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Analyses on Issues with the Application of CFG Piles in Soft Ground
Improvement of Expressway Construction

MA Dongmei
(Lianyungang Municipal Expressway Construction Department Lianyungang 222006)
XU Chao
( Department of Geotechnical Engineering, Tongji University Shanghai 200092)

[ Abstract] Cement Fly-ash Gravel (CFG) pile was newly developed technique for soil
improvement, its construction technology and quality control system are paramount for the soil
treatment effects. The tests of CFG piles, including low strain test and static loading test, were
done in one expressway soft foundation improvement engineering in Lianyungang area, Jiangsu
Province, and the test results were analyzed in this paper. After the study of the mechanism
causing the broken pile shaft, the suggestions for the pile construction quality control
measurements were put forward at the end.
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[ 1] Kjellman W. Consolidation of clay soil by means of atmospheric pressure [J]. Conference on Soil
Stabilization [C], Boston, 1952: 87~91
[2]) &%, HERREALNRENEE SHEERD. BTHER, 1994); 3942
(3] #kR, Mg, Revek FEAREKL MRS HEMBPR. &1 H%, 20035); 71~775
[4) %5, HoHUKBERMEKTHAM]. ARHE B, 2002
Technical Difficulties and Measures in Expressway Soft Soil Foundation
Improvement by Vacuum-Loading Consolidation Method

Ding Tianrui
(Huaian Municipal Expressway Construction Department Huaian 223001)

[ Abstract ] The vacuum-loading consolidation method has been used extensively in soft soil
foundation improvement in recent years, however the foundation treatment effects always cannot
be satisfied in the practice. The main reasons are that some technical problems can not be solved
probably, like the sealing of consolidation area and the transmission of the vacuum degree to the
deep soil layers. 2.8km long embankment foundation was improved by the vacuum-loading
consolidation method in the Huaian section of Huai-Yan Expressway, the technical difficulties
encountered in construction process and the measures to take were emphasized in this paper.
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[2] P ARLMET LIRS, @Y0EAMERMTE, 1G179-2002

Application of Post Grouting Technique in Concrete Pile
Composite Foundation

Sun Lichuan
( Unclear Industry of China Geotechnical Engineering CO. Ltd  Shijiazhuang 050021 )
XuChao Ye Guanbao
( Geotechnical Engineering Department, Tongji University Shanghai 200092 )

[Abstract|Based on the application of post grouting technique in the concrete pile composite
foundation, authors probe the mechanism to increase the capacity of short rigid pile by this
technique. The application and research results indicated that after the post grouting in the pile
end, the bearing capacity of the concrete pile composite foundation could be increased by a big
margin.
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RAFETHHE IREFERSRERTRA AL EXHRE R

vEIALBRFSLHRAELIESS
RELRFRALER S

i BEA: ¥42, E-mail: yulan20@163.com, BA &1 0571-87952077
| R SHEBAARRERERERD 2 T oA AAMA TEARAE, Wik 511442
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H2 B IR SRR b T T2 B Hookot

A
(ML K¥BFR ARG E L TR N 310012)
A b3 4
(WL K%¥A T TRERRE Ml 310027)

[1RE | MESHEMESKERE LRSS T L LR R EETRAT T8, Sk TER
ALK R SO RE LB IFREEE, MASHRERE L TZRE THTRSEHEE,

5

il

HEl, EEBURMERLSEEARDZHATRERAM, B0, €F, 5. H-
G, TBGRM . SRAUA . AT SETROBELESN, BUST RIFOEFRE S
Mo A HURME T BRI R BT EN T SRS M THATHER, ATHE
R TIEENE T TR S&0 TR TREEFRHTIER, AR TIER, ik
B

RA=HEMBRRENX BT FHR

HEBURMIB SRR T B0 VR, #iRE ., TRERHKSR. HEE
BSEE. LTHASESEER. FEENN. AZRIE. fESEIRF,

1. ¥R

HEBUREMER RS — 2 TSR, REUENTEIREZR, BE
BEGHAEMEZMELS, —BERKER, BPETRER, HRATIFRR/, FHit,
TR, A AR PR, MERME,

2. MR R

LA AT TIEEMER L TZZRS, DIE—ZERY S0em HPRER. #¥
BIMIE , — B 30cm MR SREREERA R, DIERRYIRIE L1TE. #R 20cm THE
FIETIRBRHE KRG E, KRR ikl (BimibkRE) M
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BESEE OKEHKRE) WPNE, — FEEZ E 32 ms K RS+
&g, B—rEKLPHBTKESEMHARERRTRE, REEIHRERMEY
53%, 2HSFHE,

Rk, SHEEHER. RR., FRESEKEN EEHELNEMGEX2ER. —K
PR, EAPHY, SRERHIT 3%,

3. SRR () MIT T2

TELBRHEK RO T F BB TILA:

a. HABHHKRNEEWIZERNKRE, RRAWE, FiEERH KRN A
FIRERP,; .

b. SRHEAH IR R AT R P A B IR Bl LR TR AT IS K AL,
IR AOHE KSR ;

. SRHAKW SMAEEERRE, BoRERRIT, KRR

d. HRERSSEHESEEY, Batst, WHRRETRIBPHEARE, ¥
SRR S, EEEERART

e. JEREIERIBRIHE K BIBEARE, ISBRIATIGE 2m DL EER#MT; LTS,
BT THUATIRAEH BORRS], ARTAREITRNHRRE . MEFETHMAIEEEEEK
B, RMMLEE, FHABEENHEKE, NRBEIBARTSERENTLE, MR
o SR 00 2 R A I MO e s E BRI T R

f, SR K RRRKE, AB/NESSERY, ETROSES, MEEHERNER,
ERAR AT REFEAE WHEKAREKRE S, BRI AERE, B #8RH0K
WA Fis L F I EEHTE, WEER 20cm LU, BHEBERAN, K58, I
R KR NRA EARZEW, T IR B, FrRaaEK, RitE
LR T AR, —BEEBHRE—SEEREAS —WIOEER, RI5RKLIMEET,
— A 3], BRIFEMLAHE, URRAKEN,

4, BEE5FENME

BESTEARMB T RKAKEHKER, BiRETAE, BERYWMESTERBK.
BESFEOEIRFBENE BT FEREE:

(1) BESFEREATHREER

EEMEEHNEMTUENER PVCE, BRIBZHEMERRE, ERMAEKFAR
S, TR, MEEE. A5F%. TREEH, MAgHRES LTAEREAS
Kk, TELRMET.H, NEEPVC EMESSHERBRBEIBPRERR . EREBR,
KHELSSBESHERNAB. —BREXREAF 400kPa KA1,

(2) BESFEHBREIR

S5 FEWEREEENEET LA ER

a. BEERLR AR, LAOEN B2 B M 2 ol

b. BREEALR T B BHERE '

c. BES5FENHAEFX

— R IE IR 4 ~ 6m, FERIEIEE 12~16m, [AIPEMEE T EZE TR E
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B, PR, MESRHER, HARKEESHKEM/NEER. ERIEN TRLRE
ITSRTARD, —BSBREREHT, FEEUKIRETAZERRIMES R HTEe
Loy & 5 EL: DS

ZHRESEENHEIARE, AAKEE. BEREDSX, HERRREERK,
MBI £ M RERIRKE, HBRENE/N. BERARN TRIERD, TRITMIZA,
FERWHFIBRE TRPRBRAR RTIARF . Bilt, £RENTEIES, TH51
BRHELTEMZREUTILOIIEGHE: o SHMMERMILE; bAIERS R
SIME cAKRIIGHEN . WA il S, A58 B B AR A 1m,
G KRR BLI R, PR EE R E

(5) HHRAHYT

T H B, FPTREEHOKRE BT RFR, FRBHHEE B RSE, XU
DA I ARSTRE, HERENE, SRR RCREARRETS, PR
#2, TAAFHE, BERENTAERALT, F-EREFETARRE RNNH, A6
BN _EEHE, REEARRE RN,

EEFRAMBRSD, SAGRKUESRE#TEN, Fragubi. dTER
EHEGED, BF-RHENA, MESBELTETETE, BRETSRZEREM
B, SHEEENATEEFE, RASHRAY, ElkES. Bit, SAMREFRE
BB R LB, Horh—f L B i R R SR SN R, HRER
REAERL, ATSETU—-EREA BB, £8 T5H TZRMENRE, B
1SR

A1 Wk 2

HASEHN:

a. EARENABKSREZT, ZRFRREE LT 20cm £5;

b. WEEK 1 FiR, HERBAESZENE, HEALP—ERE, AT EES
B iR Ll R R A 5

c. MBK 2HR, WREHEN, HEEMEEHRAR, HFRHRIILE,

d. FEFFRME S 28, EEMSHEEZREARTR.,

FHWABAEMTRNE, EESHEE TPEFERALFESHERN. BEEET
FHATESHMIFE, FEEEXT Lsm, FHARER, EHRENEE, BHEN
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FIR LA, FHEBSERTE B, S REE R AR SHEANS, TR ERIF
7, 8, R,

MRBEAREFNABRORD SR AR WLRIE, ST EER T,
B 40cm EHHK L, HTEMRE, SHEASHNRERESASN, B THEAHR
FMBYE R, M L WNREK . B AR S S K

EEHAEEERSE, M HEE T, AEEAS—EWEESEE, DB tE
KPS, R T3,

AT R ELZ HE MR I, TR A BT, TR AR B b,
B & EHE AR, zﬁﬁﬁtﬁﬁ —+TH, EXTHEEE—EBENT, Pkt
T,

(6) BERMAREHE

AERZMEH—M BT I A ERE : a FrinE S a0 E R ; b n FEZ e + FRE R ;
cBHMRAITIRIRE ; d TRITRRMER,

3 TIAIE R+ — T4 800 ~ 1000 A E ., ARG B R TFTENEERSHAR
BITHRERE, BIEENE,

HT L2t Er i

1. B2 S5HKE uE

EAZHRETE, FERBERESHE TZFHERZEE Y 50cm, LT
WHRENEE R A 30~ 50cm, FAIPEE X, RHNFRREKAORXTS, RETERT
MHAREZ —, BAGENETSE, USSR, # R TnrNaEE., suf

(1) BT 30cm BREMCRINRANRAE, REEERGEBRENSE&HK
BEAMER, B SR MRNEEKR, 3R 20em MABERE, REEEE
BHIEERE, IR 20cm BETREZE 12~15¢m,

(2) BHREZFRUFENLE, REFEHE, FTEREHE THAREL T+ 80mm
FEE 60mm K EHEANRZERE; DRIELEKES, Eit, ERB/TEZERE L
TR MUBER T LFHHEAE,

a. RAEZRENE/NHAKE, SCRARMRERGBAMH,

b. AXHENEERH BB AR R T Z 9K E., BRHEARKERE R
3~4mm, &KW/ AR,

2. RATAZREREL

T EZS BRI R — KK 4~ 6 A o KETEIB TR R BT, AREER
EWIERRARET, CHHAMNARRSTRNE, XEEENMER., £88
MESZERH S5 THAE—ENRE, BESRENRIMRERT 22 F R EHE K
B, —fF 800 ~ 1000mY &%, EEbE T AARARERE T, RIEE THESE—BA
R, AR, BT HFHA— RS, ANESRERESHEHEAHK,
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HEHAEBMAR ., S MEBSKENEKAE, SHASHAR, FRASHERTY
BE, TRERTREEBEE T XS, EHEE0EN, B TdXEE+4
B, HMIEESGHARRAR, SERETEE SEIRE, B, ERFREMRTF
DR tH K BE SRS SRR R, IERAEMESOEESERY, XOERR
PiEd RS ERAOAREINSIEYN, TAFTH#—SHR.

3. REHBRASHKRARTTZ

(1) JoeE R BEEZS H K IE 450 5K 1 3 B A I 2

EREEHATERLT, DO RESERE, PR BARE, 5MbR
BETHAE, HERRNEZETERRRESNER, RTHKBURENL RS R
ke g, SEpEFFELBKEDENRKES, FARERRINGENETHE
LiiRE, Wik, BHETLEE, HEERGEERR IR EMES, XHrk—n
DREERERNEZE, ZWADARSHRESEHE, TRARERS, JBCREL
LS REHK BRI S

(2) T BIRE = ek BSEHE TP

g P emmknEL |
[ rwwes |« wxmke

A

MEZHANE T TZHTTHR, RETARTIBAMEEHFE, ST &
KBTI, RS SKUEMHETE; #ETHESHUERT T2 %2,
MR RRE . RATESEREUREEHBE RS, AZHEOR LI TZARST
TESE B Pl — LA SRR, JoRAESE A R a9 1R i RS R AR A

£ 3k

(1] $%x ETHRREREABREMBSQNA, EXREFFFR, 2003, 22 (2), 80-84

[2]i508, Bode, MEE (2003) EZHREmMER LD RN A, BEENF LR, 2003, No.5,
1-3

(31458, ML, #EH 2 EEMIKERTIEE T PHMBA, ABZEEAR (HH), 2002,
No.6, 22-24

(4] 4 HPHRAERSHEE 1A, PHLK, 2003, 23 (5), 78-80

(5] EMMH, T ASHEAESE B LhRA, KETHE, 2003, 355 (8), 82-85

(6] KA. HTBRAMBHEMBRKENE R TEE (D). HM: #HILKE, 2004
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M R HLIR B TR b

IRA #4518
(WL ER T8 315040) (THEEERED TH 315040)

(RE ] AR TR TRALWNSITET . Sin%m, URAES RSN ABIRRE . BT
R 1 L PR 4

= 7 5

Ay

hillL

M T KABRRAX, BTEE, BTkl BTHS. TEE. HEER.
THRERFRTRASHORRENZREER. Y TRRSHIENR (A5
HERBREWGER) ARUET T AR A, EES=EB I RN TRAS
W ERBS, 800 THRERRBIT R TRAMGH, EREREAREHES, T
EMREEE TR i T RRGEH TR, MRS R THEABREMIAMT,

i R SRR R

HTHTRRAGHORRET, NEFIZLMAHAE, §AEE T TRBERN
KOS, £ xH T K AIATRER KA K2 58, HARKSIMT M EMRT
A A B E 1.6,

1. b TEASH ARENES

H T BRSHETURLITHRTREMTERE A SR 1. HTRASHNENST
HTFKGLUT 2 FRRSHRBUEX SRR KER. #TKE—REUKCBERE
BHRALE 50 F—BMBRH T KA, FXRHKATN, RILZIMITRRR A RRKAL, Hb
TEAGSHHITEN R AATR, AFSTEATR EAELFER, REEFRE (B
HEHBBRHN) GB50009-2001 5 3.2.5 KHE, AAWRMITHAK BW 09, B S
S5HEAARE G iR AR

Yo' S<B -G ' (1)

AP yo M TERSHNEEHRY, WREFH N RIBHERIN 50 £t
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TEHER1.0; ME2EFN—FREHEFAERY 100 £RL R L1, BTFRASH
EFERPEARBRESAARIR, KEHRREIRBRIT LSS, TAFIAE,
HHBEERAHREAR (1) B, MRERBUK AR S

2. BAVURM R RIT

EOXTHI X 0K R, B R T BRSSO B SR/ N T = AR R 5) 0L
R, —Rgit A AENIER . IR AIER (1). FEiR ( B A AR )
GB50007 - 2002 FrilE B mA# ), ReHERHFERASHWEFE KNI, (2):
HFATIR (RIS AN ) 1G94 - 94 WEXR, HEARNT,

QK-<.Ra (2)
Osdp for (3)
YoS< BG+IN (4)

Xt Q- MR T SRR AL A VER T AR B & 1 7 5
Ra — BARE R [ 7R IR D 4FAELE ;
Q - HIN T8N B A A VR T BBt I S 1) 17 i HE
A, - WS E AR
fi- BB+ H O PURSR BRI HE
b~ THERGRE, WHE;
Yor S, B. G- ERHTE;
YN-SREHIRAEIHEZ M, S TEAGHRA TR, RNV
RAEAR (4) FTHTFRHE.
N= UG, (5)
UfZ/h'qua'U,-'L.- (6)
X U, - B BRRE R
G,- B AERIME (RIER 0917), AT KMUATRESE;
A~ VURES, SP+E0.50~0.70, %P4+, ¥ 1H 0.70 ~ 0.80;
U - ¥Rk, SITEEZER U=7d, STY IR IGI94 - 94 % 5.2.18 -

qisa— BERSE § 2 BERH LA ;
L-BiRTEE,
HAR (6) BENERBRARNERTZ. ZHBAHE; ¥MT—RBRHE, N
R T B B R B R REE
3. FEAREHUIR 0MBE 1 B3k FR R BT SR K R 4
PRk, BAFETIRMEE A AT ERIBL D RA X B, BEE LIRERE, A
SR+ BN R E RN SRR E TR RN, SrER—STRRR  pr it
F R BB SRR E SR AMBE A B, TR ASRFERRMBEL) LB B, BILIRARRA , AR
REN. FRMEABRTHEALEN MR, AL ARERE,, EEHRTH
R, KRS TN, BIRGTER T B AR AR /NR W] i 2 B - B AR R K
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BRI+ 2RAIRBBIR, S IGI94 - 9448 5.2.18 KHUE TR B, #%
A, NEFSBAEM, & 45 KRBNRERARN. S ETR, FiRmaRY
PR BB TR RIR & b SR AL A0 Tt AR 1 FE RS B 7 R Tk
R90.6~08 1%, HERDUBITHER RMMN, RIRER A FLUKT 1| oMEiw R R ZE %

a

FHTRFURR T RATIIE, MRRERZMTN, AR@OFYN=Yr, Rit
BAXITXH 33 %

KAERIMFHIE

[ 9 EARE 3B

T BRSHA AR TTEE— AT ILM . AR aEN %, #
A T ESESHLAEE NI L ES LHER, FARRIMISSSERNELER
%, BRXEHAMHERE — e, ERREUAEE, §RIESRIMIRS &2
FlE () FYBALILmH,

PRIIRE 2R

R MNP AEAA 20, R EN T ZRA T R, SO TR 5
HE, FEEMEFAAMA L AEMNEEIRTE,

WTENGWRERT M, MAARNLEFGESHERESE, SRR T AR

it LR, FRERSRUR AT MR . L,
R-MUBEHABO L, SyEkee (e [ g A
BE) REMR, SARE T, B, TH T i, ()
FIRABRA S TLR AR PR, MR T HE o ﬂ 2T
ATEAN + AL, TR A THLY TR, N \EATRE
YRR EIBE L (R A B LU F R MR ). L2l

BH, JFALERDZER, TRERZER. + B1 FEdTEE

FratE. mTHRIRE ., BT AiEAR T KEERE. SRETARER, —EXLUH
BXZ%: DH2Htg 6 ~L RH (E 1), HE L>6d (d 38R ); FRETRAA, MRER
EHEREAEAA L RARFERSREEAA R, BInBUS RIFOTIZER, i
¥ BB

RAEVEWG, B TRASHERSMPER, RETIEEESR, NTEL
X M=RH x qL> MEEAR =8B xqLYE \IES: q M EL AT, SEABRfER, M
£ 4r5IRE L BRI T80, HEE L, MR f KRB/ FrLERA RS K
BRLBERE, SIRERATHRORIGE, FEREERXRE/D, FREHNBERR.

LRI ERARHEINERAE R PR B & 2 e R TR SN, (2
FEEB AN ) (JGI94-94) FHE: “WFRKPREH BB KF ARG R FA
B, NREWSHRERE, KBERBEREEREEY 0.2mm, X F4FEmAEPHH
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£, MR IR, SHE ARSI RE L AT R, TTRAER AR
WIEBE, BE0SR [3 ),

3 BT

i FREAWRE T RN 1 . SR+ _
SRR, TR EE SRR, STA %,
FITERERFT . ISty F RS A M AR T ED Al
WEA TR BT, R
2000mm, W KF 6d, (BHFFLER ) SRRt
AT RAGER d= $25~40, S5LEB d, B 6
100~180mm, HE =S EZ, HAR/NT—fF
FEZN Somm, SAFKENRRHHER, MR
ALERBRAT 40d, 10 2 iR, EREFBAE e
REAMRR AR, RAGR, KEEsgry B2 WHEMORERER
IGT C30, FERFEHHIA 0.5MPa SiRES: LI DI Ttk . ARAESCAR [ 1), %%
FRANSEFORRAS IS R ERSRR, WFE e F kTRt
.

R=08w *d,-L-f
Reb LR PR

[ -8R S5E LRSS EREME, M GB50007 - 2002 % 6.7.6 £,

M THE iR T

A
|

BT

L>40d

W () SPE TR AR AN »
REL. Bt Bio, HFEERTEA, #FE .
WL it R T, [l \| [ e
(M TAIERTT, RT — M, M HRAN, KLl
AR FHEA B A A WA A AR, 4N

BNEH, YA ROBERNAREERNEN, | A \uuer

By e ket, R T ERERPIREREN, FH
KR THHRARBREMEIEER, EREHFPEARE
HELE, NWHBEK, A 3 Fin. RIBHUEL R
WAR, #LIBHZRRBE TRt (B) B, tliRER e TIhagE
i, BHEEARRE, NEFSIEREIRERRIEKSE, RSk, EEMT
FTRAETE 5285, FEEH L, BImERIGt. SREEFIEE B,
AT AR AR Ao SRR UM MK, B ZRINERG, B LRI, BEA
KlRRH, HRusFE ik,
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T R TRHE RASHEA RS TRA RN . T4, BTF2HS K
WO RENBOHTE . WOR T, #i R R TRERNZF4EE, HREHA
— RS RIGB LR, LUAEIRETEENMEN, BTHNEEs TRAFRATR
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SMERTR RSB BR, MAHE R THEAMER, ¥R T,
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(1] BEwHE: (BABRERE TG ) GB50007-2002

[2] BEFAT Lt (RAMELAL) 1GI94-94
[3] ERSE, B NVRBERBTHEA. (BEBA) 2005 ££5 3 4
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£Fdz (MEAAE) BELGEL E
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| MRMAA, KETUEE TEMRNR, ERARELBR! i
| AT ERGES SR A RATEAEAN, AR, SEREH, Ekﬁﬁﬂkﬁ(ﬂ%ﬂ'
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|
I
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TR A R R e
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(PERBESTHRIBAE WM 310006)

TERR

A DNRENE+— 2+ RENERARAM, BERFER 6 1 m’, EREH, &
ZEEENBTE, TERNER 21665m’, ERTER NETLE R,

AT £ 0.000 24 TF43 458 7.100m, F350E B 4R E 4405 B 249-0.300m,
BOHESURE R 8-9.700m, RHEHFISRERN 940m, HEHBNFRPE, KEK
P N-11.850m,

Tz /i 14

BiE TR FREHEME, BAFCEMEELANERELELHERY (BE1):

| BaEL. B, & 30%AERE., BAO., E5ENR, BLBRERE, B0mEN
L,

2-1 @Mt KEG, P%, wH, F20E60E. =8, RE2HAE;

2-2 BWtmet: ®K. 56, $9B-HL, 1, SLBREIE. 28, 22
BT,

IEME: ke, ME-FE, wH, 30BENR. o8, RE2%ah;

4 EWMtImes. kG, %, mi, SOREIE. =8, BB

5-1 BitREMER L KE, R, AR, =8, #ER, BEAREL, %
B&%5H;

S-2BiRRmER L. KB, HE, SANE. =8, #MER, REAREBRKE
i+, ZERES

6EMt. K. K&, TEES, AR, Rk, MER, REAIRENL,
ZE A,

£1+EIEYHEHFRERLE | S BT KEEK, BT KAEZRERRER

* WAREH: 2005 % 5 A
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INEBFSE, SRR R B M 2.5-3.0m 76, MR ACHES+ TR b, #u
T A A T LR 1

#1IETENEHEERER %1
2 +E£HKR w y . EREER | BERY | HERESH| BESRY
g (%) | (N/m’) (MPa) | (cm/s) |#BFMEME®KPa) [ () | c(kPa)
1 FEL
2-1 2 B 285 1938 | 0.79 100 | 45x10° 130 (24.0) | (15.0)
222 L) a3 04 26.7 | 19.40 | 0.76 120 | 65x10* 180 285 | 258
4 306 | 1848 | 091 10.0 130 (25.0) | 10.0
4 Bt B 253 | 1940 | 0.74 11.5 180 295 | 275
5-1 | MERFEBEEL | 389 1798 | 111 3.0 70 11.9 | 149
s2 | MREBEKL | 355 18.50 | 1.00 3.5 80 185 | 49.0
6 288 1 1929 | 0.83 8.0 180 209 | 442
- . 8 2
A e 2
b:nl—b_i > 56341 25 6 19—p. 70
4.()' -1t 2 39—} 50
2al T Lot -
l.Ol
0.51 @-2 B XBY
2.0
:l.5| 4. 041 1. 200 e —eeeeeee -4, 51711 40
5.0I 45T} 1LY
€.5
® B+ )
23i 10.03 18.30, -9.93—16.20 —— ] by YN (T
e ® % LXED 1. 61} 18,50
-;2.:;' - 11 7§18, 50
o § o1 mmanmRy v
5. _ ©-1 RRABERE 10 65 -15. 06/21. 96
1a.g/zz.oo _— . >y et
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3, .
EYELREFR

B AT T IRE AR UR, BEEELUE, EEIERUN, ERER
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BEE Yy 36m. BEILE A —FAKE, SATREEEY 20m, BEHEENCHIENTR
b, AT om I —15KE, RARAENAN, SATHEEEA 22~32m, REAX
T, K EARE A 4.000m ( BRAIXHRES-3.100m ), ERSTAE 15m LIS AH—T5
A, BRALEN-CEEE, SATEEREY 35m, £ hkE M, S54&TEE

B4 70m,

g FRTR, ATBRABMERAGNT. AERRYRELEEET, HEARHIER
FBER R, W RER RS KRR



40 ]

.

L F1652%

ENBIRG Rk

SEPHRBNE, TRENF. ENFERERRRAERY, ARRTEAANT
A

|, BHUHEREEKR, W FZRERE 9.4m;

2. BHFHEEAKA, BLEKY 200m, FGEFES 50m;

3. DB+ FEORYS, EOUFHERWEEN T EAREL RN T

4. KGR, TEBEREK, BRIEEFEK THERARR TREK S EMX

S, SHMZRKIERERTFET A ORI, & TRESFEANEIT.

GAKTREREN, BIE “Re. 2%, FERT" WRN, RALITRES R
MRS R R LREHA BN, R ETHATELN, TS
HWEHEBHFIIT. BTHE. BT THE. RLTRSHS, BNEERMRFLRES
WG TR T B2,

AL TR LRI TR, ST @ NI ST 2 A B NERS) 22m ),
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K5 -2+ PXa-B)-(a- BV 1=K, [(1+B) -2B8(a-P)-(a-py] (21)

R (21) 5X (17) eeMRE, XiEATELE/. MENFSEEEn, Tttt
WP T L AR

2. Mkt

Wa=D/H. B=z/HMA=2c [yHRARK (5) #1 (6), BHFEHIRIENR:

(1+ B-A) ~(B-AXa - B)= B +24B-21+ B~ AXa - B) (22)

HR(20) REEWET | 6 (BPREREAL TR FREET ), B/ NSRBI R
R (7) 0 (8) ARG THEESEM, NFEEEM WERSER, Fa. SHARA,
.

(20)

M, =%m+ﬁ—z)’+3(/3-A)(a—ﬂ)2+2(a—ﬂ)’1 (3)

yH
6

LARBAAFF SKT, FERAFRE (20), B2
B +24B8-201+ B-AXa-B)=(1+B-A)Y —(B-AXa—-B) (25)

R (25) #1(22) E2HME, BRSTELSR/D, HRRFLTSEVE, Mttt
BRSPS R

AT FETRETELR/D, HERTFATEETER, Ktk TR AR RS
ST LA SR . ACKKARIET Bolton 1 Powrie (1987 ) i ) /1 FEHISE
Vg & 3 b B EREE,

M = J[3(a—-ﬂ)2(l+,8—l)+2(a—ﬂ)’+3,1ﬂ2+ﬂ3] (24)
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SE R

b S B NI R B S A B T FH B ORI RAE . 52 Bolton #1 Powrie
(1987) 3 B GCIREBHEBAE B/ S B LIS RIS s B, STHESREW, i1
EBAE RN GBS AR/ NE B BN A BYIE (BIESHBII0ER
SECRRER B ). B8, s TREEMRTRIER 1.2x10° kN m¥/m, FAEORK
R RS X+ T 5 RIS, Hkl Bransby #1 Milligan ( 1975) 82189 O+ 34
TEH/NRCTHABEEHE, AR/NSEIATRS AN E, RRMR T RS HEmE N
Wi, Bl & 7E & LEE T28% (Indian Institute of Technology ), ¥F755Ck: 1 #ikt
B —RFIAR D/ H LEBECRBESR, BIETAX k. SREY, THTEKRHE
SR IS E RIS E AR E R g FHREH.

I e RfrE

A B AL RO IR B & Bolton F1 Powrie( 1987 Y br 4k 4 %€ . Bolton Al Powrie
(1987) B T B ki R EEE A KK e, SO0RBERUNELRE H M
PUBHEIRE D (JRBGAR ) LR |, EEARIOHKERE A ¢ [E1s| THF ., BiE
X, AN BB/ NESEHERELANE, RERSERBERINERY
FIFHE 1, WA, B/MEy B RING R SEREEERHMEE. FHEBHE,
Bolton 1 Powrie ( 1987) fEANBILPHR T HIEMER, XER/MOTETRAEERE,
Bransby I Milligan ( 1975 ) X Fokitk +RBESGM T 1g B/IMERIEE, X SBE R R A
SR, RIREER (KK 10, 12#013) BE 1, REEMEHSME BT TFHEP, 308
{3 B AB/ME PR U RS BB AT RIS E, R 1, B BE UES,
B/AME BT B R 5L A RER .

T 1
SRR H D &' XELEz (m)
I-g (m) 4 (m) | (deg) | g jayfipeak | %Mk | lg SORREWEE

DWC-07* 6.9 15.4 21.7 13.869 13.9° 13.5%
DWC-08* 8.7 20.4 19.7 18.357 18.4 18.1°
Test-10° 0.115 0.185 35 0.1724 - 0.175°
Test-12° | 0.113 | 0187 35 0.1739 - 0.176°
Test-13° 0.116 0.184 35 0.1712 - 0.174°

*5| H Bolton and Powrie ( 1987 )
®5| { Bransby and Milligan ( 1975 )

2. FRYLIBTRE

FRWWREMBEHM TNE. hB/MEFERE S0 ER, PR SVE, o
LA B RIS i AL Tl SRR S AT R M B X - R BSR A AW P .0
% (SPGM-1 1 SPGM-2 ) BiFF R BBy IR A MBS

Y HTE R LENE T 2B LA N 4.5m BECHLEXDRIME T RIMEAREEES 0T MK
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SPGM-1 1 SPGM-2, &G4 W, Chandrasekaran (2001 ), Fi¢E K5 T Heths
WD/ H 55103 0.76 F 0.44 b, AU . F£LEDEE T Uk 2 BB LU & RIRIGE
B17, FRARER—RIWIHRAR—H . W5 LR ARE KRN 54% HE Ligh
Rt ELWR, BIEEEETA, RBER LA 10, BORBIFET. FoNBRRG T
PURRFR R, WSAHEKGUITIREE RIS RIS S8 T M ARHEKUBTIRIE ¢, b 32.5 kPa,

L. T,

-----

¥
s P .
- o

B 10 SPGM- it B ER A B 11 50g it SPGM-1 BZRIRLE

W sER M B E A LVDT i, RS E A IEE ¢ #E2 10g, FHBE
BMHEAZERSENOBMEL PRNENER, T8, ENINEE g RNk E
HERIR S AWK B 11 0 g R A 3 S0g BITSAL, PSS A Pas S b 244t
TERTAT W, SKENRE T 2B B oL B S B, BRI RREnEE, 4k AR
i, AR LA TAHKRE. B 12 A TELRE SPGM-1 Sk FO 1
B, AR E S K AR E AR g . B 0 m BT BT I g (1R A8
K, {BRERTR ) & RR 5+ P 4 5 0 AP RIS i D 1) A5 T AT RT3
MOE, R2HBHT 40g WM, FaLAIUTSEMEUIERE, hmE/ S’k
RS HME, a0, /NSRRI E BMARK SPGM-1 Fl SPGM-2 3 &
g,

BRANRE %2
AL | BN | H | D | | e | Cudens Xrifi#z (m)
RE | mEE| (m) | (m) (kPa)| (kPa) | B/MNE4EHE | BoORBLER
40g 6.8 5.2 60.66 4.726" 4.783"
SPGM-1| 358 | 595 | 455 | 076 | 325 42.40
30g 5.1 39 2591
40g 6.8 3 91.56 2.4 2.691°
SPGM-2| 35g | 595 | 263 | 044 | 325 60.92
30g 5.1 2.25 34.73
“40g MIARZERATHLER

B 12 AT, EAIMEERT 40g BF, B.O0R%E SPGM-1 A BRATE b ) 0 1] f37 B i i 8
. STEAREEHIGERE, A[LE Y SPGM-1 Fl SPGM-2 35 s ARk 55 RIS -4 7
MOTIRIE ¢, g - EHRBUESIER 2 P, BETNERRE g ENINAS, BBHEERAHR T
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AWK, B C,_ gy HABHEI, 35g B
SPGM- 1 IRBE ) C, _gpmang THIEIL 42kPa, F{EKTF s
WA RN ¢, , B, Wl 2
WERS AL TE BB SPGM2F D/H B
b, EAIER AN 30g MBER AR, o
WEETH) €, _yomeng THILE 2, 35g B AR €, gemand LTE U0 K575 DOV D0 B 908 9T3%
5% 60 kPa, MATHRRSIEE A 30g B
iR, REHRES, tERRmiNEee 07 TOAMERETRER
T RS L 2 —NMREF R, theTH
T ELRREEECHRENEE, .
3. BRI ) AT 0
AR 455 £ 00 1) 7 T W X 7 oK 089 5 B i o
. Bolton & A (1989, 1990) i FAZA i Btit i
BTHIENEE, i—ARKE, MITRRAE o
IR BT EOHIIRE, Jardine A o
(1984 ) BFFTHLBYIEE R FEE MBI EHIX R, oo o gg.%o;] ) 0i000 10000

B 13 B, TRTORE C,_ynang WHAXITE
BNEy , RESHETERXR A E
Bransby #1 Miliigan ( 1975 ) 823, (12) f1 (13)
ik,

H13 B—ENRRANBESHNTERNXR
( #R4E Jardine § A, 1984 ZEREL )

ZH BT RS TIPS S b R R B AL PSR T . 3R 3 B T BT 45
BAHEME, BORK SPGM-1 1, XY g {EH 32.5g Bt, FRITIRELEFAHAP®R
&, ElFEPGHAR 30g F32.5g AP,

FHEE RN %3
H D &R (mm)
BOEE | Foh @ | (m) DIH | Cogerand/C, | BINEEE 10 b
UEES AR
30g 51 1 39 {076 0.797 5x107 [435( 3 [315( 2
SPGM-1
32.5¢ 5.53 | 4.23 1.043 9%x10% [ 131 | 113 | 95 | 83
258 425 ) 1.88 0.443 8 x 10 1.1 | L75 | 0.61 | 0.85
SPGM-2
30g 51 | 225 | 0.44 1.069 9x102 | 106] 9 | 61 | 75

BRI C, oy /c, BT 13, Jardine A (1984) EEBE|, MUEE, WKk
BB TR AT 5 FAS B30, EME Jardine ZA (1984) S5 /R 30K+ =80
RIS, ZEBATM =R R OISR TS — S R, PN
B £ AR B AT ISR (fh 30g KT 3259 ) TAEK, AW, PUEAT S.1m
B (SRR REMMBR ) LRI RRREYEE.
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£ 3 AEED/H FHE_AELRE SPGM-2 WIS THER, KARKS,
Cy-gemana ! €, TETE 30g EAMHEFE T ET 1, HI{TERENIERE 25g H 30g B AIRIEA
L. BINIZER A 13183, METRAR (12) # (13) T8, 25g i, POEHERH
FEIW R LA, HEERARREBE 28R, B 2R, YENMEFEM 25g F
I, PUETREmEY, RERSIHBERYE.

A EARE AT, R Bransby 1 Milligan (1975 ) B TR HIB0RE Fak s X 99 A7
FZRIPXRBIBENRSETERESER, KEBANMETETBESE MRBER
Mitt, EDURBCPIIEHRLRBE R ST AR

&k

RERAET BT A L TR, MR LB T 5 E 5+
MBS RN, T3 D RBELIE AR SR X, QARSI
AR S SR, AN B FHRTELE AR, RERERR, &
AR . ARG,

AR R NS L AT R R BB P B S B VO DR R R TS
VLRGSR, REBRE, EREMRR, THHE TSN SET AT LA
BikEd, T EIE T SRS R, REREAITA TG VM, Tiexthit
FRETAE LI, BT E AR A SRR, AXIABRINBRES, Bk
T AR 2 B o B TR B B T PR SR TR A7 AR OB
S T B A AL T PR SRR RO,

A FEATE ORI AR L ATIARA R, il T 296 B MU 2
B, RSO RARAR D, HANRIEE A BT SR L RIS 0
IR A ERIAT T A, AT i B NS O M B 5 R
R, B, SO AR BB B T T E SRS TR R JLATR o,
B ORRERIAE TR,

PR GO A W AL B K 0BT SRR T AL LR AT I,
PR A A %, SRR R E R AY . PSR AT SRR
AR, BRI SRR + A, ST RENIRE A E]
SE S UORIE R, PO SRR, A PSR 8 3] T
R

# A (From Journal of Geothechnical and Geoenvironmental Engineering,
ASCE, Vol. 131, No.2, February 1, 2005, P 202-212)
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