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Layer-wise Summation Method for Nonlinear Settlements

of Ground Foundation Considering Disturbance Effect
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2. College of Civil Engineering, Hunan City University, Yiyang 413000, China)

Abstract: For the ground foundation influenced by the construction disturbance, the disturbance factor
functions taking the shear strength and relative density as the disturbed parameters, respectively, were
proposed based on the disturbed state concept. By using this function, a modified Duncan-Chang model
considering the influence of disturbance was developed to provide a reference for the settlements prediction
of ground foundation. Firstly, considering the stress state of ground soil, the analytical model for ground
soil was established by idealizing the ground settlement to be the summation of one part caused by addi-
tional hydrostatic pressure and the other part by additional deviatory stress. Secondly, considering the
stress history of ground soil, the determination method for initial deformation modulus of ground soil at

different depths was provided by using the step-loading analysis method. Based on the Hooke’s law and
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modified Duncan-Chang model, the models to evaluate the settlement of ground foundation caused by addi-

tional hydrostatic pressure and of that by additional deviatory stress were then developed, respectively, by

using the step-loading analysis method. The determination method for deformation modulus of ground soil

was also given considering the additional stress effect. Finally, the proposed method was applied to a prac-

tical project case, and the corresponding settlement analysis was carried out. The results show that the

proposed method has superiority and feasibility in the aspects of reflecting disturbance degree, stress state

and stress history. The calculated results agree well with the prediction rule of settlement.
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H i R A% 4050 2 SR 9L S M 3 C o ot
AT A3 BT aA0 (8 2 T o] o A F e T R 3R S B T
F14) ) 85— A 15 B AR 4 vy Mt e, DR SRy A il Tk A
i B PR ] kG 2 37 B B, AR R R AR R
FIGR BE RV AR U L A R T TR G 4 )2 Bk
RV 2o 2 P 56 R B AR B g 2 2 B0k T it
Tl B v B OH G A R AR T R0 B A Ry e ) HA b
KR 22 R I L A 0 6 b L TR 43 BRI 43 )2 R
kAR — 05T

158 5 12 R AN I 1 9 4 [ 25350 i R 15 1
e-p W ZXF L AR DTRE AT 23 B 154 4K i [ 45 3K 50
JIT R R AE R IR A R g s R Bl R R4S Ty IHT
S BR RAEAE 5K 25 5 UM Y B & 0 W 45 R
FH 256 280 A& I, 10 28 56 28 800 MERR T S5 A
200 B YA I DR 40 A 435 SR X S A R RLRE. Mt
BT i 2t 50 1 b 3 0 o T O vR T s T A
WA ff EAL RS p-s ] L SR b 3 A G AR T A R 4y
Mt ASTE o BARIZ 7 3 RE % J e 1 A% b 6 + 1R 5K
BR 32 1 A8 T8 0 R o ARG T e 2 20 6 B R i) —
i TR AN B AT, R R R T
T AR R AR R R O R A T
T 1) S B AE T A A TR 11 5 B A B A Y S B 1
1 . o, Duncan-Chang #5 A1 G % iz e b 3% +
AR 3 107 7 B Al 2R Pk R AE LR R 2 5 HL ) B
SO S AN R 28 51 A AR A TR S B[ T R
RTIRZ %%, W, Duncan-Chang £ Y g, by 5 i
N B R AR R R 2 — . AR e T I T
RN AR UL AR TE 4T T #F 5 AT B o & R A
R 7T 77 2 i Duncan-Chang #5544~ Z 400 £ 301
V7 3 8 A% 14 5 T A R 5 ] A R S5 B T AT 2L AS p-s
ity £ R FH i Afr 7 %) £ 4K Duncan-Chang #1245
PEAT R 43 AT 5 W S0 5 260 AR A M 3 R E LR M AR
JEFFESE T 2 T Duncan-Chang #5574 (1)l FE 370 %
I BT k. R 5 R 28 AR AR R — 4,
f£4¢ Duncan-Chang 5% %I JG % % /& + & 19 4 £ Pk
JT S AL RE A S B - (AR 1 g 2 RS iR — Bz 3 Ah

F B H 2 i 2E T Duncan-Chang 5 R 1% 31 5 T
WEAZTE o 45 R 5 SE PR (E A 22 O IR AR SCHE T
P2 BR M & 70 91 LA 09 5 2 AR AR X 38 5 B2 A DA 4
ZhZ i, XL 48 Duncan-Chang BRI UME IE , L1 %
JEE Bl X b AR AR T g 2 A A R W 2E T o A e
ERINIAE S

HT T M A A AR T ) 2R R A AL B S B
ISR RS S N L IV D PN S E PSS
I o AR SCORE S 40 3l L I 3 PR 2SR Ty D s 45 D T 2
JE I A A (Y 52 B B 7 R 2SS >R 2 IE Duncan-
Chang #E RIS 4 (R UURE AL L HE AT 70 # o DL 58 36 3
B b AR R AR TR ALY 20 )2 B A 23 M 7 Tk

1 {&IF Duncan-Chang 1& %!

f£4¢ Duncan-Chang & %1 2 3 F Kondner =%
RN A VA VR SE-Y ||| R = VA O Rl

o _ €]
01 03 a+b€l . (D
XH:a=1/E ; (2)
/) = 1/ (61 _O's)uh . (3)

HILA B W .o F1b 205 A0 ia V)& E, Al
T £ 7 T 28 BT X 7 A R A 22 1 1 (o1 — o), A £
BT 2. mRX D)@ G,

= oL~ (4)
F@——Qi&ﬂ.

(61 — 63D e

WFIE R B P b Ik AR S, — Bz
SN B A5 R P SR 32 B 52 e, A N 4 ) B D A 4
PR 2 R A 8 S R O L OWLAR I Ty 2 e R S 5 A
PEE AT 3. SR 1% 58 Duncan-Chang #5812 5k T
IR N ) AR R iR ST AT T
T AREE RV b I 4 AE T R BRI TE T
S W S5 AR PEXT HARAZTE g 2 R 0 5 e 5 e R
b L AR TR S 8. i T4 48 Duncan-Chang
FEAY J2 RE W S 1w T 91 AR 78 TE g 2 e Y A A A

€1



%3

ST 25 BT SR M Bl A 2 M R = SR A A O T 115

Z— B an X 4% 4t Duncan-Chang 15 8 i DA & 1F
HREAE 25 IR AR B X A S5 7 1 1) 52 e o 2 (A O
Duncan-Chang £5 8 7¢ # 3 T [ 78 T2 40 A 7 1o 3 2
A SR A E. X O L b (o0 —oy) MR R T
55 B AR 2 1 7 7 Bl 238 R et A S B i Ak
FIIK- ) A 76 3 5 AR AL 48 [ 7 1 K- F
e i) 1 A 2 i A A PR Al 25 I g B AR (R B 2R 385 KO 1
T i R 22 1 F7 5 i 3 A AR 25 4 1 BTS2 B
T2 A 25 30 3 10 S I o BV BIR it 22 1 g 45 B %5 3
SRR JEE R 38 R A S AR A TR AR SO
SRR MEE T A S - o8 50 DX A0 PR A 22
I 3 I A& T DA 25 R Bl R B X W B A 22 1 7 1) 52
i), BT 2 37,48 IF Duncan-Chang F#, Hf

o — o o . (5)

E[I—ng]

(o1 — 03 ) i

1 20 (5) AT F1 5 BB 75 7 5 A 35 e i 48 E
Duncan-Chang #&#, SCHEAE T 2 57 P08 I sk 4L Y
B 7 1 AR S BBl % S ARSI ) 2 R 1 5
i) 2 PRLAN () 28 591 1) 4 Rk = TR 2 ) imi A B
AS[H].

XPFRGE A RS L s Bk RS
PR 3] TR R BRSO A A5 B R AR D A
AEMERS K X 55 L E A S UL,
A B 55 4k AR ARIE Ty E  ae i AE T B T AR 3.
SRy I AR S T A A SRR T AR S D B B R D AR
g S @ R R g Dy o R 2 B
S-S,

S,— S, °
AP :S, S A S, a3 ok AR I A B
FEREAR B G B 59 9 B L ) T AR T D)
k. B S.=Ss=S, it XX (6) AT HI & PE -9 3
PR o B8 ) B9 B A L0 1 S 40 30 A eR BB
1 B}, f& 1IE Duncan-Chang #& % Bl 3 % 48 Duncan-
Chang #AY.

XFFICRGE A U L S ] UE AR ™
AT AR I 5  Cn B D) BB AR AR B ) 2F 1 AR
3 B854 5 J vk 52 B B A DU R T A
Bl e 3h B+ ok BOCh TEAE. (B 15 A2 . T3l
0 AT DA A AR 15 21 %% 52 Canda 20D o il R AR AR B ) &
P REAS B 5m Ak . AR i g A FI 3, P B e
QSR (=S A IO 7 DO e o P R o 5 .2
A IER 5 AR 2 =g g R R
B, AH X 5% SR D, R - W6 i BE AR ) 0 A% il 2k
MR AR R B, 2 TSRS ML Do
o 2@ W F % Doy 56 &2 B

Dy (6)

2 Dr() _ Dr
;arctan (Dr —D.. ) , D, <D,;
D=1, D, —D
0 r
;arctan (D rrrrr —D. ) , D, > D,.

D)
e Dro s Do D 7350 09 W0 U6 IR 25 | B A BICIR
A T B S R A Y TE R e AR 9 S R X C6) 1Y
PRI A 2 il ST I 1 P s, al DL JC R 4
AT R B BUE R BN — 1, 1], RERS S MR 1k

A AT A R S 1o R S OR R 3D 308 90K ZS
CH M 3D 2 AL 4l 72
D,M
--------- L 2t
i . R
Do, b\ HAHH Dl D
B e j

Al HHIBRTFERIEEEXZEBE
Fig. 1 The relationship curve between
disturbance factor and relative density
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Fig. 2 Stress analysis of soil unit
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Tab.1 Physical and mechanical parameters of soils
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Tab.2 Comparison between measured values and calculated values
under different disturbance factors(adverse disturbance)
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Tab.3 Comparison between measured values and calculated values
under different disturbance factors(favorable disturbance)
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