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The effecis ot‘.effective confining stress, cyclic prestraining and rates of loading on the mmvd equivalent shear moduli
and damping retios of soft Bangkok clays were investigated using the‘cyclic triaxial apparatus. Three soils collected in the center of
Bangkok were tested, After the samples were suturated and consolidated to have the prescribed valucs of isotropic stress. The cyclic
load was applied under stress controlied and undrained ccnditions. The number of cycles for each stags of cyclic loading wes 15. 'The
excess pore water pressure building-up during cach stage was attowed to dissipate before further epplication of the larger amplitude
cyclic load. The initial shear moduli obtained at moderatety small strain levels; LE(AT),, = 107, were rliy similar to the
values computed from the down-hole seismic tests carried out at the nearby sites. Nevertheless, the measured initial shear modulus
was about 20-30% smaller than the shear modulus obtained from the empirical equations reported in the literature for sofy clays, The
viscous damping ratios was not significantly affected by the variation of the initial confining stress, while the damping at large strain
level was Jarger when the initial confining stress increased,

The effect of rate of loading on the cyclic propertics was also inv&tignted. The frequencies adopted for the test were 0.1
and 1.0 Hz. It was found that their effect on the equivalent shear modulus was minor. However ,decreasing of nearly 20% in overalt
damping ratio was observed when the frequencies increased from 0.1 to 1.0 Hz.

The 50 and 100 cycies of large amplitude cyclic pre-straining was applied to the sample under undrained condition. The
applied cyclic pre-straining inducted the single shear strain nmpiitude of about 0,2%, After the excess pore waler pressure developed
during the pre-siraining process was fully dissipated. the equivalent shear modulus and damping ratio curves were again meesured, it

" was found that the prestrained sampte showed a ligtle bit stiffer behavior than the virgin cne, Homet, when the changes of the void
ratio were taken into account, this became very small and could be neglected. The damping ratio seemed to be insensitive to the
cyclic shear stress history, The above conclusion ‘were also applicable for afl loading rates employed in the study.

- = V ™
madr.... nTulen , N I 1 Yoy WO 3
" -~ d d ‘-— n
M., MnTIulem Muiie¥90107130MInw EL WOz | [Mros s, y
; a
Unrsfinw, 2341 awiledeernsdihEnyin




fimAnssYsen A

Jduusensreunszam oz, el wmsRuans ennsfinm il
Anufaruildrdagendlbond Tag AV AN B uustiuasdofmiunine  lun@dumn
fouamneauazaantuseunsam flousnansnsd s qawe Andnenl uaz §don
mannansd  ae g &ofuming  Alngundaailuanisnssinimmeseyingn
fmufariviieuintesngsal

savaunszams Fratfudau A9ant 4989 uas 1 STS 4rifa Rigededetiredu
dmAlilunsinmnasey iidenlfiinimngh yoviudlaudosmelunis

. - P ala v
wuzin1ldgunraluampraiionanay 2uidifeu ynaunifindslanassun

o J ]
Wrugail §Euureidnfanszanmeslanuazanm Az o1ansd Aldsusuuacds
soulgduudrdanisdnmaudailaqiuil

’ - W : f — » » ) L4 - &
s MFuntsetiuayuain dinaunemuaiuayumside (ana) neld

a - o o
Tasenai@iduenqla Ang. Udisru dnqousilzsAng

ARenl nesdy



arguty
i
LNARHBNIETIN. ..o, e etreretrteteseereateteatent st e bea et et o TR e et e Rt e raneatebenaeee 3
UNARLBATBIBINGAM. ...ttt enan 9
PBINIIHUTEN I ..ot rabe s e s s s s s o e b s e st rsaassenessaessnas )
A 11T OO OO OO OO PP OISO PP PP OISO TP y
A 1[4 o K T O o PP OTPPPURROPPRPPPOON o
AVBUIYN TN, .ottt it et ir s ere e bbb bbb bbb s 9
A B Y AN OTUATAMID. ..o esss e se et saes "
i
ARTL VS Wt A A ST 0 N e OO 1
1.1 mnudwﬁ’mua:ﬂﬁwmﬂmw ............................................................ 1
1.2 FAQUTEMIA Lot crcrernete e sre st eneesreraessesraeseereebenra e reateestens 5
1.3 DULIABBANTIINE . oervrevrieeereeressrnenseesseeessssressessnsesssesessraseressaresseses 5
1.4 Us I TRRIRIRE IR oo 6
2 N HAENLNTUAITNINORATITIEIEE e eeeseeresseessssessesesseesseessenns 7
2.1 NATIANBUTAIOIUINRY. ... vveressereeesssessesstonseessessssesssssssessesssesssesssseon 7
2.2 A ANTIAL A BATUUENANIN. ..o ooeoeee e ess oo, 8
2.2.1 TUAATBINIIIAREUININL .o 10
2.2.2 EnmosznninaeuirediiuluseinansfouduAning. ... 12
2.3 AN NN AT AT AT AL TIGOFEN. L evesrereeeere e eeroen 13
2.3.1 WA IRBAPOBRIARNIIUE . .ot eee e enens 15
2.3.2 The General Express of Cyclic Stress-strain Relétionship...... veeee 15
2.3.3 Hysteratic Stress-Strain CUMNVe..........covveeveereccesrvaresresssnssens 18
2.3.4 KULA6BIRUMUTZULAEA Spring UAZ DaShDOL.....vs.eee.n..... 23
2.3.5 UULRIRBIIBY KBIVIN.c..oeeveeireerrecnseresociern s sense e, 24
2.3.6 WLLRIRBIVEN MAXWEL..cv.ivveeeeerierrereeeessenersesresseesesseessen 25
2.3.7 Non-Viscous type Kelvin model........ccovcireveiiiirnnvneeeeniennranen 29



a1ty (sia)

wiin

2.4 TENMIMIAUANTRYBIRUNNFUNSAART. ..o, 3
2.4.1 MMAAAHTIABUUUIBIUIUAUN. ...ovvveeee e 31

2.4.2 MM HRIUGIANG. ..o e, 34
2.4,2,1 Measurement using wave propagation................vevens 34
2.4,2,2 measurement using conventional equipmen............... 37

2,5 mMaauau intldgme Empinical.....ccocoe e 37
3 AU FUROUIINAIIAY ..o oh oo oeeereosrereessoeeesseeeesreesssessessesesessssessssseans 39
3.1 SOMTUAZAN AT IDENNABEU. .o osreereesseeeeeereeessreess e 39
3RO MTAUTIREN.. oo eree e eeeseeeeeeeeesssssssesesesseeneeas 39

3.12 AEMAANEATUAENMATUFIBEN. .o 39

3.2 1R TiauazqUNInId T FLATOMAREUREN. ........ccoorneererecrrececeerene 41
3.3 ManguaTRresdunsdmmunusamaBndimnssadei. .44
B8 FEMIINABOU ... oocerivirsiiinieiseomieeserenereberetsssnsesesssstensaorseesesessnesnes 44
3.5 TUBBUNIINABEL. .o vevveeseeseeeeees st ereesesessseeeesssesesssssss e 45
B350 DTTEAFABN. orrvovvoveeeeeesses oo essessees e eesssese oo 45

3.5.2 ARSI MAOTIONAREL. ... ..o 45

3.5.3 SumaUNINFOtNENF (SAUAHON)...c.v.ooveeeeeesseees e 46

3.5.4 %umu Consolidation..........coccrii i e e 47

3.5.5 Apply CyCHC L0, ...t i si s st a s e e s 47

3.5, 6UNMIBLIBBNATN Coll...voiive ettt eeesseiinsetas s eeeeeeanensenns 48

38 WMIPAMUNU. .ot seb bbb bbb res 51
3.6.1ANANUAVE IR NABUNARE L. ..o e, 51

3.6.2 amﬂmﬁmmﬁoad'\wﬁqm?ﬁ’mﬁ'\muﬁq (Consolidation)........... 52

3.6.3 HysSterasis LOOD.....cccuviiiiiriiirmeeiirmniciriniinineesssesssneernannnnes 52



ans1ity (Fa)

wiin
4 HANTINARDUUAE A AT ST AN IMARBLL c.eeveesrereeeeeecsrecisreresenssvsseesennennas .55
A LMY oottt sseietserate et e st e er e s se s e ee e s b be e R e T e e e R p g e e e e rrneeenanbes 55

’

L1 Lt o LY ) J L]
4.2 amauummamumwu.a:amauumwmmnﬂmmmﬂmwmmmaau.. 55

- A
4.3 neMINAGaLIEIRENTENInamMaRim AU Ings Tn 1A

ot 29t AUPAHIABIABEULUNGN. ..o rernenrcssissinrnsnins 57

4.4 areMlnun sy AN ENa AR THATAUULIBRN. ... ccvere e, 65
4.5 HATBIMINLUSNUTSRNTHOAD DAMDING FBHO..cvecvvsrrenveerrsessersrsenssereaneas 67

4.6 HATBIAINHAREIGRAUULERU. ...coocooor i sirs s 69

4.7 HAUDIAVIUTIAD DAMDING FAHO +vvvreovissrererseessssessnsersesessessasessssnsssnes 72

4.8 ua184 Prestraining salugdauuuideu............ e 77
4.9 AR Prestraining 18 Damping ratio .......ccevcenvriiiiiiinieeniiennn, 86

5 APUNANTIATIEUATEBIAUBUUL ..o 92
5.1 APUNANITAUATIET. ..ot 93
5.2 FOIAUBUUE NN TANEURIIAL ..o oovsoeeseessoosrsosressseosesseessessssseessssons 94
FALNNIUBNANIEIIB. ... eitsieersereessesserrereeseetessaesserseserseaseenssssesseesesseesassnes 95
NANUIN N. HANTANRBY Cyclic triaxial......oovviviivernveeniiii 101
HANINARBUIBIRABENRUNTRA. .ot 102
HANIFNARBLIBIAIRE N RUNIRIANIT......veeverrererreee e eeeerrnnrnens 137
HANTINARDUYBIIBUWRUIHISINIOL b i b 152
DOVAHUIN U, ASTM D3999-91  1vorvecrerieeereeeinresreraesressetssteessessssessresesseassoseas 176

o N
USEARGIUU. o TS 191



AgUtyas N
wi
-
ATWN
2.1 MimruinreIamaiawiuiuluoutisesnidiu 12 sesuluningene

MOAIIEE METCAIl SCaIE. .. vt reriiiersireseretrrrnrscsesesrnnrrorsesresssnssrnsasessetss 10

2.2 mMeFuuryuwlag Ritchter U ModifiedMercalli.........e.eeeeeeeeersrieeens 11

3.1 T S NI T N A Y MBI ..ottt ettt eeeeseretretanseesreeasssereseeseestansreens 44

4.1 ANAMITNIINMEAIRISSANANLRANNIAINTIN TN RENAY
-l . .
FUNAEINARBLL ot 56



astingy
wih
21l 1.1 u.uw?l'uamw'nu.'n1.I~1u.az'pmmmuduau'lmﬁ'vmq'ﬁ'n'loﬂuﬂwmﬂ'lwu
uassmadnaAnasus w.A, 2543 QUAIIAGIU. ..o 2
glh‘f'l 1.2 snfluamsrsummdnsfuusuAunatasinudeefumannosfaes
UBC daaaffiuidu Contour Ae msdaussudndmendegeqaluuug
suvnuduiulvndesarudsassunnliudaalan (g) Afftontaifius 10%
FAETANGRAANTIMAIIART BOTL...oo.vvoooeeeesseeereessnnrssssesesensssssessesessseensies 3
. qU 2.1 DemsresgatifauasBfitauines; (a) s Uax (6) ULLAY. ......oovvvvveernerennenns 9
7UR 2.2 220EN1eUls AN BN R UANRIAOIUTENIE. . .oooooeevvceeeeensssee e 9
. U 2.3 ANUTAUTNTE R GIGATEIRU. ..o oot 13
qU 2.4 &R 1AL ATRIUANAULIMIUASTEHEAINIBUUANTI. ..o 14
zﬂﬁ' 2.5 Decomposition of the viscoelastic model into elastic and viscous component...... 21
LT 2.6 THNHIDG LOSS COBMICIENT ,.1v.vvvvroessscsesesnnerseseesammessessssessesssssossessessomsesees 22
SUR 2.7 WUUSIOBS VISCOBIBSHC MOGBI....ovvvvvveesseresises oo srseesseesssessessseesssnsenns 23
gﬂ‘?l' 2.8 Loss coefficient of two models as functions of frequency.........cvevvenvinierceneenen. 28
, z"l.l'?lI 2.9 WHLSIADI NON-VISCOUS tYPB KEIVIM ...eeeveeeeeeieieeetereereesseeereesssasosseessnsnesonnes 30
TUT 2.10 MVINARBIAR DOWN-NOIE.......vvererveereeeersreeeeesseeseseessesesesssessessersessesessesns 32
FUR 211 NIIVARBLTE CrOSSNOIS. 101k e b s eesessesees e seeees 33
gll'ﬁl 2.12 38n1911 Damping ratio AUNATEINAREL RESONENECOUMNer verrersrersreeens 34
31]'71] 2.13 Resonant ColUMN teSt AP PaAratUS. ... et ivrsraerssesreeitnaseansssrsesnserarsasssns 35
le'T']l 2.14 Use of bender elements in the triaxial test apparatus............ccccvveviiiiinncenennnn. 36
_ zﬂﬂ 3.1 uﬂnattuuﬁqﬁltﬁuﬁqaﬂwﬁu ........................................................................ 40
2U7 3.2 Triaxial Cell FWFUMNARBL...........covvvveeeveecesesseesnseessesseeesesensesesesessssserens 40

4 .
zﬂ‘n 3.3 Cyclic Triaxial Test System Layout......ccciciiiiiiiviiiiiiriiiiiiicii e rnrensascssarenses 43



as1itygyl (sin)

Wi
31]# 3.4 Flowchart UAMINIELIUNISNARDY. ......... ST UTOUOUS ST 49
. JUT 3.5 RNHOUENT FAILURE S8R0BENRM.... ovvctenreeerssreeonenreesensseesesecseeseessenns 50
z'lJ'IJn 3.8 HYSOrOSIS LOOP. 11v.r.hererereesrareesrassesesessissstnerressnesssrsessesssrssesasesessssesans 54
gﬂﬂ 4.1 Hysteresis Loop el (@) monaiaTumionga uaz (b) monasTun
NNGA FRMITOTNE. .o seree s cesesssssssssessessansasasansesssonn 58
sUR 4.2 uamummTugﬁﬂuumﬁﬂuﬁ'lﬁmﬁouﬁﬁumndwﬁu ....................................... 60
31U 4.3 uamaranzdnarNFInAusLLIBauAALAE Down-hole
Tt Ashford 1 l., 1997....ccuueimiuiimnrerotectiin i ene et msesesebaseresasansans 60
p.l# 4.4 uamana Normalized shear modulus 783529¢13Bu AR (a) 0.10 Hz.
ua¥ (b) 1.0 Hz ......................................................... 62
31]# 4.5 uamand Normalized shear moduius 189090t AUNENIAART............oovvveenn, 64
' zﬂ# 4.6 Lamann Normalized shear modulus 19959989 AUTANAINTL........covvnrnnennn, 64
zi.lﬁ 4.7 Ha9e Effective confining stress pi® Equivalent shear modulus
DOARUHMAR. .ot eae e bes et b enae e s nstnae b seeeeen s 66
gﬂﬂ 4.8 uﬁmmmhuunﬂs':aw%undﬂé’mﬂdouumuﬁﬁlq (a) 0.10 Hz. uRE
(o) I IR o 7 S O 68
p.l# 4.9 HATOIPINATIAD EQUIVAIENt ShOBr MOJUILS.. . ..vvvvereeocsreressveersensssse 70
31}# 410 maradpodniide DAMPING TAHO. o 1vev vt reeinaeeeesse fortevenesrsessnsens e T4
zﬂﬁ 4.11 Hn184 Prestraining A9 Equivalent shear moduius 189AUNHAR
AU 010 HZevr oo eeereeessesssscssesesseesesseseeseeeeseesseee oo 78

J _— ]
U 4.12 ua193 Prestraining Ale Egivalent shear modulus 183Rusiing

. )
AVTHD 1.0 HZuovoverrcetetes ettt sen s et eseeaeseeeteenatssesssenses st sesestosas 80



ssityg (da)

wiin
'31.!1"‘1 4.13 H&993 Prestraining fie Equivalent shear modulus 183AUINEATANGAT
AANHE .10 HZ.vvvcvrrevonssveoeessesssesssssosssecssessessossesessessssessessssenesesssssesnns 81
zﬂﬁ 4.14 w&184 Prestraining #ie Eqivalent shear modulus 189AUINERAEANART
ADIUT 1.0 HZev... s oessssooesse ot et eseeseeses s sescsssiseeseesssssesessseseeseeees 82
: zﬂﬂ 4.15 AT Prestraining Ml Equivalent shear modulus 189AUgHNANNIAT
AT 0.10 HZ.vesrerserson, L s o . ceesrerseeneserassresssmeneoiors B3
zﬂﬁ 4.16 HH181 Prestraining #e Equivalent shear modulus 189@ugYinaensol
POVHE 1.0 HZu 1 stovvcts et st sssssssessssee et 84 -
JUR 4.17 av89 Prestraining 018 Damping ratio TAAUMAAA. ................crvveeeerrerneenne 89
. zﬂﬁ 4,18 QT84 Prestraining #® Damping ratio TEIRUNHRIANART...oeeieereeeereeeereeinene g0



Ayanwal

w= Wsnaumndutiud nitial water content)
LL = Sewmnn (Liquid limit) |

PL = 3awatafin (Plastic limit)

Pi= ﬁ"ﬂﬂwmaﬁnaﬂ (Plasticity index)
G, = ANMNGNINNE (Specific gravity)
Y. = uﬂw'ﬁwﬁnﬂﬂ (Totai unit weight)
8, = Undrained shear strength

0, = Maximum past pressure

O, = Eﬁective-conﬁning stress

E = Young ‘s modulus

G, = Equivalent shear modulus

Gppex = Maximum shear modulus

H = Damping- ratio

€, = Single amplitude axijal strain

€, = Double amplitude axial strain
Ysa = Single amplitude shear strain
Yoa = Double amplitude shear strain

Lt = Poison’s ratio

Gof/ Crax = Normalized shear modulus

Aq = Deviator stress



	ปกภาษาไทย����������������
	ปกภาษาอังกฤษ�������������������
	หน้าอนุมัติ������������������
	บทคัดย่อภาษาไทย����������������������
	บทคัดย่อภาษาอังกฤษ�������������������������
	กิตติกรรมประกาศ����������������������
	สารบัญ�������������
	รายการคำย่อ������������������

