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Abstract: The apparent characteristics, mass loss and mechanical properties of ultra-high performance
concrete after exposure to high temperature were studied through the high temperature heating test and the
cubic compressive strength test. The effects of steel fiber, polypropylene fiber, steel fiber and
polypropylene fiber on cracking suppression of ultra-high performance concrete were compared. The effects
of temperature, fiber type and content, aggregate (quartz sand and steel slag) on the strength of ultra-high
performance concrete were investigated. The test results show that 1% steel fibers and 2% polypropylene

fibers can effectively restrain high temperature explosion behavior. and the specimen remains intact after
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high temperature. Ultra-high performance concrete with steel slag aggregate and hybrid fiber has excellent

high temperature mechanical properties, the residual strength of 67% can still be maintained after being

exposed to high temperature at 1 000 ‘C. With the increase of temperature, the cubic compressive strength

of ultra-high performance concrete increases first and then decreases. High temperature enhances the

compressive ductility of ultra-high performance concrete when the target temperature is more than 600 C,
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Table 1 Basic physical properties of steel fiber

K/ e %/ ; it 3
mm mm (g+cm %) o J& /MPa
10 0.12 7.8 L >2 500

x2 BRRABAENERYERSY
Table 2 Basic physical properties of polypropylene fiber

KR/ B/ W/ A/ BRR iRk SRR T RUE

‘C JE/MPa #/GPa fhi3/%

mm pm (geem ?) T

10 31 0.91 165 580 =400 =3.5 30

®3 REWBMERSE

Table 3 Physical properties of quartz sand

) o I/ ) R B/
g EE TR J& 8/ C
(ge+cm?) (gecm %)
Avf SO, 2. 65 7 1 650 1.5
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Table 4 Physical properties of steel slag
s RRE B/ TR PR LR AR/
2
Z/mm  (geem ) K/% H/Pa (kgem D
KB 2 .2 2.7 25.6 387
x5 FEMBOKLERS
Table 5 Chemical composition of main materials %
ME SiI0; ALO;  Fe:O;  CaO MgO ek i
IK IR 21. 86 4.25 2.66 63.59 2.19 1.75
fEK 93.95 0.5 0.59 1.95  0.27 1.3
MK 52 22 4 12 0. 62 <1
AR 98.5 et 0.06 BB M 0.7
it 17.03 5.64 22.69 43. 38 5.98 1. 56
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X UHPC e [R] H bR il BEVE IS 2 WLRFAIE | 5T 45 43
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HHR (25 °C),200,400,600,800,1 000 °C;2) £F 4k .
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RN LT AE TN 1B 2T S 3 Fh 4T 448 155 3) B iF
X A1 SRRV 43 90 4 S B R 3 36 4 2R 1Y B
WAL A LR 6 R, 754 HAR iR E T~ UHPC 37
i RBUE IR gk 7. 8 FiR .

A F IS R B, UHPC 344 9 R ~F 300 %
FLAE TR T A A8 fb 0 52 i 55 /D L Sy sl A e T K
AR o UHPC 32 4 1 45 246 I #4138 4 DA S N B 1
G E LRI AT IR 50 mm X 50 mm X 50 mm 37
T AR UHPC & i P 8 47T B 52, 76 1 2 e f
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xo6 HRBEEL
Table 6 Test mix ratio kg/m’
] K e (i iy BEIR A1 i T 4 TR s 2T 4 K Il 7K 51
UHPC1 850 137.5 112.5 1100 0 0 0 176 8
UHPC2 850 137.5 112.5 1100 0 156 0 176 8
UHPC3 850 137.5 112.5 1100 0 0 18.2 176 8
UHPC4 850 137.5 112.5 1100 0 78 18.2 176 8
UHPC5 850 137.5 112.5 0 1100 0 0 176 8
UHPC6 850 137.5 112.5 0 1100 78 18.2 176 8
F7 BEEEHT UNPC LA HRERE
Table 7 Cubic compressive strength of UHPC after different temperatures MPa
EXl s 25 °C 200 °C 400 °C 600 C 800 C 1000 C
1 112.6 168. 3
2 119.8 171.5
UHPC1

3 113.7 168. 8

4 109. 1 169.7

1 190.0 212.3

2 185.6 210. 3

UHPC2
3 184.0 209. 6
4 176. 4 199. 8
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EX]l freis 25 C 200 °C 400 °C 600 C 800 °C 1 000 C
1 123.8 171.7 163. 1 111.2 39.5 38.1
2 124.1 172. 4 165.0 112.5 40. 9 38.4
UHPC3
3 122.9 170.9 161. 4 111.6 38.7 37.8
4 129.2 169.0 160. 5 110.7 36.9 37.7
1 165. 3 176. 4 231.7 153.7 39.9 39.2
2 164.9 175. 2 231.0 152.9 41.1 38.7
UHPC4
3 165. 0 176.5 229.6 153.6 40.0 40.5
4 164. 8 171.9 227.7 153. 8 39.0 37.6
1 96. 1 204.8
2 95.3 202.9
UHPC5
3 94.9 202.5
4 93.7 201.8
1 169. 6 183.8 224.3 211.1 150.0 112.3
2 168. 4 182. 6 223.7 210.6 149. 6 112.1
UHPC6
3 167.9 182.1 223.0 209.8 148.9 111.8
4 172.1 189.5 231.0 214.5 153.5 113.8
1 140. 2 156. 6 192.3 176. 3 125.7 94.3
2 144.3 166.7 189.1 175.7 123.6 92.1
UHPC6-150
3 139. 4 154. 8 193. 2 175.8 129.0 91.8
4 142.9 156. 6 191.7 175.6 128. 8 94. 6
*8 BEESZFHTUHPCAAAMEERE FHERIREE
Table 8 Averagecubic compressive strength of UHPC and standard deviation after different temperatures MPa
25 C 200 C 400 C 600 C 800 C 1 000 °C
EX]|
TE bRdEZE FPIE badEZ TIE b2 PHME fEZE PHME Ml PHME D fEE
UHPCI1 113.8 3.9 169.5 1.2
UHPC2 184 4.9 208 4.9
UHPC3 125 2.5 171 1.3 162.5 1.7 111.5 0.7 39 1.5 38 0.4
UHPC4 165 0.2 175 1.9 230 1.6 153.5 0.4 40 0.8 39 1.0
UHPC5 95 0.9 203 1.1
UHPC6 169.5 1.6 184.5 3.0 225.5 3.2 211.5 1.8 150.5 1.8 112.5 0.8
UHPC6-150 141.7 2.0 158.7 4.7 191. 8 1.5 175.9 0.3 126.4 2.3 93.2 1.3

1 : UHPC6-150 i R o) 7 150 mm X 150 mm X 150 mm, HAR R4 R T H K 50 mm X 50 mmX 50 mm,
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Fig. 2 Temperature-time curves in tests
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Fig.3 Testing setup
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Table 9 Appearance of UHPC after high temperatures

s/ C UHPC1 UHPC2

UHPC3

UHPC4 UHPC5

200
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. "?j
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Fig. 4 The relationship between mass loss rate and
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Fig. 5 Relative values of cubic compressive strength of

UHPC after different temperatures
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T TR 5 T ok Pk AR . AT R TERELRE L B
e T UHPC 5 kG 45 M 58 507 16 Sk 401 kB 85
o A AR M LS K TR Y A 2 B ARLEE L 8 28 1
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e I T 2R RET L AT AR A A T R AR 4
Mgtk 7 UHPC 75 i AR S 58 B2 2080 92 2% 1 7]
L, X R UHPC 4 i Pk R i At T AR 4 1y R g%
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A WA LA, UHPCL 76 % 6 K F1 200 °C &5

TRAE 5 132 P SR T8 25 AR )L a1 28 % A T P 4
Mo tERE IR s UHPCS 78 200 °C &I G W k2B T
FEE S YERE IR . 1 UHPC2 784 3R F M 200 °C & i
VERIG YRR T 28 BB M 52 TR B IRE 38
o ALY X A8 SCRY B DY AR L 52 I S T R B A
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TEPE @SSR L Uk B 8 TR R SR TS M £F 4 X UHPC HA7 Bl
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£10 HZHEF UHPC AREBEREHWIFAEES

Table 10 Compression failure of UHPC at different temperatures

I/ C

UHPC1

UHPC3

UHPC4

Wl

(25)

200

400

600

800

1 000

HAB BN 4T 4k UHPC 18 200~600 °C & i fF
FJG » BT SR TN 0 41 4 10 X it . UHPC P4 358 8 21 4
LYo IR AR Y R 2 R 4 e B, LR R R v i
FRA . 7E 600 °C LA » o il 58 45 B0 X 1 Bt s 58 2

SRR R, DRI A7 R B IR M A T G
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WK, XEEZHAF4EEZHBYE T UHPC
FAE S A 2 IR R . RN A YA
165 “CHE . 78 200 °C 5 AR FH IS 2R 9 s £F 2 3 o
BH 24 (9 B VE T 2 AT 2 . 7E 200~600 °C i i
VEFR SR 4 K PR 2 R BH 2445 D 3800031 7 52
Fe BT BE PR B — N5 Ry S8 B 0B 3 1A R A
MR . 7E 800 °C A » 4K £F 4k TF U6 i S ik 1k . 7E
1000 °C i AE H G - B4 4t xF UHPC & i AU AR
FHIEAR S R B R 5 08 1T A 2 0 A HEIK

B3 10 X L& 8L, i T 5K i 5 B UHPC 16 &
B EA SR T 45 M X T e R
UHPC & 35, i W AE S 09 8 IR 72 B2 0T/ s B s
FHE 224 4 UHPC 76 = VB0 S J1 2= v g e, X
5 2.3.1 R A — 5L,
3 NEBEEREZRA%E UHPC 5RE

N1=E g

B B R 2 45 4 CUHPCG) 15 i 1 2 Pk g LA
KRt 5i BE 1 4EF5 R 1 BAE, Rtk 43 7 T UHPC6 7E
Fr IR 56 57 75 R 5 (150 mm X 150 mm X 150 mm)
AN TR EE A S A R R AR i IR RIS T B
fiif = i UHPC RSF R0 % Ho ok Ay J7 24 vk g B 52 i

Pl 6 g brif s Jr PR 8 R R #kF UHPCG 7E
N TR il B A S B4 L g — iz A il 2 OB g AR 1 1
AR EED . B IR LR A A T
UHPC (% Jf P i 08 i 56 # >R 4E 3] T UHPC6-150
AN TR il B A G 32 F 7 =R A8 it 26 B B L i A
FE gt i ¥y A T IR RE IR, 5 UHPC6 1 ki
WA —%. K 6 o, b &R E NI &,
UHPC6-150 17 J7 A Bt i 5 B 3= B0 1 58 3 i )5 B
IR A Ea e, il LR EE o 400 °C, i ~400 C iR
VEF G » il 2 W (i 5 B Ik B8 P v 07 8 T T R B
Wi ek B T v T AR B, R &0t = RS UHPC KR
FE I M o R R G B K Y R . 7E 600 °C L
J& W (H ST R A% S BT B T IR T R, SR il 4R
TREBIT IR g% UL TR EE R 1k 600 °C B4 RHE
FeF 4t UHPC Zad @ AR S 28 P A 3] — 2 22
() & J 5 A £F 4 T LAAR B 1 2% ff = i )5 UHPC %2 1%
Jife P AR

I3 11 AT, % g5 A0 it v A R — 3 i B RHIR
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Fig. 6 Stress-strain curves of UHPC6-150 after

different temperatures

A4 UHPC BA RAT RO, A [\ RSF il A 7E A
[Fi] 9k B2 VR R S 5 PR Bt He 5 B W O [, KT, FE R
[e] 3k BE VR IS o A e RS 3l 22 [8] 1) 52 32 3 A 1A 5
CRIAS [) RS A A A TR T Y i B2 22 b e AR —
L UL R XS UHPC /Y 5 B2 7% 4 Y 52 i oA K,
Xf UHPC e & i A S 89728 A0 R 52 e A L X i
WESE T Yang 285 B UL
F11 UHPC6 RRRTIKMHH MR ERERENLETF

Table 11 Average compressive strength and transformation

factor of specimens with different sizes MPa
el 25 °C 200 °C 400 C 600 C 800 C 1000 C
UHPC6 169.5 184.5 225.5 211.5 150.5 112.5

UHPC6-150  141.7 158. 7 191.8 175.9 126.4 93.2

TREREALIN T 0.84 0.8  0.85 0.83 0.84 0.83

7 UHPC6 i R 5F 28 50 mm X 50 mm X 50 mm; UHPC6-150 & /4
RS2 150 mm X 150 mm X 150 mm; % {6 [ 7 = UHPC6-150 1)
P BE /UHPC6 AY3REE ,

& 7 g Hifth 2 02  BF 58 UHPC 78 A [A] 7
A F S AR T R s BE A, Ry T 3k S il R B
BHEC A X 2538 1 52 0, % L Ath 2% 35 iF 98 UHPC &
TR B0 He 5 B (0 235 R R A7 09— fl b 3, 1D AH [
ZAF N UHPC &5 Pt o B2 5 5 90 R 98 B 1Y
A,

HIE 7 AT LA L UHPC 0 5 B b 35 B8 (4 7
1 56 TR B A 3 5 AR SO F ST B R A A . TR
b I8 B RHR 22 4 4 UHPC 78 1 000 C & i
FHR - 58 4% 5k J3 A G 3K B 67 %65800 °C & i A
Ji » B A i B A G (B R 38 89 %0, L Hofth 24 3 B 5T 1Y
UHPC 7E 800°C 7 it 1E M J5 5% 4% 5 BE AH X5 {8 5
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Fig. 7 Relation between relative compressive strength

and temperature of UHPC
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