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Abstract: The normal concrete (NC) and glaz@ﬁ?‘}v bead insulation normal concrete (GHB/NC) were
T
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studying the process of performance de 1 om normal temperature to 1 000°C, which incl anges in
apparent phenomena, loss of mass an% ressive strength. Simultaneously, the adaptation c@~ dsonic test in
evaluating the performance of ¢ 0 after exposure to high temperature was investig OThe relationships

between relative velocity, da ¢gree and temperature, compressive strength loss
lyzed. The micro-structur nges of concrete specimens after exposure to diff
served by SEM. The results show that it has good correlation of the param
gree in evaluating the performance of concrete after high temperature.

gree. With the rise of heat temperature, the internal damage of

ere comparative ana-
gh temperatures were ob-
ative velocity and damage de-
Ssion formula has a good fitting de-

¢ gradually intensified, cement hydrates

decomposes and water disperses, which causes voids, cracks anﬁ@pcnctration occurred on the surface and inside

of the specimens. The bonding force between glazed hollowob

strength of NC and GHB/NC are 72.3% and 74.%6)

coarse aggregates and cement paste is gradually

flc mechanical properties and increasing of compressive

the high temperature of 800°C, the losses in compressive

0, and the bearing capacity is almost lost after exposure to

1 000°C.
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Table 1 Chemical composition of fly ash wto
Composition SiOs Al; O Fe, O3 CaO MgO Na; O Lgnition loss
Content 53.26 34.72 4. 07 2.47 0. 39 1.9 4. 07
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Table 2 Performance indicators of glazed hollow bead

Particle Bulk density/ Apparent density/  Cylinder compressive ~ Thermal conductivity/  Refractoriness/  Volume loss
size/mm (kgem *) (kgem %) strength/MPa (We(m+K) 1) C rate at 1| MPa/ %
0.5—1.5 80—120 80—130 =150 0.032—0. 045 1 280—1 360 38—46




£ & HREIR

* 2934 -
(a) Core (b) Shell
&
Tk (GHB) BOW S H Y 1
Fig. 1 o-structure of glazed hollow bead(GHB)
§§> %3 RELEAL
%CnD@ Table 3 Mix proportions of concretes @ kg/m®
Cementin 2 Fine aggregate Water Water
Concrete Gravel .
Cemenﬂ y ash Sand Glazed hollow bead f(\\ reducer cement ratio
121 \X“ 17 856 856 — @/177 84 1.68 1:0.38
GHB/NC 856 571 100 \O 168. 48 4. 68 1:0.36
Notes: NCWconcrete GHB/NC*Glazed hollow bead insulation norm@f{gte.
N £4 B i
Table 4 P ances of concretes
NS Q
Workability COmpreSSW&%@WMPa 28 d apparent 28 d moisture ~ Thermal ctivity/
Concrete . _y 9
Slump/mm  Slump flow/mm 3d r{\/\ density/(kgem™*)  content/% (&&Q\'
NC 175 350 N 36. 80 2 272 1. 10 6\\7
GHB/NC 200 410 26.13 2102 1.73 C 2
O
3 %
ZERILE 4, 7%,%A= /‘%ﬂF,%ﬁ K F b 5t R 5 NM-4B HE 4 J& 8 H f
AR RE L R R g/\gyigﬁxm&rpk AL 7 25 VB YR, AR, B

ik, Horp 28 RIGPUESRE F L 29%, FIMAK
TREZ) 26% . M T HAL MR R AR RO, Bk
AR R, GBI PERY) TR WA &
KA AP YRR R . AR SRR
ZINREPEM R B,
1.3 XWA*E

FHISFH 100 mm X 100 mm X 100 mm BT,
Dy, AL 1 RIGYREE, FERRMETR AT CH
SRR =95%, WIE R QOEDC)HFEIPE 28 K,
SCHHT . B T A IR B A (1054 5) °C [l HL A P AL T
24 h, DhHEBR IR &K L 56 iy s . SR A X
RELFomm A e, it B AR EE 2 100~1 000°C , it
FEMBE R 100°C , MKy 10~15°C/min, T+E
FARIREE G TR 2 by A UE 0 38 A0 1 P 35 3 —
H, PNRHIZE 100C AL, BUR R E 48 h LU
I A 45 T i

=

ﬂ#ﬁﬁz%vwiﬁ%ﬂﬁ LN
»fiﬁﬁfﬁ5mv,xﬁﬁﬁﬁ
PN GE 5 fE K AR I 5 BLA 5T BT

AR5 AR S TR A R PR R 2 L, TR
R R; &5, WEEIRBRPEEE, RHH ™
S-3400N BRI H i 1 B e, EBOUK e A, B Ak i

Tk 55 7K P8 A 38 120 o0 A 5 T DX ROULIE S W%
2 HREWRR
2.1 BREISERUIAK

WML KB, NC Fl GHB/NC P # IR % £ i 1F
SRR G, WK S, UL, B R T
R A1 O 2 P R €0 328 B N R T I AR R K L 8 &
F, KT 300°C AF, KR 000 B A8k, @k
LM, LR A 5 300~500°C B, K FE
g, 26, W, s s EaTrg, B



WeA G . PO BBk ORI TR BE v S R Rk 25 1k K WL AS K .+ 2935 -

£S5 &EETNCHGHB/NCEBRLTXERANE

Table 5 Experimental phenomena of NC and GHB/NC specimens after exposure to different temperatures

Temperature/C Apparent color of specimen Knocking sound of specimen Crack, scaling and loose
20 Cinerous Clear and melodious None
100 Cinerous Clear and melodious None
200 Cinerous Slightly clear and melodious None
300 Slightly brown Slightly clear and melodious None
400 Medium brown Gentle Minor crack
500 Brown Gentle @ Minor crack
600 Grey white Slightly low @ Obvious crack
(o]

700 Grey white Slightly 16 @ Obviously crack. mild loose
300 White Low é ()bv10u5¥y crack, a small number of long and wide
cracks, increasing loose

(¢}

900 White Coarse crack, peeling and scaling, obviously loose

f;@ Coarse and through cracks, broken, missing cor-
OW
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1 000 White
AR ners, looseness
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Fig.3 Appearance changes of gravel and glazed hollow bead after exposure to high temperature
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Group ;I‘emperature/ ‘ Damage Relative dominant Compressive
C velocity wr degree D frequency fr . htude Ar strength loss rate/ %
100 0.976 0.047 0.997 \(2)”1. 599 —6.5
200 0. 886 0.215 0.997 XCB: 1. 545 —11.2
300 0.773 0.403 1. @ 1. 639 —20.5
400 0. 641 0. 589 1 1. 537 —24.5

NC 500 0. 539 0. 709 o LOp1 1. 662 12.7
600 0. 375 0. 859 o¥. 006 1. 649 26. 2
700 0. 295 0.913 @ 0. 987 1.518 38. 6
800 0.277 0. 9@ 0. 985 1. 342 72.3
900 0. 209 0. 956 0. 377 0.932 79.0
1 000 0.176 0. 969 0.219 0.756 88.5
100 0. 970 0. 059 1. 009 0. 996 —2.7
200 0. 811 0. 343 1. 019 1.103 —20.6
300 0. 599 0. 641 0. 975 1. 086 —14.8
400 0.510 0. 740 0. 990 1. 084 —2.1

GHB/NC 500 0. 367 0. 865 0. 997 1. 038 20.5
600 0. 324 0. 895 1. 004 1. 062 21.7
700 0.302 0.909 0. 968 0.926 57.7
800 0. 234 0. 945 0.519 0. 707 74.6
900 0. 185 0. 966 0. 087 0. 660 85. 8
1 000 0.127 0. 984 0. 104 0. 486 88.2

Note: Negative value in the compressive strength loss rate indicates an increase in strength at the target temperature.
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Fig.5 Relationship between ultrasonic parameters and temperature of NC and GHB/NC after exposure to high temperature

®7 NCHGHB/NCEBESHEZREREMGER
Table 7 Fitting results of ultrasonic parameters and temperature of NC and GHB/NC

Concrete type Ultrasound parameter Fitting formula R?
0.58
NC Relative velocity vg vr =— 22.15 1000 -+ 1.33 0.98
Damage degree D D = 1.64T%" —2.97 0. 97
0.13
GHB/NC Relative velocity vr vr =— 1397.62 % +3.51 0.99

Damage degree D

D = 61.29T%% —63. 03

0.95

Note: T—Temperature.
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Table 8 Fitting results bew sonic parameters and compressive strength loss raftg\

and GHB/NC

Concrete type

Fitting formula

P R

A Uh{@@ parameter
v \SJ
@tive velocity vr

NC

NS4
AP}u==—-79.491an—-46f%é::> 0.93

o
Damage degree D AF ., =0. 244e6(¥[¢{%‘]®5 0.92
Relative velocity vr AF.,=— 7@—49. 32 0. 88
GHB/NC
Damage degree D AF q =V 736D —24. 83 0.92
Note: AF.,—Compressive strength loss rate. o “

(a) Intact slurry structure

(b) Acicular ettringite (AFt)

[# 7 #RTF NC KU g 51

Fig. 7 Micro-structures of NC cement slurry at room temperature
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(a) Slurry structure at 600°C
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Fig. 9

Microstructures of NC after exposure to 600°C, 800°C and 1 000°C
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