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ABSTRACT

In this paper, a series of in-situ explorations and samplings were
carried out in a coal ash deposit at central Taiwan. The deposit was
formed with coal ash, a surplus of thermal power plant, by hydraulic filling.
Laboratory physical, chemical and cyclic triaxial tests were then conducted
to obtain the basic properties of the coal ash and its cyclic resistance. The
in-situ explorations included the standard penetration test, seismic cone
penetration test and cross-hole seismic survey. The in-situ samplings
consisted of tube sampling during boring and block sampling in a pit. The
test samples comprised undisturbed samples and remolded samples. It was
found that the in-situ coal ash is a high void ratio, high water content, high
fines content, low unit weight, low specific gravity, non-plastic,
cohesionless, spherical shaped, granular soil.  Although the in-situ coal ash
is soft and non-plastic, its cyclic resistance is significantly higher than those
of the hydraulically filled sandy soils in the same general area. This may
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be attributed to its high fines content and fine-grained size. Besides, the
influences of many factors on the cyclic resistance of the coal ash were
summarized, and the characteristics of excess pore pressure generation and
re-consolidation after liquefaction were also presented. These test data
may provide a valuable base for seismic design in a foundation soil with

coal ash.

— ~ BT EhRE

BEMEARRERILOUKIRRE 77 X 87 £24f
STERIEEN  FHIAE 30% SRERESE (1) REBUTEL
BrERREL  REEENLLASERES - MIERER
GEERENER Pk R ERERENE > H
ERER 7 RER FH K T8y 5 PR R v IR & (R Ry
IBEHEE - e R R i - R 1 P - KO0k
PET IR BRBARI SR %R - R— R AR - BA%
KRB R ACBRNE > AR R BT DU R - R
B B2 - BERCERRE P Y (BRI B AR - K
RIRE 408 T TR SR B SR [ I AR B IR R IR K
HAE K D B & S R R o B A g R 2 i
HCEARHERR OB IR 408 2 Ao

AR R ER S - MAS BN EREZ
B/ GEMEEIRFIE (2~6] - AERREE L8 - MER
FEEROC TREMEETTE (7] - $HFMEIKLIK a8 77 AT
BrEEkE - SILRICEEA A g o TREEERZE
AR e - THER BRI E TR IOE M
£ EEE AR Rk o SSTRINER R A AR R
FEH R BUR S RS B G R R AR - M
TERNIMLBRER 2 IR B B 20 4 2 AR B B R A Y < B B
MWEIIEH > ERTHERATBEFIEEE CHE -

REI88F9 A 21 HER [ 47 034 921 SREE KM
B OB E AT AL (soil liquefaction) 3
& FEPHEER A BB IKER I R R S
TR ALIR S o 5 R AR B IR A SR AL o I B
1] - R AR ST LR IR IR I8 2 A (L 2R
M R SRR R E T AT - DR TR E
BYRERSE - BIREH R RO B TR i B 2 2 e
Fredl -

(b) |EP B SEHERE K 2 TR E B
B HIKEEE SRR EE

HHSERI I X G

HRFERIIR KR

2 HEMERHEENR KT

=~ IRHERE - R

AT G T AR R B K IR BRI
T s R A S - RS E A EEIE - DR
FEBEETEEREK IR EANFE - DUREEIK 5
LEEAYB AR E SUR LR o BB E AR T
RS T

2.1 BHFEEHER

PR I HE A o I EETT IR B < g R T
{8 » RILAHRIA RN R Z BT 2 FLIEFLEE SPT 3
B3 1 FL SCPT 58 & 1 IS EHIEAES - MR B ZIKE
WETT 2 FLEEFLEL SPT B LIR 1 7L SCPT FlEsEe 1 15
LEBHHE  DESILHESE  BEOES BATERS -
PR =T70cm - R =12.5m - B0 = 1.5m - HSE
e HHmmENE 3 Frrn 0 IR TIEEEESEmE |
BT - kR IR PR A B 58 v IR AN 4(2) EHE 4(b)
L EEEEN TIEHEREEE 2 - B 4(a) EE 4b) 535
BoR R B2 #TL - CPT-q. ~ SPT-N - By 7
Vs BB S B R E B b Sl - B LA R R AR A
e

L HrE &

IKEEIRMEFLREEEEE T 10m - £ARRE
TEHEFESS =X - kRBMEmEE G LE
WE (GLOO ~ -2.0m) B+ /& (EEJIKE » GL-20
~-~8.8m) DIKEMIE ¥ - EDE (G.L-8.8 ~-10.0m)-2¢
Rl s Ah REEDN AR Ao Bs=E8
K R BHIRE R ¥ LB E (GL.0.0~-2.0m) - #
+iE HIEKE GL-2.0~-7.0m) LIEFHIE 28 LB
& (G.L~7.0 ~~10.0m) - HEAR K R 28 —#9 60cm 2 D&



BB - HEY - BB Rk NENER IR Z RILAEY 317

SCPT2 SCPTI
O SBH-1 QO SBH-2 o O MBH-1 (OMBH-2 o N
G.L. m’ G.L. -,
tasm g 7 tasm [ g 7
- b & ¥ - i .
1l fFL
10m ) BB ® 10m ) BB ®
# B
5m Sm
() AUREBRWABIHEER (b) WRERHFBIELEE
B 0 O SCPTIRZFLHE TILE AT
O SPT#7L A& ¥ 7L & Bl AR 4R 7L
3 BRMEERRIEMEER
Tip Resistance Friction Ratio SPT-N Shear Wave Velocity  Shear Modulus
qc (Mpa) fslqe(%) (blow counts) {misec) (kg/icm?)
GL 0 15 30 0 5 10 ¢ 15 30 0 150 300 0 400 800
0 —r— - —r —
L ! ' -L SBH-1 — Dlown Hole —— D'own Hole
L M —— SBH-2 —s— Cross Hole —— Cross Hole
=
s L
4 -
g L
z |
g [ ML
& |
6 -
8 -
SM
1= —
(a) RUFE
Tip Resistance Friction Ratio SPT-N Shear Wave Velocity  Shear Modulus
qc (Mpa) fs/qe(%) {blow counts) {misec}) (kg/cm?2)
GL 0 15 300 5 10 0 15 30 o 150 300 0 400 800
I ' —e— MBH1 —+" Down Hole —+" Down Hole
—e— MBH-2 —— Cross Hole —— Cross Hole
2 {sm
z -
ML
4 B —
E [ [sm
z -
&
a
6 (ML
S S
8 -
SM
1oL =
(b) HRE

B4 IxiEE LEZMERENE



318 FETAKH IS F+hs #F-H (BEATZH

x 1 AMEEEEERCHHEKE

AR B B
E@U(ﬁgﬁ%ﬁ% 27 | 4 10m
E’%‘?L(%Sﬂ;l%% 24 | Hm K (E 10m B

SR ]

gEghy | SOLHPERIIR | 150 SRtk

BRREUER 10 {8 | EIERG RBEDUE

(GL~43 ~ 49m) > [t/ETTHE B IKEIHEEE AT CIE -
W B B 2 BB HIa i AR B8 - #h T KATHIFE
HW#FRT 1.4m -

2. fEHEE AGKER(E (SPT-N)

HAREH  RYREREEBE ) L EWEN=7 ~
9 MBEIKEN=0~1" FB I T EWEN=17 - R
B REEEZ S T EWE N=5~22  MiIKEN=1~3"
Fithj@ ok B N = 22 ~ 23 - o] RAERI B AR
% BEIKEZ SPT-NEEI L ~27F -

3. $ERPEEE (CPT-q0)

3 2 S B S i L EA BB P BRIR ] Robertson B
Campanella [8] & Hogentogler & Company, Inc. Fi&fE2
SCPT {# & Fr B RUELETT - RSB L BRI E
AP qo <A B AR EEREAEE N HEWES
Q#9555 ~ 10MPa » #iEIKIE.Z qc #7955 0.1 ~ 1.0MPa » 53
@t BB . #4755 5 ~ 10MPa- i B @ R E ERE 28
TEWEZ q #9585 4 ~ 8MPa MK q. 95 2 ~
2.5MPa - JFEihE Z¥ L EWIEZ q. #9558 ~ 13MPa - H] &,
RBEBMAFS R - K-8 B#E AR o FHES
i -

4. TREEBAEIEES

THEHBESIER (9] #1770 EFLEBEER A
SRR [10] #1T - A FALANBALEHRBEY > £AR
BEEWLEZ Vs 1L 100 ~ 150m/sec - BEIKE & Vs #I7E
90 ~ 130m/sec » JFHEERD 182 Vs H7E 130 ~ 180m/sec -
WHBEEBW T B Vs G7E 100 ~ 150 m/sec IR B2 Vs
#I7E 110 ~ 170m/sec » EHERD L@ L Vs $97E 150 ~
200m/sec - o] FLARIERERMIFNUR % - Bk 2 Vs EFEH
0 30m/sec - i N FLEVE AT BE] . BY 3 SR L
BRI S - M EEE IR LR
B EARRE RSEEFIKZ R+ B A ER
B l4vm’ - HERRET > ARRERBH LB
B G #97F 140 ~ 290kg/cm’ > 151K & 2 B 114888 G K97E 120 ~
240kg/em’® > [E @Y - B 2 8) B G HFE 250 ~
460kg/em’ ; R ERBE -8 280 EH G B 130 ~

310kg/em’ » $RIK G & BT SIS G #97E 180 ~ 390kg/em’ » B
HhfE R 1 & B 1158 G ¥I7E 320 ~ 660kg/em” « AT FLAZ
BuEbEU RE - BRI G ER9HE M
130kg/cm” -

2.2 IRHERER

A EE IR 5 2L R LR SR I E AR &
AT 2 B TR BBRER U IR S 5= - HHE
RIS S T HETIHRE E AR - LSRN T -
L T ESHEETHE

HE TR R FLEIR - DUEE S IR T =
RNHERRE - LSRR E R A L - BARHEERE
RIS - DU TERRWE L - R SR B 2 H
R T EABB IR (1] Z85#% - BB RS
L BEALHURGLE ROV OB IR g BtE 2 (LB R
P R R R A LRERT -

2. BADTBLIREUEE

AVBEIZERERENAG - - H-BBEEKZIER
b RERIUS DAL B AR - RS
AR SEYEE R AN - KBRS AMZHnE
TR P HERNEE (FEERT 3 ~ 4m) > 7TEEUTEDS
B E RS ATIARIH T RBA LI - 2 K S E R
FOKPLAR RN B RAVRKITA - (R EUR B (e
TG E 2t - A ASTERSUER/ NSRS A
B 138 - EEARRBR IR - BRI A AR ik
AR BRI A A LURSE RS » B L3RR K ik - AT
15 10 {RIBLANGAEE - BRMOHUBRIB D A0 S5 Frow -

AATURATE ARG LU - (o 7k R S T Yy
# R ARHE S KA BRI T ACT BB R 2
W B EEARRTE L BENETAI TS o SRR A B
MERZE L 2EE - HILREOHN  BIKCBBEER
b HE MR - SR EER T2 11 -

(o) 2%
B s Rkl

(d) &AM



EHR - B BT Btk N EIER IR Z R RS

23 EAARABHEHE

SRR KR B A B B E S LIRS AHTSE
EITT —RYINERRR  wEEERBT SRS - &K
B ILE - BIE - fLREE - KR4 - AR - K
ERE - EFEMERAERER NBEEHAS  LEHE
ABRBISRAR X LREEE (XRD) © HiLAEHBA =
HBRRAERARARICRERERAR - AHEEKEANR
B TEFRHHEMERRE 2 SR 2 S5 i AR #E
MR EENE - 352 RACRK [12) -

=~ B BRYERE

319

AR BARBIR TR E K GERIRELAT 3 ~ 4m
o HELBRAMERT Sm EERER - KA ERES
KBERIRFEIKFAE - SRS BIKE 20 @ik
AR LIREEE > SRS
o DEHIKAR LR (fLRE BS)

o RUREFEKHE L (B ST)

& URBEHIKHE L (RIS MT)

o HIFRRILL K B/ R (R385 SB)

o MHBRRIKE ZER T (RIEE A)

o MBNHIKE S ERE LK (RIS B)

o EHBM MK S R ZEFB%RZ THE (RS AA)
o ERMFAAIEIKIE R R ZHEAsR ik 2 1 (HU5RES BB)

3.1 BAYIEME BB TR CEAYBEIEELIR 3 Ao AR5
HARAE 6 AT » LU T SRR LR ME -
*2 ZFRARBRIFIEEHYKE
FOHT |/ MR i | ek St | s g | PRI | SRIGRIRS | HEBBLARAG ) AbREL K
At BUK | SN | T e | A e | e | MR ) SRR B AE
ot i : SRR RN el b | BRIRRE LR | B LR | SURY
e | e ER ! ! 1 L 3 3 2 1
o8| AR 1 I 1 1 3 3 - -
[hogi 11 3 1 1 3 1 1 1 1
LA 3 1 ! 3 1 1 1 ]
Kk 3 I I 3 1 1 - -
JMJ' LT 3 1 [ 3 1 1 - -
o [_mrug . - . B i ! - .
o MR 3 I 1 3 ] 1 - -
kR FLEL 3 1 1 3 1 1 - -
HIESHIL 3 l ! 3 1 1 - -
i BRI ! - ! I - -
BRI | | - _ _ - -
F3 BEKVELAERBRR
IS R BT PRI EIOL AE ST ol AN ISl Bl IS N VO B Bl ol Bl
L | o e Mo T | i | | o | R | e e | R L | AL
. Wi s o % % 9% % Cu / % €max Cmin
BS-1 | 2.21 | 2.05 1.34 86 14 72 35.7 0.004 ML 51 2.62 1.51
/1 Jot B I BS2 4 NP 0 2.62 1.51
ik g [BS2[223] 204 [ 13 82 - 12 85 | 250 |0066 | ML | S3 . 5
BS-3 [ 2.26 | 2.05 1.38 87 19 68 * 0.021 ML 51 2.62 1.51
*jﬁl‘f,ﬁhﬁ ST-1 | 226 | 2.06 1.34 84 - NP 12 93 7.44 0.026 ML - - -
o MT-1 1} 232 | 2.24 1.38 92 13 83 12.4 | 0.04! ML 92.0 4.09 2.08
! [
L&tfj‘,@ MT-2 | 2.34 } 2.23 1.35 95 - NP 7 80 31.3 0.043 ML 92.5 4.09 2.08
Y
MT-3 | 2.32 | 2.21 1.36 89 13 80 1.9 0.050 ML 93.5 4.09 2.08
)}flltf{lj*\’/{)l;;m SB-1 ] 215 | 2.20 1.20 79 - NP 4 61 9.13 0.045 ML - -
) NIA 1
*[Wfl*‘llﬂi[ A 220 | 2.21 1.20 76 96.1 NP 10 50 22.9 | 0.075 ML 42 2.68 1.58
Ml 1k
jﬂf";*;l;i B 2.27 | 2.1 1.38 89 68.3 NP 18 97 6.4 0.015 ML 72 3.17 1.69
ﬁ;ﬁ%;ﬁi AA | 2,19 - - - - - 6 67 8.8 0.042 - - - -
EBR TN | A,
AR A I BB | 2.27 - - - - - 15 97 4.5 0.015 -




320 FEIAKHIESH £+h% #FIH GEA+ZH)

CEXE | B
100 =
He
NN
8
I~~
£ 60 N
£ AN ¥
% a1 K LK 78 5 (G BS-1 N \\
B« T nwmmmic s e w5 6 852 \ \
—e— LA RINAR L5 S 883 &\
—a— R BT KM £ 57 55 STt \ W
—ar EIMP2 R - wmmwzu N
20 M-8~ MR KA LERE 5 A B A
—o— KK AR ﬁll!lfhr“mu -
e
[T TIIT T T =]
0
100 10 1 01 a0t 0001
MY K (mm)
[ RAVEL I“&‘\};“ |uw|m .\ANDTHNE SNl I st —[ n,\vJ
(a) RLRE
[ CEXE [ to & i 5 ]
100 — e
e N
’-f: 80 5
kN A \\
[ I3
& SRR ELE mzi!nvﬁsn
T 0 [t mwem i -
—a— FMAT S R A
e SR KW AN M- \
e R KX LR 57 T2
20 R '-—'-‘-o—&ﬂlu:k.lllmmﬁ‘rmma
v KRG 5 T By le
[ [T [T 2=
o T
100 10 1 a1 001 0.001

L‘\’ﬁ? Inhuuu w«nT FINE SAND l SILT -l Ay 1
(b) ARBHKGRBLILE

’ GRAVEL

CELD 1 LK 35
100
L \
il i
= T T T LY, o M \
it Ze- ML xR 8z N
LI ettt et
- —— M ok 1
NN
20 L s
l t | ¥ T
3

100 10 ' ot 00t 0001
2z X7 (mm)

[”_‘“‘.;‘*|m—:uw Sani) F'W AN I ST ] A J
(c) %R HYTR U B RIS i L8

B o IFREIIEsmdhig

| ORAVEL

. BREKESHR LB E (ASTM D2216-80)

HBRERETHKEREKERS - —8AE 70% ~
100% 2 - SAEMEGAIMEZRE RS REA - B LB
EHIE 1.2~ Lavm’ 2R - S8 ST - E AR
I LR Y B A SR (L B RS A R -

HRELHEAKEHSTENYIRFS : MT = B>BS=
ST>SB>A -« A RE 2 BIKHE RS /KEFMSKEEA
RIBEFIER IR B HARAEE » #1978 90% 7ot - IR B @R IRERAK
FEEKBRZ - #57E 85% fodq > BRGNS AL EERT IR IR
B EKRERE  EIREEN 76% St/ BB
BE HWKZ 5 - — g BT E R S KR g -

RIRKFEAL/ ] ERETE R B/R S AR ZHEEYN »
HEMIEA - BOKEA E I - ERHEIK TR
ERIZIE R A RS AR - BT RER WY
B ZFHEEN - SIS ALR PRk - (BRI
FERL AN ERHY 7K PTG K

2. fLIREE

BOIRFUBRELAITE 2.0 ~ 2.3 2R @B IR FLBRLE
BE o ERENIIKEKES BB S B EmER -

B AR IL R TTHESTIEF 2515 : MT=SB
=A>B>BS= ST SRR IR E TR E
LBIREE SHRAOTURELER S 94 2.2 £ - IRERR
MR IR TR F91E 2.0 B REEEIRKER -
BRERY R B EIHE L ERIE > BIREE 205 £6 -
HREHIKEEKES  HIENE9Y  BFKREEX -
MR R AR FEATEOR » HETRBRR R SR LT ER -

3. EERTRIRAME (ASTM D452-85)

IR MRS R (FC) 1E 50% ~ 96% </ » $5+ 58k

& (CO) —MER 20%  BRACEIZ 2 MR+ (Cuz
9 1<Cd<3) - LB A/ NS EN LRIREE - BTHA
W R — LB EEBIR T (ML) 2 1% -

EE TR S BERESMEST 2RI : B>ST> MT
>BS>SB> A - Hi# 6(a) AJFIFE A BRI AR
HIE A ARG R A BRI K B - A R R R IR IR 1
B - SRS IR K R AR T 2R 200 9%
& - SURGAREPUIRERIE K E T T HEH 50.2% @il
200 575 -

FHE 6(b) T4 SRR BEIKEE TR RS
R A BRI TR AT AEE ARG HETIE 003 ~
0.05mm Zf& » B R BRACERER - BN EETEIK T
BA -

FHE 6(c) BI%0 - MEFAREIKR L R = o (bisE R
% HRERIE AR S5 2 SRARGA AR PO TR 5 1R 8 2
RBofEREE o WEARKE L - (N EIKE LR
#aﬂ?f% R RSB R R B EERET - 8

B RN B I S IR I AR AR - BERIEA - R
%ﬁ%@?ﬁﬁﬁfﬂﬁmﬁw BN R KRS RIKE -
PRIBE BT 2 FREU « BRS REB S EN B R R
R AL -

4. tLE (ASTM D854-83, D422-63)

REBARETEIKZLLEGE 22 ~ 24 28 fi—#&
TR EEEIAE 2.6 ~ 2.8 R ME L E®R R T IEE/)
SER BRI R oY 1 — A% + 3B A R AR -

SELEZEEHATM/ N EFIERF SIS - MT > B
=ST > BS > A > SB - #IRGA B PR IR K g L igRtbE
BRI P IR S L L E R - KRB HIKHE
B IR EWER T T IR IOR « ST HER R ARk
REREASGW L - b+ L ESEIKKATE - SEKIBE
TURIKES - EANRIXEG ST - SR I e e 8nEm
U EEEsR MR EA RN R SR IR EE) -

5. P ARGEIRE (Atterberg Limits)

BRI IR R LR RE TSR E - &
BICR ZHEENRT 258K - BB FMLUZEY e RIR M
W EMIETE - IRREBEFEFRGE - SRS
RREMEREK - HEKER 40% FF » HEIRERLEL
EESKEMTRREMFAREANBE - MEEEHE



HRB - B - 855 Mk HEBAKE R BRI 321

WiEahAR - BHEREZWRR - Bt WS A% (Cone
Penetrometer Method; BS 1377-75, Test 2(A)) {708 - A7
B RRE RS E - R RS RN TR IR
£ 96.1% » fFERBUK . IR IRFI B 68.3% « RIE EEEH)
BRZ IR BTG IR S (NP) (2 L1 -

6. tHEER (HAL+E T2 JSFT26-81T)

R RN EIUR SR LB I emu = 262 emin
= 1.51 - AR IS (Relative Density) #G1HS
50% fith o B REIRE - SRGA IS IR K8
BEZ €man = 2.68  eqn = |58 + FHEIFE T Dr B 245 42%
o BhSEEEE - MR AHERN RIS L
ema = 3.17 emin = 1.69 {HEIHE L Dr fREHEKE 72% £ 45
BEREIEE - LRI RAR S AT R I B AR R
% R ul R B IKIE R R S B A 4 IR LAY IR R - 2
BIBHIKY ena = 4.09 1 emin = 2.08 AR BRI EHE
N% fik BEFEEE - o RSEBDERRE - fxt
A IS AN 40% -

32 RREAETRMEESR

BRARFUEE PR 8 LI B FER IR 2 B 1S
SRS R AE 7 Fon o RETA - ORI AR
BRI - B T 2 AR T 2ROV E R - (B4
MRIBARIEE T SERCA/NEREA - SEBERIZH M R
BUREIRERL R TR AT 47um /AN Tpm DUR
B SERERRTE AT BRI AR (YO RERL R A w5 20um - £%
ANRIZISEY Tum BUTF (1 h AT RN R o iy e A R A 1R
RN 2.4 45 -

33 WG

AWK X SEB s Bass R aE 8 A fLERRL
SR 4 o - BRI TELL SI0; » ALO; ~ Fe,0; 5
AR E % » 7 lR 45.2% ~ 29.2% K 5.4% KBRS
MgO - SO: 45355 1.01% F2 0.01% -

(=) AFERIEHIC (A 600 () (b) KIBTRIJEHE (A 1000 £5)

(c) KEFERTIEHIK (A 600 f5)

(d) HEERT IR (A 1000 (%)
B 7 BKeEFREMSEERE

B8 I X LR HERaE R

F4 AP EERIKER IR B R DR

LRI $i0; | ALO: | Fes0: | MgO | SO

GEAaE (%) | 452 292 5.4 1.01 0.01

34 BENBEZ

ISR AU G B R S AL BRI R
AKIZHFTA - Hﬁ?k‘?’%*’ﬁjzﬁ’rjlﬂﬁi%ﬁlz{ﬂk HE R
AL - EEIACKRERET - SR8 AR BUK & S A
i SABERLSK BRI R R (W AR R AR AR - 2018 9 P -
0w ST E@fﬂkﬁfiﬁéﬁéﬁ%ﬂﬁﬁd\ TS AR AR
Frfa A B TREREBEAR/ - BEBMIERmE
A fREETR T H (Lambe F1 Whitman) [13] » ST EEAIHE
TR RN L - WHERIREARBETHE

& AR AR E ] 22 -

() A\BEREKAT

(c) WEE K% (HIm)
Mo BIRERERITABRE

0y FHEHIARE ()




322 hETAKF TS F4+EE -8 RELTH

g~ inz miLsaE

4.1 Rt B2 H(LEE

AHFE M T R R S - SUTIOREEE - &
2 WAL S DA T — BEh RS A BB R Y - ks &
EENFEBSREOmERE 5% ERILBKBER
IR B R KRR R AR e R R R RS
SRR E AR AR & S E BT FE LE (o / 2070 BUCBIFR R
BN, ZBRGR (14~16] - AR IARIMIBIK A - #1178
=Rl - SR BRI B @ B - 20 10 For -
AR RIGE EEE R R - IR S
FEEIRBCRE R E -

L BRI AR DR 2

FIUBRAR M S e B W SOME o R {168 i iR Pge
11 for o BT ERSREENRIGAEEEERARR
& BEMEIE L (CSR) &R 0.22 K > 5H#87E 200
EE RSN G R EBIE - KGR RER SRR
FEEER]  BEERREM L EREN - e AR
SEN R FREETE SRR - SRR I I (LR BRIR
HERK -

ik LRI

AR IR &

FRAh K BT

(b) B
B 10 BUERATRZHIBEE

0.5
¥ 4
§
o aal
g 03f
& [
® bR IR
8 o2f
&
Q
= —&— Inftial Liquefactuion
3 o1 L o7 il Liqusfactulon ) ok 2 ARSI
r —&— [nitial Liquefactuion
[ —&— DA=5% Strain } AXABLRERR
I
0.0 B R S VO 0 S S S S S T S S S S S T SO
1 10 100 1000

Number of Cycles, N

11 AEEUE T AR LSRR

2. F -~ ARSIR B B LRI ORI 3

PR + ff AR SANRE R B B R AR - B8
2 IRELAE T bR S TR - AR R
NI E D E B L GRREE 1S 05 - B 7.5 A43)
RN A I R (B 10 40 B S )
HEITEN) —EhE R o SR SR B DR BRI AL
SREE A BRGS0 12 FoR - WA EHRIK
SR BT B A ORI JB X - QI 10 FiTR o B
BRRIK < WA E RS - BEAYENE BT ER
FHERFTSUK G 1 SRA A 3 AR RO S B T g K
KA RE - SEH BRI -

3. R CR BRI

BRI RN CRE R AR
LUSHERVEN BB E TR RU R B B E 15
HET MBI RRERE  ARERFREKG G R
k> HHE AR ARG - RIE 13 0 H 20 cycles Z #{LFH
1 SRao AR ATHY 0.28 KiEEINES R 0.42 108
#IE% 50% - FREAER I E SR AT A - A8 Sk ALK -
FHEIE EREEIN - MR S B EE 80% » BB {LE
BB

42 BRIBZHILAE

FR R E A T — S8R T RO SR R AR S
RGBS - IR AR W 3 B LB R AR K 2
HLE AT RIS 30% - 50% R 70% % =A
FHEMIE - ST - R R B R
HERES 32% + 50% R 70% | ABREATARR K L BATS e
15 36% - 53% T 72% - KUK R ADER AR B
WAL R AU 14 FIFT -

MES E
SRS R
o PEIHISHREA » HILHIERT -
o TIRHIBEENEREIK L8 SR ABA

T -

o BRI BORE ARG SSLET 5% Wik

RS2 ARRE - BB GRS -

o LB FIRTBRC S -4 - JEAREIARS I B

T o MRS TA -



AR - KEY - BEX ROk NBEAK R 2 RILAEEE 323

0.5
8 [
v 04 F
3 [
© i ‘\.
g o03f
2
P IRANRARKNEE TR
£ o02f
(7
2
S & —&— [nitial Liqusfactuion
g 01 —&— DA=5% Strain } ERAKAREN
o b —=— Initial Liquefactuion i bad o S
r ~#A— DA=5% Strain BA L HARRR BN
0.0 C 1 L
1 10 100 1000

Number of Cycles, N

B 12 FEHEHERIK G Lp (L &

0.6
s os5F
2 [
K| L
S 04Ff
_g_‘ L
]
o -
5 03
0
£
‘3 02
= —&— Initial Liquefactulon
g o —a— DA=S% Stl:aln u } HREZETHN
A —a— fnitial Liquefactul
T e ) sam wes
0.0- el L | PN
1 10 100 1000
Number of Cycles, N
B 13 HEENEEEROREET B
0.5
(LA L R o HEERNEREND=70%
a EENEMND=50%
K 04l s SENKMWO=32%
& v o MBS EMENOr=72%
3 & MREKMEMOr=53%
© b o EENEME R0 36%
g 03
& [
o [
2 b
g o2f ;‘\{\
n [
2 L
S o1l
0.0’. 1 ol RS W S Y
1 10 100 1000

Number of Cycles, N

14 A8 - HIBURER T RS8R 2 Tk

2. BREBRIKREIEIR T AR R L8

B 15 Fon - SR EER AR R RLaE
WHEABRE  tHHERREBBE - BiEEZ ANE
SR B BRANEERNR - FERREANGRE
TR - ANURGA B EERE - B T KGIARKAT
ATHER T KA RIERIR » T AR ERBRERS: - Al
RACHTREAEL - MEAR BN RERE - HiRE
EHETEHEAABRMER/  AXZHERARENE
& REBEERE/ ] FiREERE A8/ B
WALH R AR - MEMARBCBEFRTERE R
Lo iR/)s - MR AR TR -

0.5

S AMEEDr=70%

r Y .

[ R R R . EMAmLDr-T0%
K] n FESRENEBOr=32%
v 04 o HMEEMKED=72%
Q & KEWRMMENDr=53%
3 o AR RMEND-38%
° —— KUATHE LY
g 03 —5— RIAB
&
a
g oz2f \
n
2
] 3
6‘ 0.1 F

0.0¢ L L
1 10 100 1000

Number of Cycles, N

B 15 EREABORURBRREERCARZILE

3. BRZEBIKFEREHEHREE R

5 HE [F)RE REA RO AR R R TR B 1T = BB RE 5
B - L RABBET DIRBIR T BRI
AT IR 58 4 SR I RRRIEE R IE Y - IRERBB R < AHRERL
BIK 4% > FEFERORSE T RATHEfRRIEARE - Huu s
SRR - Q0 16 AT - MABRRAIIR LA X Z 88
% AR R E T - HRCGRE T EREZ RS -

4.3 BIHMAIRRIESEE 2 LEEL

BT HAEM IR RIGREETILE - ARREFAE 921
SEEAMER  HEERERCETE  BEXTHRE -
IR R T R B FIE L BN FIRR Ot BT
THEBMEIE - R-EHRRESAREREH - EUY
I R 5% R RN E BARLLE FER LR 2 B
MBVMEE B CEERS  BRATRERZ - 158
BRAZ  GPENBETS - WE 17 R - EEEUEE
THZ ERAS RAINLILER - BIK LR R R A
BENETED 85  ENEER A RAHE/MEERE
SREE - KL SPELRESMBEEZ B
SERE SRy 4T AIES 0.28 - 0.158 {1 0.285 - HHLEAD - HFik+
REPR SRR —RERE LIRB DL ES -8R
BB IR TIRAE AR & BB S AT -

4.4 FBEAFLBAK I Z ST
R i EEARE - TR T
EfF AT BRILBKBE R E - — 9 BERE
LMK IELE Aw/o’s. FETFFIEBEL rv = N/ N, Z L7
- TS RR S AR IR 2 B ER LR K B EE b T AR B
TERBAT
L RARBEIR DHRIGEIE T 2 LUK B R R 1
FHEFERE KGR ZFLBKBLL 7R INE 18 AR
o B dRE - BH R LT IIRE AR IR
B AN 19 AT -

r = (4/m)-tan” (/)

Hrbh s n=Au/ch - BBERFLBRAKMELL
=N/Ne : REERREL



324 RETAKFMIRRH #F+Ld 2 REA+TZSH

AR RET
o [FURIEIK < FLBR/KIBLE EA SR FE — B/ N
"HA -

o EENNNY A E ELBARS - KBS EE R
BATSEFHAM KB SRS ER -

o BB I E R - 0y =REEL IS (BAGAD
BB EZHEN - PRIFEE KR ZIRIGEE L) -

o EEMREIKZE B AN EYENLLEAT Bk CSR
=0.54- 044 §5} - EIHEFRE CSR AR WILBHEERE 1-2
[EERRBAEL - FrLUKEE LA ESEETRE) - LI

05
—o— ERAN X KME M= 70%
—— SR EMN K KNS MDr=70%
o —a— BN E MO = 50%
‘% 04 r —a— HREN 2 N K KM MO =50%
-] (A IaB it R,
g 03}
&
m -
2
B 02 \\
(2] +
) [
S o1f
00 L P L it .
1 10 100 1000

Number of Cycles, N

16 ZXRZHBEIKFER R RICEE W

0.5
ERRRRARY) T o aoawe

. —o— RHE/N
4 oal —e— A EE=10m
& —h— E‘Q’JS?KQOM
g —o— WK TS
g . —e— MR
8 03
5 [
@ {
g 02r
(2]
=
& oif

00 el E— -

1 10 100 1000

Number of Cycles, N

17 HIRELTHIE 1B (5 R 2 ELag

1.0

08|

—e-- CSR=0.3%
—8— CSR=0.35 } 7R LSRR 3 1R
—&— CSR=0.29
—e— CSR=0.44
~—&— C5R=0.34 . e
—— CSR=0.27 } ARG RE"
—&— C5R=0.22
—r— CSR=0.54
—8— C5R=0.38 } SR BAEAN
—@8— CSR=0.29
—— C5R=0.36
—b— CSR=0.34 } WKL ER K ik
—+— C5R=0.30
T e 1 PRV .

n 1 n
0.0 0.2 04 0.6 0.8 1.0
Normalized Number of Cycle, r n=N/Nt

Pore Pressure Ratio, n=Au/c'3c

18 FRIRBEIK L0 AR FLIR KR B B B 3

KR FFZIER  ATE A 19 PRI KR EF+_ERR AR
SR ORISR © HEERUR T8 B FE I ELfE
AT fUBUKEE EAZ 1B - AIERIE 19 FrE#Z KB
LA TR AR SOKARRE - SR AT A P92 KB LTt
RO R A FIEIK LRI B ERFLI KB EFAHET -

2. ERBUR TR AR Pz FLBRK BB

FERE R FOME BRI I AR T MR — S B AR 5 R e P
B2 EER LR KB LE BT b AR ST BIA0E 20(a) K 20(b) At
o BB RET
e rHiE 20 "1 A - MBRREREIKABZKE EAE
EAXMAR - RE-FRESEIEN - EFRERLE
0.1 #% - AN IKEAME 2 KB R A ISR G 18
o KRR KGR K BRI LU SRR -
2 7K R RS - ARRRRIUIRA 7k RS R AR

o ENENNN B I ME DL BARY - W46 < KBRS R R R
Bk o

o EMTHRIERAIIFES) LB - IR B RILAREERT
FEANEEHAAYMES - KETER IR ERE 2R
HIEND > R ERRIR S — B E R E L - (BERK
ZKABIENILERT » BIERREFR RIS EE
FAREE D AEEERR R -

10
& [
L 08
3 3
<4
& TRt (a=2.5)
g 06
K] iR (a=3.7)
% 04 _EBREE AR (0=6.5)
g
a
§ 02 1,0/
£ =8/ mytan T (%)
0_ PO W S T R S G SR S N S S SR S U S S | PRy
0.0 0.2 04 06 0.8 1.0

Normalized Number of Cycle,n=N/N

19 [FUREEIK T AR EEERFLIR KB LA gk 2 8B AR

—&— CSR=0.24
—&— CSR=0.22
—a— CSR=0.164

—o— C8R=0.205

8- CBR=0.195 ) p, - 50u,
—f&— CSR=0.145

—»— CSR=0.21

8- CSR=0.16 } Dr = 32%

Dr = 70%

Pore Pressure Ratio, ru=Aufo'ac

—@— C3R»0.116

P S 1 1

0.4 06 08 1.0
Nomalized Number of Cycle, r N=N/NL

B 20(a) SEBENIHK G EM 8 HARFLIUOKE EFHdligR



B~ KA - BEX : Btk hEAE R 2 RS EEY 325

1.0
3
§ 0.8 f
H]
o 06
i [
14
. g
a3 04 —a CSR=0.21 } Dr = 72%
@ —&~ CSRu0.19
4 —6~ CSRm0.21
o ~—@~— CSR=0.14 } Dr = 53%
g 02 o,
a -8 C8Re=0.126 } Dr = 36%
—@~ CSR=.100
0‘0 1 — 1 1
0.0 0.2 0.4 08 08 1.0

Normalized Number of Cycle, rn=N/N.

20(b) HATEALELIK G EAE T AR BBERFLBRKE LR

Volumetric Strain,e{%)

0.0 N T S S U S
0 5 10 15 20 25

Maxmum Shear Strainyms(%)

21 FUREXK LA R R

4.5 R{LEBBEESMY

TEEST ZEENAR SR - B EE WL ARRERS > 7]
FTBAREARR - R BRFLBRKB AL B HIEKE
MBHABBIRBRE CEBRES L - — TRItEH
G IR kiR BIGE - B 21 BATERIR R Bk
HEFHABAR - HRBERUTASEK LRERE &
MTAMRERE () AR RKIER (ym) FPENTE
K EHEAEBIRN RS TEBREREL - It
TR AT A RS R (17~21] -

VB 21 ATET - BRI LIRS iR - HASTE LT
0.5% ~ 2% Zf8] » BEFEFLAT - THEEHAS 1.5% L
R B/ - DARBSHMS - HHRKEMREFATHE
BB AL - DMRTZBIKEERE Tm ~ 8m fhEF - H{L
MG EAIR 10cm ~ 12cm -

B SRR

AR P AL K D ERIKIE R K N R E
T—FyRERE  DREARBURENYE - LBNE
BRI RS - IRIFRABER - BRI TV R EE
REEHRBH -

I HRBBIE K - B F IR EBRDE Sio, -

ALO; - Fe,0; - M RBBERMALELS 22 ~
24 THEKRES 80%  THEAMKEEHSD
1.3um’ » SEER— R R - IR
BEAR D 70% L2 SRR S ARIBYE - SRR
B BEhR 3+ S — H A T S s
£ (ML) £ -

2 EHIRIR LB R - AR SRS R R
T SR R R R TR IR
5 -

3. BUEBHRIR 2 TN E AR 50%  MBRIEKZ
FIMH B S 42% - SERAK 2 AR R
£ 72% o (K1 B MO BEAT I IR 2 R 1L 38 P AT T R
1K B RBHIK 2 R S AR BB IR -

4. LIRBRFTEB LR BCEBALLE: - SURAR
2 RICEESNEEAE  WE R R SR
GBI v B -

5. EEDENABHERRS RILREEANKEAE
WA 7 AL -

6. Bt KA BRI AL K I + AT FIRO S A
T ML ECEEAE BT  (ERRS RE T
KK B A R KB B £
388 thy e R B A TR B AR -

7. TEARRIR AR R T AR AR A T SR
HUER% » HEREE SR - SR ZN % LR
A3 1 B B B -

8. FHINLIK 1 8 2 EBERTLIRK R EL LTt AT HifE — 8
ANVELPY © BRSBTS TR - TS
ARSI BEARTURUKIELE EF iR 2 SBR A -

9. HUESHIRILATEEHRREE - BrRRRB R
LRENHERR AR HI R B RS
1.5%

10. 1K BRI B AL BMEE B S EUR I AT
SITEHIRE « PAME RIS A RIS TR AR - &
FHECIRIREE L 2 B 2R - RERE N
THBOESIK LB EITHRE - BEAR RS SR
TEE B -

ECR

ARARZERE N LR K TEEMITIHER
&R IRARPER I ARRERZINES
SRAEsL TIZEMRY BN - RIS -

ZEXM

1. R - HEH > TEEBNLFZ K EREK
%, AEERKER HERAWNE (—) FE
o 5 19-1-19-8 H (1992) -

2. Plowman, C., and Gabrea, J.G., “The influence of
pulverized fuel ash on the hydration reactions of calcium
aluminates,” Proceedings Symposium N. Materials



326

10.

. Torrey, S,

- MREHL . CKDERRIRZ BIRERR L

RER A KF LI T

Research Society, Annual Meeting, pp. 54-59 (1982).

. Creek, D.N., and Shackelford, C.D., “Permeability and

leaching characteristics of fly ash liner materials,”
Transportation Research Record, No. 1234, pp. 74-83
(1992).
“Coal ash utilization,” Noyes Pates
Corporation, Park Ridge, New Jersey, U.S.A., pp. 1-53
(1978).

. Lai, C.I, “Strength characteristics of flowable mortars

containing coal ash,” Proceedings. Fourth [nternational
Conference of Fly Ash, Silica Fume, Slag, and Natural
Pozzolans in Concrete, Turkey, Volume 1 (1991).

. Toth, P.S., Chan, H.T., and Cragg, C.B., “Coal ash as

fill, with special reference to Ontario
experience,” Canadian Geotechnical Journal, Vol. 25, pp.

694-704 (1988).

structural

CREE . THRRMERE T TREERR ) BISE

GRS - ZEFE (1993) -

. Robertson, R.K., and Campanella, R.G., Guidelines for

Geotechnical Design Using the Cone Penetrometer Test
and CPT with Pore Pressure Measurement, Fourth edition,
Hogentogler & Co., Inc., Columbia, U.S.A. (1989).

. Robertson, R.K., and Campanella, R.G., Gillespie, D., and

Rice, A., “Seismic CPT to measure in-site shear wave
velocity,” Journal of Geotechnical Engineering, ASCE,
Vol. 112, No. 8, pp. 791-803 (1986).

Stokoe, K.H., and Woods, R.D., “In situ shear wave
velocity by cross-hole method,” Journal of the Soil
Mechanics and Foundations Division, ASCE, Vol. 98,
SMS35, pp. 443-460 (1972).

. Hvorslev, M.J., “Subsurface exploration and sampling of

soils for civil engineering purposes,” Waterways
Experiment Station (reprinted and available from
Engineering Foundation, NY), 521p (1949).
CBREES
THRAZLARTEER i (2001) -

. Lamb, T.W., and Whitman, R.V., Soil Mechanics, SI

Version, Chapter 16, pp. 241-250 (1979).

CHATETIZEERE " LHABNGEEER -F TR

B9E THRBIEF K=, - HHE (1986) -

. Ishihara, K., Soil Behavior in Earthquake Geotechnics,

Oxford University Press Inc., New York, pp. 208-246
(1996).

. Seed, H.B., and Lee, K.L., “Liquefaction of saturated

sands during cyclic loading,” Journal of the Soil
Mechanics and Foundations Division, ASCE, Vol. 97,
SM6, pp. 105-134 (1966).

. Ishihara, K., and Yoshimine, M., “Evaluation of settlements

in sand deposits following liquefaction during earthquakes,”
Soils and Foundations, Vol. 32, pp. 173-188 (1992).

18

20.

21.

22.

28.

29.

. Joshi,

B+o%E EFTH REALTIZH)

. Nagase, H., and Ishihara, K., “Liquefaction-induced
compaction and settlement of sand during earthquake,”
Soils and Foundations, Vol. 28, pp. 66-76 (1988).

. Tatsuoka, F., Sasaki, T., and Yamada, S., “Settlements in

saturated sand induced by cyclic undrained simple shear,”

Proceedings of the 8th World Conference on Earthquake

Engineering, San Francisco, Vol. 3, pp. 95-102 (1984).

Shamoto, Y., Sato, M., and Zhang, J.M., “Simplified

estimation of earthquake-induced settlements in saturated

sand deposits,” Soils and Foundations, Vol. 36, pp. 39-50

(1996).

HRE FRE HER "HIWEEE _SXEE

Z TR AT EEPA IR, BIPRAE LRI

RIEAT R 8k E » No. 101 » i (1998) -

TABE - BFE - TERDEREEEMIE U

KBRS G, BB RRABNEEH 2

B+ THEEYSE B BB RERE L F

156-161 H (1986) -

. Seed, H.B., and Lee, K.L., “Liquefaction of saturated
sands during cyclic loading,” Journal of the Soil
Mechanics and Foundation Division, ASCE, Vol. 92, No.
SM6, pp. 105-134 (1966).

. Vaid, Y.P, Chern, J.C., and Tumi, H., “Confining
pressure, grain angularity, and liquefaction,” Journal of
Geotechnical Engineering, ASCE, Vol. 111, No. 3, pp.
1229-1235 (1985).

. Helmuth, R., “Fly ash in cement and concrete,” PCA R

and D Laboratories, Illinois, pp. 101-112 (1987).

. Sidney D., “The occurrence of duplex film on fly ash

surfaces,” Cement and Concrete Research, pp. 697-701
(1980).

R.C, and Mardh, B.K., “Fly ash and coal
conversion by products: characterization, utilization an
disposal ITI,” Vol. 86, pp. 113-125 (1989).
Sivasundaram, V., Carette, G.G., and Malhotra, V.M.,
“Mechanical properties, creep and resistance to diffusion
of chloride ions of concrete incorporation high volumes of
ASTM class F fly ashes from seven different sources,”
ACI Materials Journal, pp. 407-416 (1991).

Sakai, A., Samang, L., and Miura, N., “Behavior of soft
soils under undrained cyclic loading with initial shear
stress,” Journal of Southeast Geotechnical Society, Vol.
25, No. 2, pp. 1-22 (1994).

90F 88 9H WHE
92F 38 10 X%
2% 38 ¥9H #B%



