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On-site flexural toughness of wet-sprayed concrete with silica fume and steel fibers
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Abstract: For the cavern with of rockburst, water gushing and high geostress, the researches on the on-site flexural toughness
properties of the wet-sprayed concrete containing silica fume (SF) and reinforced by steel fibers are carried out to investigate
the effects of steel fiber content and SF on flexural toughness index and the difference from the plain concrete. The SF is added
according to 10% of the cement mass, two mass contents of steel fiber (35, 40 kg/m?) are considered in this study, and large wet
spraying machine is used. The concrete specimens used in the flexural toughness experiments are formed in site, which contain
accelerator of 8%. It is the first time in China that the large-scale productive experiments adopt a large number of new
technologies and can truly reflect the on-site adhesion and hardening properties of the wet sprayed concrete. Through the
collaborative participation of 10 institutions, the experiments are successfully completed, and the effective results are achieved.
It is indicated that the crack load and the ultimate load of concrete increased, the flexural toughness is improved when the SF
and steel fiber are added, and the flexural toughness index increases with the increment of the steel fiber. Especially, the
load-deflection curves show the peak of the secondary hardening of shotcrete with steel fiber content of 40 kg, which means the
better resistance deformation capacity and increased residual strength. So the steel fiber reinforced wet-sprayed concrete

containing the SF can enhance its toughness and the capability of resisting crack and improve its brittleness characteristic.
Key words: silica fume; fiber steel; wet-sprayed concrete; on-site flexural toughness; field sprayed forming; large wet spraying
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Fig. 2 Comparison of strengths of wet-sprayed concrete
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Table 1 Physical and chemical properties of accelerator
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Table 2 Physical and chemical properties of silica fume
EERVE=N PE=Y ] TR R i

AL, 28O e %fg%/ EKE % %Zi% A& % Si0J% Lossi% Cl /%
120 97.6 0.05 15000 0.46 250 1.23 93.2 1.15 0.012

% 3 MLF4E DramixRC-65/35-BN IR 4 BEIR I 25 R

Table 3 Performance parameters of Dramix steel fiber
wwmin | my | VOKEL  VHEEL  VAREE CPORE _ GUmeMp G

- mm mm L/d F/mm? “FIME w/MA fit
[EETERE S 10 35.88 0.55 65 0.24 1240 1024 TR
x4 WEAEEURER LRSS
Table 4 Mix proportions of wet-sprayed concrete mixtures
KR WOKF] BERy W Wit L7 TR kL& /(kg m? .
rergpsy KN SUKTL P B SEEE T RREAIIRRIGe ™) i i
el % % Befmm oK KIE BERY N LR KA R4 gk )

EUiTis 0.48 1 — 60 160~180 218 454 — 982 654 — 454 3178 028 1.50
TE4M 35 0.45 1 10 60 160~180 227 454 51 970 653 35 505 3535 030 1.49
T4 40-1 ' 1 10 60 160~180 227 454 51 970 653 40 505 3535 030 1.49
T 402 0.4 0.8 9 65 160~180 230 479 479 1084 571 40 3.832 36.88 031 190
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Fig. 3 Automatic spraying operation and sprayed panels
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Fig.6 Geometrical sizes of beams used in flexural toughness tests

TR IR, NG TR R AR
) L3 4k CE 7 Cad), FIA RS TER (B 7 (b))

<
25 |Z\

L3 L3 | L3

T e L

(a) REEWHHOLTREILBL gy, mm

4‘ 100 ‘<—

L3 | L3 | L3

‘—I_ L=300 |

(b) MERERE TR ARz T
& 7 SHFIMERIS gL T LA EME RS

Fig. 7 Schematic diagram of development section of crack in

— 25
|

flexural toughness tests
2.4 RERIEE
AR ZMas 2 . WA E, Bkl
RETT VR EOR W, T2 sAL N R R IR M5
A E WS RIER . w6 AT Z AT W R T
T, RN B AR R AR S 55 A RN Rt
ITVER BRI 5 I, BRI AR & 8 .

3 ZR5THE
3.1 TSRRHIMERIS MO R

P27 R E A T W 5o R e e B
J7 ARHIERRAT , 2 W ML T 2L P T R M
ot TIREEE AR, H SRR AT R X, R
L AR E MRS (4 A ks, BRI, —ARF A
WISHE (B —H IR RN AR
FOEFER . AR AR O B - B8 i 2 B A ] 9
Fi: A SUARTROMIZE, SFAEIREE L 5 M g0m LA
F, LR B, BT 4 SRR, MTE
TR, RO BR AT, IR B D BT
SR AR, TR, A MFRNIRTT
R BIEPIREE b R AR TR, T B AT R
AR P P4 AR, R L A% AR [
/N B LT AR P T LS A R B S S . 4
RREL ARSI, B AR A BRI
B, (E R ARERAE SRR N B N, BIRLIR G2
R KRR R T SR B R,

ZImEL SImEL %ﬂnﬁﬁ{\i ZImEL
BCG BCG BHIJ

———————————————————————————————— FUA: LG -~

FHE SRR
HTRALN R AN il
>w+ '32> >’MW"M> > %EJ%I> R > >

SINEAAL: A-HLYIA; B-BFSE RIKRI S50 C-IRBE LA Wb RIS, DARALA HEAT IR SR S T 5
DEF-ZFK M TEAL, MFtHRAHRKE . PIBRBA AR, HITIHGBEHAR, FFAS ISR AR ;

G-HIARHILRE AL, 45 HRPRHKBLAT; H1J-25 M B,

E 8 AT MR T/ERIZEE
Fig. 8 Flow chart of the on-site flexural toughnee test



551

Fefg, S BT B XU TR AN ET SR R 25 Hh AT 7T 1077

AR 33 K TR e AR ki L AN AT 4 S L S A
WIRARREEE IR ST, A4 AR PRI 38 B2 MR e £
Rz T, 2% 2 TR B IR RBIR

o= A1+A2
Peos S IF R =

P VBT 2R
S SE—UCIT B

1P R o=
7=5,10,20,30 41
35,5.56,10.55,15.55 A +Ap+Ag+As+As
T

A1+Ar+A3
10= A

A1+Ar+A3+A,

30

R

SFSFC-REMH R 4R+
E

TIER/KN

F

Ay As Ag

1
1 I
1 I
1 I
1 I
I As i
1 I
1 ]
1 Il

=
b TS

0 35 5.58 10.56 15.56

HefE/mm
9 MBRALUERR T - REMERHTHYEETTE

&R 2038 42]
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Table 5 Flexural toughness indices
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Table 6 Test results of bending strength and deflection of concrete
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EUN 14.3659 0.032 4311 14.7695 0.042 4.431
FEN 35 19.9037 0.040 5.971 20.1507 3.045 6.045
FEAN 40-1 21.2758 0.040 6.383 21.5621 3.093 6.469
FEAN 40-2 19.1570 0.054 5.750 24.252 2.028 7.276
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Table 7 Variation coefficients of load-carrying capability

gﬂ tt?% 4’5 4’]0 4,20 4,30
ENUAYGS — — — —
TE4M 35 0.41 0.28 0.19 0.15

TE4H 40-1 0.48 0.37 0.33 0.27

T4 40-2 0.79 0.89 0.88 0.73
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Table 8 Test results of residual strength factors
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W — — —
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TN 40-1 64.20 64.30 61.35
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