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Synopsis

Experimental studies on dynamic shear strength of rockfill materials were executed in
order to evaluate the seismic stability of rockfill dams. As experiments, triaxial tests and
torsional simple shear tests were executed on the rockfill materials such as crashed rocks
and riverbed gravels under the both of monotonic loading and cyclic loading condition. The
specimen of triaxial test was cylindrical shape of the size with diameter of 300mm and height
of 600mm. The specimen of torsional shear test was hollow cylindrical shape of the size with
outer diameter of 800mm, inner diameter of 400mm and height of 800mm.

The experiment results were evaluated about the effects of the various test conditions
such as density, drainage, initial stress etc. on the characteristics of dynamic and static
shear strength of rockfill materials. And dynamic shear strength of rockfill materials was
compared with static shear strength adopted in the present design method.

Keywords: coarse material, shear strength, dynamic, triaxial test, torsional shear test,
rockfill dam
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0. (gfem’)
63.5~50.8 6.0 2.955 0.49
50.8~38.1 7.5 2.959 0.54
38.1~254 10.5 2.934 0.66
25.4~19.1 8.5 2914 0.76
19.1~9.52 19.5 2911 0.92
9.52~4.76 14.0 2.885 1.18
4.76~2.00 15.0 2.986
2.00~0.84 6.0 2.948
0.84~0.42 4.0 2.939
0.42~0.25 2.0 2.923
0.25~ 7.0 2.905
AR IR TEE | ARIkE
2.931 0.653
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K133 FMEORESA Lt (2D 2)

4% B
Bofe am) | R (%) | CECEE e (g
0. (glom)

63.0~53.0 6.0 2.549 1.54

53.0~37.5 7.5 2.532 1.91

37.5~26.5 10.5 2.505 2.16

26.5~19.0 8.5 2.500 2.22

19.0~9.50 19.5 2.480 2.68

9.50~4.75 14.0 2.416 3.51
4.75~2.00 15.0 2.679
2.00~0.85 6.0 2.713
0.85~0.425 4.0 2.828
0.425~0.25 2.0 2.838
0.25~ 7.0 2.989

AR T EE | ARIKE

2.584 2.523

£ 133 ZMEIORESfm LMt (0 3)

%4 Gt
B m) | R () | RUEE e (9
0., (glom)

63.0~53.0 6.0 2.800 0.911

53.0~37.5 7.5 2.813 1.060

37.5~26.5 10.5 2.834 0.990

26.5~19.0 8.5 2.852 1.150

19.0~9.50 19.5 2.820 1.490

9.50~4.75 14.0 2.831 1.61
4.75~2.00 15.0 3.025
2.00~0.85 6.0 3.024
0.85~0.425 4.0 3.127
0.425~0.25 2.0 3.048
0.25~0.106 2.82 3.129
0.106~0.075 1.14 3.047
0.075~ 3.04 3.001

AR TEE | ARKE

2.901 1.291
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ESERD D, K137 1R EE SHEME EZ =T,
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WRHE)T o~ CTETE DRFFFFE D720 emax 1T EHRAD B HIBREL, e (FHHFE ORFIC L 2 FBRE O
DIMFEIEULE B t=300sec (B t=480sec) FFDRFPRLL & L7,

5) HEE %O S HIE

i O SRR & W 72 £ ERFE OB OB S 2 5 fllE L, fEOBOEEE S EZRD D,

6) 2) ~5) EHET,

X 1.3.7 Fehm IBPEME
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BB OFHEE DRI K D MR & | W 2 5 1.3.5 123, EIBR b & AfE DR OBtk 2 X1 1.3.8
R, ADHBDr —Z ORI 2 e RHIBREL, e bAEE ORI 2 W — 2 O IR % e NHER L
kLT,

F 7o, i OB O FEHE Marsal OMEIEFREZ KD 7o, Marsal DR & 13, SEHERRTORLE 5340
& A [E O DORLEE 53 AT DB RLEEfRE DR R DL RO, EDZED D BRIFZDH DD TR IND
ETHD,

% 1.3.5 FMEtOR KR X OB/

®_OE Ko [ O IER iy Eiliyae Marsal Al =%
pa (g/em®) c (%)
BEAND I 1.867 Cmax0.569
10sec,” @ X 6 J& 2.419 0.211 2.1
20sec,” J& X 6 J= 2.470 0.186 1.7
HURL ARS 60sec,/ J& X 6 & 2.539 0.154 2.9
120sec,”J& X 6 J= 2.575 0.138 2.9
300sec,” & X6 JE 2.633 Cmin0.113 3.4
€max - Cmin—= 0.456
BAD I 1.798 Cmax0.432
5sec,/ B X 6 & 2.031 0.268 1.5
20sec,” & X6 = 2.085 0.235 1.9
HURL B A 60sec,”J& X 6 = 2.156 0.194 2.3
120sec,/ & X 6 Jiz 2.193 0.174 3.0
480sec,” JE X6 =B 2.206 emin0.167 5.4
Cmax - Cmin— 0.265
BAD I 1.846 Cmax0.569
40sec,” & X 6 J& 2.428 0.193 3.16
i 60scc/ J& X 6 B 2411 0.201 3.01
AL CH 120sec,/ & X 6 Jiz 2.465 0.175 4.23
300sec,” & X 6 J& 2.541 Cmin0.140 5.80
€max - Cmin—= 0.429

FEE O L7 e O 2 3 1.3.6 12”7,

% 1.3.6 #MhE OEEIHMIAR

i [ O i REhZ >~

IREL AT 950 FT5/4y
i [E 8D = R L X — AR HE 618N
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144 HEXEZE
PRI ARG FE 2 BOREEIC S 2 THERR L 72, FEHEFE Dr 1A F o THE T,

Dr =S "% 100 (%)
€. —¢€

e« BERUARRIFR L
Cmax & i 80 [E OFRER & 0 SR Tz e KFBR L
Cmin © i D[ 6O FER LV KD 7 B/ NHIBR EE

BTN AU AW
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1.5 HERAE
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1) HLFHHET R
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7o ThD, ZORFENL, S EEZHIET 2720107 4 — KXy 7 XN bDTHDLMN, EHGF~D
BT (WE) DN EWZ E N SMEF RO —R 7 A &2 mEE I LR U s E OFIEN T& 7
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=—e
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Dr (%) o.’ (MPa)
ABF HEAK MDTX 56 0.1, 0.39,0.59 TR =il 2
N N MDTX 66 0.1, 0.39, 0.59 N
N N MDTX 80 0.1,0.2,0.39, 0.59 N
i i MDTX 89 0.1,0.2,0.39, 0.59 1
i JEHEK MUTX 80 0.1,0.2,0.39, 0.59 1
N N MUTX 89 0.1, 0.39 N
Bkt Hek MDTX 85 0.1,0.2,0.39 ]
CHr HEK MDTX 85 0.1,0.39 ]

3.1.2 RLYEAMRER

# 3.1.2 #HRR L 0¥ ABRER 7 — X

MEE | eS| REREe S FH % BE T
Dr (%) o.’ (MPa)

ARF HEK MDTS 56 0.1,0.2,0.39

N N MDTS 80 0.1, 0.2, 0.29, 0.39

i i MDTS 89 0.1,0.2,0.39

i FEHEAK MUTS 80 0.1,0.39
Bt HEZK MDTS 60 0.39

i/ /] MDTS 85 0.1,0.2,0.39

i i MDTS 90 0.1,0.2,0.39

i FEHEAK MUTS 85 0.1,0.39
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3.2 #R LRBRDFMERS M

3.2.1 =#hiER
 3.2.1 Mo U =8B — X
b | HERSRME | RBRER S | PR R SRR R JEFE ST EE | SNt
Dr (%) o.’ (MPa) oalor
AN EHEK CUTX 56 0.1, 0.39, 0.59 1.0 JFE = iy 1
N N CUTX 66 0.1, 0.39, 0.59 1.0 KA =ik 1
3 ] CUTX 80 0.1,0.2,0.39, 0.59 1.0 H T =iy 3
] ] CUTX ] 0.39 1.5 KIN =il 3
3 3 CUTX 3 0.1,0.2,0.39,0.59 2.0 o FE = iy 3
I N CUTX I 0.39 3.143 KA =i 2
3 ] CUTX 89 0.1,0.2,0.39, 0.59 1.0 FHH =iy 4
] ] CUTX ] 0.39 1.5 KI = iy 4
3 3 CUTX 3 0.1,0.2,0.39, 0.59 2.0 o FH = iy 4
3 HEAK CDTX 56 0.1 2.0 I = iy 2
B#f FEHEK CUTX 70 0.39 1.0 KA = iy 2
n n CUTX 85 0.1, 0.2, 0.39, 0.59 1.0 KA = dih 2
] ] CUTX ] 0.1, 0.59 2.0 KI =iy 2
3 3 CUTX 95 0.1,0.2,0.39, 0.59 1.0 HF = iy 2
CHf FEHEK CUTX 85 0.1,0.39 1.0 KA =iy 2
3.2.2 R LYHAMRAER
7 3.2.2 R LA LY FAWRER— X
Bk PR | RBRELT FE 5 R WA AW 7]
Dr (%) o.’ (MPa) ts (MPa)
A FEHEK CUTS 56 0.1,0.39 0
N N CUTS 66 0.1 0
] I CUTS 80 0.1,0.2,0.29, 0.39 0
N N CUTS N 0.1 0.03
) N CUTS N 0.39 0.05, 0.1, 0.25,
0.3
] I CUTS 89 0.1,0.2,0.39 0
ek CDTS 80 0.1,0.39 0
Bkt FEHEK CUTS 60 0.39 0
] I CUTS 85 0.1,0.2,0.39 0
] I CUTS I 0.1 0.03
] I CUTS I 0.39 0.13, 0.20, 0.29
] I CUTS 90 0.1,0.2,0.39 0
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411 BMERAEEHVTH
AR B#M KO CH OB RIZIBIT D B RIIETT 0 dovmax & 0 devmax B EREDTIOT 7 € devmax
DRRAEX 412 B LUK 411ITRT, o, FRRESRETORBREEMTORNTRLE,
AT, AEHEEE 56% TIIE RIFFITONS 7203 9% A2 DIZxE LT, FEXHSEE 89% Tik 3%
FREE & | FEHEE D@ D DI REEOHIONT Z 23D 720,
PRE & OBIRIZ, FRESEWIE ERREZEICNITIRE < RRFFIOT IR E W,

4 S5 ~
2 T [ AH
2 R O Dr=56%
£ o3 T B - O Dr=66%
2 g XNl g A Dr=80%
e S B
o < ~—e % Dr=89%
R TR
< 3 2 ey ) B#t
> ° T~ea X  Dr=85%
A CH
:? 1 X © Dr=85%
s —0 — 0¢=0.1MPa
0 ———— 0=0.2MPa
0 3 6 9 12| 6:=0.39MPa
AXIAL STRAIN( O devmax ), €ao devmax ——— 0=0.59MPa
i\
4.1.2 ERENZEIGS) & BRRBZEIS /RO 2
# 4.1.1 BRBZEIGT) & BREZS TIREOT 2
AR Dr=56% Dr=66% Dr=80% Dr=89%
oc O devmax € adevmax O devmax € adevmax O devmax € adevmax O devmax € adevmax
(MPa) (%) (%) (%) (%) (%) (%) (%) (%)
0.1 0.579 8.162 0.636 5.238 0.860 3.428 1.194 2.303
0.2 1.429 5.145 1.796 2.715
0.39 1.923 10.000 2.044 8.934 2472 5.725 2.972 3.555
0.59 2.678 10.201 2.938 10.613 3.284 6.377 3.928 3.894
B#, C# | B# Dr=85% C# Dr=85%
oc O devmax € adevmax O devmax € adevmax
(MPa) (%) (%) (%) (%)
0.1 0.972 2.275 0.945 3.285
0.2 1.964 2.961
0.39 2.776 3.284 2.388 5.713
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RO T 7 € vmax & € vmax BEFFOEOT 7 € o, ymax DERZ M 413 B LUK A121T77,
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4.1.4 FHREFEPHEOT A2 EMEE

35




K412 BEREBEOT 5 & BRREF#HOT A2

N Dr=56% Dr=66% Dr=80% Dr=89%
0 C, & vmax & agvmax & vmax & agvmax & vmax & asvmax & vmax & asvmax
(MPa) (%) (%) (%) (%) (%) (%) (%) (%)
0.1 0926 2957] 0506] 1588 0.137] 0532] 0.115] 0.053
0.2 0300 | 1246| 0250 0.083
0.39 2417 6464 1631 4198 0798 2552| 0985] 0243
0.59 2719 7.107 213 5615 1.197] 3.056] 1.291] 0416
B#, CH | BH# Dr=85% CHt Dr=85%
0 C, & vmax & agvmax & vmax & agvmax
(MPa) (%) (%) (%) (%)
0.1 0.09] 0247] 0.061] 0.203
0.2 0.196 | 0.567
0.39 0339 1.053] 0677] 2.035

413 FALAZV—

RREA VA B —58 (—de/de,) max &, BKZA LA K2 —RERAEREO IO 7
€ pimax X 415 | RF A LA X o — R ERIEDORBBRA K 4.1.6 IR L HEZ £ 4.1310RT,
RREA VAL —FENRENEL, ¢ VN EL 2o TEY , MAXBEEICL ST, [F—dht
FicooTWD, 72720, BMODFE— ¢ aoma FEOTKT A LA Z o —R50T, Xk K& W E\ N
H5,

T, WHREPRKEWVIZERKRL A LA X oo —REUIRE < REERKE VT ERKRRFOT
FIIREV, o, BHOR—FRERFORKS A LA Z o —RETR S KEW,

2.0

= At

a) O Dr=56%

Z 15

= O Dr=66%

w X

< 3 . A Dr=80%

:[-2 - 10 ©£ % Dr=89%

03 ¥ B#

a 0.5 /%h?u X Dr=85%

< A © C(Q%H
Dr=85%

2 00 DO O I (1)
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o
W

0.(())'

ST
i At
O Dr=56%
i; O Dr=66%
@ A Dr=80%
*
X ¥ Dr=89%
* | B#
T © X Dr=85%
O . Al c#
s © Dr=85%
-~
0 0.1 0.2 0.3 0.4 0.5 0.6

CONFINING PRESSURE o «((MPa)

41.6 BKRFA VA X — R EMEE

F413 BRI VA Z R EBRRIA VA F U —FREROT A

AM Dr=56% Dr=66% Dr=80% Dr=89%
o c, € aDimax € aDimax € aDimax € aDimax
(MPa) dejd e, (%) deyd e, (%) deyd e, (%) dejd e, (%)
0.1 0.277 7.688 0.476 5.98 0.812 3.246 1.077 1.964
0.2 0.517 4212 0.806 3.71
0.39 0.145 10.756 0.23 7.92 0.419 6.451 0.597 4437
0.59 0.113 12478 | 0.176 9.953 0.308 7.671 0.523 5.212
B#, C# | B# Dr=85% C#f Dr=85%
O c, € aDimax € aDimax
(MPa) de/d g, (%) de/d g, (%)
0.1 1.279 2.342 0.867 2.935
0.2 1.026 3.341
0.39 0.747 3.671 0.424 7.461
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MDTX REBRDOE—/LH %X 4.1.7, X418 277,
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421 EHERAH

FHEHEARFBRDOFER T, HKEZEIE T 0 oy & BNEZEIEIRFHTOT T2 € 4 oy DBIRAE K 422 127 L
Too FETo. KIS EWREDORERAZK 423 1R LT,

FIHRERENEE 0 4o DR E | FHRMBERRKZWNDITE € 4y go DV DNESWEAICH D,

4

A Dr=80%
3 % Dr=89% [

0 devmax (MPa)

MAX DEVIATOR STRESS

AFF

0 3 6 9 12
AXIAL STRAIN( Udevmax), Ea Udevmax(%)

4.2.2 BREEITT & BRSO A

A Dr=80%
* Dr=89%

W

[\

0 devmax (MPa)

MAX DEVIATOR STRESS

AFBF
%.0 0.1 0.2 0.3 0.4 0.5 0.6
CONFINING PRESSURE O ¢(MPa)

4.2.3 EKEEIGT ERFRE
% 4.2.1 S REHZEIG S & B Koz J7 RFslh O™ A

AB Dr=80% Dr=89%
o 0 dev € agdev 0 dev € agdev
(MPa) (MPa) (%) (MPa) (%)
0.1 0.928 7.979 1.492 4.244
0.2 1.193 7.578
0.39 1.537 7.910 2.137 4.997
0.59 1.641 9.166
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o c' PWPITBX € acpwpmax PWPITBX € acpwpmax
(MPa) (MPa) (MPa)
0.1 0.217 0.163 0.483 0.313
0.2 0.735 0.417 0.644 0.479
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0.59 3.458 0.910 3.045 0.418
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*K 431 RREAWIGS & RREANIG IR ABOT S (A%)

AR Dr=56% Dr=80% Dr=89%
o c' T 'max Y rmax T 'max Y rmax T 'max Y ¢ max
(MPa) MPa (%) MPa (%) MPa (%)
0.1 0.112 5.695 0.125 13.68 0.157 2.19
0.130 6.803
0.2 0.177 15.968 0.215 15.06 0.219 6.142
0.195 8.209
0.29 0.317 10.71
0.39 0.323 15.671 0.401 9.87 0.375 5.695
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0.356 5.769
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