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Abstract

Fireproof glass as safety glass plays an important role in the building fire. Through the toughed
process of glass and heating process of fireproof glass partition in the fire simulated by numerical
method, the impact of surface size, width to thickness ratio of glass panel and cooling speeding to
the residual stress distribution of toughed glass panel are researched. The quantitative relation-
ship between fire resistance properties of fireproof glass partition and the parameters of glass
toughed process are concluded according to the distribution of temperature and stress based on
the first strength criterion.
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3. hESYHE

PIEAEARIR T ARLFNEMRL, SRR IR AN, RERIAER AR, BERET &, 3
AL, FVEBCR TR, AR T SRR SRk EEEUE 4]0k 1

Table 1. Young’s modulus and Poisson’s ratio at different temperatures

= 1. AEIRE RIS MR E SR EE

HEE(C) VR (GPa) AL
20 67.6 0.24
473 64.22 0.24
514 3.38 0.24
696 107 0.24

R T E S REBE, BEEREA S, #MESRECRE K, LS KR E0EEE T aiUE
[5]H01% 2.

Table 2. Coefficient of thermal conductivity at different temperatures

* 2. TRIEE THBAMESRY

IEE(C) At 3 R E(W/m-K)
20 1.38
100 1.47
200 1.55
300 1.67
400 1.84
500 2.04
600 2.46

PIEHEIK R IR T R AR, K R B AR BB [ 5] 2k 3.

Table 3. Coefficient of thermal expansion at different temperatures

3. TRIEE THRIBAE KR

MHEE(C) HUEAK R H(x107%C)
75 8.44
190 8.78
240 9.18
310 9.86
370 10.13
500 10.59
560 17.39

WS LE A B EE TH S TG K, U BEIR AR5 104 4.
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Table 4. Specific heat capacity at different temperatures

# 4. TRIBE THIBLLHRE

HBECC) LL#AZR (J/kg K)
20 720
100 838
200 946
300 1036
400 1084
500 1108
600 1146

BEHS REN I A0 i R AR T B RE NS AL R iR T BAL RO TER, BRI I S Rk R
RN OCHE, BORAE R T, BT RE, H R BN NSRRI RS, L sRATEA A
71, RGWPEATERIATHRE, Tesp el AR ATEICA RN ST, Bt ABUE AR, DL R 5k 9
il e RIS B A,

BIENARRAARORL, TEREEMR A, BT s B A, KR TR, 7RSSR b DA MRS AT
Ji, RN ) BER T I A, RS OREF EAR S RS, R, NIRRT
AT, BTV R, SRR 67.6 GPa, JE RSB MR FR BTRI BT, 7 A%
BRETILORERT , BITTRBIR, BN AT HONTERR R, ERERI T BUE R AT 1 BUORE; 1E
T B AR K N, IR SRR SR T B R T ) 5% R EE T AL R, BRI, R TR
£ 0, AT SR AR )5 B R AR BB A 5

Table S. Yield stress and plastic strain at different temperatures

#= 5. FRIEE THIBERN SN

MHEE(C) J HRSZ /1 (MPa) SRR
473 90 0
473 90 1
514 45 0
514 45 1
696 10° 0
696 10° 1

e Ak R 90 8 1 TR 2500 kg/m'

4. BEBPHRIEIREN
4.1. HiRTRIRAEN]

FEREAR R FE LR B SO RS HEME AT R, A B B TS R FE AR A Lo, #R R AL
Ky PRBRFLRIAAR S, i LUH IR T B S NAR M BN Eett,  h ik B BRGihr e I, 3T
IR, WIRAEN D 5 — SR B U

Griffith WP, GOW T BRI 2t RSO BRI P, TSR AR X T A B A i 7 K
PR A AR F AN P e a7 81T iR S AT ON= P 7 A A R AL BT S W C R I T TN E A A R R P <
IS F 3 HE N IR AR TR B AR TF 2408 A S HR R, BRI, i AR Pl b B 45 2 ) B (A FR 704
530 P N T B A RO SR BURL AR, (T A S BRI OB IR PRI, — AR A A A RLR EZ BN
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PSR RLREE I 1.5 %o ASCUHE P 3 B SR Hihz o FE U 90 MPa,  BEHR FRBUHL 58 N LA A PR
0 B P — R B SR T AR SR B bz o B, N ERAR R Bhr o FE BN 135 MPa [3],
4.2. SR TRIRAEN]

Y I AE IR N R AE AT 5 —5m v, Ry B2 3k B R R H70r i P I B B P24 7. 5 IRANTR]
() A B L T R B, TR 55 (473°C) LART B IS AT R 6 BE IR FE RS A T %, I8 BIAFE AR 5 B
TEM R VE 2 R A R AR, W b 2R K (S 14°C) R B IS 0 FEAUCA IR T 5%, W b 2834 A.(696°C)
i 5 FE T 0 MPa [7].

5. B5 K EHEERRETE N R T H{EERL
5.1. FHTRIE

PR FZER LI A8 1) PARBGEENA AR, SRS S, T
KA 12008, BEIE 54 2SR B R BECN 25 W/(m*K), BEBRAARIR S5 N IR 2) &
PR B KA T PEA ), MK 600 s, BEISRMZ AR SAH, SR xR
He R BN 180 W/(m*K), BEFSHAKIRFELI SN =R, EIIEHN AR AR, BT,

AP R @E O RERR SR B, AL RUREE N 473°C, AL RUIRE N 696°C, IR IS IR FE ik
AR, PR AE . MR R SR AR, P AR E K R ST HR 2RI R 3% 8 1SO AnifErHiR Hh 2k %
i kR EARIBE R E N 650° CIHE R, K B R H R R ECN 25 W/(m*-°C), K=
AIERTENEIR 20°C, FKENHRBHREN 6.4 W/(m?-°C), RFHAELIERIL FALE, T S i m
HEAN S BOE B R SR B R T RSN, AR KA 3600 s,

5.2. HERSTS5EREH

577 K 33 B 6 BT A4 RUSE A 930 x 1260 x 20 mm, AESLL S50 FE N s AR &, B KBS RS R
910 x 1240 x 10 mm, H X~} E5#HE WA 1 Fiw.

1 930 |
o T T o
R ) QL
i == 4 3=+
o © o o| o
A4 = - o i
a 2
30, 870 1130 420 B
i 930 !

Figure 1. The model’s size and structure

1. RBIR~T 545E

MEZEA RN, #fE T RN 45 WI(m-K), HRIEIKRECN 1.4 x 107°/K, AT R 600 Jkg K, %
JEh 7850 kg/m’. TERG K BEFERGITSZ K o BT rh, RESE = 2L (RN A i SO TCRE M, B ATE S 805
EIFRFB BN IR N P RE A .
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5.3. MLFARTRE

FNIREEN 650°C, BSAR T BERHAIREE, MMAVINBIERIERE R, WEEREK, REKZH
AR AETERL ), WP ARN D) AR, WNAMNRZEIZERAC, $SBEAs /N 4kE i
PHEIZWA, WS RITGIERZE, HRIHEK.

o BT 5B BRI 3600 s, BRI IRES /0T, BRI R EUCN 25 W/(m’-°C),
IR N 650°C, BRI T e SO W E N 20°C, HAh S Bt N 454 & f$—273.15°C, Stefan-Boltzmann
WHCON 5.67%x10°%,

SE SRR RN 2 o, xy FIRDABEESAR T, x S-S5 14T, y i SKIA7 R PAT, 2 Gl
JBRET e N EHRRIRIIINIE, TR IR . BEHERTE xyz =507 M TAIN, 2002 B CA
RANWALFS, AAEEEVEH FARL A=A RN S @ W57 2 e B AR g R4y, BmsUR
SR 1240 x 910 mm,  JEFESN 10 mm, AEAYE 5 RS RIS IEBL WA 2, B EE 2 T HESEES AR A

Figure 2. Dimension and meshing

2. IR T SMHELR5Y

THRERE IR 116, MAVIHIBIEAEE T 0, SNETHRR, WETHRE, SMBEZIK
SZWHERLIR, SRR 13RI Fy s BRI RS BRI R )& TR By, TR
1123.07 s W IR IS 58— Rt E 3. 5] 40 BEEJE T HETERSRL, BRI DLSE — R B8 i,
B0 24 39 g KA I 38 B SRR PR UL 5 P I T 2R, T AR R 33 LS — B S =N
NZHERT]. E23.07 s BRI N 74°C LA, WERREZ N 47°CLA, WANRZE N 27°C, Ak
T =I5z, PrOATHEEBEESR, IREEAR] 92°CL . Mg m B BEE NN /1 7.1 MPa, N
BLRNE /N T BN AR BR TR R 135 MPa, B Z R LTT 2.

Figure 3. Temperature distribution at 23.07 simension and meshing

[& 3.23.07 s R EE R E IR =E
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Y 0D8: 10mm-standard.odb  Abagus/Standard 6.14-1 Thinduq 20 17:45:29 GMT+08:00 2020

Si: Stap-1
Increment 14

StepTime = 23,07

Figure 4. The Max principal stress distribution at 23.07 s
[ 4.23.07 s BIIBRE —FE N ITIAHEE

WEE DR IR AR ST e, W RIARAL R LS, BR[O A AN 225
%, BN BE BRI T % . IS RN SRR 5 N3 w B 5. 18] 6. B AR 5 7
Jrla E TR 7E, WA P AR AR 580°C A, AU AR S AR R R N 596°C A, AR = R A
RPN 600°C; JERZT 1A LR ZARAN, BETHCREARILH ORI 71, N Ty, SR A BRI
BRI TR I AR K, SRR RIC,  Th A REAR XL ARAR, 1A ARIEAK AR AT A B 7IR AL, It
AR TR L AR, AR IZAK BURR Jy, I A BRI Jy, I B3 A AR R D ARG, SR
2SR IIIE T 1.0 MPas

\
ODB: 10mm-standard.odb  Abaqus/Standard 6.14-1 Thi! 45:29 GMT+08:00 2020

Step-2
e

1: Step Time = 0,1000
401

Figure S. Temperature distribution after the heating process

5. MAGERAIBEREE A= E

Figure 6. The Max principal stress distribution after the heating process

6. MAGERAEIBERE—EN I EE
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5.4. MLAETIE

TRLRE 35 ST 8 1 2 ) JRGA VR K, BRI 2 i, BRI I 2 PR T ¥ e A R UL 180 W/(m*-°C),
VU3 i Z B 80 W/(m?-°C), A EIIE] N 600 s. HI T B HVE 5 R BB,  AME8VA HI8 5 EL 3B
P, KA BEER AT, 2R RN S, WA TERL ST, R s NIFEARIR, 7oA
RN, BEE SRS N, BRESR A —E KR ARIEE, NI RIEE R, P4z 22
W, BT UG R O BRI AN, A0 2R (R B 7 320 B R VA K WT IR R R 7, T B S R T
WA RIS I B RS ), VK 4R 5 AR R R RS ), WL IR )40 A0, st R A 3%
B IR AR LT 43 A

PEIVEKYIRRE . B —EN 3= EwE 7. B8 fion, K7 hIsRE FE S 486 C LA, B
JEH IR AR 582°C a4, WANEZEIER] 96°C, & 8 v B IR 1 G N 118 20.5 Mpa, 73 J1{H
T HL IR R s AR SR L hi s 62.9 MPa, W AERN #1, N 5.8 MPa /247 .

Figure 7. Temperature distribution at 5.79 s

[& 7.5.79 s FIR ISR EIAIH = E

Figure 8. The Max principal stress distribution at 5.84 s

[& 8. 5.84 s I IBE—F N IFEE

BEHEVE KSR RS AT, BORRIMEE B A CUT, SRR SR EIRHTIRE, WERIRE TR
WeARSCRI SR LR, N BRIZHA P AR RS g, AN AR RN AT, 2 TR A A R N R R BRI PRES
NAKARLST o B9y B 104 1811 NSO KGR 58— ERN 1. SB=FNIan i, o
BRI E 20°C it BEEITIARRARERE, & 10. K 11 R0 = O BIEIRAL S K A
i3, RIS ST, Ky 97.5 MPa,  JERETT 1] L d14hia) A 8 o He N3 iB AR b B g, fi
KA1 92.8 MPa, AL B3 P9 AR R ST A58 135 MPas
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ODB: 10mm-standard.odb  Abaqus/Standard 6.14-1 Thu'Aua 20-1714%:20 GMT+08:00 2020

AP Step-2 .
a Increment ~ 106: Step Time =  600.0
| EMENTLL

Figure 9. Temperature distribution after quenching

9. BENERMNBIBRESLE

Y ODB: 10mm-standard.odb Abaqus/Standard 6.14-1 Thuéua

Stid: Step-2
\ Increment 106 Step Time = 600.0
X E?8: S, Max. Princip

Figure 10. The Max principal stress distribution after quenching

10. FEXERENFBE—EN HEE

Y ODB: 10mm-standard.odb  Abagus/Standard 6.14-1 Thucug 20 17:45:29 GMT+08:00 2020

06: Step Time =  600.0
Principal

Figure 11. The Min principal stress distribution after quenching

1. FEXERANFRE=ZEN 5 EE

5.5. #ERA A HEFREZ NS 12

1575 < 35 8 I T 1) K R AU A K AN 5 BB A Bk B NI L 03, SRR AE LRI UG N F13% 52 K
THiR . ETHEE RS, BARiEd i 5 EEORRR W A, IR 5 B ErEIL, HN T
GRBRAR R IATAE, JLHBI F1ONBRAR ISR A3 AR A5 I #AL  7 B) Z A o

£ 692.1 s I B KBIHIEE S < B P 12 Fos, BB 13 2B m A R HEZE THE 25 2R
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ODB: partitiontempered-20mm.odb  Abagus/Standard 6.1- 12:40 GMT+08:00 2020
Si%: s3
Increment  37: Step Time =  690.3

X EMENTIL

Figure 12. Temperature distribution at 692.1 s

12. 692.1 s BRI R A RIS B E I =

£ 692.1 s BT KBFEH — TR Iy B=FEN /B 13, K 14 B, SR BN R R
IS SRR A ) S Sy, AR KL 108 105.6 MPa, i B2 R IA B 38 A, R 3/ T 38N
PR PR GTRLORE, LRy B ) SR AR B n s LN SR8 — £ T 1 MPa, 5=F
VA2 PS )RR A PRI 3 et IR 5 N N VAN A b P e ST i P E DA A R S R TS OE SR NS P b2 S e PA A L
A YR HHER, BRI R 5 BB IR T K PERE, ER 1B K BRI A A .

Y ODB: partitiontempered-20mm.odb  Abaqus/Standard 6,141 12:40 GMT+08:00 2020

B 53
Increment  37: Step Time = 6903
+ S, Max. Principal

Figure 13. The Max principal stress distribution at 692.1 s
13. 692.1 s R K BIBE—E N IH =B

0DB; partitiontempered-20mm.odb  Abaqus/Standard 6.14-1  Fri Sep 04 18;12:40 GMT+08:00 2020

Ad: 53
gﬂemlnt 37: Step Time =  690.3
E7R pal

S, Min. Princiy

Figure 14. The Min principal stress distribution at 692.1 s
14. 692.1 s B K BIBE = F N I =B
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KK EERG i KPIER S = B0 15 s, 58 Esasimnii E s = KL, ST, 5
=FERNInE 16y B 17 Fs, SO BORIER B AR R, SRR, BORFERRZETIR /L, W
W FERSR AR ) CEFEARLL, BT K BRI S PRSI . B RSN N 18.1 MPa, It
ALIRFE DY 496°C, BLIELFE T RSN PTRIGRE Y 39.9 MPa;  JHS M0 X 3R KB /1L 5] 77.1 MPa, thAb
IR 439°C, REIBIERAL AT, R BRI BB TR R

0D8; partitiontempered-20mm.odb  Abaqus/Standard 614344

SF®: 53
Increment 118 Step Time = 3600,
@ NT11

Figure 15. Temperature distribution after fire

15. KRERES R A IR RET L E

ODB: partitiontempered-20mm.odb  Abaqus/Standard 6.14-1 Fri Sep 04 18:12:40 GMT+08:00 2020

Hid: 53
‘ Increment 118: Step Time = 3600,
X E?: 5, Max. Principal

Figure 16. The Max principal stress distribution after fire

16. K RERES A BIBE—EN I =E

ODE: partitiontempered-20mm.odb  Abagus/Standard 6.14-1" i e 140 GMT+08:00 2020

3
nt

St s
Incramer

R

't 118: Step Time = 3600,
Min. Principal

Figure 17. The Min principal stress distribution after fire

17. KRERE A BIBE=EN A= E
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5.6. AL R BRI

SCER[8]H A R SHRIE T 7T T 1200 mm x1200 mm x 6 mm ) f 2 22358 B B AE K R TR KB AT s 156
B E N AN 18 A, WA PR AR 2230 B AP 19, BEEESR FDY A%, KIEONAEE 99% 1) 1E ik,
PRRLT &2 2000 g

S
B AL

Figure 18. Schematic diagram of test apparatus
18. K REREE

-] - 3mm

m4 5 6 m m10

Ti] ‘K T )
-7 w8 O mm

Figure 19. Location of patch thermocouple

19. A ABBAE

BRI T FETE 321 s+ 286 s+ 256 s W&, LGHST [R] XS IV B8 P FA S 738 B B 85 (1 A PR P 4z 5i
ERERS RS 1, 3, 5 =ailEfhiZeans 20 FoR, 7E 250 s BRI 21 Fros, sRRi RN 1N
132.1 MPa, HHIUFESCHESAL, FEARB BN BIERIRIRITR R o 58 P B 2R AL TS Ak, 32
PR BT LR IG IR 2, B SRR 8] 5E 20 R BE RN, R B s, E R b A I B 3 A LE A 22,

HHUERUSE KA 5 .
300.+
250.+
200 =
. ~
i -
ZE 150.
100.+
-
50. — 3l
0. 50. 100. 150. _200. 250. 300. 350.
I TR
Figure 20. Temperature curve of points 1,3,5
20.1, 3, 5 =RIREH%Z%
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Figure 21. The Max principal stress distribution at 250 s
21.250 s BSSIBEME—EN N EE

6. B AIHIEFRET S HiTHIE
6.1. WEEE

B IEANAL R R T R R 7 W) LAY A S5 5, BT LRI I B R AN Ak 45 TR A B K 3%
FETE KR FRIA B ERIER, A WE T /NI EE TR, RETERRMNIR/AMNE 6 B,
PEHANA TR R RN ) SR R RIEA R LR M, TRARIE N A1 K/ NS 3 3 J5 78 4 T 4 K

Table 6. Residual stress in different width glass

* 6. TRIEERIBRRN DA

I mm PRANLNL JJ/MPa BRAR B J3/MPa
5 59.7 68.9
8 833 87.6
10 92.8 97.5
12 95.7 1034
15 97.6 110.6
20 104.9 121.8

6.2. IWIEFERT

I AN RE , F S P B R THIAR 2R TR B A7 R 50, FERE B0 2 4% 5 BE IX 35 P 1R N 738 7 A,
FEK G T B K PEEE TR — N IL 4G, it LA . 7 53 5 KN XF i K (8] B B, AR5 it
TREH N 2. 37 44 8. 164 320 100 MRS I BN, 3R SRR H RST XA N ) 70 A 5 K
NI, TR IR 7, MIHESS R LE SRR T T 3 I, Bl R A 5 RNk
ARANEZ B JE LA

Table 7. Residual stress in glasses with different width to thickness ratio

#* 7. TRITZELLFBZRR N IIRN)

I mm PRADLNL JJ/MPa BRAX B J3/MPa N2 FIANE S 1X 56 P 5 )5 PEE AR
2 123.1 142.5 /
3 1023 103.6 1
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Continued
4 102.1 105.7 1
8 101.6 102.7 1
16 98.1 98.7 1
32 97.1 97.9 1
93 97.5 92.8 1
100 95.3 96.1 1

7. i

1) BN BAETHR IR R M A RN Ty, WEOARIN ), GRETHE SO B T 1451,

AR TBEIE I PP BB BT, VIR MR 7y, WIS, kSRR B AR i
BIGFATNIER ST, WIIE DR NHIN ST, FF AR R AR AR T o

2) TN R AR BRI A AR IS /7, B THR I R 4R 2 A0+ I BT PIRES

B KR AR IRG TR B AN A AE SR e 98 (3 B0 T, B3R P 3 iy T AR B SR b, SR BEAR X 2 i
BOK, BT A AT 5, AT S B AE A B S I K I ) 388 e K PR RE A, SKAIE W 1 Bl K
B R i A Rt

3) AR P RSB AR R B AR, B K R T R B IR R L P RS

S R4 S i K BR PR 75 SR e 5 o

4) W ABR R RG], 5N R RIS B S WIS R &

SE 3

(1]
(2]

=5, BT SRHM]. bt o E S T AR, 1999.

e N RN [ 5 b B e B I A e SR, v [ B KA PR B 2. GBI1S763. 1 ST % 4= 9503, 45—
iRy Wi KBIEM]. Abat: R EFRAE AR, 2009.

RS BEENLA E I FE TSR R 5 05 B D]: [t Anie ). R siRHER A, 2015,

PP iR TR AR AR ST MR A [D]: (AL A AR 3], dbnT: dBRTE IR, 2017,

Fet, sk BOmAEM]. dbat tE TR AR, 2014,

PRER, EHN, Fha&R. KOIEET P 1 AL R AL TN [T]. TAEJ72%, 2017(34): 210-213.

Harada, K., Enomoto, A., Uede, K. and Wakamatsu, T. (1996) An Experimental Study on Glass Cracking and Fallout
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