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Fireproof Performance of Mortar using Gypsum in Simplified Heating Test
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Abstract

Spalling must be considered when designing high-strength concrete to cope with fire. This study investigates the
temperature rise of steel bar in high—strength concrete coated with fireproof mortar using gypsum exposed to fire. It
was found that fireproof mortar using gypsum is more effective in constraining the temperature rise of steel bar in
the high strength concrete than fireproof mortar using cement, and that the thinner the cover depth of the fireproof
mortar, the more significant the influence of the gypsum. In addition, while there was no difference between a
~hemihydrate mortar and B-hemihydrate mortar on the temperature rise of steel bar, the compressive strength of a
~hemihydrate mortar is higher than that of B-hemihydrate mortar.
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Fireproof Performance of Mortar using Gypsum in Simplified Heating Test
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Table 1. Experimental plan

Cover depth ) o
Index (mm) Binder type Measuring items
C10 + 10
C20 « 20 * Cement . )
« Unit weight
C30 + 30 « Air content
* Flow
AG10 + 10 » Compressive
AG20 ¢« 20 * a-Hemihydrate strength
AG30 ) * Flexural
strength
BG10 « 10 + Simplified test
BG20 . 20 + B-Heminydrate |  Of e resistance
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Table 2. Physical properties of cement and gypsum

; ; Water
Density  Diameter
content Remark
(Q/C'“’) (pzm) (%)

Cement 3.15 20 0.01 Ordinary
a-Hemihydrate 272 39.33 6.78 FGD gypsum
_ i Phospho

B-Hemihydrate 3.11 48.42 2.6 gypsum

Table 3. Chemical compositions of materials
MgO AlkO3 SiO, SOz CaO Fex03 SrO
Cement 253 593 2273 197 6173 337 -
a-Hemihydrate 032 083 257 5579 3999 041 0.04
B-Hemihydrate 007 062 265 5671 3975 0.08 O0.11
Perlite 340 147 7330 - 084 077 -
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Table 4. Mix design of fireproof mortar

(unit:g) - 1000 |
Index Cement Gypsum Sand Additive Water Shinkage
C 400 -
AG - 400 440 160 860 Figure 1. Schematic description of the restrained shrinkage
BG - 400 testing apparatus
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Fireproof Performance of Mortar using Gypsum in Simplified Heating Test

7 — High strength concrete
Fireproofing mortar

(unit:mm)

Figure 2. Schematic description of the simplified heating
apparatus
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Figure 4. Flow of fireproof mortarr
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Figure 3. Simplified heating test set-up of specimen

Air content (%)
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Figure 5. Air content of fireproof mortar

£ shAe oF B BE Rieaare] 2gket AdAe] 2
AREEE Hofole o] ST AR AlEH.

ARIE 8l A3A| yiel2El2e] 3o SPENE
Figure 50 Wi, 2A2A AMES ARGRE AR
EA sheeet=o] 3715 39%9t Hlasto] AaA st
HEEf2E of BN A 42%, BF W) A
T 43%2A AgiEeR IA YeRfal 3lo] SUe AEA]
& A7RIHEe AMIES 23R AMohs el =E=
Hope RAAE 2R ARSehe Yefi2E=o)A 4
iAo B2 371ZE FEAA Yekhdse A =
& AOE A,

AHIE B A5A) e 2Er20) TelgAea S7dan




Unit weight (ka/1)
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Figure 6. Unit weight of fireproof mortar

Compressive strength (MPa)
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Figure 8. Compressive strength of fireproof mortar
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Figure 7. Air content and unit weight of fireproof mortar
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Figure 9. Flexural strength of fireproof mortar
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Fireproof Performance of Mortar using Gypsum in Simplified Heating Test
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Figure 10. Length change of fireproof mortar
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Figure 11. Temperature distribution of steel bar

Table 5. Temperature of steel bar at 180min.

Temperature of steel bar (C)

Index Cover depth Cover depth Cover depth
10mm 20mm 30mm
C 458 293 108
AG 275 170 103
BG 273 171 103

el 2etE o857 30mme] 749 AHIEA 2 A1
A WS EEE Ffof| mhE AT mE2kole Aot
gigiont yeslm=el2 mlE57] 20mmolske] 7Z-$- A1
2 ATHEA s 2ELE FFo] up2 REDE T2k
FFE Rl AR UETh TEFA 20mmols] oF
120°C, TEF7 10mm oA ¢F 180 CHER AHIEA Y]
sl 2EfRO] RET EEErt i sk 2 e



AT mg2 B} A Vet ey ad SpA
o B3 Rk ao] e 3k Holx| kot

WA 9] Wst 2el2 /g2 AHEA ek
ZE[EE 8910 HojR|= o Ho] Holal Q] ARt 4]
1A sk 2elE o] A9 1,20009] o] =EEQitt
Wi e & 02 42| WojAHA 3 0, Immo}d2]
o] WSS}, ol Aa Al 2o E=H
HPHA BERAIE AR Bt Eler) o I
FeMuRse 13 F4ae] Helapge] Z74%ole] ¢
gk o] Yolyl7] fIEo R AlREH[6], o= =R
ZES] Yt agta g A8A] 3o w2d A9 37
E mye] fabgo] geks vjd 2o gtk

a3 BEpAI} By WM E ARSSH Yk EERE O
Wshdd %-9-9] XRD #A443= Figure 120 UeRd Bf
o} Zro] Yshalg o] A9 2 67 11.7=, 20.8%, 33.4
T FZoA ofgAal w7t IA FAESICE o] el
29.5%9} 29.2% Fo|A A zA] wekEE eHiEdE
=27} YeRdal ek, ol als WAt ke HA
FAElo] Yehd Zlo= Wshalo] XIPEHA] g 9 AT
o] wo] YsHAld Zoj= 2 07 32.3%, 37.2%, 54k,
64.3% FollA mA7F PR S 2 67 25, 7%,
31.6% HoA mart FAEE FALE i Aol
= A0® UEhit

- 2 1: CalS0k-2H0
2 : Calcium silicate hydrates
3:CaCo:
2
1 1
AG 3 3 1
RS ) L“J«JL RN
A
< |

. P

Y 1
5 1 15 20 25 30 35 40 a5 50 55 B0 23] w0 s 80

2e

(a) Before heating

- 4:Ca0
B:CaZ0,
4 4 7+ Calcium silicate
AG 5 4
BG
B =]
Mk Ul s Jll . Ahen
c 7
A PRV, W S S -
S 10 15 =20 S 30 35 40 45 S0 S5 B0 B5 YO 75 =0
2
(b) After heating

Figure 12. XRD analysis of fireproof mortar
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