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CHARACTERISTICS OF DILATANCY AND STRESS-STRAIN
BEHAVIOUR OF A CLAY IN N.C. OR O.C. STATE

By Masayoshi SHMizU

Synopsis

Volume change behaviour under spherical or shearing stress condition and the relation be-
tween stress ratio and strain increment ratio, of a remoulded-reconsolidated clay in N.C. or O.C.
states, have been studied experimentally and their characteristics are clarified with mathematical
formulations in this paper.

The swelling and recompression characteristics under spherical stress state can be evaluated
from the results already obtained. The mathematical expressions for the positive dilatant behavi-
our in O.C. state are given. It is clarified that the relation between stress ratio and strain incre-
ment ratio, under p-const. convetional triaxial condition, should bave the different forms dependent
on the values of O.C.R., and these relations have been used to determine the plastic potential
function for p-const. condition. Another plastic potential function, for 7-const. condition, is also
determined.

Finally, a mathematical plasticity model is given, and some calculated stress-strain relation-
ships are compared with test results along fundamental stress paths.

1. F i
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clay €740, KHEOBHD HICBOTREINTOAWIEEE (clastic wall) OFER, ERINCTEIN
TLEIL, £4 Vv vy -0OFERRDTHRBEREAOER - Bil%E ¢ (BEENR) SV IERTH
FELEDLTEELOMELAKTHS.

ARTR, ERREMICES VWS REAEEDY I, REERENBOBEAROTLOFEL R & B 5
Ay EHBIHRER B8O TR ABHNARRRO TB0RET E2FRICHENT, BHATRO I &2F T 508
E&bo

R ORRMTBICE SO TEEZREINTOBEIEETF v ¥+ i3, ERINCEIWILD T80
ZIRAOEBE UTRBTIC LR EIDES NG BUHERKIMUTOEILEIRBIE LT, AT
LR EERETAEAE LTIB I~ 9" A5 LB RBSE RS EEE2 R &3, HA0EDTH
%o fc&Zid, Cam Clay?, £ Cam Clay €70 KBS TALF~K, Rowe® Db LR 54
vavy-RK, BECOE-v 74 X FELOBGRERBEL L OMERTHOONL TS, LT A%,
RN HITIR - 12854, IEROMRRERESEHRPE L BEFEINFBRIZB L TERBITOO TS
v, BEELOLEWHIRICY UTZ0BBROBEER I ED. KGTR, BIEMEEI—ELET
BT, TORFRERBRINCHN, HREDERBMIICER LTS,

O RBBENRIC UTHEBNERLZENTIKELT, ¥ANMEEFOR M &2KML, £heho
fERICBOTHRE OBENBHZREL TS, ZAH &L UTRIENTFOERKRNNIETH S5, HBHER
RERBEIELLTEYTHSLEBDND. ARIKBOLTHERE LTHALOFERM, FEERICET S
WHEHE ERAMERICHT 222X L, WIEFATOETR, 2hEhOlERAIKKORAE LD TAE
BROMTE LS. Thid, EHEBH—EORLET TRD SNIB K E VT AESF OGRS, AEMNIC,
MOEHICIBERTERNENWIBIRE, MEROIENERBRISELEELLINOTHb.

LIF, £9SHES - RS, FEEHFEI—ERBROBRICOVTEREL, ThiESHTHNE
BAFRICR DB O TAEBHICONTEET 5,

BHETRTHDISHOERTH D, BAKGREEH = #MEHICR-TN5. B HOEMELT,
p=(01+203)/3, g=01—0y (F1id 1=¢/p) 2LV, WETIVOTAHBYOERE LT, dv=de+2de,,
de=dey—dv/3 ZR N3, dv, de Brhzh, KROTAHES, CANOTHHS T 5.

2. GEREE{LISE

21 EBBRE

ARBLUEBEHHYER UK THEDOTERT b0

Rk, BHE3.56cm, FX 8.0cm OMAET, WK, BKEENODRETIZHRICT - TH
X, ETWHD O OHKII SBOPEFEPKSEELE Ul )

HAMIC RIS, FIEDOBERR (0.C.R. )2 S VHEHTIEN p DEICR U TESEEREE 5 L1
ZDH, pH—EEBBXICHE oo BIUWE 03 ZELSHEBSENHIIMC KD PKEAN Ul
Bk n(=g/p) DG d7=0.1 ZH2AHIFICEMIETHRBICEZ TEAM Ui

BNEEES] Pemax 12 6kgf/em? £ L, O.C.R.4Z, 1, 1.5, 2,4, 8 20+ L, & O.C.R. LD\,
FERIFAE LT 2E LT > T 5o

2.2 HEABHTOBRELSE

I ITT ORBEALEEERIBRIL e~EEHEN O Inp OBFRICBNTEET S (Fig. 1),

EREERBOLIERIRONE A(=—de/dlnp) 17, EEENOKREICHMST —~EELZED, E
BEBRECET B e~np BHEELT, (1), 2) %8B35 :

e—e,=—2dnp e 1)
de= —2dp/p e 2)
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Fig. 1. Results of p-const. drained triaxial Fig. 2. (e-e.)/1n n~log n relation for spherical

compression tests, with varying O.C.R. swelling.

values 1-20, on ¢-log p plane.

ZZiT, e & p= lkgf/em? O & SO, 1 BEREMERTEDITERTH S,
WETHEs £ 13, FHEEMCREL—ELEST, O.C.R. » OEHELT 8) tkbdh, B) R
RS UEER @) KEDEK 6 b 8 0.C.R BIURKEHENCKSIEWT &2 T TICERMIC

WRFE L7,
k= —de/dinp=a+2b:lnn e (3)
e—e.=(a+blom)-lnn e (4)

ZZiT, e I p=pemax D& EOHEML, 6 b BEWTH S, Fg.2 i3, (¢) ROBBPERELLHDT
B0, HEHEMROMBRLOZEMZ, B) ik @) XTTATFETESEpbhp b, Fig. 1iTiRLE
Berass (SL. &39) &, Fig. 2 hoPsEdINTz ¢, b OfE (Table. 1 2R) 2V THHELLSDTH
o (B) XV, B a R > 1DEED £, ZRDLTVAZ LMD 5,
FERIEH £ 1K20TIE, (6), (6) ADPSFETES (AEIBEEMFECET2ERRIT T
V) o
kpe=—de/dinp = —(FA—a)-Inn/IaN+EX e
(e—ep)/In(p/po) = (RA—a)+Inn/2lnN— (k2 +a)/2
zzic, a g ) X ¢ LAUTH, N RBE/BEFLTHY, HEMBEKD p £ b LBV,
N=p.max/po T5AZ5N5, k 13, BEFBERICENT, BEEHRD SESREF MBAAZETD #.
% kA L UBADRKTSHY, N itikET S (Table. 1 28 )o
EHISAT ORRE M E RS 5 1 DR DA, Table 1 Tk LD TRLI, EEHR, & iTD
WTIR, HIHED oJEED S IE S DBk  B=0.0866 InN+0.137 XD I LI DTH B,

Table |. Characteristic constants describing the volume change behaviour under
spherical stress state.
Eq. (1) Eq. (1) Eq. (3) or Eq. (4) Eq. (5) or Eq. (6)
w |2 a b E
- - N=32 N=16 N=8 N=4 N=2
0.915 0.115 1.17x1072 4.22x 1078 0437 0377 0317 0257 0.197
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2.3 H4Vav—HKi
(1) EogAvivyy—
a) £A4vavy—HRAUTOE4 V2V Y~
BEBMLACAWMTEE, BAGTRUTTREAVEZ VY —BEEAERELUROM, 20K
BRAD LA IBNAXBI EVIFTREENHY, RSP ELN, ZORAE FILvE2VY
—[RREFY, p —ERRERZE ¢/p~p/p. BETED UL SICRAROMPICEN S # B FRhsi
BHEELVTEHLTNAEYY, ZTIT, p. 13 Hvorslev OEMEHRESD THY, HHMME ¢ kLT
KRTHEDLENS ¢
ﬂgzexp{(e,,—e)/l} ........................ (7)
FAVEYY-—RRRESET (8) AMBMHILL, £hEHBRLOELABTRDLEE 9) X%, MO
T (10) REZNZTNEBE L LBTED
q/p. = D*{p/pe—(B/be)o}
e—eo = —A+1n(1—7/D*)

zzic, D* 1% q/pe~p/p. BHROBEBH O AR, TIbDb D¥=d(g/p.)/d(p/p:), WFD 0 %, 4#%&
b, ¢=0 OHFIEINREEZRD T

Fig.3 {3, 41T -7 p —EXAMBRIERE ¢/p~0/0 BRETEALLLOTHS. ARICBNT,
LAV R VY -BRCHESTBBAKE 100 EUTRLIZ. CORM L, EREHRR (O.C.R. 1) %
BT, for ST GBI TR B RS RILLTEY, (3/pd DN, Lid-T O.C.R. K&
WHDIEE 1o BRENT Etbrde S, ERESEERAISANONANLS p/0. iR TEH50H,
FbB pe BEMTIEIEHEDLA Ve vy — (Eff) 2RLTOT, ERERCEVESBESRE
h:b® (0.C.R. :1.5,2) & 70z X CTHEBKIC p/p BN (EOF AV &Yy — D BRHED LT3
B, Z0% p/be DL LTS —F, BBEESNISD (0.C.R. 14,8,20) 1%, 70 LD /2.
M, TRHLHBEDLA VA VY —BEDBEEFRIT - TVE T &bh b,

Fig. 4 |3, Fig.3 OEBIMOIE D* O 1/D* & p/bemax(=1/n) OBRFERLILSEDTH D,
P/ bomax DN B E 1/D¥ PEBHREL LTHEZ b, ZoBFRE (11) RTRbICER
T&5:

1/D* = m*. (1/”4.]/,1*) ........................ (1n
zzic, n*, m* [ Fig.4 DOREINBERTHD (Table2BR), »* 3 1/D*>004D O.C.R.
Z2FEDLTVE, n<n* QHEREKICDWT p —FHREITI & ¢/pe~b/be BIROERIBODE D* Hifm
BRAICEs, Tbb, F4VEVYY—BRUTTFAVZ VY —DORANZNENI T & 2 EELTH
%o

AV E Yy -RRBHEL 100 3, O.C.RMBRELIWBERELBMAAND S IR L
#%, Fig.5 i€ 7pz & O.C.R.OBFER UIc. AEIZ, RAOBNE~0TABIKBRICIIEZLLF
BLISWEAIC, non* DL Ex DF—colif 2 EHMIC 7pr—>0 LB EERELT, 1pr & In (n/n*)
L OBEEITEE T2 v F Lt bDTH b, MEOTMRAFZLP S, kEAMBLNS :

o= Mpr{ln(n/n*)}"nL (n>n*) e (12)
TZIT, Mnr, mpr i3 Fig.5 D OHE SN 3 EH (Table2 BR)o n<n* ThiUL, n=1DERER
REORT & OHHE» S, FAMOPMBLSADLS A L Z vy —DREL, tn=0THBEEZ LMD,
b) #4Lv2vy-—BRULDLSI VRV Y —
Fig.3 CBEVT, £4V 2 vy —BAEZBILKROMETIEITEDL A LA VY —2RTHD (ThE

— 4 —
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Dry iz $ % &0\, O.C.R. 4,

8, 20 T HICHY) KOVT, & 50 ,L’
AV s vy —RREEDERE LT /2’"
a/be 13 p/be DEBIINTEALL v h//<>
TOBHFHS BhZ 5o Fig. 61 10 ‘.,,)//
a/be~(@/p)pr & B/pe—(2/PI s _ v
EOBRBEFRIE bicT By b Lk _Og 537
2, MEGBESKICHELT LA & ¥
OEH LTy FENBCEND O o %COR ';0
Bbo ZOMBERATELECE v 0s 8 75
DNTEB: o vy 4 15
q/pe— (/D) pr=A{b/be 1
—(p/p)pL}" e 13) 5 '

CCWIRFED prBEAVEYY 1 5 10 50 100
~WRICEY T BRTHS L EEK PIR~(PIP)y
bL, A, m i3 Fig.6 hoUESH -

Fig. 6. Relationships of (g/pe-(g/p) pz) and (plpe-(lbs) 1)

BEHT O.C.R R &E{LBE
K% 1725 (Table2, Fig. 7)o (13
OFADREED, b, (@/be)nis
(p/pe)pr BMEBERTHBELTH AT, »
—EOMBRLOEMRE LT (4) X2E5
oo sl
- (14)
R, (8) iz (10) K& (13) /i3 (14) K
kb, Dry flo BEBRED FA vy —%
TRTBCEMT XS, CNLOBEFERRE -2
BHRE TORBTH-T, E—7ERDF4 LV F
—1%, ABOMEE LTEINTNS.

Fig. 8 WEDX A L2 V¥~ DHFHEEERME
DO/EER Ulco SHEMIIEREE XS RBLTY
%o ARTHABOTHIC BN THS HR 5
12, 7<npz WWHIBELTWS DS, X (10) TN T
I>7/D* LIRB1:HDTHEEFEZLONS.

on log-log plane, corresponding to the dilatant
behaviour beyond the “Limit of Dilatancy.”
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Fig. 7. Dependencies of coefficients 4 and
m in Eq. (13) on O.C.R. (log-log
scale).

Table 2. Constants describing positive volume change behaviour
for p-constant drained condition.

Eq. (11) | Eq. (12) Eq. (13)
m* n* I Mp;r mpr ‘ A m
n=d 144 0628
00669 125 | 0996 0463 2=8 158 0.720
2=20 185 0.781

6 —




(2)
BDFA V2 vy =13, ERER
BLUBBEFEShREBICBN
TRONDBERTHSB. Fig.9 IC
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BZU, 7=¢ LRUIHIDTEZED
BEESRKRELIL TS,
FARiC BT, BEFICHLT,
1pr<ln<u BXU p<ln OFMATO
W2ADERIE, ERLHEO
0< <y BXY 12 KOWIHE
BmEETNENETRODNI DT
b, chickd, BEEILTH
Th, £4VvE vy —DEABAK
BAGH Y ~vicBWTIE, £1
L&Yy —=BERIEROZ T
WRZEERBLTNDS, TOXD
e Epn, Wet flicdh 2 BEHD
FAvE /Y =13, EREEDSA
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4 THEROIIED DIRES NS,
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Fig. 8. Positive dilatant behaviour. Calcutated and
experimentally obtained results of the relations
between stress ratio and void ratio change.
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3. Whik~Ud' #1853 HBR

3.1 EROKR

Fig. 10 13, 40T -7 p —ERRS OB ONK ¢/p & (—dv/de) EOBBRERLLBDTHE (AL
O.C.RICHLTRIEZ7 a2y  OILEERNTH S DREAESBE > TOB L EERT ) TLIC, dv, de
BEDEABANLREOTHOMHREDOREX, KL S ECHAINKEBICRANOTAE I TH
D, IBHHBEIBENTHT, BROT IR LIcBITH 5.0

Fig. 10 ic X0, EREFEAARRIRGICu SR UALIRIE IR ME & itk (15) TEkbEh3
EHR Ty P ENTWB L &b :

g/p=—d,/de+M (15)

ZZit, M3 —dv/de=0 O L XDIEHETHYD, POWEED I TEHY, Cambridge theory @
Critical State DEHILIKHY TS EEL 5N 50

O.C.R. L5 BXU2 OHRKR, ZL® —dv/de>0 Ol (KRR boRL, 20%kb3ENE

OCR1 B 9C§?‘5 | OCR4 /,’
- ,, L. //
32" 2 ,I - /,
[ Ve - 7
7 e -z
\/
M=1.4705" f! F\g,
250 || oS
¥ - R
50\‘“ - ’\iﬁ\‘a Y g
”'CS,. | 4o AA v
W “a \AI i
06 v
G-oco = p, A viv
/6 . ° ¢ v v
s AT ! L BN ) AATAIEE
-1 0 0 0 1
~dv/dg ~-dv/de ~dv/de
[ocRs 7
7/
- /
2w m /-
—0 /ﬁ L]
L/ Lﬂ_.
. o - [m]
B ]
1F 'S
[}
- ]
- » .
L "7 g . .
R o ©
AR T |="|. T
0 1 2.5
—dv/dE -dvidE

Fig. 10. The dependency of -do/de~g/p relationship on O.C.R. under p-const.
drained triaxial compression condition.
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(ZDIBAKE 70 EET) IKBNT ~dv/de<0 QHEBIZAY, 7= KT (15) XoE#H LicoDd,
Ltk 7=M FTHEEEEBIHLIEEL TS,

O.C.R. 4, 8 BLU200 DT, Dhic —dv/de>0 DHIRICH S D5, WEEQIEARIRBHT (15)
KOBHLICE TS, 188, 0.C.R.8 DEBAK, VEPORRICHUTRUENELT2ZAT 2y b &
NTVBDR, BEHHECXEZEAN TS S LOHEEO SOV TAENIZIEST L ONRETHY, £
MRICESED 58 &, RREETTEOBATAERE >0 TT oy P LSO TH S,

3.2 HROER

Fig. 10 3, p —E RBHOV A L~ .O.Cﬂl.S]'sr -

HEFASBIERMIC & - TEILT 5T EERLTH q/g -
%o Fig. 11 T, ERBLUBER (0.C.R. 1.5) ON.C. 0/09. 1
DR DOTHRI S BT -1 p —ERBREER
BT CTTE, ERICHLTIR 7=0.6, BIE -7 0 5
BICH LTI 7=1.0 Ll 1 KOBR ke 7 1 5 )
FENTOEH, ZhUATOBH kIR LTIR, B | SR TN S N B SN B |
ATV, - BEE TR BET -0.5 0 0.2
EDINBCEHBTHEING -dv/de

Cam clay €714, EE Cam clay £7FwviC Fig. 11. The dependency of -du/de~g[p
BOTR, 5 (be) BIUHBRELTERDLIND relationships on O.C.R., after
REEAS, SR RE AT BN, £4 V4 Matsuoka & Isoda (1971).

VY —FAELRRVE L, REEREGELT, Bk

WROTHELTOE AL 2 vy =T B, £0 & SOBUHERKRO ALY - BHEAWOTAEILE
WBHEOBED, TALF—RKELTENFNDETFLVTREINT VS KEINLIBHE—V T HES
WERIZ, Cam clay £7 T (15) REMUBTHAZ Eid, FERICHERED,

AKRTi, Ef - BEEZEDLT, TANONHE, GVHLAROTASBLELS EVIIBEEEL > T
%o WHERHANOTARIHT (BB 0T, ZHEME LTOINTOELRK) OMMNBEROERTS
D, EHHERORICHFDA V2 —m o 3V IERELTOLFA VA vy - LA EEZOND. B
T, (15) RTEDLINZBESRESAT LOBREZHRETSLZELONTS, TLREDIETLS,

(15) RELBOHOBBERDSEE LTGRO T, 2hBBEFRROWNTHELEXLLTLOHARTDH
590

&T, Fig. 10 icBT, O.C.R.1.5,2,4 BXU 8tk UTRAOR Lic RO BEMRIL, HZzoBAEL
LTOWSDTHY, 4, 2048K%1/a LT, —a & O.C.R. OBFREFXNMELETH~5E,
Fig. 12 D k5L 5. ARG ObMELIK, | ADERTEDIN, KANOBRERETHL EMNTE
5

l/a= (Nag)n™s e (16)
TT, ay, my i3, Fig. 12 HOREINSEY (Table 3), 1/ax 13 (16) X Sbhb LI, n=1
DLEED 1/a DIETHY, EHREFRET (15) ROBEHICE B2FT 1<) O ¢/p~—dv/de FHHD
BETH 50

W, G /e Dits (15) ROBEHEORADBNLAE p L ThiE, AR /e 0BT, (15) X%
BEUIET (17) ROEHICHL T EMNTES

%=${—Z—Z—(A—M)}+u, (g;} ;g: Ziz) ........................ an

Fig. 10 /»5 pid O.C.R. OBME LTRET BT EBTHREINDD, HE, Fig. 1B IR T Ko ¢ &

—Q —
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O.C.R. OBfRE LT (18) RERET BT EMNT
&5
= tto= (Mu—po)* (Inm)™ ovveveen s 101X

T ZiC My, myu, i3 Fig. 13 HOUIEINBTH
(Table 3BW), o i3 n=10DLEDpDETO.3 S5\
~0.4 DIERE B0 Mu |3 Inn=1, §15bb n=c Q
(=HRWMBOE) 0L ED e ETHY, Fig 13
DR/N2 FEX X ZESEPORD B ELITENS
WBiEFSNl. ZTTRKENCER, O My 0 o]
fEtssicit~t: M O (1.3~1.4) EED T Y
CETHBo Cam clay EFMICBNTIE, Wet &
Dry DR OBEEL (¢) DBAI 1=M TRIE —
BREWET S LEZRLT, 2C0TiE Mu=M
EERBTLERT B, Lichi-T, & (18) 3 s
MAT (18) R&W5

H— Uy = (M_ﬂo).([nn)"'y, ............ (]3/)

R (16) BXU (18) 1LY a, p DIEEER o— 5
ZTHhEEL, 2hERAWT (17) ROEH%0.C.R. OCR:n
&7 A — 2R LTRT & Fig. M 2513 5 N5,
n=e D& ¥, 7=M T (15) KOBERERX D 5D
T, n>e DFAIIIT, DRIC —dv/de>0 O HHIR
Cho, BHETEETLA VI VY —RETHEC
EERBHRUTHWS. 5T, n>e % Dry fl], n<e
Z Wet IEERTECENTES, BEZT
iC Pender” @EFAMLHAEINZEGHRS AR
RUTo

Fig. 14 itBWTC, X BXU@TRLEARR, &
AV vy -BROBAKIENTBHET, #hsh
(12) Ric L BEHEBE Fig. 3 558 LNl HERE T R Ll
TH5:. CNHOEDT T v MK LT3, —dv/de 0.1 U-SM ! $
DOEBEIIERI TR £V R Yy —[RA
DEFEP L, P EBARATTRII VI VY —
BETRINZIE SO T, Fig. 4 Kt B TX
%S —dv/de <0 DERIRICH B € ERFFBICK LTV B0 72& 213, 0. C.R. L5 IcHd % X Eli3 —do/de >0
DHBITT By P SNBRETHA Do UL, Fig. 14 BIERTHDDOEK a, ¢ & O.C.R. O#E%
BEBRRTHECEEEETEE, COREOFBRIHAIENEZ L 210

DT, Fig. M IOURLI 7oz difE —dv/de=0 @D RE %S (17) KOBH D O.C.R. 7 %
KDBo n=7 1%, 10<1p; TH5L570.C.R. DEXEE 5% 5. (17) RS —dv/de=0 L7135 L
IS 10 1 (19) RTHEDLINS :

o= (q/p) -aviage=0= {1 — (/I +M/a . (19)

LRD a, p @R (16) BXU (18) KkDZNZH O.C.R. OB ELTHASNEOT, 70 &
O.C.R. OB & UTHHEA TR 05T, 70 & O.C.R. 0f§%% Fig. 15 IR Lize A=iciE, & (12)

Fig. 12. Relation between (-@) and O.C.R.:
n on log-log scale.

Fig. 13.  p-po~In n relation on log-log scale.
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95

KHESWIz 70p & O.C.R. OBk D
BHETR UK RR&D, 72 &k
EFEhdoe

n<@ Q{EAIE, 1=7 P&k F 4
Vi vy —-OEEREPSRARIEL,
a<n TR, %>70z 05, £7
Mo FTIEDX A4 Vv R vy —%R0L,
Z0Hh 0 ETPRVED LA V2 Y
¥ —BIRYTH, 120 KBWTZDOH
fEfRhibde Lkd-T, £4V
g vy —[RF % Fig. 4 wREd,
n>7 TRER IR (12) K&3
H#R T, #<m T —dv/de=0 8T
Fbahd, fiBEoBAZOBINE
Nor, BAOHEE 10 EEFOTREAT
B, BRTBHCER, EBDY, £
DENEE TR A4V E v ¥ — BIE
T, ¢/be~b/p. BBRIIERBTHY,

—

—

oL points from

x np points from eq.(lZ)//

n STRESS RATIO q/p

Proposed Model

02 OO\

PENDER,s Theory

experiment

Zzogie D* 3 (11) tELbh3
o -

X5, =0 £72% O.C.R. %
ABICLDkDBER 19 L1385,
n=n¥*(=1.25)>1.19 TH 3 b,
n*>n>1.19 OIETIZ, AN O MKz, —dv/
de>0 T Hi15 3 D¥—oo T dv=0 &3 ->TLE
do Chi (19) KKk D 7o EHATIEICHN
1o a, p OEMRK (16), (18) WBEBA-T
WARDTHY, Lk, »#*>a>1L19 04,
0<7<n0 WBWTHEL, EOLFI VLYY —0D
FHIIBENEEZ B,

JEHR~0FHRN AR (17) REiLB T 570
DFEERE Table 31T, £4 L 2 VY —DEAODIE
KT B BER LRGSO Z BT DT Table
4 ENENED U, 138 Table 4 ITIF, #iCh
NBEHUDFAVE VY —KBLTHEELTH 5.

4, BHEFERCEIIBHA~VTS
B
41 # &R

RO & B HFEERER AR EEROER
KRDTEZB. BEDIIIRE (p,7) S OMURN
S EZG T REE (p+dp, 7+dn) IKHT

Fig.

~dv/de
The relationships of g/p~—dy[de, calculated
from the proposed model, and the comparison
with one by Pender (1978).

1.8 LALANLLLL B I A O O I T
161 2
~n: from eq.
el o ~n q
/ (18)
1.2
a
= 1.0F 7DL"'" : from eq.(12)
£o0.8}
0.6}
0.4
0.2 |
obfiubuet 1 L3 P UL |
1 2 5 10 20
. 0.C.R..: n
n=n
n=n,

Fig. 15. The limits of stress rations: 7,
calculated from g[p~dv/de rela-
tionship model and 71, calculated
from experimentally obtained
function.

— 11 —
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Table 3. Contants to characterize g/p~—dv|de relationship for
p-const. drained condition

Eq. (16) Eq. (18)

—1.22 1.56

1
|

ay my ‘ Mu=M mp.
] 1.37 0.547

Table 4. Volume change behaviour of normally consolidated or overconsolidated
spesimen under p-const. triaxial compression condition.

O.C.R. Dilatancy D
NC. el Negative 0<n<#o Dm(n)
#o<7<M D7)
l<n<n* Negative O<n<z  Dm(m)
a<n<M Duxz(n)
Positive 0<n<no Dy(n,¢)
n*<n<n Negative no<n<# Dw1(1—7)
Wet u<n<M Dxs(n—7%)
O.C. n*<n<e Positive 0<y<npr Di(7,¢)
B 7p2<7<70Dg(7,¢€)
n<n<e
Negative n<g<g Dwxi(n—70)
u<g<M Dyan—"n0)
" Dry e<n Positive 0<7<npr Di(n,€)
| Tpr<n<u Da(n,¢)

NOTE: dof =Ddn; Dy:(n): Eq. (58); Dwa(n): Eg. (58)
Dy(me): Eq. (65); Da(me): Eg. (66)

Lick &, p OBIKEBIEREES, 17 OEMICLBEZNEEAMETD, 20 S RBETIEEDT
B A, deP 13, zhTh, FAMICEBZERS (RE s /7)) df, def LEHI KBRS (BF
)t dvf, def KHDLNTEATOOTHEARIENLORENTEAS ¢
dvP = dvP + dvP, de? = def +de?
FHEHEEN p OBBICKD, EH - BEFEEET S, BRCZG p ORKRECIL~, BEDp b8
NEVEEZDOLIGBEFTRBIHZ L0, Z0MOBREEERERRBILHEEN .
WHRROEAMKEIC LT, BHROSTHES T vV vORSIE, BERT v VB gic kD (20)
RCHEZoN3:
def,=A-8g/8o;; e (20)
g i, —ficiy, B, 07%, ERORBESFOEKTH 5. HROSHFERRETNIL, g 3ETicEL
TREOREROBY LI E, KRTIRISIRBIE B ZWERCR > TOT, VWE, REBELT L,
V3, D20EEZB, CTIT L BIENF VY VOE V RAER, T BIREGHF v/ v si; ©2RA

— 12 —
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B, h=ou/3, Ji= 558 Si;= s oudi; 0 RO a3y H—OF L), COLE,

g:g(ll, \/%) T I €' D)
(20) RCESNT, BHEROTHIRY dof & WiEREZE O del; 1, (22), (23) ATHAON
5

dvF =def,=A-8g/dL, e 22)

PR S8 BRI /T (6120.=05) Tid, Lh=(011+203)/3=p, V/3],=01—03=¢ T, BHEKKOF
HEsy dot, BUHRAROTHES de? 13, 2hEh (24), (25) RTE5ALLHh5:

dv? = A0 g/0p

de? = A0 g/0q
(24), (25) K&y, WUTFHBHSOHIL,

—dvP/deP = —(Bg/Bp)-(Dg/Bq) e (26)
L18%. TTiT, (3g/0p, 9g/0q) 13, (b, ¢) BWABLICH VWIS RT V¥ » vl g=k (F1id
G=g—k=0, CTiC k JIEMCBEUTIZER) 05 (0, ¢) KBPFBERFI~7 b0 g5 (G/9p,
9G/3q) IKH Lo —, TOMICET S G=0 OEMFR~s b D RRAMNT (1, dg/dp) THABND
»o,

(dg/dp)e=o=—(0g/8p)/Bg/Bq) e @n
OBBHIRD L0 (26), 27) KLY
(dg/dp)g—o = —dvP/de? e (28)

LRBEASLOHFLT —dvP/de? 27 (p,9) OBRBELTHEASCEMNTENT, G=0 DOlROHFRE
RERDOLNET EERT.

Associated flow rule D3EAIT & BMBOBAIT, BREBR F=r—k=0 RBHERT Vv v vy G=
g—k=0 LELKIE S,

T, RETR, HEITKELINACERNELLBERINCRR - BEL, €AW - EHEZhEhOMfE
ATTORA~DTHBFEEEL, BOoNBEREFEOH IR T THRBRE LS L, ERasitesz
BB, ZOEE, p—ERRICLVELLOFAREENERRZEEYD, LSt L5,

4.2 EFBCBHBIIBURT VY v LEBREY

(1) FEFcETIHERT v v

EHRICETR2EERT v v+ VEEE g SIS, ESENICREATIEROTAENR, RATEZS
na:

dvf = A,-0g./0p, deP =A,0g./0q e 29
SHELRBAEA T CFRREICH S LIOSNRELEATIC p ORPESALE &IT, BHEEAKDS
BHIEFDIEENINEET B &, 98./09=00 TDHE, FYPERT Vv +» VOMRERDTBOFER
3

dp/dg = —(0g./09)/(@g./8p) =0 e (30)
THEZON, BUEDOHRIAR (0=b0a=d.) ZBIFWURT V¥ v vl

Go=gi—ke=0, go=p, be=bs e 3D
kb,

9g./0p=1 (32)

EFCB LTS Associated flow rule SBT3 MPE B THIREMARIR, (2,¢) BAHELET G.=0
EELETEAL SN,

— 13 —
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Fo=fo—k,=0, fo=p, ke=ps e (33)
(2) EEBOERBZb4FE
2.1 ZBOTEFENTORBEEMEEEV S hic Ukeds, EHIBHTRBOTHZORESE HTE
BLIRET B0 2.1 THLNULERDS B, BOLBHHNEAR, ERESREIOEE BEMET S B
A, (6p) T LETH—ORBELESRVCETHD. COLER, LEABERRETH-TH, DhIC
BHERRO TAMELTED, T0HELZNIT, EHCELTER D RICEERRIREISH S C E2EKE
T 5o
&T, Fig. 16 22FIC LT, dinp=dp/p OEHBEMCH UTE U RBOTHOME - WK 4 20
DT B0 R UDRBIERREICHLHOHEELS
dp>0 D& & dv. = k,c-dlnp/(1+¢€), dv2 =k, dinp/(1+e),
avf = (x,e—£,)+dinp/ (1 +¢) }
dp<0 D&%k, dv.=r«,dlnp/(1+e), dv¥ =k, dlnp/(1+e),
dvP = (k,~£,c)-dInp/(1+e) }
EEHEEIRIBICS - T dp>0 TERETREN SN BEA,
dv, = A-dlnp/(1+¢e), dvF =rk,dinp/(1+e), dvP = (A—k) dlnp/(1+e) -oeereeeeees (36)
EHIREBICH - T dp<0 THEHRECH LEAR, BTED dp<0 oBasD (35) REFMUTH5.
L EoBERE S &9 5 L, MHEKHOFAIESL

_ 2(x—x;) dp £=r, for O.C.;r=2 for NC. \
wf = (H.‘g)s b (x:l’for ap=>0; y=—1 fordpSO) &)

Lo, 1 BEH £ £ B2HEN B), 6) RTHALATVT, O.C.R. 0BHTHS. &
7z, Cambridge theony FICRO5ND LS, £=k, EIRETNE, O.C.RMULT doP=0 ELIIDEX
BT A U3 LIz D hlc Bk & 72 5o

bigsi, R (34) , (35) THRLINAZBFERANT, Bl - - BEMORBZHBELTHSE Fig. 17
BELNI £, £ KEENBELKIZ, Table 1 OHDOEH NV,

(3) Wb ¥F 4 =4 k. iITDVT

N )

0.1
1 0.05]
o
K [aF ) @
~.
4?‘? dv (:)
B v, ¢

8

: d

. k- dop

3 4= dimpa P R 0
. ! v, ey
dUc KI‘ KS N,
E
at @,
np 32 16 8 4 2 1

Fig. 16. Schematic representation of elastic 0.C.R
and plastic components of volu- Fig. 17. Calculated consolidation-, rebound-,
metric strain increment occurring and recompression-curves under
by “Consolidation.” spherical stress condition.
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FEHBcBEL T 2hRic Bl TH s &3, R (33) bobhB XIS T x~% bk &, BEDOPD
1 ZOSDHDTHBT EEFERL, p ORISR (AN B, Bl 7 2x~-2 LAY
Ty %, ke i, oF OBMTISL 2POHOBHMENS

ke =k, (0F), dk/dvP =dp/dvE = (1+e) p/{x(k—r)} e (38)

4.3 HAMCRETHBHRT VS v L EBKREE

1) BAKICETIBERT vy e

HAMIC L DRET BB TARENMT, BAMCET2BHRT vy » VR ¢, EEHE, RKT
Bz oh5:

doF = Ay (Bg,/8p), def = Ay (Bg,/Bg) e (39)
3. CROLB AL~V THEIHBERELD, SRF VY v vl Go=g—k=0 OBRHBA LT
dg/dp = a(q/P—/.t)+}l—M, (a1 for p<u; a=1 for Wgﬂ) ........................ (40)

a, p LBEFL, Uichi-TEHED p O p. OB TH2. a, ¢ 2—EELUTHSL, <p D&%
12 g=01TBWT p=po 7122 D& XL ¢/p=0 KBVT p=ps B &, 1<, 12¢ KAHLTEN
zh (41), (42) ABoh3 :
Inp+{1/(1-a)}In{(1—-a) (=) + MYy=Inpy  (q<p)  wooeevememmsennnens 4
Inps+ (1/M)+(g/p— ) = Inpp Ze) e (42)
BMoOBE,P OB LM LS, it (41) 13, Eit =0 (EAOHIC—EICINI @, ¢ O HICHIE)
LDOZHICBNTOH, VLT VY v v E LTOERE bD. RKiT, (1) RTHRHOINAHERLEEBS
AMBBEHLTS p OFICHELT O.C.R.BE(ML, @, ¢ OHEGED, BERT ¥ ¥+ vllifRIISI
PRI EEBLLTH B 121, EREBRBICENTIR, 2hic O.C.RBITHD, a, ¢ D
TEI—EMWE ax, po LB, X 4) BEZOHRLEDEDRILBNTS, MERT ¥ Y+ rELTD
BWRE LD, 70 72¢ OBAR (40) Lich-TR (12) 1Kid, @, ¢ 285%F p 0L K 5 HHE
ROEITEEN,
PEo#EkEZELTs, @1) R 42) RoLdz2FE#S LTEBLONS 0g/0p, 0g./0q 13, UTH
WO ERETECENTES
0g.u/0p= (1/p)-{(1—a)(¢/p— 1)+ M—g/p}/{(1—a)(g/p—u)+ M}
9ga/8q = (1/p) {(1—a)(g/p— ) + M} ] ________________ 43)
9g/9 = (1/p)-{(1—(a/p—M} {
0g,2/9g = (1/p)- (1/M)
T, BED (13 7<p T, BRED 213 1=2p KB LT 5. LIERR UHWETIRE 1,2 219
(2) ¥AWICET 2B REM
Associated flow rule AT X 2MEP2RETIIZ, BREUER : Fu=rfu—ka=0 3, ROXI K
¥5:

<p D&,
Fo=fa—ka=0,
fa=Inp+{l/U—a)Mn[{(1—a) (73— ) + M}/{(1~a) (— 1) + M}], l """"""""" (CD)
ka=Inp, ;

=Zp DEE,
Fo=fo—ke=0,
fa=Inp+@—p)/M, } e, (45)
koo =1Inpy

FRIZBOTI, ¢/p OOV 7 ZBHCH UL, BE (7 —&), A ¢0—E) ofsZ2HOLTH



100 HABTSE AR ER 225 B-2 (W54.4)

51D ThHB. T1bb, fa=fabma,p), fo=(51)0 T T A =20 po R p8 13, Fa=0,
F,=0 s, ¢=0 8, 7=¢ EREZNTNXDEED p OETH5,
(3} HE(bm:fl & PR BREE DS
BREERZ, Fa=r(ona,pu)—ka=0 ¥723 Fo=fo(p1)—ke=0 THEZ bh 5B, a, p 1T
O.C.R.n OEKTHY, #=Ppemax/be X5, b DEPTH B0 T/ ka 13, FAMEEHORRIK
Y, LOBEHELOBRTFBREESEEL, oF of D200 UEEROBKEEL S, PLonz®
JEUT Pragar 05 X2 BHEBRMRORERD Z, ROk>E TS
Foi=foi—ki=0
dFy=dfy—dk; =0
zeic, dfa= afs1+(3f31 9a,0fa au)an}dﬁﬂaiﬂ,: dn

} (=1 for g<p;i=2 for gZp)  weeersveemsemrenn (46)

Oa On  du Onldp
dfe= 6fszdﬁ+gf-—“2 dn ke (46")

dhy; = gﬁ;: doP +aks' @wr (=1, 2)

el Aid, Fa=0 ORED D, d7<0, dp=0 L3 IBNERBE &~ TEEH LT, ZOMICRAETS
df BIY dof BEOTHBDT, ka KELZRD, TERDE dba=0, —F, dfa=(0fa/07)07%0,
Ko T dFa=0 OEHARERSNT, HANICE U TBERRIZMAEI NS,

T, (46) e, (29), (39) RickHH5L>NB df, dvf ZRATHIE,

A= (dfsi“gf,; A %%)/(ZLO; . 65,:;,) (G=12) e 7

Ay Ac BEERITHNIT, Oki/00F FI2i3 Okyi/00F RIRDESICRET BT ENTE S HANKICE
AMTICEIT 2 BRI N B o 0Ici3, (46) RickD,

Afi)apeo— Oki/Bv) A+ (Bgi/Bp) =0 e (48)
R EERC R ABICEY 2R S h Bonicid,

(Af o) anmo— (D1 /OVE) Ao (3 g0/08) =0 e ses e (49)
£-T,

Okyi/OVE = (dfsi)ap=o/{Asi*(Bgsi/OP)Y e (50)

Ok /O0F = (df Dumeo/{Aer Bge/OBY} e G

Ae 3BT (37) KL VW OHIKINT VS, 4, BEERIOLEER, SVH#INE, 39) Xbpdbirsk
3T, dof & dp ORBE I de? & dy OBESERTHI TRV ARTR, EREEREICHLT
13, def~dy Biig%, BEFRECH LT, dP~dy BREERERICEDTHEET 2. Z0OKB, BIE
FREOHADF A LV & vy — 20 TR, FHREEROBEGR»SHINE.

28, 46) RhKBENIHERBSEL, 2E¥DL I3

Ofa_ 1 8fa_ 1

op p’ 9 (-a)(r—w)+ M

PR BTN EES T SDES T ]
da  (1—a)? A-a)(-m+M {(I-a)(n— xA)+M} {(1 -a)(—m)+ M}
0fa _ (1—a)y

Ip - {0- a)(?i—.u)+M} {I=a) () + M}

o R

(52)

A — (M—muy)+ mu-(nn)™s 10 %

5’_"_£
9

— 16 —-
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4.4 EREBREICBIIAEHN-0DITHER

1) ¥AKODT B~ LEG

FEHIEREEIRE (@=0, p=Pemax) KHBZLEEAN (dp=0) Uik XICRATIHANODTA LG
ﬂttd)ﬁﬁﬁ:ﬁé: LT, RO Kondner HOWREFHERETS :

=¢/(As+ Bse) - (53)

Fig. 18 ic, mrohisﬁ@ e/n & ¢ OBRBRERUIHSROERBEMSR SN, (53) RT n~e BHEH
RETEXZTEERT EH Ay B 13, p OERCHUTCEALSV D EETIE, (53) Xho, ¥
HRAROTHIES LIS OBGRE LTRRAEES ¢

def = {A,/(1-Bm)*}dy 51
10 2
9 p=6.0 (kgf/en") const. triazial compression.
Normally Consolidated state.
8
27T
3
Sel
c/n=As'Bs£
£5
© . nec/(ABe)
El AS'D.D'IZS
2. 8,=0.679
2 ] L I 1 1 1

¢ 12 3 4 § § 7 & 9 10 1 18 13
e {0/o}

Fig. 18. e~en for p-const. triaxial com-
pression test in normally con-
solidated state.

(2) EHEBEREBCBIZELSA VI Y-
4.3 TBVTESZoNHABICHT 28EAF vy + VK 20, &2 ZRVT

dof = A,:(Bg,i/0p) , del = Ai(9g.i/Bq) e (55)
(54), BXY (635) H2R&D, 4 &

Agi = Adn/{(1—Bn)? (8g,i/05)} e (56)
Licht-T (85) B 1RickD, 542 Yy —ic k3 BHEREVTAES df 13,

_ A, .(9g.i/0p)

W= T B ™ 0g/90) 67
43) REFAVT, BARMEREEL L,

P =Dx:i(m)-dn (58)
BRI D= e )t Moty (<)

........................ (58"
Dyz= (-ITBL,W «(M—7) (m2no)

3) EREFBREOCK O THEEF
FHVTHHS EFAROTHESOREICLY, FERIRBTOOTAIBROEINS LIREL
12D,

dv = Dy d77+]+ ; dp (B=1for > py;1=2 for = py)  +rereereererrinnininn (59)
—# cesrasiesneertitarannans
%= =B 60

T, £ i3, SAMCET2MRAME (RETTRZREERED) LT r=2 &0, RE (F4b
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B, HAMICE U THEBRBRRE) KBVTRE, r=¢. &T5:. 6) RPLWLHLIIL, £ B,
BABFEERB XCBETEOBEELOEYTHEH, ERESRECBT 2HBUSBERL Ny BX X
CEOBESL ny BROLSICHET B0 e~p T LT, BUED (eabs) AL BB &ML EhihER
OREE @) R OFHLTKYD, ENZRUBKERES ¢ pemaxy & UT Ny(=pemaxn/ts) LV
ny(=Pemax/Py T T pa<P<bPomaxy) %D B. ERFERIEICH B LEHAN - BFLLRICER
Uiz & S OEBOBEHICOVTIE, KRPOABE .

XT, & (39), (60) KHENT,

dp=0 BrDIKR, $AMOTHET o e .
| SEERHE & ik UJ- D7 Fig 19 7 —
R, SR R LT DS Fig o S

THb. EREFRECHTEEA
WHCB g BB RERRIT, 720 D&
%, Cam clay &F )@ KRl
LEAILTHBOT, kD Cam
clay =F VX BERESR Uo
BERINLRE, TAROTAICE
LTREREE L RYL, £V
2 vy —icBLT, BAkKE
S BNITEREEBAFMITELD JR—
THBH, Cam chy EFNEDI Fig. 19. Stress ratio, 7~strains, ¢ and v relationships.
BRINTV S, Comparison of proposed model, Cam Clay

(3) REEEFEICOWVT model and experimental results.

ERERRECHBEE1, B
W~ BRI AR (3. © IT)R) KBFEEE a, ¢ B, 7<p WH LTS an, po 2E5
OT, ARG LTEINK Fa=fui—k:=0 ORI, IBHELTEEZELZNT, HRLO B I
HoTiRR @) LT a=ax, =y £BVT, BRiR4: (46) REBHTE L,

SHEAR VOLUMETRIC
STRAIN  STRAIN
EXPERINENT . )

CAM CLAY MODEL —_— T

STRESS BATIO  neg/p

PROPCSED THEORY — . ——

v VOLUMETRIC STRAIN %

\

Fa=fa—ka=0, l

fo=Inp+ (IJQN) In ((llilfxljé((”_—;i“)):g s J ........................ 61
kg =Inpy;

Fop=fo—k2=0,

foo=Inp+(n—u)/M, } ........................ (62)
ko= Inps

(B, g, €) ZEMA D FEE DA QEBS AN BT 2 MR (61), (62) i3, Fig.20 © ABQM 0k
3iCtE Do AB (=p0) IKBWOT Fu=0 & Fp=0 EBELTRDY, AM (7=M) iITBVT p/b
CTATOESE b, Bkl ABQM i3, SAICBI2UlIMRIHTEH%. KARLKESR LI
»Y, ARICEZT, ABQM LOA% e~p EITHE Lickif ABQM 3, LA JER diiR £ o = ABP
M, b5, BIEOB AT TEAMLTBB LTS EEL b5, 1t-T, ABQM o ABFQM i3,
Bk 0BG TRAN SN SOMBKOED SHES N D, DL, P-Q HOHE
WoLtE de 4T, 0(de)/dn=—(1+e)Dy; (1<u, DL & i=1, 721 D& & i=2)o LT

Ae:s: —Q+Dxdn e, (63)

Cam clay D41, de= || —Q—e)/Medn=—Q—r)- T —hi, BREREOATHB T LD 5,
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N
a/p, &
0.5 M
i
7/
/
/
/
/
!
0
=
0.7 —{Swelling

Line from A

M*

void ratio, €

o
by
[+-]

M.

Fig. 20. Projected curve of state boundary surface
onto ¢~ plane,

7=MIn(po/p) L3,
de = (A_E)ln(p/po) (64)

FTibb p=p POEIEER e 2—EL UTHEIMCEB LicE UL, coc &3, WEEREN
EICBNTE A VR VY —BRE LIS EWV S BEEE (elastic well) OFAEERRET S LEARTH S,

R (63) D 1% Fa=0 2T p, po THRHOEE, REEREORSGEhN 50, (63) ROBIIE
BTz, TR, R (61), (62), (63) KLV REFHFTEEDTHEL.

4.6 BEERBCBITZIEN-DTHBE

(1) BAWEHOOTHES~IEIH G

HHIGNITCRIEERELH S L2 AN Ul & SORFBO T AL LB RS oM OEEE, O.CR.
BIUBEHHL M LD 5K LT Table 4 IR Lico Wet fIOMIBOADF AL & vy —12, 2.30Q)T
WIS, EREFREDSL S L2 vy —2ERT 288 Dyi(n) 2RA05. KX LEHDIEARIE,
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FAVEYY —OEABEICIEDIED S & SEEECT 5. 1o&X1T, Fig. 4 LBWT, n=2 OBAKIS
HHA 1=70 1CET B & —dv/de BEDHSE~NBY, 1=1 LBEOFA L2 vy —id, <1< KBOT
12, Din(n—n0) %, p<a<M ZBWVTII Dy(1—7) 2ZNZFNHOTEDENS, Table 4 BT
F7Da(m), Daa(D) 2, 4 42TEZ 120 Di(m,e), Do(m, )3 NZER (10), (14) ROBEHFP S
Dy(7,6) = —(1+e)2/(D*—7)

_ gy, 1=(a/p)ni/(a/be)
Da(ne) = ‘(”eﬂ/ [71-m 1-(1’/1’»)»2/(?/1%)}]
L1350 HEOBEEEEDT

dvP = D;(n,e)dy (for d7>0) e 67)

dvP =0 (for dn<0) e 679
LELTENTES, ThED 4y MHIESH, - TBEYAMOTHBMIRKD X S8,

deP = Di(n,0)dn- (0g,i/8¢)/(Bgui/0p) e 68)

2 —RISHEBTOBN—03HHR
. (67), (68) TROINIEHAMBOODTAMSI, EHICLS OTH IS (R (34), (35)) ZA
T’

dp
dv = Di(n,e)dy +-~ %2
Itep } for dp=0
de=Di(ne)-(92:/09)/Bgwi/Op)-dy 7\ (69)
dp= 59

1+e p } for d7<0
de=0

2T, £ 13, dp20 DB £=F, dp<0 ODEA =k, T, TNZHOREIR, (3), 6) RRUIE
DTHbo (0g:/0¢)/(0g:/0p) 13, (43) ApSHAT X2,

5. ¥ L

EHEHEHERRE KO EDERI—ERRERCESVT, SHBIUEANB T OBRRZE L
HEEE Uz, 1, BREORRICBVT, BAKEVTABIHE OBRFERN, BHR~ERB L.
BoNFEREREZILEDIERDKHITES
i) AR, SHEREXUCHEHEMBEK £ £ BDBEELOBKE LTENTICEEHD ERL L
0, AT -1 EBRTHRRI N
i) EOFAVva vy —iE, £Ava vy —RAOTMKTRIEZEEIC LD ERMLTSE, EREEXHEY
T
i) FEEBI—ETOBAK~0F LS HERR, BEERIZEVREY, WIhoBEFL OB AT
b, BHEBKEZ - THEIGE S )K2h, EREFREICHTEER ¢/p=—dv/de+M KE3
ZEMbhr0ECIKELZETORRIERTAEUTESC LD -1,
iv) EREFESLOTEEBI—ERRICBNTIR, CARDTA~EALOBEY, Kondner 24 70D
HDOTILEDLINB T EMDHY, ThERAVTROFAVE VY —2FM L, ERiEEEKURTFSHE
RB2B.
v) YEORRICENT, ER - BEFWREICYT 2 EI~0TFAERRE TN,
HTELNTEWA~DTAETFLVERNT, HxQIEHRETORRSHEHNT X3 0REINRY
LRSIV 1, BARBELT 2 HARRBEFCEANOTAB LGS I V4 vy —OBSRREE
U ERE U7, LoD E USHTOXBERNAT 2 DiciE, S5CRFIORMSD S,
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A5 - TV B AR RSN, BERHBEECORDBEERZ LT i, TAPER
WF (B/KER/KETLYEHRF) MEELCKREZR UOMESO#RICE, BE, AREERE LTS
BAFE LT
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