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Research on Variation Mechanism of Internal Thermal Conductivity
and Vapor Pressure in Concrete Structures under
High Temperature in a Fire
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Abstract To accurately reveal the mechanisms of concrete structure cracking and damage under fire, an
analytical method for high-temperature concrete structures under fire is employed. This method investigates
structural performance alongside variations in internal temperature and vapor pressure, accounting for internal
heat conduction and vapor pressure dynamics within the concrete. Furthermore, the method utilizes randomly
generated polygonal rigid-body elements to discretize the concrete structure. A truss element network, formed
by connecting characteristic points of these rigid-body elements, simulates internal heat conduction and vapor
pressure migration. Results indicate a significant risk of cracking and damage near heated surface zones due to
concentrated internal temperature and vapor pressure under high temperatures. By incorporating internal heat
conduction and vapor pressure effects, this approach effectively analyzes both structural performance and
internal field variations during fire exposure, offering a robust framework for studying the high-temperature

behavior of concrete structures under such conditions.

WimE#: 2024-12-09

EEWH: | REMABRITEA ml L@ ARG &

EEE N FEEW(1970-), 5 =+ @ TR, FENSH TR . E-mail :foshanhem@163.com
TEBRRMEE: Kok24(1981-) 9 1 IE R T AR, R A FTREE+ St T TR FEST . E-mail : zhanguongxing8 1@ aliyun.com



- B5 K4 53 - ZEM T RENNES 42 4 26 4
Keywords concrete structure, high temperature in fire, variation mechanism, heat conduction, vapor
pressure
0 3 = TS B A = 2 ) R TRGE i

HEL g Rt 7 K it 24 7 22 SR TR - s
M, IR S A 2 R IR BE L 25k ) TR R
FC 2 PR LA R S ) e it
TAIEE . KRN IREE L Z5 i Kovk & %
Atk EEIO TR EE L RZ AR AR H
T PR RE TR BE AR Tl T B W 5 A
PR BT O S K ORI TR BE 1 A5 F N R B
T LR IRRE B Y R S E R R

BEAh, G A TR TR B L 254 A R A%

M 2 IR R B, 28 VU AR B U TR BE - 45 A
PRI EE A1 7 PRI, K T TR 5 L 45 48 A
R PG 3 52K ER S R AR, &
e )R K g I YRR A A SR B 2
JEERFFAE AR, BUA AR AL Fs S
BUH I8 B JCOR T IR BE 1 25K N B 2R
XA J R i 7 R 2R R T S A T K A
REYK I AT I, ASCR I HIE N TR AL T
578 A TR BRE L 45 JOR T AU AR A 7
V5, DIREBRE Ll s TRy e B S 491, W2
JCRAE T IR BE L 454 R IR 5 28 1R A A
M

1 BELTEHMAREEBEZREM
Tk

1.1 EFRNERTEHLERE T EMMTER

JC M %&

J R Y B BB 5 A8 K e il T TR B
T NI R IR B S A Y B S , R
BT BRI T RAL IR . R 2 TERI
PR BTN TR A A A 7 2 T Tl Ak 38, 1) T W44
PATTREAE A (R BT 5T 30 557 T i ) ) B 1Y)
3YEAT LT I 25 S WUTRBE 1 NI R R FIZE R E
sl (& 1) o R/ NI A BT A% 0] 43 % RR(E T
Bk BEZm K T Voronoi 23 B FEHLAE L2 1 TE NI
PRELTT S o, = EFTFRLITIN 45 rh 1 B ) T
JCHAT 5 Voronoi WA B0 5 1T 17 AR R (%) 488 1T
AR, PR — 2 B BT K 3R B A E T,

e MZRER . Ak, KK m il T T 2R B
- AERZREE B o AR AR WA BT 2 [ 24, R A
AP BT 1 5T OB S TR B - AR T
LR

Voronoi4 i I 4 B9

(a) T R B CHRRAE £ A R TC 2%

GG
ap <

© R BRI 5 1 B
(b) &L IR T RS AL NI R
K1 AT HAIT 28 -RI A TR 2

Fig.1 Truss element network in rigid body element system
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Fig.2 Concrete constitutive law
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Fig.3 Numerical model of concrete specimen (Unit: mm)
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Fig.4 Temperature and vapor pressure versus heating
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Fig.6  Spalling of concrete specimen under high temperature
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