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A Study on Permeability and ‘Waterproof Design in
Soft Rock Foundations for Dams.

by Isao Shibata

Synopsis:
The followings are concluded, concerning the propemes uf 1n1ect|on in soIt rock foundations

for dams.

(1) The proportionality between the rate of water injection quantify and pressure is kept up
to critical pressure, which is extremely low in soft rocks. The rate of water injection quantity
increases remarkably, if pressure exceeds this critical value.

(2) Permeability of soft racks is apt to be overestlmated if these propemes are not taken
into cnns:deratnon Permeability or Lugeon coefficient should be calculated using the initial
tangent of the pressure quantity of water injection curve (p~q curve).

3) Injection in soft rocks at pressure over a critical value causes appreciable upheaval of
foundatlon surfaces.

' (4) In soft rocks with unit welght less than 2g/cm‘ and void ratio mere than 1.0, critical
) pressure is smaller than the loading die to dead weight.
(5) The rate of 1njectmn has a significant influence on upheaval of foundatwns of soft rocks.
(6) For soft rocks, the following relation is shown,

1 Luz1x10"% cm/sec
Key words (Softrock, Lugeon coefficient, p~qecurue, Rate of wnter mjectmn. Cntlcal pressure)
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Wy M ER O\ E B e T n | akml ko keues ] reman akmmy | TR
(em) | (cm) | (I/min) | (em/sec) |Hi(cm) | He(cm) |4t (mm)| (!/min) | (cm/sec)

T49—2—7| 50.0 |80.0| 18.0(5.2x10° — - — — — = >

v 8| 50.0 |60.0| 114.0 [d.6x10%] — - - - - |z771}

# 8| 50.0 |s20| 19.0[0.0x10®] — - - - = |~ -+

v 9| 50.0 |19.0| 17.5 Lexlod| — N - = |Z77fk

v 10| 48.0 |9L.0| 16.0|4.0x10" - - — - i k2

v 11| 50.0 |90.0| 9.0|22x10°| -
v 12| 51.0 [80.0| 2.5|7.1x10°[ g0.4
v 13| 35.0 [90.0| 2.0 4.6x10™| 89.5
» 14 52.0 [80.0| 1.5|4.1x10| 82.8
v 15] 55.0 |85.0| 2.5(6.2x10°| 83.3
v 16} 50.0 [86.7| 1.0 |2.6x10~| 84.2
v 17| 55.0 |96.2| 2.0 |43x107| 96.7
v 18| 55.0 [85.0| 3.0|6.8xI107]| 850

-_— —_ - — "
79.3 5.0 1.797 |5.1x10™ "
88.8 5.0 1.330 |8.1x10™ 4
82.1 5.0 1.189 |3.1x10™ "
82.6 5.0 1.330 |3.4x107 "
83.8 5.0 0.627 |1.7x10"¢ "
96.0 5.0 1.330 |2.8x10™ "
84.1 |1 50 L7101 |4.3%107 "

(R N
Q= nredH/4t
H=(Hi+H) /2
I H:r, FOWHKAE
Hy : JIRR AL
Hy: &t B0k
AH=H\—H,
4t : JIFEEEH (Bmin & LA)
FOEREY, F3.82CWH LR, ATk YFAL
DRSS B L E P TAE V.
4 LT TFRIMBECTTIIF LY
HEOER
(1) heFefEnBEH
A) EEOA ST A FCRIEAENE B K BH
WHATHRECBREANMELS, ChEBRATHVWED
THEREIZE ENSRCLT-> T, BRERTERC
b, SHLHRADERLEFRSL Lo THB I LN
bipotes LkchiaC, A v YHBRREDDTOLE
NEBRBEVHMALTC - 3 & EOME Thbds
p~q MEOPOHEM 6, 10kg/em? 0 & Foffic
SHELCRb e s Sisbo
chit, B-4.1.1 &5t ko, B Pk R E
13, OTRERL, Thbb, TORSEHFLWEEN
FHETRET 53E Y, BRRELTONSEEN
LHEBOBMEN LIHELTRO T 2D LFHTH Do

B)  BPiciz, EECATSBREND b A
Y BIEL EOEAENCRETARET, chidT»
LIEWEAESTCRBRT B 0FEEL S c‘:—‘”x.'cln
HEMANEDLHTH

UL CONROMBENLHBARI ST, EL%.«‘:
BB OB OMICRREN B Db, Tinbh, B
EBOrIvF v S CROCEAENRRATS X icis»
Tty BEIAHGDRBE DI E WD R TR
<, EOEAERAERERE KRS, BEOKY
7y P SEAZINRAL ST Y P AV REIR B R
LI TA» T E, AFREhBraEdained
BN EBT5ORDESKEDP 2T bTHB &
#x bhb, O kik BEOLCHYTARRER

I a P
(E)é’;%é%()] (kg /o) ®
., 15
/ T Y R,
10000F /
s000- /. 5
[t
I3 .
o1.0:  LuDS 10 Q("/min/m)
BHOBIIEROISE  Lu@ AU4HORSH

H2-4.1.1 BHOBESEHOWBI L
NoF villohsl
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B-4.1.2 GBSk 5 BRKEO M oM

- ) v ZFLR R
EEBkLT

HOME2RTeT <, MK #
TH0T, HHOWRERERLELTVL

Wae ThiH LTEE It Ko 2) HER<5L%5.

CHABOBRIDIe, HELLAD T EARES
hTHY, TOBKRBYL, LHERECIVWo LY
RLTVS, LrL, Fa-CiEVEEOEARSH~
B, R= Y)Y IIAEBLIANSF VT A MEITH T
ERI8BY, BT, MBS BAEIFES,
EhUTD p~q BROMAOREM B A & VLR

YA zbaa:v:, fzA% v‘:’&lEiJiﬁ(ﬁiTZ: DixFER
ML

i, B-3.2.1 51 fcﬁ&#@fﬂb:o\n'c, E=179:]
Wic X EMED EHBAEL M LCHE LiciE R
RRaL, B41.2 0 X 5k, BRKEL R
RIUBEERIEV, LIhinT, BROBEX T 0K
2, BUPERSEX DRV EAEDRRAL LS v
F A bk L hudie b 25 Hhidiot,

C) BBOAUHVTA P TR Ay b~ O FUCH
KARMPBRKIIL B DL EDEEAIEIVWOT, Zof
ENRZDhPTe Lo, +0EAE DA T
th B8.1.6 RIFR LR IhE bl SR Xk
T, Al —RFERC L, P CEBL > REHRL, o
MAHHOROWEELE U SVEVLE i LigHhii
By,

D) #-Y v 7 IEERoRbEREY TS &58
5o TOPE Bt chbh Ty Fir—3

BCELTENF FACHEDORI, O X Sk
BEZAES 2P HROMUOBAEL RS R k5D
C ARG, AT - oRREN < LTRSS
B DR S LTRRTS by, TofioTEY Lichh
Hificbiovy,

(2] $EOBAELY L —0ER)

LLu it 3 535K G, —EROBBRSS k
ZRDHBRE,

k= -%H Iag,—— :

P BEAR
{HBEHOILE

—SEKH
P~y v I oRE
tIwBWe, L=1m, H=100m (10 kg/cm? tﬁﬂ) r=3
em (HEE46~T6mm OPH) L LCHET5 L,

1Lu=1x10"* CIMSSEC +recrrinirnnnnnanns (4.2)

Lignto,

R E DA AR D E £ ae, HE3m, S
20m DIFFEACCIEL 7o B K 3%, 2.3x10
cmfsec ThHBH, AUFVT A b C, 15~25Lu &
2T B, '
HREVKUVBHIC 2V T i F & & 0 JEFETIR,
2~4x10°% cm/sec O FRIFHEH LT, Ao+ VTR
PO ILu LT eh 5,

THOH X ATH, HE F 3k in ok,

(C3)
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S
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~ :ul"hnb
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5x10-3~10" em/sec, FLAKOMC 1.5x10°t cm/
sec DFERFR Llcnte AUAVF A TR, HET
BHDOEEN20m {5 E T 10~20 Lu, 20m L@ ¢5
Lu, HABMET, 25Lu Ligs>Th B,
ChoORENL, #IHEODRVEE TIL,
1Luz10-5cm/sec

DBIFEND D, ~BEELRATHWB ISR, Fro—0
HAR Y-S ELTELE R VT EEBA T T
Bo LichioT, BEOBKIERLERECH Uik
TRHBIBE LRI DHA, X LBt BOEEY
THRE LR BIRVDC, H—Y v 7ILP RV
NDAVTAVRITIMERETLTL Bs

gk, HREOHHEH T 1~2 HA ¥ VKR
Hrich, bk, 20Lu ki 5ETs EARAER
R >T, WEOBRIRDLREL kds i
TAREMRI L EFL, EHOBEKBELREL DL
B o TOBDOTE, 20Lu BT & 211k 2Bk
Bt 5 & Dk LCRR LI uE e bl

"(3) BREHN )

A) FREOFEER»L, RREN 00 & %0
& EORMY HEAL (90, BIT, »&5D (@) O
REELDDHE F-4.3.1 DX 5EH D, EOFRIL
EROTEOTIRNEE & OBRE R 5w, BEGE

(ro), HBRLL (), EHRE (0) SRLTH%,

COKICEBE, B AADBmLBE, DX &Y
Y F v I Bnie D TR EO 3 BILTIE, po2rwd
e 5T Bo P>rwd DL ¥ i, FMRA Sl
AKRDUERCRET BB, RERATRCL BE
BEIE ) LEABEE (LSPEROMEDOL AR i i
Lo THENCEEITSHE) 0L YXE ot
¥ BEAERDZLAR IR T VB, ELT, o=
to-d Ok FREIMEEMNR L, BEDASEATICR
Lick ERESE LI EERLTCV 5,

A,D,E, F Q44T h<ted D AT —Ihin
Tebdb, hit, BREIVLBSBRABCXAERH
BRELYPIEWIERTRELLVRETHS,
Z LT BEAEMRRENLRLD LHFEMORS L
MRYOBHELTWBDT, %y h—DEINEH U &2
Bl LitiaT, #4318 Bh5I5T,
BIEHE2 0g/cm® RHECHREA 10X VD AEWLD
KHWDT, L LE>TWRGERED/NIWEEDH
BIZA 2 TV AR EARENEFL ST lo®, BEA
KOKEL STHRAIKR L 2T, b1 b ERANSL BE
15 HRERR LD G LIRS h b,

¥7, B AADd MM ETH po2re-d THHD
z, Thk DBEVIRD T pelrod D H D RELT
%o COMEOHMEIL, 35 m % CupELEEORLE
THBN, En )k THEBE L s> T B —RH
HERRFETE CRENREL, SBREOFNENR
BLPTVOT, LORKATY RBEOEHABREIK
FEL SUDTHRMNEES TH » 1oicH FROBEH & Ui
DTRELIEELLRD, :

B) sawiEE b oR sBEML, EAEDLED
B OIS D IEAR L OMICEBEND LV 5B
Bos s BB A I A, 220 BEEANDY
LB INARRENCT VT, porgo B ELD
T, DRI DE, A B, D, EF DEFAT,
dARMLTS po-do DA 5 X IpboCAv &S T fl &
e THBRT—~URERDB, D5 b, A, BAK
ACNEVDIE g0 B EWDTHBH, HESEMNE
BRI, chict LG, D,E,FO& & A Cit o
AENDT, HEEAKE G

LiAioC, A, B OFI=ROLE © SEmIER
A CHIBRERA NS { o> THEDRIK L, oK
YeeHh %, D, E ofuioiE ¢k ERHEL/DE
<o K LE o TV HRIREAE T 35BN

#-4.3.1 Do, @, d DEER

1 " #an T e Qu bo~d o qo~d
'cm?® g/cm? §
A (";{97 ) Md 0.69 ® 8/ ) Do>0,12d RF Dy
— L S5 0.62 — d <35m P
wASRRREERE | B | 20 Mg oi72| so~100 | o>0.2d bupp=—12
c | - — — $0>>0,25d bugo>0.8d
HPRTE HE B D | L8 127 716" (3 vfoi“>o. 15d 3 vfyf}po.z(i
1.64 1.02 1~20 B SAF Yy
Hymin K LR S
F 1.77 0.85 2~ 6 Do=—3 HAFV

Biflr  po: kg/em?, gt l/min/m, d:im
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EWOT po HHEW 2 S BHFHOLEELRLTY B
ki bhd, #k, DLERF s 0K B oA
% H&APRE KLERL BN, ThbHOMOERL
X< binbicts,

C) LROBEr LB

MBE | aen|a ] » | o

P * ‘ % l P
X & N &

2180 ?Da\- &M tﬁﬁféh%a
EROBENTHIZKE L & B, ﬁ.t.}&ﬁ%); L
CEE L UM, A=V ¥ FHOBKRRICE 2T,
CZRBFREFRLHEEL ChAEL Rl
MHFHELTEATESRIRDEALLNDDT, F
% COHOPIEDOEDLRDE ENMEShI,
{4) BBOLZAE

A) FESRFHRHERYE : D OWBOBKE S K &
VB S BUES B DEENRSV DT, AFFENTLRIC
W BEOBIERRAFCMEN DS LML, ©
A Lo TTWhVGRRELEE5, A, B, Co
& 2o VI, $CI~2LaHTFTh 51,
Lot BIRMEABE AE RSB SRAE
ﬂ”“u;(biofxb.ﬁm&mmsw

B) frmsn BT DﬁAo@mﬁ@ﬁ, s b
£, SLuTeh -1 ‘
o o%u. WEERAT L f.abﬁri&.f‘ﬁm 33, B
wmmké<%ﬁ%ﬁuof y—ATLERBRT 5D
Emzao

C) %Exakmﬂ“}f‘}%‘.‘ :E 25T, “I‘féiﬁfﬁ%%o
FEERKECH B 15°25Lu Chols, F FaC
W KR CH B, LA T Th T,
o WA X pERES S EEE
CHHOT TORWERRT BLERD S,

D) BAtiEii®E (=) :GHW # sk, figd

B|VIRAC 10 Lu BEOXE BRI R R LIRS, R

QB Ea vk /ERETLT 5,
uhu.ﬁ?¢mﬁﬁoﬁ%Lmb%LLtmotm
B, H2TE Tl k5 R > TRENLP DR
RCTWHDE, BEK I THERD 7Y - 7L
BB BIMNB BB TR HEHL DI D,

fs3s, G # AD—T, BPHLEDERTERO.
RN H-C 30Lu Plleih, SHows v HEAR
REHLIL, H 7 2 CRBEABORE CRBOZ &2
$-T, 25Lu LI Lof4R Ll & 0N RMEMLN
X W Feffit 50T, BEANOHBIRA S L
%, BEEHREIBRLS s 5 7 RRBESE TR
BT hELHR IS

Lieii>C, TEREHRL~ YTk, RAOVWLLD

EaOBE X 5Bkl X TFETS & L bRARIR
KEREHRENRTWB T EAHBOCER LT
[F &/ 73/

(5] #HEOFEEMYLEA

A K AQAPAVRKECERYRELT, SEE
DEE LR DRHTVHE LBl L,

BﬁAfn,ﬁﬂEWuToﬁxfmﬁﬂéiuﬁm
», ChERTE BTRELRYRELL, TLT
BE p AR L/min/m O & #i1, 0.2mm qul,g_
BB, 2l/min/m T RIEEERAAE (It ot

C #avil, TitomsErEge L, Bilc
bt > TRBLTWE & LR R L, LT, BAED
X b Tkg/em® 5 EAEAMCHBLEC b b
¥, W p AR R & F IOk £ TR A Sk L
7‘\-0

D #sTiL, mﬂEﬁ&ﬁbbEAEﬂf%.m&&
AfeAt 3~4 I/min/m f;z‘ufatﬁ‘mx?babf:k%’ (g3

B8, BREALY b 2~4 bgfem? HULEAENTS,
ﬁﬁﬁbakmmzvmmh1fuﬂﬁmﬁﬁfﬁoto
S5, ChbEHFHEL, 2iEARN4,000~5,0001
-ﬁ?ékk%hl&mi?égﬁt,HAL&aI&
U, ISHORAE & AR THET 5 2\
5, i1 AL txRi - AR S _

T 2 AT, THSHOREE L -t Rk
#8mm DEE LMY & oo KA DALY 2Y/
min/m BUF CEERIAE AL, 5 I/min/m LLE ¢ 23
e‘hbb't)t%\n

Eﬁkkﬁ%FEEATu,Tfkﬁﬂhlik#B
5 ADRBLEE, HEheERCREESrELE0
RABESTH b, SBENREAES & ERmHoH
RECCHS LT BELINHASRTD, LT, fE
PR & Rt ChH RIS D AR S K O
FEAESAZ VLN BDC, Shbk RN LTER
Wik HET I BEcEAShE /9y P kD&
WEA Y - CTEBHEDI T LAV EVS 2 ERT
PRBESIRE-E, Livl, TOXS RBENSE

CCERIE R V5 BERE <. BEAEGDTRE
SRie LT \Fk!év:o\.vco*ﬁ!‘éoﬂku Yo, B
Y RSB MELEARMNS L L ERAITE L

MBHC ERPELLOT, ZEOBLAE LTHDTRE
Licz EiRig B,

¢, Lbofkicits &, BHY Y EAROSIR
Lo CTEBOBRET EMYORZ DT ARRIRHOT
i b HHER BRI D S RELE SO, RS A
EM i s iR AT 5 b Lhv &b S SRS
BB, COMIVWTEL SHREYET S, Ko

TR B RIUE AR EV D€, ZDOEVEHNO
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BEOBEARYE L EKBRCNT S UL 51

SEHAIN SR CHREDWHEAS L5 HL BN Do

(6) REOYFIFLYOHR

(1) smsp=iommEres

A B COELATCH, A V/ERELD TS
$s BEYYEAROS I DDHLLTIFY ML B
T OEAZREVDTCS T 7 FV ORI E s,

(2) TEMERRL~y )

G # AT, WHEMHD LALASERT I © 10
Lu @EED A ook VRR LIS, 779 FEARDR
S HREEE Citice UL, = HaltA cu
HVHMIR 35 Lu Lok EicEhBY b 5 & &
By, OB CUEEICHE CBEEANTETHR
Bh ot

(3) SSPUfERLmEEUE

D #uviy, Bkl 5Lu BT CehEhARE LV
R, B v EARRRHLEL /7Y FHEAT
W, p~q B L DO LA, - 1~2 /min/m 1 3
LA CHIRK Ui o fze Lin L, Pkt A ¥
T AR LA = oo

uelﬁtvﬁbvﬁﬂoﬁmﬁ%ﬂ%mtu i)
HakE& <, HELNEL, ﬁmﬁmwﬂﬂfuﬁma
#2 bR, PHSROKECESCHE DS v
FRILPTWEWIAISEE T BT, BcERR
BRET 5,

(7] EAEEBHRX

BT BREDARC-0T ENCHE LEA
HRBBHCHB. ThicR Lk BRAEDR
EHHTEL, chEBTEENLREAEER Uiy
DIHHG DEATIIE S L M5 &3 By
FoC EMCE LAEBR LR W SHE, BA
Eﬁ%@?k,ﬁﬂ&ﬁb<ﬁo1m§ﬁéﬁitw
%5#,uhluﬁlﬁOﬂﬂoyﬂﬁi?hut#%
%5ﬁk&otoLtmcf,ﬁhfm,ﬁxmuﬁﬁ
LR AREETT) & 038 E Lo

(8) yg9bRoTeREN

AﬁADEKﬁQEﬂk%ﬁdDEAﬂD?ﬁ%TT
3. 1.7 T3, FEREUEARD sk, £
OEWE%#LTM%&@&LH}LTM&Qhﬂkﬁ
LT,DﬁAOﬂﬁ?Tf‘®$4GTR.%ﬁ%vﬁ
Adlipi—ehom, ENEHNE L ChbOBE
WR LTRSS RAL SN, MFadk @ALE
759 bRy A NEAREEHHOS T YL SH
v7 HFV-2) C, FHROSOTHY, KEH M
Yo CEMERL SR MEEIL TS, £DID,
A ¥ AR, EORBEH Licied, chEfHTHX)
i e 72 BERE Lindt G LIc O TS D EEA
RO e Lic U, D # A CIMHY b EATLY—

BRI D X SRR TRER L AGERE LD T
EHEER LD CH %o

0k 5, EHNHDBVITIMY b EARKO—~TT LK
BT 5 X IEHLCT S RRTY, BRRIbLL
CLES BEIMBD, Vickers il ORGATHLR
% Thoma BDOF 5 v 4 RV TR, ¥)VETr,
2 OEGK X o CiE2 EHTES L, toBobo
CLEFLEOFTSHC L - CRBRORENCESBEL
o TWBOT, KBEROLCFYFA T, BA
ehifi g 1~2 I/min/m SiHHL, HErFcl-
CRERIY D IARY RIS €D k5 M LA s, fRa
WREIE? X5 iliEmT20END 5,

73, B, E, G HIDEZATE, »—5 Y —ROW
BEFE v Ry 7 (4 7 ety 7 N1500) 2L
oty BARBEORENLS AV Y PORLERELD
LR X »CCE, ik FROEERARTS o
TRAOMEERNLTCWE D, TV T -HYT
OGRS P e T E 5 LENE LD, Ch
BRI Lico £ORE, ENR OB 5 IESR
Bt Sdkinc X AATRKRE LSS B0 X
YA—RFAZRTCWB L Lithh oty Th, TERINE
Bitei, AN voREBCRNT 2 RAERSEE
FRT Do Zhbin ABIREPY R LRI TR
THORWRLHTT 5 & LAt Pa L icdR#E
hicboT, —HRLBETNELO TRV, UL
B0 X 3K, th3kvk S HLOERELS %
Haih s L, FOMEERTETRERLEV. L
il 0T BREHBEOL VA YT A b TIL, REBET

e =g Y R TRENBAETHE

B EREEBO KRR

(1), 459 bh—ToOHR
Uit E s 4 A ORE T, BEOBERENE
WOT, - hEHRT PRTAEENIC L o THik Lk
WESkTHE EARET sbk.ﬁﬁmom@mm
WD T EHE Lo B
'fAﬁ%o&ﬁﬁMﬁ%EmeTEI&&er,y
59 b A —FvRBLENEL D THBMG, HET
ao;am%%ﬁéaﬁ%&ﬁbfaaa%OKb,%
£ 50m O X AESCTORBRAI LT oke
¥, FAERE LTRBOSLEELRIEOVT,
FOEAMFRE 2x 10 emfsec (#9 20Lw) LT, 7
5% b 4 —F v Clh 2x10- em/sec @Lu) RIETS
25k LBAORHTEm D, X AEOKEN TR E
AL E5.1.1 O LB IEARD, CORKRE D
L ) BRTEIERTEOIRS SV b AT VHE
QfeBIohT, ¥ @ BWRTEIR, /YR
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TGN T

s —7> 0P npE

E-5-1.1

=7 Y OFEKMBE, PELABrEoRT, X AT
HREOBANERE L ETT 50 = 0 EDBRGHE
=B THB0b, R @1 KXoT, Bk BEME
THhAEh AL CBEBHELBPTBDC o
iR, TELRTO/ 3 vs Y Y ORRIAS
CERRLTVS, _
ZHETOREMND, TP CIRL oM bAE]
C REEANTERET, chRETAE LR THEN
BARERD 7T 0 v —FviGohbd L, SOREA
759 v Olkfkic X o CHRIiE, EvsIoE Y-
YHBRERD. LichioT, 2.03) T iSEEA
PR T BRI L & ORFIRR X AR LTy
Do ¥, FELAROBANGELERVEHK RS 0
T, EORMHIAZ I 0L DA, BEATAE
DT, ThREMIhCHATSC LA DbEER
BCHFI B Ch Bo
i, BEROWT, AHROBEMACBL LT, &
REFEFEPPLKEDD 5x10~cm/sec (5Lu) & 1,2x%
5%cmfsec GLU) OYF Y b h—F Vv RBR SEH L
UCHRHi Ll b, [-5.1.2 548 & hize ”C X

- rd
/\ B kg2 X10~%cn/scc
o B: kgd X10%%en/fsec
N/ //\Bz kg6 X 10 5em/sec

i

,;/ kR2 1X10~%em/sec
i

@) —7 > DEXFEOBR

EEO/5v -7 vONR

BELOL S REBOBREMIES T B L,
BARRDIETICH TS 73 v v 7ORRirhE il
BTERLIEIVRIATW B, £0C, BIHREEY X
DERIC T oD, XABORBHEYERTHE K-
511 DESRE-T, WIhd £ A THSH TR
th, EDMEEYIY LA -FUDESNIMDLE,
0.66x10~% cm/sec, 9m L &, 0,59x10-*cmfsec o
L3RI ST FHRECTSY b =7 U RHRSE
THHE VTP Lk, )
FEROEELM TR, AR X >t vEND
BT Lol ORMAT, HhENREAERL
b, BRMET HEOWR TGO © W E 2
B> THNABDTC, K& hifEOWN7 7Y FREAL
THADEVL, LEiA-lcd LChBEMEReE
VWD LELBRD, LS T EROBNKERED
b¥THB &, $HEMN L CHAEDIS WERELTE
TREBHANHOTIYE: L LD /5 v 5 v i X
gz tiics,

(2] ®EtoOFE

A # SRR ILKREEH T, 2 TEOIE LV sfik
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7
217 kRi5 X10-%m/gec

kRel x10-%cm/sec

B-5.1.2 ¥¥ors9th—-7voRsoEg

BEEEL, KRLOBEERVOREBRRETNES
TR > THWRS IR ES mElH 5, £ L
C PEABNEED AR R TIETE X5 C BEH T
%o KILZHBEROWCHNB,

(1) rodvsatb . )
BREILIERADE AR X > CEIEA S R X E
THDL ERZRL B LDOTC—~Ho i Bic 7
Ty IRBHDEELDEDC, AR EL-C, T
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Whlh A Ui v F A P RIT S MBS B,
L OB, AFROREYRE ST, WOFHE
TR by,

@D tyy—-offfoEHd (¢4.011C) 2mE)

® p~q iR ¥, BREIYL» CHEASED
BT 3 & & DA b o o 4 v [l

CWFB. (MDA BR) ik, BREAMES, &
KESRDIECONRERTHS « LEERICART,
PR B8 X 51T 5 NS B,

O MREEFE ALV TORDITEY
EARE, 1~2l/min/m LFCHBT2, (4. (5))
BR

@ r-xy-RvI7ofiH, (¢ (BIER)

@ BAECIS~, Fr—-32EBRe @ (1)
D) £®&)

(2) BEWEHN
BRETH, ThBIEBEAERL, FOBKERMIE
CERFEVEEY b o0nEFCH Y, FRECH AL
Y- DOEAIRE DS EREHD BT B, 4. [2)
Bf)o Lii-t, BERBFOBEIIWS 0 L%
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Experimental Study on Dynamic Deformation Characteristics of Soils (II)

——Dynamic Deformation Characteristics of Sands
under Widely Varying Shear Strains—-

by Toshio Iwasaki
Fumio Tatsucka
Yoshikazu Takagi

Synopsis:

Reported herein are measured shear moduli (G) and hysteretic damping constants (3) of various
sarids under shear strains (7) ranging from y=10"¢ to 10-2, Those were obtained from two different
tests using a resonant-column apparatus and a torsional shear apparatus, In the both tests soil
samples are hallow cylindrical. These samples are torsionally sheared by appling cyelic loadings.,
Also shown-is a simplified.method for estimating shear moduli and damping constants for a
certain value of shear strain from a shear modulus at y=10"%, The effects of, various methods of
sample preparation and stress histories on G and 7 are also evaluated, It is found that these effects
on G and 7 are less important than those of shear strain amplitudes, void ratios and effective
confining stresses.

Key Words (Damping, Dynamic Deformation, Sands, Shear Modulus, Shear Strain)
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Tahle 3.1 'Test materials and test programs
# . | Air-Dry | Sample*® Confining
Material Gy Duo | Deo Ue |emex| €min F‘_C' or . Density Pressures
(mm)|(mm)| (%) | Saturated|Preparation B (kalem?)
_ A-D | RN Loose Lo
Toyoura Sand 2.640.12 |0.162]1.46 0.980.64 0,0 | & SP | Med-Loose 1.0
' a-D,s| sp+tp |[Deee | 025,05,10,20
Model~Test Sand**» |2.880.31 |0.48 |1.52] 0.93] 0.66/0.5 :
Ban-nosu Sand A 2.67/0. 168]0.26 1:._70 1.17/0.821 1.1
B |2.66/0.31 [0.92 |3.351.01/ 0.68 0.5
C  |2.6800.15 {0.34 |2.73 1,03/ 0.69 5.9
15 |2.67/0:24 |0.88 |4.580.91|0.69 0.26 Swoning | Dense or
18 [2.670.31 0.99 |1.20/0.94/0.68 0.5 | . poo?ng Me'::,e o
21 |2.670.25 |0.72(3.60{0.92{0.67 0.8 | *F 'Ta", De = S
Iruma Sand 2.75/0.28 |0.50 |1.98)0.840.57,0.6 apping | Dense
Ohgi-Shima Sand - - 12.69,0.20 |0.37 |2.25/0.72] 0.49, 0.38
Kinjo Sand 1 2.66/0.16 [0.42 (2,88 1.11{ 0,71 3.0
Kinjo Sand 2 2.67/0.09 [0.32 |3.89] 1.42] 0.92/8.8 | |
Monterey No, 0 Sand |2, 65/0.32 |0.44 (1,38 0.85/ 0, 561 0,0

%)' F.C.} Content of Fine Soils less than 0.074mm.
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’ Table 4.1 List of other investigations .
No.| . Sand Void Ratio Deve | Sample | N# | gafo,*%)] References
Dry Ottawa, B
1 ! Derise . . . '
No. 20-30 Resonant- Solid . .
Dry Crushed | . — 1.0 |Hardin and Richart (1963)
2 | Quartz, Dense Column(RC) Cylinder
" | No, 20-30 )
3 | Qv Dttava, 0.55 | RC(Drnevich) ggﬂﬁgﬂ — | 1.0 |Drnevich'and Richart (1970)
4 ' 0.46 ‘
_" | Dry Ottavre, " v | — | 1.0 |Drnevicn (1967)
i 5 | No. 20-30 0.62 ) L )
6 | Dry Toyoura 0.64 RC - gg}lig‘&’er — | '1.0.| Shibataand Tai (1976)
7 0.66 RC(Drnevich) B
8. _ 0.64. - | RC(Hardin)
9'| Dry Reid- 0.65 RC(Hall) - - Solid . . Skoglund, Marcuson and
| Bedford-Model RC@mmor | Cylinder | | 0 |cCumy (1976)
10 | sand 085 | Snd Wilson) y v
1 0.55 | RC(CRREL)
12 0.65 RC(WES)
13| Clean Dry Send |  0.57 | Torsional Shear | Hotiow | 10th | 1.0 | Hardin and Drnevich (1972)
14 | Dry Ottawa 0.55 1 Sherif and 976)
" ” 2nd .0 herif and Ishibashi 71
_ 15.| Dry Seward= | .5, 77 , o R
| 16 0.88 ' 100th Oh-oka (1974)
b —— Dry Niigata Hollow
17 0.76 Ring Torsion - — PS | Oh-oka and Yoshimi (1971)
Cylinder
§ 18 | Dry Toyoura 0.71 10th Yoshimi et al, (1976)
19 0.83
o | Dry Silica Sand - NGI-Simple . .
E)_ No, 20 9.71 Shear Circular | 10th| PS |Silver and Seed (1971)
21’ 0.78
22 — 0.56 Simple Shear Box — -PS | Sugimoto et al, (1974)
23 | Dry Toyoura - 0.71 Simple Shear Circular | 10th| PS |Haraetal (1976)
24 | 15 Clean Sands — RC Hollow | — | 1.0 | Twasaki and Tatsuoka (1977)
%) Number of Cyclic Loading (— $ unknown)
#6) PS; Plane Strain Condition .
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Table 7.1 Test materials and test programs

Material G| Dol Dol g o oona|F .8 AlrDry | Sample™ Density vt
(mm)|(mm) (%) baturated Preparation] #{kgfem?)
A-D RN Loose 1.0
Toyoura Sand 2.64/0.12 |1.162|1.46/ 0.960.640.1 | & SP | Med-Loose 1.0
A-D,S | SP+TP | D, 10.35,05,10,20
Model-Test Sand**» | 2.88/0.31 |0.48 [1.52]0.95] 0.66/0.5
Ban-nosuSand A | 2.67/0.1680.26 [1.70] 1.17] 0.82]1.1
" B [2.66l0.31 [0.92 [3.351.01] 0.68]0.5
n ¢ |2.680.15 [0.34 |2.73] 1. 03] 0.66]5.9 o
" 15 |2.67/0,24 |0.88 |4.58] 0.91] 0.690, 26 , ‘
" 18 |2.67]0.31 [0.99 [1.20]0.94] 0.6gl0.5 Spooning | Dense or
Air-Dry and Medium-
p 21 10.67]0.25 |0.72 {3.60] 0.92] 0.67/0.8 Tapping | Dense
Iruma Sand 2.75)0.28 [0.50 |1.98]0.84] 0.570.6 ' ; _
Ohgi-Shima Sand 2.69|0. 20 (0.37 |2. 25 0‘.72 0.49,0, 36 ' ' 1.2,‘ 2.0
Kinjo Sand 1 2.66/0.16 [0.42 |2.58 111 0.71]3.0 ‘ .
Kinjo Sand 2 2.67)0.09 0.2 |3.89] 1.42] 0.92/8.8 : T 1o
Montorey No. 0 Sand | 2.65/0.32 0:44 1.33' 0.85/0.560.0

#) F.C. ; Content of Fine Soils less than 0 074 mni.

##) SP; Spooning Method, SP+TP ; Spooning and Tapping Method, RN ; Raining Method
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Fig 7.3 7 versus void ratio relationship for p=1,0kg/cm® of Toyoura Sand
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Toyoura Sead
Pe10kghrt, Gi/% =10
oSk
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1% o.l ]
&
o5 Aty
ey:0.71
A ® Satualed
al £:070 i
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w0y 2 s ] R 5 *
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Fig. 7.4 Effects of repeated loading on 3 versus 7 relationship tor p=1.0kg/cm? of Toyoura Sand

LEGEND
0.0 T T T T T ( I z =
R oo : o e :::IZ.S { N: Number of Cyclic
o o ° o a4 aNh Loadings }
005 | °° o |4 &P >N:l00
e SN, o e s a N:300
= ¢ % v @se5 s & *2 0 4+ N:5000 or more
| ST A N v > Hardia ond Denevich (19720)
=00 ; . +—10 — ; ; 1P =0.25 kg/eri)
. > ||e a0 G:0244 kq/cmz}s_l ]
e - ' o aw 0.98 Hver on
_005_N=5530 | o a'm  les Seed LI971)
- or more * 300 o > Yoshimi et al, (i976)
(Res'ononl_- Clulumn) , . . [0y =17 kg/em?)
5 1077 2 - .5 103 2 Le & » u This [nvestigation {P=10 ke/cm?
Single ;Amplitude Shear. Strain ¥ (See Toble 1-2) from Fig.7-4)
‘ Fig. 7.5  fx—7w=10 versus y relationship of several sands
04 ¥ + T — v
Toyoura Sand
0o /Gr =10
$20.25 kylent
03 -
]; Torsioza] Stear Test 05 /ol
-1& tN=101
202- i
-5
~
ol B
! o L.
{_ g %55 kg/m}mm,,.y-c,yw. Tests Fig. 7.6 Average curves of 7 versus y

2 s vt 2 s Wi 2 5
Single Amplilude Sheor Sitain ¥
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oosl  Tesonant-Column Tests | !
Toyoura Sand :
0a/0r=10
< o02f 2 .
—|& AN a
o Co

i 2 " %:10°
c
& o0l ° Jrs 4 5]
s °- 3x10

. & 0°
0.005 |- {0 a o Air-Dry N
& & = Soturoted
. I - 1 I
0.1 0.2 05 | 2 5

P (ka/em?)

Fig. 7.7 7 versus p relationship by resonant-column tests on Toyura Sand

e . T — .
| Torsional ‘Shear Tests (N=10)
08 F ‘Toyoura Sand Ga/Gr=10"7
o2 ]
=
IHO.I |
Tlew
[l
i
0.05 }- 2 i
. -4
{°A0Air0ry‘ : g 1o
® A » Saturofed -~
0.02 - ' 23 1 .
Note : Data points for ¥ = 2x10 are not shown i
0.0} [} ] 1 1
0.1 0.2 0.5 | 2 5

D (kg/em?)

Fig. 7.8 7 versus p relationship by torsional shear tests on Toyoura Sand
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60 T T T T T T T T T T T 00
Torsionol Shear Tests, N#10 h
Resonant - Column Tests
o °
it SN
- - ——— o R
=8 H-05
=
® Toyoura Sand, Ca/Qr=1.0, { This lavestigation )
LEGEND —-— Hardin (1965)
) ©  Drnevich and Richart (19701 o Silver ond Seed {1971)
(ee Table 2o Hocdin and Drnevich (19720} {a Sugimoto ¢! al. [1974)
1 1 . 1 1 1 1 . ] ] [} 1 1
0 2 5 0t 2 5 104 2 5 67 2 5 162
Single Amplifude Shear Strain 7
Fig. 7.9 n(y) versus y relationships of several sands"
Table 7.2  Lift of other investigations
*) *%)
Symbol in . - ggor p
Fig. 7-9 . Sand Device Sample. N Gafoy (kgfom?) References
''''' i Py %_RC) (S;‘;,ll’&de, - 1.0 | 0,=0.24~1.63 | Hardin (1975)
D . Dry Ottawa RC Hollow _ 1.0 | p=0.22~0.98 Drnevich and Richart
Non30—50 (Drnevich) | Cylinder . =tee~t, (1970) -
Clean Dry ‘Torsiohal _ Hardin and Drnevxch
<& Sard Shear [ 100th 1.0 | p=0.248~0.895 (1072, 2)
Dry Toyoura, | Ring " - PS | os=1.70 | Yoshimi ét all(1676)
~ | Dry Silica NGI-S!mp]E P _ Silver and Seed
O Satd No. 20. | Shear Circular 5th PS | 0,=0.2{~1.95 1971)
A — Simple Box - PS | 0o=0.205~0,955| Sugimoto et al. (1674)

Note : * N ; Number of Cyclic Loaﬁi‘ngs.‘(—; uinksown)

‘%) PS; Plane Strain Condition

ShTwh, p=0.25~2.0 kg/om® DRFCH B 0
R S0 2R MR MBREX, 70 o { &, Fig.
7.9 RRERTHS n@) ofizfve, K@k
HETBC LA CE B, |

6 BOoBE |

Fig. 7.1, 7.2 bbb 5 O ME AL,
FOMBORBERHL D H@’(’k%b‘l D ChBHo KE
ROFAFRCBTRILE 5 Th b UWPHL
Monterey No. 0 B0 X 5 fp & W\ B OBSEERIL,
AT CHER L N L OB ORMBRR X b b oA
Foyy Thbo 28O WD OBz oW D
BEFBOETOMOEINS vy COZERDWT
i BCEEAT 5.

(G %732 31215

AP, BB, 2ok X

' D{FBILRo Fig. 7.1 o bdomn® & 51, 408 L el

BULEERES, (HREIHARLRRR U OHBIT LD
R E R, aama%@?&a LThdghe.
L, ABrEcitA Lﬁ.ﬂ*%t#l’ﬁﬂ%mﬁltlﬁ&h'c
D, MHORBAAFBIEL VTS B UERD S,
oz Lo T b ERT B

8. thﬁﬁé%&&ﬁﬁﬁ&oﬁé%

Lazan (1968) ¥, BMMAPHOBMIHRHOLL 13,
ZOHBORABETHER OB BEE,N 552 L%
BEHRATH N TV Do Lazan & AflchiEE v ©
Hardin and Drnevich (1972b)- %, -LoMEHIie
AEB AR OBBRI SR Tr>ERMELRE
LT3, ZDEMOMEY Fig. 8.1 ki, 2 hid
RO 2 ODEEREBIZL T, '

(i) Fig, 8.1 s\, W dabe L1 9120
e 0 IZTAEE AR TYTE LTt = 2 A & — 33T B
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AW I

- Z‘u

Fi.. 8.1 Stressstrain hysteresis loop for
reversed loading

AW & ORREANEBEROMML —ETHS
R

@) - iﬁiaeﬁﬂt, "R AFER R 0 0 & B R
P33 - X
% () & Fig. 8.1 DEBLHE-T, KR AW bR

3o .
4 W=2K1d abc=2 K1(2rapte7a)
=4Ki(ra=rera [ ... 6.1
- VN S L
=4 K3 ('—G— G )
SERR X D o
_ AW _ 21(1 e G N
e R ot

ek liiﬁf&% W=ra pe=ta¥/G €3 5,
{&'E () kb, pit G=0 DLF p=ru Lid
b, ,

o= 2_{1'1 ...................................... 8.3

X (8.2) &R (8.3) PHELEHESHL,

E ,7=,)m(1_%) ........................... (8.4)

CORR IV Ty Gmux 13 BEERABOTL 7o D&
MNETBECHIORD G ORKMLHELLT V5, &

DR (8.4) i, ERO-OOEENE LT hif, 5
I (), WHE (), HAKTOFRIEE (1) kb b
BRI il AP CHBLHEE LB
BT 53R (B.4) ORGHELFBLD, 9 LG/ {Glraes
(%G/CGmux) OBYRYKD X SRR, BRI p=
0.25, 0,50, 1.0, 2.0 kg/em? £%§35 G/{G}rer0e & 1
DRFOTHEM, FCre Fig. 5.1 WRLTHbe %
i, Fig. 7.3 12, BB ORFREL, BRI & ) BE
L RiTig LR RT, Fig. 7.6 iz p=0.25, 0.5, 1.0,
2.0kg/em? B8+ 5 y & r ORAROTEHREYTRT, &
HHD G/{Gh-wo~r & g~r ORFEOTBHEMGH S,
ERENDWEERR TS =107, 2x10-4, 5x10-%,
1073 2X107%, 5X107 ki % 9 & G/{G)ra0t Of
EHAMD, 7wy b Lizon Fig. 8.2 Thhe 20
B, 7 & G/{Ghrare RICIMEREBEERSS ©
& 3L DREESHRE () Krddbhn 3 —%H
CHREERBE LRI B, 7ok, Fig. 8.2 B 7 L
7~G/{Glr-s OBIFBE LES N=10 @i+ 3
LoChy, RERLURBCRO Iy DT BT
127y 7~G/{Glraros [MERCHNE LEH N o
RHDHYDETFHEINBOC, oPBYHERS:
&, p=1l0kg/em? 313 N=2, 5 Elicxii5 9 &
G/{G}rmos D%, Fig. 7.4 & Fig. 5.2 51 HHAT b,
Feiy b LicD)t Fig. 8.3 ThHB, ZORM D, N=5
Wi BF —Fik, BEAY N=10 Ehcar2 Figse
ERHHH N=2 @it 5 Lo ovebE fi
ELTVWBE Ldibombe Lictt»C, N=10@LL ko
ELERE TS 7~G/{Glr-w-s B N=10 &
CHT AT DR FHEHH LD LL2 bRD,

Ei N=2~10 Mo@EE Tk, 3~G/{Gh-1-s [k,

WELENK & D KERBBY ST 50 & W2 B,
G/{G}lraro-o~r BAGR, 35 XU 7~r BOGRR, MM X
DEBEZI LW T ERALEHRS L, B
D 9~G/{Ghuv's BIIE, BIRMG HRIE, L AKTO
FRE, BE LEREH LS, BE—HicRE
LLOLAESHhE, zoT il R B kX IE
EhBEHLF L CH S, Fig. 8.2, Fig. 8.3 %1%
RaE 9~G/{Glrures BIFEIRR (8.4) CREhBHH
ML L YMBCHBETL LY, Fig. 8.4 & Fig.
8.5 RABIETROI BWHLS OBD 7~G/{Glrmio-s
BA¢f: & Hardin and Drnevich (1972b) i fbd: 5~G/
Gumex WFHE ZRERTFo EhBERTH, 7~G/
{Glras HBVE 7~G/Gmaz BIGI, LR X b iliig
THELATRIWE MDD, LA »T, 9~G/
{Glr=1o-s BIRIL, K (B.4) XYV Ibic—@REBE L
<, KR TETC LATES,

D= Pmax@(X)  crerees i 8.5)
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0.5 T T T T T T T T T
Torsional Shear Tests, Toyoura Sand
04 N=10, 0y/0; =10 7
B
|03 - LEGEND From Average Curves of ]
<'|§ o tkg/em?) 6/{Gly e~ 7 ond 7~ 7,
—|& oAV B £
IINO_Z L. 0o l>] 0.25 o~0 _
& o a v} o5 | 2 2x10* AVERAGE" CURVE .
aopl¥ -y 5x3IO4
| eavw o-u Q7 4
ol = o eb} 1.0 o 2”0:
LI 4 b—b 5yl
e ¢ P'} 2.0
0.0 L 1 1 : ] 1] L ] ! |
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1.0
6/16l,, 56
Fig. 8.2 » versus G/{G}ra10-8 relationshi_p of Toyoura Sand (N=10)
0.5 T - T — . T — ‘ T T T T
Torsional - Shear Tests, Toyoura Sand
0.4 - o o 0a/0r=10 . ]
= - Average Curve for
'<|>0.3 - p:0.25~20ke/ertand N=10
._,5 , _ :
n
& 02 .
ol f 2iN=2 } . 2 .
o1 N=5 ‘p»I,Okg/cm‘
(From Fig5.2 and Fig.7.4)
0.0 ] 1 1 ! 1 1 ] 1} ]
0.0 0. 02 0.3 0.4 0.5 06 07 08 09 1.0
6 /1G)y. 58

Fig. 8.3 » versus G/{G};-10-s relationship of Toyoura Sand (N=2.5 and 10)

ZZC Btk G=0 CHOWEFIRK » OFAMHCHO
WHIT X YELL, X = G/{Ghens CH %, £ LT
2(X) 13 X OBIRT, BHOBHITI b bT—SEMIc
EELLOCHD, CHETOTF—2hbbhbXskc
G/{Glrer0s HHVIE G/Gmax DLLIZAES 7 DEALIL
FLERES > TOBDTC 9/9mu~G/H{G) a8 B 3
I 9/ 9max~G/Gmax [ ki, CHhBEDF— 2% T,
FRIES B HCHPROBURIC T ST B 2 & A
Fig. 8.2,8.3,8.5 » LEJBEECE B, Lkt
POERCHER MK e(X) AREZboLEL T

W EMbohbe ¥4, Fig. 8.2, 8.4, 8.5 mp, G=0
DEERHOhS Dmax Ofﬁliﬁ@@ﬁk’.l RS (o o)
ZEbbnhb,

EHiT, LR Monterey Sand No. 0° o t 5irx
ROEBHO Pmax Oflid, K 0. 074 mm LT oS
ZVLHNEATHBHD Jmax X D HERA S, &
BETH ORI 9~G/{Glraws IR &, fBOWREI X
YLD ORHE LA b DM Fig. 8.6 TH B,
Tk SR 52 0TI (24 Monterey
Sand No. 0 RHFLCHRALCHS) LEolho GAY
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+ A B % B &

0.5 T T T T T T T T T
Torsional Shear Tests , Air-Ory Ban-nosu Sands
04F ‘ LEGEND 8 -
) N=10, 0g/0, =10
o Bar-nosu Sand A (0.97)

p =10 kg/cm? s . 810.75)
=0l v ) c10.79) ]
& @ . 15(0.68)

wo | K . 18(0.74} |
& 0.2 > . 2110.73)
ol AVERAGE CURVE 4
0.0 ) L - 1 1 1 1 1 1 ]
: 00 0.1 02 03 0.4 05 06 0.7 08 0.9 10
[ /fG)f: 1w0e
Fiz. 8.4 7 versus G/{G};-1»~¢ relationship of Ban-nosu Sands (p=1.0 kg/cm?)
0.7 T T T T T T T T T
Tojoure Sind {From Fig.8.2)
06 |- ~——< Ban-nosu Sond {From Fig.8.4) . 1
LEGEND o Model-Test Sand {Air-Dry, €6:0.75)
& lrume Sond, (Air-Dry, 8p°0.58} p*10kg/em?
05 |- ; o~ Kinjo Sond  Ne.l.(Air-Dry,8p=0.75) | ° N=10 +
0a/0r= 10 )
e ¥ Kio Sond No2 (Air-Dry, €+0.95) D
. 4 ' Ohgi-Shima Sand (Air-Dry, €o=0.49},p=1.0
g=o »  Ohgi-Shima Sand {Air=Dry, €o=0.44), p=2.0
..]cl:' ¥ Monterey Sand No.O (Air-Ory, 8020.56),p=10
" ~~L S
& 03 aah + . p:0248) Clean Dry Sand
‘% p=0,515 N=100
e % p=0.895 Hordin ond Drnevich
0z {1972,b)
ol ' : 4
Torsional Shear Tests IENA,
. a x\s‘\i_ %y
0'0 - ! | ] 1 13 I i 1 1 N
00 0.1 0.2 0.3 04 05 06 07 08 08 10
G/ Gmar or G/{G]ﬁm‘e
Fig. 8.5 7 versus G/Guax or G/{G}rare—s. relationship of sands
EHTAESEERLCH S, CORKE, SH, i . Ymaz={28-1,5(log1cN) } /100 »seereunererers (8.8)
OFEEC L BROVREALZEARLTH 50 (FRLTCEfm) .

(i) Seed and Idriss (1970) HRKL7=BD G/
(Ghrewo-t~y BRE, 7~r BIfH DA G/{Ghraroe
~ 7 HiEE S

(ii) Hardin and Draevich (19720) A435E Uik
& (8.7, (2.8)) 1= N=10[E%CA LT Pmx B R
B, R (8.4) KRALTRDIHE

Prrax=={33— L, 5 (1og1oN) } /100 «eorevensaerens 8-7)
(F R isHEtRm)

(iii) - Sherif and Ishibashi (1976), Sherif, Ishibashi,
and Gaddah (1977) #3i87:-Ezik Ottawa IHoORAWE
BREERBEFHOLBRRA OROLEMBTIO5 D,
BAMBEBEED O 2tk e B3 5 HBRRARD
HEHTRLCHSD, BEREHOHBRIL AR TS
%o '

,7=33‘ 95(5.86—1)) rn.: ............. sevensasane (8_ g) .
Ty, RN A(BERTRIEY), p i kg/em? B
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0.5 T T T T

Hordin ond Drnevich (1972 b), Clean Dry Sond, N< 10
Hardin' ond Draevich (1972b), Clean Soturoted: Sond. 'N=10
C Average Curve for Toyoura Sand, N=10, from Fig. 8.2

~. ’

{Average Curve for All Sands Other than

0.4 f f —~—
From Seed and Idnss (i970)

Clean Sards, N=10, from Flig. 8.5

Sherif, Ishiboshi ond Gaddah =
/_(1977) Dry Ottawa Sand, N=2

f2ThH %o Fig. 8.6 DAGT p=1.0kg/cm? 1B+ %
boT, CAMAHEROVTAKEL LR E.9) 25
RDIHOTCHBo CORTENT, TREHBRSH
T B 9~G/Gumax (72X G/{G)rurot) BIFAF 31l
B O DHIE Sherif, Ishibashi, and Gaddah (1978)
DL OEHTIE, PIWLOLE X Bo 72 G/Gaue
(12 G/{Glr=1o®) 2 1.0 H B V0D & T Hic
Sherif, Ishibashi, and Gaddah (1978) o y D it
LDEFHLVERRLID, ZOfigki A fbD 55

\ LTI —IOkg/cm
o.o ] ] i 1 L L 1 1
0.0 ol 02 o,a " 04 05 06 07 08 09 ]
G/Gmo! or G/fG]r IO
Fig. 8.6 Compérison among y versus G/G,,_u or G/{G}r.,ms relal’lOnShlpS
02 § T - I. T T LI T T - T T
, ) max. value
Torsional Shear Tests
Toyoura  Sand
B | G/0=10,N=10
g 6.' - . | o . 7
© G _=‘277'G
- (217-8)? .
{G}mogn Tl _
IG p .kg/cm ) 0.25
O.t) 0 L. 1 Il : 1 1 ] R -‘ R
15° 2 5 it o2 5 03 2 "5 02

Single Amplitude Shear Strain 7
Fig. 9.1 G'/[G}re10- versus 7 relationship of Toyoura Sand

OV TR B LARIE O Bh i o gz tho
HCL MM, e Seed and Idriss (1970) oilige
ETHOBACHE LT B I, Fheieh) (@
iigh, Monterey No. 0 g, Hardin and Drnevich (1972
b) BECRE) MO ERBOTE iR CKAD

" Sherif, Ishibashibashi, and Gaddah (1977) % B\ vi- 5
DOBOHEOTUIE L 2TV B 2 LMD, &

DL b —EOHROBD g OFHli D
Bicdicid, Fig 8.6 kW HBCR UKD O N
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BEERGCIND S, s &2 T G/{Glrmes Offf
;bh(éﬁi:fgzuﬂ?. Z offit Fig. 5.10 ol fv T
(G/{Glrerrslp=1(r)  p™' (N I HRBB Z LM CE B,

8. BEBOEARK

BOFEEWIEH~DTHBEL, KRS &
51T, WEHEEH~0FRMEIC E pRRTH L 22
TEB, o :

7={CG+iCG'}y (F=a/ L) vieemsinnnes 9.1)
TTC L PREREREREAMIGS, HREAL
% G & G REAMEER, RAFHTHE,
BEEH 712G, G 2RO LD MFEN 55, .

1AW _ ¢ .

=3z W26
G B 1A 2 LM DB E R =R X —
CREBELTEY, ROX5#HIMS, o

G=L AW i, '9.3) .

e

G oW EETNBHER (6.5) L& 0.2) 5,
G/ {G}r=10-6=2G*9/{G}ro10-5
=27z,;,x.g(x) o X dessnneeniionns (9, 4)
G/{Glraws OWEAEX Fig. 9.1 RRLEM, h
L b, BABOTRER =107 251109 ~HiMis
DR, G/{Ghr-ws IBIBI 1 DI I B YK
HmL, r=5% 10“~19-§ CEAEERL, TORMRD

LCh BT Edtbbo X I G/ {Ghawe BRANE

7‘1%1‘&Mﬂ?vﬂ‘&#ﬁﬁétt#@iﬁim&ébm#w T
#, G'/{Glrar-s DIRHIRER X YBFLZT ez

LB Do Jax & EX) BHRELENTHBEE

A 9.4 1B G/{Clra0-s DEAETEOK B
B ERBL o EMNTE B, LMo, Fig
©.1) 1 Jmen, () FHREL HHFTHS = & &
RLTWBE Litins, ANEHEN G & RIHEH
PIRENER PN O TRFILCW BT, C'=
267 RRDLSRHEIND,

R E

Gra= L(r) p™n i (9.5)
oo L) e RABOTRIRE r oBHTH %,
TnrK 0.8), RO 76
AW =gzt (7) prHO A cieiancansensinens et (9, 6)
HPORDL VWP T B LERICHF 5 <E m() +
n(ryk Fig. 9.2 1R U, A4 B O F 2451 7 2
107 B 1077 WIS Bic ey, m(p)+n() 3 =
1070~107¢ CHLRIE 0.1 TH B 2%, r=5%10° Tz
0.8 ICHIM LTV 508t Bo LicsioT, m(r)+n
() DEEABTCTEIE 7 25102 Yk e v iE
L0 KB T ERTFASRB, LinL, 1 28107 LT
o, m(r)+n(r) WHEERADEV, cozkizk O.
6) KREh3 Lo 7 OHBH—EMEH LTIk, BH
=i ¥ — AW LRRE b RRBERT e LER
BRLTW B0 m(r) +n(y) =0 DRAER: Fig. 9.3 KIRL
THdE5, FEREOPHORH TH 50 — )
m{r) ¥a(r) =10 iz Fig. 9.3 wR¥+ L 5 =2
| AW BERE p AT B T R Bk LT,
roloYEORHHEEMEEOLOTHE, T
b BREZESCAE RO RRIETE, Aifei
HHELTEBE S, LichtaT m)4n() 2, 24
O FABRORMEH L AL 01ECEI S 1.0
KERA ML T & &l BORILSEREEN RO
L0nh, BIEEMEEOYORELDT EXFRLT
WBEEL XS, ‘
10 BORREKICHT IELD.
iR RRBRB EPER U YRBRBEA V€, 3L
DORERIERRNCRY, ThcPBrRIETER
WOLWTHENR T, & DRER, ROZEH &b & oo
Yo :
0 DOMBERICYELRETERL LT, AL
CTRIENE HHE, R LEEAFRTH Do
(i) PotEEOEW L aBEL, MLk i
el .

Lo T T T T

Toyoura Sand

{0a/0r=10)
s [ IJ|=(ll’llll
e G'=26"
T o5t 7 B
= .
2 Torsionol
Sheac Tests
Rescont-Column Tests
! — : L ' ' L f
s 2 5 w0t 2 5 32 5 6t

Single Amplitude Shear Siroin 7
Fig 9.2 «(y)+4(y) versus y relationship of Toyoura Sand
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i
] %
5= e e
% G
. 5,
bt £
= 7 Y
sz=AW||
A1
&
—1-T2 T
in fhe case of in the case of
miyt+nly)=0 mm-nm 10

neln
W= ——I<A\V‘

Fig. 9.3 Ménings of m(y)+n(r)

Gtl) MRk, BERE #;&&Lf’ﬁﬂﬁ%oﬁ«@lﬁ!'ﬁ‘s’ ‘

}‘_lj\g\, »

i) uﬂamﬁﬁ%*%%t L) WEEHy &, G/
{Glreto-t (2 b> 12 G/Gmex) & OROMF A2 5 H
o Z ORI R, WHUE RABOTRIRERC
X DR EZIPowA, SRR LIREE & pofigic X
b, BHFHEEYE T 5T Etbhote G/{Ghant O
fERR T » TV hid, EEOHRDOELRIL y Ofil
AT CHARIE LicZ W W 0. 9~G/
{G}r=10-s BYRD KL R LTV % Fig. 8.6 D%
FIWTHETH LR TE B,

. HREERES S TERVRBOE

&ﬁﬁ%ﬁ&éﬁﬁﬁﬁ

1) HAROER
R OB X = € BoNFIERGBORED S
CIREBEOZTRELLT, DOoNmEE TR

B, EOEEREC PSSR LARE S hT v

%o 0da(1972a) 13, 4 OHECEH LR h ki
DRBRBE T OB MEERBYEE L, B
DI T2 s X O DR O PIEREER AL, TR

BRI X DEERMERTT B L, SHRETEA

e HER S T PR L ikB s, KT ERIC R
+% X VEEFROESCHTIRENKE BT L
FHHDTHB, FHIT Oda (1972b) 12, zhiDlt
RikfrRE DR e X BBHOHEMEE BB

HIEEDOBVIE STV AT ERRLTWE, DT
&3, Arthur and Menzies (1972) K X > ChH MDD
ATV Do mde B BORRBEHORAY (inherent
anisotropy) &PRHER TV Bo

LHAHY OPFFESEFCi Ladd  (1974) (HREI=H
REfTu, BERFESI o 15T X H BIEAE © BE
LEREEAREME R ECFRTHEREND B R T W
%, Mulilis;, Chan, and Seed (1975), Silver, et al.
(1976), Silver and Park (1976) &'t ic Ladd (1976) %
COBALEEE LTV B, ZhbOFIRIEL »>T,
{EDBHSDOPRAIC BLT, BEDD HIER LI
RI07H, ERRECEM LB E ), 2 hk
e HE LIRhA R A MHER R R L, EDBIRBKT
10% khET2z eAHbIR S, ZhbORR
RV BE, Ehusiel, 74 LT O #H4 ¥ 84
CBl, BEANOLVBRETHD,
{1, Tshihara, Tatsuoka, and Yasuda (1975)%,
BLOBE U T 5 BNMLBERBOX 1 F 2 Y
o~k L LB RS A B T ERIR LT B Tk
bb, BRHEANRSOR L & BARBCHEAL
ESRMPL, SEHEKRBOBBAESRAE AT X
B EEEOBE, BB LK RAMICH LTS viE
HUbbicteho FF « HE (1973) . BAORAICE
W, RS ORI E Lo bBERRE TR LD
FRRE LA T B L 2R L, BIE « H(1973),
BEEBE (1978) dEhhBs Iver rBERolk
R, BETRECR UBECERERRECH B H%
RIET D LEE LIRERR A MR LT X bR
R LEENID T B, BNEEOEH OV T,

*"Mulilis, Mori, Seed, and Chan (1977) & X 28{5eHbH

b, BHEBCE ->Tor VEW, hiihe bici
B LI AR A E { feB o L A » T

. B, Finn, Bransby, and Pickering (1970) %, k&g

BABOTHBRBEE T 5 & Eh\ KD OME LK
-ﬁ:mﬁfﬁl&m Wi DPPT D EEFEND TS, &
NESRHEORTEORBEC L3 LD Bo TR
¥ UCHE (1968) 2, DETRABOTREEL B
O LIEHEK EAMBE M BB - EER LT
% L . L

BB LBHRIC & - C, BEEOBIMEOTHEES 5

A 7 & vy - BERBORRIEES LUEIEUIR 0T
- LB LCEIECH 5 L AN LA Bhichi T

$%, {7, Affi and Richart (1978) 43, SR+
R & T, Dso>0.04mm OXES {234 /i
BB DR AWETS T AERH B8 S hig b, 1§

R TR, GBEMIL X Y BDO-TAMETZ R ORI A

BRBT &, bz OHMLEREOE IS b
DeRil, BEBRELTOLOLESL LOTHBE
ERFRUTV 5o FK, De>0.04mm OELLD
BERBRDOTANEIL RYERC L - TR
Shih o EXBIBME LT3, {8, Dso>0,04mm

(29)
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OREY SO L CIL AT AR OB B B 47 H:
G A3, ThERFEELLAE RSV
MLT\ 5, Anderson and Woods (1977) i3, s b
Hhidkds LOHED 7<107 12505 3 R ARZIHRSO
Zag stk ofiE ol ﬂim%#&ﬁﬁ'c% b, BT
FRTOZ OBEN L VIFETH S~ L LRI Tl
Do
EBUADIGHEAE Table 1L 1 0% L%, 2%
Dby POWE LIIEREE. BO0TX R sy
SEABEHER L D, Whn KERCEEIh
FTOLERRL T D, FRsbiRIECHRE LEAR S
ZIIBEOERCEDE, on VERDR BT

B BIUBMBEERCYELRIFTEEL LD R0
BENENFEL TV B EMbh b, Lictiat,
% OYARAHIFHEL, BEELO T2 ER b 584
BB ER & REFN RIS T BRI ST B LB
RbBo C OYREFIEOBELI B, LT 50
i BABO%®RT -5 2HATABACSRTY, &
e BHEOTE b b ik R HErT A B A bHA
e b MTFICR TR, R & ok
FRUIRREEACT, FRCEBICOWTHRE L
LDTHB, TRERORBRTHIN Lttt 18
DHETHEE L LD TH D, SEOREIERIC L T
B BOBIE LR O T eo S hu OB ANIY

Teble 11.1 . Factors relating to structures of sands which can affect

dynamic properties of sands

© Specimen Preparation 0 Ioherent Anisotropy © HNumber of Interparticle
o Shear Strain History o Stress System Induced Contact
o Over Consolidstion ::> Anigorropy <::'> e. Grain Orientation
o Long Time Consolidation o ?{eterngﬂneity o In:erpaulcle Orientation
o Dilatancy Performance o Interparticle Stress
© Others : Distribution
© Others
B © Volid Distribution within
Specimens
© Others
N ,
O
. o Cyclic Undrafded Stressth
- T o ‘Rigidity at Cyclic Drained Shearing
Dynamic Frepexties N
- © Damping at Cyclic Drained Shearing
o Others
" Resestches Relatifg to Above Factors B T T
Ladd (1974) Clesn Sands © Different spectmen prsparations cah vary'eyelsc .| *

Moldlis et al (1975)
“silver end Park (1975)
Silver et al {1976)
Ladd (1976) *

S1lty Sands

undrained @trength,

Clean Sands
Silty Sands

Ishihara et al (1973)
Ishihara (1978)

B Overconsolidation hiu‘tcrles 1ncréaae c}clic

undrained strength, : i~

large -heu" st‘rllr‘l histories de}:reuse cyelie

Tatsuoka and Yoshivara (1973)

Clean Sands
Silty Sands

AfIfL and Richart (1973)

Finn, Bransby and Clean Sand
Pickering (1970) undralned atrength.
Clean Sand - ' Small sheui- uu’ln histories can inerease eyelic

undrained strength,

Overconsolidation histories and long time
consolidation do not increase significantly
shear modulus at shear strain level of 10-% or
leas. ’

a silty clay

Anderaon and Weods (1977)
: and a fat clay

The compaction method influsnces the shear modules
st y<io~8 noticeably, and the effects seen to be
more significaat at lower pressure level,

(30)
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L BEER, ARRTEA LRk 2 W T
¥ ISR A R s b AT ARl
[2): 7 155 -0 AR 7 S

2 2BH%

PF R OsR etk o PR 13 5 S28 Gl Bl
B fvice ¥ 0Bk, Gs=2.64 Dp=0.12
mm, Ds=0,162mm, Uc=1.46, 74 g4 LA FOMKIN &
HHL 0% W, WEFR (FR W (1972) ik
B ema, ewn b ThZh 0.96, 0.64 T, HFHRE
fo o T Do = & CHEA LicdeiRk LR (A
T 2 BED 1, MEICRELLET -xEE50K
Wi RBE doRBRE 158 LiBlodoThd
% X OEERE—CH%, Bhoto 11-1 1%, = ®2%
%ﬁ&&%@?ﬂszﬁﬂxm& s T OMRELHRR
B iR LBk, 53 10com, & 7cm orhggh
m%fbao¥;7e10£@ﬁﬁﬁbuom9m—
cm-sec?, (FAERY, MM 3x10! radian i\ T
95 kg-cm-sec? T AHMERMADA X ¥ L ICITRENR
A LEETEL0THS (fHE A B BM), kX
LHERBB TR, flie0fE ol LRy, T
g7 0,2 kg/om? ORRECHE L, AW U2
G 7 =10"~10" s\ T, WL OMDRARTO T
IRIBIC 31 B IR EE WE T 5o %ﬁﬁiﬁ!@;_ ki
B RO oW TRCHERIRBTRERL
t2o HUHE 0.2 kg/em? K dsV B MESFHA L, IR
¥ 0.5 kg/em? w b, EROWELEET, HRE
1.0, 2.0, 4.0kg/em® ©3f LT HRABEOBHERIT VY
H#HEE 0.2, 0.5, 1.0, 2.0, 4.0kg/em® &H$5EA
W L S ABOTRIRE 1 OMEND, & AW

photo f1.1 New Resonant-Column Apparatus

CFRI 7=107, 1075, 10 ksl B¢ ABIBH R
SOy HAIR b LB ORIV o
FABTOTRIRE r>107 w3 A R AR R &
BERFFIE, F2a LY MG X hRot, #3R
PP E 10 em, AHE10 cm, IR 6em T, P
T OBBEHIE p=1. Okg/cm? CHEFEEL, M
BB Z fods s 7o, BEOH 1 BEELT 2
AETOFRIRES 7 =510 BEO L ZHib, BE
LB AT T HEK IR CL0EIRTS - 5o 2B T
1%, 851 BECE Lt A0 TRRAOBRED A
HOF2ALEL B X 5 RE LEAG LML, 2h
BPREATET 5 £ THRET, 512 BN ErsE 3
%lﬁﬁoﬁﬁbﬂfk%ﬂbrﬁ O3 B dhR ik
ABMOHOVDFARROEMACK EHRIEZREL
MR RE LEM OMEE S fo o Eitb -

VW, LEMRST] FhEROMREMIc KT 3E 20

B & #1106 B o1~ TR BB b ' ABEBHE
B ERB R R, R ZUHER U O HRR L
Lt hPhoRRICE L TTf ey AL

(3) HEpERE

Mulilis, et al (1975) %5 XUt Ladd (1976) 1%, Bo#
3B LSRR BIEIE S LT SR A TERIRr o Aok JE & BREUE
(el B RIS UBB E LML T %o LT
woT, FFRTEREhEROUBMEIEREEL T
Pt R PEBIBR I AT 2 B LA T R, AEF2LHO(FREY
$RR1 L7 (Fig. 111 % 1 0% Table 11.2, 11.3 2f),
Bk e - PG CROBIBRIB L LTRSS B
§H, fUfe 3 ERIRE L. BSERotEGOBAKR
15, BRERDERO 230 ETE- L VR RE
1o 123k~ AR (pluviation method) ¢ b, i
+2B0HLH 50 g/min THB X 5 i Evitinkd
Dk z%mmfﬁﬁw&%—»FWKE<ta>15
%oﬁmnoﬁﬁu%—»PW®$ﬁlDF§1%m&
L, H‘Jfak¢§'l&b$maﬁ:v%0 &Lt b y—

i BEBERAT - TE-vEACEY, D&ﬁk‘

DHBCHBED BIETH B WRBDOBELR, &
¥, BRUK T Lic e -4 FARRA 7 — v Ty
¥R, fieoHECHSEDDE L L i, BED
m%Amm.ﬂaﬁ%&&oﬁﬂfﬁsi&moﬁ&ﬁ
WwABEIE, KOs ERAOHED L ThLTHIDED
o

(i) Ak (tapping methed) .
BREIR RO MEAREO R 2V TRV, B
AT v CSRICAY TR, 4RIKo%, KHT0@E
M TREDED Ba

(ii) & v-i—i (tamping method)

ebiete, B8 BRREDOURAC SVTE ok

(31)
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gSpwn

Spooning Meihod
on Sotusoled Samples

Tamping Rod
£=3.6¢m
tor 0emH «
Tem D Mol

and
9=1.8em
for 10tmH x

Vibrator

Vibsalion ‘Method

on Air-0ry Somples
0sd Selurated Samples
{Frequency of Vibration
is around. 120 Hz )

10¢m 0.0,x ¢m 10, Hold

Tomping Method

on Air-Dry Somples,
Moist Somples ond
Saturaled Somples

Topping Method

on Air-Dey Samples
and Soturated Semples

Pluviation Method
on Air-Dry Somples

Rodding Method

on Air-Dry Samples.
" Moist Semples and
Soturaled Somples

Fig.'11.11.. Sample preparation methods adopted in this investigation

BRSESHEE LTRAI LT, BEA7 -V C5 B
B CEE, £, & va—C, BRposa0
B BERCHTDOHE10, 20, 0ECRIBED 5,
8 4 DGR LI 5 EMBb oMb Enftly Fig. 11
2R3, Table 1.2, 1L3 R LI- L 5, EEPOM
AR IO BANRIRA Like & ¥ — DB
HOBEER, JHREEERE PRHSRE 10em, HE
Tem) Tk 3.5cm, e U ha\Es (BERfrs® 10em,
HAE10em, HER6cm) Tk L8emChH B, & vri—
O&HRIL 1.8 kg, MEOMM3. 0.7 kg, MEOET
P& 10em Th5,

Gii) H22&% (rodding method (1))

ERD, BiEP ARPCHLT, #AL AS-v
THE 5 BRST AN 4R EEE 0.6 cm DF
2. & 100 EH%IEL,

(iv) #i2&¥: (rodding method (II))

R, B, AN LTRAL AY-vT

(32

T b AT TAR, &RicoF, FfE 0. 15m o
ik h, 00 EHErEL, .

(v) {EEjE: (vibration method) .

D, BRBRMLTURAL A7 -vTeBE5R
A CAR £BCo&, R 120Hz o/pRiR
BB 1M1 FITBLATHE Lic k iR
Bo OO, BRKETRANRRICEL
B TREBLTT 5> HBEBELHEB TR { 2hog
BPOWRREOER,» SERAPRAT AR BEH S ¢
oo Ein W ohofRIEREY RO 2 Do ER
BRI Lico % @ — 211, FEFiEk () unsaturation
method(I)) G, WERGOERND, RV HERAEd
ANTHFEAME TS LD THD, b 5—obk, Tk
(ID) (unsaturation method (II)) ¢, HLEREDLER»H
HECHIILTHERNET5L0CH Do ¥, BER
JBTx vz & b ERL UK BEBREOV { bR
Rz EGAMA RIS S0, ZORSHER L, P LT

)

N e b s e i e
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Tehle 11.2 Samplé preparation methods adopted for resonanant-column tests

Test . Msthod of Water Hater Void Ratio| Kater Content | Degree of Synbols
. Sszple Pre- Coatafning Concaining at at Saturation in Notes
Ho, paration Condition at| Condition at| at Sheari Figs. ;
' Compaction shearing e v (3) s' (1)
RL Dry=Tazping ! . Twenty Tampings
i 0.8 - ° for Each of
i 0.62 \ive Loyers |
-Tappin
W | TR 0.0 : a
Alr-Dry Atr-br 0.13 0.5
R& Dry-Pluviation 4 0.72 . n
RS Dey-Rodding I 0.68 o Pt
- R6 | . Dry-Rodéing I . 0.67 v ~g;”°'
&7 | ' Saturated-Tacping 0.63 26,7 e Twenty Tazpingy
for Each of
RE ] 0.68 25.8 Five Layers
b————1 Saturated-Tapping A
RS Ssturated Saturated 0.68 25.8 00,0 } ]
R10 Saturated-Roddingl 0.61 23.1 Py Réo.SeH T k
R11 | Saturated-Roddingl 0.61 23.1 —"' :od C ?
) R1z | Saturated-Vibraeton 0.60 23.1 - ;
: R13 5.74 5.1 18.2 :
RI4 0.32 0.3 37.8
RS 0.74 18.3 85.3 - Tventy"tux;hs't 3
. for Each o :
e . 070 13.1 49.4 . @ | Five Layers :
3%} 0.7 13.6 35.9 0 . :
-——— tofst-Temping k
rs 0.14 1.6 41.4. K
Hoist T ?
: o Hotst 074 15.6 55.7 . . |Ten Tazptogs
. ; <1 |for rachiof
R20 | : ) 0.75 22,1 LLEL IR ‘G) .| Five Layers
" RE1 ) e . 0.9 . | %4 . 31.4 10
‘ o2 . . 0.76 6.1 2.2 L
23 | Hotat- Eoddingl e XY 25.3 ® 20,0
; : * 30.15@
: B2 | © Hotst-Roddingl 0.98 6.8 19.2 v | LP=
—Famp 2
: R25 | Loy teaping and 0.56 2.4 85,8 o :
] . N
' R26 | DE¥-Tepping and 0.69 22.3 85.4 - |Motatenes by i
. . - - D Hosst - Plowing Water i
: 27 | peyr - Ate-Dry g 0.72 11,8 43.3 g, |toto sample i
i R2f | Holstenicg i 0.83 25.6 78,6 e
1 R29 d-Tamping and 0,64 9.8 40.4 . ¢ . i
Rip [UasaturationT i X 0.72 13.6 49,9 Unsaturated by
Flowing Alr
R31 |sarurared-Tapping and 0.66 12.8 51.2 . # 1nto Sazple
02 saturationT . . ) 0.64 13.3 54.9 :
saturated )
R3} Saturated-Tazping an: . Holst .66 2.5 0.0 l .¢.
. l"““““‘““ ! . 082 228 a0 | [Unsaturated by
. LK . - king Water
135 saturated-Tapping and 0.65 20.7 - [T fron Sazple
T passturationt, ‘ 0.68 2. 9.0 ¥ _
. Holst-Tazping, Hoist Ssturated by
R37 || Freeaing and (w=15.02) Saturated 0.72 213 100.0 g |rlowing Vater
Saturation iato Semple

(33)
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Teble 11.3 Sample .preparation methods for torsional shear tests
n volst . Moist . e ) Degrec of Symbols in
p Test Method of " Condition Condition Z:igt::?:f . wuer‘_‘lgo"te“t Saturation Figs. Note *
No. Sample Preparation | . at- 1 at-...- 5 : at Shearing,
Compaction | Shearing Shearing, e |Shearing, w (Z) e (%)
~ | Dry-Tappt : 0.68, 0.72 — Twasalki
ry-Tapping Atr-Dry Adx-Dry J i 0.13 0.5 Tatauoka -
- Dry-Pluviating 0.73, 0.81 . —_ and Taksgl
- Saturated-Speoning sate : 0.67,0.73,0.75/25.4,27.7,28.4 [ (1978)
. B rat : .
- Saturated-Tapping Aeure E‘, | Sarurated ~0.62° - - 23.5 - 100.0 — )
T-1 - g.71 o Number of
- . . Tanmping for
T2 | oTenping 0.68 4 Each of Five
-3 . 0.67 -] Layers, Np=40 i
=4 DU Mr-Dry” | Ale-Dey.- [ - g.67 - - | 0.3 .05 v .
-5 Dry-Rodding T 0.69 £ Rod; 0.6¢cmp #*
—~ T-6 Dry-Rodding IX ’ 0.68 o Rod; 0.15cmé k-]
@ -7 Dry-Vibration R S ol 0466 - o ] : - - o
~ T-8 . 0.62" | "23.5 © B¢ = 10
-9 Satuxated-Tamping ~ T0.59 22.3 A 40 s
¥t = .
T-10 - . | 0.65 24.8 100.0 u #
T-11 | Ssaturated-Rodding I 0.59 22.3 ) . Rod; 0.6cmp ™
T-12 Saturated=-Rodding II 0.71 26.5 - Rod; 0.15cmgd
T-13 | Snturated-Vibration ) 0.60 22.9 $
T=14 0.65 12.5 51.6 ° Ne = 40
T=15 T . 0.82 : 12.5 40.2 @ “Neg = 10 -
T-16 . .76 B 17.3 » )
Moist-Tamping - Moist Moist 9.7 5:0
1-17 0.81 10.0 .. 32.5 . L :
18 . . . ) 15.0 . 54.0 a Ne = 40
; T-19 N 0.74 20.0 71.7 v .
T~20 Moist~Tamping . : : o - 0.75 28,5 - : +. Saturated by
i Tar| Freestns ang ?ﬁi; 7 0.74 28.2 +100.0 Ne"20: Flowing Water
T Saturating " e BT : . - X into Sample
¢ ) i -
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Degree of Sulurahon Sr (% o

l

1

|
5 1 O\
] 1 . A don
3 i~ \ \ o
- [ Ax \ e
< 20~!'|—‘XT/X \ \ \ -Joss &
=15k
= 1 i L g \ =
] 1 1 Afa\ 2
& |0~54_-A——\’f AT \\ Jow =
T 0 At yA7 1
- Lol e \ e

A 1

{0 XA [0cnHxTomD Mold

Number of LY thcm H x 10emOD. x 6¢m 10 Mo'd

- Tamping | \ \ ;
5 ] 15 20 25 30
Waler Conlent w [%]

Fig. 11.2 Compaction property of Toyoura Eand

~0.2 kgfem® OFEL M C MBS Rl JRAL
BRG T 0.2 kg/om® OHFE, FERTIRBTIZ

1 ke/em! ORAVET MR SRR, HEUBESI DI

M ky AhBRIS g, chboitkosBis .
iz, Teble 112, 113 E LD THSo

(4] HEELHRRIC LB EAFTRER

Fig. 1.3 1 SIRETERBSC L hROLEND

DEABEHBET, EABOTEN r=10 105, )
10~ DR DB O} L‘C?ﬁJﬂ'EE?r p=0.2~4.0 kg/cm‘

CEL SRS DTH B EOEMDT I THRER TS
b & 7 ORI ST 3 ERBINED D2 LB R
i T CCHA L BE IR X o TRIBEAZE
BEERRGC N Las L. BIES L URAME
ﬁ@oﬁhﬁﬁﬁﬁ&n,%MW@%&M%&%&&D
FRINET L8 Fig. 14 hisbhbo & DEIHR
FE p=0.5, 1.0,:2.0 ke/cm* CHTDLOTHY, KB
*ow@ﬁoaaow@%muw<t&wmbmgbﬁ

ﬂm%ﬁ%@lﬁﬂﬂa+afwbtq/@” —e)’
BT L > TH B, 410925@& &ﬁﬁ:, Fhth,

%m@o%hmzﬂﬁ&ovmanziiﬂbﬁ_rwL

Lnﬁ%&abbtﬁ&uosc/ﬂiﬂJi-oﬁj
BHLTV D, Thib X b RMBoRAMAT S -

FIEE Se HHIANTB & RPBSTBH BHOEAL #
EDS, B R, 4R, TERORSISEOS.
VB EFEHL S LU X DR LA LBEER
iz Lok, feds, oG LLEORANER
FE0L, Bk (BAVIREER) RETRRT20TH
B LRETERL,

(5) thZeRlYRBICL B HEAMEREN
A4 OfEEi X B U OREAL VRRIRI X v
skabfc p=1. Okg/em?® Ik % ¥ A BT GG offic
D, B LA N=2 Bliz®id s b o Fig. 11.5
N=10[ic ) 5 $ 0% Fig. 11.6 LT, FElHY:
T xﬁﬂ%b?ﬂ?ﬂﬁ%ﬁﬁG&
G* @n 2. 1:_—@)’ Lovivreerases aLn

TE’# Lf_ G/G* mmm 2 ThbHa

. ;{,(lll Dig, bedbe ‘Hardin and Richart (1963) 533,
WHFA % Ottawa e fIVT, r=107RHLT
BlEBATHD, G* 'C?’D!J GrElaow Eho
W & LD P oﬂﬂjoﬁﬁﬁ‘émﬁ*ifatwe
HBo EifHl Blc'ruo;i&;xum&*ﬁm: Table 11.3
ki B RO 4 BICR LT B E & 0 IFE Lictk

B ORAMEH IR OTHERL, EOF -2 DT

v gEeE L5 (Fig. 4-32R).

COWE» BT Y ¥ikH D OD, HEA LIRS
KX DB LRBEANERBERIL & AN O3 S IRE
7=5x10~10"? OEEFC BT, & THRA LIt

B OERIE L AT L & #h i bo w
N | R AT BE T IR S DRERE~S
HBHN=10ERB\VTHE LA B ER H#CE
- (2.17—€)% o [ (2.17—e)? -

2l —cehu_G/——-—He LS olEHE

Fig. 1.7 £ 7 u » b Lo TOEMD, Higb o4,

AR, ORI Se oiimic X H LeMST B b

oD, S ZEBREBFRTLC LMl Be Db
D= L bR & e U Y BT b,

BAMOFARFUR r=10"5~10"2 s\, BMPOE
AR C OB BV CRA LBl X Y
BEALEEYFI W0 LA B, SHiT, SR

(35)
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20001~ Resonant - Column Tests oo
e Ag
Y=10"° e
1000 - Onm" 7
o
u]
500} 39/' .
s
300 i
_ 2000F ' l 7
g Y=10"° o —&
"o 1000 e 1
E &
) | A
> 500 [ 3::/. ' -
éi 300 s 3 ‘
S\ oo Air-Dry Toyoura Sand
> 0a/0r=1.0 ~ §
; o
1000 - Y= 10 4. D%/.%ll i
500 - :§%/ | 8
£
a
~ .
L. eE 5
200 o Tapping (0.62) * Pluviating (0.67) -
o -« (070} = Rodding 110.68)
160 A Tumlping(_0.67) [ A F'iodding'lll (0.67)
o1 02 0.5 1 2 5

4 Kk ¥ O% OB o8&

I I ! T

p: % (Oa + 207 )(kg /en?)

Fig. 11.3 Shear modulus of air-dry Toyoura Sand by resonant-column tests
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2000

2
e (kg fem?)

e

(247
I+

G/

Tof (2.17-¢ /U1 +e)
1000+ 0

! 20 10 20 =
-m*-[& *5 s **_,;,

500} ~=——
\—08 Borl2.17 -8 12211 +e)

T T T T

(c)l)':IQ,

20 10
_%%q, EN N A .

_____—-5)50-20—‘?-_____'9_'41..__%’-
@ r=10"°,

—00 o lO—m {ﬁ_ — o
& _B® |092,-_ ______ u..q,.—..6 -

o2 9 20

(g) 7-10 ,4 p=0.5 kg /cm?

p=05 kg /cmzI

=0.5 kg /cmz_

200 L 1
2000 T T T T T - T T T T T T T T T T T T T
1000 -_Agg 10 20 ﬁzu |0 20 S—an-] [ @ 10 20, 20 10 2@? o “ 20 200 20 o l
B ﬂa% L R ) '02,;%01_%&— %—¢:‘Q’& TR a0 0., _%4\ 0 ,.‘:'?<> {5.:‘_
T W r=10% perokgmt ][ 1 U 1
~ P PELOUKG fom e) Y=10" p= 2 Th) r=10% p=10kg /ocnd
See Table||-2for-Legend (e) 7=10°" » ]‘0_ kg'/,c’" thl ¥ - PELUN
200 1 1 L 1 1 Il [ L T s 1 1 I L i I 1 L Il
2000— T T —— T T T T — T T T T T T T
= .,v. 3-"*?:20-?—20—’-’&‘*—‘-- —— %0 B o2 g_ 20, x 200 0 o .
1000}~ B % __'mfv___&_ ___,______102_0%; [ Sim—E w % s Y X A goxe
s001 1+ g .
o -5 . -
() y=10°, p=2.0 kg /om? (1) =10, p=2.0 ke /et (i) 7=10% p=20kg /cm?
200 IO 2‘0 4‘0 5’0. 8‘0 IOIO (I) . 2‘0 - ‘410 s G‘D - -‘ GIO lO‘D é 2'0 4'0 G'O B;) ll;o
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Fig. 11.4 Shear modulus and saturation degree relationship of Toyoura Sand by resonant-column test
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Fig. II 5 Shear modulus of 'I‘oyoum Sand at N-—2 by torsxonal shear tests
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Fig. 11.6 Shear modulus of Toyoura Sand at N=10 by torsmnal shear test
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A Study on Earthquak'e Resistant Design for Reinforced
Concrete Bridge Piers of Single-Column Type

by Minoru Ohta

Synopsis: .
This study was intended to 1mprove the current. practice of earthquake resistant design for
reinforced concrete bridge piers of single column type.
. The basic charactensncs of piers, such as load-deformational responses, ductilities and energy-
absorbing capacities, during earthquakes were investigated through elasto- plastlc analyses of
typxcal hlghway bridge piers with the height not more than 20 meters, and . through high-
intensity cyclic loading tests on specimens with 40 x80 c¢m column section and 165 ¢cm height,
Furthermore, the safety of anchorages a_nd lap joints of longitudinal reinforcing bars under
high-intensity eyclic loadings was investigated experimentally.
On the basis of those analytical and experimental studies, an improved method of earthquake
resistant desxgh for bridge piers was summensed In this proposed method a process for the exa-
mination of ductility as well as the exammatlon of stresses, a process for exammmg the ultimate
strength, and some improvements in details of reinforcement are mcluded
Key words (Reinforced concrete pier, Earthquake resisistant design, Structural characteristics,
Ductility, Anchorage of reinforcing bar, Lap joint of reinforcing bar)
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