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New Provisions in ASTM e1300-16

A comparison of the Basic and New Analytical Procedures for Determining the
Load Resistance of Window Glass

Stephen M. Morse/ Michigan Tech University

Overview

* Basic Method Overview

* Analytical Method Overview

* Analytical Method Example

* Analytical Method vs. Basic Method
* Summary and Future Work
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Procedure Overview

Original Procedure

Basic Procedure (Section 6.2)

* Determine Non-factored load from charts
* Monolithic glass or Laminated Glass (PVB)
* Thickness,
* # of supported edges

* Factor NFL
* Glass type
* Load duration
* IGU configuration
* IGU Load Sharing
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ASTM E1300 Glass NFL Chart
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Basic Procedure

* Heat-Treated

* Heat-strengthened 31.32 psf X 2.0 = 63 psf
* Fully Tempered 32 psf X 4.0 = 63 psf

* Duration factors combined with glass type factors

* Separate Charts for Laminated Glass (PVB only)

* Simple load share model “cubed thickness”
* Lites in symmetric IGUs share load equally
* Not a function of construction orientation
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New Analytical Procedure

Analytical Procedure (Section 6.3)
* Limited to 4 sides supported, currently
* Directly uses the glass failure prediction model (GFPM)

* Incorporates residual compressive surface stress (RCSS) into the
GFPM for heat treated glass.

* Provides procedures for asymmetric laminated glass (thickness and
glass type)

* Allows for interlayer types other than PVB

* Requires methods based on the ideal gas law to determine the load
sharing of lite comprising insulating glass units

E1300 - Glass Failure Prediction Model

Values determined using numerical analysis
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Analytical Procedure - Monolithic Glass

Long Dimension fin)

Perform Numerical Check Limit
. Calculate P,
Stress Analysis

Analytical Procedure — Laminated Glass

G | TN
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N o >0.008

o Perform Numerical
Stress Analysis

Calculate
Effective Thickness Calculate P, Check Limit
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Analytical Procedure — Insulating Glass Unit

S | PN
7 N <0.008 vV

Stress Analysis
I—) ) N
<
Perform Numerical
Stress Analysis
Calculate
Load Share Calculate P, Check Limit

Analytical Procedure Examples
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Monolithic Glass Example

Geometry

* Rectangular Lite, 38in. X 76in. X 1/4 in.
Glass Properties

* E=10.4x10%psi, v=0.22

e m=7; k=-1.365 x 102 (60s)
Uniform Lateral load,

* P =40 psf, 3s duration
Model Boundary Conditions

* Simply Support on all edges

* Lateral displacement =0
* In plane displacements and edge rotations unrestrained

Monolithic Glass Example

+ BeehdiBnidiressal oatsidhe ppobabilityf bregkage

2.

no:;;:ln goi:;l; n:tl:: n Short dimension nodal coordinates, in.
0.0 2.7 54 8.1 109 13.6 16.3 19.0
0.0 381E-07  7.14E-07  3.01E-07  516E-08  3.15E-09  3.86E-11  9.91E-15  0.00E+00
2.7 7.61E-07  181E-06  114E-06  4.44E-07  1.18E-07  244E-08 529E-09  1.26E-09
54 407E-07 141E-06  163E-06  129E-06  7.68E-07  4.04E-07  231E-07  9.16E-08
8.1 1.19E-07 822E-07 183E-06 251E-06  244E-06 199E-06 1.61E-06  7.40E-07
109 2.13E-08  4.09E-07 1.78E-06 3.86E-06 5.24E-06 552E-06 529E-06  257E-06
13.6 253E-09 197E-07 166E-06  5.20E-06  899E-06  1.12E-05 1.19E-05  6.04E-06
163 2.15E-10  1.02E-07 155E-06  6.45E-06  133E-05  186E-05  2.13E-05  1.10E-05
19.0 142E-11  599E-08 147E-06  7.50E-06  176E-05  270E-05  3.26E-05  1.71E-05
217 7.60E-13  4.02E-08 141E-06  834E-06  2.16E-05  355E-05  447E-05  240E-05
244 3.19E-14  3.01E-08 136E-06 9.01E-06  251E-05  436E-05 569E-05  3.08E-05
271 9.05E-16  245E-08  134E-06  955E-06  2.82E-05 5.11E-05  6.89E-05  3.76E-05
299 122E-17  2.11E-08 1.32E-06 1.00E-05 3.08E-05 5.77E-05 7.96E-05  4.38E-05
326 3.58E-20 1.92E-08 1.31E-06 1.03E-05 3.28E-05 6.29E-05 8.82E-05  4.89E-05
353 2.03E-24  181E-08 131E-06  1.06E-05 341E-05  6.63E-05 = 939E-05  5.22E-05
380 0.00E+00  890E-09  655E-07  533E-06  173E-05  3.37E-05  4.79E-05  2.67E-05
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Laminated Glass Example

* Geometry
* Rectangular Lite, 38in. X 76in. (1/8in. | 0.03 PVB | 5/32 in.)
* Glass Properties
* E=10.4x10%psi, v=0.22
e m=7; k=-1.365 x 102 (60s)
* Interlayer Properties
* G=61.9 psi
* Uniform Lateral load,
* P =50 psf, 3s duration
* Model Boundary Conditions
* Simply Support on all edges

* Lateral displacement =0
* In plane displacements and edge rotations unrestrained

Laminated Glass Example

* Calculate the effective thickness for each glass ply
« heff,o =0.255 in.
* h,,eff,c =0.241 in.

* Calculate the probability of breakage for each glass ply
* pb, =0.0071 < 0.008 Works
* pb, =0.011>0.008 Does not Work

This configuration does not work
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Laminated Glass Example

* Change a ply thickness, interlayer type or glass type
* Ply 2 thickness = 0.180 in. (3/16 in.)

* h,eff,6=0.292in. > pb,=0.0020 <0.008 Works
* h,eff,c=0.263in. > pb,=0.0056 <0.008 Works

* Interlayer G = 3800 psi
* h,eff,c=0.290in. - pb, =0.0021 <0.008 Works
* h,eff,c=0.293in. > pb,=0.0018 <0.008 Works

* Ply 2 RCSS = 3500 psi
* h,eff,c =0.256in. - pb,=0.0071 <0.008 Works
* h,eff,oc=0.241in. - pb,=2.00x10° <0.008 Works

Insulating Glass Example

* Geometry
* Rectangular Lite, 38in. X 76in. (5/32 in. | 1/2in AS | 5/32 in.)
* Glass Properties
* E=10.4 x 10%psi, v=0.22
* m=7; k=-1.365 x 102 (60s)
* Uniform Lateral load,
* P =50 psf, 3s duration
* Model Boundary Conditions

* Simply Support on all edges
* Lateral displacement =0
* In plane displacements and edge rotations unrestrained
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Insulating Glass Example

* Calculate the load carried by each glass ply
* L, =25.5 psf (50.9 %)
* L, =245 psf (49.1%)

* Calculate the probability of breakage for each glass ply
* pb, =0.0048 <0.008 Works
* pb, =0.0042 <0.008 Works

Comparison of Basic and Analytical
results for select glazing constructions

10
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Select Glazing Constructions

* Monolithic
* 1/4 in.— Annealed (rRcss=0)
* 1/4 in. — Heat-strengthened (rcss = 3500 psi) ® Insulating Glass Unit

* 1/4 in. — Fully-Tempered (rcss = 10000 psi) * 1/8in. | 3/8in. | 1/8in.
* Laminated * 1/8in.|3/8in.| 1/4in.
* 1/8in. | 0.060 in. PVB | 1/8 in. * 1/8in. | 3/8in.|5/32in. | 3/8in. |
« 5/32in. | 0.060 in. PVB | 5/32 in. 3/161n. . _ |
- 1/8 in. | 0.060 in. PVB | 3/16 in. . igﬂ:”' |'3/81in. ] 5/32in. | 3/8n. |
n.

3/8in. | 0.060in. PVB | 3/8in.
5/32in. | 0.060in. PVB | 5/8 in.

Monolithic % in. — (RCSS = 0)
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Monolithic % in. — (RCSS = 3500 psi)

Long Dimension (in.)
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12



3/15/2018

Laminated 1/8 in. | 0.060 in. PVB | 1/8 in.

Long Dimension (in.)
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Laminated 1/8in. | 0.060in. PVB | 3/16in.

Long Dimension (in.)
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Laminated 5/32 In. | 0.060 in. PVB | 5/8 In.

Long Dimension (in.)
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Insulating Glass Unit 1/8 in. | 3/8in. | 1/4in.

0 20 40 60 80 100 120 140 160 180 200
USRS NS S S T S T [N S S S S S S

Long Dimension (in.)

Insulating Glass Unit
120 4 3mm | 10 mm | 6mm
m= 7 k =-2.856> m'™IN’ I 3000
3-sec Duration, P = 0.008
~ 1007 2500 ~
z LR, kPa 125 E
P Ratio = _ Analytical . £
o 80 Basic L 2000
a 2
[=4 7]
) - 5
g 50 - F 1500 €
© ; E a
2 3 5
w404 5.0 = 1000 <
m:‘.;1 % 104 1.0 @
% 06> — 100——
20 4 .\%&‘qsﬂ“f 703&5—__102' o =1 500
0 = 71— 0
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Long Dimension (mm)
Long Dimension (in.)
0 20 40 60 80 100 120 140 160 180 200
RN SR R TN TN T SN T S T (NN T S T SN ST SN S NN S SO IS SN S S S TN SN ST ST ST S SY
Insulating Glass Unit
120 4 6mm | 10 mm | 3mm
m= 7 k =-2.856"% m'™IN’ I 3000
3-sec Duration, P = 0.008
~ 1007 2500 ~
z LR, kPa E
[ = Ratio :_AnalyFlcaI e ~
o 80 Basic L 2000
a 2
[=4 7]
) - 5
g 60 | o=F1500 E
= L (]
2 5
w404 ‘ 1000 5
I
004
20 | W OZRL 100 =t 500
0 —- 0

Long Dimension (mm)

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

16



3/15/2018

Insulating Glass Unit 1/8in. | 3/8in. | 5/32in. | 3/8in. | 3/16 in.

Long Dimension (in.)
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Insulating Glass Unit s/isin. | 3/8in. | 5/321n. | 3/8in. | 1/8n.

Long Dimension (in.)
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Analytical Method Summary

* Heat Treated Glass
* Upto 1.8-2.2 Xlarger when using the minimum RCSS
* Increase varies with thickness, aspect ratio and area

3
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1<)
0=
TO
L &

* Laminated Glass
* LR ratio varies with thickness, aspect ratio and area
* Symmetric constructions

* Smaller LRs for smaller dimensions
* LRsincrease over 1.0 as area increase for ARs near 1.0

* Asymmetric constructions
* LRs generally slightly larger LR
* Insulating glass
* Symmetric IGUs LRs generally slightly smaller
* Asymmetric IGUs LRs generally larger
* Construction orientation affects load sharing

18



Future Work

* Extend GFPM to address edges and holes
* Will cover most infill and some structural glass applications

* Curved glass

 Surface Treatments
* VIGs
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Continue the Dialogue.

Stephen M. Morse/ Michigan Tech University

e smmorse@mtu.edu
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