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Abstract: To improve the mechanical properties of concrete at high temperatures, orthogonal tests
with four factors and three levels were set to investigate the residual compressive strength of RTSF/
PV A slag concrete at the temperatures of 200 ‘C, 400 °C, 600 “C and 800 °C, with the volume fraction

of RTSF and PVA and slag replacement rate as variables. At the same time, the microstructure of
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RTSF/PVA slag concrete after high temperature exposure was analyzed using a scanning electron mi-
croscope. A new structure multivariable grey model is used to predict the strength of RTSF-PVA/
slag concrete at high temperatures. The results show that RTF-PV A/slag concrete has better crack
control ability than plain concrete, and the maximum crack width at temperatures ranging from 600 ‘C
to 800 °C is only 1/3~1/4 of that found in plain concrete, but the crack distribution is wider. The re-
sidual compressive strength of RTSF-PVA/ slag concrete decreases as the temperature increases.
When the mixture of RTSF 0.6%, PVA 0.05% and GBFS 25%, the residual compressive strength
of RTSF-PVA/ slag concrete is 56.64% alter 800 “C exposure, which is 14.44% higher than plain
concrete. Scanning electron microscope revealed that the matrix structure of RTSF-PVA/slag con-
crete is denser. The concrete deterioration is mainly due to the decomposition of cementitious sub-
stances and aggregate expansion, resulting in defects in ITZ, and the reduction of the adhesion be-
tween fiber and matrix, resulting in the reduction of strength. The NSGM (1, 4) model was estab-
lished to predict the strength of RTSF-PV A/slag concrete after high temperature exposure. The aver-
age relative error was controlled within 6.3% , and the accuracy of the model reached level ji . The

long-term strength prediction of RTSF-PV A /slag concrete after high temperature could be carried

out according to the development coefficient judgment model.

Keywords: RTSF; PVA; high temperature damage ; microstructure; grey forecasting model

0 5

i

TREE LA S RAE R N SR IR R 2L
| Ve R B A A A, ] R 2 2 R4 )23 100 4 A7 L T A
b, Bl A S5 R LR RE ), B 2R
A WEAE R W AT Ak T DU A TR TR
SLFNF P& G, H A RBOR BT 1Y 02 T M 21 4 RN
R4k, SRRSO W A R R A gt T
i i TR BE - AR AR 1R . R A 4
1E 170 “CH MR Al AL , T8 Wi FLAR BETIC 1 78 VR0 77 54N
27 4 SR BE 1 2 () A AE 5k U X, 38 0 i P IXOA]
DAURE TR ZE VRN T, 6 T 28 VR0 ) 1 AR A8 SR ok i
RN A AT TWE . W4 )a T = s pE A
25 2, X A 0 45 I BE 00 R T IR N 0 AR 4L W
2F Y RS 5 BRI AT AR G TR B - P Y T
TR NI 3 E2F I E S S

TIHN T B AR BT RCE R B RS
BRAYOREE o o ARWIAE B R T KB R K
TR BE - 7E I PR BE N B o B B U BE e A
TG, O HoRy MO B e VR BE A RE R A —
UM AE H o R.Manjunath 28" IR AL &5 b0 & i 0 15
GORHRE AR BE 38 L B A R, IR R IR
W) 5T AT B0 A SN, K Ak A TR B R A R R A A B

JUE A W 43 it AL TS T R o R SR AR &AIK T
- 3E TR E AR L TR F A S TRIAR SR S R
B 400~600 “CHRy i BE B 2 WAL 57 il o X IR 2 At 5
S5 R IR 400 CZHNIR B - F i Ca(OH), K43
A3, 600 CZ )5 0 i TR BE £ rp i K A ik R S |k R
172 45 1B 19 505 0 4R 20 i, 1T 7 ST e T4 Ak, o
W T, MR LUE 5 K08 9 K A P AH
o, 096 R R K AR ) 2 /0 BETiF 600~800 “CHY
o il SR W LV ) T e TS B R A

BT LW AR SRR m T R B A
G e 1 = AW T 2. = i s U o e
B[] B, PR SA B A A o TR B T SR R,
SEBENG I 1H 5 HG b A AN £ 2 (RTSF) $2 50 A i 4%
SFYIREE I8 L T AR A 7 PR TH 5 iR R I
Fo A5 20 A s . PR L 38 B 2 M R TH B iR
AR TR T RS R H ARG BN LT e B S R 2 s LT
4 (PVA)IRE 4 RTSF-PVA/BH i iR 8+ . ik
W BN A R il E T R E U R =K
FIE A, WF 9 RTSFE 1 PVA M £F 4k 458 & UL i
TR AR IR B+ 7E 200 °C 400 °C L 600 “C Al
800 “CJiF Y 5% A3 Bt Hs 5 BE (1 5% ) 5 25 &5 SEM L B 1
F1i§ 40 A v T X TR B - RO0 25 # A B 0 538 T NSGM
(1, N) B A Xf RTSF-PVA/H" it 1R % + v 17 38 5
U

1347



1 KW HE
1.1 JFEHr R
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Table 1 Chemical composition and property of ordinary

Portland cement and slag

WSy FITERE /wt 2o

s b€

M CaO bR

%
K 66.30 19.60 6.50 3.50 2.50 0.70 3.00

B 34.00 34.50 17.70 1.03 1.64 6.01 1.24

Si0, ALO, FeO, SO, MgO

%2 RTISFAPVAFHEMEZTHEESH
Table 2 Main performance parameters of RTSF and PVA

fibers
o 4 RTSF PVA
#JE /(geem ™) 7 800 1.29
FL A58 2 /M Pa 2125~2 533 1830
B4 /um 210~240 15.09
K /mm 2.6~19.7 9

(a) GBFS

(b) PVA
El1 GBFS.PVA&F4E 1 RTSF £F 4 (1) 7 UL

Fig.1 Photographs of the GBFS, PVA fiber, and RTSF
fiber

(c) RTSF

1.2 RIGiEIt

M X 8 TR BE T v e I Oy B AR vE ),
S5 PR T TR 5 B 3k B RS SR A 100X 100X 100
mm. B VR R G TR R R B B, 22 155 28 d
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Table 3 Proportions of C50 reference concrete

B kg/m’
25 K > AT K K
C-0 488 616 1096 200 2.93

T C R B 4

F4 EXRBEERKTE
Table 4 Factor level table for orthogonal test

HER
K —
Vr/vol% Vp/vol%  Rs/wt% 25 141
1 0.3 0.050 15 1
2 0.6 0.075 25 2
3 0.9 0.100 35 3
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Fig.2 Compressive failure modes of concrete test blocks

with different fiber contents
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Fig.3 Crack distribution in concrete at different temperatures
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Table 5 Maximum crack widths of concrete

L /C R RRAE LK /mm
C-0 FC-1 FC+4 FC-7
200 - - - -
400 0.05 0.05 0.05 (0,0.05)
600 0.15 0.1 (0.05,0.1) 0.05
800 0.25 0.15 0.15 (0.05,0.1)

3 o 2 4% g R At A S B 4 3 24 4k ) A
BT DA HY - Bl IR A T R Ak ) 2 A R
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Table 6 Compressive strength of RTSF-PVA/ slag concrete cubes subjected to different temperature gradients

S TR E B JE J B 7 7 PR FE B BE /M Pa

AT Vr/vol% Vp/vol% Rs/wt%

20 °C 200 C 400 °C 600 °C 800 °C
C-0 0 0 0 55.07 52.78 53.19 39.15 23.24
FC-1 0.3 0.05 15 63.63 62.42 63.85 44.23 30.11
FC-2 0.3 0.075 25 60.60 60.10 62.74 46.09 33.61
FC-3 0.3 0.1 35 57.10 51.96 53.26 38.12 26.32
FC-4 0.6 0.05 25 64.83 65.11 68.13 55.09 36.72
FC-5 0.6 0.075 35 62.58 61.55 59.23 46.44 33.10
FC-6 0.6 0.1 15 67.04 59.29 57.97 43.96 29.94
FC-7 0.9 0.05 35 65.09 57.54 63.61 40.53 28.87
FC-8 0.9 0.075 15 68.13 65.51 66.41 50.14 30.87
FC-9 0.9 0.1 25 64.30 56.70 63.10 45.42 31.11
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Fig.4 Trend diagram of residual strength of cubes
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Fig.5 Microstructure changes of specimens at different temperatures
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Table 7 Analysis of range strength results of compressive

strength of concrete at various temperatures

HLEE/C W H R k1] k2] k3] Rj

A(RTSF) 58.16 61.98 59.92 3.82

B(PVA) 61.69 62.39 55.98 6.40

200 C(GBFS) 62.41 60.64 57.02 5.39
Blank 60.22 58.98 60.86 1.88

A(RTSF) 59.95 61.78 64.04 4.09

400 B(PVA) 64.86 62.79 58.11 6.75
C(GBFS) 62.74 64.66 58.37 6.29

Blank 62.06 61.11 62.60 1.49

A(RTSF) 42.81 48.50 45.36 5.68

B(PVA) 46.62 47.56 42.50 5.06

000 C(GBFS) 46.11 48.87 41.70 7.17
Blank 45.36  43.53 47.78 4.26

A(RTSF) 30.01 32.05 30.28 2.03

900 B(PVA) 31.90 32.53 29.12 3.40
C(GBFS) 30.31 33.81 29.43 4.38

Blank 31.44 30.81 31.30 0.63
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I B (9 42 i i 6% BT 4 M 43 HOAE R A T BLR ¥ 1 1)
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B h GBFS 19 b 3R 1 AR 7E 430 m®/kg Z2 47, i 7K e
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) Z8 YRR 405 N BB 454 , Bir L GBFS 7K 722 46 %t it
58 JBE R R AR
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Fig.6 Residual compressive strength trend at different levels
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#10 NSGM(LAHEES YR EHR
Table 10 NSGM (1,4) model parameters and accuracy test

Bz /°C a AT R 25/ Y
20 —0.060 4 0.603 4
200 0.098 0 2.078 6
400 0.3119 2.516 1
600 0.026 2 6.1258
800 —0.042 7 6.2419
F11 IR BB B A W AR
Table 11 Judgment criteria for accuracy of the grey model
R AR
K 56 48 b g/ g/m Mg/m N4/
m m H N3 H
AHX 25/ %% 0.01 0.05 0.1 0.2
a =—0.3 =—0.5 =—0.8 <—1
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