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3. Development of Resonant-cyclic Triaxial Testing Appai'atus and
Dynamic Deformation Characteristics of Mixtures

‘Kouki ZEN*
Yasufumi UMEHARA**
Hideaki OHNEDA***
Yoshiaki HicucHI****

Synopsis

A resonant-cyclic testing apparatus is developed to measure the dynamic deformation constsnts
of cohesive soils for the wide range of shear strain amplitude of 106 to 10-2. This apparatus is
made up of the existing cyclic triaxial testing and Hardin-type resonant- column testing devices.

The applicability of the new apparatus and the testing technique are studied expenmentally
with Honmoku clay and Kawasaki clay.

The dynamic deformation characteristics of 6 types of mixtures with the plasticty index of 0 to
45.8, artificially prepared by mixing grinded Toyoura sands with Honmoku clay, are also tested in
the laboratory.

The main findings of this study are as follows ;

(1) The validity of the newly developed resonant-cyclic triaxial testing apparatus is. confirmed in
the wide range of shear stain amplitude.

(2) The stage-test which apply various amplitudes of shear strain to the specimen can be adopted
as an useful testing technique.

(3) The effect of the number of cyclic waves on shear modulus may be negligible in case of the
shear strain amplitude being less than (2 to 5) x 1073 or the pore water pressure ratio being less
than 0.15.

(4) The empirical equation proposed by Hardin-Black to estimate the shear modulus for low shear
strain amplitude is not applicable to mixtures but needs some modification with the plasticity index.

(5) A correlation between the shear modulus Go at shear strain amplitude of 1076 and the
plasticity index is found under constant mean effective principal stresses.

(6) The time effect on the shear modulus Gy increases as the plasticity index becomes larger.

(7) The effect of the mean effective principal stress on the G/Go-vY curves is very small when
the plasticity index is more than 9.4.

(8) The effect of the mean effective principal stress on the 4-7 curves is not observed in case of
the shear strain amplitude being more than 1074,

(9) The damping ratio A at identical shear strain amplitude decreases as the plasticity index
becomes larger.

(10) The h/ho-v curves of different types of mixtures are drawn within a narrow range, irrespe-
ctive of the difference of the plasticity index.

* Chief of Soil Dynamics Laboratory, Soils Division.
** Director of Soils Division.
***  Senior Research Engineer, Soils Division.
*+++ Ex.member of Soil Dynamics Laboratory, Soils Division.
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€y b LIEWRECIRBI T2 MIEZRT, V-2 K
TS VEFy R AT —F ERHiE, VH—Ua
R P EHICIE S & & OIRFHED bIHRH D 1 kO #iRIRE
By Sfa HBIET B,
IREIF~DANEERXEL T, FATCHT 5 HER
BEARDTE L. KIE, MEFO—WTH 3 LHRF
AEABEEE -2V ML OB M s nERYR D
7, AEAIERX T > 2 ik X b 1 ROMRIREER S, %
RDB, B-61X, TOXS3CLTHELR fo, £ &0
ZIEENORDIEMIRBELRLICDDTH D, FhL
RIBOEARCH LT, fo, fr LILRRWITHH, Th
b ORIEMED BRR), ReIXAVTRD>Oh B BEITR
#5 Ks 11,

Ks=2.60x 105~3. 30 x 105gf+cm/rad

Thho Lit Ks OERIAIRROHARREL 5%
oty 3TREIRTED, REALHEN
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FIRRB=MAREKEOHR L R L 0BNER Y

22

20 fa

fr (H2)

14 o—q—3 __d

fr
[0} ) 10 15 20
Amplitude (cm)

Bl-6 —&OIURIREHE & BIRIE

25x10"

W ENRIATW5, EBEORIMROHETIZ,
Ks=3.00x10° gf-cm/rad

PRVWHLRTW3,
IESOBHEE— 2 v+ L cowTit, "X vE
EXh,

1,=20.76 gf-cm-sec?

RELR T3,
4) FHRERT 5 MRBOBERFEFR Ko OIE
iR b HEL b oVoigt ®FALTEL, Bk

BrExsL, OLXORABRERC., MR
i,

C.=2 VK. (30)
h=Kp/C. GD
TE3IhD,
HEHEER 8513,
ds=2zh/ J1I—FK2 32

Tharhb, X30, Rb), ReFx b,
Kp=28s JKI./ J5%+4n? (33)
HBOR D, RBICEWT, 3«1 EigrEEIIT,
Ko=2s JRII, 34
T
Lish, EBED Kp DFIEFBERUTDOES DI TH 2,
EROIEBHFRIRH I RENS, BREMNCAN
Y, EBYHBIEHI LD, 0L TEHFTMB A

BHA , Ve REETHEE-TOX 5L BDT, EH
B EMEEREY 7R » L, B-82#861 35,

Accelerotion

-7 AN LgomEEOBRESE (BRMkic L)

Acceleraticn (g)
S,

[o] 5 6 T 8
N (cycle)
B-8 B & InEEIRE

250
S
2
~
»
£ 200
o
4
o
p'4 o

150 L L

o} 0005 001 0015 002 0025

Acceleration (g)

B9 SOERTARE EEIRE

D & ¥ MEROMEENER, HROAETES
h, BEN, B1EDOREa, BN EDORE &
?6 & ’
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F T BEEX - AREFY - BoEE

%:Ni&ﬂmMﬂ (35)

THEIND, & TRAUETRALT, KEo%Kp D
% MEERBCS LTR LY 0XE-9CH B, H-9
T, EERESEATSE, Ko 3EAT5HEAY
RL—EEE bW, Ko O HIMRORIE
BRECEZBEECOWTUL, BEAERWT EH3.2
THLARINT B, EERER TS Ko OfEI,

Kp=2.00x10% gf-cm-sec/rad

é: LfCo
3. HERERH=#=BEEONELIOBERE
(1) ;mETh§x

BEFXRER, #RAGEScR VAT oRT V2R
U b iRBIRFERC 3% 0 T, IREFEHCERAG O
T HEMANEHET 2 ERTH %, BE T hHEK
13,2.48) Tl X SR, RBREREETARICEIEY &
> THOh LHORDTHELH, W LICEERBC L D
Ks OfERRENH 50T, BREThEKOHERNE
B X b RDOh BRINRC EOBEOHEYRITTH
KDOWTHEHNTEL, H-1013, BEC X hRDLh
BREShERORKA, BB I0FHRELXRAVCTELR
TRl R % HREOR MO TR LTRL TV 3,
BETREROBRAELEIMEDEIZ2TS THBH, %
VTR VA TOBEEL, 3IF—FT, 0FLRI104T

1000 |
500
- ot
[
A
< 100
2 |
© O e—Ks=295x10°
o—Ks= 3.3 x10°
x—Ks=2.6 x10°
ol
10 10°° 107 10°* 1072

Y

B-10 BEEREEDEINRE RIETEE

[)

o
0

1. Komex=250gf-cm-s /rad
Komin=150gf-cm-s /‘rad
i [

Gxomax / GKomin

10°¢ 10°° 107 Told 1072
Y

H-11 #ERRGE BRI TRE

DX, BMECHTHRMEROZIH IS Lic> T
Bo LIcH-T, BIFIZX hR T 2 FHET 5 R
ROBEZIT £1.5% ORERNCIRE A iy, £A
rEBTsotncEs,

(2) MEFFEEBK

BERRGRRL, REBRAFBOMBEEELRET S
DTH5HH, BREEREROBE LA, BETRD
bhickk, BMEXRAVWCAIRRCE: 2E82 AN
TRy B-11wRd, RAMEER/IMEDZIZI0% 55
B, COBEOENRIMRICRITTEEIIZ LAt
EZRT I\,

(3) BAMIOTFRIREEES

RERERG Y AV HERR T, #HES EiRicizi
Chrmz bh, RGO THIEEIR TWB, 20X
5 IeRIBIT B51F 5 RGBT ORA KO T2 —E Tk
7, $HRAGOFLEM TRV TR0 THY, FETE
KEib, BRELML bRLRAKOTRIEEY HE
THHBE LT, — i, OFRIEEE UCHRAGH

C DFHRAMOTENEVLRT WS, Shit, #HR%k

BRI R TR D 2/3 ORIBIR BT B O RN
5o BE-120x, HOBELARBH L BREBR we=96.7
%, BHRR wp=41.5%, BHEHREK 1,=55.2) %t
THEERBRYBCT, BAMOTRIRBORESY RRE
D1, 2/3, 1/2€EDMNBIE N TH-t TORIKERE
OTRD BRARLT VA, HE 50mm OEERET
13, OFTHRUV X104 PITREWTIR 3 s big
ERU G~y BfREELTW5, ZhIZOTHRVAD
BB a T, FIEROOTREKERIDIVWE LT
BART?. —7%, BAKOTRIREAN 2x107¢ LT
X, OTREEMEC I b G~r BEENRRRREL - T
B, HEHRIC X bR E B G, HEREOTHWLET
BHLERERTSE, TABOTLIRBIOWT LT
BEYBRATHZLARYTHS S, Licdi-T, #HR

3

10
g S
O
S 2
o 10
© - IR T
— 2/3R
—— 1/2R-
o ||
10°° 10°% 107 107

Y

H-12 O FRREEEMLEOC~r tific R T8
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FERD=GRREBEOHR L BALOBIER

1000
e ¥ =0.45
Ol
SO v =0.33
) = N
€ SRR =
Y100 N N
o S
= %) AN
QU N
(G} \\|‘
10
107* 1073 1072 o
Y

BH-13 #7 .y 7V vHOEE

Heinh 5 @AM TRIRIBE LTHAGEED 2/30
BB HRAHOTAR, Thbd, FHOTAEYL-
THRAGCIEAT A0 TAEREIRBIENTESD
DEEL bNB, IRE=EE T, Bhic 2.2(2) TH~T
o, #7 9V vHv2EELT, BiEREELRD S,
KT v ¥ vHOERBBORERTL & T, —#ic,
150.3~0.5 BHVLRTWB I ENLRT » ¥V VYR
0.33, % XT*0.45&{HE LAY, OB WCHINR L2
AFOTRIREY RO THBE L TR B, EHIhivy
FEE, BOTLIRIE &b, v=0.33%HKELT, G,
v ARDILBACH L, v=0.45 ¥ EE LI-BETT,
Gi8%BA L, Yo% ¥mMT B &hbdrd, ¥i,
2.2(2)C, vi30.51EVMETH B & &R, v=0.5
FHWIEA L, v=0.45 PAVGCHEYHELTALS
L, BEOBE, MBCHBELTGIRISIEL, v
3% KLY, AEDEVWRFRBEXREL LV, B
-131t, v=0.33k XV v=0.45L LTRELGL ¥ DB
GEXRLIDDTH BN, G~y BRI 2 2 HEHE D%
WL BHEIREALERBENCEThB L5 TH
B UEDXB3HET » YV vHOBEVWHEIRRC 2 5
B v 05 EVEN LT LRADHSEETD
b, G~y BFECSE X 2EECOWTHRAMOTLIE
B 7=104~1072 Thi > TREAEERLS 2BEL
ExTE\w

@) #YELEE

HRRBRE T2, BFRASEBCENFREERLED
» 5 —EDRBIN Nx Iz CHRIEBE Y BIET 525,
ok ¥, #HRETIZ, BRECEVELINERTS
el B. LLedih, ZOHFEDOFEMIL, 04
VAR IHBEL TOR/NMEHICBEI A 51D
REHEMNZETYRL, ANOERELIAEHI~OT
ZREMSICRETEIIR LA LER T LN TE

— 13—

1000 T T T T T 1 T
l
- Fresh-test | Honmoku clay
I ( Remolded)
— |
‘E 100 —
NS |
e B N (cycles) | ]
ot I
o 10 |
© 200 '
N
10}~ : Q\QO_
R o 500 |
. B | N=500 200
|
L t | ! H | 1
T 107° T Tol
7
E-14 £ 0:ELERORE
1000 T E— T T T T T
. N=10 : } Honmoku clay -
o— : : (Remolded)
& o | B
E |
L)
S 100 .
g | —o- Fresh-test :
© ..e- Stage-test I \\
v
- o, =2.0kgt/cm? : - 7]
|
10 I 1 1 1 H 1 1 1 i
10! 107 107 10"

Y
Ed-15(a) Fresh-test & Stage-test i X 2HIEROHHE

0.8 T T T T

Honmoku clay
0.6~ (Remolded)

© 0.4 Stage-test -
~
S R i
<
o2} .
0 {a 1 [l
10 107° 1072 10"

B-15(b) Stage-test T332 BEMERER

3. —F, RH=ZESRBETI, AATHIO TRV
DREWID, BEREDOIEH~OTABEHRIIFRY
EERTISRED, A—DV0TRVARTENTS,
BRLERD EOrERTER D, B-142, X



F o - BREX - KIREFY - BoEE

Bt 7TEOHRABC TN TR 1 EHORAMOT A
EiEE ML fc & & (Fresh-test) ORIMER%Y, EhERL
NS 10 3, 200, 500 HEHLTRLELDOTH
Ah, BEEWKELS KB E, A—0THAVLTHHL
PIAERIZET LT 5, EREROEEL, 074
PPNIWFHR LT ERE L BWH, OTFLHAE
{153 ERELFRRTL B, Tihebb, BAKOTA
IRIFY A 5X1073 s\~ TiE, HEN=10 D G st
LT N=200 5 XUN=500 5D & ¥D G iz Fxhth
17%, R LUB0%ET LT3, OB, HIEL
X YERGEBRTANTOEREEDELLSITE
iz bis 5 BREBEBAKEDOREE, Tiby, ARG
DRIV EBb0EBbhB, E-158) 11, 1EDHER
#Fi 1 EREORAMOTLIRIEL ML A (Fresh-test)
BE L, 1HOERBCHERORANO TAIRIEY &
BRI Nz 7o (Stage-testIBEXY B L2 b D TH B,
7erEL, B-15() imk\ Tk, BYELEENI0ED L
XDOFER T LTV B, Stage-test TiX, FOTHZ
L2000 T OB DB LERH A T>TWBDT, 5507
ZCBT BLERL, ThUTOOTFRATEL LERHD
AFTCI0E A fcb D ET8%, TD & 5T Stage-test
TIEDELEENBE LTV Z Ee/e b H, E-15()
IVBELNEX S, BAMOTRIRIEN (2~5)x 103
LU T~ Tid, Fresh-test & Stage-test DEREITIE
FELWERTERE, TOZ &L, BAKOTRIER
M (2~E)X 1075 ATFREBWTIE, SRS MR
TEEHERL, BEROHENZLAEERLWEELT
Iz EEREWRT 5, i i, Hardin-Drnevich?
NIT - SEEDEAI VIR L CTERCERED
—T 5, BE-15(0b) i3, Stage-test TRV THEI iz
FIFAKEL & A0 TRIRIBOBIRERL TV 523,
Fresh-test T du/oc.=0 L ZIcINBD THFER &
YR EHG OMER, HRERCRET HERKECE
HT530EELONS, F-150IC X% &du/o.<0.15
TIREAL HABRCIBZGRELVWERLLTH IV
X5 ThB, BE-16 i3, H &%\ JIEHKLE BHEER
wr=97.9% , BUIR R wp=45.6%, WBHIEE I =52.4)
ZDWT G~ BIRE R LD TH D, B-16 FooE
#51x Fresh-test it X v B bR 5 H 0, Bz Stage-test
CEARBRTHD, ZOBHBEFRENTE, v=(2~5)x
103 AT BT, BROBERA LR E24h
he

DED X5, &9ELVEE RIERCS 2 5880
DWW, AR AKOT RIRIEL (2~5)x 1073 [L
TTix, FREREALERVERL LTIV, Stage-

1000 — T T
Kawasaki cloy
(Undisturbed)

100

G (kgf/cm?)

|
o 30 | | "\x20
| | NN Ke
A 2.0 | | o
o 1.0 | |
10 ] [ L1 | !
e s N N
10 10 107° 107

Bl-16 #L & 7o\ JIEks et % Fresh-test &
Stage-test D H#

test DFPGEIL, HAGRCRET HHBKEL HWRE
HHRE BMBEKER du/o. #20.16 L Ecies &, ¥
BOBENBELLHDZLCGETRETH S, T,
FIBKEDRAERL, HAGOBRIC LI RiLB T LN
FHEEh, EROFENFRLRAMOTRIREOKE
BLERRI - TR T BT ENEXLBNBDT,
Stage-test %A T 5F AL, HRAGHOREBKEY
HEL, MBEKEORERNAEL hoBAIZ, *
REEORAKO T AIRE T2 AIERCIIE IEL
EBOEENEITRTVAZERETTRETHY, K
BoOEEYBRE LIV EBEI Fresh-test X 5Hik
BEATRETHSH 5, ik, TOBHRIT, BEKE
HO.15% — 0 BRI T 5 ENTE B,

(5) FE—&AMTOTRIRIEC VT 2 BIMER O LB
B-17 v, #RFABE (RC-Test) LIRB)=HH35E
(DT-Test) I X HR ¥ AR 2 A O THIRIED
FUHEHBAC SV THELECLDTHE, ZDEEDRA
WO RIRIEIZ, 3.3 TR X 3T, HRETILFYS

1000 O, (kqf/cm? . I
1
30 | o RC-Test | |
_ ‘°\| \L,oﬁ o DT-Test
o~ S
€ © '°*o~*_$ !
S 1.0 = <
S 100 S
o . . |
= o~ .
(L) ‘\\\
»
10 -5 -4 -3 -2 ol
10 10 10 10 10

B-17 RAKOTARIE R UHEOHRE L
IRGH =Tk D HLBE
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FIFREB=HRBEBE DR L BALOBHELFHE

2AHOTRIRE, BRH=@ETREET7 » ¥ vH0.45%
AUTHEE LA TAIRETCHS, T, E-17
» DT-Test Tit N=10 iz a2 EX BTV 5,
BECIBEEN A —A—-5 , 7 FTH0 TRV (¥
=2x1074~2X103) I DWTHNTHS &, FEORK
B33 ¥ —HLTH Y, HEFEORKSB 2ODHE
X hBIERYRHTS, BAKOTAIRELRE LTH
HRILERY 525 xR LTV5%, itds, T Th
BLEOTALAREWT, @ ELEROEENG
LAYEHIND - LER, 3.4 TRLICEBYTD
Bo bRz, BEFEORK 5 HRABRE LIRS
ZEMRBREYAX ALY HERB=SMAREEN LT
R ABO TR VAN LTHEATERZ LT TH
DTHbo Nk, H-17T12, FBERLOH HR LR
T B0THBH, VR OWT AR
ENRBLRBI EBERIA TV 5, 99

4. RETOBHREHE

4.1 TOEMTRFEICRETREER
WEOMEBIRERIT TR, BIRLANEZTSLO
BA~NOTRREFENLETH Y, BxDENI~0THE
FANRREIRTVB, ThLDh T, HBRI—C
Aubh Twv 5 00128 LTEMRBE S35
%o i TV CEFPCBELINRD T2 -4
12, BIERIBRLETHB. ThbD 52— EE
3+ 3EHEE LT, Hardin-Black!®, Hardin-Drnevich?
12, BAKOTAIRIE, FHEHEILH, HRE, 8®E
WE, fENE, BEEK, FHTRBOKE, (RXTi
Effective strength envelop), NTW&R AL, B
REHEL (0.1Hz LA E), RRIZIE (F+ 7V bmr -7 d),
NFHEGHE R, RE, 94, BRiEE ¥
A X 5 4EHEE (0.5% L TOOTFR) HF T
b, ThOOEEEROKNT, HiL, LAMOTAIER
0B, FEEHEILH, KL, BEERLEVNEELE

RAThs, ELcoWTIE, Z0Offl, BFRZHEV~®
DD BEEREEERTHB I L oTd, &
hHOBER I HEEER, DEHELOBEGTIIRE
BTENELNTHBY, BELEHEIhH L0,
T}, BECX->TE, ThHOERORETHEEN
RicBZ ENFRAIRBZ 0, UT, ALMICER

LicktnRic s 6 BHOME LR LTERE LA-EE
BRI moWTRTIDET S, ik, ERERD
EBLCHIcoTL, BAROTRIRE 3EF1078 i ksiF
SENEREEC OVLTHRN, KT, BAMOTRIRE
MNI10SL FDBEEDWTRT I LT3,

4.2 2 .

EER AV RN, BEFPUBE TEREACEK
Bt BHEEDY ATHCEALTER LI VWHY 3
B&+THs, BAELOIERICHIc>TiL, TEHRET
KROFDRENT, HENFEL ISP I IERL
¥, SEEEDY BB TR L L OR
FEREH LS, ChorBUHETREHLEES
FRETHCLR I 6EEORAEL R LI, EBAR
HlcoTit, MEOBHIERZ B LIS X 5T TFHAR
¥ T TEAHAYED TS, BATOWEMAEEY
£-1TRT, E-18% X UE-19i%, FERRiCAV- 6 &R
DEEGTONENM, BEREYRLILDIDOTHEH, A

Cla Silt Sand
oo—Cloy_ [ st | L

)
T 7 T T 11

Il Il 1 11 1 1.1

Lo vl [ EERT!

o vt v el
0.001 [oJo]] O.1 [Ke]
D (mm)

E3-18 E&+OREARFME

#£-1 R OYEHFE

Sample No. ‘ No.1 No.2 No.3 No.4 No.5 N0.6
Symbol | o ° A S v =
Gs 2.712 2.704 2.700 2.665 2.668 2.659
we (%) 84.6 71.3 50.4 39.9 31.4 26.9
wr (%) 38.8 33.4 25.3 23.7 22.0 N.P.
I, 45.8 37.9 25.1 16.2 9.4 N.P.
Sand (%) | 10.2 22.1 40.9 32.3 32.4 69.2
st (%) | 4.1 38.9 30.4 43.7 46.5 17.8
Clay (%) 45.7 39.0 28.7 24.0 21.1 13.0
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F e - R KREFN - BREE

00— T T T T T T T 1
- d
° 3
- l-;7 ,"b\\’ -
L k] CH 7 4
i P 4 ]
': 50} @ No.| // .
No.2
. ' 0. é, _
- CL ) 0.3 OH _
L No.a ¥ ___ MK VH2 i
L)
L No.Sy 5 | VHI -
[o) 1 1 1 ML 1 1 ! 1 1 1 1 | 1
o} 50 100 150
w (°/o)
B1-19 BA&+OBHK
o
o)
Q
# o+
I
g =
&
S % 2
) Q
N MEsL No.! *
® Tk
No.3 Mz Hift
/ wxmm 'SP TN
5 No.6 No 5
o/ B v ER BEILVL [
o
Y IOO
/»bﬁ(%)

BE-20 =i (3 vy, CRAEEEELHR)

THICER Licz h b ORE LI, T OWENfeEH
LATHROHME L LBCRLD DO TRV LA
hho E-2013, BEF TR, vy, E—BEEER
SO=ZFAERC L3 LESEEXRLICLDOTH %,

4.3 RBHZE

READH L, 2.4 ABANEFERCL > Twb, Ti
bbb, OTRRIEOPILHEETCIIHREYR, O THIE
EOXZLEE CIHRB=SME X > T b, XL

T TRRBBEALEHT A —EORRTIZ, EFAER
OB DT D TR B cw, iRk LIREI=EE:
T, AR—0RB»SbThEhicl BFo0#RG% FR
LTHERALTWB, #HEMAT, BRI WT 0.5kgf/cm?
TFERShIT v » 79V I ahb, EE 50mm, &

2 125mm DO~ERIZETY LicrhEHERAY AVTw 3,
HABATCII R - —Fr—vkEE, S,270,
v 4 — 1.0kgf/cm? #H0x T, EFEH1.0, 2.0, 3.0
kgf/em? THHER Lic, HRETIL, —~KREFHER,—
KEFERTE GAFEBRAKEN O Lot & L
L72) B XOERGL b 245HE®% @ 81 217 - %,
R =% T, BREFEBCED X TEAETIO
T, ~REFBRTROZEXABROFRE LT 5, WA
i, OFRIRE BB T TEAIE T BRER
FxBWT W3, #EECEWT, HEREHS V%
OYIEREHED LR F 2 ERABEOE R LERZ, 103 0
FA=FThHole, —7, BREB=METIE, A1 Hz0F
BEEACTWBER, 98 LERIOE ST 5EY A
WTWBRIREETRETH B, ok, HEECKTS
DT RIRIER, HRAGBEED 2/3 0HTROICFHOT
&ﬁ@% EH=EE T, &7 oV vH%0.45LRE
, BOTRIRIED DEMIRIC S LSV TRDIEA

ﬂfﬁv?&ﬁ‘zm&%ﬁjb T B,

4.4 ERERLLUEER

(1) #hRAMOT R (v=100) BT AR
a) ML

BANOTH 751070 I B ML OREIEER Go i,
BERITRBI~KBITE IR S LV b TV 519,

Go=AF(e)-(a'm)” (36)

F(ey=-38-¢) €
T,
e; BRI
n; EERTEH, 0.5
A ; ERRTER, 330
Z ORI, &k, Hardin-Richart!®iz X b, Aif-7
BRI LTRESINI-H DT, D, Hardin-Black i
oML NBELTEASh B EREhRL DT
BB LichioT, Rbowit, MHELEFEEDELSH
MR AS 2 —2 L LTEEhTE D, RHBLEFS
BRERD OB —EA BRI T 5 ERERIRE
OHitELTIZ, EBOh—FD35 2 —x THIKERYE
Bhbb0EE2LbR%, E-2113%, ML EAIMERD
Biffs —REBR TR W THEE L boT, kio
Xok, BrofRAEStesnst, MBLERERD
HICERBERIAFEEL TV %, BEROAEMIOWTLS
L, BHEERRON AN ERAEIZEICE - TE D,
HITHOEBRIEOELTHIERIKEL RiL>TL BT
Lk, thik, BEORAEPBEELROVWTHEA
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FIRRB=WMAREE DR L BA L 0BNEHEHE

WRIBETHBN, ThbLrLEIRTART, BliERS

woc‘m;';\ T T e BRI IR L PHED T HOBEM TR LA b on
N e aFterolr ] RBI~REVE F % bR, T OBFY ou'=1.0kef/cm20d
Ch IS Froy - (297300 BEEOWT B2l FREZTRLT 5. Chiy R
__ 1000 S e B LTHhD L, BB EERMEL, LFLLRL
TOoL | e MOl —BaRET, E4ORELOBER LR~RENCT
Ot N0 e, i LEBRRATHETSC LI PLEEND B X 5k
5 ool NN @2 e ] ZBe LnLhnst, SR, LASS, ik
I I \’\‘iﬁ" wiz - LORPER Y ORI FBFIC ML S X OTEHD
- O @ oo TENDH HEOBKE LTETH DL LT, LM
[ ()0 tketrema)| 00 === [ i~~~ DEVEEREHATHETS L\ 5 ELHYRATS
o) P B BRI DS i CELTRETH D, ZOUHMD, EHARDWTHAR
03 05 o 'S 2.0 RERYRTEE-220 X 5 s, E-208HAR,
Vord ratio e BIER, FORHLLS, BRrb, A=G/F() -
E-21 [k E AR (em)3, F(e)=(2.973—e)2/(1+e) 1T X b RDIMET
400: o '_ i 1C : ]
R o o | o S i | S B B B e
3001 3
< [|[ . 1r A 1t 4 ]
oo -t ST
150F b f-—-—t——t-t-FF-F-4--d-—d-d--FF-1 - 1-—F-1—1
'O%P 0 10 20 302050 001 005 O.1 0 10 20 30 40 50
1p D4 (mm) C.C.(%)
B-22 (RHA LMER, TORNE, BLatROBG
b th, W, BALONENEEYETIEE
2000 T~y D10THBBUEEH [, FHRE Dso, Rty SHE
7Rt e No. | B LoTih, E-22 EDBILARE S, BECRE
1000 / 3 3 [oas HAR, LORMACE VR D, BALOBEIAES
% - / 2 315 lo77 RBE Lo TADEIKESL>T v %, ¥ 1,
3 5001 / / ! 3% Tom A=330 L is 503, WS [,=40 KHT BIETHS
:o B 1 Tom T LB,
° ool / A5 Toq LEDZ Edh, GowrRBE~RBITRD L S T3
. Hiit, EREHRAOEHY ORI X » TAY)fEI
loolLiitl Lo 6 935 BELBUBBELRDDZERELNTHS 5,
! 2 3 5 10 Ay 065 b) EHEBHELS

Gm (kgf/cm?)

Bl-23 SFHHPELN o=’ LEHER Go(£FEm)

S5O & TRIER Go 1 on’ @ 0.5FZHE
FTHEVPBRATWS, Tihdb,

Gox (aa')=, m=0.5 (38)
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Go / Fey (Vkgf7cm®)

% The - REX -
20001 T T LRI A |
y=10"° No. | "
1000} sample No. O | | 0.30
- /qyz 4| 2 |o3s
500[- 3 .
B 7‘0/ 43,6 4| 3 |oe2
- /
11 4 | o055
200} / 11 5 |os7
100 NN [ RN 6 |043
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