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Viscous properties of sandy foundation and its finite element simulation
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2. Key Laboratory of Geotechnical and Underground Engineering of Ministry of Education, Tongji University, Shanghai 200092, China)

Abstract: It is shown that sand has significant viscous properties related to loading rate. The stress-strain curve will jump abruptly
upon a sudden change in strain rate. This strain rate effect will gradually fade as loading progresses. The TESRA (Temporary Effects
of Strain Rate and its Acceleration) model which highlights the strain rate as the core variable rather than the conventional time
variable is used to consider the viscous properties of sand. The dynamic relaxation-finite element method (DR-FEM), which has a
high reputation in solving highly nonlinear geotechnical boundary value problems, is chosen as the numerical method. Return
mapping method is used for stress update during the calculation. The laboratory tests on sandy foundation under variable loading
rates were then simulated numerically by the nonlinear finite element method. The simulated results reproduced reasonably the
load-settlement relations under loading conditions such as the changes of loading rate, creep and stress relaxation; and it also
performed the decaying of viscosity as the loading progressed. Comparisons are made between test and simulated results to present
the viscous properties of sandy foundation. The results also validated the rationality of the proposed nonlinear three-component
visco-elastoplastic model for sand.

Keywords: sandy foundation; finite element simulation; loading rate; temporary viscosity; creep; stress relaxation

1 51 5

PR R A ST — AR R TR ) - AR O
REMMMKR, FEAFEMBHER ., FE. N
PG AE DR 200 B - AR R IR g . b b2
TR WL — 2 Ak, HRMRIEARZM, &
[ 22 5 RS L I RV DL AT T AR
WH9Te i T RGN AR ZR AR b 1 W - N AR
(R 5407, Casagrande U5 FLEEAT T — R A4 H &%

Wk H . 2014-05-08
HETH: EEAREEIES (No.51279132).

IR, WFT T L A A A AR AR b
FUAE. Hagin %} 56 [ Wilmington #PREAT T — &
I =3l AR, W0 T b LR R, R
b FOREE L il i AR SR B IG5 Santucci®
X K] Metramo W FRIBIFFE 45 RAH— 3. R T 9T
W0 AR AR ZE AL IRV, Tatsuoka 4031
AT T T2 R 5T, o Yasin® M ] H
AF=3H (Toyoura) WP HEAT T 2 411H & I A5,
TS HH e R Y AR T Ay f /N AR R IR LA, IR

BEERA: 205, B, 1965 4F4, tL, R, AR, FENTEE T &M TR W, E-mail: pengfangle@ tongji.edu.cn



1 2

WI7 RS D R IR AR P K AT IR TT R 649

BRI e 2 AT (R N - N AR W 2 22 AR AN,
I LFA R LR - NAE G R . Lade
250700 3 o — R AIHEK = il 4R S 563 T Rt
(X Rl . Matsushita 25702 Hostun #5.
Ishihara™ %} H 7 Toyoura #0473 k4T T — &R 51 (1°F
T AR PR 4k RS 1 1R 58 HE AR 30 A X
0 RS, AR RS i AR T AR N A AR
AN AN R i as, A9 2 i aod
H N AR S R AR AR AN I I g — AR e 2% i 9 L E
AR A NER I (1 12, SIUH NI . IRl
PERAT A EVE, AbEE IS gk — kAT, N
AR 1 2 S22 Il 1 &S it 2k b b
T IR IR R VERF P ERR Z BN P (temporary
effects of strain rate and acceleration, TESRA), H[IN
AR T AR GRALR Y 2 N - W AR PR 5 0 2 9 N 11 5
BEE N HE— 2 HEAT, 3K 58 W 22 3BT K
Benedetto UM iR iRI L5 IR, 421 T FHRb 1
() = BRI RV AR, BB RE LTS RENS
Z R O B AP LA A A AR Y
FIRA AR VE RN . Tatsuoka 251, Duttine 25!
X BRI BN Wt ot AR IR o
J R RSADL - T N AR AR IR AT T 3R, R
W0 - R RV I BB A S A T E LA

Wb LML R SR TR L TR ) — A
R, BT DD LA R R PR R
A EFE TR R, R ZHUMIT TR A S
ARE ) BRI BL R RS RN A5 T 1T, 0 L
FEIRE TR UL D o ARBFRR A R s+ =
LERAMY, WA FRITTTVEN D L R
INER % RIS AT EE R, KA R4 R 5
B2l RUEAT XL, BIFFEAD L R I B 1) B R
P

2 bR R TEA R R

AT AR LRI R PR, A
SR Tatsuoka 1O H 04D 1= = BE R B M A
kAL, =R AT 3 Ao, Sr iR
Stk EC B> P BT V. B
P 5EME R VRHATIR, ARSI R E
FRICAL il — BB, sl 1 . e (]
IIPEEIEE:

E=6°+¢&" QD)
c=0c'+0" 2

A & &y MM BNAR AR B AR A AN

AKENALR, o o' v o' BHARNT). B
RVER Ty IR RN o

P
e}
TR B of
é
RIZ s |4

E —

o
| | |
[ : I ¥ |

M1 =ERABHIEREE AL

Fig.1 Framework for three-component model

2.1 SR E—HEAS [ R A A

PR LR I AEC R B, BT A e
BN B AT B ) ERI S5 R, R 38 R B
A T AP L il ) (BB ) SRR B
AN ) o, ME— R, T (ERAKS)) 5
PERLE B WAL S MmN ) o, 15 NIk,
DR - 4% 1) S BB (2 . Hoque 25U A4 Kb
b= HAREG 2 R, W IR R AR A
BTN IR %, JARALE A N T LR R 2L, % L&
T A S 1) e LR D K sE i, B T AR
S E RO T oy s it B N v SR T 5 = R
R O [0 [i) 2 (1) I 58 P AR
22 BHSE—DTHREEHET

FHRD L IR ERFIE PT 0, 2 R R R 28
NPT IRAF IR ) - AR OC &R 5 In8s 1 K /NG
&, T RAA AR TE N 2 R e AR (R Y ) R TEE
PEN ) ot o T N ARk 23 TR S e AR, £33 (1)
RIS AT PR N AR & o =B 28 Fh (K TG T SR
gy P OIARIEUR EEEN ) o AT PR N AR
g Z Al R, Peng 2 LR Toyoura b (15
FE RS TR, W8 IE AN A P ST N AR BEAE A 5 8 )
BT RIS EL, R AR SIE N, $H
T L RIReEAE I o ZAR G L8 T WD L AK G AR
N ) BRARRAN SRS ) ek 7K FLBR
LU A5 DR 250 Y ) — AR G R 54, ] DU U Hh %
JEBI S AR SRS RS BT Dy SRR . A SO g
PERE A N = BRI R M oy ' P
23 FMESE

Bty E Vv RS R RRIE, SRIA TS
HH RT3 B (A0 b PR N A3 AR AN i AR R Y A
i, FPE = RN ) o SRR N 1
FETEm R o 5 R GRARD BRI I,
SO R R AR ISR ¢, 1L $E 7 ANn]



650 b +

b 2015 4F

PRI AR AR £ A 0y A 2 A i o I th T AE SERR Y
FPE GRUAZ) M PNt R FRpES rE A E , SRATA
2 AR £ NS A ] 00 7] 1 i o

RSTRRS PR ol RDYE =21 o2 S o e N il
HERRL AAAEE AR OB R, AT LR
GE— 1503 B PR R RN o

(1) SE AR

W 2 Pros, NS AR R ESRRARALIN R
(K318 ) — AR e M AR, LA Jim I ) = i A
RAMMARFFRAZJGIES HE T RNAER
IR LA I ) =N AR i 2 o XA R R o by 25T
Rk SEEVER WAL DUBHCA AL
LA B,

o AT, e &2
~~~~~~~ é

! AR TR 4,

B2 EREFHrER
Fig.2 Sketch of isotach viscosity

XIS, SR IEN ) o) I ANTT R
SNAR &' R A & ks, HETERMERN ) of
JREEBIR AR :

Gv :GY (8ir’éir)20f(8ir)gv(éir) (3)

1S0

A g (6 WA RS, ARBCH A FIBER:

()
-] —+1
gr
L av me & WHIEENMESE, BEPG
TREG 45 R E o

R @D HLELLF &M © SHEE ", g,(6")
HAEF; @ #éT=0, g, (£")=0, Hog, (¢")/ 0"
T AT am /" X —VERARIE T AER R
A ("= 0) FRURINEN BTl i 2 1 e 8 1 5
@FF é" — oo, Mg (") —a, XYM B ZIH
MYEAT R

=R B R HESE,
CIECYSYVWIE

4

g, (N =a kl —exp

mearst (2) fit (3)

o=oc'(eMl+g,(E")] (5

(2) I REPERIE (TESRAD

HH SCHR[7 — 8] Hh ke 45 vl %0, AEd L )P
VAR R AR T, A8 A A S AR I K iR
AR BN A st B B R 1R N T NN, B - AR
ek & NI FE AR BEsE, RILH <B4
(overshooting) M. K2, INEN AR H 258K
/NN, N - AR i IR BE R, BR R AR IR
(undershooting )« 1% P F ik 14 1 13 5 2% 23 Fiti A5 N2
(AR AT BB L, WY - WA e g 24 (Rl e
TR BRI T A3 2 1) LA — 1 OCR, il 3
Pis. T BRI, XS N0l R K,
RFEAL T 58 A HECIRAS 17 H KA 1 R AH [R]
5 n] LUWL S AH [m] ARG PR M, I T it 1] 285
PERAD LAPRLAR S BV 5o

oA

-
-
-

REAEHOH

JUTHE {005 13- 4%
GO AL 5 [ AR )

4

’ [ g - .
4 AR T4 R Sk £ &
4

>
>
&

K3 BERZEEME (TESRA) RER
Fig.3 Sketch of TESRA viscosity

HIFEY 2.3 Fd (0 A R PR i by 2T 4,
FERY: )= AR SR B ANA 52 B B N8 1 S 52, g
VRS L RIS P, RGP e i N -
JAZ W Ze W [ X — 0 R PR . P, A
WA B RHE S PO A T R AR Y R IA
A A BB IE, AT DA% fE LRGPk i
PEAEEDENE . AE3C (3) MOBEAL 1, 51088 £on]
&

o' = G'FESRA = J. j:g{' [dai\s/o](r)gdecay (8ir - T) (6)
X g AIMBRAR ARG AL RS
AR ey (67 —7) HEIRBRHL, S LU

S ecay (" —1)= r](g"’ﬂ (@D)
A RO EL H 0<n <1, RUIFHER
I AT INBCHEAT M0 S RO, IR IR Y ek
BRI R R AR 2 =1.0 ItF, Bl



B 2 WI7 RS D R IR AR P K AT IR TT R 651

HBHRPEESL. RIE (3 (D, 3 (6)
B RIF, A

g" .
. J st [do), ](T)gdecay (6" —1)=

J.rg:gl" {d[afg\’ (éir)]}(r)gdecay (Sir - T) =

£ aaf - . ag (éir) é:ir
J. r=¢" |:[ oe'" jgv( ) o ( R gir -

re e, (0¥ =0 3o <0) (3

X: (00" /0e™)g, (7 )dr A R AN AT PR W AR
BT INAR I AN ] P S R AR 8 B de™ 51 ) B R R
71 8 CREAS ) W BN AR R R D
o' (0g, (7)) 0V (E™ /6 dr Jy K — R AT YK A N AR
e I N R A AR S R i d T TS ) R R
B RN AT W N AR IR FE D) o 75 BE R,
SEUR R 7y A AR, 3R R RN B A AN R
S AR R N e Fig BOMAR PR R (R IR ), X
— AR LARE TS B IS
2.4 HERIBH

AR SCH % IR RN BR GRS AL B H A
Toyoura WPREATIN, HAE FRAMIBIA p ) S 502
HH — 28 1 A IV 1) v R S 1T A2 3 56 75 21 1)
Toyoura P[P 3AEEPEA RIS 2k an P 4 Fros. K
B, X' =t /s 4rinGs"/p) s Y=W" /p, o ML
O NRELLEY B VR (EIY BERTAALRY BE =34y, Bk
S5 R S AEAD SR 12— 13] R 4 i, Uk
AEANTIA o AT R 80 8 0 B SR FH W B
PEBLRL, HARSHOLE 1.

0.14
ok IR 0 B
0.10

_omr I B
0.06

0.04 | WA AT AOBEAL B B

le: 04 max
0.02
1

0.00 !
0.0 0.2 0.4 0.6 0.8

Xf

Bl 4 Toyoura B} N TEEALFI B4k 2R %L

Fig.4 Hardening and softening functions for Toyoura sand

£ 1 TESRA HAEKHHESH
Table 1 Parameters of TESRA model

itz FEIRSH
a m £/ (%/s) 7
0.23 0.045 1.0x10°¢ 0.05

3 Wb b AR R IR S AT R T
L)

3.1 WL ALRR

N T ERRA  ERE  6 AD  H BE ) S
Hirakawa"* F] JT] X\ T/ Toyoura b, 75~V N A 4%
PR RAT T B AR N0 i 20A5,  BITE
10 L TR B AR B WA, R P AL RS T R )
In#dor X, SRR AL RN, SR N,
AT T U AR RN AR s INAL, At By 28— %
FER IS R . 5 il Toyoura
Wh¥ S H R R VRN % S T e T
KA ST 180 emx65 cmx40 em [ A4S,
Mt FCE K L=39.5cm, % B =10 cm [{NIPE3E
fillo TEAARE Py BESS ST R IREENRIE M ),  BASREK
BEL FEE 1t 7 [ A R ARES R () PR 4 0 R 6 45 SR V5%
Wi, Hirakawa X5 WK 5 FToR .

B 5 AP EMBERREE A2 cm)
Fig.5 Layout of variable loading rate test on
sandy foundation(unit: cm)

RBALRIG T, 7P 1 1 B P39 1H 7, =16.0
KN/m®, fLERLE ¢,= 0.648, KFJE S R K, = 0.34.
fr B PR I8 2R PRI R A on - Wil
SERIPEE AT ARG N LAk, H R 1
FEMRAREE B, IR R W 2.
My BERN A B Sl OB B T AT R I,
M Ik g A A 3R 5 b A A0 1 S Ak T 1y
] (RPN g, BRI N =24/ y,B1EN

K2 ZEFMBEAB AR B BERRE
Table 2 Loading history for variable loading rate
test on sandy foundation

Ik UINES N2 % /(mm/min)
b-c, d-e, h-i, n-o 4.72x10°
a-b, e-f, g-h, j-k, I-m, o-p, q-r 4.72x10°
c-d, i-j, m-n 4.72x10"
k-l Byt (2h)
fg rq IH7% (4 h)
q-r 5.03x10°
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