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Symbol H P n Vp UCS Epeak
Unit mm gr/em? % m/s MPa %
Standard - ISRM,1979b ISRM,1979b  Aydin,2014 ISRM,1979a ---
Sample
NO.
RO1 111 2.46 3 3700 87.94 2.50
RO2 111 2.45 3 3580.64 63.79 2.84
RO3 109 2.45 3.2 3633.33 68.36 2.08
Mean 110.33 2.453 3.06 3637.99 73.36 2.47
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Symbol H P n Pelilebri;ge Vp UCS Epeak
Unit mm gr/em? % % m/s MPa %
Standard - ISRM.1979 ISRM,1979 - ISRM,2014 ISRM,1979 ---
Sample NO.

Con-0-01 109.3 2.21 7.61 0 3643.33 32.81 0.87
Con-0-02 108.3 2.19 7.68 0 3493.54 26.64 1.37
Con-0-03 109.7 2.19 7.94 0 3556.66 20.64 1.84
Con-1-01 108 2.24 6.84 1 3857.14 37.66 1.28
Con-1-02 107 2.24 7.28 1 3821.42 39.34 1.43
Con-1-03 106 2.24 6.53 1 3655.17 37.48 1.38
Con-3-01 109.8 2.30 5.96 3 3786.20 31.97 1.62
Con-3-02 108.9 2.31 6.42 3 3755.17 38.51 1.52
Con-3-03 110.1 2.31 5.95 3 3440.62 35.95 1.75
Con-6-01 107 2.32 6.12 6 3821.42 41.59 1.59
Con-6-02 107.7 2.34 5.67 6 3713.79 38.56 1.73
Con-6-03 108 2.35 5.66 6 3857.14 39.16 1.29

H _ -
(ﬁ=0.27 Fo ST G Ul el Saised g5 ek planl Slaale)T 3l kel s 4 ulS V Jsar

Fiber

Symbol H Hconerete HRock Percentage Vp UCS Epeak
Unit mm mm mm % m/s MPa %
Standard --- - - - ISRM,2014 ISRM,1979 --
Sample

NO.

Com-0-01 109.3 30 79.3 0 3525.80 44.32 1.50
Com-0-02 109.5 30 79.5 0 3421.87 47.94 1.58
Com-0-03 110.6 30 80.6 0 3453.12 30.70 2.39
Com-1-01 110.7 30.3 80.4 1 3570.96 33.82 1.85
Com-1-02 110.1 30.3 79.8 1 3666.66 71.05 2.04
Com-1-03 110.5 304 80.1 1 3810.34 47.48 1.52
Com-3-01 109.6 30.2 79.4 3 3653.33 54.24 1.97
Com-3-02 110.4 30.3 80.1 3 3345.45 38.75 2.04
Com-3-03 110.5 30 80.5 3 3806.89 48.16 1.97
Com-6-01 109.5 30.3 79.2 6 3650 56.00 1.76
Com-6-02 110.8 30.2 80.6 6 3775.86 50.21 1.96
Com-6-03 109.9 30.3 79.6 6 3330.30 54.76 245
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Symbol H Heoowe  Hrook Per':c?:t;ge Vp ucs epeak
Unit mm mm mm % m/s MPa %

Standard - --- --- --- ISRM,2014 ISRM,1979 ---

Sample

NO.

Com-0-01 110.2 55 55.2 0 3443.75 30.39 1.58
Com-0-02 109.5 55 54.5 0 3910.71 30.99 1.50
Com-0-03 107.9 54.3 53.6 0 3720.68 30.20 1.31
Com-1-01 107.8 54.3 53.5 1 3477.41 32.47 1.53
Com-1-02 110.3 55.3 55 1 3803.44 39.88 1.65
Com-1-03 109.4 54.4 55 1 3646.66 35.34 1.57
Com-3-01 109.1 55.2 53.9 3 3762.06 37.43 1.70
Com-3-02 109.3 54.4 54.9 3 4048.14 35.87 1.80
Com-3-03 110.4 55.4 55 3 3942.85 34.18 1.59
Com-6-01 109 55.1 53.9 6 3516.12 43.30 1.61
Com-6-02 108.7 54.3 54.4 6 3623.33 38.36 1.68
Com-6-03 109.1 54.7 54.4 6 3762.06 31.55 1.50
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Symbol H H H Fiber v ucs
ymbo Concrete Rock Percentage p Epeak
Unit mm mm mm % m/s MPa %
Standard --- - --- --- ISRM,2014 ISRM,1979 ---
Sample
NO.
Com-0-01 108.8 79.8 29 0 3108.57 38.61 1.40
Com-0-02 110 80 30 0 3333.33 26.17 1.48
Com-0-03 109.9 80.3 29.6 0 3434.37 21.94 1.63
Com-1-01 108.5 78.8 29.7 1 3616.66 30.36 1.92
Com-1-02 109.1 79 30.1 1 4196.15 37.84 1.56
Com-1-03 109 79 30 1 3516.12 31.53 1.90
Com-3-01 108.8 79.1 29.7 3 3200 28.55 1.57
Com-3-02 108.4 78.7 29.7 3 3387.5 42.59 1.87
Com-3-03 110.7 79.6 31.1 3 3690 34.66 1.63
Com-6-01 108.4 78.2 30.2 6 3496.77 42.36 1.19
Com-6-02 109.4 79.5 29.9 6 3907.14 51.19 1.86
Com-6-03 109.8 79.8 30 6 3229.41 41.19 2.14
5 60
. 55
(% = 0.27) (r = 0.35) - (% = 0.5) (r = 0.54)
. s £ .
e = . = 40 .
:____—————‘______ g Eg . o ==
= 3s s
. — -
= 30 $
.
25
0 l 2 ‘ 5 6 2071 :I: 1 2 ‘< 4 5 (I\
Steel Fiber (%) Steel Fiber (%)
' 60 |
55 |
H _ .
(e — 0.73) (r = 0.73} o | (2 — 1) (r = 0.62)
* ) _d_d-"_'s a5}
* . _— L‘S =
_ % = 0] s . e
o o as | e
= * o e *
* = 30|
* L4
25
20 .
' : ' ' - 15 ¢ R . . . .
L\] 1 2 3 5 6 _ 0 1 2 3 4 5 6

Steel Fiber (%)

Steel Fiber (%)

2olie 5] 4 CuyemlS sladges S S 55 el esliul 63 DU o s 5 oo S g lid C"""E"CJ'S‘.M'\\ JSJ:

(8505 JS g1 4 @508 20 o g1 ) ? lese




\f,'f,)l.@.g AYY o‘)l.a..'; ‘dj‘ 0,93 LrﬁijL\d wél}: JAPMLLA.‘%

70
60
o Steel Fiber = 0% (r = —0.62) 60
*
— .
= —_
£y a0 ‘H\E‘““-h__ . £
=, =
3 30 . . \’ % 40
= * * =
20 | * . 0
10 20
0 0.5 1 1.5
He
H
70 -0
0 | Steel Fiber — 3% (r = —0.57) 60 |
*
g 50 | . g 50
= | . =
oy 40 |
&3 . ! : fa 40
=1 - =
30 - - 30
20 | 20
0 0.5 1 1.5
H,
H
Y5 OB s s it palae I3l 4 — 5 (5,90
35 2.5
3
(e =0.27) (r = 0.35)
— 25 *
* _—
o =)
& . B
= 2 o s — s
: =
S > &
1.5 4 * W e |-
1k
0.5 . . . .
-1 0 1 2 3 4 5 6
Steel Fiber (%)
3 ¥ v T i 1 1 T 2.
(% = 0.73) (r = 0.19)
25 H
(==}
=
&= * &<
S— C——
Lo 20 e
£ ) ) ’ 2
O ‘________._._-—-—:-—-—-—'—'_'_'_'_ i
15+ . *
@
@
| . \ .
-1 0 1 2 3 4 5 6 7

Steel Fiber (%)

H

C

Steel Fiber = 1% (r = —0.42)
-
\:\8
3 i t ]
(1.‘5 1 1.5
H,
H
.E‘}'teel Fiber = 6% {r = —0.54)
+ .
X .
* ‘_Hq\h““.
.
0.5 1 1.5
H,
i

(r = 0.37)

(5]

2 3 4 5 O
Steel Fiber (%)

H o i st 131 3955 Oty 5 Sy alimd o 55 o (Ko AF K2




\f,'f,‘)l.@g AYY o‘)La..'L ‘JJ‘ 0,93 Lr)—aﬂijL\d u:l:.- JAPML.L,A.‘%

H

3
as Steel Fiber — 0% (r = —0.44)
: L d
=
s 2 1
g .
AT
- *
1.5 * -
- * -+
1
0 0.5 1 1.5
£
e
3 .
- Steel Fiber = 3% (r = —0.72)
=
b= .
- 2 s
hé -
& R
p I —
1.5 | *
’ . .
0 0.5 1 1.5
H,
i
63¥ 5 B oo il polas gl &
4200
He = 0.27 (r = 0.11)
4000 G L2 i ’ E
E 3800 | bt .
2 . . .
= 3600 e
*
3400 s
- *
3200 -
-1 0 1 2 3 4 5 6
Steel Fiber (%)
4200 .
e (% = 0.73) (r = 0.08)
*
_—
-7 3800
& .
S 3600 *
e
3400 o .
*
3200 F . &
<) 0 1 2 3 4 5 6

Steel Fiber (%)

Steel Fiber (%)

@V S Ao s 5 (5L 7 n b (Kheed N0 S

\qy

3
5 Steel Fiber = 1% (r = —0.56)
==
- 2 ;i
£ . ¥
o
1.5 - %
.
1
o 0.5 1 1.5
i,
H
3
308 Steel Fiber — 6% (r = —0.48)
2: -
== .
e 2 1
§- '\ .
W * - -
. “\\\_3
1.5 .
.
>
1
o 0.5 1 5
.
7]
c . e .. . :
-’%MJ:WJSﬂM\iJs‘"
4200
He — .5 = —0.01
4000 G 0.5) = r )
% .
5 ss00 .
— . .
= *
53600 [ = ® 1
.
% .
3400
3200 1
-1 o 1 2 3 4 5 6
Steel Fiber (%)
4200
H,
= r = 0.43
. % =1) ( )
5 3s00 : 3 :
g TS
=5 3600 .
.
3400 *
3200
-1 0 1 ) 3 4 5 6



\f,'f,)l.@.g AYY a)La..f: ud)‘ 093 Lr)ﬂj%gjlﬂﬂ m)l;_—w.kﬁd.au«a_é

4200 |
Steel Fiber = 0% (r = —0.05)
4000 |
.
e —
£ 3800 | W
S
E * =
— =
S +* —
23600 f . A
—
-
. .
3400 | :
.
3200
L e & 4
0 0.5 1 1.5
H
4400
4200 i
Steel Fiber = 3% (r =-0.14)
.
4000
.
o o)
e T T
.
o 3800 . % =
= . . ot
[ . — =
=" 3600 = =~
.
3400 .
.
3200 *
0 0.5 1.5
H.
H

S i Npde JolS (Kool o i gl
SF arw g AL Sl S (s lS e o i pls))
Cole a4l o Sl @ged Cuglie 5 S axb ool s
o 2V o 456 o 8 (S e Ll S0
Db 3l st el Slie SIS s
2 eSS Sl G pliol sl L Lo
Y Al e alS el Cuaslie 5 55l e RS 0 i
A gal Cﬁ#é})ﬂﬂ“c,&mkwéw\@,&)}g
W gad S35 p Maxd oS ol blE A 5V sl S5 5o
Oyt 5 sl 5l S 5l eslinal LG A esls 13

JJSJLJJ‘)LAMWM‘}JJ;A&)M

)4y

4400
4200 | < 2
Steel Fiber = 1% (r=10.3)
4000 + 1
3800 | ’ + __d___:
e
+ ©
i B
3600 .
“
.
3400 |
3200 - . 0
0 0.5 1.5
He
H
' l
4200 | {
Steel Fiber = 6% (r=0.32)
4000 |
+
3800 | i .
"
+ e
3600 | R
L @
3400 | {
i
3200 | ¥
L .
0 0.5 1.5
He
H

ol ks 5o Kt Ao —Y-Y
JJMJ")‘}W’\"\A}\VLSLAJK‘;
HC

5 =0.50 s J 5 1, CoimlS W

H
IS gl s s e 0L ?C=073

ctalie Ele VL s s el oty ity i
arh s i ) e S 5 5 S S5, o 3p8
G A 0 S S da s S e Iy dnw s 5 Lpd e
LS 5 oS ke s 5l g Sl a5 A3l e coge S5
S ey sl V:u claly 3 ge LSM i
3 o S b S i S e
03 e G S S s Ges b s ol o e

3SR O 0 o S S e s s bl ol



\f,'f,‘)l.@ AYY o‘)l.a..'; ‘dj‘ 0,93 Lr‘yﬂijL\d u:l:.- JAPML.L,A.‘%

HC
H

HC
H

plomil a3l 5 (S Gladisas S35 2 L2 s

¥ Ol Calis glado)s Lyl sladisad (A3
Jsf_w)‘%&&’é(wa‘%wiﬁjﬁ“%
5V Ol Ao JIL s a8 R s e 4
S50 SoiaelS Cuslie (55 p s SR Culbhs romes
b 5 e 4 B ot sk S S
BIEEENY ‘Q:...—;f;w« CoamelS slad sl (gHLhs e lie
o ol Caslis 3l min 5 SO K (golid anslis

ARl
sladised g S oV SU ass LS -
Ll Sl b sad (65 e SO (5)LES Cunslie (g 5alS

Fr=0.73 Soos oo Slim L ote Soen

V4¢

=0.73j o5 5elS K gad 3 ol B Arw g ol e A S

S S 4o -0
S 2 TSl o 4 Ul 63V Sy b o
b Sa el sl i b5 W B lae
Sadie Ll els i b B iy Olpe 4 S
Sl o5 s S 4 m el 4 s L
S ol Gl ol 50 oS 2 sl - S
Osm 3l K LB L 5 by il mhe cn i
las g5 cnl 5l eslinal (S5 2.8 s kS e Cuslie
Comal gy o/ S St mha 53 O S,
LS o 5l e e ol 5l Gs o leds
Sesliad bV O 4 e o/ Sy pelS
Sl s eSS ol Caglie LT

N ‘J,ZJ_LA)T E) LSJWLQ 6)L.fl..'9 c,.ijLa ‘J,Z.LL«)T 0\



\f,'f,)l.@.: AYY a)La..f: ad}‘ 093 Ar)»—:}@.mﬁdl.w mﬂ:_-v»l&mu.ﬂ_é

S o WS )l s Wil s i gl
WL g el b4 Wil &S sl sy (Saenens
5 G pae e (Stes 0 Sl s
25 m Al cws T=043 Vs Sl as s
Sl doys il b &S 68k i Lalls gladises
Gl mpe Sy il o SRl W pes Caslie (60Y 5

ol Bl 3 s
S s g S i 5 U e gl
G > S g el sdalie LB kgl (S S
5o 4 (Ko (i 3 5 o0 g Do & s R
5 b ST G o SIS S5 il Jib s
Aigde S i 3l S ke e Sl g s axe s L
S S same AL 5oU S n s o)l di e
Seeslie 5 3 e (S a5 VL o oS o
SinS a3 g SeS ke Sl s

B3 o B iR o

Marine and Petroleum Geology, 153, 106275.
doi.org/10.1016/j.marpetgeo.2023.106275

-GUO Dong-ming, YAN Peng-yang, ZHANG
Ying-shi, et al. (2019). Experimental research
on the sprayed concrete-surrounding rock
combined body subjected to cyclic impact
loading. Journal of Vibration and Shock,
38(10):105—111.

-Gutiérrez-Ch, J. G., Senent, S., Melentijevic,
S., & Jimenez, R. (2018). Distinct element
method simulations of rock-concrete interfaces
under  different  boundary  conditions.
Engineering  Geology, 240, 123-139.
doi.org/10.1016/j.engge0.2018.04.017

-ISRM (1979a), Suggested methods for
determining the uniaxial compressive strength
and deformability of rock materials.
International Journal of Rock Mechanics and
Mining Sciences 16, 135-140.

-ISRM (1979b), Suggested method for
determining Water Content, Porosity, Density,
Absorption and Related Properties and

V40

Sy (3¥ 58 U do 3 5 (55 2ee ST (003 Cslie 0
el

o F=-0.62 .o Slim U o e Stan
Sdise 1 i gl 5 eSS ol Caslis
sy celis Bl L se oo sy CugpelS
Al Al S glS Glad el Zueslie

ORI Sy b s (S eV S ds s Ll -
r=037 cJb ol o3 St oy Slis b s
Vb SUl Aoy LIl S Sobe 4l ey

s b G SR 5 GRS oSy el s e
.s)isrAL;JJYL@}LiAASJJkJMd;SJA

Olej 53 Wyas (N8 dadiped o how plES ) -
o opl 3 Smed oy S Al e ials S

o g GOID e M ColamelS ladised -

SO moe Lo i b V58 S Ao 5 ()L e

&l

-Anon, (1979). Classification of rocks and
soils for engineering geological mapping. Part
I-Rock and Soil Materials. Bulletin of the
International  Association of Engineering
Geology, 19, 364-371.
doi.org/10.1007/BF02600503

-Aydin, A. (2014). Upgraded ISRM Suggested
Method for Determining Sound Velocity by
Ultrasonic Pulse Transmission Technique.
Rock Mechanics and Rock Engineering, 47(1),
255-259.

doi.org/10.1007/s00603-013-0454-z

-Do, N.-A., & Dias, D. (2018). Tunnel lining
design in multi-layered grounds. Tunnelling
and Underground Space Technology, 81,
103-111.

doi.org/10.1016/j.tust.2018.07.005

-Ghasemlooytakantapeh, S., Zohdi, A., &
Lakirouhani, A. (2023). Petrography and
geochemistry of the Miocene Upper Red
Formation sandstones in NW Iran; with an
application to the origin and tectonic setting.



\f,'f,)l.@.g AYY UL&J‘: ad_}\ 093 Af}»—:)%db m)l:_—wl.cmu.ﬂ_é

-XTANG Wei, LIU Xun. (2010). Experimental
study on mechanical properties of rock
shotcrete ~ composite  specimens  under
freeze-thaw cycles. Chinese Journal of Rock
Mechanics and  Engineering,  29(12):
2510—-2521.

-Zhao, B., Liu, Y., Liu, D., Huang, W., Wang,
X., Yu, G., & Liu, S. (2020). Research on the
influence of contact surface constraint on
mechanical properties of rock-concrete
composite specimens under compressive loads.
Frontiers of Structural and Civil Engineering,
14(2), 322-330.
doi.org/10.1007/s11709-019-0594-7

-Zhao, Y., Shen, M., Bi, J., Wang, C., Yang,
Y., Du, B., & Ning, L. (2022). Experimental

study on  physical and  mechanical
characteristics of rock-concrete combined
body under complex stress conditions.

Construction and Building Materials, 324,
126647.
doi.org/10.1016/j.conbuildmat.2022.126647

a1

Swelling  and Slake-durability ~ Index
Properties. International Journal of Rock
Mechanics and Mining Sciences 16(2),
141-156.

-Mouzannar, H., Bost, M., Leroux, M., &
Virely, D. (2017). Experimental Study of the
Shear Strength of Bonded Concrete-Rock
Interfaces: Surface Morphology and Scale
Effect. Rock Mechanics and Rock Engineering,
50(10), 2601-2625.
doi.org/10.1007/s00603-017-1259-2

-Selcuk, L., & Asma, D. (2019). Experimental
investigation of the Rock—Concrete bi
materials influence of inclined interface on
strength and failure behavior. International
Journal of Rock Mechanics and Mining
Sciences, 123, 104119.
doi.org/10.1016/j.ijrmms.2019.104119

-Wang, Q., Pan, R., Jiang, B., Li, S. C., He, M.
C., Sun, H. B,, Luan, Y. C. (2017). Study on
failure mechanism of roadway with soft rock
in deep coal mine and confined concrete
support system. Engineering Failure Analysis,
81, 155-177.
doi.org/10.1016/j.engfailanal.2017.08.003



Laboratory Study on the Behavior of Rock-Steel Fiber
Reinforced Concrete Composite Samples under
Compressive Strength Test

Ali Lakirouhani, Department of Civil Engineering, Faculty of Engineering, University
of Zanjan, Zanjan, lran.
Mohammad Hadadian, M.Sc., Grad., Department of Civil Engineering, Faculty of Engineering,
University of Zanjan, Zanjan, Iran.

E-mail: rou001@znu.ac.ir

Received: November 2024- Accepted: February 2025

ABSTRACT

Steel fiber reinforced concrete is used as a temporary or permanent lining on the rock wall of
tunnels or the slope of roadways, so investigating the interaction behavior of concrete attached
to the surrounding rock is of particular importance. In this article, using uniaxial compressive
strength test, the strength behavior of sandstone/steel fiber reinforced concrete composite
samplesisinvestigated. To make composite samples, different percentages of steel fibers were
used for the concrete part of the samples, and also the height of the concrete and rocky parts of
the samples were considered variable. According to the obtained results, there is a moderate
positive correlation between the uniaxial compressive strength and the percentage of steel
fibers, in other words, by increasing the percentage of steel fibers, the strength of the composite
sample increases. As the height of the concrete part of the samples increases, the uniaxial
compressive strength decreases and there is a moderate negative correlation between the
compressive strength and the height of the concrete part of the samples. In al samples, the
uniaxial compressive strength of the composite sample is between the uniaxial compressive
strength of the concrete sample and the compressive strength of the intact rock sample. The
pattern of cracking before failure is diagonal in the concrete part and longitudinal cracksin the
stone part. By reducing the height of the concrete part, the confinement of the concrete part
between the upper rigid plate on one side and the rock part on the other side increases and the
strength of the sample increases. There is no significant correlation in composite samples
between compression wave velocity and the percentage of steel fibers or between compression
wave velocity and the ratio of the height of the concrete section to the height of the whole
sample.

Keywords: Rock-Concrete, Composite Specimen, Contact Surface, Uniaxial Compressive
Strength, Sandstone
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