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Abstract - The deck plate construction method is currently widely used in many buildings in Korea, and the application of deep
deck plates is increasing due to their economic efficiency, suitability for long-span applications, and ability to reduce floor
height. This study aimed to verify the applicability of the temperature prediction equation for steel reinforcement inside the
deck plate slab, as outlined in Eurocode EN 1991-1-2 (2005), specifically for deep deck plates. Two types of deck plates with
a height of more than 200 mm, which are commonly used in Korea, were selected. Heat transfer analysis was conducted to
determine the temperature distribution of the rebar based on its location within the deck plate. The heat transfer analysis
model was validated by comparing it with the results of previous fire tests. Subsequently, a new temperature prediction coef-
ficient for Eurocode was proposed through regression analysis of the results. By applying the coefficients from the proposed
temperature prediction equation, the average error rate for the two types of deck plates improved to 0.85 % and 1.71 %,
respectively. To further improve the accuracy of temperature prediction, additional coefficients need to be considered based

on the location of deck forming.
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Table 1. Coefficients for determination of the temperatures of the rebars in the rib
Fire resistance time o 1 [} c3 C4 Cs
(min) (°C) (°O) (°Cmm"?) (°Cmm) (°C/°) (°Cmm)
60 1,191 -250 -240 -5.01 1.04 -925
90 1,342 -256 235 -5.30 1.39 -1,267
120 1,387 -238 =227 -4.79 1.68 -1,326
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Table 2. Thermal properties of concrete and steel at high
temperatures

Densi Specific heat Them}a!

T(iré1§). (kg/mg}), p(J/kg-K) C‘Er\’;/i}llflf‘lz‘)ty
Con’c | Steel | Con’c | Steel | Con’c | Steel

20 900 | 439.8 | 1.95 53.3
100 900 487.6 1.77 50.7
200 2,020 | 529.8 | 1.55 | 473
300 1,000 | 564.7 1.36 44.0
400 1,050 | 605.9 | 1.19 | 40.7
500 1,100 | 666.5 1.04 374
600 2,300 | 7,850 | 1,100 | 760.2 | 0.91 34.0
700 1,100 {1,008.2| 0.81 30.7
800 1,100 | 803.3 | 0.72 | 27.3
900 1,100 650 0.66 27.3
1,000 1,100 | 650 0.62 | 273
1,100 1,100 650 0.60 27.3
1,200 1,100 | 650 0.60 | 27.3
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Table 3. Convection coefficient and emissivity in Eurocode
and applied in this study

Convection
Category coefficient Emissivity
(W/m*K)
Exposed 25 0.7
Eurocode
Unexposed 4o0r9 0.7
) Exposed 15" or 257 0.4
This study
Unexposed 8 0.78
"Top flange and web

“Bottom flange
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Fig. 7. Shape of Prins PSV 73 deck (Unit: mm)
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187 - Felt - AN
Table 4. Result of heat transfer analysis (A type) Table 5. Result of heat transfer analysis (B type)

Height Error rate Error rate Height Error rate Error rate

Deck | of T, T, of T, of Deck | of T T, of T, of
type | rebar | (°C) | (°C) | Tsand T, | (°C) [T, and T, type | rebar | (°C) | (°C) | Tyand T, | (°C) |T,and T,

(mm) (%) (%) (mm) (%) (%)

10 893.1 | 904.8 1.31 911.7 0.76 10 831.7 | 881.9 6.03 869.0 1.47

15 | 845.0 | 865.8 247 861.9 0.45 15 | 785.1 | 8394 6.92 820.2 2.28

20 | 808.6 | 831.4 2.81 824.9 0.78 20 | 750.2 | 801.7 6.87 784.3 2.18

25 | 778.9 | 800.5 2.78 795.0 0.69 25 | 721.8 | 767.4 6.31 755.4 1.56

30 | 753.2 | 772.9 2.61 769.6 0.43 30 | 697.6 | 737.6 5.73 731.1 0.87

35 | 730.5 | 749.4 2.58 747.5 0.26 35 | 6763 | 710.5 5.07 709.9 0.09

40 709.9 | 727.4 2.47 727.5 0.02 40 656.9 | 686.5 4.50 690.9 0.63

45 1 690.8 | 708.8 2.60 709.3 0.07 45 | 639.2 | 664.2 391 673.6 1.41

50 | 673.0 | 691.7 2.77 692.5 0.11 50 | 622.6 | 6443 3.48 657.6 2.07

55 | 656.2 | 676.0 3.01 676.7 0.11 55 | 608.2 | 623.7 2.54 643.9 3.25

60 | 640.2 | 660.8 3.21 661.8 0.15 60 | 591.3 | 606.2 2.52 627.5 3.52

65 | 624.9 | 647.7 3.64 647.7 0.00 65 | 573.5 | 587.9 2.51 610.2 3.80

70 610.2 | 634.8 4.03 634.2 0.10 70 555.0 | 571.6 2.99 592.0 3.58

75 | 595.9 | 622.5 4.47 621.2 0.22 75 | 535.7 | 556.3 3.85 573.1 3.02

80 | 582.1 | 610.8 4.93 608.7 0.35 80 | 515.8 | 541.4 4.96 553.5 2.23

85 | 568.6 | 599.5 5.42 596.5 0.49 85 | 495.5 | 527.7 6.50 533.4 1.08

A 90 | 555.5 | 588.5 5.94 584.7 0.63 B 90 | 476.2 | 514.3 8.02 5144 0.01

95 | 542.6 | 577.7 6.48 573.2 0.78 95 | 463.1 | 501.9 8.37 502.2 0.06

100 | 530.0 | 567.2 7.03 562.0 0.91 100 | 450.3 | 489.8 8.78 490.2 0.09

105 | 517.6 | 556.8 7.58 551.1 1.03 105 | 437.7 | 478.4 9.30 478.6 0.04

110 | 505.4 | 546.4 8.12 540.4 1.11 110 | 4253 | 4673 9.89 467.1 0.05

115 | 493.5 | 535.7 8.56 529.9 1.08 115 | 413.1 | 456.8 10.57 | 4559 0.20

120 | 481.7 | 525.5 9.11 519.6 1.14 120 | 401.1 | 446.6 11.34 | 4449 0.40

125 | 469.9 | 5149 9.57 509.3 1.08 125 | 389.3 | 436.8 1221 | 434.0 0.65

130 | 458.5 | 504.0 9.92 499.4 0.91 130 | 377.6 | 427.3 13.15 4233 0.93

135 | 447.1 | 492.8 10.23 | 489.5 0.67 135 | 366.0 | 418.0 14.19 | 412.7 1.25

140 | 435.8 | 481.3 10.43 | 479.8 0.31 140 | 354.6 | 408.9 1531 | 4023 1.61

145 | 424.7 | 469.3 10.51 470.2 0.19 145 | 343.3 | 400.0 16.52 | 392.0 2.00

150 | 413.6 | 457.1 10.51 460.7 0.78 150 | 332.1 | 391.2 17.79 | 381.9 2.39

155 | 402.6 | 444.6 1042 | 451.2 1.50 155 | 321.0 | 382.6 19.18 | 371.8 2.82

160 | 391.8 | 431.3 10.07 442.0 2.48 160 | 310.0 | 374.1 20.64 361.9 3.25

165 | 381.0 | 418.1 9.73 432.8 3.52 165 |299.2 | 365.6 | 2220 | 352.1 3.69

170 | 370.3 | 404.3 9.18 423.7 4.78 170 | 288.4 | 357.1 23.81 342.4 4.11

Mean - - - 6.20 - 0.85 Mean - - - 9.57 - 1.71

SD - - - 3.17 - 0.99 SD - - - 6.03 - 1.29

Table 6. Coefficients for determination of the temperatures of the reinforcement bars in the rib by regression analysis
Fire resistance time Co ci 1) c3 Ca Cs
(min) (°C) (°C) (°Cmm"?) (°Cmm) (°Cl°) (°Cmm)
Original 1,387 -238 227 —4.79 1.68 -1,326
120 Regression 1,054 -158 247 —4.79 6.24 -1,326
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