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METHODS OF SPECIFYING INTUMESCENT
COATING ON CONCRETE FILLED STEEL
TUBULAR SECTIONS
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Y.C.Wang (University of Manchester)



»Decision on tests’ specifications (e.g. section sizes, DFT, number of
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Layout of presentation

tests, Conducting the fire tests on a total number of 48 specimens) ;
» A conversion program ;
»Generating DFT tables for each product ;
» FireSoft validation against ABAQUS ;
» Determining effective thermal conductivity to be used in FireSoft ;

»Consistency check of the evaluated thermal conductivity with final
DFT tables;

»Accuracy check of the available formulations.



Overview on specimens !or eacﬁ |

parts of the project
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First part of the project

219 1 Min/Mid/Max 1000 3
219 1 Min/Mid/Max 1000 3

‘CHS273 273 6 3 Min/Max 1000 2
‘CHS273 273 16 Min/Max 1000 2
'CHS 323.9 3239 8 Min/Mid/Max 1000 3
'CHS 323.9 3239 16 Min/Mid/Max 1000 3
Total 16

Second part of the project

219 1 Min/Max 1000 2
219 1 Min/Max 1000 2

'CHS 323.9 3239 8 Min/Max 1000 2
'CHS 323.9 3239 16 Min/Max 1000 2
Total 8



Test Procedure- Instrumentation-
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- Locations of thermocouples (BS EN 13381-8:2013 —Figure
7)

Thermocouples on steel
Totally 8 thermal couples : 4 thermocouples 200mm from top of the section
4 thermocouples 500mm from top (mid height) of the section

Thermocouples in infill-concrete
Totally 2 thermocouples : 1 in the center of the section(i.e 0.5*Diameter)

lon half way between center and internal wall of the section
(i.e.0.25*Diameter)

Thermal couples on
the steel surface

g Section A-A Section B-B
2373
O
o
f=3
w0
Section C-C
Thermal couples inside the infill concrete

Thermal couple
on steel surface
C
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Test Procedure- Instrumentation

- Locations of test specimens inside the furnace




Test Procedure-

Controlling furnace temperature
- Typical recorded furnace temperatures
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Conversion software -
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Exova

[Number of Fire resistance tme(s) 4
i 60 % 120 180
s
350 450 530 650 750
6
6.3 8 10 12.5 142 16
[Section Diameter (mm) 3239
3 Maximun temperature (C)] 63 | 14 16
400 1120.68| 1119.50(1118.72
1450 97011 | 940.64 | 02374
2400 837.32 | 782.49 | 756.84

lel

[Number of wall 3 [Maximum temperaure COl 63
[Minmum wall thickness (mm) 63 400 1120681119 5
Intermedsate wall thickness (mm) | 14.2 1450 970.11
[Maximum wall thickness (mm) 16 2400 837.32
Calculate Clear Cells
Table 1
350 6.3 142 450 6.3 142 16 550 142 16 650 6.3
400  17.9648 21.62666462 234578 400 29.66667 34.9689996 37.6794 400 50.1578 57.5731 614738 400 822806
1450  59.1502 67.02243615 711124 1450 88.8797 95.0861468 98.2377 1450 108.555 116.477 120427 1450 129.125
2400  88.6949 94.39222068 97.2847 2400 1120915 119.797657 123.636 2400 135386 145.173 150.033 2400 161.145
Table 2
=] 60 % 120 180 450 60 % 120 180 550 120 180
6.3 147732 2441966332 3406.61 5335.80 63 937.888202 1495.85 2723.68 5179.32 6.3 576967 1116.38 185524 3979.61
142 128757 2247.546596 3288.84 537143 142 837.188016 1361.17 2407.78 4714.4 142 443261 978.034 1566.64 3552.93
16 120515 2135.581721 322452 54024 16 787.00925 1307.17 2264.01 45083 16 380.867 908.073 14424 3361.61
Table 3
3s0 450 550 650 750 % 350 450 550 650 750 120 350 450
6.3 1477 038 5717 281 199 6.3 2442 1496 1116 573 333 6.3 3407 2724
8 1436 916 548 b1l 195 8 2400 1467 1087 544 326 8 3381 2656
10 1388 891 514 27 190 10 2351 1433 1052 510 318 10 3351 2576
125 1328 859 41 265 185 125 2289 1390 1008 467 309 125 3314 2476
4. 1288 837 443 261 181 142 2248 1361 978 438 302 142 3289 2408
16 120515 787.0092505  389.867 251305 173.143 16 213558 1307.17 908.073 394.567 289412 16 32452 26401

Calculate

Clear Cells |

142 16

88.1453 91.1377
139.03 143.933
173.255 179.403

650

6.3

12

16
550 650 750
1855 1245 690
1793 1205 649
1720 1157 601
9 1098 542
1567 1057 501

14424 974.018 424.678

750 63

400

105.108

1450 150078
2400 203.693

120

281.02 573.027 124546
260.615 438271 1057.32
251.305 394.567 974.018

180
63
s
10
125

14.
16

42 16
114.265 118.534
173.821 180.891
225.588 236206

180 750 60
2050.41 6.3 199.036
2587.22 142 180615

2416 16 173143

350 450 550 650 750
533580 5179.32 3979.61 295041 189549
5343.54 5079.28 3887.79 2879.32 1824.03
5352.54 496157 3779.77 278509 1739.95
5363.78 4814.44 364475 2667.31 1634.86
5371.43 47144 355293 2587.22 15634
54024 45083 3361.61 2416 1435

% 120 180
332,602 689.728 1895.49
301.901 501.114 1563.4
280.412 424.678

1435

Warringtonfire




Steps followed to generate DFT tables

1)
2)

3)
4)

5)

6)

7)

Deciding on maximum and minimum coating thickness

Calculating steel mean temperature in line with BS EN
13381-8:2013/Clause 3.1.12

Calculating correction factors

Correcting times using the correction factor calculated in

step 3
Using the corrected time-temperature curves to generate
Table 1 (Times to reach different assessment temperatures

in minutes for all tests) in accordance with BS EN 13381-
6:2012/Annex A

Creating Table 2 (Calculated protection thickness(mm) for
a known assessment temperature and for a known fire
resistance period )

Creating DFT table for various wall thicknesses (in
accordance with BS EN 13381-6:2012/Annex A)




. .
DFT table for CHS 219.1- (First ¢ ||||

Product)
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Fire Performance Period - 75 minutes

Coating thickness in pm

350°C 400°C 450°C 500°C 550°C 600°C 650°C 700°C
1538 1365 1223 1075 1050 1050 1050 1050

n 1860 1626 1398 1194 1050 1050 1050 1050

2239 1933 1605 1333 1050 1050 1050 1050

_ 2712 2317 1863 1508 1050 1050 1050 1050

_ 3035 2578 2039 1626 1050 1050 1050 1050

3376 2855 2225 1752 1050 1050 1050 1050



T4-DFT 0.74 T5-DFT2.9 T6-DFT 1.871 T14- DFT 1.544 T15- DFT 0.56
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S4-DFT1.127
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4

16-DFT 2.026 S13-DFT 2.037




Fire Soft validation against ABAQU

Wall
thickness(mm)

6.3
6.3
16
6.3
16
6.3
16
10
6.3
12.5
6.3
16
6.3
16
6.3
16
6.3
12.5
6.3
16
6.3
16
6.3
16
10

Coating
DFT(um)

Number of
elements

7200
11200
11200
18000
18000
26400
26400
57500
9400
7200
14000
12800
21500
21500
29000
29100
9400
7200
14000
12800
21500
21500
29000
29100
65300
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FireSoft-168.3-6.3
- = ABAQUS-168.3-6.3

100 200 300
Time(minutes)

FireSoft-323.9-16-400
= == Simulation-323.9-16-400
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100 200
Time(minutes)

FireSoft-508-10-400
= = ABAQUS-508-10-400

300

100 200
Time(minutes)

300



Effective Thermal conductivity-

1)

2)

0.4 -

0.35

Conductivity (W/m °K)
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Calculating thermal conductivities in accordance with EN 13381-

8:2013 Annex E

Effective thermal conductivity suggested in the way that could
satisfy the acceptability criteria in EN 13381-8:2013-Clause 13.5

——S51-210.1x16-1.042
S3-219.1x16-0.192

| =—S5-323.9%8-0.24

——57-210.1x6.3-0.244

|===859-219.1x6.3-1.055

——511-273%6.3-2.028
S13-273x16-2.037

| ===5815-323.9X16-

——Recommended conductivity

0.02
—52-210.1X16-1.97
= S4-323.9X8-1.077
— S56-323.9x8-2.044
= S§8-210.1x6.3-1.931 <
—S$10-2/3x6.3-0.243 % 0.015
—S12-273x16-0.2 g
S14-323.9x16 E
= 516-323.9X16 )
2 o.01
Z
E
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Comparison between predicted and recorded results (CHS219.1)
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1
e
—

Table 7-1 Comparison between predicted and measured times (for CHS 219.1) for specific temperature (in Minutes)

FS-S1 S1 Diff.-S1  FS-S2 S2 Diff.-S2  FS-S3 S3 Diff.-S3  FS-S7 S7 Diff.-S7 FS-S8

48.7 58.5 -20.1 68.4 74.8 -9.3 21.5 28.2 -31.4 18.9 27.5 -45.2 61.2

60.9 68.4 -12.2 83.2 87.3 -4.9 28.2 34.7 -23.0 26.4 327 -23.8 74.0
71.1 80.0 -12.5 97.1 99.8 -2.8 34.5 40.5 -17.2 33.0 38.5 -16.6 86.8
81.2 91.6 -12.8 110.3 113.3 -2.7 40.7 46.3 -13.7 389 444 -14.2 98.7
85.3 96.3 -12.9 115.6 1184 -2.4 43.2 48.7 -12.7 41.2 47.0 -14.0 103.3
91.5 103.1 -12.7 123.6 125.6 -1.6 46.9 52.6 -12.1 44.7  50.9 -13.8 110.3
102.2 115.0 -12.4 137.2  136.5 0.5 53.1 59.2 -11.4 50.5 57.8 -14.4 122.1

113.0 124.0 -9.7 151.0 153.5 -1.7 59.3 66.7 -12.4 56.3 65.6 -16.5 134.9

N
=]
=]

126.4 133.5 -5.7 168.6 167.4 0.7 67.3 75.2 -11.7 62.7 75.2 -20.0 147.7

Difference % -12.16 -2.663 -16.19 -19.85

S8

68.5
81.4
93.6
105.9
110.5
118.4
132.8
150.0

167.4

Diff.-S8  FS-Sg
-11.9 42.5
-10.0 54.6

-7.8 64.8

7.3 73-5
-6.9 77.0

-7.3 82.2
-8.8 91.2
-11.2 102.1
-13.3 113.0
-9-39

S9

56.8
66.4
76.9
85.2
89.5
98.1
111.5
125.8

140.6

Diff.-Sg

-33.6
-21.7
-18.7
-15.9
-16.2
-19.3
-22.2
-23.2

-24.4

-21.71

FireSoft

BS EN 1338-8:2013 clause 13.5 limitations:

a) For each short section, the predicted time in minutes to reach the design temperature calculated
to one decimal place shall not exceed the corrected time by more than 15 %.

b) The mean value of all percentage differences as calculated in a) shall be less than zero.

¢) A maximum of 30 % of individual values of all percentage differences as calculated in a) shall be
more than zero.

d) The results of the analysis which satisfy a) to ¢) above shall also comply with the following rules
provided all other parameters remain constant:

1) the thickness of fire protection material increases with fire resistance time;

2) as the section factor increases the fire resistance time decreases;

3) as fire resistance time increases the temperature increases;

4) as thickness increases temperature decreases;

5) as section factor increases the temperature increases;

6) as section factor increases thickness increases.
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CHS 219.1
Thickness(imm)

CHS 323.9

Thickness(mm)

=

Consistency check of the evaluated thermal
conductivity with final DFT tables-(First material)
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60 minutes of Fire resistance minutes of Fire resistance

DFT
714

686
650
626

60 minutes of Fire resistance 120 minutes of Fire resistance

Level1

DFT
700
700
700

700

Expected
550 °C
550 °C
550 °C
550 °C

Expected

550 °C
550 °C
550 °C
550 °C

Calculate

547-49
544.32
541.77
540.62

Calculate

519.8
511.3
501.5
495.2

Diff(%)
0.46

1.04

i, 52

1.73

Diff(%)

-5.8
-7.6
-9.7

-11.1

90
DFT

1417
1338
1238

1170

Level1 DFT

1589
1526
1447
1393

Expected

550 °C
550 °C
550 °C
550 °C

Expected

550 °C
550 °C
550 °C
550 °C

Calculate

572.79
574.08
577-79
590.99

Calculate

599.5
598.0
597.7
598.3

Diff(%)
-3.98
-4.19
-4.81

-6.94

Diff(%)

8.3
8.0
8.0
8.1



Temperature(°C)

Accuracy of the available formulations

M. Edwards method for concrete filled hollow section
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-Thank you for your attention.
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