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Abstract Review History

The use of shotcrete is increasing rapidly. Due to the advancements in equipment and additives Received: Apr 16, 2024
in the construction industry, there is an excellent need for high-strength shotcrete. Using high-  Revised: Jul 11, 2024
strength fiber-reinforced shotcrete for slope stabilization, masonry and concrete structures, and Accepted: Nov 20, 2024
underground structures improves quality and adhesion and increases work speed. Also, with ' :

increasing strength and consequently reducing the dimensions of sections, designs become more ~<eywords
economical. In this research, using different mix designs, the effects of aggregate gradation and Shotcrete
additives such as micro silica, superplasticizer, retarder, and micro recycled steel fibers on the Absorbing energy
strength and performance of shotcrete in laboratory and field conditions by two methods of wet and  Steel fibers

dry spraying were investigated. Based on the results, achieving high-strength shotcrete in the wet Flexural toughness
spraying method is more feasible, and a 28-day compressive strength of 987 kg/cm? was obtained in .

wet fiber-reinforced shotcrete. Compressive strength and energy absorption increased by 80% and High-strength
77%, respectively, compared to conventional wet fiber-reinforced shotcrete. Also, based on the Accelerator
toughness tests, the use of micro-recycled steel fibers has been effective in preventing the spread of

micro cracks and controlling deformations, and in high-strength shotcrete, it has led to an increase

in compressive strength and energy absorption of 28% and 97%, respectively, compared to the

same design without using fibers. Mix designs WHSSH-0% and WHSFSH-0% showed that using

1% by volume of recycled microfibers improves compressive strength by 28%. On the other hand,

in the final mix design, different percentages of accelerators were used to make it possible to

execute thick layers and spray to varying angles without excessive rebound. The results showed that

using accelerators reduces compressive strength by an average of 25% and reduces the compressive

strength growth rate by 80% up to 28 days of age. Also, based on the results, with the improvement

of strength in the mix designs for wet and dry shotcrete, in addition to a significant increase in the

maximum load in the flexural test, the slip of fibers during cracking is reduced, and some of the

fibers are broken during deformation. By using 1% by volume of micro recycled steel fibers in all
fiber-reinforced designs, the service level is met based on the required energy absorption (60-100

joules). In the high-strength fiber-reinforced shotcrete design (WHSFSH-0%), a 75% increase in

energy absorption compared to conventional fiber-reinforced shotcrete (WNFSH) indicates better

performance of high-strength fiber-reinforced shotcrete, especially wet high-strength shotcrete, in

terms of maximum bearable load before cracking and continued load-bearing capacity after

cracking at the service level. Based on the results of energy absorption at the ultimate performance

level (at a central displacement of 40 mm), the use of 1% by volume of micro-recycled steel fibers

increased energy absorption by (77, 74, 66 and 65) %, respectively, in the designs (WHSFSH-1%,
WHSFSH-0% WHSFSH-3%, WHSFSH-2%) compared to the WNFSH design. Also, in all the mix

designs, the minimum energy absorption of 360-400 joules at a displacement of 40 mm, which is

suitable for permanent and temporary support in most ground conditions, is met.
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Table 1. Chemical properties of micro silica

Si0, a0 P 10l pH
90-95 0.5-1 0.04-0.06 1.5-25 8-95
N Alz 03 MgO Kz 0
0.04-0.08 0.6-1.2 0.6-1.2 0.4-0.8
Fez 03 Cl Cc Naz 0
1.2-1.8 0.04-0.07 0.8-2 0.3-0.6

SUI S5 lasin Y Jgde
Table 2. Physical properties of fibers

Micro recycled Length Average aspect Tensile strength

steel fibers (mm) ratio MPa
10-30 95 2100
35 B3k Y S K
Fig. 1. Micro recycled steel fibers
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Fig. 2. Grading of stone materials
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Table 3. Physical properties of aggregates

Specific weight
Fineness  Sand equivalent bulk apparent  Saturated-surface dry (G, Absorbed water
modulus (%) @gr; o @y LV (%)
cm? cm3 cm?3
3.48 94 2.66 2.73 2.68 1.04 Seram
3.21 91 2.57 2.62 2.59 0.81 Anakhaton
3.97 86 2.59 2.87 2.69 1.67 Qare kahriz
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Type 1 cement
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Fig. 3. Cement setting with the percentage of accelerator used
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Table 4. Mix details for examined shotcrete sets.

accelerator” Fiber super water Micro Cement sand Mixing plan Spray
plasticizer silica type
SPy W sF K
ACC(%C)  F(%volume) ((CO/J)r SF) I SF /@) CKg) s("9 /i)
0
4 - - 0.48 - 480 1536 DNSH Dry 1
4 1 - 0.45 - 464 1486 DNFSH Dry 2
4.4 1 1.55 0.27 11.62 598 1592 DHSFSH Dry 3
5 - - 0.48 - 480 1536 WNSH Wet 4
5 1 - 0.45 - 464 1485 WNFSH Wet 5
- - 1 0.28 11.62 585 1557 WHSSH-0% Wet 6
i WHSFSH-0% ;
2 1 1.55 0.27 11.62 598 1591 WHSFSH-1% WHSFSH- Wet 9
3 2% WHSFSH-3% 10
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Fig. 4. An example of the method of preparing a sample
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Fig. 5. Method of making and testing flexural samples

S e Bl g Sl s S ST o s L]
ik i Ol e ladise af Gl rames A0 S
sy lae (AT Lase 3 1l 13 55, 3,5
Sl s GlaanS 55 ey 55 5 oS 5 S 50
G ol 53 (FUSKE) B Jize || o 40 230 (g ]
e S i Dyl 5 oL Caeslie slad sal 4 S
[32] ASTM C1550 5 [31] ASTM C 1140 (slas il alal
ASTM C171 slas lutul 3b 5 ilueslel ab s 0 slalJ5
A Lge bl gas ()51 Jes Loyl 2 [34] ASTM C511 4 [33]

Gl Cwglie talesl —F-Y

e \j"\ 6@.193&:9-\ CJ.E d)w C.A.a‘gu.é w.d LS‘J"
Wt g sla 0L 51 [35] ASTM C42 5kl b

Solis S slas Q}Aﬂ@lﬁ O Jya>

Table 5. Compressive strength test results.

Percentile Increase Compressive Percentile Compressive Specific weight L
(%) Strength (28day) Increase  Strength (7days) (kg/m3) Mixing plan
(Mpa) (%) (Mpa)

- 27.76 - - 2269 DNSH
-19 23.39 - - 2330 DNFSH
+27 38.04 - - 2530 DHSFSH

- 23.73 - 19.87 2250 WNSH
-21 19.54 -23 16.18 2262 WNFSH
+66 69.16 +68 61.22 2410 WHSSH-0%
+75 96.80 +75 80.48 2534 WHSFSH-0%
+65 68.67 +69 65.17 2540 WHSFSH-1%
+65 67.80 +70 66.49 2552 WHSFSH-2%
+65 67.58 +62 65.62 2546 WHSFSH-3%
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Fig. 6. 28-day compressive strength of sprayed concrete
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Fig. 7. The ratio of binders to sand and fibers in the mix plan
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Fig. 8. Rate of increase in compressive strength from 7 to 28 days
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Table 6. Flexural toughness test results

Deflection ; Energy of
Type of Ultimate Energy of Energy of
shotcrete Peak Load  at &?elglgad deflection (6u) 5mm Increase 40mm Increase dléi‘tI:eTt?(t)%
KN mm mm joule (%) joule (%) joule
DNSH 28 0.91 0.91 0 -100 0 -100 14
DNFSH 27 0.57 35.89 98 0 196
DHSFSH 34 0.89 42.09 121 19.26 298 100 298
WNSH 20 0.86 0.87 0 -100 0 -100 9
WNFSH 21 0.69 40 73 141 141
WHSSH-0% 37 0.8 0.8 0 -100 0 -100 14
WHSFSH-0% 80 2.12 52.85 295 75.23 620 77.31 620
WHSFSH-1% 72 1.11 49.28 298 75.42 553 74.53 553
WHSFSH-2% 60 2.27 47.63 228 67.85 413 65.92 413
WHSFSH-3% 58 3.91 46.20 203 63.89 405 65.23 405
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Fig. 9. Energy absorption of sprayed concrete mixtures
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Fig. 12. Force- Displacement diagram of dry shotcrete mixes
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Fig. 13. Energy- Displacement diagram of wet shotcrete mixtures

Energy vs. Displacement

500

400

Energy (J)

200 P

0 5 10 15 20 25 30 35 40 45 50 55
Displacement (mm)

S cy Sl sla bl CJJ’ O ii= 555 Llo5ed N JSSS
Fig. 14. Energy-Displacement diagram of dry shotcrete mixtures

)b;) 5)\>ﬁ°J€% rlil.b)s l{j ool r&.ﬁ 3 ok °J'3";lf: B
Tl o il 255 (S s s 05 S5

)Ug.wlwﬁgﬁjséj;lg&jdﬁ%di}

¥y



VE-F Jlo ¥ o les YO 6,90

] Q',o.c Gw.heﬂuolcdlm

el dgd B ASL

& 3o DSl LWHSFSH_0%  sle byjlses = b 55
g ol 3, YA 5V ol Coaglie iy a8
o S 45 ol JLL AR/ s AVFA L ol 5 5
5 LS Caglie ((Jpeme U 220 ) WNFSH - b
3L bl A s Ve 9 VA LS 5w (655 cdes

LSSl 5l 5 sl Sy 5o YU glacaslie o olaus @
el oty S s Sad YL 6 2

e b 0 oK BLSL VS Ol S Sl e
O e (U VU Cglas il ) WHSFSH_0%
Sl o s (Vb Ceslie 25l o2) WHSSH_0% b
o SO ol s ol Calie (b Slera 510 4
3l il s34V 5 YA

53 (o) b LI Cl emm Ao p wax g L @
2ol 5 (SU 2L i gle B b e
035 Al g Sl @ b e b b nl (5 der
Sl (Ol Ll (shes s A LIIL G l W,
8l Sl el s s VY (65

SaLS e Ao )3 YO S5 3 S STl bl e

b}&& 6)[.&;9 g.,,aju.a

Ot 55 15,5

Olal ola 5115 pl ity G13505 JlaS dlis o8k
o e Pl (Y se e eige ST o sy i
Glge dige BT 5 520 g gt oS00 03l o2 e
1 by Ol Sl s b S 8 ele e o

Sl Lol
Ol el ps iass ol 0Bt 5 gl ol oS et
FRIREgety
O s 55 g
(ewfﬁd\j/v')w‘j‘jﬁbugMyW

S sl
ol ol ealaul LS)LMAQ)VM}Qg.\M.L}J Jucb)l

Y

WNFSH b 4 S 5551 Cdir 3 s (30 5 75 VY
LS e La b el s S STl eslinad imes L,
@LQJ)JJ_QJ b s 65l Ol e, VP L s
2 de3 YT Sl i Bl G s b - b
SV e 5 ol Slatds Gl S e B el

J)J‘_;a 5.3)_5])4. ol WLAJ:A) ‘]a'.’.(f:’

& S 4o ¥

L Gl ml o et plssll slapls aslin 5o Sulg )0
aadin 3 4S a0 S 0les (S OlF o piie pl la s
Claded 53 S (glosay YA (g Lid Covglie i A o, LA
Gt ol Mgy 53 e gy JKLKe 85 1 s sy 0K
350 YA olid Caslae sda,n 17 181G 5 nal S5 5o
5 8 o s ol s Lol SISl aY
e A edalie Sladss L js (oY BUI g s Shas
O S ey 5 2L RalS e 5 SLe 53V S
Sl ¥ BUIN i ol o cpl s a5l e 3L
e 5 golib Ceslie 53 Bl JUT 5 eslizad 5 S
Srere gaslie 035 u 53 5> S 5 AL sla gy e
b et el 3l ke pa s s o YL e glie
3G M et S 4 e $ 5 G S &S (ol
ol 4 SIS O K gy ple b Sl w5 2l e L
Solid Cuglin 55 L()jaj o CL:: bl A eslanad o
b a8 B b e Ao 3 b S e
3 8es ol 5 A s $3,5es 03y 55 a3 WL Caeslie
o=l esdle 3L (6 s (glaedisS prhens 4 55 5 andls il
Sy osline gla S ST alin 4 § o) Slidos ST s
) 33 Aty i [y g8 sla S TS e 5
oo bt S il Gladioys s GBS
A pll Vb e lie il n (SO lasils

Slaisasl mls 4 a5 L aods &ppm 4 alg 53 s
S 5 35l a0l e S pldl Sls 5 AL
5 A ki ) o) s 0 e
cl il e B S oo Clalis gL e

kB 5 Sl blS lls WHSFSH_0% e b shses



Refrences
[1] ACI 506R-90, A., Guide to shotcrete in Reported by
ACI committee 506.

[2] Wang, X., Islam, M.M. and Zhang, Q., 2024. Influence
of materials and nozzle geometry on spray and
placement behavior of wet-mix shotcrete. Case
Studies in Construction Materials, 20, p.e02852.

[3] Leung, C.K,, Lai, R. and Lee, A.Y., 2005. Properties of
wet-mixed fiber reinforced shotcrete and fiber
reinforced concrete with similar composition. Cement
and concrete research, 35(4), pp.788-795.

[4] Prudencio Jr, L.R., 1998. Accelerating admixtures for
shotcrete. Cement and concrete composites, 20(2-3),
pp.213-219.

[5] Pan, Z., Wang, X. and Liu, W., 2014. Properties and
acceleration mechanism of cement mortar added with
low alkaline liquid state setting accelerator. Journal of
Wuhan University of Technology-Mater. Sci. Ed.,
29(6), pp.1196-1200.

[6] Paglia, C., Wombacher, F. and Bohni, H., 2001. The
influence of alkali-free and alkaline shotcrete
accelerators within cement systems: .
Characterization of the setting behavior. Cement and
concrete research, 31(6), pp.913-918.

[7] Salvador, R.P., Cavalaro, S.H., Segura, |., Figueiredo,
A.D. and Pérez, J., 2016. Early age hydration of
cement pastes with alkaline and alkali-free
accelerators for sprayed concrete. Construction and
Building Materials, 111, pp.386-398.

[8] Won, J.P., Hwang, U.J. and Lee, S.J., 2015. Enhanced
long-term strength and durability of shotcrete with
high-strength C12A7 mineral-based accelerator.
Cement and Concrete Research, 76, pp.121-129.

[9] Zhang, F., Cai, Y.B., Ding, J.T., Ning, F., Yang, S. and
Wang, Z.L., 2017. Performance and action mechanism
of new alkali-free liquid accelerators. Water
Resources and Power, 35(5), pp.140-144.

[10] Pan, G., Li, P., Chen, L. and Liu, G., 2019. A study of
the effect of rheological properties of fresh concrete
on shotcrete-rebound based on different additive
components. Construction and Building Materials,
224, pp.1069-1080.

Liu, G., Cheng, W., Chen, L., Pan, G. and Liu, Z.,
2020. Rheological properties of fresh concrete and its
application on shotcrete. Construction and Building
Materials, 243, p.118180.
https://doi.org/10.1016/j.conbuildmat.2020.118180.

[12] Kulekgi, G., 2021. Comparison of field and laboratory
result of fiber reinforced shotcrete application.
Periodica Polytechnica Civil Engineering, 65(2),
pp.463-473.

[13] Guler, S., Oker, B. and Akbulut, Z.F., 2021, June.
Workability, strength and toughness properties of
different types of fiber-reinforced wet-mix shotcrete.
In Structures (Vol. 31, pp. 781-791). Elsevier

[11]

Al

Elsevier.

[14] Yan, X,, Liu, L.M., Zhang, J.P., Li, Y.H. and Wang,
H., 2018. Experimental Study on Basic Mechanical
Properties of Steel Fiber-Reinforced Siliceous Wet
Shotcrete. Advances in Materials Science and
Engineering, 2018(1), p.1637261.

[15] Park, C.W., Lee, H.G. and Kang, T.S., 2010.
Evaluation of durability characteristics of high
performance shotcrete using fly ash. Journal of the
Korea Concrete Institute, 22(3), pp.305-311.

[16] Hossain, M.S., Han, S., Kim, S.K. and Yun, K.K,
2021. Long-term effect of accelerator content on
flexural toughness of steel fiber reinforced shotcrete
for tunnel construction. Case Studies in Construction
Materials, 15, p.e00706.

[17] Hisatake, M., 2003. Effects of steel fiber reinforced
high-strength  shotcrete in a squeezing tunnel.
Tunnelling and underground space technology, 18(2-
3), pp.197-204.

Armelin, H.S. and Helene, P., 1995. Physical and
mechanical properties of steel-fiber reinforced dry-
mix shotcrete. Materials Journal, 92(3), pp.258-267.

[18]

[19] Meng, C. and Jin-yang, Z., 2013, June. Studies on
lightweight high-strength shotcrete. In 2013 Fourth
International Conference on Digital Manufacturing &

Automation (pp. 1231-1234). IEEE.

Jawhar, A.A., Al-Hadithi, A.l. and Mansoor, Y.A.,
2024, February. An experimental investigation of
mechanical properties of wet-mixed shotcrete
reinforced with different types of plastic fiber. In AIP
Conference Proceedings (Vol. 3009, No. 1). AIP
Publishing.

[21] Liao, H., Fang, Y., Yao, Z., Yu, T., Luo, H., Zhu, N.,
Wang, Y. and Li, M., 2023. Effects of fiber and rubber
materials on the dynamic mechanical behaviors and
damage evolution of shotcrete under cyclic impact
load. Journal of Building Engineering, 73, p.106763.

[22] Bertrand, J., 2006. Shotcrete Supply: Dry or Wet? A
Shotcrete Supplier’s Perspective. Shotcrete, Spring.

[23] Morgan, D.R., Kirkness, A.J., McAskill, N. and Duke,
N., 1988. Freeze-thaw durability of wet-mix and dry-
mix shotcretes with silica fume and steel fibres.
Cement, Concrete, and Aggregates, 10(2), pp.96-102.

[20]

[24] Steindl, F.R., Galan, I., Baldermann, A., Sakoparnig,
M., Briendl, L., Juhart, J., Thumann, M., Dietzel, M.,
Rock, R., Kusterle, W. and Mittermayr, F., 2020.
Sulfate durability and leaching behaviour of dry-and
wet-mix shotcrete mixes. Cement and concrete

research, 137, p.106180.

Dressler, 1., Freund, N. and Lowke, D., 2020. The
effect of accelerator dosage on fresh concrete
properties and on interlayer strength in shotcrete 3D
printing. Materials, 13(2), p.374.

[26] Bohac, M., D,

[25]

Kubatova, Kotlanova, M.K.,


https://doi.org/10.1016/j.conbuildmat.2020.118180

\f"f' dl.w “ﬂ b)l.o.a:a ‘Ya 0,92

] O';.A_C wauolcdlm

Khongova, 1., Zezulova, A. and Stanek, T., 2021. The
role of SCM’s on rheology of sprayed mortar. In IOP
Conference  Series:  Materials  Science and
Engineering (Vol. 1039, No. 1, p. 012001). IOP
Publishing. https://doi.org/10.1088/1757-
899X/1039/1/012001.

ASTM, C., 2007. 150 Standard Specification for
Portland Cement, ASTM International. West
Conshohocken,  Pennsylvania,  United  States.
https://doi.org/10.1520/C0150_ CO150M-19A.

Timur, M. and Topgu, I.LK.E.R., 2023. Analysis of
the Combined Usage of Plasticizer and Accelerator
Effects on Microstructure for Mortar.

Felekoglu, B., Tosun, K. and Baradan, B., 2011.
Compatibility of a polycarboxylate-based
superplasticiser ~ with  different  set-controlling
admixtures. Construction and Building Materials,
25(3), pp.1466-1473.

[30] ASTM C 1141/C1141M-15, Standard Specification for
Admixtures for Shotcrete.

[27]

[28]

[29]

[31] ASTM C1140-11, Standard Practice for Preparing and
Testing Specimens from Shotcrete Test Panels.

[32] ASTM International, 2012. Standard C-1550, Standard
Test Method for Flexural Toughness of Fiber
Reinforced Concrete (Using Centrally Loaded Round
Panel). ASTM, West Conshohocken.

[33] ASTM C 171 Standard Specification for Sheet
Materials for Curing Concrete.

[34] ASTM C 511 Standard Specification for Mixing
Rooms, Moist Cabinets, Moist Rooms, and Water
Storage Tanks Used in the Testing of Hydraulic
Cements and Concretes.

[35] ASTM C 42 Standard Test Method for Obtaining and
Testing Drilled Cores and Sawed Beams of Concrete.

[36] Papworth, F., 2002. Design guidelines for the use of
fiber-reinforced shotcrete in ground support. Shotcrete
Magazine, 1, pp.16-21.

journal, 25(3), pp.33-45.
DOI: 10.22034/25.3.4

Spets gyl e ol PHKSS

Khameneh, M.A., Afshin, H., Emami Tabrizi, M., Alilou, Y. and
Qudsi Sharif, G., 2025. Investigating the possibility of improving
some of the mechanical Properties of fiber-reinforced high-strength
shotcrete in two wet and dry methods. Modares Civil Engineering

Yo


https://doi.org/10.1088/1757-899X/1039/1/012001
https://doi.org/10.1088/1757-899X/1039/1/012001
https://doi.org/10.22034/25.3.4
https://doi.org/10.22034/25.3.4

	1- مقدمه
	2- توصیف مطالعات آزمایشگاهی
	2-1- مواد و مصالح
	2-1-1- سیمان، فوق روان‌کننده، دوده‌سیلیسی، آب
	2-1-2- الیاف فولادی
	2-1-3- مصالح‌سنگی
	2-1-4- آنی‌گیر

	2-2- طرح مخلوط‌ها
	2-3- روش اجرا و تهیه نمونه‌های آزمایشی
	2-4- آزمایش مقاومت فشاری
	2-5- آزمایش چقرمگی خمشی

	3- نتایج آزمون‌های میدانی و آزمایشگاهی
	3-1- نتایج آزمایش‌های مقاومت فشاری
	3-2- نتایج آزمایش چقرمگی خمشی

	4- نتیجه‌گیری
	قدردانی نویسندگان
	تعارض منافع
	سهم نویسندگان
	منابع مالی
	Refrences

