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Time-domain constitutive model based on logarithmic skeleton curve and
its application

DONG Qing', SU Jie', ZHOU Zheng-hua', LI Xiao-jun’
(1. College of Transportation Science & Engineering, Nanjing Tech University, Nanjing 210009, China; 2. College of Architecture and

Civil Engineering, Beijing University of Technology, Beijing 100124, China)
Abstract: The equivalent linearization method for seismic nonlinear response of soils will overestimate its high-and
low-frequency nonlinear effects, and the plastic deformation of soils can not be reflected, especially for soft soil layer sites and
thin overburden sites. The functional expression for logarithmic skeleton curves is proposed based on the test curves to analyze
the time-domain nonlinear seismic responses, and the characteristic of the new skeleton curve is that the asymptote rises slowly.
Based on the Mashing criterion, a logarithmic dynamic skeleton constitutive model is established with loading-unloading
turning points as reference points. On this basis, a 1D time-domain seismic response method for soil by using the overlapping
difference scheme is proposed. The corresponding program Soilresp1D is developed taking Microsoft Visual C++ 6.0 as the
platform, and it is used to analyze the nonlinear seismic response of soft-soil layer sites and thin overburden sites and Eureka
Canyon Road site. By comparing with the results of time-domain analysis based on the hyperbolic dynamic skeleton
constitutive model, the equivalent linearization analysis and the actual seismic response observation, the feasibility and
rationality of the proposed logarithmic dynamic skeleton curve are verified. The results show that the nonlinear seismic
response method based on the logarithmic dynamic skeleton constitutive model can be applied to the seismic response analysis
of different soil-layer sites. It is especially shown that the area of the hysteresis loop of the logarithmic dynamic skeleton curve
and the damping degradation coefficient are larger, thus the damping effect and the plastic property of soils are better reflected.
Key words: logarithmic skeleton curve; dynamic skeleton constitutive model; time-domain nonlinearity; damping degradation

coefficient; stress-strain curve

EE&WH: ExEARRFAELSTE (U1839202); EH K & M &k
IiH (2017YFC1500400)

it

0 35l
TR (R PE R 2 5 47 R B 5 1% 1 B ER: 20190926

*B{E/EH (E-mail:beerli@vip.sina.com)



1492 H O+ T OB % M

2020 4F

MEERER, TR IR T — B AT
TR BN JTAK R 2215 Be 1 S R AL R Z
FRAE, X6 3 b A 2 14 b 5 s B TSR T S B O 2L
TE—4E LR SR A MR [ R b A, Sk vk
RSN S L I (B 3 ESA C R  PLID R B 3
[ i £k 7 Bt N, IR R Y A R A
S — R BB T 3G A B ) B R RE B Al T
i~ ARSI AEZRME RN, B R A R AR (BB
H 5+ 2 BRSO I MRS EAR O
G GBI IR ZBD, H AR BTG
ERIL. KT IX— R, NN TR T AR RS
TIAKIHITZ A, DABRAN R A VR AN 2 P,
TSRO - R — 45 A K Z KB4
BAR#E. 2R AXELLG/G, - y W HHE A%
filAS 2RI &, TR E ) - MR S th 4 450
KEI, G567 M INENEHE NAS B AR AR AR A,
BFEARIN ST - BAFAKIERLE Masing 3 EERE,
Masing VAN SEFIH G/ G, - y W50 i3RI )
AR R BB f(y) - v, A “fHRR” K
FINERAE N, T3 BN I E T IR A - B
A5 e AR, (E A R AR IR A - y KRR
BESR, Pyke!™ Masing SN “ 5K R7 BN
“nfE7, PeE TR AT, (HAM R RARA
SRR o R B2 BB AL R %7, £ B4 P%) Masing
ENWFHATELE, 152 - NARSC R BB B8
B G/Gy—y RAMRIREE R, ERE— & 12 2
A -y FAMIRELA S . 1 Martin ZPHR =23
Davidenkov A< A4 15 84 g 55 o BRAR IR %28 L (A4
Vezh 4, MR T EE R ER . BT RN
$EH Davidenkov AR B A IE NN, A “9
J& Masing ¥EN 7 FH{ « KRS HEM, fRk T “YR
Masing VM7 7EF2 7 S0 75 0 R EHERE 1 )
e N TAER ) - RAR AR AILE VA SEEL, 2R/
AR “HETHRMEAEIE” VA F) “shg 4
ek P, s “HEHBIAE” AT
TEA R R B RACKER R — 4B AR R, X
PR RZMMUBEFRIBSE G/G, —y~ A -y KRR, LhE
2 L8 AR B AR TR

KIBAER T — 4 T2 AR L Vb 5= e 55 R4 1AL
srire sl R AN, B TR 2 AR
RSB A FR LR R . stk g
R BEEIE B . W EE b i th £ i i) 3k o0 At
J7 A EE Rl i 5 S PRl sk be A, B T HE A .
KXW R, I R o SR i AR B J AR
TTERE AT . SR, BE - Hr45 R LW, Bl
TARIR L5 RS - REAR B 4L i e e 1 LA B Ty A

REPRE TR I (3 (o] Pl A, At T AR R R,
B BT I E RS UG R BN ) AR B DL e Ak
(FIRHJE RN, (EAEAESE R A AME TR SLIL . AL
B2 /NFERAIG LR 1, SR T — ot R 28 h &
(V1R B, DD B 47 s L AR 25 [ AR
RS T B RA T ATRIL I, % S L
LR BT AR, i (el A TE TR T AR RE
B AU, PR BELJE R RN MR . S B AT g S
BT AFIR AL A AR Lk M 32 S BB, S 0
B IRAN 73 W 85 R T S5 R A T iR S R B AT X EE 73
B, BRAIE 1A SCHR H A0S Bzl B A i R ) A A

1 B REIRE R A
1.1 BEREEHNHEENMANES

I AR G -y #2152 5 XU 4 i 2
— BB R LSS, HAB IR 2
LA ER 2 G -y iz,

BB IR HABOE . OV BT R
BT - AR SR SR A s @B
SEnEL R, Ny - BAREZE S Masing 30
“TAET RFR, WS XNEEhE L FHE
1R (Er,ty,) 5 QBRI IIN ) - MAZS
R S E ML (£, 1y, REAZE, F4RN
ENHG AR PN Y - BRSO AR 2R SR AL £ ()
HE.

WA Eik 3 ANIEAEGE, TS BUEE N EN RIS
DUT R Bl i A 2 . ARG “ AR R 5A 2
LB (€ L, AR —4EARR R R RIL
e

7, +2g(%j (| <7w)

f@) (7]>7m)
Kb || BRI AR 7,0 7, FPISREA - R
AR B K I I N AR, HUEAE; 7, oy A2 AT
N2 AN J) - RAR R i fa — AN - NS 2k 4
RPN BN IR AR s g((y —y,)/2) /A% T304
AR ZR P BB 2 2k

(1D 15311 8R 500 R AR BE 2 15
A -y kA&, FIAEERSEEE MW “MHE B &
# owt (D) TR

rc+K(yo>'[2-g[7‘—27Cj—Gm (=7l

t(r)=1G,-(y-7.) <7, @
f») (7> 7w)

t(r)= (1




%8 T, S ST ECE AR R i AR K A 1493

tr -7
A H, G =—" <,
i}/m _}/C

+, Hy BN —, K(y,) N2 R R AL
1.2 M- HTXENEERHN
N T VESRTRT VS I AR SO AR, BT R
RWGy), A AXIWEG/G -y A -y KF:
1

Ty, —
o= tel sy MK

Glr)=— o 3)
__ 7
A(y)__a,+lqy o “4)

HOT R S 2 0 8 U f () B2 AR 0 PR 045

In (1 +byj
—— (>0
S(y)= (%)
b
—In (1 —yj
a <
b (r<0)
gy f(y) MR RO
1n(1 + b:y'j
—— >0
g(r) = Y (6)
—In (1 —'}/'j
—— (<0
MR R E PTARBAR AN A 2X
g0)=1'0) )
tr, +7,

Ty, +
g[m%— “2Vﬂ+ =S - ()

B (7D, 8 KA (5), (6) 17
a=a )
Hrb, Z%0p o) Dodnd 2Rk AR 1S
RIEFHJE LR R e L, H

Yo
K(7,) = ’1270; = a,+by, , (10)
M)~ @f [ fdy = w17,
K, n(y,) AHHMT Masing ##ZEMFHJE L .
B (5 AR (10) AT
K(ry)= il (1)

2a, +by,)[Qa+byy)~2by, /n(1+by, /a)]
Hal (1) mEIfR e EBt R 5 75 LRI S5
Car b a, b)) HX, ESHELESHy, 5.
BT E 2Rt 2R AN [R], 0T H BB 42 i 2 X 3 42
2R (1 FE 8 LB 4k REUTHE A A —5,

izl (3) ~ (D) Al (2) e

Y=Y tr -7
) |+
Y7 i}/m_}/c

2

7.+ K(y,)-

a+b'-

i/l-l"ﬂ B TC

i}/l"ﬂ - }/C

1n(1+éyj/b (y>0)
a

o(r) =

(y=7.) (71 <7m)

(7> 7.)

—1n(l—éyj/b ry=<0)
a

(12)

1.3 XBEhE ek AT B SRR ORI
HRAE R AN, e,y Mo, g ol
A (12) 7T CAB A R AR BT S B
— BRI RN e 1R A S A
AR 2 B AL AR BT A - RIS R AR
R B TR, AR IN SE S
FOSE 7 He 2 N TR I S Rk, ST e 85
B 2 ST H A N TRy e 4
LRI 2 1 THBe BN, B A R A I 7R
BRI LT, W, A L e

Mo

— R
- B o
2 (s )
e
//// /() 7
o4 VMBI
A s
(—;ﬁ:y —Tm)

1 BB RAM SN B RAMBN S - NEXHR
Fig. 1 Stress-strain curves of two dynamic skeleton constitutive

models
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Table 2 Nonlinear characteristic parameters of dynamic shear of

soils
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