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Abstract: [Purposes] This paper aims to study the pull-out bearing capacity of chemical bolts
anchored in concrete and their corresponding theoretical calculation methods. [ Methods] Based
on the quadrilinear bond-slip constitutive model, the residual friction strength at the interface
between chemical bolts and concrete was considered, and the bond stress process between bolts
and concrete was analyzed. The analytical equation for predicting the load-displacement curve of
chemical bolts in the tensile state was derived. At the same time, a direct pull-out test of chemical
bolts was designed and conducted to verify the reliability of the theoretical method. [ Findings ]

With the increase in the anchorage depth of chemical bolts, the failure mode of anchorage bodies
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gradually changes from complex failure (mixed failure) to a single failure in which the bolt is
pulled off. Compared with the standard errors (SEs) between the results calculated based on the
trilinear model commonly used in anchor rod calculation and measured data, the SEs between the
results calculated based on the quadrilinear bond-slip model and measured data are smaller,
indicating that the theoretical formula derived in this paper can more accurately reflect the trend of
bolt load-displacement under pull-out load. [ Conclusions] The research conclusion can provide a
corresponding theoretical reference for the pull-out stress analysis of components anchored by
chemical bolts.

Key words: chemical bolt; interface bonding; bearing capacity; put-out test; critical anchorage
depth
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Fig. 1 Chemical bolt
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Fig.2 On-site pull-out test of chemical bolt
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Fig.3 Laboratory pull-out test of chemical bolt

AR SCANGE 3o e R A 5 TR R A R B A
PR AR BT R B ) o K3 iy S g
ZE BT DL AE A4 AR b 1 T A AR 3 i 5 A
R 4 TR o fEE 4 SRR R T AR R TR i
- FEAR B AL B AR RO FLREAR W, 7T DL Z %R
Tt DABIMAREAR , d U8 AR, L R S8 5 ]
KB
A UL R
1) A Jh 40 2 IR AR N e B T,
HOAR SCAY P R 5 TR B A B T A R 4 R A

2) GRS R A B A FE Rk
P AE N &= AR

3) Ak AR A AL T LAl R AR 18 TR

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



126 RO mIREER(ARMER)

2024410 A

I b S R A R BT ORI

A5l 16 7 AT AR R Ao 1R A 2 S R
NP s o, e s de Sl T AT BE 5 o, D MR AR S
T Y R AT 5 0, o 23 390 Ry WA 55 25 8 R A ) il
6 15 11 5 dor,, dor, 73 391 WA 5 S5 25 B A B L AR B
4 I3 3 4 e

—2L

s~ [_ae 2 I—,

B4 oAb A4 HOK
Fig. 4 ldeal pull-out test of chemical bolt

1 dx 1
) 1

AL

o2 «—

s, «—| 12

B E RN

02—

E5 #Az hEAR
Fig. 5 Model of bolt stress

1.2 MEHs-BBRE

AT AR YUAN S50 i S B ok 47 B 4
o S FRP-IREE G ifn o€ R B m , 5 5y i S
SEATH R, MU, XU R 45 -1 R A A e 1Y,
WE 6 FT7n . 186 Y 7 o FRP SR BE L 2 [A] Y 5t
BTN ST, 7, H RGBT JT , € 9 FRP 5 iRt
b Z (B A RS e, DAy i KB THT BT VL )RS I A
Mo i, e, B0 BT I I SR Y1 AR A (AR fil
JH i 1 i 420 5 MR A 5 TR OB L AR 22 [ 1 23 B, e
IR 22 B — M BT T TR IR A HETE Al 2y 1R
A ) )l 5 TR B e 2 I B8 5% s T L i K
- B9 137 1 R BB I 7 G 2 i R AR 52 B B R
TIEM o FESEBR TR, Q2R R R A 22 TR
BE b SR S IR P ARk TR o IR R
e b SRR i, 2 ) SR A R B AR 2 A
WA TR AP AR B T

BIBEESE ) AR SCR TR N Z P B 4 - T 7
BERORASA ST B 451 1 5B R, g 7
s o VLT B & O R 5 S SR A 2 ] 4 AR G
(iK% , 8, S fie KBTI BT I3 1 68 7 A4 ¥ A% i, 6, 8 it
DR ST 5 7 3 9 < B A T A A, 6, SR SR AT Y e K

% A5 W 3k :http: //cslgxbzk.

WA WIETF I, S BN, B Ak T 5
PEARZS, B _E T Be 5 Bl 3 iy 28008 o, R 55 R4
Z R] H A5 5 B U SR ot — 2 e e B adE A
PARZS , d3 K5 T B B2 ) PR35 A2, BIKF- B BE
Wt 57 i 2B R 5 1 DA, i o SR T 28 4 5 R AN T A
I AFACIRES , BN B B B ; e Ja A — A KFBir
BRS8N B AR T S R B SRR

7/MPa

0 £ £,

g/mm
6 FRP—®%# L3536 W bpiX b A2 A

Fig. 6 FRP-concrete tension-push shear test model

7/MPa

________________

8/mm
B7 wXHFLE-RHER
Fig.7 Quadrilinear bond-slip model

P2 R 25 - AR AT R (D) R

k.0 0<6<96,

(5) T 0,<0<06, ()
7(6) = 1
Thomax ~ k2(5 - 52) 0,<d <6,

Ty 6,<0

Koz, HEKFH BTN I 57, R 5T BR A% EE 4
N1, Hr, =ary . He R o O BUE 5 ZEAR A AN
[Fi) S T M OB A 5 &y ey 0 SR T N BR B 4
BER k=, I8 k=(7, . —7, )/(5-8,)
1.3 FEMSFE
VLIRS A B 0 G2 , 43 BT 8844 52 1 Al i
do,/dx = 7,Z,/A, = 0 (2)

csust. edu. en/cslgdxxbzk/home



F21 5% 5

TR, & AL F BRI AE A b5 KRR 127

AP - Z, D MR IR TR J] I 5 A, D R Y T TR A
RGO SR A SRR B AN 1 O
A LARIR

7,=7(8) (3)
o, = E du,/dx (4)
o, =E.du,/dx (5)

KM E, 5 E 5 80 5 RO R 1 i A
du, 5 du, 53 5 A RS 5 A RO T B i B
PR 15 S5 SE AR 22 8] (AR T 12 R Ky &, AR AT
SCHR[ 10 77 7E
S5=u,-u, (6)
A sy, 5w, 73000 e 5 SRR R L
TERR BB b A Ab /R ), Hy 55 R 4
SRR 52 1A ] LAAS
oA, +o, A =0 (7)
K (2)~(7)BRSL, AT A A T s IT R E
d*8/dx* - A7 (8) =0 (8)
o, =[EEAIEA, +EA)]/(dsldx) (9)
KA = Z,(VE A, + VE A ); AR SRR R I B
B
AR IR 5 AR R A W IR /8, % 4% B B 32
TG OLHEAT T35 381 0 T SCA e A E AR
(L% & 1Yl A 7 i, WA LT B 87 3 ., ARl 1) 7
o, AT T AR AT 23 il B X (1) 52 (9) 354 3.
1.4 BEMERNZHBITFEES
AR SO EUA SCHR R AT s 2 AR A
S5 -1 A B F2 1 - Rl [ 2 /N
WA TR BE 1 A IR 2 22 Py 7AW B, RV By
B k- R A B B L o8 A R AR B B A Ak - AR AR B
B SR AL B B A R B B B S e 4 S B
Be, B 8 R . TEE 81, a MR B B b K
B A JEE 5 d Sy 3 8 B B 5 o, Ay 5L B 1) B A B
ik P AR AR AR 5 o, Ry B AR B T A B T A A
P s o0y R RN B 1) ) 25 Baod I R ) A A
R TR EE T R R T 7 BB
1) SRR Be o A BN B 5T 5
DAL R YNy IE= A O B BN (=
PR BT B A o . TR BN MR ) A% 0] A
ZEBFEURTRE, LR R R B R B AL
2) Sk -tE AR B A s Jey S 5Y 1 7 3k B
S PNEE) A 37 N TPEXEE S5 NI VDA R SR

AR 1) P o 1 32, I A ey 2R T A4k SR 38 Jin o

3) e B, 1R 5 LR 2 (R R S
BTUIRE Rt — A5 K R | G 25 2 B 4 K B T
B SUPN T

4) WAL - A B B o Bl A AN TR,
BRI B 5 AR 2 8] (4 AR S BT DI Rt — 4 &
Jie | SUTHI 5 S N W AL, 2 TR AR B

5) SERHAL B . B fr dR Ak SL i m IR &
R 4K, B Al B A A RAE B B .

6) Ak —F B B B, DA faf R SR L n 2
CBIR R T T VAR RANYSE R
EEYET) 7, o

7) e BB, BT A IR K A
GO, e RN E WU AF TR SR A B T 7, o

HRAE 1 A 25 5L WA A 1 AL TR B YR Ao AR Ry
TR B B i L A A B BE X R 1 -8 96 B 45 AN A
[l PHIL, ZE80E T8 AW By -8 X R i A 4%
PRI, R R (8) Al 15 2K B e A i

4] F BN R IR S E R R £
o, Gl [ 5 10 2 25 PR B, A3 R A A
BRI R M2k 52 I R O R 5 YN 28 3 B 1k 5
8 B, PR A TF b A Sk — 1 Ak B B 5 s, B
T 52 77 DR VA1 8 i B3 S D B e~ M A 18 A 80 1
KOBEE o YRR A R [ K BN, [ R RS
RENS 5, A 52 FPIRAS A T o e AL B B
— T EhN B B AT 5, AT A L 2 R A
A RE AL - B B 5 Bl far 20, 24 R
vt 57 B 38 B 8, J5 , A1 22 1 RAS AL F w4k
e B, — B 20 48 0 47 8% 25 T 5, G IS i) 5L i A2
TR W A -3 B B B S, A FR A
B ik 5 8, Wi A WAL 5 TR 6E 4 3k Ik = [E] (1 B T
Fhah S8 PRI, 3 B AR AR AR AR R R

|—’x /Tﬁ’f'
{1 ] — p
L !
(a) BAVERY B
II—» p =T, max
B ]
]

A
L ! |
|

xl a

(b) #PE-EE Ak B

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



128 RO mIREER(ARMER)

2024410 A

o] 75 =Th max
b

H i | | ]
|
|

L
(c) SERBEALIT B

—=x 7,=7
b= b max
i

s ; e

X

(d) BEAL-F AL B Bt

s :
| T
LS C ]
L i
(e) SEAFALK B
F—x
T, =T max
:’_\: 5% |
fs | i L —>p
h T
ke L |
T U |
X, d
(f) BRAL -1 B3 B B
=
I KNS E
Bt [ -
|

L
(g) 58 4R B I B
8 &AL
Fig. 8 Stress process

FR A bR BRI 43 A, 5 KX i [ 5 T 7 AN
7] 52 3 B B 00 1 2 g b 5 R A T4 2 o
1.4.1  SPER B

>l ) PR BRI IR A A A R
T AL T MRS . FE B BON , AR S 32
AT K, A A 43 ST A2 1 188 /0N, an ] 8 (a)
FiR

i = (1) 5 5 (8) 15 0L By Bt P9 1 AL T 1 43
BH

d?8/dx® = k,A6 = 0 (10)
NN R =01}, 0,=0;4=L B} , o =p/mr’
P 21 5 25 B X (8) fige Ly A

S5(x)=p/A,mr* x (A, JE A, + 1/E,) %

[cosh(Alx)/sinh(AlL)] (11)

XA, = kA IR
W I 4o w=L Ak WAL % 8 SCA AR o 28K i o7
e kA, (1)
p=Amrttanh(AL)A/[A/(EA,)+ VE,] (12)
1.42  sk-f4L B B
Wil 5 o7 A A7 2N W 380, in 8% o 5 1D 4E AR
AR S o 28 o S 18T 5 N ) AR HE S de K BT 1 )
Ty o WO AL BERC BE AN W38 0, 74K oy 8 B =2
B, i 8(h) FizR o
20 (1) 55K (8) 15 21 ke i B o4 ) A T 1k 43 Jr
FEh
d?8/dx* = k,A6 = 0 (13)
d*8/dx® = Az, . =0 (14)
Horp, BUHPIRASTE o= AR FFIESE . BURT S A5
EREST, B x=0 B, 07,=0; o7, 7E x=x, AL S 5 x=x, I,
8=8,,t=7, ,..;x=LI} o, =p/mr’,
P 720545 0 B2 (13) 15 5501 B B3 A X 67 7%
R
5(x) =8, cosh()\lx)/cosh()\lxl) (15)
P 0 A5 1 B X (1) A5 AR B B A X 67 7
FEh
S5(x)=68,A, tanh(/\lxl)(x - xl) +
Ay (x - x) 2 (16)
i AR R (9) 2 (16) 15
p=|EEAm?(EA, +EA,)]x
[8,A, tanh(A,x,) + A7, (L - x,)]
F 2 (16) 15 i 28am 6 # A=6(L)
1.4.3  SEALR B
Wi 5 i AN T 14, L o B 58 A T 2 i ]
LT A 5E ALY B, BT e 4k kR 4%, an A
8(c)Fimn .
(1) KX (8) 15 b By Bt 9 1 3% 1wl 4 43
Fh

(17)

d*8/dx* - A7, . =0 (18)
Hh B4R x=0 1 ,0,=0,6(0)=8, .
%30 5 25 B =X (18) A5 3K Ak o BE AR X3 4%
TR IR
8(x) =6, + Az, x°/2 (19)
Thoma = PIZ,L (20)
27 TR S Ab T A AR AL B B, 6 A<S,.

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



F21 555 TR, 4

F A AR RIBR R ) ik 5 XA 129

BEE, B (19) 15 A PR B I B L, o
L = /2(8,-8)\z, . (21)

ISR L<L,, SR IR RS AL T 58 AL B B
Z, ST R AR A Ak T b - Ak - AR B B
1.4.4 LA BB

Wit 5 iy 268 A0k 52 36, o A v MR A g A 2 [
(1 1 55 5 TRl IR F — 25 O e hn 28 g At 1D iR 2
AN W i A O 328 7 3 SR AL B B, e IS AT RE 4 22 7K
#H, W 8(d) FrR .

i =8 (1) 52 (8) AT A5 L i B 4 i L T o3
o

&8/dx* = Az, . = 0 (22)
P8/da® + Ak,8 = Mky(8, + 7, lky)  (23)
PR A TE x=o, AR FE IS . BURT 3 A 5%
AT, B x=0 ), 0,=0; o, 7E x=x, Ab 35 5 5 w=n, I ,
8=8,, =1, sx=LI o, =p/mr’.
A i A A R (22) 1%
5(x)=8,+ Az, . (2> —22)2 (24)
bR A A X (23) 7%
8(x) = Az, 0 sin[ A(x - x,) /A, + (8, - 6,) X
cos[)\ (x— )]+5 (25)
Hi bR AR KX (9) (A (25) 7+
pP= [EEAm/ (E,A, +EA)]x

AT, s cos[)\z(L -x,) } -
Ay(8, - 8,)sin[ A, (L - x,) |

XA, = kA 38,268,471, Jkso
145 SERHALH B

Wit 25 o 28 A5 18 T, A Ak o BE 58 4 T K Al 1
Gk A SE AL B B, BT RE Ak kR 2k, WA
8(e) In o

A 20 (1) 53X (8) 75 L B Bt P9 B A T8 B34 43 O
o

(26)

P8/da* + Ak, = Mky(8, + 7, Jky)  (27)
56 (x) = ¢, sin(A,x) + ¢, cos(A,x) + 8, (28)
T rey e, SR B0y FR A 1 R 118 5805 XoF g 30
FEME R v=01),0,=0;x=L I, o, =p/m1*,
H I 2 XX (8) (A (28) T 1%
8(x)=-p(E,A, + E,A,)cos(Ax)/
[A,mr X E,E A sin(A,L)]+6,  (29)

g # A mT i X (30) 2k
A=8(L)=-p(E,A, + E.A, )cos(A,L)/
(A7 x B,E A sin(A,L)]+8,  (30)
i X
_ amr(A -8, )tan(A,L)EE A,
p= EA +EA,

A A RIRAR S AL T 58 ALY B, AT A<

(31)

8y R, FEBRAS B L, ] 2 (26) 4 S 15 H

L, = arccos(Thy/Tb_ m)//\z (32)

AR L<L,, W) 5 T A TR 285 08 4k T 58 42 o dk
W B S22, 5 T A AR 25 A T 8 P - ok -
BB
1.4.6 B3 B
B P AT A A R n 28 S T G 45 ok
JEE S T AR e 2 m 268 i H R %10 B BRSO
- B, an &l 8 () s o
i = (1) 5 2 (8) 1453 e By Be N /Y 5t T 43 O
i
d8/da® + Ak,8 = Mky(8, + 7, /ky)  (33)
d*8/dx* = Az, =0 (34)
SR A TE =, R ORAFIESE o MR, 3 5%
EREST., B x=0 B, 0,20 ; o, 7E x=x, AL S 5 x=n, I,
8=8,,7=1, ;; x=LI} o, =p/mr*,
A K (33) 77
8(x)=(8, - 8,)cos(Ax)/cos(A,x,) + 8, (35)
i B K (34) 7%
S(x)= /\Tb.r(x - x3)2/2 +
/\2(5,,—53)tan(/\2x3)(x—x3)+52 (36)
il R X (9) S (36) 1%
p = EE A7 X
- x3) + /\2(8,, - 53)tan()\2x3)
EA, + E A,
147 FERFEH B
B LI AT B S VE T A Be i 2%, Bt
T 52 AR B o MR, AR 2 A ST R 45 ) SR AL
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i = (1) 52 (8) 153 e By Bt 9 /Y 5 T80l 43 O
T

/\T,,_‘(L (37)

d*8/dx* = Az, =0 (38)
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o (18 1 B
2.1 BB
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He WA C40 R EE Ll FERSF I 150 mmx
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TR P PR o (TR B A 4540 o % 1 2 R LR )
(JGJ 145—2013) YH5E < X T A2t | Je b IR vk
B RE b A NT b +2dy, B W KT 100 mm, H
o b IR R B d, M B FL LA . FEIR R
PR SR FH M8 R B A5 £ TP A2 8% (5.8 9 FEAN)
5 22 DU B0 61 S, dy >R 10 mm, BEAR: A 361 1€ 3
W 1. B g a4 2 A E

AW FEAETREE L PG S8 =9 28 d R,

®1 B
Table 1 Number of bolts

SRR ST fmm | ARG | SRR AR AR
60 €30-60 1
€30-70 1
70
€40-70 1
80 €30-80 1
90 €30-90 1

e i SRR B 3 51 29.5.41.0 MPa.
2.2 NSRRI TE

R0 2% B PR VO A Bl T RE B ML (R K T
9500 kN) HIHEZE S5 2H B, AL 9 BT o g i,
68 FH v iR A T 2 8 I [ 7R M A g 3 A T
1, DA X B8R 2k, ) s it 4k XA B8 i
(Fe KRR 50 mm ) A 0 S B A i 2% i v A5 4

TR Z R, B R HE AR5 T DR A5 AT (] B
T T A X R AT P DATH BR TR BE 1 e 5
FE4R 2 (8] o TE) B o 3056 s, R o B8 % 22 i 2%, Jin
R B R 2 mm/min, [A] B IF R 03 R G RECE R
£ RGBSR AL R G ) ISR 2 v %, I 0
FEEMIREE - S8R 02 0, B2l R4
IR o 2 W e o T sl 3 e A B A 1 el
] 2R 40 30 R B 45
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Fig. 9 Test device
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Fig. 10 Failure mode
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Fig. 11 Bolt load-displacement curve under different

failure modes
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K IR K | AT | B R R | BER
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C30-60| 223 23.9 21.7 )
RE
C30-70| 252 27.8 25.1
7N
C40-70 | 27.1 29.6 26.1
€30-80| 28.1 24
C30-90| 28.6 Fir by
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Fig. 12 Comparison between theoretical value and test value
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Fig. 13 Comparison between corrected theoretical value and
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Fig. 14 Comparison between corrected theoretical value and
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