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A Study on Resisting Force of H-Shaped Beam Using Glass Web Plate
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Abstract : Generally beam design depends on the yielding and maximum strength of each member varying with its
section shape. Web plate of H-shape beam has not been substituted with glass plate, because it is known that its
strength and heat properties are different and it is limited to substitute the existing steel web with glass element.
Ceiling height of each room should be decreased with more than 60-80cm due to the beam. Differently from this
condition, glass web beam has a good point to see through it and sunshine can be penetrate into the other size espe-
cially when it is installed as of outside wall. And also, it can be safer due to controlling room inside easier, if the
strength is applicate. This study is to show some applicability after finding out the properties using the test.

The test members with a size of 1,600x200x300x9mm being SS41 rolled steel having THK 9mm flange while having
8,10mm and reinforced glass 12mm thickness is bonded with epoxy bond under the condition of temperature 28C,
humidity 50%, bonding power 24Mpa.

It is show reinforced glass has 5 times of fracture stress more than the common glass but 50~150% difference bet-
ween these 2 kinds of glass was shown.

Reinforce glass did not support the original upper flange after fracture but the common glass did the upper flange
after unloading.

Generally reinforced glass is stronger than the common one but the common glass having a part of crack on it, co-
mpared with reinforced glass having the overall fracture could be more useful in case of needing ductility.

Key Words : glass plate, glass web beam, applicability, epoxy bond, fracture stress
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Maximum Bending Stress(c.) = (Mpa)
bla 1 1.2 1.5 2 3 4 5

B 0.270 | 0.360 | 0474 | 0.602 | 0.711 | 0.740 | 0.748
o 0.047 | 0.065 | 0.089 { 0.116 | 0.140 | 0.147 | 0.149

(@ uniformly distributed load simply supported at 4 sides

2
Maximum Bending Stress(c,) = t—Q(Mpa)

bla | 05 | 07 1 1.2 1.5 2 3 ©
B 10.348 | 0.509 | 0.658 | 0.713 | 0.756 | 0.783 | 0.791 | 0.791
o 10.075]0.108 | 0.138 ] 0.149 | 0.158 | 0.163 | 0.165 | 0.165

(b) uniformly distributed load simply supported at 3 sides

2
Maximum Bending Stress(c.) = 5—11;21 (Mpa)

bia 0.5 1 2 00
B 0.270 0.360 0474 0.602
o 0.047 0.065 0.089 0.116

(C) uniformly distributed load simply supported at 4 side?
0. : maximum bending stress at glass(Mpa)
a,b : side length of rectangular(cm)
t : thickness of glass(cm)
B : constant
w : load(Mpa)
Fig. 1. Strength-calculating formula varying with support condition.
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Table 1. Allowable bending stress of glass

Table 2. Modulus of elasticity & Poisson’s Ratio of each ma—

average fracture long term allowable terial
kinds stress(Mpa) stress5(Mpa) material Modulus of elasticity(Mpa) | Poisson's Ratio
in plane [ boundary | in place | boundary steel(SS41) 210,000 0.30
s | 375~500 | 360 120 9.0 common glass 75,000 0.25
.g reinforced glass 100,000 0.30
reinforced 1500 1100 | 500 350
glass
Table 3. Test materials
serial number | web thickness(mm) remarks
22. M= 2 3% WNS-T09 9 welding
O‘J"]A }%‘% T 2;]\'1-‘:* ?:19494 E_Oﬂ/\ ;ﬂla—ej' reinforce glass.
°] 75‘1]7(] LO‘I}, Finit-l; %@ EHlEg Z}‘ %3}1 WRG-T08 8 20cm bonding at center
e B2 JUE &5 FY Fejzkn gt o WRGTIO o rinforce gass
" 1w i 20cm bonding at center
9} 2e &F YR AN 2l BT U] -
- common glass,
Eﬂ"] }bLEHE Z /\]-o]»X}U;] a '}?‘5‘9’] zﬂ_‘?,__o,] Wy WNG- T12 12 20cm bonding at center
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Fig. 2. Setup—test matenial.
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(c) WRG-T10
Fig. 3. Fracture shape of test materials.
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Fig. 4. Relationship of load-strain.
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Table 4. Test result 33 =233 dAMZx
test Prax
materals | NO-|tamp| V4 {14 | 14 €131 uf3/4 /304 e s |Coy o
Table 5. Z-axis displacement at web center analyzed by
NS00 1 [21.39] -88 | 229 | 67 | 130 {464 | -20 |-107 |-758 computer program package
2 [24.12{-155 | -17 | -578 | 100 |-305 | -46 |-119|-201
o d(ton‘geb THK 0.8 glass | 1.0 glass | 1.2 glass | 0.9 steel
1240 4 |20 | -1 | 1 |-14]-27]-69 174
WRGTO8 T T % (2l 7 1221 1 |9 | 0 -0.000011 | -0.000010 | -0.000009 | -0.12564
T T3asl 2 Te L1 s Tl 3 1 -0.009287 | -0.008224 | -0.007783 | -0.00598
WRG-T10 2 -0.018573 | -0.016448 | -0.015567 | -0.01197
2 |267]20 | 17| -1 |-17 | -8 | -87 | 106 [-179 : i : :
il s 17 T2 s 155100 | 27 |53 3 -0.027860 | -0.024671 | -0.023350 | -0.01795
WNG T2 T T 2 1571 6 1271 5 12 13 4 -0.037146 | -0.032895 | -0.031133 | 0.02393
P maximum load(t) 5 -0.046433 | -0.041119 | -0.038917 | -0.02991
1/4 €, €, € : strain of xy,z axis at 1/4] point(XIOj) 6 -0.055720 | -0.049343 | -0.046700 | -0.03590
3/4 g €y, € ¢ strain of x,y,z axis at 3/4l point(x10™)
7 0.065006 | -0.057566 | -0.054483 | -0.04188
32 BIE-HHS 8 -0.074293 | -0.06579 | -0.062267 | -0.04786
. =R ==)
)7 28 B BAle] HojslEe 21.39tsh 24,14 9 -0.083579 | -0.074014 | -0.070050 | -0.05384
2 Jedon, gu Baje] SAS A% 29 2 10 -0.092866 | -0.082238 | -0.077833 | -0.05983
— s _— o
A WRG-TOS, WRG-T10, WNG-T128] Hcje}Ze 11 0.102153 | -0.090462 | -0.085617 | -0.06581
b b L
BT} W] B 2206, 3.00t, 1456 % Vel 7 12 -0.111439 | -0.098685 | -0.093400 | -0.07179
2. 2.20tf, 3.00tf, 1. .
519212 288 WRG-TI0, WNG-TI2¢] #&gol 13 0.120726 | -0.106909 | -0.101183 | -0.07777
T E -
o2 Hol= AL Ashazle] B4 Agae 1) 14 -0.130013 | -0.115133 | -0.108967 | -0.08376
Aot Jol2 AR Ko AEFFE Pow fajHA 15 0.139299 | -0.123357 | -0.116750 | -0.08974
7} RS EAA 0X7h Acka AR 16 -0.148586 | -0.131581 | -0.124533 | -0.09572
7)Zo] H A MEgo] 2o]7} vh= A 17 -0.157872 | -0.139804 | -0.132317 | -0.10171
o A7 AE Bl AU E BET SHAELE 18 -0.167159 | -0.148028 | -0.140100 | -0.10769
o 98 Aoz AARHRE 7gREA St B Ao 19 -0.176446 | -0.156252 | -0.147883 | -0.11367
A8 HAe ARFAQ HlaE BYA 4k 20 -0.185732 | -0.164476 | -0.155667 | -0.11965

(a) WNS-T09 (o) WRG-T08

(c) WRG-T10 (d) WNG-T12
Fig. 5. Result of load-strain by computer program package.
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Table 6. X-axis displacement at web center analyzed by com-— a0
puter program package -0.025
Joa d(mnﬂweb THK) 0.8 glass | 1.0 glass | 1.2 glass | 0.9 steel % -0.02 //
0 0.000001 | 0.000001 | 0.000001 | 0.023117 g .
1 0.001246 | 0.001217 | 0.001202 | 0.001101 ® o d
2 0.002493 | 0.002433 | 0.002404 | 0.002202 , ' : :
3 0.003739 | 0.00365 | 0.003606 | 0.003302 0 ' 2 3
4 0.004985 | 0.004867 | 0.004807 | 0.004403 oneter?
5 0.006232 | 0.006083 | 0.006009 | 0.005504 {b) 10mm glass web
6 0.007478 | 0.0073 | 0.007211 | 0.006605 12 #a
7 0.008725 | 0.008516 | 0.008413 | 0.007705 4:: L
8 0.009971 | 0.009733 | 0.009615 | 0.008806 G /
9 0011217 | 0.01095 | 0.010817 | 0.009907 i
10 0.012464 | 0.012166 | 0.012019 | 0.011008 g 001 /
11 0.01371 | 0.013383 | 0.013221 | 0.012108 s
12 0.014956 | 0.0146 | 0.014422 | 0.013209 . , P
13 0.016203 | 0.015816 | 0.015624 | 0.01431 ’ aston : ’
14 0.017449 | 0.017033 | 0.016826 | 0.015411
15 0.018695 | 0.01825 | 0.018028 | 0.016511 © 12”:2 ilzss wep
16 0.019942 | 0.019466 | 0.01923 | 0017612 e
17 0.021188 | 0.020683 | 0.020432 | 0.018713 ai’ i f;
18 0.022434 | 0.021899 | 0.021634 | 0019814 éju; I e
19 0.023681 | 0.023116 | 0.022836 | 0.020914 %—uus ‘ fﬁ«f)”/ L
20 0.024927 | 0.024333 | 0.024037 | 0.022015 L :z: { ,y —usaw
0 T
Z2388 ol Ul x& B T,
0.0 toad(tonf)
6o = (@) 9mm steel web
§ o 1\ | Fig. 8. Deflection of web.
§ 0.015 \ '_:ls
§ oo I 1.2 34. A8y sfAo| vl
il I ™ 28 Fajo] HEg2 dukEQl B gz
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Table 7. Comparison of deflection result and analysis
web THK 0.8 glass 1.0 glass 1.2 glass 0.9 glass
load(tonf) program test program test program test program test
0 -0.000011 0 -0.00001 0 -0.000009 -0.00001 -0.122384 -0.00001
1 -0.008992 -0.0001 -0.007976 -0.00001 -0.007564 -0.00001 -0.005827 -0.00201
2 -0.017985 -0.00122 -0.015953 -0.00120 -0.015128 -0.00080 -0.011655 -0.0122
3 -0.026977 -0.0013 -0.023929 -0.00140 -0.022692 - -0.017482 -0.01611
4 -0.035969 - -0.031906 - -0.030256 - -0.02331 -0.01332
5 -0.044961 - -0.039882 - -0.03782 - -0.029137 -0.01894
6 -0.053954 -0.047858 -0.045384 -0.034965 -0.02225
7 -0.062946 - -0.055835 - -0.052948 - -0.040792 -0.02998
8 -0.071938 - -0.063811 - -0.060512 - -0.04662 -0.03056
9 -0.08093 - -0.071788 - -0.068076 - -0.052447 -0.03554
10 -0.089923 - -0.079764 - -0.07564 - -0.058275 -0.40808
11 -0.098915 - -0.08774 - -0.083204 - -0.064102 -0.45907
12 -0.107907 - -0.095717 - -0.090768 - -0.06993 -0.06145
13 -0.116899 - -0.103693 - -0.098332 - -0.075757 -0.06501
14 -0.125892 - -0.11167 - -0.105896 - -0.081585 -0.08500
15 -0.134884 - -0.119646 - -0.11346 - -0.087412 -0.08911
16 -0.143876 - -0.127622 - -0.121024 - -0.093239 -0.09321
17 -0.152869 - -0.135599 - -0.128588 - -0.099067 -0.09592
18 -0.161861 - -0.143575 - -0.136152 - -0.104894 -0.09591
19 -0.170853 - -0.151552 - -0.143716 - -0.110722 -0.10001
20 -0.179845 - -0.159528 - -0.15128 - -0.116549 -0.10155
21 - - - - - - -0.125597 -0.10009
22 - - - - - - -0.129482 -0.09502
*average values on “test” column in the above Table 7.
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