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Fire Resistance of Ultra-High Performance Concrete According to the
Amount of Polypropylene Fiber
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The purpose of this study is to investigate the fire resistance of ultra-high-performance concrete according to the amount
of polypropylene fiber. Different mixtures according to the amount of polypropylene fiber were exposed to a maximum
temperature of 900C; and explosive spalling, residual compressive strength, and ultrasonic velocity of each specimen were
evaluated. Test results showed that the fire resistance can be improved by including a small amount of polypropylene fiber
in ultra-high performance concrete. It was not observed that explosive spalling occur at a temperature of 900C when the
polypropylene fibers over 0.4% were included. Residual compressive strength and ultrasonic velocity decreased by 48% and
44%, respectively, compared to those at room temperature.
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Table 1. Materials and mixture proportions(weight ratio to binder except fiber)

Binder Fiber(vol.%)
Mixture Water Filler Silica sand EA SRA HRWRA | Defoamer

Cement Zr Steel PP

PPO 1.5 0
PPO.1 1.4 0.1
PP0.2 1.3 0.2

0.8 0.2 0.20 0.24 0.88 0.06 0.008 0.0187 0.0006

PP0.3 12 0.3
PP0.4 1.1 0.4
PPO0.5 1.0 0.5

Zr=zirconia silica fume, EA=expansive agent, SRA=shrinkage reducing admixture, HRWRA=high range water reducing agent

PP=polypropylene fiber

Table 2. Properties of fibers

. Tensile . Elastic
Fiber Dl?;?m;ter Ifgf)th strength ]?;I;?)y modulus
(MPa) (Cha)
Steel 200 19.5 2,500 7.8 200
PP 12 10 850 0.91 6
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(a) Electric furnace

(c) Ultrasonic

StE7ideBIRtests =2 20204 62 213



o < & o = e —
< = 0l g S Ml 3 S BT WS A 1r|
s D — & g E . i
o wo <" Woﬁ:tmk_a_w w.w_uum:ii_z%uma o oo B @ W U X0 O
BN B o Jo s 5 % ,1090_EN?D.P,_H3%7%%wvmmaﬁolﬂ
KD o U0 _@_%Ao_ﬁhso P/OL__W%M_E_A_O%%@MO e v M= T~
&2 S - S SR G g s X E LR
KM o o oF oy M Ko E S8 ol Ul gy ko ool T opn oz KT B 2
ol = RO Mmmm KO 5 N _,O_Wﬂa__%m__%\__ap_u_ea5.EA;_
— A _ L =| O .- — .
wwo_m_x_ﬁ ﬂ_@%moL% %Foﬂmw_mu.m}m_:a%Eﬂaumeij,_gﬁ%:%nﬁ_ﬂ
=eoK _wcawﬂﬁmﬁe._o# Es_Mo,_%o_n.MD|H|D|MO.|O.E._|unﬂ£ﬁ+, &
oy & WoE o= oy o W ovuemuﬂa_a_ﬂmeE_EMw_M_WS.%I,_%%____&
oS B oo K N Mmm__%meMHﬂK%mohﬂ%m o F X X0
K0 = R s Sl R S TR Iaae_eu_.:lol_ﬂeﬁl.o,mmsE%%Pﬂﬁdmua
LU S~ 9 g W s M Bl <0 A e - 33 ol Owm o2 =
o E o U 16 = _, 1o o MCOoE X 20 ol o o = = = Wy a8 2
LT N @.mrﬁaw_ﬂwlhgo__ﬁ%nﬁ%aﬁzmEuM.M@W%ﬁp.%%
o o N OE &u_wnex_o;om_u___rgﬂ_ﬂl_:__gﬂa.iw_nvocmmwl_u__g_.l%
(AR W o M o o = oy w0 o 7 <0 o gl RRFE =
o 8% O M o ol o N Bl o % R T Oy o A g ee s rE o
P = =]l — O U Mo = o o - Qo1 9 g &
o O O_EquoﬂEWQEEa_EAﬁoMH%aa_lt_,uonu _@_%moglﬁmw__wnu
RD @0 0 & zr W omom o won Howm RS S W s M mo g =
K wr T KD H__.._ X0 mm meouwi.ew__otaoiu_._mﬂuh_”%@wmno.o._&m/wﬁl ﬁnMD.lDI.Qu.
s gy 20 g%%w_7__%at/o%%z_of_xwmu%mro._m__ut%mv
) o - =0 OoLILIﬁ=_|IE_|C|D._/ BTl X e O
WK ok X0 %%ﬂ%%o_ir__oguL,_ormaﬁwwoom LR os 5
gro<dr KO LY ol__i__gq%Mmmquoﬂwo__aﬂmgiﬂov@m4.. Pwﬂ__b_
o0 1l B0 KO ™ il JSH%MO@EE%,JHEHHM ﬁEAMTHoMoHQPOOWou
N R TR L o H%%A_NEALINHLlu\_.rEADHm__Lo/o,uM@a_o_Ho_,%
g a M n_ﬁu%aol_lmloz_%o.zm_.Mmﬁv_mgﬁ%%z.lyaw%7%%
® S il - N = o o o 1% 7T T =< &l e R o F o U S
B0 o 00 of o . %El_aa_g__oo_/o/ﬂ%&éﬁrowfw__P__o. 10 s o
™ WlE W oM w80 ouw L EH W Nl -8 9 g il
oS T o) T oHr & oM or 0 s XA & & A
Hrom oM o Hmuaeoofwo.ﬂ%o_v
H_H_IHW = 30 o T X0 — =
ol ol TAH|O|JrJ_.._ME|_O 0% T o o < — oy — .
o2 T = 00 % noR2 = 0 z. = T
= ,ﬂmﬂ“m_._w__fooﬂm%.w Bl oo O gy < mﬂmqux_%mXL&_.mt7ﬁ,_oqo_m
NN k__%Ao_;._xlA 2z WOk & mo oo == +oaefaayx/olr%ﬁ__¢
) o1 o muﬁM__ng O o = T K= <X T S LD W T o
| =) B R " oo W ~ -+ ul X0 SXgRIKRKmMGE YR < K
& = Ho 780 ol Ol g < ~ U 0 o K = o
o U oD EEag MTELowme NE SIS0 S oWy Ly
o BES BRI TS E RN
= o m_oﬁmmw_@_m%&mﬂ%_mel mmM@ooEM:_o:C.r_MowE%
& 0o T o oI NE o & o S NG B0 P 8 o
_mu_|o_n Eg_o_ﬁouﬁzo%@ﬁmm%zo[WE MﬂuEWEmMIL@%o:Z%oEH%
n...AHW_ __ot|u_..__ __g._OLI_A_olmMm, ol == _%Ow,|,.1._.:._ﬂotw_A._
oy X0 2 e = n ol o =~ TR N SR <u ,
X0 A0 %owm_mca_quw_mﬂ%m%z_oao R R SR EEC R
UF 27 EET LR B SEogiHRHm oo 08
N 0% e Ko .. =0 ol S Ko = ™ T~ = - 110
n X - %0 ol ) uH - _4_uL|__A7|+mE|7L|O - op 22
M oD o @%HOEI__A:%P_MO%# = B FEIesa N8 haR
o = ﬂA;oTE_.L_Mm:IA = /e =) <= %y oo B 20 O o ol HO
o uo%RH_E_EWWO@%_EEﬂﬂi nﬁaooAAHEng,mﬂt,miﬁo_E
g oF molm_xgwuﬁﬂ.%%mME@M# E@%W%Htglm%gg
= X0 i WIJ_mELmM_%,Hm,_EAE|Mo = EMﬂﬁ%mﬂm_8ﬁoMMo
o = %%wmwﬂmga|@%m;w% PRz @ USROS W g
ol m_xﬂUl\Om_mHqu_._.._u,_oquEﬂXof@q_ £ NEJ|o|nﬁ._AELE|.1aELu.uO_._._QE_LH_|
o} Ko o0 of gy 2o B W s T ¥ s R Oy Wer o=
L o WT R T o =z Wi omut e 0 =353 oK NS Ko@)
oF A wn W W2 R T wR T < & E g e xS b d O o WA g
il T B e A LB =N L I T [ I o = i e T =g
o Bl = ¢ Jo WO or ™ gy Wl oUW L S R&a8s @ o S b
O 2Aeﬂo%ﬁoo_nmlwx_o@,,%QEXH&AEQD oz~ gy M X do © R0 G
ol TT 8% N 0B N o W R R s T BT o 00 o S oy Jy O KOO0 o
of W0 MU U Hn 2o ol i ~ EEEEUEHHAOQ%E‘
__AOT_/IL_/J._‘_._._._ROul_/rﬁ_Il_w_u

THK| &0] 0]0]

$t PPO.5 HIEF2 71E 2= 900 Col M=

(¢]
=]

t05% &

I

_I
214 vol. 8, No. 2 (2020)

off chef



32|29 U3t £4

— Ho
Table 3. Spalling of each mixture according to temperatures
D ¢ 300C 400C 500C 600C 700C 800C 900C
Spalling
PPO
No spalling Spalling
h .
No spalling No spalling No spalling Spalling
h -
No spalling No spalling No spalling No spalling No spalling Spalling
h -
No spalling No spalling No spalling No spalling No spalling No spalling No spalling
N .
No spalling No spalling No spalling No spalling
PP0.5
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