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Studies on Censolidation Characteristics of Cohesive Seil under Repeated Loads

Jiro Saito
Kunioki Hirama

Abstract

There are many problems in analyses and applications of consolidation characteristics of cohesive
soil under repeated loads. These consolidation phenomena are though to happen in road subgrades
and railway bases subjected to traffic loads, ground subjected to cyclic stresses such as under oil tanks
and docks, and clay layers subjected to fluctuations in ground water levels. Usually, these repeated
loads have been handled to substitute for static stress. However, it is believed these consolidation

settlements of ground due to repeated stresses is different from static phenomena and it is necessary

to carry out design taking effects of repetitions into consideration.

This report attempts a clarification of consolidation characteristics of cohesive soil under repeated
loads in lateral restraint similar to standard static consolidation using an apparatus capable of giving

cyclic repeated stresses. Many interesting results were obtained and a number of the characteristics

are introduced.

s

B

HHE LIS % B0 5 fkk L O EHIERO MR & B IC 3RS  OMENBEI N TR, ok REHHRZR, Kl
FEHEY B 5 ERORECEEOBE, T4 EY 29 F vy 70X 5 REWKISTIR %0 2 8, WTAMOEDY %
JaMEBERSCEATESD EELLNBR, COXSRFELUGHIC X - TET 5 MO ERE T RENES L kR -7
BDEEL DN, BELMELERCANTEIT 2 LE R b 5,

T OISR H NS & R ISR S N, B AEELIEIZ 545 ctoTE 5 pBEELRIEL
TR ORIE UEFI OIS Mk b OTH B, FE  DHEED B EEPBLNZOT, XLOFEDOW I O2rE WL

py (- LfCV‘o

1. FANEZ

EE AR LA & WO B R ORI T
WhW ABINER & FR BB LELONEY, C
WICEET 2D R, OB EEIELE L
TEE A FICH Y AN L NZBIBFRA LS bhvkn,
LA LAaRD, 05 Ak LEEMIND 5 il <
FEHREIC D2 - TRE R OFE S BHID il &
NTED, R LR EBICANIEE DB G
PR SBERD D,

HHEHE, PRTE Y FEEOHHEOBRZR T
MR UEESRBREE L RIEL, FREBCA-TE X,

T DHSCCLX, FEBRECERE U e Al pE L B

Bre LT, &EEELTEREBCRY, LOMRE
Bt L CHaR LIEER kO — ik i b 22 10T B,

2. EREE

RERICHT L 2R L ERHBREER, wbWw o
TEIC X 5 —IRICIERR & FRRICRIF IR & A &C,
BB A —BRE LIEH %2 54 ¢, LOEEREL W
LICTBCENRTE D, ¥R KEEICERT
B e dHAETH B, REEEOMES L UHERE
2HE—1, M—2KRT,

FEEE QR AT —v ) v X~ LCRKE
k525, ELMERIEBR DY, THxA
< — R HEIT 5 C Lic X o THETT - BRE ORI 2T



BRIE U IS B3 B FYE - 351K - ST

Bz 5 & NAREC,
B ZhEth1®
TH D, HEifkTEE
X 60 ¢ X20(m/m)
TH 5D,

s R N Y &
N ey FOfEE I
oA i
ﬁm;of,%mté
THET L NTREE R—1 #uELE

SEFHI 7 SR/ N DA - bR

[ Eiaw
1%
Nipevd

I7-Tyi=

L

o

i
i

AP—INEE

BHEF 5

T
2R EY T

[ —

E_ 2 n—‘\

R R Y
mﬁmlofwmé%,WU%/TﬁﬂﬂgKﬁ%é
WG & AKEFC L > CllEE S, HlEER, §
NCT I SNCEEE « 8RS, & AR US4
Bhoviz—cky BEFRERE NS,

3. ERF*

31 REOHEMmEERE —
HEEs K

=
FH

1=z, 2Pl + 137 % 1

S L e bR A
HHEBRE T G.L— ® & = % 62
S o e & ok J6 % | 610 | 22
lbm l7mﬁ> rO i / * it i Gs 2,677

N F 7Y v IRERL wmwEn /o) | 15 | 163

L % .
bDT, MERANER Lot
NOBEEST MR L [ o0 u | s

e

f’f"‘ﬁ qulkg/em?) | 1.30 0.75

(qﬁxﬁﬁir&%i{jb %o Hz 5 M St 18 2.6
COEBTX E KRB

(Sample. N) & FHEEEEL L lisercidom a5
(SampleC) & T L, Klskmiai [Loxn [Luxie
EREUEL & I A b 1 BSOS
BELL 7o % % OARH  BLAREE CLLR ISR ©H 5,
RS & 1L, — R L CHRR L 7 b D%, K%
FE@Mc X v 1.6 (kg/em?) OFFEC25 RS AFTER
X, CE VYU r e~y Y v LT 7 B
B L7 DTH By SROYTWIEE % H— 1 10T

B % K K (Sample, N} # % R K (Sample, C)

H: @ 1E ) Samgle N-0.25 | EHET Sample C-0.2-5
e Z(kg/cm) 0.2(kg/cjm)
B E : Sarple N-0.4-s 1 Sample C-0.4-s
PREEIE IR |
- Sample N-0.8-s ‘2]‘ ‘8‘” Sample C-0.8-s

5 | Sample N-0.2-2/8

h("« (153‘1

Sample C-0.2-2/8

JEHE S He I )

0.2(kg /)| &8

B Sample N-0.2-5/5 S Sample €-0.2-5/5

0.2(kg /em?) 3

1 Sample N-0.2-8/2 58 | Sample C-0.2-872

'8 1 Sample N-0.4-2/8 ‘2“' A2 | Sample C-0.4-218

AELIEGRE

JEHIE R TEw D)

TR Sample N-0.4-5/5 1 Sample C-0.4-5/5

210, 4{kg Semt i

0.4{kg./em* )i

%] Sample N-0.4-872 3| Sample C-0.4-8/2

A8 Sample 3-0.8-218 K Tz Sample C-0.8-2/8

EHIED

JEFIEN 4

4 Semple ¥-0.8-5/5 | Sample €-0.8-5/5

0.8(kg /om? 0.8(kg./em?

#| Sample N-0.8-8/2 % sample C-0.8-8/2

A € FL | Sample N-u Sampte C-u

# € #L | Sample N-r 7l | Sample C-r

£—2 BBEH

3.2 EERF®%
321 BMEBRE (ELEEFHBRCHRLT
HsU e, HEER ICHWERRE 0.2, 0.4, 0.8
(kg/em?) # ZHEEH L CHlE: B C A, KTH,
Fi)— BT D CERREE R SR % B L 2o

322 HEULEEBHKER BREEEFHEHB
WTHEIR LTTE 0.2, 0.4, 0.8(kg/em?) %, Zh %
T DWW Tl - BRTIREIZ 2 () + 8 (), 515,

8 1 2C2 HMA7300[ED #if L CHEE BT AV,
T F—EEc o w OB R T L 2,
323 EEETRRER EIskER & B H O B0
BOWLDWT, BEREHCRD < BB & MR L 222 <
ALl % R L CBHE s R T G L 72,

DL EOMSREHE —ERER L OPFE—2TH 5,
3.3 MELEZEIZOWNT

TR U5 % BRIESR & RIBRIC R & K & 29
FRERZEAL & B i Terzaghi o FEFHER%IC P—ﬂ
TLCENRTED,

4% Elastic e 7 tFEz @ Terzaghi oHE
b X LT EKEE OBRBKRKTRINS,

2
ccet, z, u E, pid, ThENIRE, B, M0
EOKEE, BREERREL BRI ERT,
$ 7z, CCTYERT 2 EEE LIEJIR RO ED B &

o (t) =0y—0g COS wt

(BETRTC e hTED

0%u .
__gt_—E N g +ogw sin ot

@M< &, M & AKER



KEHITIERTH No. 7 1973

I
S ———
— o ~—— - Y
E 40t
S L
(@]
= 60F s~ Sample N-0.2-s
= - —a——a- Sample N-0.4-s
80f  ~* ™= Sample N-0.8-s
- (a)
1 1
10010Q 1IOl 102 103
JE#EFE) (min)
R—3 Bl EH RN
it
T
=
£
£
[
O
=
100} ~+—e Sample N-0.2-2/8
~—a- Sample N-0.4-2/8
120F -+—== Sample N-0.8-2/8
, , , (a)
100 10! 102 103
J£ B85 (min)
B—4 R UEBEORM—L TEIMER G
O~
i 20&%‘:‘\3\,
T - R A
& 40D \\\‘:::?\~« ) —
RN T
£ e N
S \' *
= 80f \\\*
= >
100} e
" —e—e-Sample N-0.2-8/2 e -
120F  ~+—+-Sample N-0.4-8/2 -
o ™ Sample N-0.8-8/2 ] (a)
140100 10t 102 103
EBEFR (min)
R—5 4 LIRS OWRB— TR Gl -
ik
1 S ———
S120F S Shnple N-0.8.5/5 T
- —o——o—SampIe N-0.8-8/2 (a)
140 ! :
100 10‘ 102 103
[EZHM (nin)
R—6 #ELEFORB— L TEmE G
2. sin mpz @
u(z, t) _O-OH 2 . mp = }L2+w2(we_”

—® COS cot—HL sin ot)

R t IC BT 2R FRIBWR OB OAE L Y

Qr-
1
L 20
£
Z 40
E
S 60 ~o-o- Sample C-0.2-s
= ~—a- Sample C-0.4-s
= 80r -o—a Sample C-0.8-s
(b)
100L L 1 :
100 101 102 108
JE e (min)

—E TR (B EZL)

Us
20
40
s 60F
"F
® 80
~ <-—o- Sample C-0.2-2/8
Eqgok == Sample C-0.4-2/8
S =0 Sample C-0.8-2/8
5120—
~ (b)
1 1 1
M0 10’ 102 103
JE @R (min) .
IRTRHR = 2 (Bb) @ 8 (Bb), HuELWEZE

0r
ik
&
= 80
— wo—o- Sample C-0.2-8/2
Eqjgok  =—= Sample C-0.4-8/2
b= -0—5~ Sample C-0.8-8/2
5120-
- ()
14 1
R 107 102 K
JEBERY (min)
s =8 (Fb) : 2 (F), #ELmWELIL)

o
i 20
—F
= 40
€ 60
8
= 8oF
100 gm0~ Sampie C-0.8-s
~t—a—  Sample C-0.8-2/8
120~ —o—c— Sample C-0.8-5/5
OO~ Sample C-0.8-8/2 ()
! !
14010D 1I()l 102 103
JE B8/ (min)
T ¢ BRTEIRERIZSE, R LT =0. 8(keg /om?)
1 2 S 1 o?
== e —e—HEYy Ll
SR o, et et
¢ p=Ekmp? mnw-—z—g;i—l—n‘(n:o’l)Z ..... )

130



IR U FEZE R (B3 2 WFYE - S - ST

4. ABRERL 0K

4.1, BELEBREHEIZOWT
4 1.1 AFHRORE BRSSP TR e N e

T, HREEER & K LR B ER O R —IL T B o BY
BRERLZDOB™—3~6TH D, REOEOMLE
TEPERTZELZ DT TRLTH B, ChbOiE
RO DEFRTRO SN TR —HERR L 2 DRE—
7CTH 5,

M—3 kBT, BRHEI LB L AT EDHK
AR, —ERE L2 2T 23S X 0 b, EEER
IR TOBWEBILTERN NI WO RZY A &
Z2oH, B—4, 5B EELHESOTFCR, C
DIEFE R L CHABB OB R AE RILTFTEERL
Lad, ZOMAERLTREDOKREL A 213 KEE
THBC ERBEFCE D,

T DB DRI DWWT, S A Hakst o
3, SR LUHESEEOETE & b kLA ORER
HEhT &g, hEAIRE LTITF 2R ¢ 54
ReDebTOHLT, —EHEL %S0 7% fat
BTl ETES R LHE & SiSR kBT 3 1E
B AT —ICHIET DR, Ro E@EARELRZ

150 wtmms- Sample N-s ~o—o- Sampl  Sample C-s

-+—a~ Sample N-2/8 150} ~o—o- Samp!  Sample C-2/8
AT Sample N-5/5 ~o-o- Sampl  Sample C-5/5

_‘% Sample N-8/2 % 0~ Sam | Sampie C:8/2

%7:_:100 | LF 100

& [

£ £

S 59 8

g S

‘ ~ ' (b)
0752 0.4 08 053 o4 o8
SEBIE A (kg/om?) E®ES (kg/em?)
H—7 2 Taokkik

EIERCTEB XS5 CH B, CDEFE, XbIE—6
CBWCHRBT2CeR8CE%, Thbb, HEEE
THRBNWEBLE TECHRCTEE LHES ST 2D

18
- ~o—¢- Sample N-0.2.2/8 N
,5; 161 T e N SR
I - ~m——m- Sample N-0.8-2/8 I]/;'E
& 14 —0— - Sample N-0.2.8/2 =
z T .
B 121~ ' T
- ™ =
£ 1gl-
E 1of-
S ~
a 8t~ .\'*- ’E\
S T £
~ 6_—— .““~L__ 8

= - S

e

100 10! 102 103 104
- JEEE (min)

DHBPATNIRERLTEEZRL TR0 L,
AR UL C X B R R D LUl /N X A BB CAE LT
HEHEZO RN TFROT N S EDI T BRI E
fRc& s, cOBEMOBIRIEN—7 O TRED L

T—EBHLMCEINE 5,

F 73~ 6 OHERMEIR L b, BWERCE VT
BTIREEREE LR bNAE WD, R LWEY
R0 7e B CR ZIREEWIL T oo CHEB L Tnw 3
CTERBELAT, THETCHEINTE LEEREY &
d—FT 5,

412 HEETE BELEECk-T, BRED
BRIC A 2 MR C R % S R & O E s s
LTRLAEDR, EhZnHE—8, 9Td35,

M—8 XY, wFhoFHBIKENTH R LHED
KE J OIS UCHEETREOMAT 2 EARES b
Wah, BHABBCHSNT, HiodisrEL
H B BB CIMEE T B OMIAE R A % S Tl
Tnd, ¥ BERBBICE IR Lo e
&b F o TR T RICHARE R RN AN BB 2,
FEFIE 500min (3000[E) O#FCZEL, BIF—
EBEERT XS TH D, ¥ AFTHESE-CO R & B

RO bk wn,

CNHDFEREE L

D7M—9 I o 15
RERIc L AS et A
bEBLTnB DR T Gamele G
. y % 10k ~o—o- Sample C-5/5
» BABBcR# % s g
[%Tﬂp[f#ﬁa’ﬁz’ﬂ 5 (p}\) . 5 § 1min,60min, 1440min? 18 4)
Foboc2: 8, E% f
8 : 2 LEEnTED, ; | ﬁ
AR B ¢ I b
G IO N, - —
0.2 0.4 0.8
(Fb) 255 b sk L, #5% EBE Hlke/em?)
w812, 2: 8¢k E—9 HE—MEELE

mo—o—" Sample C-0.2-2/8
—Oe—e~ Sample C-0.4-2/8
—t——0- Sample C-0.8-2/8
~-0-=-0-- Sample C-0.2-8/2
~-A---4- Sample C-0.4-8/2
—-+-~r- Sample C-0.88/2

10¢

102
EEER (min)

10t

M-8 MK LR ORI — T

131



SRR RO No. 7 1973

o Tnb, THHLDFEE, 2% D BHHECH P BBk
WAER & W2 55, C DIRELOEEIC > WTiE,
R LIRS ORI & B b ¢, 4HROUIEERE
K55,

4.1.3 R &EKE  BFWERE &K LIEER OB
FHALMICT B0, M EAKEDHIERBLE L
KRBT TH B, COFEBTHCh - LEERN D
W EBHC DT

DEE TR L 7o DA o

s

E10Ch Y, B \Q g
0 & KEED LIRE 5o P2 g
KEOERERE L ek g
100% LT, = 59 N 152

OB TINTE & 169 160 107 167 To¢

EEHEM (min)
MO ERER LR gm0 jrmemy K
& L7 DB R~—11

TH 5,
Iy - X 20 e C.0.2:
[—10X b 5 ‘oF —e—em %";”‘%(;%%?,%2)/8
EAEREML g o o e
. . X gol-
BICTRAT B A — ol N
#, RO FE ﬁi
Lib b L 160
" I 180 - |l -2 .3 g‘
@fmx?llu\j&éﬁﬂ N * E’&;”Dg)l’e‘i(min) . 1
KT DI
ﬁﬁm%ﬁf%% B—11  EE R
—RIETTN L,

CHDKE R TIREE R BT T 5HERE b b L
BEIND, ¥ REORE & & b ICHT & KERRE
RIS, TOHAESMBE LERCRARS 02, fib

2.2
1.7
20F
s 1.6
185 e '
Masf TSy Ml TS
x 1.4y ;7% A
I 12 4 1.3[  -x—aSample Cu
e Samote N ~+—+ Sample C-r
10 H;szxglz N.lr] 127 oo Sample C0.2:s
e .. -0.2-2
08} - Samle N028/2 B M R ;
maam Sample N-0.4- Sample C-0.2-8/2
06} —e—e- Sample N-088/2 [ A
ample 10,88/ 10 (@ 06 10 ®

0650102 04 .10 2 4068 15
[E%/E A (kglem?)

50T 02040610 2 4 68 15
EBEDH (kg/em?)

E—12 e—log p iR o b

ﬁ
B 1ion)
B

I 5

5

I3

%
5 3 )
X 8 3 Sample €0.2,0.4,0.85
Py 5 *Sample N0.2,0.4082/8 % 5 Sample -0.2.0.4,0.82
= *Sample N0.204,085/5 § Sample C-0.2.0.4,0.85
Nl +Sample N-0.2,04,088/2 ~— +Sample -0.2,04,0.88

2 * Sample N-u (a) 2f © Sample Cu
X138 . . N " . L M X107 L
X1 02 05 1 & 5 10 ! 0050102 05 1 2 5
JE®IE H(kg/om?) EBE Hikg/om?)

R—13 ARERHRE O Mg

DEFIC X 2 ORI E L\, [M—110 E#EH
MIC DT, TR R & B & KED &R0 Z IR G
BL—HKLTnE X5TH5,

4.9 BELURHERELS R 0BEERRHEIC
2WT

4.9.1. e—logp Hi#R MELTLEWEL T AL
SEHCOWT, 20K, EEBEERREBCRY, &
biize—log p MO 2 EORIRK—12TH %,

[Z—12(e)id AP DWW TR L D DT, DbE
TR LT E 52 T WARS  ELER LB L 72
M EEB ORI HITELTH D, REHICE T
e—log p HICEDH B © & BlH B FHCIR LT
Th B 7o ORI < FELEUBHC B L CHERRMATY
BT b/NEEbITE Y, BIEEFERICET
R LB LoBRERT LERCcEL L5 TH
%,

M—120) FEEEEHC D W IR R B & e G
D e—logp MEZRLESDTH 5B, EHEERE
FHICEENBEAE R Ry,

4,22 FEEREYK  AHEEERBEOZBLEZHFHS
3 7o 3 RSN & FHRESUEHIC D v T DO & — IR
L7z DHRHR—13TH 5,

AR SUEHC D\ CIEHIER B CR IR R LT
EICERR e, BIEREE R LWE 220
72 S5O IRREIE MR B R H> < BLER % BEic L il
BT L) REREERL, LidZOBEHA
ik D BRTECH B, C OMERZFLROIEFRR E
O e Hbe T, KR LHTEOM RS EEIC KR
TEBRE LFRT 5 EHBTE D,

FSIC OV T S, FREFBER CIURZRL
TEIETESEI ClE L E % 20 3k L SR E 2 2V
7o St & ORICREOBETERD b b2, BEREE
& EIC iR C R\,

5. E&¥

CCTE, BARHUSS DL 2 ¥ ¥ O BEMKREN L
Fl—D-E2 K L TR L, iMoo r# L <H
FESE L 2 FREEHC DT B T & - e —H DK L
W SRRSO RE TS Lk, MLLORE X
LB E, KIBROML KT ENTE S,

(1) AR SR I BRIV O F ol aisslb L b b/
BILTFERRT, K LHEO T CC OHFE
Ui CRERNT 27T, B CRguE LWE
BERDE DD LA, QIR IC L~ THRE
LIER i TR FERIMI T3l 3 528, C ORI
BRI % AKEOREERAEES T bhb, (3)HiEE



R U IR I8 5 BRSE » 6 » ST

TREBEAHBCEATAEIELN LY, MR L
HOETCE b A > THAL, BE—EELRT LS
TH D5, WK UICTIEEY S0 38, Ficy
IR CHEB RIS T OB 258 LR AME X L 3 &
&b, BIEEEEIC BT B ERTRREITENT 2,
PLLO B, 3~ TR LTFE DS RN ORI
BIEdpEge LB TN L5 TCHY, T4
BRI 3 X UGN U IE SRS O J88H 1< 13 RV & KT
DEFDOFEM AR B L K 5, A% OVIEHE &
L7z,

B

133

COWREBCASCD 7o » T1F, HEEMTSE
(BRI, R, MRORINICE S & T H580n,
CCREELT, BERAIHELELET,
BEH

1) L. Bjerrum ; Secondary Settlement of Structure
Subjected to Large Variations in Load, IUTAM,
symp. Rheology and Soil Mechanic (1966)

2) RE - & REWEC X 2000 E# BT 2
BRREIDTE, RS LRBAH4E, No. 33 (1970)

3 A - BRI T HRE L OMER UERE R
DT, BEHMSE AR EATE SR EE R R AN
#(1971)



