N

N

Industrial risks and land use planning. Study of blast
window resistance
Benjamin Le-Roux, Mathieu Reimeringer, Guillaume Chantelauve, Didier

Jamois, Emmanuel Leprette, Christophe Proust, Laurent Mathieu

» To cite this version:

Benjamin Le-Roux, Mathieu Reimeringer, Guillaume Chantelauve, Didier Jamois, Emmanuel Lep-
rette, et al.. Industrial risks and land use planning. Study of blast window resistance. 43. ESReDA
Seminar on Land Use Planning and Risk-Informed Decision Making ”Aménagement du Territoire et
Prise de Décision en Maitrise des Risques”, Oct 2012, Rouen, France. pp.NC. ineris-00973689

HAL Id: ineris-00973689
https://ineris.hal.science/ineris-00973689

Submitted on 4 Apr 2014

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://ineris.hal.science/ineris-00973689
https://hal.archives-ouvertes.fr

Industrial Risks and Land use Planning — Study of blast
window resistance

B. Le-Roux, M. Reimeringer, G. Chantelauve, D. Jamois, G. Lepf@itBroust, L.
Mathieu
INERIS, Parc technologique Alata BP 2 F-60550 Verneuil-en-Halatte, France

Abstract

Technological Risk Prevention Planning (PPRT) is a French tool for managing
land-use planning near upper-tier SEVESO industrial facilities. Its purpose is to
protect the population against industrial hazards. Risk limitation measures may
include for example window reinforcement for new or existing blast risk exposed
buildings. In order to better define technical guidelines for window reinforcement,
INERIS developed an innovative experimental device. INERIS has studied window
behaviour and has evaluated blast capacity of different kinds of glass panels
(monolithic or insulated glasses with or without anti-explosion film, laminated
glasses...), mobile frames or window locking or anchorage systems. Results show that
all window components have to be considered to improve safety.
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1. Introduction

Most of experimental studies consider blast loading with high iityeasd short
duration simulating detonating devices. Moreover they have mainlyddons the
behaviour of monolithic glass panels (annealed or tempered). WeisrahnH or

Giltaire and al. [2], [3], [4] studied the response of monolithicamnihated glass
subjected to blast shock wave within a short time (inferior to 10 Guevert and al.
[5] also studied security window film and insulating glass pamblgh intensity blast
load with a positive duration of approx. 1 ms to 10 ms.

In this paper, INERIS presented tests results of window subjeztaedlast loading
from accidental explosion characterized by a low intensity (2@bér) and long
duration (100 ms). These tests allowed to:

. Evaluate blast load capacity of different insulating glass panels

. Study the response of the whole window taking into account glass,,frame
locking and anchorage system;

. Identify what the weak points are;

2. Experimental device



Tests are realised attanne extremity. Window is fixed on rigid steel test fram
Steel and wood panelsre placed on test frame around the wir. It forms with
tunnel walls a 25 thbox An explosive charge is placedthe center f the box
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Figure 2: Schema of experimental device
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Blasting charge

Two pressure gaugeeecorc the blast loadmagnitude and tie developmer
impinging the window.Jne gauge is placed on troom floor. The othe one is

positioned on test frameear the windov

Figure 3: Blast pressure gauge



3. Tested windows
Tests allow to study:

. The blast capacityesistance ¢1.20 m x 1.05 m differerglass »anes
- Annealed inglating glass 4/16
- Insulating glas 4/16/4 wit daylight or wet-glazedegurity window film
- Insulating glas fabricated with laminated gle44.2/8/44:
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Figure 4:(a) Insulating glass, (b) insulating glass with dayligh
security window film, (c)insulating glass with wet-glazed

security window film

. The behaviour 0f1.40 m x 1.20 r French style inwards)pening doubl
window composedf

- PVC frame adstandard locking system
—  Wood frameindreinforced locking system

|

1 and 2 - — standard locking
system (catch + strike)

Figure5: Standard locking system window

2 - Reinforced lockin
system (catch + strike)

Figure6: Reinforced locking system window



4. Results analysis

The evaluation of glazing performance is done in accordance withvdheate hazard
rating criteria in Table | [6]

Table I: Hazard rating criteria for tests

Hazard rating Hazard ratio description
A No break
B No Hazard
C Minimal hazard
D Very low Hazard
E Low hazard
F High hazard
Dimensions in centimetres
\\\_\'\. 2 —
\\\ \\‘\ F F
\ ~ H
\ ~ 1: window
\ \\\_\ 2: witness panel
D\ E ~. € 3:blast
\ gf 4: low-hazard threshold
] o E 5 high-hazard threshold
| 6: very low hazard threshold
D "\5 E

Figure 7: Cross-section through witness aera

Glazing shall be considered as “blast-resistant” onlyathieves a “minimal hazard”
rating C or safer.

A complete window is considered as “blast-resistant” only if:
. Glass achieves a “minimal hazard” rating C or safer.

. Window is still fixed to frame after the test

. Mobile frame are still closed after the test

. None piece of window is projected outside

5. Experimental results and discussion
5.1 Blast capacity resistance of glass panel
An initial series of [20-50 mbar] overpressure peak tests wésrped to study the

resistance of different glass panels. All panels were a 1.08 m x 0.60 m.
Tests results are given in Table Il and Table Ill.



Table II: Glass panelsubjectd to blast load (part 1. — Results of blast tests

N° 1| 2 3
4/16/<
Glass 4/16/4 Annealed 1sulating glas
Annealed Insulating glass + Wetglazed securit
window film
. . h=1.08 m | h=1.08 m h=1.08 n
Dimensions of glass pnel =060m | I1=0.60m = 0.60
Incident
Characteristic peakovepressure 20-25 35-50 45-50
of blast wave Pos(i?iqvbnar)hase
duratio“np(ms) >500ms | >500ms > 500 m:
Hazard level A F A

Table lll: Glass panelsubjeded to blast load (part 2. — Results of blast tests

N° 3 4
4/16/4 . 44.2/8/44.;
Annealed Insulating glass . .
Glass . . Laminated Insulating
+ daylight security
; : glass (anealed glas
window film
Dimensions of glass pnel h=1.08 m h=1.08 n
glassp I=0.60 m I=0.60 n
Incident
Characteristic peakovepressure 50-55 mbar 65-70
(mbar)
of blast wave Positive phase
Ve P > 500 ms > 500 m:
duration (ms)
Hazard level F A

Table Il shows thatrmealed insulating glagpanelsresist an incide: of 20-25 mbar
overpressure for hundredf ms equivalent triangular duration. Thevas no damage
to the glass. Howevencreasing overpressure to-50 mbar causehe sameglass to

break (Figure 8) with wst fragmers projected up to 3 nFigure 9.




R i
Figure 9: Fragments landed on the
floor — zone 0-3 m

Insulating glass with &ecurity film was also tested. This kind &fm is applied
internaly.Glass panel wh a window filmdid not resist to a [260 mbar blast load.
During the blast Thélniner” pane was projected in one piece neters from th
window and the outer gne shuttered projecting pieces up to 3 nrm the window
(Figure 10andFigure 1J.

On the other handché use of we-glazed window film does improwglass resistan.
In that case, thelass des not shutter and the film stays the frane. There is n
glazing hazard (B rate).

Figure 11: Annealed Insulating glass
with daylight security window film —
Post test

Another blast test alsshow tha insulating glass madaith laminatel glassresists to
a 50 mbar blast inciderdverpressure with a hundred millisecoretguivalent loac
duration.



Figure 12: Annealed Insulating glass

with wet-glazed security window film —

Post test

5.2 Blast capacity resistance of windows

A second test series studied the response of a French stylelsne@ening double
window to a blast wave: resistance of the anchorage systerfix¢deand mobile

frame or locking system. All windows have a 1.25 m x 1.4Gime. Test results are
given in Table IV and Table V.

Table IV: Window subjected to blast load (part 1/2) — Rissof blast tests

Dimensions of window

h=1.25mxI|=1.40 m

Opening window

French style inwards opening double window

Anchorage system

Standard anchorage systern
angle brackets clipped to th
window and fixed to the
structural framing

n:
eReinforced anchorag
system with angle brackets

11%

Locking system

Standard locking system (catch Standard locking system

Opening the window

Projection of the window

+ strike) (catch + strike)
Frame PVC PVC
Glass panel 4/16/4 4/12/44.2
Incident
peakoverpressure | 20-25 55-60
BlaSt (mbar)
wave Positive phase
Ve p > 500 ms >500 ms
duration (ms)
Deformation and rupture CfOpening the window
anchorage system f mobile f
Rupture of frame Rupturg of mopiie frame
Results Projection of the window

casement between 2 m and
m

between 1 mand 2 m




Table V: Window subjected to blast load (part 2/2) — Resoftblast tests

Dimensions of window

h=1.25mxI1=1.40 m

Opening window

French style inwards opening double window

Anchorage system

Reinforced anchorage syste
with angle brackets

nReinforced anchorag
system with angle brackets

11%

Locking system

Standard locking system (cat
+ strike)

|,Reinforced locking system
"Individual closure of the

Projection of one of the openin
at approximately 2 m

openings
Frame Wood Wood
Glass panel 4/16/4 44.2-8-44.2
60-65 65-70 65-70
Blast
wave
> 500 ms > 500 ms > 500 ms
Opening the er_ldow Mobile frames remai
Rupture of mobile frame
Results closed

YGlass panels intact




The hward opening wirlow has a standard anchorage systemstiuted of 6 angle
brackets Kigure 13 which are clipped to the window and screwwo the structure
frame Test results shovhai this system is not sufficient to resist C mbar incident
overpressure blast waveigure14 shows deformation of angle bracls, an opening ¢
window and a projectioof the window between 1 m and 2

Figure 14:Response of window to blast wave (at I~ Angle braxet
after the test (at right)

For the second test ttanchorage is reinforced in order to retain window to the
structural frameWindow is subjected to a 50 mbar incideverpresurt. It does not
resist either but theveak points have changed As shown Afyure 15, the mobile
frames were brokeand projectectbetween 1 and 2 m. Howevéxdd frameremained
screwed to the building-he use of wood framproduces theame test result (Figure
15).



Figure 15: Projection of mofile frame of Frenchlstyznwards opening window composed with
PVC frame (at left) or wood frame (at right) andeemmon locking system (catch and strike)

Given the results of previous tests, a French opening window withnforasd
locking system illustrated iRigure 6 was tested. The window is composed of wood
frame, laminated insulating glass and a reinforced anchoyagens It was subjected
to a blast wave with a 50 mbar incident overpressure and an euuipakitive phase
duration of hundreds milliseconds. Tests results showed that the cotifiguesists.
The Glass panel was intact, The frame remained closed authexttto the frame
(Figure 19.

Figure 16: French style inwards
opening windowwith reinforced
locking system, laminated glass and
reinforced anchorage system
subjected to blast wave —
Photography after blast test

6. Conclusion

These experimental tests have produced new data on the response of swindow
subjected to a low incident overpressure and a long duration (hundfeds
milliseconds) blast load.

Blast loading tests showed that a wet-glazed security window ifproves the

insulating glass panel resistance. Laminated insulating gladso a good technical
solution. However it is not sufficient to have a resistant gfes®el. Reinforcing

locking system and anchorage system are also recommendednédwvelements

have to be considered to improve safety.
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Thanks to an experimental study and a theoretical analysis BNPRiduced a
practical guide [7] giving elements for improving the integrity of window sti&geto

a blast loadFor instance, this guide gives recommendation on type and sizessf gla
panel that can be used for various blast wave intensities and vaiagtsvale types
(deflagration or shock wave). It also indicates requirements folotdkeng system,
the design and the number and position of the anchorage points.
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