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Table 1 Properties of used raw materials

Table 2 Mix proportions and properties of concrete

Raw
materials Symbol Type Property
Cement | ¢ |Ordinaryportland| g 6 65p 3 300
cement
. ps=2.73, w,=0.47,
Coarse G Crushed siliceous 5,=59.2 FM.=6.68,
aggregate stone D,p=20
Fine ps=2.57, w,=1.36,
aggregate S Sea sand 5.=66.7, FM.=2.90
WR | AE water reducer | Lignosulfonate salt
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
(%), F.M. © Fineness modulus, and D,,,, : Maximum size
of coarse aggregate.

Unit mass (kg/m?®)

rsl’; W/C| s/a Amie | SI|A| E
No %)) wlcls| ¢ wre | (cm)|(%)|(MPa)
’ (Cx %)
1| 60 | 47 [179]298(825] 980 | WR 0.5 [15.0|6.5| 38.1
2 | 38 | 41 | 165|434 |688]1,048 HlfV(V)R' 21.0(8.0] 54.3
3 | 55 | 44 |183332] 756 1,010| WR 0.5 |21.0[3.0] 44.0
4 | 35 | 40 | 165|471 |651]1,050 H%"gR' 215(5.7] 61.7
5 | 35 | 40 | 165|471 651 1,050 H}SVEZR' 10.0]4.0| 57.0

[Notes] W/C : Water-cement ratio, s/a - Sand-aggregate
ratio by volume, S/ : Slump, A : Air content(%), and
F, : Compressive strength

Table 3 Properties of ribbed reinforcing steel bar used

Type Nominal diameter (mm) Yield stress (N/mm?) Tensile strength (N/mm?) Maximum deformation (%)
D16(SN490) 15.9 384.5 557.6 22.3 %
S0 ) - Sl SN AT ) - ey B 2 T~ R - -
BRICBGIRIZ L > TEBESKRIBIZHINT 720, 2 PVC pipe [ s 1

DOREEOZZK BRI, 3.1 HiloB N2 FHEEIC L B4
EWRRDOLEALEN Z LR Ve EZ NS, £72. JIS
A 5308 1 2014 I[ZHEEN D T 2 ) — b OFEEE (FidEE
2227 — b OIUTREAD 50MPa LLE) EIRAET S &
No.1l & No.3 & @Ea>21)— b, No 2. No.d B&
' No. b #EmgEa >y 7)) — MBI LTD L,

F 72, JSCE-G 503-2007 |Z#EHL L T > 7 ) —
kN O AEREE AR A R L 7 PSRRI IE, —
WA 100mm D .52 Table 3 12/R ¢ RIZ#:55 = 4
DIAAT, B E a2 ) — O EXH % 64mm &
L7z HATHHENIC 36mm D IER SR & L Y = o3
A7k o Tk 72 (Fig. 1 #Z2M) . ARSI Tz
TEL X912, T2 ) — MIHBDAALSEHOE S
16cm T, AN A Y ZE- THB Wz,

24 BE WIS BBRIR 2 AL L <L MG 28 1 F Tl
202 CORHEKPEAZAT o 720 KA TERFHO +
VHAEE WL DI A VIRIZT) — AR E) DT,
2.2 REMAEOIE. BEESSUETE

RKEEEOMBUL, 70275 202 X 5 IEEH e
B B/NRIESIFE A7z, o BRI E 300 °C.
400 CH LT B00 Co 3 KL L7z, FEERT Tld. HFN
TSR \E T 2 AR 2 1 R L 2o
A, FNOFIREEIL 5~8.3 C/Thole —H,
EEB T TIXFNOFRERE L 10 T/ TH o720 Gallé
503, FHEHEEEDY 0.1~10 “C/min D#FTHILL, F
TR FE DS IR O T2 MERE 12 5 2 % 5234 A (limited)
ThbHEFEMLTVD, T2, —HSVIZFHEEED 2.5
~7.5 °C/min OFFHTHIUE, FRAEIC L DEEFO
EMEREANOREIITRE W E L TWDh, LT, 3
BR T CIlE BRI X > CHIRBEDS R 57208, av s
)= NONFERETNOZEIRE W E b s,

B, IR DY BB IZ 7 o 721212 2.5 FERHERR

372

Crew

n4
001

v

36 it:
60 4_.| 100 Unit:

> mm

Fig. 1 Geometry of the specimen

L7270 THEBROERIZE > T, REEFOICBIT5H
T DMERERE R IE LR O B RIC L o TR 5 7225,
300~500 CoOHEIZIE 2 HILL 1 Tdh o 720 HIERFE
23 550 CLLT Oa, il E o 2 R 2 2 Th
fHERE DR TREIITAEZED L 20 20 Bl
FREEEL 2 BRI DL EChIUE, BHTOERSH->TL T
7)) = P OFBARRENDZEDFEE W EE R HLb,
BT OELY Z Vo3 TSR CHER L 72720,
i e 3> 7 ) — F OIERERXBENIIIER S 1172,
RO m R E AT E LT, EBRI 0EI12
R CRAGH ST, FH»SMAEZORERE 1T it
BB E, 28 HFT20x2 COKRPFEEZITV,
E5H1220+3 °Cy HFHEE 60 % DOIMRE 2L =A%
To7ze =77 EBUOEAIS, SERIX, ki
SAHICHRGHF 723K E DT CaBH s Sz, FHHIC
INEAE R O ER 217 O R 2 Br & L oIz ok
LThb#EEYY PEEZ— VY —FTE->T20+3°C
DOFBIRE L7 (2 I, RMIETEA &R o
nEET(BH &FL9 ). MEEZONE - mHE OB
H. 1D HEEME LT 5) B LT E DA MG,
JSCE-G 503-2007 \Z#§ 2 5B A 1T - 720 {155
SRR CIE T e R CHUFTEAT 2 N2 825 | &3k



Cement Science and Concrete Technology, Vol.69

40 40 40

%3 Z 30 % 30

= = o

2 g g

%2 :20 :20

5 3 5

= = 10 =

z 10 z =10
0 0

00 02 04 06 08 1.0
Slip (mm)

00 02 04 06 08 10
Slip (mm)

Fig. 2 Pull-out load - slip relational curves of concrete before and after heating (Series No. 1)
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Fig. 3 Pull-out load - slip relational curves of concrete before and after heating (Series No. 2)
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Fig. 5 Pull-out load - slip relational curves of concrete before and after heating (Series No. 3)
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Fig. 6 Pull-out load - slip relational curves of concrete before and after heating (Series No. 4)
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CHANGE AND RECOVERY OF PROPERTIES OF FIRE-
DAMAGED CONCRETE AFTER RE-CURING : CONCRETE-
REINFORCING BAR BOND STRENGTH

Zhuguo LI'! and Yasuhiro RYUDA™

*]  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 concrete-reinforcing
bar bond strength (F},) of heated concretes with re—curing duration, and discussed the effects of
concrete’ type and strength before heating, heating temperatures, cooling methods, and re-curing
methods on the changes. It is concluded that a) In case of re-curing in the water and then in the
air, the longer the re—curing duration or the lower the strength before heating, the greater the
residual bond strength ratio ;: The Fy recovery of high strength concrete (Hs) is more than ordinary
concrete (Ns) : The higher the heating temperature (but less than 500 °C), the greater the F
recovery. b) In the case of re—curing in the moisture, the F}, of concretes increased with re-curing
duration, when they are heated at 500 °C and cooled in the air, or heated at 300~500 °C a and cooled
in the water, and the growth of the F}, at the age of 3 months is in order of Hsf (high strength fiber
reinforced concrete) >Hs—Ns. ¢) The Fy recovery gained by the water re—curing is relatively
greater, compared to the moisture re-curing.

KEY WORDS : Fire damage, Property recovery, Re-curing, Bond strength, Water re-curing, Moisture
re-curing
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