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A Study on Fire Performance and Heat Transfer of HPC Column with
Fiber-Cocktail in ISO Fire under Loading Condition
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“Fire & Engineering Service Research Center, Korea Institute Construction Technology, Goyang 411-712, Korea
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ABSTRACT In this study, experimental test and numerical analysis were conducted to investigate the heat transfer characteristics
and fiber performance of high strength concrete. The fire characteristics of the high strength concrete that couldn’t be obtained
through the test due to specific requirements and restrictions were forecast using numerical analysis approach. The outcome from
the numerical analysis and the test were compared to verify and improve the reliability of the analysis. A numerical analysis of
80 and 100 MPa high strength concrete cases were carried out to identify the heat transfer characteristics and fire behavior using
software, ABACUS (V6.8) From the results of verification experiment, a 25~55% level of beam shrinkage reduction was observed
compared to the concrete without Fiber-Cocktail, indicating the improved fire resistance performance, which appeared to be attrib-
utable to the function of Fiber-Cocktail that was able to control the heat transfer characteristics and ultimately result in enhancing

the fire resistance performance.
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Table 1 Mix proportions of HSC

) PP fiber Steel fiber Mixed ratio (kg/m’)

Specimen W/C (%)| S/a (% :

P o)) S CO) | o (Vol.%) W C | FA | SF [AD (%)
1-25-40-23(F/A:0%) 35 47 0 0 163 466 - - 1.4
11-25-40-23(F/A:0%) 35 47 0.5 0.5 163 466 - - 1.4
111-25-50-23(F/A:0%) 30 45 0 0 163 544 - - 1.4
1V-25-50-23(F/A:0%) 30 45 0.5 0.5 163 544 - - 1.4
V-20-60-23(F/A:0%) 27.5 45 0 0 163 593 - - 1.5
VI- 20-60-23(F/A:0%) 27.5 45 0.5 0.5 163 593 - - 1.5
VII-20-80-23(F/A:10%) 24.9 41.5 0 0 162 533 65 52 1.9
VIII-20-80-23(F/A:10%) 24.9 41.5 0.5 0.5 162 533 65 52 1.9
1X-20-100-23(F/A:10%) 18 33 0 0 145 604 81 121 2.9
X-20-100-23(F/A:10%) 18 33 1.0 0.5 145 604 81 121 2.9
Table 2 Scope of test and analysis

Load ratio . . Research scope
Model Strength (MPa) Load (kN) %) Fiber cocktail Test Analysis
Model-1(-25-40-23) 40 X (0) (0)
1,219 0.40
Model-11(-25-40-23) 40 ’ (0] (0] (0]
Model-II1(-25-50-2
odel-II1(-25-50-23) 50 1414 0.38 x 0] 0]
Model-I1V(-25-50-23) 50 O 0] 0]
Model-V(-20-60-23) 60 X (0] (0]
1,608 0.36
Model-VI(-20-60-23) 60 ’ (0] (0] (0]
Model-VII(-20-80-23) 80 X X 0
1,997 0.34
Model-VIII(-20-80-23) 80 ’ (0] X (0]
Model-IX(-20-100-2 100
odel-1X(-20-100-23) 0 2386 0.32 x x 0]

Model-X(-20-100-23) 100 0 x 0]

30 | st=2E32|Ests] =27 HM223 M1& (2010)
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Fig. 1 Material test of HSC in high temperatures
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Table 3 Thermal expansion properties of HSC
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Temperature | 40 MPa (mm x 10™) | 50 MPa (mm x 10®) | 60 MPa (mm x 10®) | 80 MPa (mm x 10®)| 100 MPa (mm x 10*)

‘C) I I 111 v \% VI VII VI X X

20 1102 871 942 972 987 1054 1028 999 1148 992
100 1537 1754 1245 1736 1859 1777 1435 1388 1370 1387
200 2511 2844 1937 2991 3168 2898 2169 2242 1935 2228
300 3552 4099 2755 4490 4761 4257 3084 3275 2667 3547
400 4802 5340 3623 6304 6846 5962 4254 4644 3436 4960
500 9154 8029 6497 11443 12365 10540 8688 9096 7111 10572
600 9377 8951 6663 12146 13134 11665 9365 9392 7068 11280
800 9721 9851 7420 12443 13926 11837 10085 9452 6944 14188

Table 4 Specific heat properties of HSC

Temperature | 40 MPa (J/kg’C) 50 MPa (J/kg’C) 60 MPa (J/kg"C) 80 MPa (J/kg°C) 100 MPa (J/kg’C)
(°C) I II 1 v \% VI VII VIII IX X
100 497 546 646 609 676 754 - - - -
200 625 551 634 631 683 743 - 738 716 -
300 687 - 713 749 759 - 713 742 - 701
400 721 677 779 - 789 - 729 - 739 725
500 756 789 789 - 832 812 833 825 870 858
600 823 797 - 805 - - 853 846 - -
800 843 855 849 831 842 819 0 - - -

Table 5 Elastic moduli of HSC

Temperature | 40 MPa (N/mx10%) | 50 MPa (N/mx10%) | 60 MPa (N/mx10%) | 80 MPa (N/mx10%) | 100 MPa (N/mx10°)

‘0 I IT I v \Y VI VII VIII IX X

20 110.0 104.1 110.0 110.0 110.0 110.0 110.0 110.0 110.0 110.0
100 106.9 105.1 100.8 103.1 100.9 103.3 99.9 101.4 96.7 101.4
200 108.4 108.0 105.0 106.0 102.6 108.4 102.6 106.0 100.3 106.4
300 108.0 108.6 105.4 107.4 106.5 109.1 105.5 106.8 102.8 107.0
400 107.1 107.1 104.2 105.4 105.2 107.3 104.6 105.9 103.0 105.8
500 101.4 103.0 99.6 102.5 99.7 103.8 96.9 99.5 98.1 100.3
600 95.4 97.5 94.2 97.9 96.3 97.0 90.2 95.1 93.5 95.9
800 89.4 91.2 85.5 91.4 88.9 90.6 85.8 89.8 88.0 90.2

HZESH| X5t=Z Fiber Cocktail2
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Table 6 Coefficients of thermal conductivities of HSC

Temperature | 40 MPa (W/M-K) | 50 MPa (N/mx10%) | 60 MPa (N/mx10%) | 80 MPa (N/mx10%) | 100 MPa (N/mx10°%)
() i II Jitl v \Y VI vl VIII IX X
20 2.28 233 2.18 2.09 2.00 1.94 227 1.95 1.81 1.73
100 1.86 1.82 - 2.00 - 1.75 2.03 1.83 1.76 1.70
200 1.65 1.81 1.81 1.7 1.57 1.69 1.9 1.43 1.58 1.46
300 - - - - - - - - - -
400 1.5 1.55 - 1.62 1.56 1.35 1.55 1.25 1.68 1.36
500 - - - - - - - - - -
600 - 133 - - 1.09 1.25 1.44 1.15 131 -
800 1.46 1.24 1.77 1.247 - - 1.37 - 1.2 -

Table 7 Reinforce-bar property of HSC in high temperature

Temperature (°C) | Elastic coefficient (N/m) | Conductivity (W/M x K) [Expansion coefficient (mm/mmx10")| Specific heat (J/kg’C)
20 2.14784E + 11 45.563 1220 440.4
119 2.0868E + 11 42.305 - 456.1
205 1.89343E + 11 42.634 1270 500.2
306 1.86153E + 11 40.527 1310 542.1
411 1.9251E + 11 39.758 1350 611
514 1.34255E + 11 37.806 1400 682.8
617 1.11282E + 11 34.849 1440 786.7
718 45244450000 48.657 1490 -
817 56930040000 43.305 - 1015.3
913 38571860000 53.448 - 1089.7

Table 8 Material property of steel fiber

Elastic modulas (N/m) Specific gravity

Fiber length

Tensile strength (MPa) | Ultimate elongation (%)

7.85

200,000

30

3.5

1,100

Table 9 Material property of pp fiber

Type Shape Specific gravity |Melting point (°C) |Ignition point (°C) Tensile elastic modulas (MPa)

PM type Homopolymer 0.91 162 35 350~770
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(a) Before test

Fig. 3 Fire test of HSC column (40 MPa, non fiber-cocktail)

(b) After test

(b) After test

(a) Before test

Fig. 4 Fire test of HSC column (50 MPa, non fiber-cocktail)
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(a) Before test
Fig. 5 Fire test of HSC column (50 MPa, fiber-cocktail)

(b) After test

(a) Before test

Fig. 6 Fire test of HSC column (60 MPa, non fiber-cocktail)
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Fig. 8 Spalling effect compare mixing fiber-cocktail with non
mixing fiber-cocktail of HSC

Table 10 Fire resistance performance of HSC column specimens obtained from the test

Strength Fiber Deformation ratio| Displacement Fire resistance Temperature (°C)
(MPa) Cocktail (mm/min) (mm) (Minute) Ava. Max.
40 X 8.6 15.5 180 516 633
o 7.3 10.1 180 382 390
50 X 19.2 452 130 436 759
o 62.5 56.0 168 472 740
60 X 65 78 103 435 887
o 29.0 39.7 138 362 566

34 | =2 32ESS =28 M223 H15 (2010)



o Stefan-Boltzmann (= 5.67 x 10 W/m’K")
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) Temperature (180 min.)
Model Strength Flber. Concrete (°C) Reinforced bar
(MPa) cocktail o
0 mm 30 mm 40 mm 50 mm 9]
I 40 x 612 501 484 467 428
11 40 (¢} 516 387 376 364 384
111 50 x 638 529 514 501 484
v 50 (¢ 488 418 407 398 355
v 60 x 669 519 498 492 459
VI 60 (¢} 482 368 357 334 326
36 | st=2232|Ests| =27 M22FA M1 (2010)
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Table 13 Comparisons between the experimental and analytical fire resistance performance of HSC column

Model Strength Fiber. Deformatio.n ratio| Displacement Fire resistance (min.) .
(MPa) cocktail (mm/min) (mm) Test Analysis
I 10 X 1.306 16.5 180 180
11 (0] 0.49 9 180 180
I X 1.133 41 130 131
v >0 (0] 0.67 21 168 180
A% 60 x 1.16 83 103 102
VI (0] 0.32 22 138 180
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