-

N3 S lHuA Y My sRuseeIBnas “umuien” lunisdanaan

- -~ - d
u3Y L1 3ouuuudy tnsunevAy el ouTuud Laange inna

. -
UIHATIIA ﬁuq'zna

- - K e o o - - -
INYIUNUOU I.ﬁuﬂ"llﬂ‘lu\!ﬂ aunIANMIAUN anaa‘m-m;:u'\':ﬂ—am FUATNERTUNILANA

a AT ATy lusn

e

L - -
afInydy  YWIRVNIAUNI N de

n.A. 2526

ISBN 974-562-667-8



Evaluation of SHANSEP (Soil Histories and
Normalized Soil Engineering Properties) Method of
Consolidation for Measuring Undrained Shear Strength

of Soft Bangkok Clay

Mr. Dumrong Pinpuvadol

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Engineering
Department of Civil Engineering
Graduate School

Chulalongkorn University

1983



- -
¥2003nyiinus

Tan
aAon

2719118 M3

Y5 A2 mynzauyevifnis “unuidn” lunasTann
A7 WY LEauuuu U tasunavau inflaeeu Tuus taunge L
ulEaIIA ﬂuq1na

Sfan33uTuon

v v - [
YOWATHATINTY AT, 38R JuNuoaing

fafindne sy ravnsaannineds ayd® Induine dwus aduf (dudunidvnee

138 nEAum angasUiggnuniiudia

3 - -
ANZNSIUANIADUINE TUNUD

égfffidf:yf';’;Anvn

t.t.n-.tnoalooloocol.l.no--o--o-ﬂmﬁ ﬁﬂlﬂﬂaﬂu’lﬁﬂ

(329A1A319138 As. JUITANY yuuin)

_-.;; 1 —= —/"
...{...ﬁ.f......:??;?....Tli;?i.ﬂ1.n1un11uﬂ11

€ - o .
(so9AIdA919798 3 18us RvahUae)

II..‘Illigy‘.‘{.II!:CC.C‘......‘..'"’1”"'—|1

(309ANEAT1I9TE r3. JUIzAvg yuuaa)

Xl g8

. c.-.c.c.-.-c--..-..c.c-..-..oﬂ‘l‘lﬂﬂ'\"l

(uﬁ1uﬂ1ﬁn11a11u R3. {3dA Juvus1¥ny)

.....*%%........-.ﬂ?‘luﬂﬂ‘i

(iﬁaﬂﬂ1ﬁn11a11ﬂ P9 . Yoau LSAfi¥yavn)

- £ wr - - - - -~
audntveavinfininudy JEIAIATUUNI TN IRY



- - - - .
#r1e3neqiinus ASUIE WUAY ML sdunaeifnis "utuitn” Tunis3anan

i L]
w3 L Sauuuudu tnsuvavin inffazasu luud Laange tmn

dalidn uteasvA dugana
2719138AUTns HTIUANEATINTE AT, I3RS JuNusine
A1 Sran3suTes
Insfnm 2526
unAnte

ABAIuTU LN [Soil Histories and Normalized Soil Engineering
Properties (SHANSEP) Method of Consolidation| ifu38n13lnugnaufniitely
lumsaanzuasnnssununaflenteay  Tunis¥aniause Bouuuudu tasu (undrained
shear strength, SuJ vavAu influn 58n1s SHANSEP ﬂ‘ﬁﬁhu1ﬁhu11nuﬂsﬂn51uﬂ
aTfiguIanUsziRyeumiabuse (Stress History) uasm@inniswvav NSP (Normalized
Soil Parameter Concept) AATIAUNLTT AnsuiRYaYAY (tﬁu Su, Eu 1a4) [z
1§ﬁ1ﬂtnﬂauﬁhn€a1n5tﬁunﬁhtﬂagn normalized aglugudastdruvoemiayuseys andna
1uuu1ﬁuﬂauqn load (preshear effective vertical stress, Evc) A9 LuA
S /0 s Eu/Evc n3fiez 1138013 SHANSEP lpauSunavlnuauiiadogn normalized mas

miapusedszandnaluuuadvnougn load (EVCJ 1n

- » - »
duyfgIuvavifns SHANSEP lun13annanavn1ssuniunedlos vy Suase
- - U.-
ﬁhu1q1nnaﬂaun11nnaauﬂao remoulded clay #an1s reconsolidated #jasvduln
. -
naw iy normally consolidated clay aguu virgin compression line wawfunsu
e . ¢ o - [ |
ninanasay Tawntinns reconsolidated ﬁdasﬂunﬂnaunﬂnﬁquu1uﬂ1:ﬂnnuauﬂnﬂ11n1
. - - - L] e
ﬂuususwuizannuaguqaﬂuqanusnuTuihnﬁuu11uﬂ1ﬁ (maximum past pressure, cvm)
’I . - L . L] - .
waaninsnadsunaniinis rebound nauu1ﬁﬂﬂ overconsolidation ratio (OCR) A1w 1
ﬁv ; > . »
aavn1snadoylunsad (du overconsolidated clay uai¥uninisnadausis mode of

failure flapuns ﬂaﬁiﬁq1nn11naaauuﬁuﬂuﬂnuad1uQUnao NSP ifufvnilufuan OCR



A% reconsolidated 1uﬂuﬁauu1oﬂ1=3nﬁuau1nn{1nﬁquu1uu1:ﬂn3uaquqn
fluaanu tasladuatusssusid (Eva e IMan1azueumiasuse (state of stress)
lupundiuluayly virgin line wey e-log p (n¥s Evc) curve weavANATNGITUYIA

#oduanAulguaui®f normalized la A1 NSP ﬂ¥n1560011Lﬁuqmauﬁiaﬂuns1uﬂﬂﬁ

" - » » T [}
AqusuiRuavaufiavnisatusssumdni lasan AN WU TAVDINUIBUIIURY

ATupy NSP #la

38n13 SHANSEP dﬁl‘snuﬂn11ﬂnu11uiu;nﬂﬂvﬁaun1utﬂﬂ1 nsAnmad il

Sefiaquszavn it

i > s " -
[ ﬂnnqLu!uuLnuuuaﬂ1ﬂq1nn11naaaU1nnﬂu1u1n;ﬂauuuuauLn1u (Su) uav
- . - - . -
Au iniluavpunyy i Tas38n13 SHANSEP #iu Recompression (FeninianasouTasnis
. L} - (] ] TN | .
reconsolldatedﬁqnu1taun§h1ﬂaqﬂan11=nu1uu1uﬂ1:anﬁﬂanﬂnuﬁiuﬁwnnaun1n11nuaan)

M inafilna AvonTauandrofiuatols  1ifagi138n1s SHANSEP vz lnnantsnaassfingoly

] ] & ' 1] - .
2. Hnsﬂq11Lﬁaﬁdauﬁoaugnsunﬁu HRYBIANITUNWABA Y VALY tluauu s
L - - - L} »,
\A9778R9130197138n1s SHANSEP fiuazTemiaghels uazfaw munzsundaly  (Halolu

N3 IanATuI Llauunudy Lasy (Su) vaviuindeaaauluns traange innm

- Lf - ' - . »
n11naaauHn311ﬁuﬁinnﬁnﬂiﬁnuqnuﬁqnaﬁunuﬂﬂqn1ﬁuu1a1nu%Lqmanquﬂnaa11u
' v, [ i
AAVAVAIIMaY  TasunisueiemsdsztnussnsUssUuAmaly  fAunau3 radeda ay
. - - . - e X - £ -
nnnge innt lumefidinifadszuna a2 Alaias A288ANgN Lhvtivu1nAu Tudufu
by - - . - =
wnilea00ungy i A2 uSnssuna 5.0 wWASIARARY LR #swvaugniivfuyn 2w

Ao
1. #purvdufignsumudssfige  gnifivfusauy block sample

'-
2. ﬁqau1uauﬂﬂﬂ1un1u qntﬁuﬂhuwuuun1:umn (tube sample) Tauly
: e, T, X & R
n3zuanuiv (thin wall tube) wuAIAUAIGUENETY 3 HaUAZE2 30 7  Anav vy

mr - L - - L4 I1 L} .
uwpunszvanid lagnuhyinszunnluvaunasavdn e Tnuu 1997d2au 1 vgnsunau



#2pu19hu ineqosunt innn Alglun1s@nunaded  Spauiddufuguaae q

woff
ASuaaaufuniusIsund = 52-60 %
Liquid Limit (w)) = 64*1 %
Plastic Limit (wp) = 27+1 %
Plasticity Index (Ip) = 3741 %
Liquidity Index = 0.8%0.1
Specific Gravity (Gs) = 2.,80%0.01
Total Unit Weight (v,) = 1.67+0.03 du/u°
% clay < 0,005 wgy. = 70-75 %
Sensigivity = 24

- - . -
Fnvaz (Jufu (inioraoud induas

0.45 nn/9y°

]

L] o -
wuasusvscAndualunurAvausssuo i (UVOJ

0.90 an/mu°

nigusvUszanBuagugafiuaan vas lady (Eva

in situ OCR & 120

38n1anaaavitly lunnstannatusvi Sauwwudu tasu (s,) vevaumurasunys tnna
f  1558nmanaseunan ¥ Fuusvnaraviugniadaaneihuuuusu laTonsoudnaas taday triaxial
Tusdnmdu tasu winuTaatauiuns TuTnsviu (anisotropically consolidated undrained
triaxial compression test with pore pressure measurement, cauc) TasldAuszuna
nauﬁhuﬁzanﬁhauu1q:hnavﬁu o ua%aéduqai (coefficient of earth pressure at rest,
KO) 2ASIA0 LAY A (gJ Mo lunrsna I (Ainn s RTE inn iy 1% At Tue 58n1snasauutvaan

(i 2 5B u58n13A10lun13 consolidated ey vdu Ao

- ' . P ' - »
1. 38n13uuy Recompression Tawnin1s reconsolidated @asunvauluid
v o L} - . - L} L4 L]
#n12muasusvdss@nBualuuuiavnougn load {cvc) Lnﬂnuﬁuaunﬂu51suﬁﬂﬁﬂ§auaun11
i . - - v, - v . d .
AMUIL WIS ZAnBRagugafiuaaiu Lan lady (cvm) waaAA1 OCR fravn1InInnInaday

(lun13@nae3¥sd  ninenanaudau vdufinn OCR = 1.0, 1.5, 2.0 uaz 3.0) uaqdv



" = o g » .
nantinasouInd20019AURDR (shear) uwy compression naInasaulanszniy
» L P
ﬁ1n§ﬁﬂﬁuﬂqn1unauﬂauﬂqnua:ﬂqn1un1uu1ﬁ ‘HagAusy tlsuuuudu tasy (su)
- " PV . " - PV
vavau wifuassunge tmv Tuanaeflnd (Anefusssumfdan duserels  uas adege

- L]
Augniunqunas tussnvls

2. 38n713uuy SHANSEP Tawnhinns consolidated #ag vAumpigannaz
ﬂﬁauu1eﬂ1:anﬁuauﬁnn51uﬁ1uu1uﬂ1=anﬁuaiuqnﬂu1aﬁuLnu1§¥u (avmi dszynw 2
fiv 3 i ifen IndaasvAunane iy normally consolidated clay (&unau ua-
Senhinvsnadaunifinnsfidfuuy compression fofuifu normally consolidated
clay wSann1s rebound n&uuafiAn OCR Aae 1 finsenrIninanaden (funsy  uan
Somanfian sAiA  nranassunssniff OCR i AuNIINARa UL Recompression #a
usvnIInadavuaviIagvAuuuy SHANSEP ff  lauhun iufen (Rsufunaflae1ndao81e wuy
Recompression Iasnrsutinafilasnndasrvuny SHANSEP uaz Recompression un
normalized wisuifivuiu v In3ias2Mlaan 3813 SHANSEP  snwnvouiun lofusy

wilsavaunge tnnn Ann1s3dundaly  waznqaly Nsp wmunzdy e la

- v oy J _— .
uananfldv laninsnanouTantatusy 1 Souuundu tasu (Su) vavau inToaaau

» - - ' v, v . .
N9 i mwinanadauninh defuusenayavaui lugndadiateianas tadey triaxial
luanmduinsu (unconsolidated undrained triaxial compression test, UU) wa
> [ r » ' 1y v, : . . £ . .
ﬂTntﬂaﬁ1auaaulnLﬁuqﬁuaﬂaon11nlﬂlnnﬁn11u¥un1nuquu1uuszannnaiuiqaudunuﬁauqn

load (preshear effective stress) falnuahAgRna usy (Souraviuayvls

- - .
KRN N1SANBIYE VAL MU duYEv38nnT SHANSEP luntsSantA1us v L oy wwy

Sutasu (s) uoviau inffuaoau uud (aunge inma wuan

1. Aumua90ungy L a1nﬁ1361uﬁnﬁnﬁ15§hﬁqmanﬁﬁﬂ normalized la

Susutsalyi8n1svey SHANSEP uazmdnniiway NSP 1a

J - - . - . L -
2.  Uaufyufisufiua131n38 Recompression ﬂﬂnﬁnvqmaunnﬂaﬂﬁuaﬂu

> - - -~ - ] -]
535u1IAua7  38n13 SHANSEP 11?1“ AN EZAsI AT sn NBUUDIAUILUTITIU N UL



(fufe Tugvuev Su/gvc) AMIAN9% 1A 00 T inpuasnuaBusvUssAnNa (C uaz @)

— - L] L] L 5
A 2 uaz c/ovm azfianApuyIvAn

J P . amwn s » S .
3. Wsuavn1sTunmAeXIa81vAuNn I InATuse LBaufialasn3fnas Recompression
L ] [ ] J - L] » L C. L] -
p19dA1guna i uiusdv iiefuiian OCR  usw 1(0CR < 2.0) w3afarrana i iusividedu

flan OCR guiu

. " .
4. Naﬂmﬂ‘nﬂﬂu‘wuﬂd‘l:inananaunn load (preshear effective stress)

’ » ‘ . M - e . . by -
Jauasav  1lavInnnanavnIITUAUARA a8 WANT A wET AgRaausy L TauyevAunIn NI

" . ° . -
Aruse 13aufiTalasindes9fignsunuszdamasuin

iy Tufufu influaeaunge inmna duansszus snauassdu wluaseufidan plasticity
L - L oy L] i A L] L -
WANATIY  uAADEY NSPA lauAasgadu idusevauflian plasticity umazAn  Aefusnsnse
v . - Sy -
rintanaseuinlann NSP  wavAudnaaviivatuge WelnlarqasuifAveaviu (strength

. & - . &
profile) aasanvAludnyaviufu mils4osunge inna tdu q



o alla 0 AR B
ﬁi‘ﬁ'.{t AN IAINTILAANT 1

?' - e

Thesis Title Evaluation of SHANSEP (Soil Histories and
Normalized Soil Engineering Properties) Method
of Consolidation for Measuring Undrained Shear

Strength of Soft Bangkok Clay.

Name Mr. Dumrong Pinpuvadol
Thesis Advisor Assistant Professor Surachat Sambhandharaksa, Sc.D.
Department Civil Engineering
Academic Year 1983
ABSTRACT

Soil Histories and Normalized Soil Engineering Properties (SHANSEP)
method of consolidation is a new design procedure that was developed for
use to minimize the effects of sample disturbance in measuring undrained
shear strength (Su) of clays. The principle basic of SHANSEP approach
was developed from Stress History and Normalized Soil Parameter (NSP)
Concept. This NSP concept derives directly from the observation that
soil properties or parameters will yield the same values when they are
normalized in the ratio of preshear effective vertical stress (Evc) by

exanples; Su/Ev r Eu/Evc etc. So SHANSEP can only be used for clays

c
that their properties can be normalized by preshear effective vertical

stress (Evc)' i.e. those clays which exhibit normalized behavior

Hypothesis of SHANSEP in minimizing the effects of sample
disturbance derives from observations of the behavior of remoulded clays.
Upon reconsolidating a sample back to its normally consolidated state
using sufficiently high stress so that the sample state of stress is in

the situ vergin compression line of soil prior to shearing sample, effects



of sample disturbance will be significantly decreased, if not all
eliminated. In doing so, the magnitude of the consolidation stress
should be greater than in situ maximum past pressure (Evm) for testing
in normally consolidating state, preferable Evé=25vm' or prior to
shearing, reducing the effective stress to obtain the required over-
consolidation ratio (OCR) for testing in overconsolidated clay state.
The obtained results are then expressed in the NSP form related to
OCR. For obtaining the in situ soil properties, the sample should be

sheared in the stress system which is close to the in situ condition.

The purpose of reconsolidating soil samples to the effective
stress greater than in situ maximum past pressure (Eva is to make
sure that the state of stress in soil mass be back to the in situ virgin
line in e-log p (or Bvc] compression éurve. For clays exhibiting
normalized behavior, the NSP values that have been obtained from SHANSEP
approach should be equal to those of the in situ soil parameters for normally
consolidated clay and overconsolidated clay having the cause of over-

consolidation from unloading.

Values of in situ soil parameters can be calculated from the

obtained NSP upon knowing the stress history of the deposit,

This SHANSEP method has never been studies for soft Bangkok clay.

This research therefore, has the following purposes:

1. To study and compare the results of measured undrained shear
strength (Su) of soft Bangkok clay by the SHANSEP and Recompression
method in which samples are reconsolidated back to the in situ stress

. before shearing. Considering Recompression tests on block samples as
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the correct approach, the suitability of SHANSEP method can be evaluated.

2. To study the effect of sample disturbance on undrained shear
strength measurements. Results from Recompression tests on undisturbed

and disturbed samples are compared.

This study involves the uses of soil samples which are obtained
from the construction site of Bang Luang waterways (Metropolitan Water
Works Authority Extension project) at Pathum Thanee Province. This
Site is about 42 km North of central Bangkok., The samples are soft clay,
taken from the depth of about 5 meters below the natural ground surface I
in the open pit supported by sheet pile. These obtained samples can be

divided into two types as follows:

1. Undisturbed samples which are obtained in the form of block
samples,

2, Disturbed samples which are obtained by using thin wall
tube sampler (diameter of 3 inches and 30 inches long). These tube
samples are then made to be more disturbed in the laboratory by hitting

the tube, to insure the disturbed condition.

Soft Bangkok clay samples that are used in this study have the

following basic index properties:

Natural water content (wn) = 52-60 %
Liquid limit (w£) = 64+1 %
Plastic limit (wp) = 271 %
Plasticity index (Ip) = 37t1 %
Liquidity index = 0.8%0,1

Specific gravity (Gs) = 2.80+0,01



Total unit weight (y,) = 1.67:0.03 t/m°
% clay < 0.005 mm. = 70-75 %
Sensitivity = 4

Soft grey clay

§ . - ' 2
In situ effective vertical stress (cvo)= 0.45 kg/cm
In situ maximum past pressure = 0.90 kg/cm2

In situ OCR = 2,0

The procedure of testing for measuring undrained shear strength
(Su)rof soft Bangkok clay uses that of anisotropically consolidated
undrained triaxial compression test with pore pressure measurement (CAUC)
Sample are consolidated with approximately KO condition., CAUC tests are
performed at slow strain rate about l.% of axial strain per hour. The
tests are divided into 2 procedures corresponding to the method of

consolidation as follows:

1. Recompression method by reconsolidating samples equal to
the in sifu effective stress or less than the in situ maximum past
pressure (Evm) corresponding to the required OCR. These tests are
performed at OCR = 1.0, 1.5, 2.0 and 3.0 before shearing in triaxial
compression mode. The tests are performed on undisturbed samples and
disturbed samples for obtaining the in situ undrained shear strength,

and investigating the effects of sample disturbance,

2, SHANSEP method by reconsolidating soil samples with effective
vertical stress equal to 2 to 3 times the in situ maximum past pressure
(Evm) for making sure that these samples become normally consolidated
clay before shearing when the normally consolidated samples are required.

If overconsolidated samples are required, they can be obtained at known
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OCR values by reducing the effective consolidation stress to that
yielding the required OCR and also shearing the samples by compression
failure. The tests are performed at the same OCR values with those of
Recompression tests. The obtained results from SHANSEP are compared
with those results of Recompression tests for evaluating the suitability

of SHANSEP method using in soft Bangkok clay.

Unconsolidated undrained triaxial compression tests were also
used to measure undrained shear strength {Su) of this soft Bangkok clay.
These obtained results may help to emphasize the important of the
necessity to maintain preshear effective stress in measuring undrained

shear strength (SuJ of clays.
Results from this study lead for the following conclusions.

1. Soft Bangkok clay that is used in this study exhibits
normalized behavior. The SHANSEP method and NSP concept can be

applied for this soft.Bangkok clay.

2. From comparison the results with those from Recompression
test which isthought to represent the in situ behavior, the SHANSEP
method should be used for analysis in term of total stress (by example
Su/avc). If the results are analysed in term of effective stress
(c and #), the obtained strength parameters (¢ and @) from SHANSEP will

give somewhat lower values.

3. The effects of sample disturbance in measuring undrained
shear strength (Su} using Recompression testing method may tend to give
an overestimated undrained shear strength (Su) when soil samples have
low OCR (OCR < 2.0), and an underestimated Su if soil samples have higher

OCR.



4. The result of decreasing in preshear effective stress due
to sample disturbance effects is very important for undrained shear
strength (Su) measurement of clay because the obtained undrained shear
strength {Su) from disturbed samples will be somewhat low due to the

decrease in preshear effective stress.

It should be noted that soft Bangkok clay profile may consist
of soft clays of various plasticity. A set of NSP will be suitable
only a clay of given soil plasticity. Two or three sets of NSP may be
therefore, required to fully yield thefstrength profile with depth for

Bangkok clay deposit.
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SHANSEP fiu Recompression uarUamuNauavnIsIUNIUAD
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L - ~ — | S ——
nioudnaae iafay triaxial Tudnmduiasu (CAUC) Taw
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AIUFUNUSIN319A1 normalized A1 A w190 tRET B
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ATaBuudggiinsauaraiye

A = wisi iredvaval At TuTnsvAuyes Skempton
- - », - -
A = widresvavarnusuu luTnsvAusey Skempton o yaRiA
- v .
a = SLuSARYeV 18U 48U \antuaunidvduus tSoudssAnBuasn lanzunsy

DY P Uar g uuunuA (q)

B = wand wesusvaruiuna luTnseAuney Skempton

CAUC = aanadeunin §oFuusenanavaugndadaaisuiuuuueule Tonsoudna
aaiaday triaxial lusnnduinsundauaaiaanuduinluTnsviu
(Anisotropically consolidated undrained triaxial
compression test with pore pressure measurement)

CcIuc = arinassuniai fuSuusvnataviugndadaasuauuuusule Tonsauda
aauiaday triaxial lusamauiasuninudaaianuiuilulnsedu
(Isotropically consolidated undrained triaxial
compression test with pore pressure measurement)

c =  wmisusedammuavgszandua (Effective cohesion)

E = Tug¥swavdu (Modulus of Soil)

E, = duauTuglisa (Undrained modulus)

ESP = %9 AUTEINUIE UV S ANBHA (Effective Stress Path)

e = Bas1daunavreviteluuaasu (Void ratio)

e, = #asndquvevravitveluaaduiFusu (Initial void ratio)

G, GS = A2wa9eY N syavuavudv (Specific gravity of solids)

If = Flow index

Iz = Liquidity index

Ip = Plasticity index

K =  HuyszAnduovusvpuneviu (Coefficient of earth pressure)

K, = FuyszAnByovusvAunaviu o dnnazdugas (Coefficient of

earth pressure at rest)



LI = Liquidity Index

LL = Liquid Limit

NC = Normally consolidated

NCC = Normally consolidated clay

NSP = Normalized Soil Engineering Properties n%p Parameters

oc = Overconsolidated

occ = Overconsolidated clay

OCR = Overconsolidation Ratio

PI = Plasticity Index

PL = Plastic Limit

p = (31+33)/2 = armdonilvyoenauanyaenae usendnuaznias use
savUsEAndaa

Ef = p w yARDR

q = (01-03)/2 = aaSenifvnaemiasuse (due wwu

9 = g o aNilA

RD = nprinaasulaslaXaes19fignsuniuuuy Recompression

(Recompression test on disturbed samples)
RU = aanasouTanlo@2e8vfignsunauies figauuy Recompression

(Recompression test on undisturbed samples)

rec. = Recompression test
S =  noanadeuuuy SHANSEP Tawlidaasreflignsuncuioedlga
SHANSEP = Soil Histories and Normalized Soil Engineering Properties
St = Sensivity
4 = wivifauuuuduiasu (Undrained shear strength)
Sy = w3 ifauuuudu iasuflasinnianadauuuy Recompression Tawld
rec,
ﬁqadﬂwﬁqn1un1uﬁauﬁq0
uu = aanadaumanideduusenausvaufl lugndadaaietiaae tndey triaxial

luaandu a3y (Unconsolidated undrained triaxial compression

test)



u =  awiunalulnsvhu (Pore pressure)

ug = arwdutnluTnavdu o AR (Pore pressure at failure)
W =  yYSuremanuflu (Water content)

W, = Uipraaufunienfeainnisgndadaaieds

(Water content after consolidation)
w = ﬂiu1mﬂ11ﬂﬂﬂ§nﬁwu (Final water content) w3ay3uiwa-nufiu

a YaildA (Water content at failure)

wo = tiureawfufuAu (Tnitial water content)

w, . = liquid limit

W =  YSunaaduffumusssusn® (Natural water content)
wp = plastic limit

a = yuain tBuunay iy Lou taastuen FeFuuse (eulszandua

nlaeZunsuney p W&y g

Y4 = dry unit weight

e = AUMUILNYIRY

Ao = n11suﬂﬂuuuaonaﬂﬂﬁanuau1vu

Aoy = a3 owdsuutasrentasusesau luuua e

Aoj = Nﬁ11ﬂiuuuﬂavnaﬁuﬁauu1v11u1uuu15ﬂu§ﬁﬂ

As , aauf ’ aAf = HAUANATYBBYAN S“, auf nia Af #lasrnnnsnadauuuy
SHANSEP Tasly Block Sample n3a Recompression (37n#28879
fignsunsulasly Tube Sample) fuAn S,r bug n¥a A filn
3INNT1INAdBLLY Recompression fiudas8efignsunutioniiga
(Block Sample) fa1 OCR i#uafiu

Bu_ = a3 wibuulassavaauiudt lu Tnsedu ifavanants Ludsuuasues Aoy

Aug = n3 wivuudavrevaruiutt luTrnasvau tfovsnuiasuse idue wu (01-03)

Au = anwdun lwinsvduf ifuflu (excess pore pressure)

Au, = awiue luTnsvaud iudy o InflA (excess pore pressure at

failure)



Qi

ho

Ql

vc

al

lc

al

3c

Qail

vc
rec.

1f

(01-03).

wuasusviqu (total stress)

wuasuIvszAndua (effective stress)

back pressure

Awsuta lu e (cell pressure)

effective consolidation stress
micyusvyszAnduageganau la¥uluvounaany

(maximum effective consolidation stress)
MiBUIIAY A NS L ANBHANYS sUURTA

(effective normally stress on failure plane)

M8 usvls z@nBna luuuueurus IR

miasusvys sandualuuuaiunaugn load

(preshear effective vertical stress)
nﬁqnu1eﬂ1=anﬁnaieqnﬂu1aﬁuLnu1ﬁ?bu1uu11nﬁﬁﬁ (maximum
past pressure)

wuas wsvls:Andualuuuanvausssuma

WiasusnEnUsrAndua (effective major principle stress)
nuasusInaszAnBra (effective intermediate principle
stress)

midpusesavszandua (effective minor principle

stress)

effective vertical consolidation stress

effective horizontal consolidation stress
nisguseys=Andualuuuamensugn load wavwn1InARDULLY
Recompression

NI Enyszandna ilA (effective major principle
stress at failure)

L] .
nu1uuﬁetﬂuﬂtuu (deviator stress)



ff

nuasusvifou (shear stress)

w39 (JaufiRi® (shearing strength)

YUBDY L5 LBU L7Aadyavn ¥ duuse 1lausin Mohr uaz Coulomb
(t-0 plot)

YuyUszanBnanavaliuAuniuAsuse 18y (effective angle of

shearing resistance)



	ปกภาษาไทย
	ปกภาษาอังกฤษ
	หน้าอนุมัติ
	บทคัดย่อภาษาไทย
	บทคัดย่อภาษาอังกฤษ
	กิตติกรรมประกาศ
	สารบัญ
	รายการคำย่อ

