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Spalling Prevention of Fibre Reinforced Ultra-high Strength Concrete( FRUHSC)
Subject to High Temperature

DU Yong, YAN Aoyu, QI Honghui
(College of Civil Engineering, Nanjing Tech University, Nanjing 211816, China)

Abstract: The explosive spalling behaviour of 15 groups of fibre reinforced ultra-high strength concrete
(FRUHSC) specimens with cubic compressive strength of 116 —143 MPa was investigated subject to
1SO834 standard heating condition. The effect of water-binder ratio, porosity, fibre type, fibre content,
and dimention of specimens on spalling was investigated. Test results show that the UHSC with water-
binder ratio of 0. 15 has lower porosity and higher strength than that with water-binder ratio of 0. 18 and
which is more likely to undergo spalling. The addition of 1. 00% corrugated ultra-fine steel fibre in vol-
ume, which is intended for improving the ductility of concrete at room temperature, cannot prevent spal-
ling. The spalling of both ¢100X 200 mm specimens and ¢300 X 300 mm specimens can be prevented by
the addition of 0.15% polypropylene fibre in volume. No spalling is observed when UHSC with water-
binder ratio of 0.15 encased steel columns with 0. 50% short steel fibre and 0. 15% polypropylene fibre in
volume are subject to loadings in fire condition. The fire tests reveal that the spalling of UHSC in the load-
ed element can be prevented as long as following the proposed addition of hybrid fibres.
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Table 1 Properties of fibres
) Density/ Melting  Diameter/ Length/
Fibre . S Shape
(kg *m’) point/C pm mm
PPF 920 170 18 16 Circular
SF 7 850 1535 230 14 Circular

*2 EERRBERLITSL
Table 2 Mix proportion of ultra-high strength concrete kg/m’

Sili Coars
Series Cement rea Water Sand oarse Superplasticizer
fume aggregate
1 810 90 162 588 882 18
I 821 91 137 593 890 18
1.2 i HH&E

DI B SRR B A AE 1SO834 5 A o TI 1 i 28
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R CRE I 1000 °C) o AT i 3 7 4 48K T 3 0
100 °C W32 25 T8 35 KRR T 7 5 e 14 4 i
JEHE 170 Ct . PP 2F 4k % 4 Gl 4k . T2 B 1T 2% fif 7%
RIE 25 B AR 4 GB/T 50081—2002( 5 38 Vi %
+ S e AR IR 5 VR RS ) BRI 2 P
At B A PPF il SF LRS- 2053 B goer 1 s
Fe) B 15 AR PEL a0 3 Bl . [l i 4 4
3B KR 150 mm Y 57 7 1A 3 e R I3k Bt R
TR o G R ARETH 3.
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Table 3 Summary of FRUHSC specimen
Specimen my /my;  Dimension/mm  @ppp /% s /%  f./MPa
FRUHSCI 0. 10 0 116
FRUHSC2 0.22 0 118
FRUHSC3 0.18 3300300 0.15 0.15 122
FRUHSC4 0. 15 0. 30 128
FRUHSC5 0 0 117
FRUHSCS6 0. 30 0.15 143
FRUHSC7 0. 50 0.15 137
FRUHSCS 0.22 0 134
FRUHSC9 0.15 $300 X300 0 1. 00 135
FRUHSC10 0. 10 0 123
FRUHSCI11 0.13 0 133
FRUHSC12 0.15 0 130
FRUHSC13 0. 10 0 123
FRUHSC14  0.15 $100X 200 0.13 0 133
FRUHSC15 0.15 0 130

L.
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Fig. 1 Temperature history in core of specimens
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Fig. 2 Appearance of FRUHSC specimens subject to fire
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Table 4 Summary of spalling tests on FRUHSC specimens subject to fire

Specimen Spalling Spalli‘ng ared Hea‘ting temper(ifflie after Observation
depth/mm ratio/ % duration/h heating,/C

FRUHSC1 0 0 2 No spalling, except crack
FRUHSC2 0 0 1 122 No spalling and crack
FRUHSC3 0 0 2 No spalling and crack
FRUHSC4 0 0 2 No spalling and crack
FRUHSC5 100 100 2 Fully spalling
FRUHSC6 0 0 1 No spalling and crack
FRUHSC7 0 0 1 118 No spalling and crack
FRUHSCS 0 0 1 No spalling and crack
FRUHSCY9 47 63 2 Partial spalling
FRUHSCI10 38 28 2 232 Partial spalling
FRUHSC11 24 9 2 215 Partial spalling
FRUHSCI12 0 0 2 227 No spalling and crack
FRUHSC13 13 18 2 Partial spalling
FRUHSC14 6 14 2 Partial spalling

FRUHSCI5 0 0 2 No spalling and crack
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Fig. 3 Fibre reinforced ultra-high strength concrete encased steel columns design details(size: mm)
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Table 6 Summary of specimens subject to fire
Specimen Cross section size/ (mm X mm) H steel dimension/mm Test load/kN Length/mm Number of specimen

SRHSC1 300X 300 200X200X8X12 2199 1400 2
SRHSC2 300 X300 200X200X8X12 3665 1400 2
SRHSC3 300X 300 200X200X8X12 5131 1400 2
SRHSC4 300 X300 200X200X8X12 3368 2500 2
SRHSC5 300X 300 200X200X8X12 4716 2500 2
SRHSC6 300 X300 200X200X8X12 2021 2500 2
SRHSC7 350X 350 200X200X8X12 4364 2500 1
SRHSCS8 350 X350 250 X250 X9X14 1 850 2500 1
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(a) Test set-up for specimens with 2.5 m height
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(b) Test set-up for specimens with 1.4 m height
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Fig.4 Test device diagram(size; mm)
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Surface of specimen SRHSC1 with 1. 4 m length subject to fire
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Fig. 6 Surface of specimen SRHSC5 with 2. 5 m length subject to fire
. [3] LIUX,YE G,DE SCHUTTER G, et al. On the mechanism of
4 gg TE polypropylene fibres in preventing fire spalling in self-compac-
. . . N ting and high-performance cement paste[J].Cement and Con-
(D S5KIEEHN 0. 18 M £ 41 =R VR EE
% J(HSL j‘j B/J :F E Hgﬁﬁmg& tb%% crete Research, 2008, 38(4) :487-499.
FRUHSC # iy ’7J(HQ Hﬁj‘j 0. 15 (f§ FRUHSC ﬁﬁ% [47] SUN B, LIN Z X. Investigation on spalling resistance of ultra-
'TEE} E/‘J %L Fﬁ: % ) é/l 552 ﬁfj ,}:%5]. 2% gﬁ 'fZ'K iFH ﬁ ﬁ /J\ F0.15 % high-strength concrete under rapid heating and rapid cooling
HTJ‘ , }L %%ﬁj{ E’(J ijj\‘p ffi',: F‘é{ 75'1 ‘}I% %%%% J_E Eﬁ A ﬂf& + %L ]Kj%: [I]. Case Studies in Construction Materials,2016,4:146-153.
%ﬁd\ Yy it ﬁ:, gl B ,}% o ZE MK m ﬁ:}‘ ﬁ 7S /J\ T [5] KALIFA P, MENNETEAU F D, QUENARD D. Spalling and
. —p . ey pore pressure in HPC at high temperatures[J]. Cement and
0. 15701t , 2 Pk e B 1R 35 oK & A i TR AR 2 42 .
0 K y }:7%2 o R Concrete Research, 2000,30(12):1915-1927.
A J A
MBI B 0. 1570 1) 1A Hi £F 2k 7T i 1k [6] KODUR VK R,CHENG F P, WANG T C, et al. Effect of
¢100>< 200 mm )ﬁt/ﬁ:ki [%Yﬂ%lld:%%%’ﬁﬁﬁﬁ{': ¢SOO X strength and fiber reinforcement on fire resistance of high-
300 mm ‘Iit’ﬁ: strength concrete columns[J]. Journal of Structural Engineer-
(S)X;J-:J: 116~143 MPa ﬁ%gi{%ﬁi s %ﬂ% ing,2003,129(2):253-259.
e,y Ve Y he - [7] SIDERIS K K, MANITA P, CHANIOTAKIS E. Perf
B IR TRLIGE - A T B AR RR SR B 1. 00% HO K IDPRIS K G MANIIA I, CHANK -
of thermally damaged fibre reinforced concretes[J] . Construc-
I AN 2T 4 B Br HEE R 35 H
LR 20 9 2T 24 T AN B B 1 AR 1 A TR tion and Building Materials, 2009, 23(3) : 1232-1239.
IR > 0 ) b B T : ? F=x . .
SR 0. 15 %0 Je DA b1 5 TN M &1 4k L D) T Bl 0k H: [8] CULFIK M S, OZTURAN T. Mechanical propertics of nor-
75'14;%%% SRl 9‘{%@2* g&ﬁ%%iﬁ%?ﬂi&% mal and high strength concretes subjected to high tempera-
(4)%%?& ‘{E@%i i ﬁ)‘(] H ﬁ» ﬁf % =4 j]ﬂ ﬁ-‘ﬁtg{ﬁ % tures and using image analysis to detect bond deteriorations
Eﬁ s‘{lt;ll::}g’ﬁgﬂzlﬁﬁ%j 0.15 % B‘J%Fﬁ‘}:ﬁﬂ: Q&& 0. 50% [J]. Construction and Building Materials, 2010, 24 (8):
1486-1493.
[ O TR0 40 2T 2k 7] A5 A 7 1F M R TR AR .

’JX%’TEI;T’E i iﬁﬂ :F ETH ilz}jjt*ﬁ/ﬁ: /J = /mlk%zz [9] BANGI M R, HORIGUCHI T. Effect of fibre type and geom-
a%iﬁﬁﬁ . etry on maximum pore pressures in fibre-reinforced high
Z :

strength concrete at elevated temperatures []J]. Cement and
[1] PRIYAN P.Design of high-strength concrete members: State- Concrete Research, 2012,42(2):459-466.
of-the-art[J] . Progress in Structural Engincering and Materi- [10] MINDEGUIA J C, CARRE H, PIMIENTA P, et al. Experi-
als, 2003,5(1):1-15. mental discussion on the mechanisms behind the fire spalling
[2] KALIFA P, CHENE G, GALLE C. High-temperature behav- of concrete[]J]. Fire and Materials, 2014,39(7):619-635.
iour of HPC with polypropylene fibres: From spalling to mi- [11] PENG G F,YANG J.Residual mechanical properties and ex-

crostructure [ ] ]. Cement and Concrete Research, 2001, 31

(10):1487-1499.

plosive spalling behavior of ultra-high-strength concrete ex-

posed to high temperature[J]. Journal of Harbin Institute of



51

kb B S 27 2SR R IR R By e IR R 223

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Technology, 2017,24(4):62-70.

HEO Y S,SANJAYAN J G, HAN C G, et al. Relationship
between inter-aggregate spacing and the optimum fiber length
for spalling protection of concrete in fire[J].Cement and Con-
crete Research, 2012,42(3),549-557.

LEE J H,SOHN Y S, LEE S H. Fire resistance of hybrid fi-
bre-reinforced, ultra-high-strength concrete columns with
compressive strength from 120 to 200 MPa[]J]. Magazine of
Concrete Research,2012,64(6):539-550.

LIANG X W, WU C Q, SU Y, et al. Development of ultra-
high performance concrete with high fire resistance[J]. Con-
struction and Building Materials, 2018,179:400-412.

ALT F A, O'CONNOR D, ABU-TAIR A. Explosive spalling
of high-strength concrete columns in fire [J]. Magazine of
Concrete Research,2001,53(3):197-204.

BOSTROM L, WICKSTROM U, ADL-ZARRABI B. Effect of
specimen size and loading conditions on spalling of concrete
[J].Fire and Materials, 2007,31(3):173-186.

AKCA A H,ZIHNIOGLU N O. High performance concrete
under elevated temperatures [ J]. Construction and Building
Materials, 2013, 44:317-328.

B R TN R R R BE R R K T E M RE AT R
(D] . Wy R 0 R I8 Tl K%, 2014

[19]

[20]

[21]

[22]

LUO Baifu. Study on explosive spalling rules and mechanical
properties of reactive powder concrete after elevated tempera-
ture[ D]. Harbin: Harbin Institute of Technology, 2014. (in
Chinese)

2R G MR A TR B v R R R R R T A MR AR AT R
(D] . R i JR 1 Tl K2, 2012,

¥

-

LI Haiyan. Experimental study on spalling behaviour and me-
chanical properties of reactive powder concrete after elevated
temperature [D]. Harbin: Harbin Institute of Technology,
2012. (in Chinese)

XIONG M X, RICHARD LIEW J Y. Spalling behavior and
residual resistance of fibre reinforced ultra-high performance
concrete after exposure to high temperatures [J]. Materiales
de Construccion, 2015,65(320) :e071.

PIVBOVE, B2, 40 252%, 5 BEF 2 X C100 5 oik TR B 4 0% JiE
PERE R A 5T (] IR BE 1, 2013(8) 1 144-147.

SUN Chenghui, HUO Liang, SHI Yunxing, et al. Study on the
brittleness reducing of C100 ultra-high strength concrete by
adding steel fibre[]]. Concrete, 2013(8) :144-147. (in Chinese)
POON C S, AZHAR S, ANSON M, et al. Comparison of the
strength and durability performance of normal- and high-
strength pozzolanic concretes at elevated temperatures[J]. Ce-

ment and Concrete Research, 2001,31(9):1291-1300.



