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Mechanical and Interface Properties of Steel Fiber Reinforced Shotcrete Containing Different
Setting Accelerators
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(1. State Key Laboratory of High Performance Civil Engineering Materials, Jiangsu Sobute New Materials Co., Ltd.,
Nanjing 211103, China;
2. School of Materials Science and Engineering, Southeast University, Nanjing 211189, China)

Abstract: The mechanical properties and flexural toughness behaviors of steel fiber reinforced shotcrete containing different liquid
setting accerlerators were evaluated by a three-pointing loading method. To clarify the working mechanism of liquid setting
accelerators on the toughness properties of steel fiber, the early-age strength development and steel fiber-cement matrix interface area
micromorphology of steel fiber reinforced mortar with the similar material composition were investigated. The results show that the
long-term mechanical strength of steel fiber reinforced shotcrete with alkali-free accelerator is greater than that with alkaline setting
accelerator, thus leading to a full loading-deflection curve and better toughness enhancement effect of steel fiber. For the early-age
strength development, short prismatic ettringite and needle-like C-S-H gel appear after introducing alkali-free setting accelerator, thus
inducing the better bonding strength between steel fiber and cement matrix and improving the initial support capacity of steel fiber
reinforced shotcrete.
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Table 1 Basic physical properties of liquid setting accerlerators

Setting time

Compressive strength/MPa 28-d compressive strength ratio/% 90-d strength retention ratio/%

Solid
Type pH value

content/% Initial Final 1d 28 d 90d
0 219 min00s 267 min 00 s 8.3 445 48.9 100.0 109.9
N1 13.5 49.8 1 min 50 s 4 min 20 s 11.7 37.8 39.0 84.9 87.6
N2 2.7 50.5 I min35s 3min15s 13.2 452 49.5 101.6 111.2

Note: Dosage of N1 (alkaline) and N2 (alkaline free) are 6% and 8% according to the mass of cement.
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Table 2 Mix Proportion of Steel Fiber Reinforced Shotcrete

Liquid setting accelerator

Mix proportion/(kg'm™)

Sample No. Volume dosage of steel fiber/%
Type Dosage/% Cement  Water Coarse aggregate  Fine aggregate  Superplasticizer
GNO 0.8 0 0 480 192 809 809 4.8
GN1 0.8 N1 6 480 192 809 809 4.8
GN2 0.8 N2 8 480 192 809 809 4.8
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Fig. 1  Mechanical properties of steel fiber reinforced
shotcrete containing liquid setting accelerators
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containing liquid setting accelerators
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Table 3 Flexural toughness of steel fiber reinforced concrete
containing liquid setting accelerator

Toughness index

Group First-crack strength/MPa
Is os o 0w Dby oxn

GNO 8.5 460 080 9.13 081 2035 1.04
GNI1 7.6 559 130 9.04 0.79 17.25 0.71
GN2 9.7 5.07 1.04 924 0.83 1934 0.93

Note: Toughness index /; represent the post-cracking strength of energy

absorption; residual strength factors ;=1/i, for example, 5= I5/5.0.
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Fig. 3 Early mechanical strength development of steel fiber
reinforced mortars containing different liquid setting
accelerators

24.1 NEFLEL KPEIARREE T EFgESLK
PEERDBERE S5 ORI 06 AN 2T EE S R 6t - 1) B
SEES P rERE R, R A BORAZE
FELT Y- 7K P IR T 5 A LI, Wi ke e 1+
JCAF A 557 90 T 968 R AT A R e th 2y A
FLFLIR, FLI (AT AT P A T 4 1 iy e
FITCTE RS, AR ANy B b X 5 A B 1R 1o
M 4 TTUUE HE,  ANET YL KU R AR () B 00R,
L RS AR TR R I 22 e E RO WS, R EeA



o5 48 457 5 ] BB S5 SRR RSO AN 2T T R ) o e S T RE R < 663 -

B RERIR R, TEIGERS N RN LK Ie Rt DX 4 RANETHE S BL ARG 45 S DR KA )
PRIRG S SE 0 2%, PR XS/, EmeRe 7 BHATBOOIE LK 5), ABUNETHE-/K P pA )

RRAUEA £T AR IR (K LIP3 45 R PR 22 5 o LS RAT 5 AR I B 1 B 01K A
PV R R S

(a) GNO

Plate-like

Interface Ca(OH),

area-B

(b) GN1

(c) GN2 SR i
Kl 4 JKAE 24 h, HLTYES BUBR b SR B ARG 45 S T X (c) GN2
ST S KAE 24 b, HIETYE P OB AL YR £ TR K
Fig. 4 SEM images of bonding interface area between steel 7= v
fiber and mortar matrix containing setting accelerators
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