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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 i :

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,  Ca0 P LOI pH
90-95  05-1  0.04-0.06 1525 895
S Al,O;  Mgo K0

0.04-0.08 06-12 0.6-1.2 0.4-08

Fe,05 cl c Na,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 Bk Y SUIY 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 @ar; (%)
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

----- Powder
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150 200
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Fig. 3. Cement setting with the percentage of accelerator used

b gl & b~V
slab o = b Vb caslie 4 plaws ¢l Goios ol 5o

55 Ok s s 4 Sl 5 AR LST O s 4 s3dake
sl gl s Sl a3 S Sl sy pe 5w S
GOl GRas 03 b e s S 3l B 5o 2ok A
(Joeme (b gl s ale e e 2 b Olse 4
ok Ol 51 LV aslie 5 Yl aslin o Jsame 3L
A S 13 g anee (F) Jads las ol |l sla b gl
S 50 kiSOlsy By 3l sl ge ol ghses ol 5l & s
g el ;51 Sl ealial 550 Olajen S5 4
il i (SOl ol s slate U1 s ge 55538
S 3 S S Sl sl (2 o s s s
45 SIS ke 0355 VL Aoy a5 L LS ST e
o SIS Slasiia s ol s Gl dag b ol s el
el (§5 5,0 oS Oly, G55 5l eslinal codd Cdew AL
Slidss LaodiS Olsy Gab 5 La S ST Ol jan eslizul gl

o 2oz sl G slab e 2 b Y J g
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

.wl;ﬁ;;@!wijﬂlcujﬁgijl\~L;\\‘ Gl Ciosy 3 g w3 S5 on g S STT N Cis, 6LQCJ]9);%
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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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Table 6. Flexural toughness test results

Type of Deflection Ultimate Energy of Energy of Energy of
shgte:rete Peak Load at &?elglgad deflection (5u) 5mgr¥1 Increase 40rgym Increase dlél‘tlze ryt?(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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