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Abstract This study proposes non-destructive rebound-hardness and ultrasonic testing methods to more
accurately evaluate the residual structural performance of reinforced concrete structures in a fire.
Techniques are also proposed to assess the stiffness used in the deflection calculation with natural
frequencies obtained by vibration tests. In the compressive strength evaluation using rebound hardness,
the residual compressive strength of thick specimens and a larger water/cement (W/C) ratio were shown
to be large. The homogeneity of concrete at high temperature compared to ambient temperature
conditions was assessed by the velocity of ultrasonic waves that penetrate the concrete, and it followed
W/C or thickness of slab makes little different results(note: This part is ambiguous; clarification by the
author is needed). To assess the stiffness of fire-damaged slabs and increase in deflection, the natural
frequency was measured by vibration tests and incorporated into the equation of the stiffness. The
application of this technique to the slab experiment showed that it can be a very reasonable evaluation
technique. In addition, to evaluate the residual strength of a member after fire, a test of the strength

of a component was carried out during and after heating.
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Where, f denotes natural frequency(Hz), a

denotes long side length of slab(m), b denotes
short side length(m), £ denotes elastic
modulus(N/m?), v denotes poisson's ratio(0.167
for concrete), A denotes coefficient for boundary
condition and aspect ratio and Eq. (3) is in case

of simply supported conditions at 4 sides of slab

Xy = w45 (4)) 6)

Where, ¢ denotes numbers of half waves of
horizontal axis at corresponding mode shape, j
denotes the same index of ¢ at vertical axis in

which case ohape, =1, j=1
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Table 1. Concrete mixture proportions

W/C | s/a | binder | water components(kg/m?)
O | @ |ke/m) | ke/m’)
G S| C|BFS| FA | Ad
45.0 | 485 | 338 152 |1939|878|304| 0 | 34 | 09
55.0 | 48.5 338 186 893835/ 304| 0 | 34| 0.2
Table 2. Test status of variables
variables of specimen temperature
w/C diameter of thickness | room 600 € | 800 T
(%) rebar (mm) temp.
0 4 60 test test
45
o6 100 test test
- 0 4 60 test test test
2>
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Where, f.; denotes compressive strength (unit :

=
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MPa), R, denotes modified rebound hardness in
R is

added to the correction factor A R depending on

which the measured rebound hardness

the hit angle of the Schmidt hammer.
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Table 3. Results of rebound hardness test

w/C slab thickness temperature
(diameter of rebar) 20C 600C 800C
R 30.5 20
60 mm | f..(MPa) | 2465 | 1172
(04)
strength |14 475
45 ratio(%)
R 30.5 26
100mm | f.(MPa) | 24.65 19.11
(06)
strength
atio) 100 77.5
R 30.5 23 10
60 mm | fo.(MPa) | 2465 | 1541 0
(04)
strength |00 | 6y 0
55 ratio(%)
R 30.5 30
100mm | f.(MPa) | 24.65 24.04
(06)
strength
ratiol®) 100 97.5
100( or 60)
[ ] [ ] [ ] Jh 1] [ ] [ ] [ ] [ ] [ ]

= \Nire mesh @4 or @6)-100X100

Fig. 1. Specimen details

Fig. 2. Set up of specimen on electric furnace with
glass wool
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3. Accelerometer and non-destructive Inspection
locations of upper side of specimen

Fig.

Fig. 4. Crack pattern of specimen at upper side after
loading
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Table 4. Ultra sonic speed(m/sec) of pundit test with
temperatures change

w/C (jifiz:f) 20cC | 600t | 800%
60 mm (04) 680 280 110
reduction ratio 1 0.6 0.8
45, 55
100 mm (06) 1700 590
reduction ratio 1 0.7
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Table 5. Results of vibration test
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w/C thickness 20T | 60T | 80T
(diameter)
[ () 73 47 23
El
60mm(04) (x10°) 53 22 5.3
re‘i‘;fgon 1 06 0.9
45, 55
J (Ho) 105 25
100mm(@ (><Fi105) 110 6.3
6)
reduction
ratio 1 0.9
200
1% =z - Loading after heating
3

100 4

50

Loading with heating

(mm)
T
30

04 - - : v

o 25

Fig. 5. Load - displacement curve of 100 mm thickness
specimen with W/C 45 under 800C
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Fig. 6. Load - displacement curve of 100 mm thickness
specimen with W/C 55 under 800T
180
Z |
X i
5 WIC55
150 4-3 o
- ///,\b_‘*
120 )
/ WIC45
/
90
60 /.
304
/
o L/ . (mm)

0 10 20 30

Fig. 7. Load - displacement curve of 100 mm thickness
slab under 800 € by W/C condition
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