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1.1 [E#RRECEE

KYEE R /NEFH P 52.5 K, “FIRIE A
12.1 pm, ZPEH 3.08 kg/m?®, HALFA R NE 1
B BLERTL IS I3 FARRHAM B A G BR 2 7 AR = 1 &
HHBERHDC), %N 2.58 gem®, RN
3.1 glem’s WONRIAE<1.17 mm (A7 950D, 2R
R 2.7, 1 Si0, FEAT 98%, SR KT 7.0
WE4ERFHEA 0.2 mm. KEF 13 mm F°FETGE
HANLT4E, PrhiseE KT 3 000 MPa; [HE, #BA
& B R N 4T 4E(PPF) LAFE I UHPC il AR R KU,
HE R 091 g/em®, KA 165 Cs Bk FIR A
Y75 5 FERE B AT R AT R 5 A 77 1 SRR IR 1 1 B sk
IKF, BRIK A 40%.

Hil & WA LEAERR B BTN 0% 1.0%. 2.0%
H12.5%[#) UHPC, HAKBLELINER 2 Frr.
1.2 SRRAK

W72 & 28 d W IR TR K 5, TR
BT T8 XA AT R &5 F AR, R ERE
ANFARL G AT m iR . RIS, SR A A
AP AT AR, b PN R T N B AN
DA 1k VB % T X R i AR R I m Ak o IR
EHIHTHEEZF A 1 °C/min LU AT BE PR B )
T U AR R AN S VR R RE R, E
I IE] N 4 h, H bR ¥ E N 200, 400, 600 C
1800 C, FRRIFERENNBRAHEFRE
HEATAE I

1.3 1ZEtEEe

UHPC /72 PEReliAK H 7 g ie L AT, H
PR AR R SN 100 mm> 100 mmx 100 mm, JiZ;
TN nE INEGEE Y 1.2 MPa/s; # AR R
£ R~FA 100 mmx100 mmx300 mm, FH &%
GB/T50081 (V& T4HE 221t Bei B 7 VA E) AH
TR AT Prhnislf & kiR, KN 400 mm,
TN 100 mm, JEZBR TN 50 mmx100 mmx
220 mm, FREEA 300 mm, InETT ORI INE,
Tn#EE 2N 0.03 mm/min.
1.4 HRISHK
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50 mmx10 mme.
1.5 NeTER BRI

Z 8 CECS13:2009¢ £ 4 Vit #1058 77 V2w e )
AT RS . 75, B HEE 2 HUENLT4E A
WOEHRRZE . MR, INEGEEREHA 0.5 mm/min.

R 2T AR 4 7 P 4 () T

I:)m

T M
e P AANEF SRR BT R, N; de AN
A4 HAT, BL0.2 mm; | A A 4EE NIRFE, 24 5 mm.

LT i RETE Q)T

W = [Pdx 2)
X PONTTFERL N x NIRHALEE, mm.
1.6 fgEHm

KHHR 5N Zeiss Sigma 300 3 HL 7 540
BL(SEM)IF FUANRIR N ARAT 44 Hi s O T SRAFAE

®1 KRHUFAER

Table 1 Chemical composition of cement W/%
CaO SIOZ MgO F6203 A]zO} SO} NazO Kzo TIOZ Others
65.5 19.8 1.2 3.5 4.4 32 0.1 0.5 0.3 1.5

W is mass fraction.

*2 TRRNAHEEZEESHRERERLTAL

Table 2 Mix proportions of different steel fiber content UHPC plkgm™)
Type Cement HDC Sand Superplasticizer PPF Water Steel Fiber
SFO 700 350 1180 30 2 150 0
SF1 700 350 1180 30 2 150 78
SF2 700 350 1180 30 2 150 156
SF2.5 700 350 1180 30 2 150 195

HDC is Product model code for composite admixtures produced by Jiangsu Subote New Materials Co., Ltd. PPF is Polypropylene fiber.
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Fig. 5 Effect of temperature on specific heat capacity
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various temperatures
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Extended Abstract

Introduction Ultra-high performance concrete (UHPC), as an advanced cementitious fiber-reinforced composite material, is often
widely used as a load-bearing member in the critical parts of various types of large-span and high-rise structures. However, the
increasingly frequent fire disasters have posed a great challenge to the safe serviceability of UHPC. Steel fiber, as an important factor
for UHPC to achieve ultra-high toughness, the cracking mechanism of steel fibers exposed to high-temperature will directly affect the
high-temperature residual properties of UHPC. Although some scholars have carried out studies on the residual properties of UHPC
after high temperature, there are less systematic studies on the influence of steel fibers on the mechanical and thermal properties of
UHPC, especially on the deterioration mechanism of steel fibers exposed to high temperature. In view of this, this work
systematically investigates the influence of steel fiber on the mechanical and thermal properties of UHPC exposed to high
temperature. The mathematical model between steel fiber dosage-temperature-mechanical properties/thermal properties was
established. In addition, the changes in the pull-out behavior of steel fibers from the UHPC matrix at different temperatures were
investigated for the first time, and the deterioration mechanism of steel fibers exposed to high temperature was elucidated based on
SEM tests.

Methods The Onoda PII 52.5 cement and the blending material produced by Jiangsu Sobute New Material Co. were used,
respectively. At the same time, an appropriate amount of polypropylene fiber was mixed to reduce the risk of explosive spalling of
UHPC. UHPC with 0%, 1.0%, 2.0% and 2.5% steel fiber volume mixing were prepared. The concrete molding size was 100 mmx100
mmx100 mm, and 28 d standard curing was carried out after the casting was completed. Then the mechanical and thermal properties
were tested after high temperature. The changes in the pull-out mechanism of steel fibers after high temperature were also
investigated.

Results and discussion The compressive strength of UHPC after high temperature with different steel fiber dosage increases and then
decreases with temperature. The addition of steel fibers can improve its overall compressive strength to different degrees. The tensile
strength of UHPC shows almost monotonically decreasing with the increase of temperature, and the degree of loss rate is greater.
Among them, the enhancement of steel fiber addition can obviously improve the tensile strength of UHPC at room temperature as
well as at 200 C, but the degree of its enhancement with the increase in temperature gradually weakened. The elasticity modulus of
UHPC with the increase in temperature first increased and then decreased, and the overall rule of change is similar to the compressive
strength. The thermal conductivity of UHPC shows a monotonically decreasing law with temperature, which is mainly because the
high temperature makes the organic fiber in UHPC melt, free water continues to evaporate, and the hydration products continue to
decompose and so on to reduce the apparent density of the system. The addition of the steel fibers effectively improves the thermal
conductivity of UHPC. The specific heat capacity showed the opposite law to the thermal conductivity. In addition, the maximum
pull-out load, pull-out work and bond strength of steel fibers at 200 ‘C increased to varying degrees, compared to room temperature.
At 400 C, relevant parameters began to have a substantial decline. When the temperature reached 600 C, the failure mode of steel
fibers changed from pull-out to pull-off mode.

Conclusions The compressive strength of UHPC increases at the beginning and then decreases with the increase of temperature,
and reaches the peak value at 200 ‘C. The addition of steel fiber does not affect the trend of UHPC residual compressive strength
exposed to high temperature, but improve absolute value of its residual strength. Temperature changes pull-out mode of steel fiber. At
25-200 °C, the surface of the steel fibers was smooth when they were pulled out, and the tensile strength of UHPC did not change
much. At 400 C, steel fibers were attached to part of the matrix when they were pulled-out, UHPC tensile strength began to drop
significantly. At 600 C, the failure mode of steel fibers changed from pull-out to pull-off mode. The tensile strength of UHPC with
different steel fibers continues to decline, and the difference gradually narrowed. The elasticity modulus of UHPC reached its peak at
200 ‘C and began to decline rapidly, and its sensitivity to high temperature is much greater than the compressive and tensile strength
changes, the value of the proposal can be used as an important indicator for the assessment of the safety of the relevant building after
the fire, and the incorporation of steel fibers does not affect the overall development of its law. Steel fiber can significantly increase
the thermal conductivity of UHPC, but will not change the overall trend of thermal conductivity with the increase in temperature. The
thermal conductivity of UHPC decrease with the increase of temperature and the gradual decrease in the overall trend of change;
specific heat capacity shows the opposite development law with the thermal conductivity. Copper-plated steel fiber as UHPC
commonly used metal fiber, can maintain good mechanical properties and play a toughening crack resistance before 400 ‘C. When
the temperature reached at 600 ‘C and later, the degree of deterioration of copper-plated steel fiber itself is greater than the
fiber-matrix interface transition zone, which leads to UHPC tensile and compressive drop in coordination, it is recommended that the
steel fiber's own high-temperature performance enhancement should be focused on under this condition.
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