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Anti-pullout bearing characteristics of rock-socketed anchor based on load transfer method//LEl Yong, YIN
Junfan, CHEN Qiunan, HE Chengbin ( Hunan Provincial Key Laboratory of Geotechnical Engineering for Stability Control
and Health Monitoring, Hunan University of Science and Technology, Xiangtan 411201, China)

Abstract: In order to study the bearing characteristics of the interface between the anchor and rock in the anti-pullout
process of a rock-socketed anchor, according to the failure mechanisms of the rock-socketed anchor in the rock foundation,
the mechanical behavior of the interface between the anchor and surrounding rock was simulated using a two-segment linear
function. The formulas of axial force, side resistance, and top vertical displacement of the rock-socketed anchor were
derived based on the load transfer theory. The influence of the comprehensive influence coefficient n on the anti-pullout
bearing characteristics of the rock-socketed anchor was analyzed, and the method for determining the value of 1 was
provided. The axial force, side resistance, and P-S curve for an engineering example were analyzed using the presented
calculation method. Results show that, when the uplift load is small, the side resistance of the rock-socketed anchor shows
a hyperbolic distribution. When the uplift load is larger, the plastic zone appeares. The side resistance shows a uniform

distribution in the plastic zone and a hyperbolic distribution in the elastic zone.
Key words: rock-socketed anchor; bearing characteristic; load transfer theory; comprehensive influence coefficient

T AR, o BT T2 T S T v Y
(F9) SRR S 3 R ARG T AR, LURSZ K
(EE &y N (D EAR AU NRE, 7k A & 2= == PO i
ERFFI R B RIT THIFTE, R TR A5 Xt e
LBt AT AT SRR T TR ST A5 8] T R E
SR FOREIE, IF 4 TGRSR IR
(H PMEHRAE S AT T ER A A A S I BTk
B, A5 R R I ALA R Z R O RE 45 00 B 45
HAIRAR I TN IR AT R FRYTK
TR ; TRBRAE O AE v Wb 2 S 2 A T
TR R A AT B R RORKI ST, 1 2 T 4
PIABHIER 00T 12 T R i B AT AR R AR R R 2
PERE T EUI T ARG S B S T AT AR S &
AT T S ST RL S 0 A3, IFOEE T S

Bl By ) 43 K BB B e R A 4 2 Sl
[ B S I EE RHL ) AR ERAIE , SR FH AR AR X i 5]
B g A 8] (8 R 235 7 T 9 B B A A 17 D
AT T 50T RN e S T ST 5 TSR A i A
BIEOLT BT AL Iy B, IR AT T S
XA SO B R A A R I BT K BIL AR, e 1
PRI BT R SRR AR 2801 128 PR KL 5K I
SR SRR TR AR A 10 SR , R HH 30
BRACAS KRR U5 BT ] B BT 17 ) 55 6% =2 ) 5
B SRR T 2% 128 BEAE 7 A SSB PR AL 26 1 T
AL BT A T ONBE ) B BT RS R Y
HAEFHFAZIL,

AW T SR T B BEL D O AR 1 A 4y
A, WA AT BOY (R, 7820 1) AR Sl N e ¢

FATH . FK A RFHER 4 (51208195, 41372303) ;2 + TR R T il 55 e e W 0o v 240 B A 9 00 = P i 8 42 (E21618)
(AP (1983—) , 5 ,me ,T@i S SRR R S TR ST E-mail ; leiyonghnu@ 163. com.
- 70 - KA K A 2017 ,37(4)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://www. hehaiqikan. cn



= line pe /N (RN ARV Faa ke Cazar il
BH 7R RE A, AN AT 5 8 Bl Mk 2 18] A e 245
Rtk R TR By i g & AR A8 . X — 1B AR5 5
PR DU AR 22 53 , DR OGO 900 i 351 B ) 000 BEL 7 K%
B3 68 23 AR 5, X T IE R e B R e
B AL, 0T B B e R AT A9 BT 45 H
AEE IS T M TR E,

ATV B MR BRI SR SR H A 2%
EBELIE T 1A T R e BT 0 T IR K
BN RSHTHR A S, TR R LR G R N R g B E
7 MU e T e AT DA R B8R 14 52 i
FEEE

1 #EEITMENITERE

1.1 #®EHFHERERXRBRE

— R F BT R BRPTR RE ) £ AZ 4 A
J7 ) R s ] AR AT R B AT R 5003 H] i 48
BT BT 5 T2 1) 40 EL 7 R b 35 1) e AR B
AHN HOAE S B B ik A TR TE 4 PR
BERPITREIN BRI IR AT R R e R A
FEA AR VIR FEORUER S e B nT 5 B AT AT
TRAT 6% )48 T AR R AZ 40 7 Al T8 5 AT e AN 1) 5%
PETFARE R R AT e M S AT A T, B AT IR
AR EK 7 3 R T Ak [ B R B T2 X Ak AT 1% 0 R
1o FRET LA IR A R R AT PR St R
BT R A S 22 R IR 5 28 LR Z 8] i) 5
VIR, PRI SCIBE B AT AR e RS 0
T B e AT D UROR B T 0T
1.2 #®E#tH SR Es

AT BEL 7 A% B 2 1 28 6 RE (K Dl 10
s A TREE L) HALRE SR R I BRI T, Y IR
fap BRIG RB  AT 5 Bl SR R 7= A AR A%, B
W= AMIBE 7, Bl S AR RS 3 O - 5
T B U0 1 LG K, 21 S AR B 3k 21 A
FRAEXSLRS s, INF, - ST A AR SRPE RN . ST )
SN AR R AL B G, B T 5 B PR AR
RSBV 7, - AR PRI A RO
BLEERT H 59 M AL R AR AT 1 FR
1.2.1 FHFIKRH&

M A AT A B A R AR X R I 37
TIBLEIwIbE R sh sy IKRAILE, anEl 1 (a) s, FESH
BT IRBY B, Al A Ak e by 3 i Ao, T AR
JELRE [ e F Sk BRI A SRS

E. Ar
"_1+V1_ r = kA (1)

X, e R SRR s r DR BT AR Ar D

Ao

(a) BV BYAK Y B

(o) BHPEM B I B
1 #HEREmRERE
BEMAR M IR AL v, 2E A RIA A L s b o LA T
] I B
HRAEE 1 (a) B LT OC R A BE A2 ] I ik
i Ar

N

Ar = stan88 (2)
s M- A ARS8 Y KA
A0 (1) (2) , FTAHE A 55 L e S T A 325 [l g
1
Ao, = kstanf (s <s,) (3)
s, - PR FRAR X A2 7, 7Tl 2 40 5 =
P ZE B T S A
(I ( Patton ) 7EAF 58 KL HLRES 2 AR 5 A0 45 44 T
BU 5 5 B IS B L T 3 ) 1 T SRR A 5 A T P4
SYSREE v, FRIBAH
7, = A tan(g, + B) (4)
X @, WP -E A1 R A
WM ALy i s e FFX (3) FRA (4) U —
SETRIE 2 Ak T A O R A58
7(z) = Ks(z2) (5)
H K = ktanBtan(¢, + ) (6)
. K O S BT I NI R SEPR R T e R
YK AR BERHE BT | B A5 o B I BT UM B Y 5
e, A SCRR[ 11 ] PRI RS U ;s (2) AIREE 2 4b
(R ST AR S
1.2.2 BHFEHHE
21 K 9 B 1) TR X, B 2k 38 B T A PR
FAXF LR s, I Gl PR R BN PR R B 7, fL
R R AR Bt B & 26 BB B8 IR i A R 0 5 i 3 A/ N
(R — M el ST A SRR R B, A& 1 (b)
N M- PTG B R (R 7 TR R AR AR
SUPIBREE 7 WA A R EE A o, A AR
WNEESES ¢, o
MR G ST R 5 10 O B T AL WA LB ] 0
S ST A A% 5 5 D) g Y 06 R TR B
LRk R AL R A 2 BR, BerdRas sl

KA K A 2017 ,37(4)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://www. hehaiqikan. cn - 71 -



Ks(z) s(z) <s,
7(z) = (7)

T, s(z) > s,

.
— S S By
ru JTHIAVIREE e ik
Tl S
K

(0] Sm K

2 #-AEFEMEAN

2 AWML MRS K3 it E

TEMR A AT ARl R | Al 5 T 1 M BEL g v
E B L 7 R /N S w0 BH Ak T
BB, BERT R Sk b il AL RTAE XA RS 5 (0) <55, A
K3 (a) IR s MRk 2 A sl Sk ab -4 AL H
AL 5(0) >s,, B BAT 30 H BB IX M RH 7
Pl UG (L5 B T AR 28 R AR R , D I 98 M DX R R VR
H g Ly AT SAE X, an i 3 (b) s,

OT P"s(O)gs“. OT P"s(())>s..,
X X.
= T
- o - 1 | otk
7(2) 7(2)
z z
(a) A3k F B (b) B~ YA PER B

3 AT EER
2.1 HEBHEME
2.1.1 #BHRE(0<z<l,))

BAVEIX 1, B (0<z<[,) N, MBI A% 7,
IAVE X BEAE AR AT 48 Py R FERN ) P S BT 7,
YRR b T 01 AR e bRk T 2 A4 1
AR DT, 4 AR R R 5 3 9 X
B[ N R RN W

P,z : T .Uz Py Tuz
$1(2) = EA, ~ jo EACTEA "2E4 (8)
o u IEFFR K A, NASFTEOE AL E, A
FFR SRR, A E, = (E A +EA,) /(A +4,) 3L
W E, (B, 53 5 R A A SRR A, A 43
AR SR A A
FAh T 5T R S R, AT AR R DR A

K L

In In lp-n
B4 BERTHEITEER
X H
P(z)=EA, ds(gz” =P, - Tuz (9)
2.1.2 #BK(l<z<I)

BBPEIX 1) BELAR (1) <z <) | SIS B2 0 ik 2%
PENBIMIBE 7 o oy 8804% 338 1 B0 WAl AT AT B A
JCEE AT AN 8 i S R

L) (o) (10)

W 7(2)= Ks(2) FRAR(10) A 1580k X A8 E 5

HREARX N

sz(z):c,e"f7 +cze_’7(zT (11)

s n = E - [ (12)
K ie, ve, WIFEREGd NI EAR ;0 WEERRE
IR, ST e R K £ A AR A
HZEA R MSE, SinaRETT R,

F S X R X 2 ANl T i S 401

ds ds
EAdz . =P(l,) EAdz Z

AT (1) AR PRI (1, <z <]) NV LR .
l z
P(L,) C(’Sh[”(j‘j)]

. l
a4, d sin 7’ d d

PET AR A S DXl 1 P (2) BB T 7 (2) B9 IR
S

=0 (13)

5,(2) =

(14)

. I
P(z)=EA % _ P(1,) anh[n(‘; zd) |
snh - 5 |
(15)
EA &5 P(l)n " ["(é - %) ]
)= T ol
47 d

X

sinh[n(
(16)

FEB BRI b z=1,, B 5,(1) =5, ]
P(ly)=Py-7ul, KW HERAL(14) BT 15

P, — 7.ul,

m = l
EA Ty h[ (L _L)}
a a d an 77 d d

S

(17)

<72 - KA K A 2017 ,37(4)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://www. hehaiqikan. cn



W (17) AR R £, X (17) R
KT 1, WO R, n] R A ok g, B4R
FEDTEEILER 3.3 75,

LAl Sk B SN R DAy 1 B AR T B 2 A

Pyl, Tl
S=s,(l) +s,(1y) “EA T2EA

P, — T.ul,

l
EAﬂih[QL_il
a a d an TI d d

2.2 SEMEMEL

B 7T 2 N B D R G VNN £
Af A2 (15) (16) K (18) FFfl 1,=0 . P(1,) =
Py, BVAT g A5 PR RZS Bl ) P (2) MIBE T 7 (2) K&
Sk B S,

3 XBSEEMOTRBER X

3.1 ZRAFIMARBIERE EA R RS ER

AT R LR R R R g M ca AT R
HRBAFVEA BRFEN L85 R W R B m i e Bl
FF5 T BBl AR B T B — A 255 75 R ke, I
SiR ZU MBI 2 BT ) il T e 00 B g BB R Y 3 A
TR AT TR X B S AL TR RS TR 952
Tt o3 pr . X (15) (16) % 1, =0, 15 25 PE B
Beligh F3 B MIBH A3 VA — A 22k

+

(18)

= (19)
P il )
T<Pz - sinh(i, )d (20)

&l 5 NEEFF AR d=100mm K [=5m AfH 5
B, 0 (19) THA A B ) FU BE TR BE B AR fh il £, T
DIE Y K, Bl 0 7 A T Tt s i B PR A% 8 2
BAF AR AT BN, 2 BRI, — & TR AL
R W RIESFT A I AU R st 5 DAAE 1
PEEHEVIA I, R, m 8Nl T U ] B o

Loy = 1=020
< —*1M=0.15
0.8 _ v N 4-1M=0.10
\\ o) v 1=0.05
§ 0.6 ‘ ¥ “ < < 1=0.01
O LR .
< 04r . A\ v =
\\ . <
02F NN M )
'\: S T
S S e W
0 10 20 30 40 50
l1d

5 HHEA—LELk

KA Kb AR 2017,37(4)  Tel 025 -83786335

%, AT,

K6 S (20) 75 A [ 25 444 T MIBH 3 03—
P £, AR it o MK e i T DU BEL 7 6 B AT
Tt o A AR AR v i R A, iy A 3 TR
AR, FE—RERREEAL ML HA N i,
MNRE 3 o0 At 32, B AT 2 K T Bl N 43 2
Tk, PRI m PR B AT AR SR BE A9 R WL 4
HAEbr . % (12) E L E—E T EAR T, 52
P b SR T YU R E 5 AT SRR AR A R
AT AT BERL/ N 1V 308 FH AR ) - B T

LA AR 1.,

30
= 1=0.20
25} * M=0.15
4-1=0.10
2.0 v—1=0.05
<« 1=0.01

T(2)ul/Po
S = =
N L ~] N

1/d
Elo MBEANEF—{Lense

3.2 ZRERMABHWESE
BT GOR | 285 %20 R 4L n n] 45X

(12) A5, BT S BON B AT BAR d 51w 35 DI

FHK BT s o K on] fe s TR BE -

AT ST Y 5 R A S Sk [ 11 ] 4% T X

HiE ;

K= min{ (21)

41 =v2)d’4(1 -v2)d
K v, A RIARA L
AT STMGERF, y 0] 3 T B A AT BT IR
RIG P-S MR B Bdn i 2ok .
P,
i =EA, %tanh(n é)
K. Py WERMEASTE B DRk 5 s, MERMEASTE Bt
fifs i,
LA i i 2 s BE g BE TR R AR A i 2
Al (15) B (16) XF Hear Mg 3,
3.3 BHRKEZMEZ
M0 (17) v UL, B AT B3R M 2k P, B AR BT V15
o BTFBTHINIE EA, T A d K ZRG R
REn XTI K 1, MR R A,
THECRHBHIX Py E A, Ko n XA EESEGAT
AYHT, B KT B4R R 100 mm K JEH 5 m, RS 5L
BUES BB 4 W TRBER, B T017) i
FTTRE 1, TR AR A AR BRI

E-mail ;jz@ hhu. edu. cn hitp : //www. hehaigikan. cn - 73 -

(22)



a. /7\

F i (ly) =P, - 7ul, (23)

l
F(ly) =5, B4, Ttanh [ o L1} 20)

b. ZEWIE P, EA, . 7,.d.m s, .

e B 1y =1,(G REARWE WIME j=1) FRARK
(23) Je(24) 35 F (1) X Fy (1) o

d. W8 F, (Iy) 5 F, (), R | F (1) -
Fz(loj') ‘/Fluo,') >0.05, ] 4% lo,'(jal): Ly(1,1) +
(-1) AL 1,(j, 1) #EATHE I 3R [P ¢ 2E TG R
% ‘ F1<l0j)_F2(l0/> ‘ /Fl(l0j> <O0. 05,51']1&/\553?@ €.

e. iy BTEIXIREE [,

f. IREDPER b BUBHIIR A, B BIA R SECT
1 1y o

B 7 FE 8 SR LR T 7 A5 B B M X
REE ) e, K7 i E A, =48.4 GPa A
n ST 1 BB AR e, BT TR
B b A far 2 B 3 R B AR A e ME RS G 7R AT A 2K
(<100 kN) T 3 A AN H B 988 M X, for 2% & 38 K
100 kN, BAPE X B K29 0. 4 m, ZEAH 2T, 7
/N 0. 05, B IXHE K 29 0. 1 m, M OCHERAY

O =025
350 e m=020
| am=015 -

300 L =010
2250 < m=005
<20}

15+

10}

05

I} == ey
100 200 300 400 500 600 700 800
Py/kN

B7 AE 7 FHETI, HELRE

401w E,4,=484GPa
35 —— E.4.=363 GPa
301 —— E,4,=242 GPa P
v— E,A,= .

. a5t 12.1 GPa
<20}
151
1.0

0.5 -,’,/;;ffif"

100 200 300 400 500 600 700 800
Py/kN

E8 REEA, £HT I, HTLAE

I8 J m=0.15 A EA, J&AFF 1, B L3575

B, B8 AT L, BE SR AR AR

[F)RE S 2 G G AT 2805 R 100 kN, ZPE DX 2

0.4m, FEMFMET, EA, WU/ 12,1 GPa, 8
XK 27 em,

4 TiEEH

RYEA ST 5 45 B, 2545 SCHk [ 6 ] R 4T
TR AT O PTROR BT . SR 6]
BEX o RUERD A MBI T e AT B o 5
W5, B T 5 KB S N, 7 Ml Rl 3t 3
a2 BT ARD 2 N OB R W A HUA R A

P AR K, =0. 17, AR 5E R T Ik
e, AMFTFFLAE A 100 mm , #CA S FTF B EE R 3. 0 m,
A B HRB400 S840, Al i ELAR R 36 mm, 4
FLNIHETE C30 g iREE L, mAGE Bk, H
bR F1 2 Bk R B8 Ry 7, = 1.0 MPa, 7, =
0.8MPa,s,=1.0mm,K=1.44 MPa/mm, E, =25 GPa,
E, =210 GPa,

FRAE S () P-S il 2R 10 £ 1 B, R X
(22) RAFLEB M R AL n=0. 38, o0 Hr 4 G faf 4%
TEEFTRIIBE 3 43 A0 SR A SO B 5 S0k [ 18 ]
PO Y7 R - ST AR R IR R AR T B T
HEFT T X5 LA, HL PR 5 A8 I (e 5 A PR
iR S sk —3, W& 9 W UL, B b3k far 2k
IBGR, YA X i e B TT AN T, $EPEX
P BE 7 g b S DXL 00 BEL v R
LM, A SCOOTIEIT AR R, 100 kN B4
FFAL T3 PR 2,200 kN B 38 P X BE 4 10 em,
300 kN A 98P X R A 48 em , 400 kN i A 38 1 X
TREE N 88 em, SR FHSCHR[ 18] kit g BN,
100 kN EPEAAT-AL T3 P IR 25 200 kN s ) 988 8 X%
FER 5 em,300 kN B i 58 4 X IR R 35 em, 400 kN
B A BAVE R FE R 81 em,, T Bk ki 5 52
BRI RAELRAE BRI 1Y, DRI 4 it 2%
T PR ETEREAMIBE 2 5, 7RI (A 5
FEJG , SERBR AR AL i 2 i AE 2 R AR By VISR B i B
A NE PREON BT AR AR BT VR B R H B
£ RO R VB 1 X TR B 7% SR AR AE B AR e Pk
TR AR R WK, 2 R T J5 & 0 F B 5k AR B

1200 1 —=— P=100 KNA L ¥

1000 —e— P=100 KN3CHR[18]/7 V%
:::,f“x —a— P=200 kKNA LV
4 » IS
800 pa¥e <o )

v Pi=200 KN 3CHR[ 181772
<« P=300 kKNA L 572

§ 600 L NN\ > P=300 kNSCHR(181T i

= '* L\ e A=400 KNAS SO T

T 400 \ N R —e— Pi=400 kNIZHR[ 18177 1%
L ;j\\ »

2000 NGO N N\
L Y~ Ppeee
0 05 10 15 20 25 30 35
z/m

9 MENEGRESH

- 74 - KA K A 2017 ,37(4)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://www. hehaiqikan. cn



BRI E W R e R B 3R T, 5 e S8k
DX AMH T B S g 4 Ti) A5 0 B X% e %) 0 BEL
TR /N HE R AR LA AR — 5L,

A g T B an i 10 s, IR 10
A DA AR, S AT Al T Y UR B 2 AR Ll
AR, R BB I, Y faf 2R B 24 160 kN B i
PRIAPEDC BB X b T REL T ko6 5, S AT b T TR
JELRMEWN  SEI ST R Aar 2T Sk
ot Fras, B 0 AT R Sk 6r BS A 4 R B B
5 B R TR R MR Bt TR
PERE A3, for 22k il 2R A 1 o BE SR AR e vE AR Ak,
B 10 FE 11w B sk R s T RS
SEMAE R R

Py=100 KNSE I H 2%

500 .
o P=100kNTHE 2k
400 b A— Py=200 KNS fh 2%
v P=200 kN 2%
<« Py=300 KNS 2%
- 300 > P=300 kN5 2k
=< +— P=400 KNS ih 2%
~ H00k . Py=400 kNTHHL 1 2%
TR ‘ antex)
mmxﬁ\\\\\\
K, *__
T\Y‘\n' e — . ;
0 05 10 15 20 25 30 35
z/m
B10 #HMAZTNMEFTELERITLL
P/KN
0 100 200 300 400 500 600
1E
g 2[
£
“ 3t e S ;
o P12 \
4| \"
L[]
5L
Bl $#EEXMEIHE P-S ik
5 & i

a. 25 AR /NI e B AT R T S 00
PRI AT 5 24 LSRR BRI B X SR IX
DNREL Sy 24950 534, P DX XU R oA, — BEk
PRSI BE By BB e 5 1 18 )~k

b. LR AR n O b 7R BT T 2 ik
U 13 2 AT T B AT U, Y g R
i, R T N, [z, BN, il i
[ BERE IO S , S At T 1250

c. LRGN R KL MO, A ST O BEL A e
FT 005 3 A SR H , 228 i R A, 7y A% 1 TR 2

AR, n BN MRS A o T35, BT 4
KL 32 ff 28

d. 2550 28 n Al g i E AT
% P-S HHERZAMEASIE Ber R AOR A

SE Lk

(1] AEA e B BB UBRAT FE R I8 K A st 7 2 1B it
TR LT KK LR R, 2010,30( 1) +52-
55. ( REN Shaolong, XU Lei. Application of self-driving
anchor bolts in vertical shaft at left bank of Xiluodu
Hydropower Station [ J ]. Advances in Science and
Technology of Water Resources,2010,30(1) :52-55. (in
Chinese) )

[ 2] SRS, ZEM, REFH. /N K b HE AR A 1 3 4
SRR HR L [J]. K F K L B 3 B, 2011, 31
(2):66-70. ( ZHANG Desheng, JIANG Yusong, WU
Shiyong. Reinforcing of deposit slopes of Xiaowan
Hydropower Station and application of prestressed
anchorage cables [ J ]. Advances in Science and
Technology of Water Resources,2011,31(2) :66-70. (in
Chinese) )

[3] ZRB, 28 00T, %, KB IE ) b il
BRI 230 [0, KRR R HE i ,2012,32.(4) -
59-62. ( LI Hongen, LI Zheng, FANG Guangya, et al.
Analysis of anchor bar stress for high slopes of powerhouse
at dam toe of Longjiang Hydropower Plant[ J]. Advances
in Science and Technology of Water Resources,2012,32
(4) :59-62. (in Chinese) )

[ 4] FRILEE  XSUE I 0] 4 b 0 b 208 66 2 A Bl SR A 6
WFFE [ J]. B R, 2012, 28 (9) : 57-59. ( ZHENG
Weifeng, DENG Haiji, HE Jinye. Experiment research of
rock anchor foundation in transmission line[ J]. Building
Science ,2012,28(9) :57-59. (in Chinese) )

[ 5] Fhaste, A T8 YO e om. i Fin 2 I 1 AL A TR 1 0 4
FREERlT R BRI 5E ()], 4 1 71%,2012,33
(1):78-82. ( SUN Yizhen, ZHENG Weifeng, FAN
Zhiqiang. Tension model test research on grouted bolts
foundation in jointed rock masses for transmission line
[J]. Rock and Soil Mechanics,2012,33 (1) :78-82. (in
Chinese) )

[ 6] sk, AR IR RS, F TR0 [0 A S A 1 7k vk
R IE (1], A £ 1% ,2015,36 (J4 T 1) :367-371.
(ZHANG Yan, ZHENG Weifeng, ZHU Zhaoging. Test
research on bearing capacity of anchors used for sandstone
reinforcement [ J |. Rock and Soil Mechanics, 2015 36
(Supl) :367-371. (in Chinese) )

(7] a0 B4 B JAL e e 2 2 T00 0 7 4l 2% A ) B Ao
BAERHERT I [T ]. A A1 J1°F 5 TR 4k, 2006, 25
(1):117-121. ( HE Siming, TIAN Jinchang, ZHOU
Jianting. Study on load transfer of bond prestressed anchor

rope [ J ]. Chinese Journal of Rock Mechanics and

KA K A 2017 ,37(4)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://www. hehaiqikan. cn <75 -



[8

[9

[10

(11

[12

[13

[14

[15

[16

76 -

Engineering,2006,25(1) :117-121. (in Chinese) )

] BRI, B 4 7. B0 BURAT I g 43 A1 00 AR 2 43 A
[J]. #°F =3 )5 TR %+ 42,2008 ,4 (1) :45-50. (CHEN
Guozhou, JIA Jinging. Nonlinear analysis of stress

distribution of tension anchor [ J ]. Chinese Journal of

Underground Space and Engineering,2008 ,4 (1) :45-50.

(in Chinese) )

AN IR, 285 . A 186 2080 7 % i T 4 i A A

TR RIBT 5 [J]. & 1%, 2007, 28 (3) : 527-532.

(ZHU Xunguo, YANG Qing, LUAN Maotian. Study of

reinforcement effect of anchored rock masses and analytic

[

constitutive equation for rock bolt [ J]. Rock and Soil

Mechanics,2007 ,28 (3) :527-532. (in Chinese) )
XA e BRI BT A4S, T O I AONE 4 I % B AT
e b ik (1], & L J15%,2008,29 (7) : 1938-
1942. (ZHAO Minghua, LONG Zhao, ZOU Xinjun. Load
transfer method of rock-socketed anchoring rods under pile
tip considering dilatancy effect [ J ]. Rock and Soil
Mechanics,2008,29(7) :1938-1942. (iin Chinese) )
KB B AT R g BT 1] B AL Ty AL Y 4 A o3
Brorik[J]. #F 45 )5 TR %41, 2009, 5 (4) : 716-
723. (ZHANG Peisheng, YIN Ke. An analysis method of

the whole working course for the force transferring

[

mechanism in fixed segment of tensile-type anchor bar
(1]
Engineering,2009,5(4) :716-723. (in Chinese) )

SRR, FEORAST. BT 7 430 A% 32 HILER A3 A 54 XSt o AL
RILT]. TR, 2002,24 (2) - 188-192. (ZHANG
Jiru, TANG Baofu. Hyperbolic function model to analyze

Chinese Journal of Underground Space and

[}

load transfer mechanism on bholts[ J ]. Chinese Journal of
Geotechnical Engineering, 2002, 24 (2 ). 188-192. (in
Chinese) )

1 JCAZE. THON il 2R il ] B 5 1 94 A% 64 AU g 5 e e
[1]. 54 25 TR ,2009,28 (10) ; 1976-1985.
(YOU Chunan. Analysis of interfacial slip mesomechanics
in anchorage section of prestressed anchor cable [ J].
Chinese Journal of Rock Mechanics and Engineering,
2009,28(10) :1976-1985. (in Chinese) )

] BRET I RS, 0705, A5 s E A B AT TR
Z NGRS FFE [ )], T 25 (8] 5 TR 2E4R 2011,
7 (5): 830-835. ( XU Qianwei, ZHU Hehua, JIN
Fangfang, et al. Study on the pullout mechanism of anchor
bolt in weak and fractured rock mass and its model test
L1
Engineering,2011,7(5) :830-835. (in Chinese) )

] JONSTON I W,LAM T S K, WILLIAMS A F. Constant
normal stiffness direct shear testing for socketed pile
design in weak rock[ J]. Geotechnique,1987,37 (1) :83-
89.

] CAT Y, ESAKI T, JIANG Y J. An analytical model to

predict axial load in grouted rock bolt for soft rock

Chinese Journal of Underground Space and

tunneling [ J ]. Tunnelling and Underground Space

KA KB AR 2017 ,37(4)

[17]

[18]

Technology ,2004,19 :607-618.
R BRnik, XU oo Hh S5 B AT SRR S 0 (L) IR E] Y
g [J]. A 15 5 TR %4, 2005,24 (19)
3482-3486. ( HAN Jun, CHEN Qiang, LIU Yuankun, et
al. Bond strength between anchor grout and rock or soil
masses [ J |. Chinese Journal of Rock Mechanics and
Engineering 2005 ,24(19) :3482-3486. (in Chinese) )
AR R WCGHESE. 7 g LB AT A ] B 52 T Y
AL IR [ ] A A 17 5 TR 4R, 201433
(11):2190-2199. ( HUANG Minghua, ZHOU Zhi, OU
Jinping. Nonlinear full-range analysis of load transfer in
fixed segment of tensile anchors [ J]. Chinese Journal of
Rock Mechanics and Engineering, 2014 ,33 (11) :2190-
2199. (in Chinese) )

(R F 1912016 -07 - 06 Fik . g7k

(L% 24 1)

[13]

[14]

[15]

[16]

[17]

[18]

[19]

(20]

JESIBL VTR XA 0. YR ZER 5 R R S AH BLAE
FAWFSEHE R[] K FIK F BB 38 |, 2015,35(2) = 77-
84. ( TANG Limo, SUN Huidong, LIU
the

turbulence structure and bedforms in open channel [ J].

Quanshuai.

Research  development  of interaction  between

Advances in Science and Technology of Water Resources,
2015,35(2) : 77-84. (in Chinese) )
PARSONS D. R, BEST J. L,ORFEO O, et al. Morphology
and flow fields of three-dimensional dunes, Rio Paran4,
Argentina: results from simultaneous multibeam echo
sounding and acoustic Doppler current profiling [ J ].
Journal of Geophysical Research: Earth Surface,2005,110
(4).19.
OMIDYEGANEH M, PIOMELLI U. Large-eddy simulation
of three-dimensional dunes in a steady, unidirectional
flow; part 1 turbulence statistics [ J ]. Journal of Fluid
Mechanics,2013,721(4) : 454-483.
NEZU I,ADOTA A. Three dimensional structure of space
time correlation on coherent vortices generated behind
dune crest. [ J]. Journal of Hydraulic Researches, 1999,
37(1): 945-958.
CHEN XTAOBING, CARDENAS M B, CHEN LI. Three-
dimensional versus two-dimensional bed form-induced
hyporheic exchange[ J]. Water Resources Research,2015,
51(4) . 2923-2936.
RUBIN D M. Cross-bedding, bedforms, and paleocurrents
[ M]. Tulsa: Society of Economic Paleontologists and
Mineralogists , 1987.
PATEL V C,YOON ] Y. Application of turbulence models
to separated flow over rough surfaces[ J]. Journal of Fluids
Engineering,1995,117(2) : 234-241.
YOON J Y, PATEL V C. Numerical model of turbulent
sand dune [ J ]. of Hydraulic
Engineering,1996,122(1) ; 10-18.

(R A 91:2016 -09 -27 - Sk HB2F0)

flow over Journal

Tel:025 -83786335  E-mail ;jz@ hhu. edu. cn hitp ://www. hehaigikan. cn



