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An Experimental Study of Spalling Characteristics of High-Strength
Reinforced Concrete Columns with PP Fibers
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Abstract

A spalling is defined as the damages of concrete exposed to high temperature during the fire by caus—
ing cracks and localized bursting of small pieces of concrete. It is reported that spalling is
caused by the vapor pressure and polypropylene(PP) fiber has an important role in protect-
ing from spalling. The characteristics of fire resistance of high—strength reinforced concrete
columns with various concrete strength and various contents of PP fiber were investigated in
this study. In results, the ratio of unstressed residual strength of columns increases as the
concrete strength increases and the ratio of unstressed residual strength of columns exposed
to fire decreases as the content of PP fiber increases from 0% to 0.2%.
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. . o 0 0 X 21-S
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0 0 O 27-F-0
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. _ 0 0 O 60-F-0
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1.86 0.2 O 100-F-2
LGS 1 315 | 218 | 215 | 260 | 267 0.93
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Table 3 =¥ Efeint Zd M
Column Spalling Type Spalling Degree (%)
271-F-0 minor 6
60-F-0 severe 25
60-F-1 major 11
60-F-2 minor 7
100-F-0 minor 25
100-F-1 minor 12
100-F-2 minor 6

Fig. 59 Fig. 7& HE¥ FAHe=z REYPZHU
HSCE AHESH 71594 FZo] o AstAl vehda
JeE & 5 Jed ol 32MPadl BlEte] 60MPa
2 BMPa ZAES FEAo] £7] Wi o=
FoEY Fg 79 FEAYE RW =
100MPa A¥AE do] =&HA ¥x Hlud
S FEo] gEgslyoy, 60MPas Ho] HiE
Ao wZEWA TEo] thh EqtHEH 2Eeal
ot Fig 594 AFass HwsPd  60MPast
BMPaAtel e & zkol7t YAl ¢a el ol
AETHE 10%013Fe] AR FEHo] o] A o
o v)HA gethe 71EA7 e g2 $MPa A
FA o] AR ARGE AETgol FHo| IS 7|
A YIS AMEEIAl &2 60MPadl] gt Z:=
7} FR8ASE Brela FHo Are HEglo]
AP Aow ke

_CNa—
| e
| m e

w b e f ;
¥
i
Ell I
-
= " .
W
-3

.
. L -
L
] i o o o & o - 0 iy
LEELE
Fig. 5 232|E dzoll e ZHFY T
£
LR ]

F ® GO

- * & N

]

M W U, %)

=

&

s ng %3

o
2
)
=
3

Fig. 6 PPA® steaol w2 Z3™c

PPAREHE de F2Y=s Yehle Fg. 6,
Fig. 8 @ Fig. 9% H9 PPAR#HS Z7MI24E
ZaAwr} pashe e 1T £ glom, 5
3 Fig. 6& B PPER Tl 0.1%E 2%
of 022744 7kl meh FRAoe] ERAY
¢ F Ak EF o dde TAYE PEY
60MPa % T olujet &MPaclHE A9 frAk
Fe mo] PPARTE F2o) vXE GFo] T3
el mek 2 Aot gleg & & STk

E

tlo

M o Hd

HIPxSRICHES| M10H M25(006. 3) 87



Fig. 9 PPM & etrto] me ZH Y22 100MPa)

olgl3t Ak Kalifa”7b BAAE oz 3 o] glout, M= 60MPa 2 100MPe] 7% EH
@ AgATe AR 2BAEA FF HSCRAL W) o 74 ke BmmsINe] LE7} 100Ce o] o
SPAAIE 9IS HA9 PPER i 24 A 7 = 20~30% AfolollX FAFA FsEtAh ol ol
= AR 88 F U o= %&%E}. £ HSC A&AM ZP=7 9lsle] Ex2|E ujEo]
ol W ¥ A2t #olr] wioldh T3t
32 23 60MPakth= 100MPadllA] &&74<%°] 5843T o
wha] AP E|glEd] o] 100MPa ZIAYEVL thi
AFA i AXE SAUE 53t ASH 2% FEAgo] ol HHo] Z7)o HAYFY] HE] Ao=
ARE FAE o)83le JFE A T ] 2EEEE datEth PPAR7E 1204 ZIYUE YH2T
gelsldnt. PP FE A¥Ae Z3FE An X QS BE) et s 2AYE A=
H 2Ry E4S Yehl = Fig 10014 2, 60MPa AEAY] 25mmt S0mmeIX|A AT
HIR = 27MPae UIN-2=7F 3431 Wk i LE=-A7F A4S Fig. 11 2 Fig. 129 Blastdct

60-F-0 100-F-0

25(%) 0T e

1000
900
800
700 -
600
500

— — center 500 —|-—center ————— = S 500 == center [T 7:.7 7777777777
400 B e —~ 40 —|=--smm o L T 400 et L
300 H— 4= --s0mm |- ———— - —=7— _ |- c-%mm o4 — ot csommoLr
200 _ actualtem| _ _ _ _ ——actual tem actual tem |
10 P T A7k R = E
o U £ Ao B T D e AR, = AlZin),, T R A o o e H"‘W(l‘ﬂﬂl

0
15 9 1317 21 25 20 33 37 41 45 49 53 57 61 4 7101316 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 14 710131619 22 25 28 31 34 37 40 43 46 49 52 55 58 61

Fig. 10 &g A 2z-Alzt#st

88

ret

= TEETIEEE H103 M25(2006. 3)



Ittt

o . /
.n. Fd
’ 10 0 a0 o
Al F i)
Fig. 11 PPM R 2 -AIZF3M(60MPa, 25mm)

O

=E[T)

o a0 o ™
A Wimind

Fig. 12 PP RZYE 2Z-AZF=4(60MPa, 50mm)

5

Fig. 1104 ¥ ZdHo] o3k g3 we 0
AAAME PPAF Y& 0%014 FHol| oate] &
st Jou), Fig 1204 RH %

gl o = AA W S0mm HRIM=
PPAFEHTEl whet 2%9 Zpol7k A9 vEhA
P Z3EY] 2

sl ZIAZE
TRigld s ol H s 4 455 ¢ 5 Ik

=

-S 2 100-S)8) AW = 5
B=H(P/P)E T F
ol oy ¥k 7
-S 2 100-S9 Hul T4 F3b%
542 @ 75MPaz JEebdth

8 %

NEdTAR Ve e B AT J)5HA 29AY
M ZAYE Zxrt Z718H wet 715 23H 9

-
a

& FEHIP P

uE

E
m
o
o 0 0 0 a1 E 0 ] B0 0
o 2 (a)
Fig. 13 23z2lE Zxd¥ ZE FLTH|
E
&
Fre] - -
o * -
pr -
]
T m
o
B a0
&
w3
=
0 FWa
- -
& 1R

i ] [ i 0.5

L]
PR Bh aiVal, %)

Fig. 14 PPARYY TE 2=y

7k 2ol oJ5to] 40T
£ 370 02 REQEAwe da
% Eo] ofale] Beele] J15e] BE & Puole
e WAA 9 U EE Fe 59 2ol
60MPash 85MPa H¥AS] Fd dF AF &4
e WZsels 6MPa AAY A BiHAD %
Yo o] Lo i
N R X RER
WE % FEHh vl ekt Ao gaE,
PP $Hl U V15 4948 e & P

[ox

HITESFICHES| M10H M25(006. 3) 89



02614 F7h B5= AE % At DRF AEE
3 “

Z7)slgen, ol Fig 63 o] PPAH drdo] &

7h 42 ZZ3Ye o] 2 W3l glo] Al w2

WA GASHA UERE7] diE] Ao s skt
4. 22

D 30 23 7|5HA Y g ZIYE
=7} 60MPacllA] &MPaz =718 A Aol =
o7} gloy, & FATHIE 10%3E 718
t} ol Aggtsd] WE wEALE B v oz}
23 Aol wet F29 =& 9 IR EE
& 5ol FE F4m JEE 7] Wi Ao
2 gedn

2) PPAR o] SV 248 & o
o, W/C 19%, PPE® % 02% 34=
FIZENA £HZT ZEXE 60cm 7HA] EHEE
Fow, PPHARETHS 0%o1A 02%7HA &
ARFE 7155 AY o w2 Aghge
5% 5%7H A DA3HAl At

3) PP+ FHS 0%01A4 02%71A] S/ 12 A
+ 71T EAY FE FA=RlE B 10%00A
RWNA F7Fsatt. webr] #HAe PPAR g
Fo A 02%7F A48T Aoz ATH

ZAtel 2

o] AT AFALWFIIEH A HEA S &
049 AT |EATNEA]  (FAHE o4

1 SHAT, FAS oW d, AN, “FAST 2 EEZ=E
gl Af 2918 wg w2 3% ZagEe] ¥
EAo #e d7, EaAEFI =X, 5UBE Al
1198 53, 1999, pp.69778.

2. ST, S olHdE, A, “EsAl TR E EF
z293 Ao EYE W] wE 14% FIYE
o] 29 B4, F2EIGEI A, FAIE A 498 A
1%, 2000, pp.8592.

3 AT, PHY, oMY, FA4, WC 2L Eelzzd

A Adfel £9F Wl we ZAE 1A Y,

90

rol

=2 RIS M103 HM25(2006. 3)

etAEsts] A =83, Al6H 10&, 2000. 10,
pp. 81-88

4. AQJ37, FAe, JEA, A7, ‘1% ZIATYEY F
47 g #Fet A7FF, FAYEFI A £F
71AE, BT A7 3%, 2005.

5. L. Sarvaranta, E. Mikkola, Fiber mortar com-
posites in fire conditions, Fire Mater 18, 199,
pp. 45-50.

6. L. Sarvaranta, E. Mikkola, Fiber mortar com-
posites under fire conditions: Effects of ageing
and moisture content of  specimens, Mater
Struct. 27, 1994, pp. 532-538.

7. Pierre  Kalifa, “High-Temperature behaviour  of
HPC with polypropylene fibers from spalling to
microstructures”, Cement and Concrete Research,
Jun.,, 2001, pp.1487-1499.

8 U. Diederichs, UM. Jumppanen, U. Schneider,
High temperature properties and spalling be-
haviour of high strength concrete, 4th Int.
‘Workshop on High Performance Concrete
Characteristics, Material ~ Properties and  Structural
Performance, Weimar, Germany, October 56, 1995.

9. T. Lennon, N. Clayton, Fire tests on high
grade concrete with polypropylene fibres, BRE
Report 395, 199%.

10. D. Bentz, ‘“Fibers, percolation and spalling of
high  performance  concrete”,  ACI  material
Journal, March, 2000, pp.351-359.

11. Zdenek P. Bazant, Maurice F. Kaplan, “Concrete
at High Temperatures Material ~ Properties
and Mathematical Models”, Prentice Hall, 1996.

12. NIST, “International Workshop on Fire
Performance of High-Strength  Concrete”, Md
Gaithersburg, Feb., 1997.

13. NISTIR 5934, “Fire Performance of High-Strength
Concrete A Report of the State-of-the-Art”,
NIST, Dec., 199.

14. L. Sarvaranta, E. Jarvela, E. Mikkola, Fiber
mortar composites under thermal ezposure, in:
Pluralis(Ed.), Proceedings of 2nd International
Symposium on Textile Composites in Building
Construction, Lyon, France, 23-25 June 1992,
pp. 47-56.

15. Sullivan, PJE, and Sharshar, R, ‘“Performance
of concrete at elevated temperatures(as meas-
ured by the reduction in compressive strength”,
Fire Technology, V. 28 No. 3, August, 1992,
pp.240-250.

(H=dAt - 2005 8¢ 112))



