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Abstract: The occurrence of fire often leads to the damage and deterioration of the micro-meso-structure of con-
crete materials, which is reflected in the decomposition of hydrates, the coarsening of pore structure, thermal crack-
ing, and the cracking induced by the increase of water vapor pressure, which in turn lead to the decline of the mac-
roscopic mechanical properties and durability of materials. The meso-regulatory function of the lightweight, high-
strength, internally porous, and highly thermally stable glazed hollow beads (GHB) can improve the high-temperat-
ure resistance of concrete. In order to study the characteristics of the internal meso-scale structure and crack evolu-
tion of recycled aggregate thermal insulation concrete (RATIC) subjected to high temperature, the cube compress-
ive strength test and CT test were firstly carried out on RATIC after high temperature. Then the RATIC meso-scale
model was established based on the real structure by the improved image segmentation algorithm based on the ad-
aptive threshold method and the regional growth method (IISA). The process of initiation, development and coales-

cence of internal microcracks in RATIC with different GHB and recycled coarse aggregate (RCA) contents with tem-
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perature change were studied. Furthermore, the failure patterns of RATIC under simulated conditions and CT re-

sults were analyzed by contrast, which show that GHB can significantly block the extension of cracks, provide a re-

lease channel for vapor pressure, alleviate cracks in the mortar area and pore boundaries, slow down the spread of

heat in the concrete. It has a positive effect on improving the heat-induced damage resistance of concrete.

Keywords: recycled aggregate thermal insulation concrete; high temperature; CT; image segmentation; meso-

scale model

S R KK — Y A S
e ELOE SR ) I 22— U e A 2 kit AR
SRR 45 T e 7 AR R R, R - A
SER IS AR, B KA i . FLBRSS A
AL . KR TR B EOT A& JEm S 80N
WMy, EMHGUEM, SN R
ASROE TS, A 2l RS KR AR ) S i
TR IR E B R A BT M Bk
L, 20 TR A E R, Wb S AL i
PR 7, AT A ARG ¢ 2 25 A i e 280 1 FH R B 45 44
it A AR A

AR, BHE KR EE (NCA) i IE = A B
B ) H TR EE £, B Ab A AR R (RCA)
B NCA RS BURBE + il Fr4e k R p HE R 1R,
PR 2 fL . F Mk B Ib Mk (GHB) H A &
FLESSE L e L B AR AR, HIREE L
R S R R, 2 A TR B B RT 0 o B
FIFE AR, IRt 2218 1 5k 70 4 4% (1) S i AT W 3 PH
Wi fE T, O A I B 3 T A 2% 1 S A LI,
T A I R 5 - 5 R I T, SE K TR
Ay Hoamad A BRI A b T A g 24 1 g ik
IWFY, IR EE - R 8 TR B A Y 2
PR BE , 78 TR A Tk AR 300 2 BE D7 1f % B
H

PR BE, FE N AN AR R R T IR 0
HACPERETT R T KRB 5T, LiZ00, Fu 20 gk
B A0 B P RUE AR ST T R TR N A
N 3 A A A 4 A R, B R T IR T
FRKE RV AR AN ; Henry 509 W7 4E0
F 4T 75 45 09 5L T X-CT % 1 5 - HE A7 TC B G I
SYHT T IR AR BE N AL BRI LU Y R
(1A I S A S WA e i S 7
T B K EE (PVA) AV £F 4 04 B 79 15 &F 4 19
XF VR E - S e RE R R AL, A5 R .
B R R A T, TR EE AL R K, AL
KBS Xus59 Fares % 7 Liu 48 " Al
Liu %51 3 F 300 RO R (19 SEM. XRD HlE R 2,
YA T TR EE N ERALBR T R B &

J ik R AR A U X (ITZ) W IR AL e R TR 5
B A B AL 2 B AR R BOU R Y
S48 43 AT I T AR R R, IR RE A PRIE IR
A 2 B PR T I 1O R G R RS AR AR 45 AR L 2
PR 5T, M X-CT A LLJG 31 b oF 44 12 PR 350 465 4 A2
EHEAT 53 BT o

YT, ARBFSE R CT B4 K5 T IR B+
T G, AL ootk 1) A R (R 7S R X AR
Kk 1 B4 0 1B (ISA), 153 T 4% 40 WL 4H 4%
0 —AH b o I EMR , SR MATLB H 4 F2 )7 35 15
T A AL 5y i B OB xy AR R R, B
AT TR T RS AE R AR R IR TR BE + (RATIC)
AWLAETRY % b A AT T IR AT AR R TR GHB
J RCA #5519 RATIC 30 bifl 3 2 722 16 B I 3 1k
W E . Bk, kRETUESR, BN
T i T IR B+ 0P 2 fh vk g 4 B3 s S il A EL
RITZE.

1 R H R A E
1.1 336 13 F0 44 14 Sl 4E

il /F RATIC 1ol Bk fir 75 19 NCA. RCA F1 41 %}
e HKRIEF AT %K. NCA Fl RCA ¥ 8 ¥ A F
5~20mm; JHE R R, HEERECH 2.5; GHB
FAGHET R, RRIEEE AT K. 3
Tl g MR, KAzl 1-3mm, HAMTIEA RPN
ZEA LI 15 BREAT GHB Y 38 45 P BB 4 1) UL 3% 1
R 2; KUK P.042.5 ol kEFRER KB . ARk

20.13—01—17 11:15 >I<.300
1 ek (GHB) MAMTIER (a) FIN LS (b)®

Fig.1 Appearance (a) and micro-structure (b) of
glazed hollow beads (GHB)"!
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Table1 Properties of aggregates

Density/(g-cm™) Percentage/%

Material
Bulk density Apparent density

Water absorption at24h Water content Crushing index

Loss of mass Sediment percentage

Sand 1.48 2.67 3.70 0.80 — 5.8 2.57
NCA 1.45 2.65 2.40 1.13 9.1 4.7 0.62
RCA 1.16 2.48 5.35 1.56 14.6 8.9 0.58
Notes: NCA—Natural coarse aggregate; RCA—Recycled coarse aggregate.
®2 GHB EA&MAE
Table 2 Material properties of GHB
indri Percentage/%
" Bulk density/ Thermal. . Cylindrical
Materia (kgm™) COnduCtl\illty/ compress Water absorption ~ Volume floating  Surface vitrified
(W-(m-K)™) strength/kPa at24h rate close cell content
GHB 130 0.03 23 207 90 89

55 BT SR FH Y 6 e A HE R VR T Wang %57 3@ o) 1
IR % (9 RATIC e A b o 78 R MERC A L iy 2
fit |, % T A A RCA & FLEUIC R (0%, 50%
F1 100%) F1 A [A] GHB & L EL (0%, 70% Fl1 100%)
) RATIC [l & Lo (W36 3 fF7R), & 'h R Al G 435
7% RCA #l GHB, Ll R100-G100 4 5l , H % 7=

RCA 4 B H 4R % &y 100% F1 GHB 14 B Ity 100%
B RATIC i 1. Bk ¥E . HER . BRAK., B
GHB. 57k B8 Uk 7K 70 F1 A E K 322 BB 36 3 T /s O TiE 4
WIREG, BIa4bidt. WA, #9153 7AW GHB
1 RCA $ & 1Y RATIC i F, {4 R4 100 mmx
100 mmx100 mm F 50 mmx50 mm.

#*3 BERBERERLT (RATIC) B&LL

Table 3 Mixture proportions of recycled aggregate thermal insulation concrete (RATIC)

Ratio
Mix " Cement
Group detail Water/  Sand/ Recycled Natural Water Silica Glazed hollow content/
binder  cement aggregate/ aggregate/ reducer/ fume/ bead/concrete (kgm™)
cement cement % % mixture mass/%
R100-GO 0.52 1.07 2.40 0 1.18 7.44 0 484
Group1 R100-G70 0.52 1.07 2.40 0 1.18 7.44 4.89 484
R100-G100 0.52 1.07 2.40 0 1.18 7.44 6.84 484
R0-G100 0.52 1.07 0 2.50 1.18 7.44 6.72 484
Group2 R50-G100 0.52 1.07 1.20 1.25 1.18 7.44 6.78 484
R100-G100 0.52 1.07 2.40 0 1.18 7.44 6.84 484

Notes: R—Recycled coarse aggregate; G—Glazed hollow beads; In Rx-Gy, x—Volume substitution rate; y—Volume content.
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Fig.3 CT scanning images of RATIC at different temperatures
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Fig.5 Residual compressive strength of RATIC at elevated temperatures varying with GHB content (a) and RCA content (b)
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Table 4 Thermal parameters and mechanical parameters of meso-scale constituents of RATIC at room temperature (20°C)

Constitution p/(kg-m™) kK/(W-(mXK)") ¢/(J-(kgK)") a/C™* f./MPa f./MPa E./MPa p

NCA 2600 3.100 798! 7.00x10°° 100.5 10.0 6.50x10" 0.15
N-CPM 2350 1.900" 813! 1.45x10°° 40.0° 4,080 3.00x10* 0.22
O-CPM 2300 1.950 850 1.50x10°° 36.0 3.6 2.85x10* 0.22
N-ITZ 2300 2.100 906" 2.00x107° 28.0 2.8 2.10x10* 0.20
0-1TZ 2280 2.000 860 1.95x10°° 25.0 2.5 2.00x10* 0.20
GHB 140 0.032 1050 3.00x107° — — 2.40x10* 0.23

Notes: p—Density; k—Thermal conductivity; c—Specific heat; «—Coefficient of thermal expansion; f, —Compressive strength; f; —Tensile

strength; E.— Elasticity modulus; P—Poisson's ratio; N-CPM—New cement paste and mortar; O-CPM—OId cement paste and mortar;

N-ITZ—New interface transition zone; O-ITZ—OIld interface transition zone.
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Fig. 11 Temperature stress distributions of RATIC specimens at different fire time (600°C)
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