A Study on the Spalling Properties of High-Performance Concrete
with the Kinds of Aggregate and Polypropylene Fiber Contents

H ok o & O] & g*** B ol M
Han, Cheon-Goo Yang, Seong-Hwan Lee, Byung-Yul Hwang. Yin-Seong

ro

ABSTRACT

A spalling is defined as the damages of concrete exposed to high temperature
during the fire by causing 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 protecting from spalling. This paper is a study on the
properties and spalling resistance of high-performance concrete with the kinds of
aggregate and the contents of PP fiber. According to the experimental results,
concrete contained no PP fiber take place in the form of the surface spalling and the
failure of specimens after fire test regardless of the kinds of aggregate. Concrete
contained more than 0.05% of PP fiber with the aggregate of basalt does not take
place the spalling, while the concrete using granite and limestone does the surface
spalling. It is found that residual compressive strength after exposed at high
temperature has 50~60% of its original strength. Although specimens after exposed
at high temperature is cured at water for 28days, they do not recover their original
strength.
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Table 1 Experimental design
Factors Experiments
\NU/C Km.ds of PP fiber o Slump flow Fresh concrete Hardened concrete
(%) aggregate contents(vol.%) (cm)
0 .
0.03 C()m?resslvc strength
- Tensile strength
0.04 .ql
Granite 0.05 SLump - Flexural strength
L M ’ . - Slump flow . . L
35 Limestone 0.06 60£5 . - Modulus of dynamic elasticity
s 0.07 + Air content  Test of tralizati
Basalt 0'08 - Unit weight est of neutralization
: - Test of spalling by fire
0.09 - Weight 1
0.10 eight loss
* Only applied to the case of 0, 0.05, 0.10% of PP fiber contents.
Table 2 Mix proportions
Kinds of wW/C W S/A S.P/C Volume mixing ( ¢/m®) Weight mixing (kg/m”)
aggregate (%) (kg/mx) (%) (%) C g G s 3 G
Granite 170 50 1.67 161 308 308 509 793 803
Limestone 35 170 50 1.67 161 308 308 509 793 837
Basalt 169 50 1.72 161 308 308 509 793 827
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Table 3 Physical properties of cement

) . . G - | Setti Comprssive
Specific | Blain Sound Setting p

ravit (n/g) ness time strength

Bravity 1 Ym/el g5y | (min) (kaf/en®)
g 3 7 28

3.15 {3412 0.06 Ini.| Fin. days | days | days

237|341 | 245 | 301 | 387

Table 4 Physical properties of aggregate

Specific Absorption | Unit
Aggregates | | 1M, ratio weight
gravity (%) {ke/m")
Fine agg. 2.58 2.47 1.46 1.598
. G| 261 | 653 0.69 1,505
oarse ) T o0 | 6.65 0.68 1,678
agg. N . e
B| 289 | 648 2.00 1.670

(i ¢ Granite, L @ Limestone. B : Basalt

Table 5 Physical properties of chemical admixture

: Y ler | S.GL
Kind Ingredient | Shape | Color (507)

Polycabonic | yy54 | Dark
acid brown

S.G. ¢ Specific gravity

Superplasticizer 1.05

Tabie 6 Physical properties of PP fiber

Len-| Dia- [Meclting| Tensile
Ingredient |S.G.| gth | meter | point St
(nm) | (mm) () Jkgt/en™)
. 0.07
Homopolymer | g | 19 162 | 5.600
polypropylene (30D)
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Fig. 1 Mixing procedure of concrete
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Fig. 2 Properties of fresh concrete with the kinds of aggregates
and PP fiber contents
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Fig. 3 Compressive, tensile and flexural strength with PP
fiber contents
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Fig. 4 Compressive strength with the kinds of aggregate
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Table 7 The failure of specimens exposed to high temperature

PP tiber contents (vol %)

Kinds of 0 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
aggregate

NEYE slelalslelalslelalslelalslelalslelalslelalnslc
Granite | X | X xI x| Alxtalololo]alalolololololololololololalo]a
Limestone | X | X - ANTO|O - - - O1010
Basalt X | X - - O1010 - - - - OO |0

X Fracture spalling,

PRV

After heating

Photo 2 PP fiber before and after heating
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Photc 3 specimens after heating
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Fig. 6 The comparison of compressive strength
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Fig. 7 The residual compressive strength with the kinds of
aggregates and PP fiber contents
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Fig. 8 The comparison of modulus of dynamic elasticity
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Fig. 9 The residual dynamic elasticity modulus with the kinds
of aggregates and PP fiber contents
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Fig. 10 The depth of neutralization after heating
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