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Relations of Fire Resistive Coating for Steel Structure and Cycles of
Temperature and Humidity
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Lanzhou University, Lanzhou 730000, Gansu, China; 2. School of Civil Engineering and Mechanics,
Lanzhou University, Lanzhou 730000, Gansu, China)

Abstract: The accelerated aging test on a fire resistive coating (FRC) for steel structure was done
to understand the effects of temperature and humidity variation on FRC physical properties and
durability. In the laboratory aging test, FRC thickness and the cycles of temperature and
humidity were controlled, and the phenomena including the surface aspect, color, microstructure
and adhesion were observed. Test results indicate that FRC has a tendency in mass loss,
thickness decrease, fracturing, darkening and yellowing in color, and pore enlargement after
exposure to increase the cycles of temperature and humidity variations. The higher the FRC
thickness is, the more obvious these phenomena are. Within the 40 cycles of temperature and
humidity conducted, the adhesion between FRC coating and steel is found to be increased at the
early cycles but decreased finally at the late cycles. After the exposure to same cycles of
temperature and humidity, thinner FRC shows a higher adhesion compared to a thicker one. The
final conclusion supported by the accelerated aging test is that a thin FRC possesses a better

resistance and durability to weather variation.
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Tab.1 Design Schemes of Orthogonal Test
RS | FRWE | WREE/mm | WS | EIRAIE R K
Al 10
A2 20
A 3 0.7
A3 30
A4 40
Bl 10
B2 20
B 6 1.6
B3 30
B4 40
C1 10
C2 20
C 9 2.3
C3 30
C4 40
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Fig.2 Theoretical Control Range of

Temperature and Humidity
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Fig.3 Time Series Design of Temperature and
Humidity Cyclic Test
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Fig. 4 Temperature Control in Cycles of
Temperature and Humidity
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Fig. 5 Humidity Control in Cycles of
Temperature and Humidity
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Tab.2 Mass Variations of Test Samples Before and After

Cycles of Temperature and Humidity

TR G5 | O B R | W B/ | IR R B /g | AR R /g
Al 10 818.9 818.9 0.0
A2 20 808. 2 808.0 0.2
A3 30 800. 9 800. 9 0.0
Ad 40 811.7 811.6 0.1
Bl 10 813.0 812.8 0.2
B2 20 819.6 819.6 0.0
B3 30 819.3 819. 3 0.0
B4 40 828.8 828.4 0.4
C1 10 828. 1 827.9 0.2
C2 20 832.4 832.0 0.4
C3 30 845.0 844.7 0.3
C4 40 807.8 806. 8 1.0
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Tab.3 Variations of Coating Thickness Before and After

Circles of Temperature and Humidity

b | RO | WERE | SRR | R

WH | R /mm | /mm | A5 /mm
Al 10 0.70 0.65 —0.05
A2 20 0.72 0.70 —0.02
A3 30 0. 68 0. 65 —0.03
A4 40 0.70 0. 65 —0.05
Bl 10 1.68 1.00 —0.68
B2 20 1.60 1.31 —0.29
B3 30 1. 54 1.23 —0.31
B4 40 1.70 1.23 —0.47
Cl1 10 2.25 1. 84 —0.41
C2 20 2.42 1.90 —0.52
C3 30 2.30 1. 80 —0.50
C4 40 2.40 1.82 —0.58
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Fig. 6 Mass Loss of Steel Structure Coating Exposed to

Natural Circumstances of India Roorkee
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Tab.4 Variations of Values of L* , a” and b* Before and

After Cycles of Temperature and Humidity

1R 4 AL i Aa” i AL fH AE;fH
Al —3.58 0.08 2.27 4.31
A2 —3.15 —0.03 2.33 3.92
A3 —3.15 0.12 2.16 3.82
A4 —3.15 0.11 2.07 3.77
Bl —3.04 —0.03 1. 80 .53
B2 —2.45 0.05 1. 56 2.90
B3 —3.66 0.10 1.72 4.05
B4 —4.10 0. 14 2.17 4. 64
Cl —5.66 0. 80 2.10 6.17
C2 —5.98 0. 38 1.97 6.31
C3 —6.65 0.73 1.73 6.91
C4 —6.41 0. 47 1.38 6.57
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Fig. 8 Relations of Coating Adhesion Forces and
Cycles of Temperature and Humidity
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Fig. 9 Surface Features of Coatings After

Cycles of Temperature and Humidity
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Fig. 10 Comparisons of SEM Photos of C Group
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Tab.5 Pore Conditions of Coating Surface After
Magnifying 1 000 Times on SEM Photos

o EIN N ) LB ?U‘J:-"I#i’? AL Bt T A
/T‘/[U;lmz [ﬁlﬂl/umz /%
RN 1897.2 323 5.9 15.5
Bl 2233.2 183 12.2 18.2
B2 2118.1 185 11.4 17.2
B3 2399.3 214 11.2 19.5
B4 2212.4 202 11.0 18.0
C1 3 374.5 213 15.8 27.5
C2 3373.2 218 15.5 27.5
C3 3129.7 179 17.5 25.5
C4 2975.1 186 16.0 24.2
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