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Table 1 Properties of used raw materials

Table 2 Mix proportions and properties of concrete

: 3
RaW Symbol Type Property Unit mass (kg/m?)
materials No | W/€ | s/a Admix. | SI | A | F
i | (%) [ (%) (em) | (%) | (MPa)
Cement c Ordinary portland »=3.16, SSA =3,300 0 o)l W | C| S G turg o
cement (Cx %)
- p=2.73, w,=0.47, 1| 60 | 47 |179]298|825| 980 | WR,0.5|15.0|6.5| 38.1
Coarse Crushed siliceous . -
! G . 5.=59.2, FM.=6.68, HRWR
aggregate stone D,,.=20 2| 38 |41 |165(434|688 /1,048 " " [21.0/ 8.0 54.3
Fine S Sea sand P 5—2626 577 ’ 1?) I};/[: 323%0 [Notes] W/C : Water-cement ratio, s/a : Sand-aggregate
aggregate S Z00. 4, B 72 ratio by volume, S/ : Slump, A : Air content(%), and
WR | AE water reducer | Lignosulfonate salt F. : Compressive strength
Admixture High-range AE Polycarboxylic acid-
HRWR
water reducer based polymer

[Notes] p : Density (g/cm?), SSA : Specific surface area(cm?®/g),
p, : Density in saturated surface-dry state (g/cm®),
w, * Percentage of water absorption(%), s, * Solid content
(%), FM. : Fineness modulus, and D,,,,, : Maximum size
of coarse aggregate.
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Fig. 1 Variation of mass ratio of concrete after to before heating with re-curing age (Series No. 1)
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Fig. 2 Variation of mass ratio of concrete after to before heating with re-curing age (Series No. 2)
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Fig. 3 Mass ratio increase at the age of 12 weeks, compared to the mass ratio just after heated
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Fig. 4 Length change of concrete after heated (Series No. 1)
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Fig. 5 Length change of concrete after heated (Series No. 2)

1200 a) No.l ——————
= OwW—A ® 1040 1063
£ 1000 | QA=A [ 1T -
£ 800 e 673 634
= >0
§ 600 |
El 263 373360
400 0
= 167
= 200 *rls’:,ll_‘ ”””””””

0
300 400 500

Heatting Temperature (“C)

800 —————  (b) No.2
e OW—A .
2 600 |—{OA—A
Q OA—-W
<
1 I
-2 137
§0 27010 DO 140------ 120923 | 157
=l
g L

200 113

300 400 500

Heatting Temperature (C)

Fig. 6 Length increase rate at the age of 8 weeks, compared to the length just after heated
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Fig. 8 Change of dynamic elastic modulus ratio of concrete after to before heating with re-curing age (Series No. 1)
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Fig. 9 Change of dynamic elastic modulus ratio of concrete after to before heating with re-curing age (Series No. 2)
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Fig. 11 Variation of ultrasonic velocity of heated concrete with re-curing duration (Series No. 1)
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CHANGE AND RECOVERY OF PROPERTIES OF FIRE-
DAMAGED CONCRETE AFTER RE-CURING : MASS, LENGTH,
DYNAMIC ELASTIC MODULUS AND ULTRASONIC VELOCITY

Zhuguo LI, Yasuhiro RYUDA™ and Daisuke SUGTHARA™

*]  YAMAGUCHI UNIVERSITY (2-16-1, Tokiwadai, Ube-shi, Yamaguchi 755-8611, Japan)
*2  JAPAN TESTING CENTER FOR CONSTRUCTION MATERIALS (Oaza Yamakawa, Sanyo
Onoda-shi, Yamaguchi 757-0004, Japan)

ABSTRACT : In this study, we investigated experimentally the changes of mass (M), length (L),
dynamic elastic modulus (Eq) and ultrasonic velocity (V,) of heated concrete with re-curing
duration, and discussed the effects of concrete strength before heating, heating temperatures, cooling
methods, re-curing methods on these property changes. It is concluded that a) In case of re-curing
in the water, M, L, Eq and V, increase greatly in the first month, but in case of re—curing in the air
they increase very slightly in the first week : b) The higher heating temperature or compressive
strength before heated, the smaller the M, Eq4 and V., but the greater the recovery of there
properties in case of water-re—curing. However, length increase of high strength concrete resulting
from the water-re-curing is less than normal concrete : ¢) water—cooling causes greater decrease in
the Eq and V,, but almost doesn’'t give obvious effect on the property recovery in the case of air-re-
curing, compared to the air cooling.

KEY WORDS : Concrete, Fire damage, Re-curing, Property recovery, Mass, Volume change, Dynamic
elastic modulus, Ultrasonic velocity
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