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Advanced tangent modulus method and its application to calculation of
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Abstract: The tangent modulus method proposed by YANG Guang-hua is simple, with few parameters and easy for
engineering application. The researches have shown that it has better accuracy when calculating the foundations with
conventional dimensions, but for the large-sized foundations such as rafts, the calculated settlement is too large. For this reason,
an advanced tangent modulus method considering the increase of the initial tangent modulus extension depth is proposed. The
comparison with the actual engineering case and the calculated results by the finite element method of the small-strain

hardening soil model shows that the advanced tangent modulus method can be more realistic. This further develops and

improves the tangent modulus method.
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Table 1 Mechanical parameter of soil for small strain hardened model
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Table 2 Mechanical parameters for Mohr Coulomb model
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Table 3 Mechanical parameters for linear elastic model
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Fig. 1 p - s curves calculated by various models
N T RENA RIS, WHE 1 /AR
WAL LTS p -5 BHZEATIZ 4K Eo KIS, )
p —s HELBATXUHZAN G, 152 slp -5 LN E S
R 2, LA

3 —0.0056s +0.0548 4)
P

XN (2), 5=0.0056, a=0.0548, Mt ARG H,
FM T ARWIGE VIR BB, R
£, - D(1-u)’w
a

XFE, 45EF 1 2K o o [HRIATERIY) LA
ER 3 M. RERHAVIEBEEE T EZ TN
p -s M2k, THEBIERETER =1 m, UK d=0 m,
Ttk i 0 A 2 fr 2048 Bl 10 kPa, B Ap =10 kPa, )2

=14.61 MPa . (5)



51

Mot S RN S AR MR IR 55 b i 789

JEFE Ak =0.5 m, SRR LR B2 L 1) 0 s for B kAT
TE, WHHERE AL 10 m, A N20F. UE—Z
T p=10 kPa U BATHE IS AR o Forhih BTk
U Eo N (5) THEHZR, HL 14.61 MPa.

RARH ALY s/mm
0 2 4 6 8 10 12 14 16 18 20
T T T T T T T T T 1

0.02 -
0.04 -

0.06 -
5 0.08 " - y=0.0056x+0.0548
= U r b
e R2=0.9809
3010 .
0.12} e
' B

0.14 Tra
el - e
2 s 5sp &8
Fig. 2 Fitting curves of s and s/p

FEth o 55 A [0 R B A 14D B n B2 3 P sk
FINEE . B RaiE T, BB ERE
z,=025m, MR R K= 0.9299, MNZIRE
AR J1: Ao, =9.299 kPa, p, =169.9 kPa »

ZELMLHERE N E, =13.06 MPa . % — 2
FIUTR As, = 0.36 mm.

BB EEE 2, =0.75m, IR R
K= 0.4842, WZIREALINN J) Ao, = 4.84 kPa ,
p, =258.5kPa

ZELMLERENE, =14.07 MPa . 55— 2
TR A As, =0.17 mm .

DAICEHE, AIRAE—BELuiEE, Be—2
LRI S, 2RI —%aidl 10 kPa T L4k
IR AYTIEE: 5, =0.8 mm .

BT A BRICTT SR S At NI R, T D) 2
EAT I ARV RER CRFBIEIERINIMD, S 2t &
S F A B FEAER I, TR R A DL R
0.8 fE NI AL R, Bls/ =0.64 mm .

HEVL B, wREEEH N KTTREE, R
RS R p - s th2R, 5 RuETHE A5
UL 3. 224 Hi 24 p=50 kPa B AR A0 s DL 4K
UUPEBEIR FE AL 2k (H - S #hiZl) xFEL I L 4.

pl/kPa
0 20 40 60 80 100 120 140
T T T T T 1

20 —— UILRAL R Y:
—o— /NI ST A, - 4
251 —o— BUR-ROHIR
—— R
30l
3 &HEp - s BREXTEEE (1 mx1 m)

Fig. 3 Comparison of p - s curves by various methods (1 mx

1 m)

—— YIREL R
—o— /B ARHE AL, - A
—0— BR-PEDHIR
—— R

4 &F53E H- S HZITEEE(1 mx1 m)

Fig. 4 Comparison of H - § curves by various methods (1 mx1 m)
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Fig. 5 Comparison of p - s curves by various methods (3 mx3 m)
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Fig. 29 Comparison of Et = H curves (3 mx3 m)
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Fig. 30 Comparison of Et = H curves (6 mx6 m)

31 Ei - H BIZEXTEEE (10 mx10 m)
Fig. 31 Comparison of Et = H curves (10 mx10 m)
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Fig. 32 Comparison of Et - H curves (20 mx20 m)
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Fig. 33 Measured p - s curves
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Table 5 Mechanical parameters of soil
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Table 7 Mechanical parameters for linear elastic model

Y E

L= /(KN-m™) v /MPa
M+ 185 0.3 14
WA+ 17.6 0.3 4.1
WO R 1= 18.3 0.3 14

Y c Q Es12 Eo
e
T ARLLHR /(KN'm?®) /kPa /(° ) e /MPa  /MPa

BT 18.5 183 19.5 1.15 7.5 14
WA+ 17.6 75 58 120 3 4.1
5 i 18.3 10 20 1 7.4 14

* 6 BR-FECHEESHEE

Table 6 Mechanical parameters for Mohr Coulomb model

E
T+ /4 7 c [
2 (Nm®) " /kPa  /°) /MPa
P ARDIE 18.5 03 183 19.5 14
TRV R
it 17.6 0.3 75 5.8 4.1
5 i 18.3 0.3 10 20 14

35 BIRTIREE
Fig. 35 Finite element model diagram
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FERRIE 6 m, TFEIREEN 200 m, HAESiBiER
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JEER RO g AL B A p - s iR X LL A 36 FoR, 7
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Table 8 Mechanical parameters of soil for small-strain hardening model

y C ¢ nc P ref Gomf Ere; ESr ;f Er:f 0.7
:t}E' 73 ar : K [ u .
2 RNmy T kPa /) °  /kPa /MPa  /MPa  /MPa /MPa
BT 18.50 02 183 19.5 0.6662 100 0.8 63.0 14 14.0 420 2X10*
WA+ 17.60 0.2 7.5 5.8 0.8989 100 0.8 18.1 4.1 4.1 123 2X10*
{5 i 18.30 02 10.0 20.0  0.6580 100 0.5 63.0 14 14.0 420 2X10*
0w 100" s w0 2% TR @ (URIRIES R (RGUIEIER it
i ' oy WRHEEZ IR EAR T NS N EE M o [HR R
250 N N 4 4 p
so0 K o = V20N +15 THE T, ARTERLE Eo AR SCHR(S)
s Wi AR REEE, BRE LS ARLDES
£ 1000 BB SCHR[S 8 I 3 K 38 ) I A B .
1250 | —=— R YIRM R v T
—x— YRR SRR
1500 - —o— /INR STk, - 46576 U7, 15 m, N=25
1750 —o— Bk
[ —o— R PR
2000 L —— LR

36 RREIFFE p - s BZkXTEL

Fig. 36 Comparison of p - s curves of different methods
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Fig. 37 Comparison of H - S curves by various methods
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Fig. 38 Comparison of Et = H curves by various methods
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Fig. 39 Distribution of soil strata
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Table 9 Mechanical parameters of soil

. Y c 4 Eo
AR /(kN-m®) /kPa  /°) /MPa
4itb 18.5 0 37 44 4
b 18.5 0 38 48.7
M+ 185 25 22 27.0
M@ 18.5 0 39 67.3
SRS 18.5 150 38 250.0

FERBVE T I SR A AL, FE K 68.5 m, % 36.4
m, JERE 2 m, AR 6.4 m, FERE RN 1R 220
kPa, F& il oS &R A0 p A7 B AR AR RN 33.4
mm, P ARGIRE S BEIEER H R4k R 40 Fr
7No

FAA BRICH VE T S AR TR R, BER-E A
DA S 2R BRSO WK 10, 11, A BER-FE
OB 5 2R A Y R R OB TR R, /N AR AL
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Fig. 40 Measured H - S curves

B 41 BRTERE

Fig. 41 Diagram of finite element model
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Table 10 Parameters for Mohr Coulomb model

14 c (4 E
L= J(KN'm™®) /kPa  /(°) /MPa
) 18.5 0.3 0 37 444
b 18.5 0.3 0 38 48.7
M+ 185 0.3 25 22 27.0
b 18.5 0.3 0 39 67.3
SRS 18.5 0.3 150 38 250.0

FAVI AR B R B, Eo B 2 5 IR A& Eo,
RV R EIEA FRE Eo BUEIZC (8) 115, H
W E HU2Egs po X 20 kPa, m HX 0.3, FET Eoil 5
WA R, HERREE, 2R
NSm—F, ES S EME, RN 44kPa, S

#H 220 kPa, % 1= ReHUEA N 1.0, AR L2
) Eo 43 M HAN RS 2 LR i B, &
AT EIRENA 200 m, A 7755 FEIE LRI B I R
H 0.8, VT B H FL AR A O s A B AR TR il
¥ 82.32, 36.21 mm.

F= 11 SRR RSHEUE

Table 11 Parameters for linear elastic model

+2 y/(KN-m™) % E/MPa
) 18.5 0.3 444
Wb 18.5 0.3 48.7
M+ 185 0.3 27.0
Wiv@ 18.5 0.3 67.3
SRS 18.5 0.3 250.0

AFETHE R H - S L ILIE 42, PIRpI4p:
HEIAN) ETELLE 43 BT EoR, ANNARREAL AR
5 R RN AR A R B S, T A
TRE RS RICSENE B, #E—DIEW] T )
DA S .

S/mm
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Fig. 42 Comparison of H - S curves by various methods

E,/MPa
0 300 600 900 1200 1500
—— RN R R
—— YIRBR

150 -

200+

43 E. - H BAZexTEE &

Fig. 43 Comparison of Et = H curves by various methods
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Table 12 Parameters of soil for small-strain hardening model

15 't . v c (4 K pref m Gy ! E;; Esr;f Ef 0.7
/kN'm?) "= /kPa /(") 0 /kPa /MPa  /MPa  /MPa  /MPa
4ib 18.5 0.2 0 37 0.398 100 0.5 199.8  44.4 44.4 1332 2Xx10*
ALAEY) 18.5 0.2 0 38 0.384 100 05 438.3 48.7 48.7 146.1 2X10*
WL 18.5 0.2 25 22 0.625 100 0.8 1215 277 27.7 81.0 2Xx10%
P ALUIO) 18.5 0.2 0 39 0.371 100 05 302.8 67.3 67.3 2019 2X10*
SRS 18.5 0.2 150 38 0.384 100 0.5 1125.0 250 250 7500 2X10*
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JGF, W/hT 6 m PEERISR UL AN K, ARSI 4
UFRIRR

(2) FFFIK KT 10 m X FER R SF R LR,
Y IR BRI, )RR R S R R
k.
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