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A Study on the Variation of Strength and Color According to Heated
Temperatures of Fire-Damaged Concrete
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In the safety diagnosis of fire-damaged concrete structures, it is difficult to evaluate the strength and changes in materials
due to high temperatures with the existing durability analysis method. In particular, the compressive strength of specimen
with different damage levels by thickness is used as a representative value for reducing the compressive strength of the
structural member. In this study, a heating experiment was performed with only top face heating and fully heating
conditions at 400°C to 800°C. After heating, splitting tensile test and color analysis were performed to sliced specimens
with a thickness of 20mm accompanied by the compressive test of a fully heated specimen. As a result of the experiment,
the compressive strength reduction rate calculated from the splitting tensile strength of every sliced specimen appeared to
be within 10% of the fully heated specimen on average, and the hue value analysis showed consistent color values were
observed by red at 400°C-600°C and gray at 700°C or above. It follows that the techniques proposed in this study are
reasonably assessable to estimate heated temperature and residual compressive strength and damage depth of concrete.
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Table 1. Mixture design of concrete

£ w/C S/a Water Mix proponions(kg/m3)

MPa | (%) | (%) | (kgm’) G s | c | ad

50 295 435 166 936 707 563 5.63

note) Ad : adhesive(water reducing agent)
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(a) placement of specimen
inside the furnace

(b) cover of furnace to heat
one face of specimen

(c) compressisve test of
specimen after heating

(d) sliced pieces along the depth
of one face heating specimen

(e) split test of sliced
specimen

(f) colour analysis of
sliced specimen

Fig. 1. Test procedure to find the depth of damage in heated
concrete under fire
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Fig. 2. Furnace heating curve
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Fig. 3. L*a*b / L*C*h colour space
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Fig. 4. Temperature by depth of specimen at 600C heating
condition
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Table 2. Comparison of compressive strength and residual strength
ratio by heating temperatures

20C | 400C | 500°C | 600°C | 700°C | 800°C
Po 450.00 | 310.00 | 220.00 | 110.00 | 50.00 | 0.00
Omas 5732 | 3338 | 2535 | 1656 | 545 | 0.00
Residual strength | 00 00 | 5823 | 4422 | 2889 | 951 | 0.0
ratio
Residual strength | 00 | 41 77 | 5578 | 7111 | 9049 | 100.00
reduction ratio
Residual strength
a0 | 100.00 | 9200 | 7400 | 56.00 | 38.00 | 20.00
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Fig. 5. Temperature by depth of specimen at 800C heating
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Fig. 6. Comparison of maximum load of specimen by temperature
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strength of slieced specimen by temperature
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Table 3. Variation of strength(MPa) and residual strength ratio(%) of
sliced specimen by Temperature

Exposure | 50| 400C | 500C | 600C | 700C | 800C
face
Splitted tensile strength of sliced specimen
1 2.64* 1.85 1.46 0.89 0.64 0.06
2 2.64 2.04 1.59 1.21 0.76 0.22
2.64 2.48 1.91 1.85 1.02 0.57
4xx 2.94 248 2.68 2.88 2.49 237
Compressive strength from splitted tensile strength of sliced specimen
1 16.50* | 8.08 5.08 1.88 0.96 0.01
2 16.50 9.83 6.00 347 1.38 0.12
3 16.50 | 14.61 8.64 8.08 2.46 0.78
4k 20.41 14.61 17.05 19.69 14.71 13.35

Ratio of residual compressive strength from
splitted tensile strength of sliced specimen

1 100 48.95 30.79 11.41 5.82 0.06
2 100 59.61 36.38 21.01 838 0.71
3 100 88.54 52.39 48.95 14.90 4.71

* 4th exposure face : mean value of specimens by 6 temperatures
** The tensile and compressive strength of the 4th exposure face is not
significantly affected by temperature, so residual strength is not

compared
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Fig. 12. Crack patterns and colour changes of sliced specimen
after heating by temperature
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Table 4. Values of a* and b* in the sliced specimen by face
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Table 5. Hue angle(degree, °) of sliced specimen by face

Temp. Face 1 Face 2 Face 3 Face 4 Tigf' Face 1 Face 2 Face 3 Face 4
() a b a b a b a b (
400 1.61 5.99 1.71 722 | 062 | 5.62 | 031 | 3.97 20 88.00 8800 8800 8800
. . ’ . ’ . : ’ 400 74.93 76.65 83.72 85.52
500 1.71 6.81 242 | 8.17 1.54 | 6.85 | 0.29 | 5.01 3500 75.90 73.54 7734 86.65
600 | 242 | 8.06 | 274 | 737 | 2.34 | 7.55 | 2.28 | 7.50 600 7331 69.61 .79 73.07
700 | 1.03 | 807 | 2.55 | 654 | 249 | 7.70 | 2.28 | 7.91 700 871 68.67 72.09 73.90
800 1.06 922 | 272 | 743 | 246 | 7.04 1.73 | 6.80 800 83.47 69.92 70.73 75.73
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