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Preliminary application of dynamic constitutive model with subloading surface
for rock materials considering rate effect in rock engineering
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Abstract: A stress path model with the subloading surface based on the Drucker-Prager yield criterion and the
subloading surface theory was established to reflect accurately the response of rock under the action of earthquake.
A dynamic constitutive model of rock material was proposed considering the rate effect of elastic modulus and
strength. The proposed model was applied to the Xianglushan tunnel. The results show that the stress path model
describes the Masing effect and the ratchet effect of basalt better than Drucker-Prager criterion under cyclic
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loading. When the rate effect is not taken into account, the slope of the stress-strain curve is smaller than that of
test curve and the cumulative strain is larger than that of test curve. In the process of cyclic loading and
unloading, the dynamic modulus obtained with the dynamic model is larger than that from the stress path model
with subloading surface and the deformation obtained with the dynamic model is smaller than that from the stress
path model with subloading surface. Therefore, the proposed model reflected well the dynamic mechanical
properties and deformation properties of the rock. In comparison with the results from Drucker-Prager criterion,
the instantaneous relative peak deformation between the left and right monitoring points of the tunnel from the
dynamic model increased 0.67 c¢cm, and the permanent relative deformation between the bottom and top
monitoring points and between the left and right monitoring points are increased 0.19 cm and 0.77 cm respectively.
This indicates that the dynamic model reflected better the large deformation of the surrounding rock. The dynamic
model of rocks is more effective in filtering the high frequency than Drucker-Prager criterion and linear elastic
constitutive.

Key words: rock mechanics; subloading surface; Drucker-Prager criterion; rate effect; dynamic model; rock

mass engineering

][l

1 35l

AR TR, T R AL TR, A
s N AT RES AR, A A AR R
W R R A 4, DI e AR T
REAEHBRE AT R T I N, 1 FERE LAt AL B S Ik
EAFERUEE AT ECT I A R B A . A
FRARERI, AEEIEH TG DL Nl AT i 2055
ROSAGITHG TR Bt 8 T ah & Ard, Dt
MR AT BAME ARG B4 R B R T 303
il BT 1) Ak o

LEHEAN, RS BAE N e MR 5
JE55 NG AN AR R SR Y, Rl b R s
A7 W] AR S, g B R A X K R A
RIS G Ay 5 1 Ay 280 ) 3 A5 2y 10~
10 s M, Ja TR . [E A
AAEHAR AR R K B AT 3T 1 ) 2P AT 1K
RO, AR TS AN Ah A ak
BHER BT N K77 22 2R IUAE 2 AN -
TGRSR, RPN E A 2 L A £k A
A, TR AR B IA, RS2
I3 TR BREC RN, BRI B N, m A
[PA: 3 PNIPITEE ZZ/PNEN 5/ U F 5 S sV ST RN
QLR 2N e i IR ) TTTRAN Y2 DN

LA AR R FC o A S F AR M 25
ik, JENRGUNZE LI, A A i s
TR AR AR AR I S 25 N RIS 80 PR 4355 I
WA o H OG- A s S 32 200 K

—RIETBNASATE N I AR Z RN G RN, FR
h CHREERERL” Uy IR WA R 1R ) 4
Rk, B AT o BT BT AR
NN, N EE e TV 2 A B
WS A TR ER SRR, FE R
IR ST ox i vt NI L= =y - Rit NI 7 - RINY I E Ry vt
TR EAR, e R REN, N
WA, FENAHNNESEIC R, K25
B, R ARG PR T 8 AR R
[R50 - PECHEM, o KRNt T304 Mohr-
Coulomb #ENFIZhZ Hoek-Brown i 1) HA& ik
s TR e R T A sl R, i A
D15 T R — s (A A 7 X sE By, i g
T g TR Y, AN E A B R AL, i
HERY 43 Sy e T 5 20 45 0 T LR 7 g L 2
VST R, SR R T R LR T
%, ABFGEEE MR, DRI R IR
AT Y, bR B AR — R b AT DA
T 1 s L A ) AR RN S B 8, AR ATAN R
BERLE AT AR 80T (s [B] Pl J R T SR AR 4 o
X T R AR ER AT A0 0 ) 2 v, sl i g )
PR LA B e, BREE A MR T —A
5 AR ER A A 10 e RAK BT, sty
FEH T AA NI, DL B AERRUE A e PR
Fr g BB AR e N A ARG B SR, SRR 2
%, SEMCAAARBORIIMESE, PP A2
TR B

QI E=ABE R TiBaY R ST TR E VN T e
N HARGFIPER IS PR A3 AL 1) 3 25



364 ZH 10

SRR T AR A RO B B A AR A TR P )0 Y

* 2505«

PERIEHT 25y 2480, K. Hashiguchi™ 4 yomg;
T KA G S AR ER AT N AR . BN AL 52
ST e 57 7 BT OB ) 2 0 AR RO A
PRI, L J5 YOI N ) A A Bl is
B 7 RE M L ges T, B T AR INZ
Ho BRI EE i is FH Bl s A R A N gk
KA I 2 TR — AN AR R 2RI, T B AT
I VA AH SRAE AR O 2 T B 8 1E B R TR
oo PIUHCAST ) B % 2 &4 Drucker-Prager Ji Ik
WA RS, S 3E T A A AER A 4 R
(R CINZR RIS, ) B AR, FER IR 2% L8 %20
WAL 3 e Y T HO R AR R I MR B A
B, defais A TR

2 ®TF Drucker-Prager ENBER
RANELE R 71 B R AR R

21 RmFERIERE

ORI 2R (1 A S AR A L et e I
(R R 1) Jost AR ) F) P B A AE — A 5 Z R KR JLAT
FHABKFRI N, B iR A Tz i £,
DR ahb o 2 o DU AN 5 22 4] Wiy 17 g a3 A5 A7 3 et i T
o AR R S I A R T g R YA R
Ph, AERLUF HRLIDL B V20N L RS RN S AR
SN R, RO LE, A
B BCS BVERT BLRECHT I, BN ) - ARG R
EESLIEHTT, P B AR N 3K L 1
I PNANE AR

Wk 1 o, Ar B A R LT A BLOC & -

c=0-a=Ro,=R(c, -a) Q)
~ S s-a
§=s—ag=—="—— 2

5= R )
6=0-s=R6,=R(o, —59) 3)

e s WAL, o IER AR LT, a
bR/ IE= TP s R e S VAR 710112 11 M S )
73 o AEIEF A il LB Ty B 2 2 TR

MR=0M, o=s=a, FRRMEm 5L
O EA, BIOmEmgi o — e MR =1
i, o=0,, HONEGRHEIBTERA, RIALZE
SRS DAy YN 2T B 7 B A AR (R — AN o
SEEUCINAKIIT RS BB K, MRS —EhE 4 F,
R LAAG R R 1 R 5

D®=D"-[of /06 ®D”® D*® of /85:/{6*/{66@

K1 gomdims =
Fig.1 Sketch of subloading surface

n=0123-,N

{

k=0,123--,K

t

k+l _ _k el 4 k+1
Onid =O0npa t D dgnﬁ

!

F(@x) — RYaF (Hy)<0?

R

7

f(Gx1) ~ Ry F ()
of (o3

=k+1
ao-ml

(M§+1+N:+1: D er1<+1)
[ ot —oring, |

k1 _ k el k+1 p(k+1)
Onig =Onu + D (dgml _dgml )

!

EH ARyt RS S

k+1 _ k
Oy = Qnag

k+l _ =k
Fn+l - Fn+1

R R [ _o [
l nil — “n+l

HIWT A 1R ?

|

H.
E

B2 %RE
Fig.2 Flow chart

D @éf 1oG+of | 1o5| -F 6+9% 4y %y
FoeP oeP R

ool e



* 2506

HA D) TRER

2017 4¢

2.2 ETF Drucker-Prager JMEM| B9S2 hn £ E L
HBEER
Drucker-Prager #E U [ H AR IE N

f(o)= Al +./J, =F(H) =k(H) (5)

A A, KIMESEG o o Bl hENR IR
EBES @, Hi R APE W B 0T 1, 3,0
ARSI — AR RN ) 5 A E ., 2%
H k&MY, k(H) &Rk

k(H)=k(l+HeP) (6)
U T et e T A
f(o,)= Al +[J,, =F(H)=k(H) 7)

H - N B L 1 3 Je i DA LT ARABL R
DAL I 2 T 12 g s A A R DAy

f(5) = Al, ++/3, = RF(H) = Rk(H) (8)

¥R @) RN (4), RInTskf# 2+ Drucker-
Prager ¥ JUJ PR I A3 THT S 0 65 A28 A5S 28 (1 s 98 P A

=

Ho
AHALEE R AT LAARTE R = £(&)/F(H) kg, 4R

G=6+RSET R, NULZpes kg, Bl
f(5) = f(6 +RS) = Atr(6 + R) +

J1/2||6" + R§| = RF (H) )
A HA(9), FIAFAHEILL R 4
N s \/l;;— 4ac’ (10)

Horp,

a=F(H)? -6F(H)AS, +9A%,? -1/2[§  (11)
b=-6F(H)AG, +18A% § —(6'®8§) (12

¢'=9A%, 2 -1/2|6 (13)

iz PR TII - YRS I R AR, Gl YR
¥, HTEIE Drucker-Prager v IUJ () 28 o 45 744
M B R & 2 o BRI HE S I 7 A
e TS
23 I IE

KA FRTE 2 A, HA2 4858 m, &
fEAE 99.92 m, TEH ERFE B ) 5T
HATAFHI1) RDT - 10000 AL A7 5 R 3 — AL % &

ST AN RS . [k 20 MPa, In#c B A
540, T@{H % 65 MPa, #% N 1 Hz, it
W 3 Fis. MR KL 4 Drucker-Prager
e M AE 73S0 SEHEAT LA, I 50 Bt 2EA 70
b ZEASHUNE 1R, OB 4R S
2 AR B (o6 L an ] 4 R

A
B o, o
[l /% 20 MPa
J&1lE 65 MPa

R 1 Hz

FT

3 NN AR R
Fig.3 Loading stress path

®1 XlasH

Table 1 The parameters of basalt
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Table 5 Relative deformation of tunnel surrounding rock
under different specific coefficients
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AR 11 A0 455 FOTWS 11 LA {N 455
s=1x10°%, u=3x10° 1.00 0.57 0.31 0.34
s=1x10%, u=3x10? 1.20 0.69 0.48 0.42
s=1x10%, u=23x10° 0.84 0.69 0.21 0.46
s=1x10%, u = 3x10? 0.84 1.08 0.42 1.03
s=3x10°%, u=4x10° 1.12 0.53 0.23 0.34
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Fig.12 Time curve of relative deformation at the monitoring
points around the tunnel
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