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Fig. 1. Simplified sketch of a rock bolt pullout test
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Fig. 2. Idealized stress and deformation state along the rock bolt, a) rigid rock mass b) deformable rock mass
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Fig. 3. Assumed interface shear stress distribution along the rock bolt bond length, a) before steel bar yields b) after
yielding of steel bar
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Fig. 6. Algorithm for analyzing rock bolt pullout test and preparing load-displacement curve of the rock bolt head
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Fig. 8. Comparison of the rock bolt head load-displacement curve obtained analytically with the experimental pullout
test results and determined bond shear strength parameters

Lol o il ez g (oxw B9y 4 g e plala- L

g Py @ gy Jol5 Jlail (28 L sl o jslase ol @
bee a4 Sg 5l L JESH (S8 (05 Jlesl JL cod) S
O @ el tder wled mhaw )5 (LB (IS @e8 9 SLb
Cewds g Jsb yo glrale @5 9 s Glll 15 55 (5970
&) olign sy Loles el 1o Sablaz (b Ll b el 0]
lego-tds ol gl Wide Gla)ld) cw)p (nl o w05 o
Coglia ke b Sadhiz (idy Sadhe Jels sl Jels
ol onl el oad s 5 s oS (Fadlaz 5 oiledl (o0
2 Pled oy el s )0 (LB 5wy 85 KoL
0l pdy el ednl Cawds S sl iale;l jo aS g Jobo
Jdsb o shr 5 @i sl ead Bl (558 gl ol
Jole 00 g o gl Gmen 5 5557 S0 @I a2
5 gy Sod akess (658 el b el 0 poes ciliio
el ot Bl 35 &gy IS el g

O 9 Shelos g, 4 g e ol )b (e e 5 L
Canglin iSTom o iiS Giolesl 5l ool Cowdy gz b ] auslis

Bl e 50 oy oS Ll g oxw gy 4 eled mhaw Jop

Mg

oo cud Jleel Sl o Cley s gloals polie Ojso @
Syl (o5e3 (253 5 Sialesl 5l ogzge DIl ulul o
G9y bl 2 plrale b g eled mhae (S0 Coglie
Sy Caaglie sla el b s b el sl casay o Lo
el 0ol (3l Gialeyl sleesls e o e ¢ eled el
Sy e g Glol ol Jols el b e alis
oyl g oads (558 sl el olyen 4 (Lelow g, 5l ool
el 4 el ool Gl A USS o wled s (gl sawl ey
4 S35 sla kel )b) eled lan (o8 Saaglie (sla el )b o 5

& S Ao =
S ui‘.iLo)'T 30 Swolégo-cdg LS jul dlae cpl o
95z 9 48,5 )8 g 90 (lod Ghs,y (i pled s
a5 (5,155 9,5 o) Loy yo plrale )l (o oo
5 Slego-cls wles mh Sadlir 00,5 Lld b (b Jlesl
ol 00l 0010 arwgy gy Al ledl S e

e Sl wled s (b Canglie JiSTas s S5S



[11] S. Yazici, PK. Kaiser, Bond strength of grouted cable
bolts, International journal of rock mechanics and
mining sciences & geomechanics abstracts, 29 (1992)
279-292.

[12] B. Benmokrane, A. Chennouf, H.S. Mitri, Laboratory
evaluation of cement-based grouts and grouted rock
anchors, International Journal of Rock Mechanics
and Mining Sciences and, 32 (1995) 633-642.

[13] EE Ren, Z]J. Yang, J.E. Chen, WW. Chen, An
analytical analysis of the full-range behaviour of
grouted rockbolts based on a tri-linear bond-slip
model, Construction and Building Materials, 24
(2010) 361-370.

[14] M.L. Blanco, M. Tijani, E Hadj-Hassen, A new
analytical solution to the mechanical behaviour of
fully grouted rockbolts subjected to pull-out tests,
Construction and Building Materials, 25 (2011) 749-
755.

[15] M.L. Blanco, M. Tijani, E Hadj-Hassen, A. Noiret,
Assessment of the bolt-grout interface behaviour of
fully grouted rockbolts from laboratory experiments
under axial loads, International Journal of Rock
Mechanics and Mining Sciences, 63 (2013) 50-61.

[16] L. He, X.M. An, Z.Y. Zhao, Fully Grouted Rock Bolts:
An Analytical Investigation, Rock Mechanics and
Rock Engineering, 48 (2015) 1181-1196.

[17] Y. Cai, T. Esaki, Y. Jiang, An analytical model to
predict axial load in grouted rock bolt for soft rock
tunnelling, Tunnelling and Underground Space
Technology, 19 (2004) 607-618.

[18] Y. Cai, T. Esaki, Y. Jiang, A rock bolt and rock
mass interaction model, International Journal of
Rock Mechanics and Mining Sciences, 41 (2004)
1055-1067.

[19] S. Ma, J. Nemcik, N. Aziz, An analytical model of
fully grouted rock bolts subjected to tensile load,
Construction and Building Materials, 49 (2013) 519-
526.

[20] S. Ma, J. Nemcik, N. Aziz, Z. Zhang, Analytical model

for rock bolts reaching free end slip, Construction

Ao

aldgl oS b Jle S > b gy (ol 08 05d so (s e
—C»JD.) U’“"L""CJ"“’QS""’)" wsl.a.o 0)5])..; e ju.l...a. = B IR W)
ol oa eols las ably maS ulesl SO0 wlége

&=l

[1] O. Aydan, Rock Reinforcement and Rock Support,
CRC Press, 2018.

[2] C.Li, B. Stillborg, Analytical models for rock bolts,
International Journal of Rock Mechanics and Mining
Sciences, 36 (1999) 1013-1029.

[3] G.S. Littlejohn, D.A. Bruce, Rock anchors-Design
and quality control, in: The 16th US Symposium
on Rock Mechanics (USRMS), American Rock
Mechanics Association, 1975.

[4] LW. Farmer, Stress distribution along a resin grouted
rock anchor, International Journal of Rock Mechanics
and Mining Sciences, 12 (1975) 347-351.

[5] S.P. Signer, Field Verification of Load Transfer
Mechanics of Fully Grouted Roof Bolts, Ri 9301,
(1990) 13.

[6] B. Stillborg, Professional users handbook for rock
bolting, Trans Tech Publications, 1986.

[7] A.J. Hyett, W.E. Bawden, R.D. Reichert, The effect of
rock mass confinement on the bond strength of fully
grouted cable bolts, International Journal of Rock
Mechanics and Mining Sciences and, 29 (1992) 503-
524.

[8] A.J. Hyett, W.E Bawdent, A Constitutive Law for
Bond Failure of Fully-grouted Cable Bolts Using a
Modified Hoek Cell, 32 (1995) 11-36.

[9] AJ. Hyett, M. Moosavi, WE Bawden, Load
distribution along fully grouted bolts, with emphasis
on cable bolt reinforcement, International Journal for
Numerical and Analytical Methods in Geomechanics,
20 (1996) 517-544.

[10] PK. Kaiser, S. Yazici, . Nose, Effect of stress change
on the bond strength of fully grouted cables,
International Journal of Rock Mechanics and Mining
Sciences & Geomechanics Abstracts, 29 (1992) 293-
306.



verifications, Tunnelling and Underground Space
Technology, 50 (2015) 143-151.

[26] M. Ghadimi, K. Shahriar, H. Jalalifar, An Analytical
Model to Predict Shear Stress Distribution in
Fully Encapsulated Rock Bolts, Geotechnical and
Geological Engineering, 33 (2015) 59-68.

[27] M. Ghadimi, K. Shahriar, H. Jalalifar, Improvement
of rock bolt profiles using numerical method,
International Journal of Mining and Mineral
Engineering, 6 (2015) 373.

[28] C. Chunlin Li, A new energy-absorbing bolt for rock
support in high stress rock masses, International
Journal of Rock Mechanics and Mining Sciences, 47
(2010) 396-404.

[29] R. Guan, Z. Huanchun, Z. Chuangbing, Testing
study on working mechanism of fully grouted bolts
of thread steel and smooth steel, Chinese Journal of
Rock Mechanics and Engineering, 23(3) (2004) 469-
475.

and Building Materials, 57 (2014) 30-37.

[21] S. Ma, Z. Zhao, W. Nie, X. Zhu, An Analytical Model
for Fully Grouted Rockbolts with Consideration of
the Pre- and Post-yielding Behavior, Rock Mechanics
and Rock Engineering, 50 (2017) 3019-3028.

[22] S. Ma, Z. Zhao, W. Nie, Y. Gui, A numerical model
of fully grouted bolts considering the tri-linear shear
bond-slip model, Tunnelling and Underground
Space Technology, 54 (2016) 73-80.

[23]]. Nemcik, S. Ma, N. Aziz, T. Ren, X. Geng, Numerical
modelling of failure propagation in fully grouted rock
bolts subjected to tensile load, International Journal
of Rock Mechanics and Mining Sciences, 71 (2014)
293-300.

[24] C. Cao, T. Ren, C. Cook, Y. Cao, Analytical approach
in optimising selection of rebar bolts in preventing
rock bolting failure, International Journal of Rock
Mechanics and Mining Sciences, 72 (2014) 16-25.

[25] M. Ghadimi, K. Shahriar, H. Jalalifar, A new analytical
solution for the displacement of fully grouted rock

bolt in rock joints and experimental and numerical

Eng., 53(3) (2021) 879-896.
DOI: 10.22060/cee].2019.16677.6300

S ooliiwl 5 ylae il Al cl & gl (sl
M. Hazrati Aghchai, P. Moarefvand , H. Salari Rad, Rock Bolt-Grout-Rock Interaction in
Pullout Test and Determining Load-Displacement Curve of the Bolt Head. Amirkabir J. Civil

A



