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Tab.1 Design parameters of test

sl ZHIRE T/C
e ‘
W 20 200 300 400 500 600 700 800
N 34 34 34 34 34 34 34
T A A 34
W 34 34 34 34 34 34 34

UHPC # B P« O 52,5 RERRERKIE JE K R BEIK A1 b | B8 i °F AN 2F 4k K 08K ) S8 1R &
i 1 7 R, KBS B Ry 0. 18, BRI A b W3 2. Z7G %5 8 UHPC (9 ) % S TAE TR , B £F 4R P45 52 B
N 2% ARET LAY R DL 3. SRAA RN 300 L MSE B s FEALA UHPC JFORE A7 $E A0, 7
JEUREFE AR A B B BT (R B e S L (BB R4 %5 905 B, W R 1 TR . B A B gE R T
K bR IR+ T A A FE 30 AT LA 2 ks UHPC B9 s 2 e RE L L T ot AR SCar 4T 7 12 h
150 ‘CTF#FEH 5 12 h 200 C T HFEP A L ARE FULI 45, BRI 150 CHFRI AR PAD A7 7E 1R 2
G . B R A 4G 3= i bR SR GRE 20 °C CHXHRE 95%0)28 d J5 H 4T 12 h
200 CTH#FRI,

# 2 UHPC REA
Tab. 2 Mix proportion of UHPC

g KR Tk K I ATLYR FaE X/ LT 4k 7K 8K )
&/ (kg/m*) 900 100 100 900 157 200 23

3 LR S A Y R
Tab. 3 Basic physical properties of steel fiber

KEE/mm  HBE/mm  HE/(g/em®) PRI/ MPa  HPERIE/GPa

12 0.12 7.85 3000 200
1.2 BRRBAFE
K H 1200 °C BT PR B g IR b 2E AT IR R L K 56 R 4 ) S 200 °C L300 °C L 400 °C 500 C .
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1 UHPC RSB Y
Fig.1 Block pouring site for UHPC
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Fig. 2 Curve of furnace temperature rise and constant Fig.3  Loading device
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Fig.4 Water cooling blocks
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Fig. 5 Superficial characteristics of UHPC after high temperature
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3) 32 R 600 °C~700 C Y, BRI K A S K 8, R RSO 2, H ARV T il Bk
M0 HE B A (0 1 B 5 A D BN AT 4R K B BB IR KV AR IR B3 f UHPC 3 9% 800 ™ L X B it
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Fig. 7 Failure mode after high temperature
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Fig. 8 Stress-strain curve
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1 UHPC BYSRIE . 32 P80 B BRI, [ AR ¥ 505 1Bt A3 50/ et il S 47 P05 0o o B2 2 49 i A T 5 3R
IRV AR KR S T PR UL L DA AR E I g A AN 3 5 RO A P A SRR R i L A TTTIR K 4 AT B
Rl BT 5 JBE AH N DN

F4 RN R EE 140 -
Tab. 4 Uniaxial compressive strength 8 ° - HRAH
120F o FKEH
A 100 s
H R H) BIKEH [ s
[+ ]
20 115.1 115.1 S ol
':-..f
200 128. 0 130. 5 ' .
60}
300 136. 2 128. 1
L L ]
400 113. 9 104.8 407 A
500 92.0 96.2 20} '
600 47.4 64. 2 0 100 200 300 400 500 600 700 800
TIC
700 34,4 46.6
800 24,0 21.6 (IR RS WA Y4

Fig. 9 Axial compressive strength
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Fig. 10  Peak strain
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3.6 BARHENERBEITH 1.2 :
HAETFOF5E R R R UHPC Bobi s [ e " -

BE AR A ML AL, 8 X UHPC & I8 5 89 Pt s 5 B o R>=0.974 |

fo SR T PR fio Z b AH X T 5 08 o2

Jo/ feo s X0 BE R AT 0 1 AN Ak b B, e SORE X ik Eal | _ | %%

Rr=(T—20)/800(20 C<T<800 C), H—4k = e

b SRR V2 IR X B IRSRIE S ANRIER R oaf RS

R0 2 P 12 T "
S 2% 17 ROH 4 B A A A B O] | .

20 °C ~ 200 C R H&M w45, 200 C ~ 0.0 s ST (R .

- . NN 0.0 0.2 0.4 0.6 0.8 1.0

800 CRHAZm P4, 15 2 & IR /K % JF UHPC Rr

PR B SR G R G & &l 12 Fros , A

KA R =0.974, iR LRGSR AEAR K12 fi/fe5 Ry KRN

B — SOk LA kR Fig. 12 Relationship between [t/ [l and Ry

fi/fle = 140.595R; (0 << Ry <C0.225) 2

fi/fo =1.438—0.734Rr — 0. 679R* + 0. 119Ry" (0. 225 << Ry << 0. 975) (3
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A 2) XK TR UHPC MU B0 58 BE AT T30, 45 R WL 5. i R T L i RE 5 R
(E2Z P2 1. 001, FRifE22 0 0. 04, BB THRJ7 ik 3 B AT 4
F5 AR BE LA TS R A

Tab. 5 Comparison of Relative compressive strength between experimental values and fitting formula calculations

T/C R o/ Lotk (5 fo/ folt BE AR /IR
20 0. 000 1. 00 1.00 1. 00

200 0. 225 1.13 1.13 1.00

300 0. 350 1.11 1.10 0.99

400 0.475 0.91 0.95 1. 04

500 0. 600 0. 84 0.78 0.93

600 0.725 0. 56 0.59 1. 05

700 0. 850 0. 40 0. 40 1. 00

800 0.975 0.19 0.19 1.00
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X 45 A UHPC R 17 85 IR, 098 T R W8 1 07 20F 1952 6 1 4R B AR 5 X 56
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1) & R BE 9 T i, UHPC B be 2 3G K s F ARV H) R be 2k RSB U5 18 i 3 KOl 3 h W 1 L 12
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2) W B B T A LR A 5 K R B AR Y 8 A5 4 A 55 X 2 B B AT i B PR AR TR R L 32 IR
JEHR I 600 C B, 3B A 1] A5 T BE 7 S 35 0 L I X bR B D) IR A Ok BE LR
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FHLE 800 C B F 4RV H) IR 7K Y8 H T W AA N AR 437 75 21 8 I T 00U (B N AR 1Y 2. 22 F% .2, 24 15, 5 A 4R
AR, B AR J0F SRR R A X /)N s HLI 28 7 18 B (DR 08 5 3 AN BB .
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Study on the residual mechanical properties of UHPC after
high temperature with different cooling methods

ZHOU Chaofeng'*, ZHU Chongao', PANG Rui"?, XUE Jianyang®, LI Yadong'

(1. School of Civil Engineering, Henan University of Technology, Zhengzhou 450001, Henan, China; 2. Henan Key Laboratory of Grain
and Oil Storage Facility & Safety, Zhengzhou 450001, Henan, China; 3. School of Civil Engineering, Xi’an University of Architecture
and Technology, Xi’an 710055, Shaanxi, China)

Abstract: To investigate the effect of different cooling methods on the uniaxial compressive properties
of ultra-high performance concrete (UHPC) after high temperature, 45 specimens with the dimension
of 100 mm X 100 mm X 300 mm were designed and fabricated. The cooling methods and heating
temperature were chosen as test variable parameters. Observe the apparent characteristics, quality
loss, and failure mode were observed after different high temperatures and cooling methods. The
variation law of compressive strength was analyzed. The experimental results show that as the
temperature increases, the surface cracks increase. The mass loss rate increases under different cooling
methods. A higher mass loss rate occurs under natural cooling with the same temperature. Under
natural cooling, the mass loss rate increases rapidly at first and then slowly. An approximately linear
increase is presented under water cooling. The compressive strength shows a trend of first slightly
increasing and then decreasing. Compared with the normal temperature, with the temperature
increase, the maximum compressive strength increased by 18. 3% and 13. 4% respectively under
natural cooling and water cooling. When the temperature reaches 800 °C, the compressive strength
under natural cooling and water cooling decreases to 20. 8% and 18. 8% of compressive strength at
normal temperature, respectively. When the temperature exceeds 600 °C, the axial deformation ability
of blocks is significantly enhanced. Compared with natural cooling, the peak strain under water cooling
develops rapidly, but tends to be consistent at 800 °C. The peak strain under natural cooling and water
cooling increases to 2. 22 times and 2. 24 times the peak strain under normal temperature conditions,
respectively. Compared with natural cooling, the elastic modulus under water cooling is relatively
small and undergoes three stages: slow decrease, fast decrease, and slow decrease. Based on the
experiments, a formula for calculating the residual strength of UHPC after water cooling is proposed,
which can provide a basis for evaluating the load-bearing capacity of a building after fire.

Keywords: ultra high performance concrete; high temperature action; cooling method; mechanical

property; residual strength



