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Abstract

Polyvinyl butyral (PVB) has been widely adopted for interlayer in laminated glass in the past dec-
ades. Nowadays, a new interlayer SentryGlas®Plus (SGP) has been developed, which has better
stiffness and strength compared with PVB. SGP’s application makes laminated glass not only to be
shatterproof glass, but to be a part of the structure. Due to its superior mechanical properties, SGP
gains more and more application in curtain wall structures, especially in super high-rise buildings
and large-scale public buildings. Nevertheless, there is no systematic study on SGP’s mechanical
property, which causes some difficulties in the design of laminated glass. This paper reviews the
present researches on mechanical performance of the SGP around the world.
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1. 5I8

ERT, e 2R mshl iz B T 3R 44, |2 R B R 3R LG RE4E T, 95504 FRA2 polyvinyl
butyral, fEFx PVB. MEFERT, BEESEEERAME, HWEERHTE PVB I, FORHb > Sk e 3 A
MR N A TR G e . PVB TER RS I H C A 2401 8. B, KR RZBEEYIZHN
REBIMIT R, & T, WEREHR, B/, 2 EMgmsn &g B2 fMxE®s, &
D3N, A MARTEECR . PVB RZHI A LA T — s Feds, A& E A T @ e 2R 1 B s R .

DLAE, R a2 2 AR et )25 35 1 v P e T S ) e e ME— 5 1 o T B 2 48 S R A A W HE R
FHHEEA ™, FRA SGP. 5 PVB AL, SGP E A H = i EEANNIFE, DAt C AR 78 KR A L SRR =
E AP FERE PE  (H SGP 11 R M ARAF B A I TE, ik, 75 EWT T SGP FE F A b it far
W RIME . ASCRIE RS T E N AN T SGP f12E 1k BE Mk i DA K 2 B Se 6 T s .

2. SGP HIE A4t

SGP i s B E i@ PVB 1 5 i, 128 PVB ¥ 100 fi[1]. SGP &)= B m 5 m R A 42
FFPRARARE T, AR BEIRENE[2]. SGP A G tESR, NEHIZH, SGP R HZ 3 R E)
T 15, 1 PVB RIZ H R ECN 6~12 [3], JFH SGP KZHFEAA RAFIMalE, FHEAE T WA S
PRI SE U020 B SC 00, S T IR BIOGIUN T (9 10 )5 BB AEA, Bl n], DU i A IR UL
SREAE AN PO WA NAIRIL[4]. SGP e JRILIEAI M HMEIE ST R AR 1%, 10 I8 P75 B s
70% [5]. 7EH I E SR IAE T BN [R] ) PG £ FH AT DL kI J2 B IR A, SGP SR B IA o ik T
KRAGFMT, AT 7288, BULAEAE N JEAUR A L 1T B A5 6], BIAE AR FAH s i A28 XU
Wi RAEFOLT , SGP KJZBIE M EA RIUFHILGASEVE[7]. SCP JJZXF# B 7). B & bRl A 3 i
JRAEHR BA R AF FURG S5 PE[8] [9]. BRIMLIE JUAE SGP JFARE R I A Sl A o 2 5 e R H]

3. EMaEIEHR

HAT, FESEATH) SGP 1Mkt TAEARIRZ , SRR, & 1[1] [10] [11]45H 1 SGP
[ — L AM B S H, IF S PVB ZHUEHEAT XL, ATLAE Ui s AT IR R W B4 K, SGP AAR
T FAE Y, A AT UA F] 4009%, SFELIL L Tg TRy 55°C~60°C, KIULAE R ik T SGP RILNIIEE,
Forpaf PR R AR IR N RIS E A, T SGP AEA RGN A R (E A FI[12]. PO SGP HRE 5
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Table 1. Material parameters comparison between SGP and PVB
5% 1. SGP #1 PVB #Hl&#xitt

T H SGP PVB
bt 5 (g/m®) 0.95 1.07
# A% (MPa) 300 18
B 5 (MPa) 345 >20
i 400% >250
PRSI RE T, 55°C~60°C 10°C~15C

PERFEPE, SGP e J2 B (1) AR NI FE B o5 R B 1 BT T B, IR BEANARINY, [ o g 28 45 B ) 388 I A4 NI
TRE[13].

4, R
4.1, NERRE

TEPHEE A DR — B REHT, RS PIEHAAE NI AT, EPIE Z [A)) J J2 2 B AL 4 BY
MIFE R, I J2 PR S R P 32 T2 R I Ak I B At T 7 T BRI B, R 31 7 0 55 4 25 it AN L%
B DL R o

/NRIAE TR [ SGP 1545 M — i I 3h 75 112456 7 1A (DMA), AT RI8 T 33— AN S50 R ey )
P D I T BR B T 2R o AR SGP 1 67 28k A 1) R, FBE ) 45 AR 56 PR RS i ok AR 1 vl T e 2, 3
T A 7 R BE 1S BN R T 2k . 2013 4 A [ S AA K50 DA IE £ [ 3 A5 PR 2 =) R [ 5% 22 A B
A S 53 o B B O A AT I R S 3B ) R R A B D) B R ) M S A . EH DMA
Q800 FN AN HTALAF ] 20°C~80°C (1] FF A 10°C) A Al 2 5N SGP B YA F[14] . 3K 7 1Y
Stephen J. Bennison 7£ 2008 4EF 3145 /1241856 J77:(DMA) /32 1 SGP 7£ 10°C~80°C [X [A] T [ 4% K il g A
B2k, JF HA% 752056, 557 10°C~80°C (fEIkE N 10°C) N 17 K& A BB A #A LEAE R [F] 1
RIS R [12]

FAL, T LB I B RS R s BY V)R IG5 2] PVB R I BT DI E A AR < & [15] [16], *T
SGP I A L ZRAH S 7T
4.2. KERRALE

X G EE AT VT, R N R SRR S B BRI DGR A, RO IR E R BT H R
IR 15447

Didier Delincé fEARHRF K291 AR (M50 2 BE4T 1% I T SGP HIEH JJINEL T 0 32 hr S5 o 8 ) R3S
BHER LIS 1 [11]. SR 45 AR SGP EARMN AL T =R nl Ik S ISR T, 1R IR 5 e Ak = A AE %5k
KR BER R 0T, 2 )6 ML BB RIR . 18 SCI8 Y SGP 1R T DL 5 1h 5% A0 I B I3 FH 3o 1k A
BOPERERL . TEIRE TR ER, SR EIONEEA, DR, &SRR 11].

4.3. NEREXIRIE

SGP J&— MRS EAT L, F )5 M RS2 AR FR B AR K
J. Belisa Al Didier Delincé F Instron 3369 /5 g i3 AL 7E 20°C i 1 5 Fhohn# s B (5. 10, 20, 50 Al
100 mm/min)f#) SGP fliCohr L . AR EEEACE )y 20 mm, JESEDN 2.40 mm, BIFE 5 Fl N AE#(0.25,
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Figure 1. Tensile stress-strain curve of SGP under at room temperature

E 1 EiET SGP M LFHIN 7 - M Hh%k

0.5. 1. 25 f1 5 min ) FHHANRE, B TICNAEREE . RIGKRY, FEENARRMIK, JoiRoRELR
KN 21~25 MPa), JERJEA B EE PR HR5EE(>32 MPa)sZ W AR 2 520 45 /N HARTE A
(IR [17]. ANRIRIAR 2R PRI (E WA 2 [17], Hod oy g NIRARGRERIN AT RAE, oy &y NIRBR R
JEE ARSK I PR AR

SGP Je 2P = ri dh 2 EMRNARRT, RPN R I REE(H 14 MPa HEN T, BE)SAZ
KK, NBTHER AT, (ERBEER/N. 40°CH, HE FK SGP KZEBIAEKIER T, 4
TEREARE, FATILG T LAASH FE[18] .

Dieter Callewaert 8+ 1 ¥ sh % % BRI ML 1 % 35 FPUR R AER 20508 0.1, 1. 12 fi1 125 s )
O R MARLS, TN ) - TREMNAM KRR, W 2 [19], BERTIL, SGP 4 &bt b AR AU,
P54 500 MPa, B RS ZR G K, i R B FOR SR R P4 K, (R AR I (K 2R A8/ N[ 20]

DRl g B M 1T AV FH IS 18 3% 22 B ik 1000 s 2, K1 Dieter Callewaert 18+ — 5 it e P45 H T PVB Al
SGP #£ 1000 s M AR R R (R 1) - MAS &R (1] 3 [21]), AEMENERIE T, PVB JFIE ANBOEA, 258
NERAS, 1 SGP — BRI I . i S RS T R LU s A AR G0 A S AR AR B 5 R
IR AR g - BAR #2445 B AR AR 1 R R, RR S B BRI AR [21] .

4.4. REFEHZ LML XL

Dieter Callewaert 14525 1 5. 20, 35. 50 F1 65°C T HIAER IR LR IG AN 20°C . 65°C T HIFERIR
IS5 G = 8 R IR [22] . RIGFMA: 1) SGP E A W MIIFAR RN, I FLIE 45 5 5 T i s A s
2) M¥AEHT, BEERET &, HENIFEHBREC, KAEGAE. 3) 5CRHFENRIEEAREAL, 20C
R L 4% (A1) 52 I 3 7 2 R I )3 i B, (R IR AR (A /NI AR ZENS . 7EMKT SGP M3 fb i AR iR BE
To i, FEEREMTE, EAEK. EE MR, 7 65°CHF, IFAEA /N, I HARMR 5 suf 2
4) {HEFE 65°CHF, = /Uil NP RIELE 5 RGBT AR R, 20CH, KIIME T, HusNiEEA
TREEAAE, WFARIR/N[22]. 2SR AR e B I E Tg (55°C~60°C) T ffik3e, HF7E SGP 13
WAFEAR RS T MR S5 R 2 R A IR KA 4L, [k Dieter Callewaert 1+ 3 478 7 60°C R HIHERIA
HFARIG A 50°C F I AEMEIR I 2e 55 5h 00 = pi 25 il ikas, (A9 3] 7 SGP MIBT Ui S . X T4 iR50,
T PULEA R R R RHE RS, PEANS B E 3 [4]. RIGSEIFH) 6 mm JE (38 J5 338 A HL I NI 22 Fn 5T
DIBLEE . I J2 35 SR A e I 82 5 B P 39 33 TR AR HH 2% 1 8 2 [ A7 — A PO AR F [23]0 TAS [RIIELRE T 9% 2 3%

A NI R IR 2], WA 4 [4].
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Table 2. Results from axial tension test of The SGP at different loading rate
7% 2. SGP FEIMEBIRE T AL ZRISKEIEER

FINELIR FE (mm/min) oy (N/mm?) &y (%) oy (N/mm?) & (%)
5 20.97 7.37 33.19 339.43
10 21.86 8.32 34.32 340.53
20 22.40 8.48 32.44 331.25
50 23.79 8.59 33.10 342.33
100 25.09 8.65 35.71 386.56
Table 3. Parameters of specimens
7 3. MARERHS kR
i = PR A K (mm) 5 (mm) % 7 )5 £ (mm) SGP & &
M 3 BEDS ¢t 1100 360 6 /
A 8 1L B 7 1100 360 6*2 152
B 4 B K I 1100 180 8*2 1.52
C 4 IR 3000 360 8*2 1.52
40.00
35.00 e
~ 3000 ri— |
S 2500 N e
& 2000 == 125/s
% 15.00 = =12s
{3 1000 1/s
5.00 - = 01/s
0.00
0.00 100.00  200.00  300.00  400.00
TRENE (%)

Figure 2. Engineering stress-strain relationships of SGP at different
strain rates
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Figure 3. Stress-strain relationship of PVB and SGP
[5 3. PVB 1 SGP BN /7 - X RihLk
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Figure 4. Torsional stiffness at different temperature
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Figure 5. The relationship between the average shear modulus of SGP and
loading duration at different temperature
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(Glt )Iaminate = Glt,disconnected glass sheets ~

23 R K KT 9 L KT R FE 2R, 2 T X [24] 0 S48 2 =ANREE R ) SGP BY P
B A SRR N (AR 2 L 1) 5 4]
6tglasstSGP + E ' h2 (4tglass + 6tglasstSGP + 3tSZGP )
f _ glass

G
tgzla\ss [GtglasstSGP + GSGP : hzj

glass

TEEP, ZEEFAAF MR, HEEFEE TR 2007~2009 37T T SGP & /2 BRI AR
WHFL, ELHE I 2 30 W 52 5 1 B A IE R 2 35 s v il 32 25 R B0 Ot 9 . L b IR O IR 2 4 S
YT T SGP KZHH. H/E PVB JJZBIFISE 5 P BEBA 10 2 JVERE, BIAZ 2R R 43 DU 1l SR AN
WSTR[ 25] [26]; )2 B0 i 52 25 36 A 0 B4R AE 25°C ~80°C 3t [l P 5 238 K I 3 i b S
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SRR AT R B RS . KB MR iae DU E IR T T R Z iR “R)JZ 358”1 52 25
AeikE[27].

5. B4

SGP AF S MBI TR EY, BAWIRRVEREE, 722 ERE 2 IR A BRFIN 52,
AIFARMAR ISR o #5625 2 A 45 BRI T PO (L AT Z I, SGP GRS R PERIR, i
THOREAZIR NS, SGP & s MR X/ NIRRT . 125 N IERA KK
PN B AR AR AL 5 BT DI A BT D)9 A . 17 L, 95T SGP £ Hh i NAZ A (¥ J) 22 ML RERT 7L 1
VERIRAD, RAT WG S 2E MEREREIA . SGP XT L PVB [t M B, i 2 Kok ik 22 1) 7 FH 81 75 005 12 v
PEREESR MR IR A, PUOMARR A L 20 SGP [ /7 22 PR REEAT AT AR BT 7T, AT AN A RAZ R SR
FETF RS . BRBTUIREE 5 R B UIAE, JFE I sh & 728 mT 7t SGP AL #E RS L, B
R AP RARER, DIN TR R BRI PRI T, S5t aE.

ELmAB
H SRR 2 3 VR (51278365) : MR MEATE T a3 U3 3 ik RO A AL o) RASE Ut 9 F0 AR AR By ¢
5 H 5 SENG = H F IEI(SLDRCE 10-B-10).
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