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Analytical Study on the Settlement Process of Structures
on Cohesive Soils

Tsutomu TsucHIYA and Kazuo OHTSUKI

Abstract

The purpose of this paper is to investigate the settlement process of structures which are supported
by the friction piles or spread foundations on cohesive soils.

Three-dimensional element is derived from the effective stress principle, and four structure-foundation
models are analyzed by the finite element method.

The results are summarized as follows : a large amount of differential settlements occuar at undrained
stage, although the total settlement of structures is made up of an undrained component and a consolida-
tion component. The total settlements and the differential ones are significantly affected by the rigidity

of piles and that of superstructures, respectively. And further, the friction piles are effective to reduce the
differential settlements of structures at drained stage.
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H—-15 #HESHE G

INENERDOBHEM CHRL CHEL LD ThE, ZHict s, FP LU FSi37zba
MRMETH LD THTNL 5t/M* & —ETHEDICHL T, RPRRS (25T AH 2 & EYh
RIBEN®, ®, OTIEZNOH /214, LEHMHO, ®TIIH 4/318, MARO® TITY 3 1%
b % ->Twd, 2D ) LHEMIENE I FEREE L BOMEMEIEOZEIZ 2 L0 Th
D, RSICHATHAMEIMEND /NS v RP (MO FAEA B DM % Soh8IIC BT L # 3 5
N2) OHDHREL L FROBHEDENSET I -T2 Bbi s,

BI—16 IFRIRFIL T 5045 Th 25, etkiz FS, RS, FP, RP DJEIC/NE ¢ e 5T 5, 4
12, ML L ORPBLUFPOTRIZZNZN RS BLUOFS o 1/2 Th %, kiz, &
HEOMNIE T RZ B L 2%k - 512k 5 &, FS, FP, RS, RPOJEIC /& 5T b, 1
2, EEREOEIMEN S 2 RP 5L °RS T3 FP B L FS 12 T 1/5, 1/10 &> T/
Vo F72, HETNE LHREED Xo~Xi [l (das, dbp, der) L0 HIEEED Xi~X, B (dhc,
e, Opr) DEAKE NI &0, HRIERD Yo Hilfi (dhe) HIEBND Y, Willi (dcr) OEL Y B
REWZEFEND D, ULENZ L b, BEMOMIILT % 28 2 12 13 SEBEHAEHC B 250
THY, HNET 2D EE 21013 EREEOS RIS RIS ER TH 2 - T2 5,
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! " / ! 14340
xo |/ 7 Xl /), X2 ‘. k X1 23.77 o 2252
¢ e - 6.--- 11.00 CL’O / i Y
R L e
(21.64) (em) 2453 2433 o0 22T
II I’ ”r
] PR
RP S - < RS
----- FP :‘4‘5726) (41.95) ----- FS
X—16 HEIREIL T4
RPa( JEFProl
K—5 ML TE (cm) RSo( )JZFSrolk
Yol Y Wi Y M
0 dAB | 6BC | 6CE | 6EF | 6BD | 6DE SAC SBE SCF
RP 0.56 | 1.36 | 0.40 | 0.85 | 0.52 | 1.24 | 1.92 (0.18)| 1.76 (0.18) | 1.25 (0.20)
FP 2.40 | 8.13 | 1.45| 4.95 | 2.12 | 7.46 |10.53 9.58 6.40
RS 0.60 | 1.36 | 0.45| 0.96 | 0.56 | 1.25 | 1.96 (0.08) | 1.81 (0.08) | 1.41 (0.10)
FS 3.31 | 21.32 | 2.05) 11.77 | 2.56 | 20.81 | 24.63 23.37 13.82

3.2.2 HKREOEH

A) BERIFEBEKE Py, BYMICHE o), HifkeaH N, X—17 13 RP LU RS £7 LIz
T, BYWhIsR (xi, vi) B LEHNLET (X, Vs) KB AREFED Py & o2
BELERLZLDTH B, £T RPICHOWTAS &, HiKEISEVOR@EH D Py 13K &
I BB T 555, PRABEN®TIE t=100 A $ THINL 2#E2c@HP L T 5, QT
RO T L7225 t=200 B THML, RS TAE910% 5, 72, @ TIRZID
L AR R L 2%, t=300 HLIMEL ) A - %5, 2o k52, HINC L) pv D
EEIAX(CBBLTEY, M— 41RL2—kGHEERE E KR CIERICEMETH 5, 02 b
DR AR B L A LU T 505 KD o) ZIEHEKEED Dy £ ) OB L U@
FBRNTNELL o Twb, ZHUFRED AR & Ricmd 5 2 &0k ), HMofhDmg
I & BHEEDRDT B 728D, FEHEKEED Dy & 1) LRIFKED 0, HVNE (B BDITHL T,
®B L U@ L ) HMETDER TS L 2Bk I 2RE I N B 728, HTKkEL
TolzbDrBbNDb, RIZRSIZOWTAHAS X, Py 3OXR@NEEHR TILKeRH & I BT %
2, FOMHOEHTIF t=100 ARE F TIIT—EDHEERL 28, HeICHP L Twb, o7 (3
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Pw DR E B OHEFE & 0 B, 4B, FP 5L O FS 0B B(Liz 2NN RP 5L RS o
I L T B25, (X, vi) BEEROES RPICHRTKRE (, BYH R~ oG o
Erh s L WlMA S L R,

B1—18 i3 pw, 07, NpiZ & 2 WiHESKDEWHIESIERZ, 0 H GEHAIKEE), 100 H, 500
H, 2000 H, o (#JFKEE) IcDWT 7oy F L2 DTHB, £ L b &, RS Ti3 Terzaghi
D—RITCERFE L TRD M E BT 501 LT, RP TidMIC & 2 985057 K89 7%
TFHROP AN RS, Thbb, M—1TDORP THALNTD, HKkbHEE 2+ 23~25 8D
Py 25t=100 H T—HHML T2, 24U, z1~23 B £ TIIEF—E Th 2 HALEIZFo
CLRBIET D L) HHARIED py SHNOHEL T LD EBbN s, &oh, Nyiok 275
BEHAIL, BEEIC BV CIRKIRC T0%FEE ThH - 72 L Do pw A L 22 E 1o k- T
JIREIZIE 85%FEEE THML Tv 3,

B) #E Cp, #XLT w, #AMETF 01 K- R—6 HHE Cp (t/m')
613X —15 L EMIC L TEEMBIC BT 58 J&?):(?aiy) 0 100 | 500 | 2000 | oo
WEDERZLEREL LN TH S, ZHU

&%k, HKROWBIC BV T EHALE OED
FNETNHE %8 2R 5, t=100 HEIBEIC  RP
D2WTAS &, RPTiz®, ®, OTHmL, O,
®, ®THEPERME X023 LT, RS Tik
®, ® OTHALL, © ®, ®THMER
% b, 2Dk 91z, RP & RS T3 A g & i
DEREMLEIC BT D HEHEDOHERS 4 (i
ToTWwbZENEREND,

F£— 7B L UK—19 3 EAEALEDOMI LT
BW LML TR G ZRLAZLNDTH D, ZHUC L B &, BYHREDOEREILTIZ FS, RS,
FP, RPJEIC/NE %), BB TOLE L FEMETH 5, FEHILT & RIREIL T OEIA % Tl
T2%, RPRRS TIREHAE L LIZZFE L TH LKL, FP R FS Tz 2 ash g
T0.5~0.8, WEPC2REL %> T\ 5,

KIZ, & OFRREEALE i 2 &, B & dtic RS 3 L, FSI2IEdkEEnfEn 1.3 1552
2 5Dkt L, RP Tidatic i L, FP Tl i L 25 t=500 Hd» 72 ) o4& L T L
HWPT B 2D & 5, BEAREEIC B 2 #H3HE TR 613 FS 2B Tl TS W h i
HThH b,

FRD L iz, BEHIESHNIL T BORREIOEIS EET ML > TRECELDL Z &
I2OWTiE, KDEHIcEZ LN S, M—2013 RPEFMICHOWT, ERERME Ng BL U

2.36| 2.36| 2.38| 2.45| 2.46
2.52] 2.53| 2.57) 2.68| 2.70
6.70 | 6.81| 6.75| 6.65| 6.64
2,77 2.79| 2.85| 3.00| 3.01
7.24) 7.33) 7.29| 7.21| 7.19
14.10 | 13.44 | 13.28 | 12.72 | 12.67
2.24| 2.43| 2.36| 2.35| 2.35
2.56| 2.57| 2.51| 2.51| 2.51
6.38| 6.64| 6.64| 6.64| 6.64
2.95| 2.72| 2.68| 2.67| 2.67
7.00| 6.92| 6.96| 6.96| 6.96
14.98 | 15.46 | 15.75 | 15.81 | 15.81

RS

® 600666 606 e
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KatE AR 2 B EREIE Y O T TERRIC BT 2 BATIAT 2R

R—7 MWXNETWBEOHESET S (cm)
t(day) 0 100 500 2000 o

T (BB VLT ) FE#% T

W A 12.92 16.43 20.04 23.08 23.48 10.56

B 12.36 15.87 18.48 22.55 22.95 10.59

C 11.00 14.53 18.17 21.31 21.72 10.72

D 11.84 15.36 18.98 22.07 22.47 10.63

RP E 10.60 14.15 17.80 20.96 21.37 10.77

F 9.75 13.37 17.04 20.25 20.67 10.92

SAC 1.92 1.90 1.87 1.77 1.76 | —0.16

CF 1.25 1.16 1.13 1.06 1.05 | —0.20

AF 3.17 3.06 3.00 2.83 2.81 | —0.36

W A 21.64 26.43 30.31 33.28 33.65 12.01

B 19.24 23.73 27.55 30.53 30.92 11.68

C 11.11 14.96 18.58 21.66 22.07 10.96

D 17.12 21.31 25.08 28.09 28.48 11.36

FP E 9.66 13.32 16.85 19.91 20.33 10.67

F 4.71 7.97 11.42 14.48 14.93 10.22

SAC 10.53 11.47 11.73 11.62 11.58 1.05

CF 6.40 6.99 7.16 7.18 7.14 0.74

AF 16.93 18.46 18.89 18.80 18.72 1.79

W A 24.93 33.84 41.28 48.61 49.95 25.02

B 24.33 33.26 40.69 48.02 49.36 25.03

C 22.97 31.89 39.29 46.61 47.95 24.98

D 23.77 32.73 40.14 47.46 48.81 25.04

RS E 22.52 31.45 38.84 46.16 47.50 24.98

F 21.56 30.47 37.84 45.15 46.49 24.93

SAC 1.96 1.95 1.99 2.00 2.00 0.04

CF 1.41 1.42 1.45 1.46 1.46 0.05

AF 3.37 3.37 3.44 3.46 3.46 0.09

W A 45.26 60.08 70.28 78.07 79.42 34.16

B 41.95 55.45 65.07 72.79 74.14 32.19

C 20.63 29.53 37.71 45.24 46.58 25.95

D 39.39 51.75 60.86 68.50 69.85 30.46

FS E 18.58 26.82 34.63 42.08 43.43 24.85

F 6.81 12.76 19.62 26.90 28.24 21.43

SAC 24.63 30.55 32.57 32.83 32.84 8.21

CF 13.82 16.77 18.09 18.34 18.34 4.52

AF 38.45 47.32 50.66 51.17 51.18 12.73
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