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Combined Effect of Fireproofing Gypsum Board on Residual Strength and
Fire Resistance of Fiber Addition High Strength Concrete-Model Column
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Abstract

In this study, fire resistance and residual strength were examined after the addition of PF fiber and bonding
fireproofing gypsum board to a high strength concrete-model column of 50 MPa grade. At the beginning of the
experiment, all the properties of base concrete appeared to satisfy the target range. In terms of the internal temperature
record, a trend of slightly high temperature was shown when the fireproofing gypsum board was not bonding, and
when the fireproofing gypsum board was bonding, as PF content increased gradually, the temperature was gradually
lowered. In terms of the relationship, as time elapsed a low temperature was shown when fiber was mixed, and when
the board was bonding, the trend of lower temperature could be confirmed. Meanwhile, in terms of spalling property,
a severe explosive fracture was generated at PF 0%, and falling off was prevented as the fiber content was increased;
however, discoloration and a multitude of cracks were discovered, and when the board was bonding, the trend in which
the exterior became satisfactory when the content was increased emerged. In terms of the residual compressive
strength, measuring of strength could not be performed at PF 0% without bonding of board, and the strength was
increased as the fiber content was increased; however, there was a decrease in strength of about 30 ~ 40%, and in
the case of PF 0% with the bonding of board, the strength could be measured; however, about an 80% decrease in
strength was shown, and only about a 10 ~ 20% decline in strength was displayed, as the range of decrease was
reduced as the fiber content was increased. Considering all of these factors, it was determined that a more efficient
enhancement of fire resistance was obtained when two methods are applied in combination rather than when the PF
fiber content and bonding of fireproofing gypsum board are utilized individually.
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Combined Effect of Fireproofing Gypsum Board on Residual Strength and Fire Resistance of Fiber Addition High Strength Concrete-Model Column
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Table 1. Plan of experiment
Factors Levels
W/B (%) - 25
Target 204900
Base Slump flow (mm)
concrete  Target . 30410
air contents (%)
Mixture i
Binder — opciBS:FA=7:2:1
composition
PF fiber volume (%) - 0, 0.025, 0.05
Finishing materials ' P_Ia|n (nqn—bondmg board)
- Fireproofing gypsum board
Fresh concrete ' i!ump flow
- Air contents
Before fire )
S resistance test Compressive strength (7, 28, 56 days)
ment  Hardeneq e resistance

concrete test

- Temperature record

After fire

- Exterior property
resistance test -

Residual compressive strength

Table 2. Mix proportions

Unit weight (kg/m®)

PF fiber W/B W Sla AE SP
(Vol%) (%) (kg/m®) (%) (%) (%) ¢ BS FA S G
0.0
0.025 25 160 42 004 120 448 128 64 644 992
0.05

HD 16—4EA P

HD10@150
200 = By .

i) Floor plan

i) Three—dimensional picture

Figure 1. Model structure of floor plan and three-dimensional

picture
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Table 3. Physical properties of cement

Compressive

Blaizne Densigy Sound- Setting time(min) Strength (MPa)
(em7g)  (glem®) ness (%) Initinal— Final days 7 days 28 days
time time
3 144 3.15 0.18 230 375 356 425 486
Table 4. Physical properties of aggregates
Tvoe Density Water Unit weight Passing amount of
yp (glem?) absorption(%)  (kg/m®)  0.08 mm sieve (%)
Nature fine
aggregates 250 285 0.46 1 518 0.30
Crush fine
aggregates 263 254 0.46 1 684 0.32
Coarse
aggregates 268 6.55 0.58 1 564 0.40

Table 5. Physical and chemical properties of FA

Blaine  Density L.O.I Moisture S0 (%) Activity  Flow ratio
cm¥g)  (gem®) (%) content (%) ° 2 '™ factor (%) (%)
4 081 222 34 0.1 54.1 97 101

Table 6. Physical and chemical properties of BS

LO.
(%)

0.35

Moisture
content (%)

0.0

Blaine
(cm?g)

Density
(g/lem?)

290

Activity Flow ratio
factor (%) (%)

106

SOs (%)

4 218 1.12 m

Table 7. Physical properties of chemical admixture

Type Main property ~Shape  Color  Density (g/cm?)
- - Dark
Superplasticizer ~ Polycarboxylate  Liquid brown 1.05
Air-entraining agent Naphthalene Liquid White 1.04

444

Table 8. Physical properties of fiber

Type Length  Diameter Density Tensile strength — Melting

Y (mm) (mm)  (glem?) (MPa) point (C)
NY fiber 12 0.012 1.15 918 220
PP fiber 19 0.040 0.91 560 160

Table 9. Physical properties of Fireproofing gypsum board

Flexural strength (MPa)

Thickness Combustion  Moisture  Resistance
o, 2,
(mm) Length Width performance content (%) (m® - K/W)
More than  More than . More than
19 65 2 UncombustibleLess than 3 0,069
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Combined Effect of Fireproofing Gypsum Board on Residual Strength and Fire Resistance of Fiber Addition High Strength Concrete-Model Column

i) Fire resistance test

i) Model column
Figure 2. Model structure and fire resistance test
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Combined Effect of Fireproofing Gypsum Board on Residual Strength and Fire Resistance of Fiber Addition High Strength Concrete-Model Column

2 90| w2 2ro)E AFH|NE LeRl Jejzolc} o
714 AR 60, 120, 180%-S 7|Fo 2 BAGIgIT)

1200 : : :
Y (60min) =25.3+0.165*X(R=0.775) 7
D) Y(120min)=-167.0+0.845+X (R=0.619) o
Z 000 HY(180min)= —552.4+1.479+X (R=0.615)
o O — 60min : L
S O- - 120min A7
o gooH A —-— 180min - ‘.
g S
? -
600 <
o e 7/
3 o H A A
© AT SV
o 400 - Lo
=} i Ps
S - /I;l/ 1Ay
o - CL.~
@ 200 7 iy
S 7 !
) pre i
= 1200 & .

PF 0%)=—258.1+1.258+*X(R=0.966)

Y(
S Y(PF 0.025%)=—79.2+0.675*X (R=0.891) g
= 1000 LLY(PF 0.05%)=—75.2+0.603*X(R=0. 965)
= O—— PF 0% 7
o - - PF 0.025% O,
QO gooH A —-— PF0.05%
@) e
= -
S ,//
S 600 g
f ,’ - O []/
o . N 7
o 400 - A —
2 ,’/ o, -
© - - //-'/ @
® . A=
Gé 200 “z g Ay

il 00 |
DE 0 i B’(I I

0 200 400 600 800 1000 1200

Temperature of non—bonding board (C)
Figure 10. Relationship between temperature on bonding board

and non-bonding board with elapsed time and PF fiber

&)

who2 el IR e} YA 7
s waEsigont, AR}

9ol 57} e
to] el e} s Er

AL oSS APUTOR Qlo] LIl AEo]
A} e AR Bt EF, HREUR] w2 2=
= H87h B8 A9l Wt i} Zo] Wekiane
7h BEEolS v tht W SRS UeRiRlont PF 0 %

9] AL 2nyl SO0UVHA] =ol4E HigAHEY}
ulsztE ook ARl AR e,

Figure 11 AYARZH @ HspuHe Hal ool o
Tol_gol o) Uoﬂ [q.,E_ QEO]Eﬂgq /K]—ﬁ]j]ﬂé L]—EP»H :LEHE
olc}, 27| 30EoA= PREQ] 9-Ytof THA|gl0] TAM °
5 REG WA, ofF Aztol Zafglel wet PR
ol| W ZAE 2| Ulekds 2hlol| 7]¢lste 4 Tor7}
TYH FfollA Hop w2 %l:-_—‘:r'—:‘ﬁ-— LRyl 23}5’
USAILEE 2 Bellide PREG 24

oA Yo 2 HyE RHYx|ul WSk E =r) _]flj]_laxl
W A= PRA & et wAlglo] Rrkelh 25783

447

S el

1200 : : ;
. Y(60min)=9.8+0.888+=X(R=0.957) g
3) Y (120min)=19.8+0.749*X (R=0.709) e
< 1000 HY{(180min)= —13.2+0.773+X(R=0.490)

2 O — 60min 7

£ O - - 120min s

L 800 H & —-— 180min o

o //’A

o AT

c 7 .

= 600 SR R

€ /? [lil,',-/ A

kS) DA 4 SRR N

o 400 eGP ra

2 -

© % A

= 200 i et Cr

5 &

£

[0

= 1200

Y(Non—bonding board)=—0.752+0.935*X(R=0.986) -

— Y(Bondilng board):I45.6+0.4I75*X(R=0.930) e
£ 1000 [e) Non—bonding board | -
5 O — — Bonding board | .
2 -
= 800 >
m P
o -
[®) P
c (@]
£ 6w g
£ » o .
S 400 D R O o i
e % i-H
=] 2 -
= -~ OO
S 200 5 :.8_/.., ........ Cr
3
€
2 0
0 200 400 600 800 1000 1200

Temperature of non—mixing PF fiber (C)
Figure 11. Relationship between temperature on PF fiber mixing

and non-mixing with elapsed time and bonding board and
non-bonding board

3.2.3 g AAA
Table 108 YstA|d 2o WistuR e Hak ot PF
e Wl T2 2o 715 ARA|Y] W
A A S90S 47 ol ek Holeh
WA, WSMIR e} njRdEn PR £980] 0 %
ol Plain®] A9t 120w Qlgt v 2w B
E’éi Q_]é]—oq E’__{—LE]EQ] H]—a] FJ—E]— ‘cﬂ/\}o] HP}\H—S].O:]“! I‘L]
u Zazeo] getow qlsle] mAE] S UNole 3
Zo) 1eZEo] S ARAL] A A5 wlsl] et
Aow Uehith, e, PRS- £380] 271 4
S0l ofet 4] Wiz FA2 Qe T wab} ek
2] JERA] FAL ol Hw SABIA, T
Sl e Tie] 2 9 RS wslrh pakEgd
uke, SR ST} Sake 49 PF 0 %ol HET}
ki) ok PF 0 %9} nRPHE QRARE Ak 3
SpHaLR =} ShEA 2] 7| 5TRAP 47
o] Qe W o], 2aelEs) v 2Y Aie o

i
l

]

e}
nn

i
oz

—

=



Table 10. Spalling property of model structure depeding on PF fiber with bonding board and non-bonding board

PF Non-bonding board Bonding board
fiber (%) A face B face C face D face A face B face C face D face
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