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A generalized Burgers model of reinforced slope by anchorage

XIA Xiong
(Institute of Geotechnical Engineering, Changzhou University, Changzhou, Jiangsu 213164, China)

Abstract: Rheology is basic mechanical property of rock and soil media. For the slope,rheological property of rock and soil media is
one of the important reasons for the large deformation and loss of stability. The time-dependent behavior of rock mass is one of the
important factors, that influence the deformation and long-term stability of the slope. Based on coupling of long-term prestress loss of
anchor tie and slope creep, a new improved Burgers model is built; and the theoretical function of long-term prestress variation is put
forward. By comparison with the experiment result, which gets the viscoelastic rheological parameters of suggested model. The
comparison between the rheological model and experimental result shows that the generalized Burgers model is right and reasonable.

Key words: slope; rheological effect; generalized Burgers model; coupling

1 5 5

FESARRE R SR TN R e, AR S R R PR S
LIRS E PRI SIS It 1 R n ] SR AR B A DAy it
W IXAE A Z A, —FHAEAEH N 27787
PERERI RS . AR AR R, AR B A
TR P AE IR RS K S5 A1 A8 2 B A T ) AN W7 e
KA, TR R S S 2 T A
PESCY N T B AT AR A ) AR R R 2
AR, REEEAE R W] eI B R S R A REA

PAERARTE T R N Z R 2 T . Bin
ARG S, LSRR SR LR ds
T AARMRAR S o [R] I A S ) R Rt G AR 2
BARTEE T G R 32 . TR, R 40 S5 35 A 1)

IO AR H TR A SRS D, 3
DA AR R R AR AR R PR T SUANIS 1 55

Wk H39: 2010-03-02
FE&TH « VLIR Tk 2% B RMIT L 42 %8 B (No.ZMF08020054)

FEVR T A TR RIS A M, BORIEC
K& (Vajont) JERIGHMRPRIL Y —, H 20
H2d 30 AEARLISK, [l Py AME A A AR P 5 5 T
CLAI T V% TEIHTSURS, Zischinsky® i
AR R R IR T =y 13 AR T H A A TR AR T
RIS FE Ol T 3R . Broundbent H1 Kol
RRET SER AR o SR S D AR T SERR
AR RN I e P Sk il 1 3 K B AT AR . Samtani
AR T — AN [ SR 32 350065 A% 38 2 (1 0 i SR
B, JERA RGP AT T SR, R4
B R T e/ BE P PERRDR A S A A R
IR, TR T e A I T2 5 S B AL
AR . IXEERF TR 2 A PR AT AR ) R R
RTINS HOHR . T 54T
EVER IS T, K R L IE Y T35 B TR 20
MEAZ .

BTN RIEHE 9T 5 B b U, A4 4 A

e R EME, 53, 1972 44, LAL, mIEe, FENFOERR S5 HEEE L TR, E-mail: xiaxiong@jpu.cdu.cn



70 Fa) + 5 2010 4
TIEIBERRB AR A2 o E G EE, HEHZR 55 35
JSANAZ ) A FIAE S A A ot s S TS 5 30}
(A8 A BB R T I i, AT 5t R ’s
R . R SCHEH ISP S, 411 T ol
R AL T, 5 FE A AR B 3R A A A ot S sl
MRARRE IR TR, RTINS T2 i AR B 1 N
N . e AT 10+ ‘
P, JFIE I TR N AT IR L . =100 a— AR
5 b— AMRE
2 TR e
o N 0 20 40 60 80 100 120
FT RN T R R A B W B IL B, MR S5 t/h
2 b > > K ) = S s (5 (1
BRIATTRIS ) 3 56 Iy RN R YR o W 200 kP
MLz L2 AREFRE~-ERNLRTCA R, £
LW W Jea iz 13 Mt
2 ViR W, BUZRSSRAL, (HRA ISR
BAR, HBURH, Roethz, Wl 1 o, %1 -
JE AT R, IR, IR, FE £
ZW, AT, S
¢ I‘{H“<:Iut3cut2
s T3 T ls.lltl
wa 1L 1LY 7 0 :
—— Vi Y N 0 20 40 60 80 100 120
T, |9 S3
b3 s t/h
Wi ILE---Hibs-Hikd ] (b) W HbJZ, 1N J) 0=200 kPa
A] 40
35
B1 TEHE 30 t
Fig.1 Sketch of project ? 25
£
N N - 20
WO EsE R, ZREATWERY . FT4L. H S Ll 4 To100kPa
ik, YRR BB, TR R T /ﬂJlEL{/F/*
VLS 20 T Y, 5EROX L TIFEFER 70~171 he | [osvirs |, TR
FEIX BB i) A AR DR T2 — RN A 2 5 B0 R ol
G A A T, 0 20 40 60 80 100 120
t/h
3 ARAR R (o) W32, RN 0=200 kPa
B2 SRR AR 4 R

XPUEAR 3 2R A AT BT DG AR e, ok
K R 2 s

MNEERT SN APRHLE 0 RY: g J5 S B = A 1 i s
PP NAR , AT FAVEREE s BTN ) OREE A B AL
P AZBEIN AT 0, UEEIADRE A R E . TR
B Maxwell 88 [RiE AR 2 B I [A) B2 aE L, HWAR B
BHE L IEBE . Rk, AN NS
Maxwell B, MEF XEER H, LSttt S
NS 7KAEIESE, IR X AT Kelvin B [FGEARRRAE o
[N A 7 3 SRR 0 R HE, (8 T TAREE S, nT RS
ISR E . 25 LITR, B NIZE K Maxwell 51
TUFN Kelvin 784 B G K 11 Burgers 8 & 3o PE
B, HERA S 3 s

n

Fig.2 Creep curves of rock sample

(b) U7 L5 B0 £ £

(a) Burgers 574

B3 a7 (Burgers) 1%

Fig.3 Illustrations of Burgers model



W1

e LY TR S Burgers R R RS 71

PEAR I 24 3 w40, 4] AR GER U B P
T RHEARRN I VE R 3 AR T . BT aRieE AR B B
TR TE DL RS e ik AR B B AR T, HA B 1R IE Y
P

Burgers f5 55 45 5 i Ayt

—e ) (D

L op y Na EAPEHZ I Burgers BE4060 B (1)
NJFINAL s G~ G,~ n,~ 1, A Burgers fi/%H
WG S5 ¢ AT S 4.

R SE Bk i) Sy e VNN PN i ey
VRIS, R 2R AT LICR ] s b AT B0, 43 2120 5]
4 Rl I A ALY

BB AR

T

BHUEA A 5

Bl 4 BRSEARN A A

Fig.4 Improved Burgers constitutive model

b G R . RS .

FESERR TR, A ] — S A s 3 A, AH
X E BN & A TR, A BN, 0
RN 3 R AR SE AR N, PR, 754>
Frisy 2% 18 BB sy, e R 0 o — i € A
Wi g 0TI PUE A, AR RAR B B
PR R AR O TR g S 1A R ATAESRAR b, U B R
PRI PR B AT 52, Gy= G A [4re P
G ARERASEBRA SRR, A, AR R AT,
A E R

X34k, Burgers BAYUARI KRN

2)
s g+ oy NiE TAZIR)T X Burgers B Y.
(1 . 3 AR
LSBT, HE R IR R RN

(o}
=2 3
Vs G

S

B e AR A AR I B

C=0,+05, V=V, =Vp 4

X oy AR SEEEHN RN o
v N AR AR Y ) RN AR o
F & T BTN ) B K 5 BARA T R A2 1
Hla, RABIAN RN
_ |y,
G700 —Gyrp GS(GZ +G1 +G2j7}3

771’72 j/'B

(5

i, :
= +
*G,G, Y8 =78 G,

FEBERERL AR, 3 T 0T B R 5 B G RN A 46
AR y o RAAUTHN S A HEBEAT

a)j/.B_'—é}}BJer}/B:Gs}/SO (6)
o
w:m_{_GsM; 5:77]+GS 77_2_{_&_;,_&
GZ G1G2 G2 Gl G2
A3 T3 R AN

ys=De"" + D" +y, 7

. —E+E —4aG o

ﬁ¢‘%}=§ € A0G, b sz, W
v, 20

ISR AAFARN KA

4 WASHHE
SRR A 5 T A2

7, =A+Bt+C(1-e™™) (8)

K: A By C. D WIS I Lk 1]
7, DR 80 1 e A it 4 Rk i 4 A s,
DA 2R b5 s B AR ih 2 i 205 [ RSP 222 )
{100 B A DA T I 200 () AR, R B e AT
SNV T SRR, nT 43 & G fr 8/ R 1) 4B
C. D1H.

DA 38 XXX A Ay S5E461) 23 B 1R 1000 5 9 150 90
TR WL, AR A Wy H)ZE T, s R
2 DX S R A n T DX, 495 1 26 6 5 1) A K
FE MR ZRAE R s S5 A P T34 B s i sy
Z A R E AT SN, Gy = Ga



72 = + Vi) L=q 2010 4
As 1Are Horb G NN RARSEBR I PR, A Nl
RARIIHAR, R T ZBrE 4 m®, 4, K B AR, 700 |
XF W 680 m?. MRS IR R G, X 650 |
1235 MPa. XGRS MG AT [ A il & Z 600 |
EHIUETNAL y ) o ss0 |
?)IL%E@%j:?i&ﬁ‘ﬁﬁu—F[”]: fﬁ 500 L » » u
G =22 p="2 o)
A B 9 400 Lo ! . - - . .
_0y _ 0y 0 100 200 300 400 500 600
Gy=— 1, =—~
C CD i1 /b

HAMTH R B 2 1pTR.

£1 wEEATHESH
Table 1 Rheology analysis parameters used in calculation
iR 55 Hi

N BNy BMEELE KRR AL R REL
AR PR
7 /kPa G,/MPa 1, /MPa-d 17, /MPa - d
G, /MPa G, /MPa
1235 200 202 254 486 348

5 i ] B AR T

L& T BTN 45 R AR A SRR i A2 R
e, RPN AT, SR bR 3
A7 N 1A N

oy =7137y,e " +96.23y e " (10)

MR IK PR 705.6 kKN, AR F =0, x
A, =G,y 4ALy, Ly WHERIKRIBACHE, KT
JIHRRMIRN AR &y =3.342x107,

HIbE T, fERT RN AR, HIERG
(R 2R Y AT — B2 2 20N

— _ nt _ nt _
o,=0,-Ce" -C,e” =

o~ 7137y, %" =96.23y e "

an

A v G RIEREL, LAUE IR AR
. WLLHEA C=7737y,MPa, C,=96.23y
MPa.

VRSB B R 047, AT LA B A
FESE— BT, SR b A R AL R [ A ek, £
SR AT L& B 2R TR 5 10 S TN 1T 2% o ﬁ%ﬁﬁ
SEDRAE AL AE TR T3k L S TN s 2 i, ]
F=q¢AJNoNﬁ%ﬁ%%ﬁﬁo$ﬁﬁ@ﬂ,
M A RITATSRAF R (R 9 D sl s Brse AT e
B, BB UHSEART A R 2 TN g B N (7] S AR
3 AN B, RIVTUN ) BRAR AR Be s - i
BoRE T RE B,

Bl 5 SRR TN 2 i £k

Fig.5 Trend of prestress variation by model calculation
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Fig.6 Calculation trend of slope displacement
by coupled model
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Fig.7 Slope displacement-time curves
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