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Development and verification of 3D bounding surface model
for rockfill materials in FLAC™”
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Abstract: Three-dimensional bounding surface constitutive model for rockfill materials incorporating the general nonlinear strength
criterion can well capture such behaviors of rockfill materials as the strain hardening, the post-peak strain softening, and the
volumetric strain contraction and expansion in the three-dimensional stress space, which cannot be predicted by the traditional
constitutive model proposed before. Based on the theory of 3D bounding surface constitutive model and according to the further
developing platform provided by FLAC®®, the 3D bounding surface model is successfully developed in FLAC™® with VC++
environment; and then key steps, programming essentials and methods of constitutive model’s secondary development are given
based on FLAC?” code. The calculative results of 3D bounding surface model using FLAC” under general triaxial compression tests
are compared with the theoretical values. The results are turned out that the calculative results can aptly fit the theoretical values and
predict the behaviors of rockfill materials. In particular, model parameters of bounding surface model are simple and can be
determined by general triaxial tests. Therefore, we can see that it shows the superiority and reasonableness of 3D bounding surface
model’s procedure.

Key words: rockfill materials; 3D bounding surface constitutive model; FLAD®; further development; verification

1 8] = FAT T HEATRHO BT . %100 5L LR AR AR 4
KA RPERIT ST, JREE S AN R A R R Y B A B

HEARRERSOR R RE R, JF HRAIETE BRSO SO CRE N A
RPE) S O AR IS, DARGEAR P RSk W TR HE AR SRR (A R R T B
RELF. PUBTSRIERT . ARIB/D MEMEIET T AL A SRR AR A, I P AR
BALSEIL RPERE, I 2 A T A ABL B FHBIRES A R AR AL SR R
okt TR Y, STk, JPRZMN S RHEINEG R S R AR RS, SR

WekE H I 2013-07-20

FETH . #HEWKILEF RO B I (No. IRT1125); E K AARERES (No. 51379067); 2012 FILHR4E “HiE T AT FEETH
VIR E s 2012 4EIHER 2R TS BHT A A SRR H 2580

WAEEE A W, %, 1989 4RAR, WhAR, FEAFHECA R AR 580 )V EDT ST . E-mail: irene_taohui@hotmail.com



1802 b +

VA 2 2014 4F

THEARE 7 W P B AR 5 S AR P Y, g — AR
PR BOR I 76 AR N g5 104
RS H XA, B MR AN AT T XS E-v AN
E-B BRI E AL IR T AR AAA b v
FIsEmT, BFFCINA, IR O A B R ) FAR T
FATRR I, 3% 55 1 APV 8 A0 3 5 -
PR AR TR () SCIRA LA AR ) 2 Ak o R
XS H R 2R AT HANGE S WA R B e . Fa KA
Jit I v R 75 VOV i s Aot 152 — 4 40 X S e v A 23 U702
Fe T HEARHR B , DL S ) AR 0 AR TE R 5
{EANGE S WL 1) S Pk B S AR IR SRR I . IR
HBRI AR AE A EEATHE S, )T X
Mises #fENI @ 2] =4k ) 2= 0], R s % 18
TN IR - AR RE R o PRI, AN/ 2235 25 8K
FEA [ gt A PR AR P — o e e IR U e 1) —
WA ) S, e, MU TE A
[FPREAR I G — PEAE I, &5 G HEm BHE T8 i
- TR SRV AT 9 R R, N7 T HEA R
I YE A HEN

HEATVRE = Y 1 S AR R AR — R AT
se H N2 (AR, 8 H Fr ) e M e T 5
AR HBA W E XA, 7 P T
IR . FLAC® J& [ RIE A - TR %k
I MTREY, SR P T IE SN i s b B H 22
I3iE, TEGRARAEL RS TG M@, 76 TR
2L MR A, A TR SR LRI S5
I1438) T )2 N . FLAC $24L T FFU A b i
RIFRIAES, BT, EWNINCDETTR T 2 AR
B, WmEE RSP R T Duncan-Chang #iY, &
AN T I RS, A Al [e AR T
BRI AR AR, i P r R T 4
WEp AR 2%, Al B PR 2 0 FE R FLAC™
T 1) UDM F2/7 8210, NH VC++giilil DLL 27
BEBEE SCIE, AE FLAC™ HEZE A S — 4 FL i
BIW = IRIF R I BB S 5AE T AL
TEAf M e 3 SR pry A ek e

2 —HER SRR PR

BRIARHE N2 W FUHEAT AR R (K Ay, 0113
S R ] AN RDRAR O Z8— PERIRHEI,  HAT
BeomE P, I LT LS ] T 3 B e A i o
UL TR S AR R, g5
HEAT R TR (i~ T R R U (RO S AR
2T 2 B8 HE AR e U200 R oy - 1 AR 1
Wiy, il T YR R M HEADRF ISR, BTN

b2 RV QD B
2.1 G—dREMEaREEHEN

207 18 N L TR AR T AT AT 1)
SN, SR B i B PR — 4R ) 25 )
PR =g R it SRR A R S AUE
SRR AL P 938 FH T 2% 180 [l AT A 1) S 11
L TAPRHR G ARk s BN, sl 1 e 1%
PRI )ik

gfiﬂ—ngfﬁl—gp@gwﬂzo (D
P

Kb p WRAUE: n MRS M, R NT
KAUEMBESE: ¢0) WRERG p b TRE
Ridrs g MRS

B 1 =N A g — Rkt R
Fig.1 Unified nonlinear strength criterion
in three-dimensional stress space'”

TS K R s R S DL N, R —AEZbE
A FEE VA DU O P T PN (1 PR o B e it
g0 =2 (2
17

e 7y Bl Ay N BEEE AR (P R, A NS WSCR[ 1]
22 JAFE

Ly A 5 S v U g = 2 % ) 3 g
mE 2 Pros, FKikAHh

7173 o pasM.200) ] =

-2 (3
q ~1=0

(]3 - ijA )2
(f’o - f’A )2 [Mg(é)f?A ]2
X MOSRESE: g0)=¢0);: py IR TL
FHREAE AU =N Ty by A SR S TR
AR, PEHIL R A poR G NN S, HAK
NS WICHR1].
o M HARFRIE N
6sin@

M= Y

3—sing



5 6 3] W AR AR SR SRS R FLAC™ i f R R S 50E 1803

IR

S

B2 =4 R R e AL 5
Fig.2 Current and bounding surfaces
in three-dimensional stress space'”

2.3 FHRFBhIEN]

ST M ICI BN, 32 ST () B % ] LAY
fE A, nMin, 3 A, —YEN AR
W n, n, Mn, RN, FKIELN

Hey = Ui/ Ly (1<0<6) (5)

e dfyy 6 DA EIISEG Ly, NN IRIREE
BRI
3 ST AR A RT DA i 9 AR A s O
NA
By = i (6)
Xofe AW RGIREG o A RIFRIREG e HHIIARTL
BRLE: &P AIEPEARRUNAL: WIRIN S 28 py 5
S5 AR HTALBR ARG s g FROEL A I 5 1 )
WG RN, BARERIEA S WICHR(1].
24 BHHE
AR 25 B A HE I, BRIk
H=H,+H, 0
X H ORISR, H, O, 5iAR
IAAA D% H,, 55 2 R 57 2 1) B A %
WRAEEIERG, WIERE H, TR R

g Alre (p=B)| (p=B)p  __ pn’
b ™ ;2 2 2 ~ 2 2 2
LA-x(1=B) | p(1-B) BB Mg (0)
(8)
X p AN p AINEbsE: B MRS
Pl LOARERIR{E. H, 52500 AL 5t 6
PRESA G, ILEEES T LA o KA. RIIE, H, W]
PLRIR A o B eR N
I :1+eo I-o 1
C A-k " o Mg(0)

M, -n) (9

M = 6sin @p
P 3—sing,
A @ 4RI ST KNI %
h, RS KL M, ) =B AR i g U
(ERSEERy QRSN AR
AW

D, =D - D; QED)

X Dy G FRIENI AR DY o EPERIEERE RS s D,
9 Je W BE R o

3 =YEDRERIRAE FLAC WP TR

3.1 FLACPIMHPBR _RIFRIE

FLAC™ R ARG B HEA, KA Hr X I8
A AT p Y TR B G 2 PR T AR N T A
LG, (E R ZE SR, TR RS
(I BRI ) HMEAAAE AT R L, TN
brit Sk (N SRR A fE R oc i) s
P o JWILIE BT FE N ) B A AT LR H S
TR KA, PSR A T AR, I
TMEHRARI R, TR AR Z 0] LLIRAG B 1)
TN J) o

FLAC™ SR 0 % (38 5 bdE CH4n 5 1M
B, LT A IR A R A R S DL B A4S % B PR SO
(.DLL ) g3 fitey 1, et fe 3
FEFF2 B8l FH FH P 8 e I AS R RS 1) B A e 2 P
SCfF. FLAC™ [ AR BRI (1) 5 22y 5 2 X 45
HH 1 N ARG R A SR N ), BRSO S T2 B
ALFE 5 1 N 7% : D3 (class constitutive model)
A @ R AR, @B @
HE FLAC™ Z 65 B e ORALIR TR /R os
(PR o G 5 U (1) S S0 CHD g sc R C.CPP,
W ie WK, RS SRR E A (DLLD,
FiE R FLAC™ SR A7 g mif e
3.2 =4 FEARR R EE

FEFLAC™ W T IO A K B SE R | 30 A [ A
(RSB, BREE e ¢ B 200 B IR ST Ar I T) 20
(1) e W AR 3 e D e Ae IS TR)D (RN ) 38 5 £ + A
I Z BT I )R

FHIN IR 32 ARG B [Ag, ], AT MR UTR

(10

[Agk]i :[Agk]f +[A8k]1r')’ (i:1a273>435’6) (12)

2 (12) 1 EAR e M p 20 SR e AEEPE AR 7)o
SR I ERE RS (D),



1804 Z- R S - 2014 4F
D]l =(1-v)[D.]., fork=1
[ k/]: a-vI[ E]H or (13) @
[DZ/],'ZV[DE],', for k=1 R 2 X
: > risOREEK 3 N ER :
X (13) ':F'[DE],%%%?"J : A Resoltopris()pA %K 3 AN ) :
| l Bounding::Initialize() k& %1 |
E I |
D], =———— (14) ; A 3N :
(I+v)(1-2v) ! WL () RS !
1 FIAG & 1
A EATRMERTE; HEAORHORALL v 25 0.25. I::::::::::::::k::::::::::::::::::::::::E
BEA A AN YR 0, (k) ay (1), RIEX HERL g;

H
a,(k) = a,(1) = Dk, Dyn, + Dk, 2)ns, + D(k,3)ny, +
D(k,4)n,, + D(k,5)ns, + D(k,6)nq)

(15
[H,]=a, (l)n(]) +a, (2)n(2) +a, (3)n(3) + (16
a, (4)n(4) ta, (S)n(s) +a, (6)n(6)
[H,], =[H] +[H,] an
S D 5 R A
pry, =4D%) o6 i<i<6) (s)
[D; ], ] ( )
Sk I BERE R Sy
[D,] =D}, ~[D}) (19)
iy B
Ao, =[D,][As], 20)
JE St + At ISR RSN o, W
0, =0, +Ac; 2D

3.3 =4 AEEBIRNEFRE

VIR TR FLAC™ H (5L 21 7 18 77
O\~ Oy~ O30 LML) N )R ERTE, I
FAFHES] RN 0. FERE B4 B4 Bound-
ing 251 Initialize()F! Run() AN i 03 bR . HR ¥ 3.2
TS I = e AR 2 ks X, B 3 A T
T FLAC™ =4l SR T & R L, mT LU
Visual Studio 2010 & 3F 25 BT FE 7 (1) 4 il o

4 AL

T YUEIL FHRARE FLAC™ th IR & (¥ 1E
PEs =l i R BB DA B0 UE T A AR (1 1
Yo LTINS HIE 1 PR,

L AR
HUER (2) HIARE K
HUR B AU SRR LA
e
HUER (LD SR MIERBE:
LR )

Bounding::Run() ¥ %1

X B CARZS R 7R 2 T A5
H AR I e o B ) 1

!

HHT (K ) 23 SO 5
ENy, FENZE

! ¥

LRI A4 )

ek

B3 =40 EAE R TR E
Fig.3 Program flowchart of 3D bounding
surface model

®1 UHEEESH

Table 1 Parameters of bounding surface model
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