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ABSTRACT

Concrete is generally accepted to have good inherent fire resistance. It mainly relies on the assump-
tion that concrete has low heat-transfer characteristic and spalling does not occur during the course
of a fire. However, the significant numbers of fire accidents have shown in recent years that incidence
of spalling has caused sever damages to many structures. This review has systematically investigated
the behaviour of concrete in fire, including phenomenon of spalling, with respect to the theorical con-
sideration and experimental results. Explosive spalling is caused by the build-up of water vapor pres-
sure in concrete subjected to increasing temperatures. When this pressure exceeds the tensile strength
of the concrete over a fire-exposed area, explosive spalling can result in a typical temperature range
between 200°C and 400°C. The major functions are known to be moisture content, pore pressure, load
ratio, and heating regime.

Keywords : Spalling, Moisture content, Pore pressure, Load ratio, Heating regime
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Fig. 2. Autogenous strength recovery of heated concrete.
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Fig. 6. Distribution of pressure and temperature.
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Table 2. Moisture content in concrete'®

A T SR
7a AE | B TFlA Bel 2% o
LWC & | 539 8% T= AFY 15%
Younger E«l FTHAA FHY 4% o
ZAIE B 2] 15.5% = A9 28%
2d A AE ‘11—194 7.5%
A& Wi v AHFANSAYES FEF2> AF )
AG5E ooy, o5 =59 AS 58 daEe
Aar sofuA €t
AAQ dde] H7] "oty 2AIE W9 F
BE A-{49) 3)shy éﬂ"‘i 25 4 9, oF
100°C~150°C7IA &= A-f57F F2 Ssleg x-&
7t £ dde 1°J°l HH, 2 o] 2%
dAM= stehy Ayt BalEHER olo] Uik I

7} "ot

Afrel ok F8 e 7t Qs 24
ZE Yo AF57F 718 B9 -‘?~$]§ ol 58l =
H, LE4soR g 7slddS kst ol gk
42 A8 om 4% FEUEIIIE SAASH
st Ax ZEE AAE veF 87 FfPo] 232
YE AA FF 3% oY A5ele Fdo] f
He 7197 s 718 gt a3y, 23
ZE ARG vigd] el “]"’Jr T Tl ‘:‘E]r A
71 el st 7 FFHS 4] i Al
2P = Ago] a7 ol9} #HSH AFE Danielsen
5o A3 A= Table 294 7t}

3.1.3 EAWIENR] 9 B4

EAVIER7E 245 ZAYE Yo FR3FFol
Wolx|7] wjFel] ZHZAo 7?‘:“*40] AAA €t
a3y, A7t AR ES] A9de 7}
SEolls Bt HHo] WASHA H=dl, o= W
5o Jxrl AX B0 oA A HaL A =2
FL714E A7) "itoltt. BE AE FAYE
9] 7% Hydrocarbon 7}E34deA 2] EAIHER]7}
0559 725l 7 & E‘j"a“"] WAy stA "ok

l

BRe #3193 39 9L 294E Fo A
@ Sogolel, Heo] 494 Yol A,
o] WEFE $371% 4459l Udlo] Hm, FH o]

:l.E] Ei, ZHJL

St Bl L FE] =Ex] A21 H A2, 2007 H

No damage

Destructive Spalling by Spalling

Threshold for Relative
Humidity = 2%(by weight)|

APPLIED STRESS(N/w?)

0 20 40 60 80 100 120 140
THICKESS CONCRETE ELEMENT (mm)

Fig. 7. Prediction of explosive spalling.

3.1.4 A¥A =7 @ 17} B 9
489l 217} SRR G Pl skl

[e]
e
T olfE LESl SRe] el GebAs] ol
. %‘H&@ii 294 2715k Eaqel W ke
H.

!
E
et S sl mek AR O 238 ek

O
=
gis

o AgAE A wels 719E A9 Fig 7914
wE A3 ol TV F24E Edol o 24wy
shedl, ol APAL SFL5F SR oF Bt

AL FEE AAIshe AT st 2] wEe|nhlo d
Wk 71 Aol YAFA o)t e FE didol
L35 Xi”?»l—tﬂ 2 ol IAFZ(100 mm) ©]

atd 739 S ol mhA WAl Hol FER o]
oJAA] ¢ ﬂl =7] gtk

Aol g8 APPEs Do WHe JF 4
A oj7o] FEFHEE, olo] te A7vt © 213
Fo) ol g 9 WS & & AT Herz
AEe 2aE el A8 37 A7
< S ARA AN AL FAEY
Al HrhYe A7ARE WESITh ols)

et
J

AN e o rjg Ll T ogo 1@ fff rE‘z
> M

2 Alis 229 Ao vA #4898 JAs
AYE Yo & o]5S Esl ko ZE<

olo] Hth i FAstT) o]k ke AEo|

ol AFH Yo7 £ S s

o7 FodEnh H2e] s e 88 flse

Q Q9lo] opyrg, ZHEuY JolorEs AEF

&9 3AE HESIL Utk

3.1.5 ¥AUHA AH

ZAre we 2ayE R RA L s

23t Fig. 82 NSCe= %5
FF¢E o] AR L, HSCoM = AR

FeEo] Aol &7 EEH ol



25 — e ,
[ HSC Mix 1, No fiber ]
- of Moist-cured N ﬁPomt of explogive spalling]
- O, .
o r ! 1
£ | HSC Mix | -
® 15 [-......NSCiMux IV ezt Bkgint-fib ar""""""“—
2 No fibber Woist-cured ]
b4 Moist-cured i
@ 4 g HSC Mix |
P 3.0kg/ir* fiber ]
5 ] Moist-¢ured 1
& 05 R
oL - ey -
0 100 200 300 400 500

Temperature @ 25 mm from heated face (°C)

Fig. 8. Pore pressure in different specimens.

pp AF7F B39 EEAT BHEA H84
the A7A7E AAEL gk

ZAE AP wEb F-o| JFE Frhe
7 FREReH, 2 AAE BT A3 AR A
H Friz =259tk Sullivand “2AT|E AHo)
s a8 HREFe A3 2olsr, 2
g @il Fo] & 5 A Ve FEE skt
Malhotraz ‘23 EQ] AQHo| =7} 42 A2
FAo] FolEa WETF ZvleA Holx Z¥

nk

¢

i

7
=
#
ol
Hgol PYITEOE 74 Sk olH @ Mz 4
W Fgel WA Ae e Adunew %Y
Wil e I WAE S wRolh Tejn
= A% %de) WiE 5YHo Bes] ue
= e edBd g weE BgHos xiae
X ERe] P BE s 2ol vagstn B
v,
32 232|Eo| EH |4 29I
Sexd 2aEe] EA 9L sl ne
B Rl IR 2/ws aeln A
3 W3PS, AYE So] gm0l ARH 54
ste] ggaAe] osiH BgHos e,

321 U5 R 359

Sharp= AJAS YAF 2E=(150°0)2 7198 75
o] F7] wslel T ARPA S FHoke A
e FAsgon, 7 Ao thed 2R 5ol
% zhel W e SHE Fig 99 A HEo
FIPEL 71 s WS FrI9 55719 W
2 9 95 Agow s AHe| FA} il o
of A% LT YA WolxA| ek, B Pie] B

S - HeH 7
07 —
(A) 150CcolMel ZatE2Y

- 06 o (B) l
S 05
Y O, SN S
% ¢ * + + .
504 ¢
S s (€
&0
o T=150T
S02
=}
a0,
20

0

=]

20 40 60 80
Loss in Weight(% of Total Mixing Water)

100

Fig. 9. Absolute pressure at 150°C against loss of weight
for release test specimen.

1.6

—+—SVP+PAP

»

= P-SIDE#1

+- P-SIDE#2

Pore Pressure(MPa)
o
@

b
ES

- P-
CENTER#1

P-
CENTER#2

0 50 100

Temperature (T)

150

Fig. 10. Relationship between
temperature [w/c=0.45].

pore pressure and

3} 757194 T A==, olF
Y % FAYE -9 =l ol 23t
FAsE & A&HA ok ¢ F&e 35 ¢
FE FH EHo] oF 55% ol dEWA HA v
Qb X o] erzrg o7

N

S}A7] A\ Fsper] ole 2

Qs 3 fo] dhsh] WRolw, Fel &
7k =% wEEd @ A5 Y g A5 0o
= Wo) e},

Kontani= 0.44 K/min®] YA 719S &3] FHa
25 171°CE 783ty 23 E wigH](w/c:0.25, 0.3,
0.45)9] we € 259 FARAE Fig. 1034 7+
o] #Hslder, 2 Yo oo ¢op? 2agE
5 oFEe SVP(ESS7]h+PAPE-R 3719hA
o} oF 11%~45% W =4 S8R eH, A 3= S
Ho| =248 FRLE AW FYFolx AHE L%

171°Col A ¢F 1.4 MPa7kA| &4 = T}

Kalifaz 38 @49 5 219191 A ES] a5
g 34 F 5o d¥s dAsier, olE 4
s FAE e @ X -4 FX - FF &4
S A weR AAFsnh? A d¥e A=
(M100)%t AW e A EMI0)E 2] ate] AHS

T. of Korean Institute of Fire Sci. & Eng., Vol. 21, No. 2, 2007



8 SN SAPE 84 FEYPIY

Table 3. Pore pressure of HSC and NSC

A | 7k | FoiE | Aok wA (HdiE 2

W3 | &% | (MPa) Zio](mm) L5(°0)
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600°C
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