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Consolidation theory for saturated ground considering temperature effects
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Embankment Engineering, Hohai University, Ministry of Education, Nanjing 210098, China)

Abstract: The consolidation theory considering temperature effect (heating) is one of the research topics that are of great
concern in geotechnical engineering today. It has its application background in thermal energy geo-structure, nuclear waste
disposal and thermal ground treatment technology and so on. Aiming at overcoming the shortcomings of the existing thermal
consolidation researches, the formulas for calculating the consolidation settlement, excess pore water pressure and degree of
consolidation are presented on the basis of coupling the temperature effects on soil consolidation behavior and pore water
pressure. The rationality of different expressions is discussed according to an example. The model tests on soft ground and
vertical drained ground coupling with heating are carried out. The accuracy of the proposed method is checked through the
comparison between the theoretical and measured results. The method can be used to analyze the rebound and settlement of
saturated ground and the raise and dissipation of the excess pore water pressure under loading and heating. Thus the traditional
classical consolidation theory is expanded and it may provide a theoretical basis for the analysis of the geotechnical problems
involving heating.
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Fig. 1 Diagram of physical model

(1D BT . Bl An e, TZ K, (L
8 B 4

(2) BERLIL: 7% 1 R HEK T B A £
0 FBAE )BT ] 4

(3) BERIL: 7% 1 e ) HEKOT B A £
THEK, HEE. B GBRIELS.

1.2 EAXRBE

FEAABTE [F) A YD F — A ] 235 PR 1 22 i R o ] 4
Mgl EEE LEBR. SRR, e, K
FIETRUIRNIE TG E R, KIASMGE (po) BRIRTEIN .

FEE 1, ToRoRspIRIR L, TR
E VLSRR AL . ST INE I 3 mifRE:

(1) I R R 58 il et T . X T 553%
IKHVERE LB S5 5, Y SO AR, Bt
A LAAZ RIS InFAR 3T, BIANZE B8 2 i 2 [ M (]
AL X T ARBE NGO, AT AR A 5 7
FETHRR E Y HOL RS, SRS e 2 I i R fRI AL AL B

(2 InFhsem L it . i O LA as
TR ot A 4 (R 3 R B B I
JETbe, ARSI 45 S 098 o

Cekerevac %5 H 1 2/ 1 I8 &5 1 ) R 284k
Z AR RN

T +AT
APT=—7'PT1g[ T j (D

C C

R AT NIEERE, AT=TTy: y NIHIESE
JINRE RS, W y U 0.3~0.4; P NEE T
i AR S AR 45 T FT5 APy NI 25 16 128 L
(3) G L 452 E R . SR INAEE
FEER R, BSTERGEINGE. i, ANFENRE TR
FAARFRIB1E R B ke FE 25 R 2L Cr R AR .

2 ZFERERESER
2.1 BT
(1) SN R IR o S5 6 AR 1 i o



510 39 SRR, S, 2 R RN K A A b R ] 45 7 i 1829

1] e - p ZRIEARAT B . B Je AR 4R ] 45 4 iR 30 15 31 1=
RIS &5 7, FIl L E R E RS, RERTE
ANEIIRLSPRAS BIA R B S5 o5 0. PUER
[ 25 -, B R GG e i i 26 2 IR 4R TR AL . %R
G2 v = AT 2T S
s _cioglt ¥y 2)
I+e, P
K HALZEERE; e NEAEWIIGFLRRLL; C ot
R EARTREG p N EEYIGEE A ERLTT; Apg N
far 48 51 6 A BN B, g 3 &
(2) RG] AIYTIE o 2 RSB Ak 2l B ] 45
JE ISR, 2T e - p MZRTEEE 725 FE IR 520 1 [
gEy s L

S:

C

H P
l+e, . 1Og{pc—i-AP J - O
A CoNLARRIFRIRE: AP J NG| e 1 [E 45
EJ1 P AR, WL (1) X T 14 [ 45 55 55 i [ 45
R EGRELE, AP AT, e 51T
B o X T omE g b, ok 5]k Ak E

(3) far AN AEA TR DTk, W R
S =

+A
. i C, log N - +C,_ log P70 . (4)
1+e() pc+APcT pc

2.2 BELE

(1) IR E LK)

ARG AN T30, BRI I Ah ey 4 e 45y
L, R

Uy=Dpy o (5)

IR AR I, KA LR
KEZT, S M. BIE. HKL AL REA K.
Campanella %513 TR 56 s $2 1 T N 2R
G ERREE LUK IS ) (R K I 45D

_AT(n,(o; —a)) + )

U . o (6)

v

X oMo AR KR L ARIEIK 250G o £2HTF L
(0 45 R AE U FE /R R 72 A B A A8 A T 2 A AR AR
UL REG 0 AFLBRE: m, LB RS 75 &
Bop BEIRE T FE ST p 224K, el R HE

o, = o, + (e, + BT)In(m,p) +(a, + B,T)(In(m, p))* o (7)
WA AR, (7)) & ZEE S BN
a=4.505X10*C " =9.156X10°C"; =6.381X

10°Cc!; p=12xX10°C*; B=-5.766X10%C*;
m1=15MPa ',
2 BRI FR RN FH B, 4146 8 LR K

Uy =Uy tUp > (8)

XTSRRI, WIRSCHEE, X TR, A
RORK YD FEAS A 3 [ 45 B AT THER

(2) R ERFLIRIK I 7T

XTSI, R RVD R — YR 4538, InEk
1 o LS T O R A R X

u =u iisin@ex _ﬁ cV_Tt (9)
o =tz S R T Ty )

K eor N THET LRSS REG 2 HIRE
¢ NESERE HEKE 7O R R, §
MHEKE H AT ZRER: m=1, 3, 5, -

SHFAR B, AR i B8 b 3 i 4 7 01,
SEAATSCHRAEE, B R O R R =

8¢t
U, =u, exp{— Fd? J o (10)

XA e A THEE T BRI B4 R do NI
VG E AR F=F,+F,+F;: F. FJ FA %%
FAFERM X L PR DX RN EL K 1 S b 35k [ 45 11 2 [A]
T WTFHEEHFME, F=F=In-0.75; n=dJ/d.; dy
NEIEZ.

(3) LRMEAFREI T HEILE

XF TR AR RGO, RIVIGEET 21 E N T, o B
ZIKBNEEIRIE T, SRERFHEE. R (6 7T
A, RS R IR LR SR EROE . Bk,
1 0~ BFA1BE, R 51 R AR S f L Rafe DL R 25 Be:

L1 (0<r1<t)
B.=1T; - T, o (11)
1 (t=t)
L NEAR IR LN R L IR BT R IE N
U = upt + ﬁtuTt ’ (12)

% 6=0, WE=1, ERBWA umuytur, BUMEEGERS
FERAEDL e Forb s e B wpe 23 3 N BN R RTINS
(1) B s (] AR AL PR ER i FLBRUK R 77, AT A (5) ~
(10) 1331,
2.3 EBE%E

1) H2UT R e SCH [ 25 B

MG 7750 S, IR 25 FE nT DL ¢ () J
B 45 S G R A H A& S, 2 th, Bl

U=S/S. (13)

o, IR 2R B S5 TTRE S, 1SR N 2 RE Ay 2 AT 4
PAEEER, WA @ .

(2) FALE E SCH [ 25 B2

li] &35 s, o] DU 2 b R L BRUK R 77 3 RS
FE o NOCRH 3 Fhoy iR e SO A IR ) 18 45 5%

ST WRE SRR TS PEERLE, &
FESERONTT A E ] . BRI, [ 45 i R AR R



1830 =

+ T B % ik

2019 4F

Uy F gy — (upt +ug)

U = ) (14)
Upy +Uyg

AL [ 45 B EUE Ve L N[0,1].

B \RESEAFLUEAT N S EFLE,
WA fLRHE B R R . R, S5 RR N
u, —(u, +ug)
= _r 7 (15)

u

U, =

M4 (15D, [ES5ERUETE R A6, 1]. HH,
S=uro/upe, FAH ST WM LS HIIH K. ]
URE, [ g N A (IR [R5 . 2 S Bl ] R
&, LRSS, HERFLRIE L, 45 R R A RA
1.

B XM #ALETHR B ER, ZREAEBES
BAE Rl 5 R AR X ), B

- (upt +ug)

u

U= T | (16)
u

. a/a,  Hu,—(u,tu) <0,

1 Ay, — (u,+up, )=0 o

A, a AT a 53 ) 9 A28 RS 2R 1) [B] 33 A8 TE 2
ORI EAR T 2350 £ RSEIER,  ada, AT I ALH
C/C. HIEERUE, PUEIEHE 1/5~1/10,

X (14 ~ (16) & XMBELEEAR, J&3CHE G
HORE = F AT X EE AT

(3) R PHIRAT 2 [ 45 1%

FEANTE JE AR BT A 280SAN 5 R 0 #0014 2 i
1R /BN i e LS T 3 T B e U = RN W )

8 et
U, =1—?exp{——Tj o (18)

0

A
(17

4H?
XTI, AR A B H 3R A1)
[ 25 B R 1k N
8¢t
Ur—l—exp{— F_djj o (19)
XL, HEF SR A AR, WA %R,
M Carrillo ¥igr, HuFE L IELEE U.H

8 nle. t 8¢, .t
U.=1-—exp| —2 LU 20
= T p{ 4H? Fdfj 20)

(18 ~ (200 HHIE T xR RIE X ) 7E T [
i Z2 K, ER AP E S R POV LR IMIAKA T
24

XT3k F TRk Ok S S B B I R . A
SCYCRRAE RO, FTRMRYE (13) 1SRIREIZE; X
TA G FURAR, 7T DAL E ORI 25RE K (14) ~
(16) BEATTFEL; QI RAAT SEIMEL, AT DASRFH [ 45 2

w18 ~ (20) HATIHE.

3 BHItES SR
3.1 HESH
BRI H=0.5 m, HIFEWTEH d=1.05m, &
HEAR dy=0.07 m. KIFSMag BRI, pe=100
kPa. LE5, THESHEEUEWMER 1 s,
=1 BHSmEHEE
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Table 2 Temperature-dependent parameters for example
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Table 3 Values of parameters for model soft ground
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Fig. 6 Comparison between theoretical and measured results for

soft ground model tests
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[EIEEi=E- o 0.035
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Fig. 8 Comparison of excess pore water pressures for vertical

drained ground model tests
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Fig. 9 Comparison of settlements for vertical drained ground

model tests
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