T2R2 rIgA2US-FURIMY

Tokyo Tech Research Repository

Od/dodn
Article / Book Information

oo@ao) gobobbbougooaobobooobo

OoOoOoooOod
OoOoOoooOod

Citation(English) Degree:Doctor (Engineering),

Conferring organization: Tokyo Institute of Technology,
Report number:[J [0 339001,

Conferred date:2000/1/31,

Degree Type:Thesis doctor,

Examiner:

Type(English) Doctoral Thesis

Powered by T2R2 (Tokyo Institute Research Repository)


http://t2r2.star.titech.ac.jp/

HDBHLDIKFRGUBE § 20158

fit W OB



am S A2

1995 AL o7 fLl RS 2 52 L U C, T E O SRR FHI R DK SN A
AT OEMERENCRIT T Db, E- I RBN ERE R BN, B HAERE S
PERERREL, (BHEMRFHIBITL 225y, B EL#ED FREMEO B WE L E T, 510/
BNLD KNI B DB e 722 FEE O K AR BB, S F0 HAED K AT -7 2L
BROIEB R L UM ABEL Lo TETWA, FIT, RS TIIR H#AZ b o Bk a2 % 5
EL, BAONERAK A E R A BRI S A 2B, MBI ORESEDOETE
HROREBZRAGNICL, KENEZITHEMOEERKEE R T IEORER B L
To. KX OERITLL T O@IThsd. i,

S 1 BEIFRITH, BAERBIOH RO LB OB REEEL, ThI0KEHESZT
- DMUEREOR G EOBBEEL T, W)KFENEZIT DO KREN B ORI ZE ORI E,
QRYINEMLNG KRNI F T OMO AR 71-K LA (p-y BER) ORIER IO
Tk, G)YBRITEREFHETH WA NAY=TE py BURD KT A& (M D R L
[BHIAR I ) DRREFH I, b WNIE/RTA—ZOEBOEEBEOIE, L T@)LVEHEAR
p-y BAROFHMIEDRBE T, FHICDHAR P O BHOKERICE B L, BEfEoses

T, KFROAE ST ALz

% 2 BEIBRBI ORI O - J) SR ) Cl, AWFSE T L7 i i v o> Blpod
WU AT S8R 36 L O B0 AT R SEBR I W - B0, Fkad do J OMEEY g
LW - FARHEIC DN TEED T,

8 3 BEIKEDEPIHICSZT 2 EAOKEEGL) T, BSOS OB HH
FROAER K Vol fof EBR LT 71k, MU BE, FuliE:, PuiR, MR A/ RTAN 2B b
S, WHUBE T OBRORZEINE COKEEROBN T~ A6, ST HEOEWND
WZEDEATO KR O ZER AT ~DHIE LT, B85 THE oD 7 R A Fn s liab g b
OITYFRE LD — J7 18 BRI K kAT S B, — 7 MR UALEE/K L8 E B S L OVE
BTN HEEBR AT, b 3 F OREEK AR B -HrEE/K E AL B 6R, dhidf
O T B D EAT o 77, SB35 TORD R B o B o4 BE K L dli i EBRr A 52
MEd 25 LT, PRy S —%& B CHEREL 7= F08E ik oD Z A8 M BE (R HivAs 0O FH o 48
ERIUa—VEABRROEGSX) 2~ X0%, RFETERLUEHDHARIZT
— J7 1] BEFRATC SR K SE BT SR R IS LN — 5 A R UL BE K S o EBR 2 AR M & R S D R
72% 6 TEOBRIHEAZ Y, 2 TEOHRE A, 6 OB OEE oL EEREL, Hkk
R E-AEEMBRICE ZAHEEE, EBLUOHRIMOEELR 1=, £/, A—0
FEpHE ~HERH 5 modeling of models {2V NTHIEEAK S fif B -/K 25 BEER 38 L OV
FEB— AN E L, TR TG X DR F~HERRIC OV TEELT.

4 4 BIHO poy BROMEBEOET LTI, B pry BHRA & TS
Ko BT LI TR RS BN L U B K Bl AT B FH I BIRE L, /IR B K
TR ECOMMD poy BUROMEBLOZDET ILE o7, ZORE, T iiEHo
B py BMRIESUARIC Lo CRE B GREITEHT LR, WEER p-y BHROD /<5 A
— 5Tl DA R N RS RBIRHARR 10 52 DR, VRS L O AR FE 0 B8



AL LT, SHICEBRFERIVELNI- R p-y BREAWT, 58 3 BCRLE L
B CORMONMBEK A ERE 12—, R THFE LIS EFBLOSE O
IKEEFT AT DOF FAMEZ AL LT

% 5 BEIWEBRTY p-y BHMREIRIT py BURO BB L UVITA—Z DR EF 1R T, BIT
OFFHETHWONO AV =T E py BURD/RTA—F Th O IR LORBRIR
X AIOBREIEBL, ZRHDARTA—FOEGOEBIZOVTHRA, FIZHE 4 ETHRL
TR EEHRE poy BEGREANAY =T A poy BAFREDHEEATVY, NSAU=TH poy BHRD/RTA
—HDFRTEDEND, By HE O BEALO KRGO FREICE 2 581DV TRETLZ.
AR DRI G- 2 DHURIE B, ISV~ O L~V OB BN LD ~TE
DFELEZR U g1 K RO %, FNBEBERAYIZEZDIH L~
MR DR B Z B U T BRIR M R JOABIR R I ) OF I FIELAREL, & 3 ETiT-o
TR DRBIRBRE R L O LB LD, FRMiiE O SRR REELTC.

# 6 BEIENGF TORMOMIAK LT ERO I —Ta | T, 8 5 BCRELE
WHi# p-y BURBRLOTHEFELAWTE 3 ETEBLAZENSE TOMED R EaffE
HRRD HUAE D BT OAEEK AT SRR O L Ia L — g BB 7. HRIR VR ) O FT
2T T, FEE O R AAFIFESRR AR O BT ORE ) DR BERTLLbLIL, T0F
B IELKIRYIANDZEN TENT, FEED T EAFITGS A R & o0 BAL O AT
THRAMBRE p-y BIRE FIVNTHUERAK A B AR AP A ALBIFR B L O 1 B — A Moy A
WOWTHEOEWTFHINFTRE THHZ L2 R LAFEOSEMEL O L,

57 S THER | IR DA B TR LN R A LD E LT

ii



ABSTRACTS

After the Hyogoken-Nambu earthquake in 1995, the foundation design has changed
conceptually to the ductile design that allows larger lateral displacement of foundation.  To
introduce such a design to the pile foundation design, it shall be clarified that the lateral
resistance behaviour of pile foundation up to larger displacement is related to various factors
such as the lateral displacement of pile, pile diameter, relative density of ground and pile
flexural rigidity.  To examine the effects of the lateral displacement, pile diameter, relative
density and pile flexural rigidity on the lateral resistance behaviour of single pile in sandy
ground, - two series of modeled single pile loading tests were conducted in this study.  One is
in an geotechnical centrifugal field and the other in a gravitational field. = Another series of
centrifuge tests were also carried out by using newly developed divided piles to directly
measure the p-y curves at different depths, where p is the horizontal subgrade reaction of pile
and y is the horizontal displacement of pile. In conclusion, a rational method to estimate
the behaviour of laterally loaded single pile was proposed.  This thesis is composed of the
following seven chapters.

In Chapter 1, problems and issues on the current pile foundation design subjected to
lateral loads are described.  The problems and issues are :

(1) Measurement of laterally loaded pile behaviour up to large displacement.

(2) Reliable measurement and modeling of the p-y curves from small to large displacement.

(3) Setting up the parameters of the bi-linear p-y curves used in the current pile foundation
design and evaluation on the effect of variation in parameters on the simulation of laterally
loaded single pile.

(4) Reasonable evaluation of p-y curves from geotechnical parameters.

The previous studies on the behaviour of laterally loaded single pile in sand are also reviewed.

Finally, the recent trends of the foundation design standard in the world and Japan are

presented.

In Chapter 2, physical properties of Toyoura sand, Inagi sand and the modeled
steel piles used both in the lateral pile loading tests and in the divided pile loading tests are
described. '

In Chapter 3, a number of single piles in sand are loaded laterally to investigate
the effects of loading sequences (monotonic loading or repeated loading), relative density D,
of model ground, pile flexural rigidity EI, pile diameter D and pile embedded length L on
the behaviour of single pile.  First, three kinds of lateral loading tests are conducted to
examine the influence of loading sequences on the lateral resistance of single pile in compacted
unsaturated Inagi sand.  These tests are the monotonic lateral loading test, repeated lateral
loading test in one direction and repeated lateral loading test in two directions.  Second,
variations of relative density and strength for modeled sandy ground (Toyoura sand) prepared
by the air pluviration method are investigated before a series of lateral loading single pile tests.
in a centrifugal field are conducted. =~ According to the strength of ground, cone penétration
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tests are performed in a geotechnical centrifuge and. the relationships between the cone
resistance g, and depth z are obtained.  After that, two kinds of loading tests (monotonic
lateral loading test and repeated lateral loading test in one direction) are performed for various
combinations of six flexible rigidities of pile, pile embedded lengths and two model ground
relative densities (D,=60% and 85%).  The influences of pile diameter, pile flexural rigidity
and relative density of the model ground on the P,-Y, relations are examined, where P,is the
lateral load at the pile head and Y, is the lateral displacement at the pile head. = The particle
size effect on the P,-Y, relations and bending moment profiles are studied in comparison with a
series of lateral loading tests. It is shown that the centrifuge model tests on the lateral loaded
single pile are also important.

In Chapter 4, the measurement and modeling of p-y curves of single pile from small
to large displacement are stated.  Instead of the technique to measure the p-y curves from the
bending moment of pile, the divided piles and its loading system are developed to directly
measure the relations at different depths.  The p-y curves at every depth are measured by a
series of divided pile loading tests in a centrifugal acceleration field.  The directly measured
p-y curves are modeled by hyperbolic p-y curves with two parameters, normalized initial
coefficient of subgrade reaction k,/ny, and normalized ultimate subgrade reaction p,,./nyD,
where n is the centrifuge acceleration ratio; y is the unit weight of soil; &, is the initial
coefficient of subgrade reaction and p,,, is the ultimate subgrade reaction. ~ The effects of pile
diameter nD in the prototype, depth z and relative density D, of model ground on k,/ny and
Pra/nyD are investigated. It is confirmed that the divided piles and their loading system are
useful to show good agreement between the simulations with two parameters, hyperbolic p-y
curves and the test results shown in Chapter 3.

In Chapter 5, the effect of variations in the parameters of bi-linear p-y curves used in
the current pile foundation design, k, and p,,, on the simulations of lateral single pile
loading tests is investigated. The initial coefficient of subgrade reaction k,, and ultimate
subgrade reaction p,,, are also evaluated by considering the effects of the density, stress level,
the strain of model ground and pile diameter on the elasticity £ of ground and the effects of
stress level and pile diameter on the internal friction angle ¢’.  Finally, the proposed
evaluation method is verified by comparing the simulations of lateral loading tests and test
results shown in Chapter 3.

In Chapter 6, laterally loaded single pile tests in compacted unsaturated sandy
ground shown in Chapter 3 are simulated with the proposed hyperbolic p-y curves.  Before
the simulations, the effect of cohesion ¢’ in compacted unsaturated Inagi sand is shown. It
is indicated that the behaviour of laterally loaded single pile in compacted unsaturated Inagi
sand can be estimated with hyperbolic p-y curves proposed in Chapter 5, if the effect is
evaluated correctly. It is clear that the proposed method is valid from the simulations with the
proposed hyperbolic p-y curves.

In Chapter 7, a series of conclusions shown in the above chapters are generalized.
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A AR p-y BACROWIH HE I R EAGIR AR I 11D 2 DD/ T A—FHEL Ll LT, F]
) BB i ) FR BRI AR O B AR BT B X D HVER OFE X B B, B AL ~UL, T 18 0 AR
OHEFEF R BB R FERBIOMBOFEEZEEBLROONDZLERLE. —JF, MiREH
BRI INT DWTISHBIR LS VS OB DIBEEAD =X D EAREL, Hiflg D P EE#
G 2D TR R I OMBOREEZEZFE L ROONAZ LA R U . #B O # B
DI DDBAB S D~, DV THIAR OGRS RO EEEL~ DIz L OBLETE O
HIAR D8 AR = K M IR A WTEIE )5 B T ARSI 2 b 22 E R PARTED N,
AWFGECIER— OREEA D =X 5% VS, BETEABIIE IS U CIENE R A 2R
B CEIELL T2 EOEEEE o7, LnLianih, AL C R - it fs 5 iR Hh
MR NDOEFFEREB—ELTRY, KFEOFRBRAMAED 1 DEoTUa.

1.3 FERX DA T LB

A SV THD 8 P D BB DK ARSI B D78 LRHL, LLT O 7 DB 5.

%1 EF# )T, BAERL O RO MR OBmEMBIL, ZIUSHELIZAKTEA
BT DMEHOBRE LOBBEEL T, (WKENZZIT DO KEALRFD K FEFTZEB O
WTE, 2)/NEMDRERILETOMRDAK TR S -KFLEGBGR (p-y BIGR) ORIER
LOET I, G)BATREHETHV RS A AV =T R py BIRD £ /3T 2—5 (MR 117
B LABIR AR A1) DBE TR, 1abWNCENTA—ZOEBOHBEOHER, ZLT@HEVE
B2 pry BROFMEORELET, FHIB R OBATOKRFHEFUCE B L, BEED
WA ELD, ARBFFEONE DT EHLINLT.

% 2 BRI KOMRELIO B - ) Tl ATFSE CEMEL 72 /D i o Bit o
HLIR /K SR SR 3 L O BIBL O K TR BRI - BHD, FBssRD Jo S O SR
MOMHE - T2 RHEIC OV TRED T, :

5 3 BEUKFARAMBUSE T 2 EMOAFEG T, EABRLONGELAFIZBITS
BUATLOD BB K SR SRR OB 7 i, MR B, ARINE, AR, MLRZ&/RTAN v 2T
ZALSY, ROHAE B O BARO REAIRE COK PRI IOE ZFH 72, BIh, i HED
BT DBEMO KRGO ZAEREFT 2 BHILLT, BAY CTHIE D = REffainm i
A o OB E LD — J7 1) B FAAATR K AT BBk, — 7o UBTEA K Tl 28R s &
OIER B DA FRA EREEGL, Zhb 3 F OFITRK TR E- T AL R,
Hh T 370 D BB A AT 72, SHITIE LS5 COR HR B 0 AT O FUHE K it E5ra
ER D LT, Yo Ny A=k VTR 7 AR R R 0D LA A (R A D 4R ot 76
EOIL2E, BIUa—VEMEROILX) &~ 20k, MFETEMLZEH
BY iR C — 05 ) B ALK S 7o FEBR 5 K OV — 5 M ARGR L HUER K SR EBR AL
REDRID 6 MOBRSETE AV, 2 MOHMBREEE, 6 FEOE LILEE LObLEREL,



PUEEA AT E- K AN RIS G 2 DHREE B, MR L ORI OB B LT~ Fz,
[6— O FE W T4 495 modeling of models (Z- DV N THIEAK T E-/KEEA AR
SO E— AN Fi% LR L, TN NUCE X AR F - HER IOV TEEL-.

% 4 BEIHEHO py BROMERBLIOET MU T, BHO py BURE SRS EICERE
KD HZEN TR S EIM B L O ER O VAT DEFHICBRREL, INELLK
BARECTOEMD py BROREBLOET bEIT 72, TOFRKE, WHAE P O B
D p-y BHRIIIEARIC L - TR RGELITEAZLERL, WM py BHED/ 54—
THD U MR R SAR PR AR 105 2 DHUEE, TRE R L UHMR S BE OB B % W,
ZUTE. SHICERRRE R IVESH R py BAREHAWT, 5 3 ECORLE L1
TOHEMOMEKERITERE I —bL, AR CTHRE LS EH B L OS BT DA
WA AT LOF AEEHLMC L.

& 5 BT poy BIREBIAT py BIRO BB L UG A—FORE FH L] T, BAT
OFRFHETHNLND NSAV=T R p-y BARO/NSTA—FTHHMBR R SR 50 L UMGRIR #h
M SIDOBRFEICEBL, ZTNHD/RTA—LOEBDOEEITOVWTIRA, BIZE 4 ETRL
Te R poy BAFRENAV=T B py BAFREDHIREAT, RAV=T A poy BRD/ TR
—HDFRTEDEND, R F O BEALOACHETRO THEIC S 2 2B OV TRETLTE.
WIAHS DFEMER I 5 2 D AR, IR0V, O R~V OB 5 ONTHL DT ik
DFEAE BT W) IR R ORI TR, SIS ¢ 125 2 A5 L ~OL,
WD E B % % B U MR R I LRI AR R OFME AR SR, &5 3 =, 46 4 =
TITo7im DB ER I B LD B b, FIFHM T kOB Y A REELT-.

% 6 BEIENECEIMEL - EAOMBUK FHT ZROY 2l —a Tk, 8§ 5 =GR
RU- WA poy BIRBLOEHERIEL VT, 8 3 T CHEMLZE S CORMFRT
SRR HAE h O AL ORTTEAK LT ER O Ia L — 2 al w7 MR VR K 7 O L
2Tz o Tk, FESFIFBIRA - D BT RS ) o DFEBZRTEELIZ, FHIZDNT
b AR p-y BEGRE IV CAREEAK 7 B -UBEAK AL B LR B L O 16— A M3 AR I
DWTHEDBEWTRINFRETHHZEERL, RFEOSEMEEALILT.

%7 EER I CIARRXOE ECHONMRELVEL DT,

Fig. L1 IZLL EFRBA LW D e 7~ .

1.4 BXEOHRE

A TIEIARMF I N T2 A R ChH DR D S M3 L OO A ARSI B4 D BE
EOWIER R A FLD . HATOAERGUL, Tha TR DA B J1 Rtk L g e
BIfREH T 0ZL3IbbAADIE, W OFRE - LTFHEILISTNIREE, AL~ I IELL
AT HIER LN TEY, ZNHORM AR DR B LU L IR 5728
WIFBREERFIE IS B 2 D00 SR IENE, BRI B 2 DI RN, O3 I R IF AT
i DUENHD. Lizn3oT, ZhbDIFRIEIEE 5 B Wih#A p-y BREBIT p-y BILR
DB LUV ST A= DR E S 1] Tih~% p-y BIROFHIIZ B TRV TN,



1.4.1 O HERE Y

(1) BoERFFE

KEREED OEFA TR 256, BATREFHETIIER BB RICATELD, TOMKE,
FEREED IR R B E L CEBLITR RGBT &R DT MRS QWD (BER 5,1997). BE
B SA99TYDRUIZA— AR T 4 — DI A E D, KIRHAEEY TLIG T AR Y a2
DLV BEEROBEOEEY THY, RAROFREFIEN KBS E Y& 55 % B
THGE ORI THOIIENLAEU-HE THALELITERHL QWD 2O X578 800
JFL B COEMRETARMORE ~DRADRENDIINT e > TET.

Goto(1987)DIFFEIZ I\ NT, FETEl A AL 1 E 25 @& (L.D.T.=Local Displacement Transducer)
DRI EI, Ny T 4T =5 —(bedding error: —HAHEE E T OWL LRI OREE, X
Yy S RFRAINEEDE DR FEEEMDO LD E) DR EL & F VBN ELL L TD
BFTEAOFRNCKII U, Fig.1.2 /3R E—EO =8 ERHEBR COME B oIS 71-O
T HBERICBITAEEERARDOERE THAGESD,1997). AL TIZRT.

BIRRTEMELREL B, TR AR G,

Eo=q/e,Gy =71y (1.2)
BRI B, B AWML G,
. E, =dqids, G, =dv/dy (13)
FmEEEREL B, S0 AMTHMERE G,
E,, =g e, )SA’Geq =Ty /Vsa (1.4)
h = AW [(27W) (L.5)

W=W1+W?2

q (ORI Ve, MITZNEIVRZEIG D (EAWIS B L OEE S (EAMEL), F12 gsa
(T ) B IV (e)sa (Ysa) L FT TRNE MR Uh 2208 77 (R L AR 77), BIOT B (EABTE )
2FRT. OTHLVBREBE LT 0.001%50/ NS/ C E,=Ee BELOWEEH h 3En
IRV 8, ZOREOBMREBITREKESEY E,, ([ZRDZE, B, (ST E R, AR
HEEE, PIHEAMS I OF &, A3 — U EITFEAE BB ESNBRWEELEERTSH
BHZEDEGy D TUD(Shibuya,S. et al.,1992). 451320 M RE A SRR I PR Y,
Fig.1.3 R TR I AW O ABRETE OB X HEICEA L. OFEY, IS HZERNICE
BHLARWERENE C B OZERNZISITREBIZE > THICBREN T2 HERKRBE A BEU'B
DIETET D, A IIEHL~ULT 0.001%, B 1% 0.01%, C 1T 1%I28H5. OA R CrasiBhidft
TRtk 285 L0, AB R CIIRAIME DR L OB L ORBELEID, FALAF T —
WALV, BC BTN ABEBELARBLIOT AL AZ 2 —BEL, REMICIEEICE
5.



—RBNT T AT =g DI HER R OB A BRI G, TR ORI TREANS.
(Hardin,B.O.&Richart,F.E.,1963; Iwasaki,T. et al.,1978)

Grax [ P, = CF(e)(p'/ p,)" (OCR)* (1.6)
_(217-¢y
F(e) = “lre (1.7)

TZC, CIEEBRTEL, Fe)XRIBRREIEL, p i EHFENET], p, IEEUEIS S, OCR (1 LBE
B, nk iR CHS. Fig 14 1IN E TIRESNIZERND CFEe) (X H % AF(e)&72>T
WA D EEEDTZHDOTHY, HELTn=0.5 THIAUEEH,1997). FHIZN\RRPD G,
OHEFEIZIT Hardin&Richart(1963)232 R L 72 RIS R L BIEK Fle)n di<Hv 5,
B OF ABIEMELREIC OV TH IR CHD. — 7, HMELREIC OV THLR(L6) E[FIERD
o W TR(L R T EEHAIT o 7o 5E 232V (512 1T Kohata, Y. et al.,1994; Hoque,E. et
al.,1994; H1#$,1998; H#]5,1998).

E,./p, =CF(e)(p'/p,) (OCR)' (1.8)

BER OSBRI DUV I AN p OB G4, BFICRT IS
107 DHD B THHEN) FEEREFELH51 TV D (Tatsuoka,F.&Kohata, Y.,1994).

EmﬂXV /pl' = CF(e)(U\"/pI )”IV (1'9)

Emuxh /pr = (1_ IO)CF(E)(UII '/pr )m'I (1.10)

TIT, L ik, SR EERL, FHMELLIE =0 THD. EXD S ma=m=m &K
ET DL,

Emaxv - (av'/olt ')’" (1 11)
E 1-1, '

max h

720, BFISTTIREE = 1) TIE Bpagy & B DV SRANC SRR DT LD BRSNS, Fig.1.5 I
i3 Tatsuoka,F.&Kohata,Y.(1994) 23T o 72 Bl HY 0O % 5 35 L ORI R e iR 0 Bl st 1%
AN, o, HDW ido, ZHREHIC LV L2 THD. By Bnw P ELOMEEHG, 0, D
TLTH L TURE—ETHY, F—Do, o, (o1t n% T, BT EEMHRAOMEMEREITE
FOETHHLOD, HHNEIIINZEIKRD profile NOHIWIL T—ELRARLEFNEWVK
STHD. U EIORDBF MEBER ST MOER N ELSETH, KODFHOENS S5
— 2T, R OBEIT DI N ETRIBEEND. :

Pk, MU ELOR T Y o it — B THHEEZNTEN, $HEE L, MHELOM/NES



LAOLEHRIATTREL 720, AR T YV AN TR BRI K> TEL T DLW IR N EBRAYE
FEL THRINTEZ. b Goto(1987)A3BAFE L7z LD.T.OEITLD LI AN RKE.
Fig.1.6 13 BLOBDRT YV EMER G o, ERER G o, DL DR THS
(Hoque,E. et al.,1994; 1%5,1996). Jis /itto,/ oy OMEMEFLITHIE DR TV U (v &G
o,/ 0,0 m/2 Tll, ZNEERTORL TS, 22T m EXLIDISR T m ThHa.

(2) BoEEE

W OFEE L Mohr-Coulomb DREREEIZROLLALEIUL, MES cldEndRiewsZ
EDBY DIHIARTT TS, WP DBEEM BN oML TR ON TEL, ¢ DEREL T KL
F OREREDN 2N EARUE T30S, BB, (7 —ayX FR, F AL A7 —RD 3
FDDRY, ZOYLE KR, 17 —ayd 7 ROFMITEFEE (LD R EETOR T
EAEPEABENALEDBEEATHY, FREERE ICELWIENDD-> TS, ¢ 1EfH
Bkt e OB CTHHZLITHHAADTIE, MEIE, BFMBIOCFMER S OFELZITD
TER—RIZEBNTWAIEND, TIOREEEE, (2 —avX IR, ¥ AvA5
BRI RIZL, ¢BELTEHLDLEZLND. LMK e DFBBIUM K
JEDOE BT LR,

A2 B L C Fig.1.7 (3 Tatuoka,F. et al.(1986) 1245 =#liEAEER ¥ L O EAE
TERBRIZ KGO B HEEIT, o, =5kPa FEOHIRELE RN -7 HITHY, ¢ DREIFRLL
DEAGCIZIDFER R TEND. OFED, MR OBENE T ONEEEA TR L, F
EE A EMERBRO AL B ZWERRBROZ LY Sdeg RERENZLBHND.
ZAUTHEEIR D OEE b(=(0,’-0,")/(0,-05")) THY, T EHEME R CITRIFDIEDIZ
T DHEDOB RN RKENZDELTB D THS. Cornforth,D.H.(1964)1% Tatsuoka,F. et
al.(1986) [Al kR, —iih- T E A EMERBR ATV, TABTRHEZ LB L. KD EmE S
JEREREBROY 1L, ZHEMREEOZTIEHAATREINWIE, BEROERZI/NEL, £0%
DEHFAGVEMIIBFE CTHIZ LR REL TS,

T B EAEZBR T REG AT, ERE T O LEROWMRENE LML
Db, AV ANV ¢ DIRT (S IHKFEME)ITER LSRR Wb DL 2. FRD KR
PUEBICBE U CHEBR T, STV LB R ORI, s TEIE o) B
LU BEML, T—L DB/ 97 ECHICBEILRROIER TS, ZHUIEW,
JSIHRTFME A2 T2 O 1R 2 12/ ELRY, ¢'=const. AE LT 6 L0t /NS 7 it
HCEIFEMHALTHIEEMD. ZOIDY OIS ST A FHR T HUE, MRIR M %1
K452 &3P S35 . Fukushima,S.&Tatsuoka,F.(1984) 13, Ponce,V.M.&Bell,T.M.
(1971)%° Stround,M.A. (1971)D0,’<50kPa TDoy, M3 THIZHE, ¢ BEML TNDHTE
WCHRRETB R, ATV URDOHERBICMEREEEOMELMAEMRETTO=
BEMERBREZEML-. b 50kPa U TOEMFETFT T, ¢ IlEE—E@CHHER
#13 TV 5. Fig.1.8 1T Tatsuoka,F. et al.(1986)3 L&D EHID D’ Doy (K FMHE R T
HD. =, ILAAI7TDIEKRE 2oy Db E I ERRBRZ B O B I OB RO R MBIz L
TEMLIZ. Zhicdbde, o 7500kPa 2B 556, EiED HREO¢ B EFHO R E
DENIORELIeDHRERE/ TS, ZHIZxH L TEDITIE SN D ARG B O EE
B+ S AL A5 v — R R T BESIDI R D 3 BOMENLRINDLLTD
Lee, K.L.&Seed,H.B.(1967) D& X Z XL, \AW T TIEFHOHERAECOF V12
—BNROTR R E R OB BEIID R THITOIL, BiFO kot AlEiiz -
[E]% L AEER L 7=,



FAVA G —BEER QI B A B2 DT LIFRNCIR T2, ZHETOEZLDMFEIZLD
& R(=0,/05")E D(= - £, /¢, YDRIIZEMRBERAHD. ZIE Ll Toloic®kT.

R=KD (1.12)

ZOBMARIT Rowe DAL AL ALAF 03— (Rowe,P.W.,1962) T MDD THY, B
FEDRIIREEERIIEFERBERERHDHEETRTHDOTHD. FoZD K OMEITIREE,
FERHEE BEIZARTEL 720, Fig.1.9 | Tatsuoka,F. et al.(1986)D3¥EFRL fr AN A Z AL AL
LG D OBRE RU. ZHERRBRBIOTEESEMERLY K=31, 3.5 &
FNENHETHAD. R(L.12)1F flow rule LRI, o) /oy’ EARTETE B (=€ 48, DEMR T O
R, WRE, BEHICI-oTETDICHELLT, KDOEIIRIELLW e H 5.
F(LADEDILHET B, ¢ eF A AT a fAe=—(E +E,)/(§, —£) ) DRI,

_ (1+sing') - K(1-sing")

(1+sing') + K(1-sing') (1.13)
DRI TFEEL, B K=1.0 DA IZRY
P'=p (1.14)

LIRD . ZOWFE RGN SL D&, BIMEE S8 5 Rl T B A2 375 05 24
THURETED.

UL, WO FRMC OV BRI E DM R A LD 1. RwSCTH, mb g o Bfno
p-y BIEREFEMI 45 L CTHOD H 2, TR OBMRBUC 5 2 BIE L ~Ub, Mg
DR, BHLVASNOEEE U T OBREY IZER DIV O EPNETE LS.

1.4.2 BRI KFEEH

(1) BRSSO RERMIAZ

K% 5% 0 DB D ZEBOFHE F EIIIRELST T2 207 Fa—F nebhs. —o
HL- A O BLE R 2 g SR (p-y BARICEVERBIL, MO T — A e ROBE1R
POEW- KB RIS, ERSEZEALECHIETHD. bH— gk
OO RS -0 AR 2RI Z O TRELL, BAEGERBIOEHIO#HE
WA AWT, BIZOM SR I ORGSO EFFR TS FEM BT Tho. BiE X
DR DB W TFREBHI LT TV, IO EEH % py BIFREL
TR CRIRTHILEDLEHENRES THY, MO py BRBIZY CHIITHIEDHE
BV THEE L AE RS E— AN, R INE 070 E TRl 752013 TE5. &
7o, ZOFETHRO B L PO EM OB CEFERBRIN, /STA—Z0DRNZ b,
HEFBEORLELEZHIBIL, ANT —ZOEENKEE THHIEN L, FOBRFOETTE/
STNWD. BEIZOWTE, VT4 3 WoTHEEME FEM 2 A U7-fFgeh 8MmL Cuna. AR
(1993) X BERARHE, ¥R T L2 v /L EHIZ Drucker-Prager A& VY, BRI E AL
72& 7 /V{t%, Brown,D.A.&Shie,C.F.(1990)iX R A7 #E, AR T4 E LT Mohr-
Coulomb ROEEIHEAREL, ZHUCIERERNAIEERA LT T Va2, Si28H, B



(1995 L&KL AUEIZ Mohr-Coulomb i, FAMEART 2 ¥/LIZ Drucker-Prager AL, JE
BN BB A LT 3 T EME FEM fRT 21T > TV D, ZROOMNT TR #7200
Wtk CHHMEMBE DM EIEAORRLIO 3 WL ER OIS O RREDS
H5. BICHETIIN-MBE DO T T ML TUIATIRTGA—ZNELRY, JEFICE M
IRETELRDIEND, BEHCAVONLZLIIHTHD. LLAERFOMRHIVITHEED
BHHRMTICHOONAZENZ N,

AR SR DDA RO E X F1L, TORROREMC L > TR AR T fik, #GRER
IR OERB S OE S R AED 3 FEIZS T D, ZOHAR S ROFHE T AT AR
FED LIRS TETL.

Chang,Y.L.(1937) imqiﬁ%szﬁéma)*éﬁééériﬂﬁﬂ&?/ijj/ﬁ%}ﬂ W TR AN -7,
Werd, FIERR OB OV TR(L1S) DO KE HFERA FV, #ilR 7 p(y,z)%:ifn0>7k
L y IR TRBEREL L RA16)FEATHILIE-T, EfEFRRAMETZ. 2

AU TR AR I B DD b T M AR [ ) R ST LS.

4

EI‘; f +Dp(y,z)=0 (1.15)
z

p(y,z) =k,y (1.16)

ZZC, B3O dF R THY, D IIHIE, v ITMOKFEFEOEMERL, z (IR
ISHDIES, p(y,2 )W BRI 77, k, 1ZHIAR R S EHTO BN & BHR S B LFIE#k, BS iz
K% TH A, Tk Fv T Chang, Y.L.(1937)iF Feagin,L.B.(1937)3T>7-Iv o™ —]l|

o HAR I FT B3R 7z A L OB O UK T ER O, MEREEEESRETO
mﬂF%}zﬁ%Eﬁﬁﬁ%/\;v Rz, ZREDFIOH 1 REED 1/3 OESICHIT HHIE K
T8k, FAVIUL, k, ZFESIZH L T—ELREL THOIHE DR WFRINFRE ThDH L
TW5, FERIGIEE A 9 D HAREEHI L T, 2O XD 7B B O (R E 38 F C& 700
MBI G- 2 T ARG LB N SR B E R Cho e Ted LB 2 b,

ZIUZxL Broms,B.B.(1964a,b)b Xk 11 o do J UMD i H D A TR 0 BAAL D 7K SEHEE
#EhER(L15)(1.16)D T TR, BEDOZOROITERA AT R R LU, EHR
R DR(L1S)(L16) DB M AFEFEL TV D, (AL, SIS LTI Kk, | i/“éc:ﬁ
LCT—EELTWDD, B CIIEA AR T LT ky EIRESISH U TE AL, FufE D |
B EFI B LTz Terzaghi, K.(1955)DHFZERK % FV .

Z
plz,y)=n, o7 =k,y (1.17)

TIZT, o, HBIESTHD. Terzaghi, K (1955 T HIARTER B IZ Z OIS (E 2R D TEY, Hl
TARALLL _EDFRE - DA 2.4x10°N/m’ 72 b HIAR D356 ,1.9x10'N/m* 218 T 5.
ZOfESE, Broms,B.B(1964a,b)iI & i DORIME LIS LOBRE DR TRINDERITT/STA
—#Bl=(k,/AED", nl=(n/ED" BIUWMEBAKFHE P, 252 5T LI IOHEHKEEN Y,
AEWNTELF ¥ —MeABERL T5. 2% Fig .10 1R,

FLOKEIMMBE MM OEN v (U TEBRIZHE M T2 Chang,Y.L.(1937) %

~

Broms,B.B.(1964a,b)(0 %5 X J7 (#RF M MR I F01R) DU ABR(1961,1962)i, HLOAKF-#L
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T EBRDHR(LATR T LK R ) RS EMLDEAL OfeH A TRIND p-y
BR, WL RA R,

p(z,y) =k 2" y" (1.18)

TITC, ke 1k, SIERBRDIRTNSIR DO A HAE S FRETHY, m, n 13, TR
BEA OEEZERY, #iA% oS ERS T I AR BAR S DU N T IE ST & R ¢,
m=1, n=0.5, 3AENFIE— T THD B LFFE - M0 -8 [F 5 5+ AR G13, m=0, n=0.5
MHELEX I TUVVD(ALR,1964,1965). ZiLk ML HIAR I DIED DL IERRIE M M I ke
eSS,

Broms,B.B.(1965)/ 34U AYFE {2 R & 27K SPAENAL 2 5 T TAB IR S RO RV, K S
FORHBE R OMOKFE RN ERD, TELERREL TEED T2, ZHIIEIR S X
HiEEFHTN, — OB EAETHD. T IEDOE S, RAINTRT I OME
RHAE R F1E LTI X OZ@TED 3 FE2 52 TS,

P =3K,0, (1.19)

ZZTC, P FAIOMBIRMARI /1, K, 1370 % D2 B LIERE, o I3 ERIE /I TH
.

O AR R A3 L OB IR HIAR I S 0 S RIRO e 5 1R S U CIE A VR I IR0 5.
ZOFETI; AR &K EENMNEZ B LD OPOWE /13 LUK S DOt E A A
BEL72D. Reese,L.C.et al.(1974)1 p-y i 4 _L CHRERHIAR /1B L OERDRA b
BMEL, ZNEEGR SO CHET 2 EEREL TV A(Figd.dl). ZOHER 1975
fE|Z API(American Petroleum Institute) CERAXIVTLANR, EENMZ HNBETIE A28
N 7 BRI 7 py BIERARVBILD L1757 (APLL1993). Reese,L.C. et
al.(1974)1 3 A% 35 T 3T < L YRR CREEE AN = X b BAL S W AR IR A I Az R =L
(Fig.1.12), API CiZZDE X HEFOFEZIHEOTVD. FH, P H(1979)i Reese,L.C. et
al.(1974) D 5% 23512, Fh HUiFs I ONE T s h D Bigi o p-y BIfR2 Mg K 1685k k, 3
FJONBRHER T p THEZOND AV =TT L TEBM L., TERBBIOIZHER
ARBRIERNOFNFNDNRTA—FEHEEL, 12 FOBIE TOBAONEEA L7 ER
FEREVIal—hL, ERERLEEVW—EEHF D, BRO(1991)°% 2 5(1995,1998) %
FERIC AV =TT VR AV, RITOMBER IRERB IOy —nrox@HEoEn i
oy, o, &L, RN REIRBERFETHITL 7o F RO AT T oy, B Va, 23RO
7o(Fig.1.13). Z03& % 5%, #MFHEZICHETSN BB E IV T TRA997)ICH
RSN TWD. BT T Wu,D. et al.(1998)23 ZHiEREBROE R L@ AL, W BB CREL
7o p-y BfREEE, et SR TP ORI 90mm 225 600mm, 4 21 OFE HitdK
EHMERO I — M AWK (Figld4) . £72, LiY.&Peter, M.B.(1992) i&
Morison,C.S.&Reese,L.C.(1986) 23T > 7o BAHTOHLEAAC LR T EER 12DV T API p-y B3R
FORBLEBWE py BIR T2 —FLHRUG R, M py BHROG M2
LTV 5(Fig.1.15). '

ULED IS T S % AW MR S BT D py BRE A EAG A0 B
BB THY, FHHIH O AR Th DR B LU KIE Th O MR MR 71,
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p-y BRERETIERZLLDIEND, ZTHHILE X DMROBERBI VR AL IO BB
IEEARR R THY, RIZICHEEHL R Z . RO A968) LM D A ik i %Iz
B IR DRI DUV T OGN K SRR ZBRN O, HLEA 200~300mm LA E
\ZIRBERBRDEBIIRIRBEVIFEREZ TS, FIRRICKEMAR R WR O DR
% FEERANT RO A FEE LT Yoshida,L.& Yoshinaka,R.(1972)434 % (Fig.1.16,17). 53R
Ho— ABRBIONRE B IC/ERLUZILNTC, #AME 300~1200mm O#iFH DK S5 16 F
AT ERZITV, AN BES 10mm &LTZEE DMK RO EHATE DOEZD-3/4
CRCHBIT DR ES . LAk, BAEICR T SERE R L OSGERS O O (8%
SEAR S HATFZEAT, 1997, B AEBEHEA,1997) T, 20V hbd-3/4 FHIE MR HiREK
DEFBOTEZEEL TRHWAIIIC o0, LLRNE, #E58R 0 7= il i 4R350
UL EL 10mm 2L, HEHE 300mm OACEHEER F14550% 1 LLZEEDHLDOTHY,
%5 BT AEMNSCMBEN R D56, R SR 2 DB -HEOF BT R 5 v REM:
2HTD.

BRI AHTHEA T RN % TR DR ERRE V0 p-y BRIZEET 5
FRZEL ML TU5. Terashi,M. et al.(198WELEAND p-y BHRIZE 2 DHUEE, HLofIHIZ->
WG ANy 7B S W T i DR R % 1T - TV D (Fig.1.18~21). 161k, Ak
(1961,1962) 37~ L7z p-y BERIZEA 4 2RBRBIO AL MR T DL, py BIRICE XD
MAWEDREIT /NN, p(z,y)=kyzy™ TRENIKFEHER FIHREL k, 1301 D OF
FHRATH U TR BT DI ZRUTZ. FAEIC Bouafia,A.&Garnier,] (1991)h 15 LR S2 5k
(2 LD RD iR R O BRI O K SR R OALD BT B — A MR, Tk 2 BFESL
TIHOZENLE, 2 MU CHIER HEEHURO py BRER. Z0X57% py BHEDOKR
HF LA TIEDHA D, B E—A b 2 B L TR DI IR NI ERZEDR
BRI DEVORBBERFEIET 2. ZORBIIHLUTRA, (LHE(1988)1d7Yriar iRy
RV THROAK MR R &2 BEHENETLIHEEZRA UL, #E61%, dhif e —A Mol
R N ERDDHFIEZDWT, BERBEDORIZEML, 7V a VR A g K
HOEHBZEITY, B AR CHAEUBRIEBLRAFROBAEOFRIERL TS, £
DA DR HRZ X R E LT LG COBMOD py BRICEDBF5EEL T Fig1.22 1277
3 Georgiadis,C. et al.(1991) DGR3 5. 15 HIIHh HiE o 0> BAAR O ALHEAK ST F2Ba )
HARA p-y BIfRE FHVTHEITL, fthod 55 (Reese,L.C. et al.,1974; Det Norske Veritas,1980;
Scott,R.F.,1980; Murchison,J.M.&0Q’Neil, M.W.,1984)& Lb#i U7, Georgiadis,C. et al.(1991)i%
I R I 1R Terzaghi, K.(1955) 23R 58 LIRS 5 a2 B8N A A I 6% 80% R,
TEFRHIAR I 7120 Reese,L.C. et al.(1974)23 AV ABRR R K F1 2B AL T5.

ZOINT, KFEHEZTHEGLOZES), BHCHELO py BRICETOHAEI KL REh
TELD, WTFRBMEADOENS, MED 10%RE O L)/ NERFHEEETOLOTHY,
REZRTIK LN F TMA T AT BT ERGUIIER 2D, ZIUTZNETOR
HTEBEBL OO BB/ NS o -2 DN E-AE A TH B, 1995 FIZFgAELE
YRR LIS, MiE & T R OB A BRI KSR B IR T2 FHEGIERRED
WBATL D055, E7o, HRRICERORFHEP AR D OMERERFH ~BIT T 218
T8 (Ovesen,N.K.,1993), E:AE#HIEY) O ACERGTAEN U TRILO H 5 IE R TR F
BB L2 > TET,

(2) RTRFETORMOKFERNOERS
BATREHEIC B DR TN Z R DRMOACHEROE R T, KA1)EEARLLT, f

I

a
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D p-y BREITICERE T H0ICE > TRESND. ZIHD p-y BAFRITKELSITT, EbF
FREFEINHO)FEHBEEE py BR, SEBIUEBES B THOSRLQ) A =7 H
p-y BIfR, MBS COEBLO RV BEHLTT /LELT, APL TRASHTOWDEG) A /3RY
7B p-y BARCUHIAREY p-y BRI OID. T2 Tid, WA EOBEATD p-y B
HROREFEREL, B—OHIREMEDOLETE py BIREELEZ. MOV TIESE
REFE(B AREKTR,1997; SRERESBTIIZERT,1997, B AREEH2,1991; APL1993)iZ
ZERDHLOETH. ZTNHORME LI TIZRT .

TR BB p-y BAFR(ERTIT0)

P ___k’uz”’y"
1.20
g (1.20)
NAV=T L py BIRGE R - #658)
P=k,y P= Do (1.21)

p =pmax p meﬂx
NA2SRY w7 BAETY p-y BAFR(API)

P=P, tanh(k"zy J
P

max

p G e k42y/D (1.22)
D D P /D |

max

z
k, "D"y

= pmax tanh

ZITC, p BED p TN NHARIK 77, MEIRMARIK J1THY, S TIORTTERT5H. OF
D, MEREELERELIZOD &5, ky, k, (FHIE DERERE IR T, £ F ik Thi il
D, ky (3B RED 3.5 FBTHRULKTE, kI EHEEID 3 FCHRLEKITTEETD. z 1L
RSTHY, y 1T DESIZBITDMOKFEEM THD. F(L20)(L22ITITES z BEFEI
TWDDIZHIL, H(1.21) THIES OB RIZLEFIEH TH D k, BIUMBRHIAE ST puax 1K
WS TWD. T END p-y BFREFEE TS B8998 T, WIMEERRH G =35deg. OO 1) 1
FIZH DA E D=500mm, BWE t=10mm OMER D py BHEFEEREIBENEFH
z=5m,10m,20m (Z- DWW CEHEL. g Fig.1.23 (2R 7 . M i 7, #Eghic K2
L fEEoT B, IEFEAE DEMET N ELLO MR R 1455, WEIRE K I OEEEL T
WHTZ D, SREREEY SR FHE RS EY - T EREDRA97) THW LI TWS
LUTO N EPSONTEEAyOREEREFIHL, NE~DEEEITo72. 728, API TiX
WNEBEESR A ¢’ DD EFE pry BAREE I TED.

0.6

1 _ N .
¢'(deg.) = 1.235(%,(1(1)‘1)/98+ 0'7) +26 (1.23)

TIT, N MEREE ARBALELND N {E, o, M EE RN THE. Thbod~To
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p-y BRII—EHE T, R—D A AV=7 py BERTHABER L OEK T HHAZ R 5
Rk, BIRHAEN S po, EBICRRDLOE -T2, APL TIIAEHEERANLREL FW
CHIER I ) GREIS OB IR AR S A R E T 57, BEEELO py BIRELLE 352813 T
20, (2B WMEEMNE R T5LT UL, ZORMRTEBVICHD p-y BFREL
B U Cla — KSR AL CHIAR I 1% 037 iR KFEE 20 D &re o7z,

ZDIIHT py BMRIZIE, FEEEETY p-y BEfR, /SAV=TTY p-y BAfR, AR w7 B3
B p-y BAMREFEX FEIET D0, Fl— OB S, fi~-HETIX LR py BfR, 2F0E-
e MR B RE L U CGRHMIi LA DR EH 1T o T DO B A MDEETHY, LER#EM O
BN R DEVOEEH D, Fig1.23 c_n*utoto p-y BERICENEFNDLITBE
B CERW. ZOLOR BB EROFREHIIFIEL, REICOlBA T AEMEMERE, BR
Jﬁﬁ;'é\%;’%%ﬂﬁé:u\51ﬁﬁéﬁf£%ﬁ§uxﬂ+@@mmﬁ%h IXRHICZN GO SRR L, £
RICEBSEDIMNERDD.

1.5 gﬁ%nlif@ﬁi(‘:fﬁ‘{k

1.5.1 ﬁﬁ@gman-l-@éij

TR ANTHEEERRET T, [RFRERER FHEOE AN R O#IF THY (Meyerhof,1995), FF
WCHESN O SRS OFRFT R IETIE, BHICERMICEDLIABBRNDL IR o7,
Tablel.1 (ZFHAEL7=4-[E @ Code, Standard, Specification, Manual 27~9". EU #EZd50>
T, BRI BB (CEN) & D S DI RE D e — (L &2 [ > 7 Eurocode(Structual
Standard)z &0 F& O TV D H T H(CEN/TC250,1993). Eurocode ~DEVAAAIIIEHR 1T
1<, 1970 AT G E D BEC A, G B LU TRICBIT 2 A OH L H /L —
NOKYDWVBHNDIEE STz, BREFOEARFEEL T, T%L%@fﬁ*%é’ﬂ%mﬁ“éﬁﬁﬁﬁ%

F R SUREE, BE R IRAIREE, R RFIRBICREL 3 2ED TS, TEERO Y

(ZB34% 9% Burocode7(CEN/TC250,1997a, b c) I% Partl: [General Rules]) 235517 S4L(ENV "_E)
HBIFE CEN J18E [ T Burocode7,Partl (Z{h7- National Application Documents(NADs)%
FEFTHD(Ovesen,N.K.,1993). i1 Part2: [Standards for Laboratory Testing| , Part3:

I'Standards for Field Testing and Sampling) , Partd: [Rules for Specialized Elements and
Structures] {ERZZARF A TH D (PreENV F), SMEEOHEE OIS LEHENTH
NBFETIEELETGHIANDES TH 5.

Table 1.1  Codes, Standards & Manuals

Codes, standards and manuals | Eurocode? C.PEEV

Organization CEN,TC250” Danish Geotech. Institute

Published 1994 1985

Limit states Ultimate limit state Ultimate limit state
Serviceability limit state Serviceability limit state

S.S.HB.” C.FEM? A.S.PY

AASHTOQO® Canadian Geotech. Society Council of Standard Australia

1992 1992 1995

Extreme Ultimate limit state Ultimate strength

Strength Serviceability limit state Serviceability

Service Durability

1)Code of Practice for Foundation Eng. 2)Standard Specification for Highway Bridges 3)Canadian Foundation Eng.
Manual 3" edition 4)Australian Standard AS 2159 5)European Committee for Standardization, Technical Committee -
6)American Association of State Highway and Transportation Officials '
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CEN MBEE® 1 2 THLT7T v ~v—27DEATHEYE Code of Practice for Foundation
Eng.(Danish Geotechnical Institute,1985)Cid, BEIZER 70 Z 2R BOEIC L LR FUIRAERR 5 14
NEASH, BEIZ 40 FLLESRIBL TV, RIVKIES L I3 BRIV G 3 L O IR
FOREED 2 OBMRAINTRY, LEEEY OHIED/ NS SHIAR LMD LR B WEA I
WAINDME S BENGEE L~V OB, U TR B EmIINZ g5 5
BHETHMRRAELLEETHNALSNVRERIZS T T, &RENTOI WS, 4T
¥ 1983 £ The Ontario Highway Bridge Design Code 2" Edition (Ontario Ministry of
Transportation and Communications, 198327 v~ — 7 DEMEE B E L TIRFIREREHE
238 A Z 7z (Becker,D.E.,1996) . 1992 #F{Z}% Canadian Foundation Eng. Manual 3"
Edition(Canadian Geotech. Society,1992)0MERE41, FRIVKIEL L THRIMR FURER L OME
FBRFUIKEEZED, 772N HFE(1964), FIBHE(1964), 770 v 2aiE(1971)%
OHRIZ IO EY O ERBEOOHGN L TOBEBEMELHVNTWD. 4 —ANFU 7 i
ThhD 1995 4D Australian Standard Piling - Design and Installation(AS 2159)(Standard
Australia,1995,1996)%)Bﬁﬁbkﬁ?a&“u+/£0>77r~v/MTéhf:roD i FHIR SRR, 175
FRIGIKARRB SO HIRFURAEZ R EL T 5. TERREL T—RFmB L OE HR e 58§
DIEFICL, er%@l%#R@rllmME{%fréota (CEEA2ENVD DB THD. RICEE
PR L T D& RIS HE D HiAE O A D IKBIRE v , & Tablel.2 (ZFEFL7-.
TR TIRBAREIILL T OE THY, HARERORHEEIC AT &b, bl
ERETAESLTHERAL TV, $hbb, (REBIGRER OB M B ER T 2 L5,

Table 1.2 Safety factors v ,, on ultimate limit state

Eurocode7 CPED C.FEM AS.P
tan ¢ ’ 0.8 0.77 - 0.83 0.8
c’ 0.625 0.5-0.56 0.65 04-09
C, 0.714 0.61 - 0.67 0.5

Ry(Design resistance value) = v, *R (Characteristic resistance value)

1.5.2 E ZFUDE%;:M'W)@JJH

(1) RUTHREHMEEDHIET

BAENI IRV B LR EIALEL, T ETCICEOEBEE ) N HBIC LY A
WEZ ST CETZ, Tablel.3 (L BB LI OSHEBICEA T ARBOBRFEEOLTELAA
TRISTHEBEOFENETT.

H<iE 1964 TR T2 HIBHEZ L U CREDO S O S DR AT
EHniolzEV o TRV, FriBER, WIR(ILICEA8 = 7V —MEED OERE, G,

BB OFEE LRV EN I a— X Ty T ENTC (R H5,1986), FIZHF3ER LT
HoT2ZEMBIE AL AR DRI TE T o e BB LI BEOHI B E L) o7z, Zhuid
HEHEY OREEEIZEA SN O, EIEE T 1980 £ 0 BIEH 7 E - R 1V,
1* edition, 8 TiL 1974 FDOEER R EY R EHELE - RIFER (EEEEW) 1" edition THD.
Z D, 1968 ED B B TrigkfFar 7V —NEEY B A BRI LA ER 2T,
1978 FEOEIRMHIE TIIMOBENREEBHEOTRMB CREEY LiFbhi. g
EETILESRPHEOT B NI TOAEMRLFLOIE T 1979 FEICTER R
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RV EEDOON, MR R L UHED OREMEIRICLDRENBEA TN DI R T.

ZOIHCENE O EEEEY DR G EEIIMBOWENSELEFELSI LI > TR EL
~UHE LU, WESNEEE O R L L CHEE D OTHE I B déiﬁbru\of_(m‘
£1,1982). M5 TIIEREMEM OREHEIC R IR FHEDNBEASNIAD 7= 1986 4FiZ
AT 7)— MM OFREHEICRFUR B FHEF BV AN EARFRa 7Y — M‘“Eﬁ
FEAODBHIRSN TWD. ZIUZiT BRI i B O A6 - oE M Rk #
e, ZROAMED TR ETEEL UIERE B EY SR EMEED L 7Y — MEEY (1992)
ERAITHD. EREEMICEL TL 1997 FICRFARERFHELZE AL SGEHED ER
BRI ZE AT, 1997) 08 AT 72 o T,

FHRIEAMEEEY - UL EREMREER S

Tablel.3 Foundation design standards and earthquakes

Year Earthquakes Standards Concrete | Standards Foundation | Standards Foundation
Design Design in Highway Design in Railway
-Specifications for
1960 | -Niigata earth- Design and *Guidelines of *Guidelines of Soil-
quake M7.5 Construction of Roads Substructures | structures Design
(1964) Concrete Structure Design (1968)
*Tokachi 1* edition(1949) 1966:Investigation
-Oki earthquake and design
M7.9 (1968) 1968:Design of
abutments
and piers
Design of
Spread
‘ Foundations | -Specifications for
1970 | -Miyagi-Ken-Oki 1970:Design of Design of Railway
earthquake M7.4 caissons Structures
(1978) 1976:Design of ,Foundations
1980 | *Nihon-Kai- piles 1* edition (1974)
Chubu earthquake *Specifications for *Guidelines of
M7.7(1983) -Specifications for Highway Aseismatic Design
1990 | -Kushiro-Oki Design and Bridges, PartlV (1979)
earthquake Construction of 1% edition (1980) *Specifications for
M7.8(1993) Concrete Structure *Specifications for Design of Railway
*Hokkaido-Nansei 10* edition(1986) Highway Structures
-Oki earthquake :LSD introduced Bridges, PartlV ,Foundations
M7.8(1993) 2" edition (1990) 2™ edition (1986)
*Hokkaido-Toho- *Specifications for
Oki earthquake Design of Railway
M7.9(1994) Structures,Concrete
*Hyougo-Ken- Structures (1991)
Nambu :LSD introduced in
Earthquake Concrete
M?7.2(1995) Superstructures
1997 *Specifications for *Specifications for
Highway Design of Railway
Bridges,Part4 Structures
3" edition (1997) ,Foundations(1997)

(2) HBEEMREHRICETIREOHA

1B A A I E LB R BT 2

FRAIRIERR EHEIC BT OREMRE R R
?il*\“%ﬁwﬁiﬁéht((ﬁa‘)@iﬁﬁ%‘é&%t/§7— 1989). £0t%, BAERH=HBREAST

s N ERR
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::rab\f 1989 )0 3 FRHLE
BRI B, EEE T EDR IR IERR

WCRBW TR FARRERR FHEY —F 7 T —T7 | H3E%

AR T HEIED
EIRES

XiFoh, HEEERICE




AR ED AL, 1997 FICI i B R OFEI A £ U E B R 7 &
FfEE VIV S, g s RS O KERCR IV DB E4 R E T ME
RER A K EMAESEAIN - (—FEORFUKIEER FHE) . LU NS5 MR, MR
REALVORATIHFERBEMOLOEE X LS. (AAREREHS,1997).

BRIERB RTINS ER S HINI T2 B BEL T 1991 FE25 6 EMIER -5t
[EREEMEEHEREIZ BT AR B S I 03T b, RAVREER FHEICE SO - BRI AMT
Hh,1997 FE IR TR ERFHEICE SV BB EDORHEENHIN T, 20
%E@f#ﬂ%bf Tableld (R4 IR BRREBLOMEOHAEDEEHREL, B
REBICELRWDOMEMEELRTTTD28CH5. HilEMME 0L 24 EL T Tablel.5
R TR A GRS ) TV HUEREL £ RO TR LR EL 1A FTLSEAL, FF
IS ERE CELN - R S BT 5 —RX vy U7 L —a l 0 ED B, =
NOEDOLEBIOE WL Figl.24 | TR Y. ZOINCEERE AV DHERR S BEREHEL
BLC, FRFRREEREHEIL, ITD D E D BEOMEE AN = X ADE NI L5 24 B0 H T i
Lcté%l_%@nu’ga)@b‘%uifﬂi IR EHI RS B E N A REE R DR EH L - T WA,
s, HUEREHERIR SR AE CII AR I 2 e 2 M AL EL, i1 —1EIcdy
EBEORMBER O RER IR 9528 LTV D (Nishimura, A. et al.,1993). 2D EH72 7
BEZFTR U EHER RN R THHID TTHD.

B SETIC e o2 o DR EFHED B A L LT, BAEPBL R I ETHIE
Db, REEHIE (L2 fﬂz%éﬁ)%i@t@iﬁ@i&%(m HBEND 2 DR AEICE->T
HWEDDORFIREEFREL TNDEIETHY, HHSEMM B OREFBAENEVIAThILOTH
5. OB FE 1995 FOMFHBLIE, MEHORE a2 L TRITARLI, &
FH SR Z D FTREMEDIIE B AR DS FE F IS R S22 B B (1B T A M R o ORI
HEFEWT ST U CHEE M DM L7\ G 38 L ONBR BT AR 2SS B3 A 2 BBl (34
BN L C L EiE Y, S 1 2 EHER T D& RIS ED 2
éﬂié‘b@’(&)é

LOMU72 30, TEIHE, SREERB L OB EY O MR FHECRRINDGIDICHART
i%@wgéﬁ BAE U AMRER 772N, Burocode DEHZEZE DI~ KL ~)LCoFLE
DFE— L DFE I ENCED DIF — OBREFHEEEE T8I TEY, HHEWTIo
LOR B EIIE —my SO RS EREIED— DO THhDHEE XD, ZOIHREEN LR
IR EEERR A R R O HEREIOWAICKLT, BARIIENZESTCDELER, 41, /1
— VLRI, A ARENICHFET SR EHEZ RO DRI E TV aEEZLNS.

Table 1.4 Limit states and combination of design loads

Limit states Combination of loads

(DLong-term serviceability limit Permanent loads”

@Serviceability limit Permanent loads - Variable loads”

(@Ultimate limit Permanent loads 1 Main variable loads+ Sub-variable loads
(DServiceability limit in earthquake | Permanent loads + Accidental loads™ + Sub-variable loads
(®Ultimate limit in earthquake Permanent loads + Accidental loads+ Sub-variable loads

1)These loads scarcely change. (e.g.: dead load, static water pressure, uplift, influence of ground
movement) 2)These loads sometimes change. (e.g.: train load, impact load, centrifugal load, wind load)
3)These loads scarcely happen in life time.(e.g.: earthquake load, clash load)
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Tablel.S General safety factors in foundation design

Load Structure Structure members
Limit states Factor analysis Materials factor Member
factor Concrete | Steel factor
Vi Ya Y Vs Yo
(DLong-term serviceability limit 1.0 1.0 1.0 1.0 1.0
(®@)Serviceability limit 1.0 1.0 1.0 1.0 1.0
@Ultimate limit 1.0-1.2 1.0 1.3 1.0-1.1 1.15,1.3
(@Serviceability limit in earthquake 1.0 1.0 - - -
(®Ultimate limit in earthquake 1.0 1.0 1.0,1.3 1.0-1.1 1.0,1.15
" Ground
Structure | Investigat Resistance Performance
factor ion factor Factor factor
v, ful) | f.Z) f 3)
1.0-1.2 0.8-1.0 0-0.85 1.0-1.2
1.0-1.2 0.8-1.2 0.15-1.0 1.0-1.2
1.0-1.2 0.8-1.2 0.30-1.0 1.0-1.2
1.0-1.2 0.8-1.2 0.35-1.0 1.0-1.2
1.0-1.2 0.8-1.2 1.0 1.0-1.2

1)This value is decided by the accuracy and reliability of ground investigation. 2)This value is decided
by unreliability and difference of between site soil and specimen soil. 3)This value is decided by
loading tests.

1.6F &

AETIIAPZED BBLOER LR, Bl O BATOK IR BEHOMEEL T
WD Sy Z R MR KOO AR HUC B D BEE OBF SRR R A £&00, AFRIOALE S
AL T, IR FIERLFR S — 5 MR UARR XL DAV TV T — b L.
REOREICHRAE B IO RG22 ERRFHEOTRNE EL0 - ET, 5% DEMEREFHE
DR REZRL TS, ZREVELTIZEEDDIENRTES.

o AW TIL, KHUERFOHUER