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Physical and numerical model tests on post-peak mechanical properties of granite

SUN Chuang, ZHANG Shu-guang, JIA Bao-xin, WU Zuo-qi
(School of Civil Engineering and Transportation, Liaoning Technology University, Fuxin 123000, China)

Abstract: The deep surrounding rock in the process of excavation exhibits complex post-peak mechanical properties. It has
long been an issue of great concern to the engineering. Thorough studies on the post-peak mechanical properties are of great
significance to resource extraction projects. Based on the deep shaft horsehead project, the mechanical post-peak properties of
the granite are studied by using laboratory tests. The nonlinear fitting method is used to obtain the exponential relationship
between the post-peak softening modulus and confining pressure of granite. The rock dilatancy angle is assumed to be constant.
A post-peak strain softening model is established considering confining pressure and dilatancy angle based on the theory of
plasticity. Using FLAC as the platform to develop and validate a mathematical model for horsehead tunnel to analyze the
failure rules of the deep surrounding rock under strain softening conditions. The research results show that the post-peak
destruction of granite has a trend of brittle to ductile transformation. Under high confining pressure, it exhibits plastic softening
damage characteristic. The post-peak softening modulus increases with the decrease of the confining pressure. The FLAC?”
numerical verification shows that the results of the strain softening model agree with the experimental data, and that the
proposed model is reliable. By analyzing the properties of horsehead roadway damage through numerical simulation, it is found
that the plastic shear strain appeares in partial areas, such as the vault and arch foot, and that the location and depth are similar
to the field ones.

Key words: rock; post-peak; strain softening; confining pressure; numerical simulation

0 5l RIS TT LRI, A A7 WS R 5 4 i A

sl U FE BB T 40 e R e G A A g A BAHSEERY, B AT B A R PR 451 R B R R
LESTBR TR S AU o 2 e I e B, 1 PR [P R A WA A, R AT ks
RS AN IER S PRI R e, AAafegEx

N . W s NN EE&WMB: EXRARBAEESIH (51174268, 51274109)
FEDLH B PR AR A A AT M Sl R w%ﬁ SHRATEEE
SHHEE: 2014-10-24

jillf3



848 a5 oE L OB ¥

2015 4F

Vg Ji M —RE— SR A, 1T A Ay VR i A AR S P A A ik
FEHR T IG5 4 A0 W I AR AT ™ Feviis A
TR TRET, A B0 i N AR BRAAT AR % 530 &R
Gt M A E M AT RS B AT T o EEE R R

ATV 5 N AR RAAT SR o =5 s —
T2 N PRI TN T, WA AT AR (S I
FRAE AR, BRI I g Ve e HEA TR =
B RAGR, RN B NN - ARG R
g, FNLCUT SRR IR L BRI IRE S EL
SRR RS A0 e Ak I R A7 Axterh 250005 5
TG T BT FUA R IR MRS 06 J A8 T A IR 1) ffi— %
— IR AR RS o B 0 T B AT ST,
Alejano 25 US4 i1 ) 3£ T Hoek—Brown #E I Al
Mohr—Coulomb #E W] [ 75 4 W Ji5 W A 45 A A5 7Y
Sharan'%5 1 T Hoek—Brown 3L fifi 8 ¥4 A6 5 7 254 [
N - AR TG R N AR R AR A AT . B T
R ARSI ER 2 BT il b, $R A HERIA
AN AR BARAT BT S Tk, i KR
P T AL LA BN AR AL S R S O ARy
TEEAE V5 575, HJET Mohr—Coulomb #EN, X
AN )5 B S B A R (P2 AR R ) - AR 283k AT
HUGTHE T PP TP R (A N AR
BALERY, 38 B AU T B S & [ 5 S 2
FIAHEAE G R SE . DA AP CR X TRE N FH# BA
T NG, AFJE R U 5 Y AR AR Ty
ERON A, ARME) I N T SEBr TR, BT
W T i 2 A, VRS AR ORI 2 .

EFRFCA B, ASCEL Alejano 254 H 1)1 Bl
AR S5 2 BRAR R A, DARE T KA I Sk T TR
MKFE, T8I = N RS UAE K 5 0 I AR AR
I G TR B A W SRR R S A, O
BT VR B AL £ 7% JE I s B BY MG AR R i 1) 25 A U s
MASIRAL KA, He T FLAC P& TF & N AR R Ak A A
FHEATIUE ;s ARG I B Sk T TS E SR, 4
TR Bl A N AR A S T IR AE o BIFFUR
RIS A A WS AT AR AR, JE R A SEpR TR
etk

1 BAZHEYE LG KR E T
1.1 BAZHERLLHAR

TRI T IE I A B A RIS A 1050 m
RS FI TSI T2 TAEH, AYUihiy sy, Bk
SEREMELF, BUREIE PRI BHE RREG %, IR
I CATEE R B4R 0 50 mm, &4 100 mm F R4
TRAE,  TRE N RS S0 A2 [ o A ) 2 2 e BGA
BT ER o A A 4R 56 E S A A% A BR 2 )
AT GAW-2000 LA il v 8 4] il NI s 7 306

B BT, 150 FR g0 HAT BUURS B A Ak B
R, R S R E R T S

ek, FERsEEs 3N 0, 2, 5, 10, 15,
30 MPa. 56, XPUREREINA /N RIE K R T, AR5 it
I EE s 22 Ve (H AR R AR, DAAE AR S A 1 7
Lt i fr 2, SO LAR ) F 3R AR R SRR
N ) o, RN ) oy, T8Ik 223 E A L 1)l ) R0
TR 1) N AR AR SR AR KA A FE Rl ) AR g AR AR
& o HTAER A A B ¥ e, @i K
FATRFERAT AR AT 5, Toe S A V(B i S ik
SEHERLE, BHEERN, s 2] T R
MM A =l R ARG AN ) - AR 2k, s
1 (a) PR

W A

wn o

(=] (=4
T T 1

~0;)/MPa

0,=30 MPa

£10° £/10°
(b) FEE1S MPaB R /7 - RiAE 4%

1 WREEN - ML
Fig. 1 Complete stress - strain curves of granite
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Fig. 4 Simplified curves of post-peak deformation of rock
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Fig. 5 Curve of post-peak softening modulus of rock
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