "nn of the devIator rti ¢? 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-m ien 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),

A e e et e e (b)
Sine , if 3s *v« , X is saontlelly +ve,
and if T is-ve,i is essentially -ve,

Therefor Gis ml’v j/s positive .

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

vih n ei1 = 6 say .
AT 33 (<5
nnd >'discuss J if (a) above:
;f ¢ in 4-v ElIs +ve, therefore in (c) :A i? ve when
6 1 -rve,
and if o -ve , ¢ is -v , th<r<fore In (c):Ais -vo when
O1S eV -
Honee, in tquutton 3.4: K = 6A
If A is +vc when " Is *ve , then is *’r .

and ifA i, -v when # is -v , tmn/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 ! tuf*»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 :mn lit' ¢l 1 nt comparing calculations 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*¥Ilu 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 M lu..3 for sends art t low then- for clays.

menticm d,thf vlue of Pcls£ >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) "



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 e

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.0Y “nd OZ the small displacements of particles
rf a deformed b dy b< r s Iv d int comn-'nents XL, <O, and 4u*>paral-
lel to these r spectlve cc¢c rdlnatc axes, then:

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

, = ro = |jir (a)
~ 7?7 by
rnd (ii) the shear strain components Kk pro expressible by:
e, (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:
— (3
x =X 2p(x (0)
6y = Xe
6Z = Xc
wh r in: Q. .
(i) A and 3 ar< Lame fs elastic c ns tENLS v3 giv-n by:
d
L 0L (d)
(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- " v N rs thect
ASnC , ' T ;nv W 'O > ' 1f th low-r t-« .- Id r*"'o

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

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

$
decrease in volur to thnt corr rvon.:in; to an In:r esc in

volur , w 1 r. **»ly -sfftct !

The effect of verV-tior. in ch'.mbep pressure a* # constrnt
r't of itrein, or tr >Mr tr n. 'h otee *m<:, ¢ 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

3

*Pt slightly 1liff - -it for t tw r -t +of ;itrr In, . Wer
rate of str''n ! 1 'r fmh’oh -r v *lu- 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 bf 'tr 'n, f - e

tor with t r 1 vent ohr ruotur 1 i . <on in th ce? vy

the low r r t of etrr1'. Pr ” the * ITtov.m ! 'c.' ( .
date pr .,nt- ' in T 1 XVIL. !t w'l13 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 c¢;jJT" 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,! o 1*

Young’s /
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NUMBER

=1

30

20

20

30

mTABLF yi]|
INITIAL INITIAL
MOISTURE  DEGREE
CONTENT OF
0 SATURATION
3r
pence-ft errant
2 290 6 64
1620 624
1750 642
1660 627
0 656 2 42
0 3*6 193
0764
O7(4
0 702 0429

- 160

POISSONS

RATIO

/* Set

0 1401

0 1390

01425

0 <429

02099

01367

RATIO

poOISSO6

01793

0 <16t

0 2372

0 333

DETAILS Of

M*0 7%

CoftV M«3t0'4>t «,
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M M ~ ¢ ( t

* . I
-0
> 05 B :m
5 r- tv < I
oM rl »>» 1.111
;ut (¢ 01 . . . .
to .
;0 ™M \Y%
r-t r-t H
wi lu, tO
to W 10 ey '8 uf
':; E TR | v, oo
. o, p a
* R I v
r~ 4 r-t fi H et ot
H i O -# M ™ ' u. .
ib h h | I TV A
o! t- . Lt . Mj -t
<0 1 3b 0 o Q | ft ™t < c_'
to o# X) to 5> @D > o1 o
17{— + of ft
+ ¢ + . . +
Us w0 W o *o
r- - v =m0 (¢}
. t‘ & o <0 pp o o, O
E Ih 0 0 0 C to gl\/l to to
t a to
+ ¢ f * I + *
mt+ -t— < i
oM <© O V tO u to
™M *r N - o)) s 36 ¢t P0Y | (i.'f WY § (%:) QJ «) 0o
IV ® t o o @ o0 O ft r to s 3 ™
° ° ° » « > « .
«0 * S a ft tu v «0 p- ¢ c oM
TR T S —+am v
4 4 4 4 . * 4 4 < 4 + 4 4 b
e
u  to ot D 36 tv 10 in
—
b
H
a1
«> r-t r-t r tO to to -V u; D ac J)
o t M M r-t 9 to to V- v @ g c
o K, tv (0] M [ 83 rt < O 4 ot -
. . . . . . S - « to
i*4 r-t -t M CH o toO a> m O 0 i— ft t' o ort
r-t f r-t
1 1 1 1 1 1 I i I « I 1 1 1 .
tai Tm T BT' 83 *in"'"Tlh w 8" 1$ to mto --errd
B ‘- o' t" ' )
11 , to 2> A0S, Ay T T B @ % to
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NUMBER

J ABLT xy

NOMINAL (o0 iiNAL SHEAR (IIB[(]\(C;
RATE AND YOUNGS' .
CHAMBER A A POISSONS"  posSONS'
OF AMict,on
PRESSURE STRENOTH ax»oitm : MODULUS RATIO
STRAIN o RATIO
S
SHEAR Ex»/ Zw w"\(iunihvn)
mehta/mm /h/.-vj in 1b/67 STRENGTH b
000256 50 39 6
¢ 8163 0 1367 01535
000256 20 | 65 3
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%*
“9 in
0 0125 20 83 9 9567 02099 02372
= 31* 42
00125 10 53 0 7212 0 1425
INITIAL
YOUNGS'
CHAMBER RATE VOID
STRENGTH MODULUS
RATIO
E*%C
b b -b,".Vj hi prrxgnt
69 6 863
102 0 0 695
20 1620
£ 0 713
20 0 0125 9567 oS
0 702
60 6 1680

1750
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I e =

rcgeSF =

julk: (E: i), :t - rotnbl , ('iso A f/"founE's \'o-
W rs % i.c,«i ss& A 'sehs
for - ¢ cvac. Prom th i'-t-, horn. ' ¢ n cl Ariy be “en t'hnt
the dIff r-nc « Im 3h-r Ctr-nfth n1 Younp's Yodului v iu'/'cn
i mt fo- v "" ' " r- n-'iy i th- r rn, ct'v' v-lu-' of'

Init 111 voi : r-t'o n: initi'l not ird. content. In the ca-e o<

(53 = o011 d .o (63 = IClt./sq.tn.), the higher
Young’f rodulur- v lu occur tog th<« with the low”r moisture con-
tent velu , whil In th e a f th« Sheur Strength values for

the sen- t atmn 1" , *h hi hr She r Str-nrth v«lu< occurs together
with th 1¢ r void - t' v lu-. |am- 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>1 n In tvt] r Strength and Young's
S5tr ngth eni Youn ' 0 !ulu r- ff :r i by the Initial moisture
cont nt nd in*t’> " v 1 r t! of thi r -p] Icing toted, with
void r'to nv‘r ¢ p-rfle.l r f. or, dh. »» Sir ngth and raois-
mir cont nt - rt'o- r ff ct n Youn; *¢ Modulus.

high r moisture conten* 1 .ccompanl-. 1 by the lower void ”r110 in
the ¢ 3 of t N ."- ¢ -vrs<iy int. ¢ @ e2 1 Ae
the t 'twith th 1 wr v 'ir tlo has th hlgncr Sr.var i.r ng..n,
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 Sii 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 . sen: No. 1& 4, c™M 1 J w!
o-ir No . ¢ « -hov v hi h r vt-hv of :-rr s*r"nf ¢

lew r r-t -f “~tr In.

relatlv- 1y lower -nd hirh-r tr ngth tm. ey . » 1ot nd above
these t st"., 1-"din.- to tv 'r the “tost group
the r.'ohr env- Ion r so? ct ‘v ’y. In * ! ‘ agreement and
Nos. 2, 4 - ., "t voi :r ' ' r w1EM

hence gnv o b tt r fit on th ohrr weiot

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

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

ioP® In this cos- , 1 "d!n to th*
°- friction (o.,) betwo n th 'O t1s f1
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An effect which h<i not bc-n

streint it th n' of r -no] dur'np t-t the re-
Inf IP I tnc ETII , th' f :- A~ A 0" 4, *12% lo d_
TAIL! XVII
TE>T  AVERAGE POISSONS' POIS30KS*
r-e TEST RATIO AT10
TP"PKPAT:3E
o¢ 2sel  >vy(consv. j
1 > € C.13L7 0.1535
2 20 0.14 1 -
4 . 0.20 J C. 5*2
5 24.C 0.1425 -
3 0.1 ?»0 0.1733
6 20.7 0.1423 0.14C4
It is ¢l »nr thrt no cc'd isl n c¢f-n b ir wn - to th oosfibl *

effect of tv prrticul'sr t > t & retor on the values 'f Pols-
sor.1? Rr1lo : t r ~in 1.
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whence equetions (b) -b v c-n rig' be v/ritten:

7x5 Txz =1 JIxz; Tyz - ji VVZ .eivvvrevcnnne (g)

presstrne for tb stresses »x, Hz .,d Tv which In the n-tetl-n u«",
In Chr-)t r 4 f this ronnrt, me the stresses rild> " n_ '

DC6C 1467 Bef.12, FI rent firstly :bt Ins the exoreLl'nsf'r the
disciecernents U, v ~ f »ny ¢ int (x,y,z) bel v, the hm”zmtnl

surface f the s-mi-InfInitr solid subjected to rn infinitelv ex-
tended line 1 -""nj of p per unit l.nrth. These me given ss: '

P
o - —- X% me ten X—\}
£iv \ a +u z /

A +21
2 Tfp ()g'c+z‘ *osep ' E oV xAtgn

Hence, brs d n equ 11 ns ( ):

O Ex=1*= x " -K xS *A -~ (M. X
X
54,
z 2LAZL . HB-/1
2 xMz- (X- +2z:) A+p Tz x~r+zri
JL.
P (x2+z2)z - 2x2, - -ztx-tzg)
2if p (x"+z7)

p  z(x#+z2)(1_/"p) - 2x"3

217p (x?+z'
E%E A+p x"+z" o (X2+Z2)
tiuU Ey = =10 A t i
(ill) Ez=|f I(x*r L* +*:m{-!.<&z*rfa *
(x2+z2)*2z{
3s? o — kSn.
27T p x™+?/ (x' HiC'
rre+#3).2r.- —
sir j, L (&_‘,B-/-\;'z'f J
A+2P
p xfxf+zS) (2-X+ti )-2z?
277p (xf +z%)¢
F X L, 2Z3 . !
le. £z = = 2prp 'V Xt (x2+2z2rj
SV _ ¢ + 4 + &,
Now by equati n (f) c y X =)



A +2%)

Xp x: AX2+22)m
?
Tip {£2¥7x+j
K z JL.
il p \ x'-%7,2 XH
r
X

Pence , by eqvell >ns (c¢)

(i) 6 X = Ae » 2ph

= A" *eJ-LJ-L
#(A+P) xANzA QMP(NP X2+72 (XZ*ZZ)Z)
Xz 2— Az L 2xf%
# A+p x- *z2 A A+p X2 %90 T (x2%22)2
21 x:!'z
) 1
e #  (x2+z2) (1)
P z +2p }f A z /%Z3..J
ff(A>p) x: +z- 2Tjp'A+p x2+z2 (x*-kz2) J
JL F  2i?
2P (2)
! R (x2+22)¢

F r the calculation of the She»r Stress Ty (le.txt).

% = is. + &» iv- firstly us<td (equation (:))
°xz dz (1.

the e9UctlCn

a - — {xz(x~+%') = 95T rre t'n z (
2Wp 1 AP

&, = L J&f>zE,-lL.xtxy(-1)(x2«Er 22t " *

L_ )y cr”
2#p

r + -M - "

ity X'272 (X2+22F

A

20n) I x2+W "' ng'



<g' -
21>
o# = '
So dx
I 2az'\.
2TTp (x2+z")
Further, b\ equations (g);

Txx

-X

So Txz = > 2Tp AN x2%z2
2P xz2

16 T'xt = - Tf (x2+z2)

It should be noted thr.t In

finfillv do not sont -in terms

e, (xi 'zS)-1+ 112a

172 -

log (2 C/x2+z2)'aj

AN \%2+24

Y-Xxz= >>(fZ - &%/

2a%' . _ _ .2xz2
(x2+z2)& Xlp x2+z2 (x2+z2)&
3)
e:;rch c-s the stresses <X, 6 Z end7 "

of Lr-meh constants, which in turn

contein the moduli oflelrsticitj including Polsson’s Rrtlo.
Th- equr tions (1), (?) nnd (3) ¢ n be transformed into Polar
1. = sinTf
T x2tn2 Vx”* +z”
CosA>= co 2-xsln2>= ; cos3>sin>=
(%2+z2)2 (x?+zdr \xc+ze)
. . _ X27Z
Hence in equation (1) SV = —
T (%2+z2)2
2r XZzz
ffz (x87£)2
.6, =- " =0sf>-ain2/\ X
—_—
. ” (b) 21
in equation
q 61 T (<)
2P ”4
= " iTz (x2+z2)2
te, =~ — co0s4>
- * 7 Iz
2F
2F xz" - .
in equation (c) /X2 — < {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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APPENDIX 111

1) Comparison of¥ valu s of 3max as let'rmined from:
( p

(1) Smax

(r) smmK

10

15

20

30

60

JA-6r)2+
M Z'(51\ + “ <&t
TABLE XVII
=0
Eqn 3  Egn 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
5 _ 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
0 1. 1.2374
5 1. 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
% 2; 0 0.5984

10 0. 182 0.3996

20 0.22 4 0.1163

30 0.0938 0.0263

45 0..0304 0.0032

Bowme o
g g,wo 2 0.2797

0 0, 600 0.7387

50 016 ° 0.1234

30 0.0976 3,8?13

28 3’0413 0, 0008

0, 1369
A R E T B REE

10 0.1271 0'0876

20 0.102 0.0541

30 0.07 60 0 0331

4 .

63 0.0245 8‘8223
0 0.0772 00756
5 0.076°  0.0724

10 0.0744 00507

20 0.0648 0 0446

30 0-0543 " 4.0247
15 8-8%2% 0.0136

Eqn

Egqn 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

5.3
5,5

= 0.125

Eqn 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
1.1932
0,,9201
0,,4755
0.,0803
0.,0066
0,-0087
0.,0081
0,,6715
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