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Fire Resistance Performance of High Strength Concrete Columns
with Fireproof Gypsum Board

Kwang-Soo Youm" and Hyun-Gyu Jeon"*
UGS E&C Research Institute, GS E&C, Youngin 449-831, Korea

ABSTRACT

In this study, fire resistance performance of high strength concrete specimen with fireproof gypsum board was

investigated for possible use in upgrading fire-resistant performance of the existing building and repair of fire damaged struc-
tures. Fire test of eight identical high strength concrete columns were carried out for 180 minutes in accordance with ISO-834.
The temperature distributions in longitudinal reinforcement and concrete temperature at various depths were recorded. The fire-
proof performance of gypsum board and explosive spalling of concrete were observed. The specimens with 15 mm thick two-
ply fireproof gypsum board spalled after gypsum board crumbled regardless of fastening methods. However, when the thickness
of fireproof gypsum board was more than 30 mm, it was possible to prevent the explosive spalling and control the rebar tem-
perature. Although the effect of cover thickness could not be compared because the explosive spalling occurred, there seemed

to be no difference in insulation efficiency.
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Table 1 Physical properties of fire-check gypsum board

Characteristics 125 K 15 K 15 F
Thickness (mm) 12.5 15.0 15.0
Moisture content (%) 0.7 0.8 -
Resistance (K-m*/W) 0.071 0.077 -
Specific heat (J/kg K) 1,090 1,090 1,090
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Fig. 1 Details for specimen (unit : mm)
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Fig. 2 Position of thermocouples in concrete and reinforcement
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Table 2 Summary of test parameters

Table 3 Increased area after attaching board

Specimen | Board Total board |Attachment| Concrete . Dimension* Attach- Total |Increased
. Specimen .
group type |thickness (mm)| method |cover (mm) ment area |area ratio
: group |B (mm)|L (mm) N
A 125 K 25 Semi-dry 50 method | (mm’) | (%)
B 15 K 30 A 400 400 |Semi-dry| 160,000 | 30.6
C 15 F 15 Full-dry 40 B 440 410 Full-d 180,400 473
_ ull-
D 15 K 30 Semi-dry C 410 380 & 155,800 | 27.2
D 410 410 |Semi-dry| 168,100 | 37.2

2]
AL, FU oA ALk ]t YR Eo] FHujFA
= 25mmolA| ¥, FYe FAY A5 125 mm x 2%
A wo] WaldEol § 53 Aoz d4HA Ut
3 el R = 9] sl (fire resistance levely>
22 A7 (structural adequacy), BF7-A12 (integrity), L
22 ¥4 (insulation) & & H7HATh o] AFoME H]
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(a) Semi-dry method (15 mm x 2ply, Group D)
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(b) Full-dry method (15 mm x 2ply Group B)

Fig. 3 Section details after attaching board

*Breath and length of specimen after attaching board
**Increased area ratio = total area/concrete specimen area
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Table 4 Summary for test results

Specimen Specimen Spalling Board Failure
group reference type time in minutes
A Al Severe 114
A2 Severe 117
B B1 Severe 143
B2 No -
Cl No -
C
C2 No -
D1 Severe 158
D
D2 No -
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Fig. 5 Fire test results on (a) spalled specimen B1 and (b)
protected specimen B2

(a) Specimen B1
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5 Comparison of concrete temperate at 180 minutes
(unit:°C)
Specimen|  CO Cl C2 C3 C4
reference | (Surface) | (2 mm) | (30 mm) | (50 mm) | (70 mm)
Al 1101.39 | 1015.1 707.3 507.9 381.8

A2 11245 | 11249 825.7 595.6 430.2

Bl 11443 | 1076.1 563.8 348.8 215.1

B2 299.6 228.0 163.0 151.2 134.2

Cl 5572 3732 282.1 235.1 201.4

C2 471.6 382.7 2379 197.4 165.3

D1 1100.6 686.6 323.7 220.0 156.4

D2 293.5 239.1 168.2 161.5 -
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Fig. 6 Concrete temperature distribution at various depth for
specimen A1
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Fig. 7 Concrete temperature distribution at various depth for

specimen B1
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Fig. 8 Concrete temperature distribution at various depth for
specimen B2
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Fig. 9 Concrete temperature distribution at various depth for
specimen C2
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Fig. 10 Concrete temperature distribution at various depth for
specimen D1
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Fig. 11 Concrete temperature distribution at various depth for
specimen D2
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Table 6 Temperate gradient* (unit: °C/mm)
Tirpe B2 Cl D2 Hybrid | Normal
(min) concrete | concrete
60 0.40 1.13 0.56 22 11.5%*
120 0.87 0.68 0.94 3.1 -

180 0.59 2.35 0.33 32 -

*Temperature gradient between 30 mm and 50 mm
**Temperature gradient between 16 mm and 42 mm
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Fig. 12 Steel temperature distribution for specimen A1
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Fig. 13 Steel temperature distribution for specimen B1
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Fig. 14 Steel temperature distribution for specimen B2
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Fig. 15 Steel temperature distribution for specimen C2
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Fig. 16 Steel temperature distribution for specimen D1
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Fig. 17 Steel temperature distribution for specimen D2
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Table 7 Comparison of steel mean temperate at 180 minutes
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