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Multiscale Calculation Model for High Temperature Heat
Transfer Property of Polypropylene Fiber Reinforced Concrete
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Abstract: Polypropylene fibers are widely used in high-performance cement-based materials to
reduce the high-temperature damage of structures. However, the calculation and prediction of
thermal transfer parameters for polypropylene fiber reinforced concrete at high temperature still
lack an effective model. Based on the homogenization method of composite materials, a refined
multiscale calculation model was proposed to estimate the equivalent thermal conductivity of
polypropylene fiber reinforced concrete at high temperature, which fully considered the influence
of the volume change of polypropylene fiber at high temperature and the relaxation effect after
fiber melting. As verified by experimental results, the proposed calculation model can accurately
predict the thermal conductivity of polypropylene fiber reinforced concrete as a function of
temperature. In addition, the thermal transfer properties and shape of polypropylene fiber have
little effect on the equivalent thermal conductivity, while the fiber content is the main influence
factor through model parameter sensitivity analysis. The analysis results provide a reference for
the thermal design of fiber reinforced concrete.
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Fig. 1
reinforced concrete

Multiscale division and composition schematic diagram of the microstructures of polypropylene fiber
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Fig. 2 The variations of equivalent thermal conductivity of cement paste with respect to

water-to-cement ratio and temperature
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Fig. 3 The variations of equivalent thermal conductivity of cement mortar with respect to

volume fractions of the fine aggregate and temperature

(a)—4lEBMATI 80 (b)—IRE .

2.3 BRGHERETREWIE

AR SC LA SR VN s 41 4 Ry S e T R AR A E R
FE ARV  AE R IR AN BT RN 4
IR BUNT KRS G S 38 R 50, X5k
PR B M RAE . N R R T B i 3
Jn, 2 4R 0 T AR B T B (AN 4a i
)M R g AT KK L
KB TR B A JEAAR ) A5 30 IR O BN B 1Y
TR 3R R R KO B R B AR AR B A AN R
WA 2.1 TR, T LB AR IR 2T 4
1) 67 T 5 R A5/ T 4b 2] T RPN I £ TR e+
PN A N Y G A T N B TR SN DR 4
s HEAT T XTI R T RIS A R R R &
RAEYHZ, FEOL SRR B — 22 R,
T {687 50 TR s £ 2 YR 6 1 0 S A 2 B B L
W AR ALK T o ) S, SR AN R AT SR A AR A
Xof HAAR B T 48 R B R ), IS T 45 SR 5 K
W R m R T af —E iR, HiRZER A R
JE B T S WS K A 2 R R A (10) ~
(I2) B IE 5 M £F 4R RO H i 455 SR B
5 50 25 P0G R T Ay, B AE R A #)
400 °C B} ZFH MR A ARG 19— BobE (R ZE/NF

0.2%).
2.4 SHBRMEST

h Tk — A R I A A TR L R
SIABT I, B Sa il TEEARR LS R
T, RN M £ 2 TR O 1 S T A SR BB T Y A
FRAE B . BBk U, BOAR IS INET 445 R = i
PR PR RAR BN T B (2 32 2 4R 4
TR 008 Ak 5 ) B 3 3 S DR O A RUBE T
e IR AR AR B [ ) 2 A A
LT LR AL RN 28 % S AL B N T3 AT 4 AR
B A Ak, DL R 5 A TR SR FL BUR 1)
AR AY AR AE 4B 0 U AT DL B AR I A
BHE PRI T RRIIE B N ORG24t vT
DATEIR B 1 FEAR B L8 2) 53 A i 47 A 45, i
TR 7K e ST RHE S il T B AR HREE: .

&1 5b AT BHECTT B A BE 25 1 T S8R AR
bt AT AR LA AR s B0 . 0T DU 21, 25 4
(AR LT T 1.5, HXT S S R B 2
Wi 3B A . Fh T R TR AT 4 1 S R R BN W R
BT IR BCA I HIVER . BEE KA H B A
B, 2 Y% S5 R0 R B R T D
MRIAFA PR BB K U REK



116 RAKFFHR(AEAHFIR)

% 46 %

0.92

091

0.90+

0.89) TH{H

(0sygrepe=0-519) RN
0.881 TR =03 (TCLF4EARFUEIE) =

— — KK =03 (FYERFUEITE) -
0871 kKl

© ICHK[19]
0.86 L L I L L
0 100 200 300 400 500 600
R C

B4 RABIHERETENSHRBMBAEERIBIBENTL
Fig. 4 The variations of equivalent thermal conductivity of polypropylene fiber reinforced

concrete with respect to volume fraction of polypropylene fiber and temperature

(a) —RNIR L LR B (b)—IREE .

1.05 .
(a) ﬁ]gﬁ{ﬁ
1.00 o 3CHk[19]
" 0.95
= 0.90
i HE
0851 (0,000 =0-519)
7KK =03
0.80F — — /KIKLK=0.4
= =IKK =05
0.75 L 1 L L
0 1 2 3 4 5
RN LT YR TR B0 %
1.00
(a)
0.95F
ﬂ" 0.90F o
o —— 7KK £=0.3(p,=0.01)
®ossk T T T T - - - - _ _ ~
& o.50k - = KK =0.3(p,=0.03)
I = = KK H=0.3(p=0.04)
o7sp TiT=— -
0.70 s s 1 s 1
0 100 200 300 400 500 600

R

0.9
0.8F
0.7+
0.6
051 —o— ko /k,=0.1,0=0.1
0.4r — o= kg tk,=0.2,9=0.1
—A= kg lh,=0.1,9=0.2
0.3 L L
1 10 100 1000
RN A LAR L

E5 RRBALEBRRTIEMNSARYBREEMAERKFILNTK
Fig. 5 The variations of equivalent thermal conductivity of polypropylene fiber reinforced

concrete with respect to temperature and aspect ratio of polypropylene fiber
(a)—iREE; (b)—R NI 4E R AR L.

T H/INT 10 B £F 4R T3 30 R B0 5% i ke
FEAEH L4 F IR B kg k) FIEF SR
(o) B9 AR B/ B Y K AR R T 10
i, 23T R BULF AN P52 B £F 498 4R 1 5
Wi, 2T 4E [ 1% A BE AN 2T 445 X T 4F
YR EE 1) SRR BGE R e R . 5 Z AT
S ATARARL, 21 4E45 X T 458 50T HGR B 52 i AR
SF O R EAR SR kg /e, O ETF 0.2, 255K
SR B I N T 2% 5 1 24 £ 2 )RR B
MO.1 LS 02 B M R HEM T MAB A M
1 10% [ IR . 25 Tk, 2 i 3 £F 4 35 2L A
BRMEAR L, AN 3R A B 51T, 1L
AR L YR AR HXT TR BE A A AL R RERZ AN K
EE  DE AL ET 4 0 B X6 T £F 2 e TR B+ A
B A LAY A L DA SRR IO M 0 AR YRR - 45 R TR
G AT R 1 2 R VAT BA — 5 1 S BR 2

3 4% 1w

1) 55T 3R N 0 £ AR 56 - 00 TR 2m LA s A
SERY AR TT 1, TR K PE ¥R IR PERD IR AR B 1
A HERGE L 3R b S T RINIR 4R
BE TR T AR IR SR R 4
FWY, 08T R M £ Y e IR AT AR S 0 S50 25
SR RA RGN EE .

2) MBI AN R RUEE ¥ 2 R BOR BE L
SR AR B TR X SR o g Koy
ZRIC EORL S AR BOT [ LA 2T 4 AR K A
SR 7K IR PR 25 280 S R 2R B S i A T RUBE
AR ARIR] , HET B AR R R ) S LR
R .

3) 38 it SRS T R B, RN AT 4
B 0% AR BE AN LT G- IR TS5 2005 R B
SN, T £ G458 00 25 20 AR 2 e e



% 2 M RBE.BABAHERELZBERMESRETEER 117

P E AT AR A e P A D SR i b e A
RN AL HR R IF B R /N T 101
CEFLEPA D)2 RE IR B i I A PR RE A B
RFE | Rl G X P DAY A

S

[1] KimKH, Jeon S E, Kim J K, et al. An experimental study
on thermal conductivity of concrete [J]. Cement and
Concrete Research, 2003, 33(3): 363-371.

[2] Zhang WP, Min HG, Gu X L, et al. Mesoscale model for
thermal conductivity of concrete [J]. Construction and
Building Materials, 2015, 98: 8-16.

[3] skflir, ®aE, MassE, & REE - SRR ERIRE IR
TR 7] SRR, 2015, 18(2): 183-189.
(Zhang Wei-ping, Tong Fei, Xing Yi-shan, et al.
Experimental study and prediction model of thermal
conductivity of concrete [1]. Journal of Building Materials
2015, 18(2): 183-189.)

[4] LiuK, LuL, Wang F, et al. Theoretical and experimental
study on multi-phase model of thermal conductivity for fiber
reinforced concrete [J]. Construction and Building
Materials, 2017, 148: 465-475.

(5] XL, £77, EA . KIGIREE L 2 RERE i R 2 K Fil
FEBSEIBTTE T ] A FR B2, 2012, 15(6): 771-777.
(Liu Kai, Wang Fang, Wang Xuan-cang. Influence factor
of thermal conductivity of cement concrete and its
prediction model [J . Journal of Building Materials, 2012,
15(6): 771-777.)

[6] WangY Y, MaC, LiuYF, etal. A model for the effective
thermal conductivity of moist porous building materials
based on fractal theory [J]. International Journal of Heat
and Mass Transfer, 2018, 125: 387-399.

(7] T2, i, X%, 5 &0t xR EE 1 AR B0
ST ] AESUMEREAR, 2018, 21(4) : 595-599.
(Wang Ying-ying, Ma Chao, Liu Yan-feng, et al. Effect of
moisture content on thermal conductivity of concretes [J].
Journal of Building Materials, 2018, 21(4): 595-599.)

[ 8] Zhang D, Tan K H. Effect of various polymer fibers on
spalling mitigation of ultra-high performance concrete at
high temperature [J]. Cement and Concrete Composites,
2020, 114: 103815.

[9] LinJF, Zhang Y, Guo Z H, et al. Impact of synthetic
fibers on spalling and intrinsic pore structure of ultra-high
performance concrete (UHPC) under elevated temperatures
[T]. Construction and Building Materials, 2024, 439:

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

137325.

Gong J H, MaY W, FulY, et al. Utilization of fibers in
ultra-high performance concrete: a review [J]|. Composites
Part B: Engineering, 2022, 241: 109995.

Zeng Q, Fang R, Li H D, et al. Tailoring the thermal and
mechanical properties of lightweight cement-based
composites by macro and micro fillers [J]. Cement and
Concrete Composites, 2019, 102: 169-184.

Zhang Y, Lei Q R, Zhao W G, et al. An improved
micromechanical model for the thermal conductivity of
multi-scale fiber reinforced ultra-high performance concrete
under high temperatures [J]. Materials & Design, 2023,
236: 112503.

Powers T C. Structure and physical properties of hardened
Portland cement paste[ J|. Journal of the American Ceramic
Society, 1958, 41(1): 1-6.

Abdolhosseini Q M J, Ulm F J, Pellenq R J. Physical
origins of thermal properties of cement paste [J]. Physical
Review Applied, 2015, 3(6): 064010.

Lee J, Xi Y P, Willam K, et al. A multiscale model for
modulus of elasticity of concrete at high temperatures [J].
Cement and Concrete Research, 2009, 39(9): 754-762.
Khoury G A. Polypropylene fibres in heated concrete. part
2: pressure relief mechanisms and modelling criteria [1].
Magazine of Concrete Research, 2008, 60(3): 189-204.
Mazzucco G, Majorana C E, Salomoni V A. Numerical
simulation of polypropylene fibres in concrete materials
under fire conditions [J]. Computers & Structures, 2015,
154: 17-28.

Bentz D P. Transient plane source measurements of the
thermal properties of hydrating cement pastes[J |. Materials
and Structures, 2007, 40(10) : 1073-1080.

Zhu Y P, Hussein H, Kumar A, et al. A review: material
and structural properties of UHPC at elevated temperatures
or fire conditions [J]. Cement and Concrete Composites,
2021, 123: 104212.

Zhang T, Zhang Y, Zhu H H, et al. Experimental
investigation and multi-level modeling of the effective
thermal conductivity of hybrid micro-fiber reinforced
cementitious composites at elevated temperatures [J].
Composite Structures, 2021, 256: 112988.

Roig-Flores M, Lucio-Martin T, Alonso M C, et al.
Evolution of thermo-mechanical properties of concrete with
calcium aluminate cement and special aggregates for energy
storage [J]. Cement and Concrete Research, 2021, 141:
106323.



