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This Techrucal Information Bulletn describes the deselopment, testing, design and
application of sunshade fabncs as glass fragment retenton retrofits for field expedient
blast mitizahon. These fabnes, properly anchored, can prosade 1ncreassd protecton for
exiriigeotfice space against flwng window glass cansed by external blasts.

L blast resistant sunshade fabne 15 installed as a glazing fragment retention system
restrained with steel siraps behind exising extenior waindows. The straps are anchored
orly to the floor and ceiling slabs. When subjected to blast loading, the glass window
breaks, the fragments are held togetherbythe Shatter Beastant Window Film (3RWEF),
and the combination 15 then captured and retained by the sunshade fabrnic. Steel straps
hold the fabnec in place and prevent the extenor glamng and sunshade fabnc from
entering occupled space. The fabne and steel straps deflect into the room, but do not
allowr the windowr glass to trawel through the occupied space, thus motigating a major
hazard fo occupants.

This retrofit has proven successful against a range of blast loadings from realishe threat
charge weizhts Specitically, thas design concept can protect office ocoupants from large
vehicle bombs up to | - occompanied by a setback
distance of [ in buildings that are capable of structurally withstanding that threat.
It will also perform sabsfactonly in locations with lesser setback and 4 proporhonadly
reduced charge weight. If a larger explosve detonates, this retrofit still provades
wnproved profection, as compared to non-re trofitted condibions, and will reduce casualties
anuil 1njuries.

Fetrofit mstallation 1s accomplished wsing comrentional matenals, standard tools, and
congtruction methods requinng mindmal techracal abiity The effect on fagade,
mechanical, electnical and other bulding systerns 13 minimal. Furthermore, mstallation
only encroaches upon the office space mmmediately belund existing windows, within a
distanice as close to the extenor window as practcal. The concept canbe employed as a
stanid-alone retrofit syetemn or integrated mto a total wall retrofit systemn.

Embedding the straps and frarang under floor covenngs, in the intenor walls, and abowve
cellings can make the retrofit elatmeely inconspionous to occupants. Poper color and
pick densityzelection will miraruze visbilitydesradabon through the treated windowrs,

The retrofit also may mwesimct access to operable windows. In facihhes which ublze
operable windows as the fresh air source, or in bwldings wathout centralized HYAC
symtemns, a facility enginee 1t shold be consulted in order to ensure these operational facets
are properlyaddressed.
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BACKGROTHD

The east Afnca bombings in 1996 prompted a concerted DCG effort to ide nbfy products,
and constuct systerns, that matizate the effects of termonst bombing attacks. &5 a part of
this effort, the DS Standards Development and Implementation Branch, 1z conducting
wegearch and development that evaluates concepmal designs for mbenor retmiit
constmiction to motizgate the wulnerability of existing and newly acoured diplomabce
buildings to welicular bomb threats.

The Ermbassy Wall Retrofit Program (EWEF) testing 15 part of a larger D5 R&D testing
mitatrve that encompasses site penmeter walls, bwlding walls, stmctural elements,
window systemns, and non-stmactural elements. The U5 Aty Corps of Engineer Regsearch
and Dewvelopmment Center (ERDC), under DAPSIVADT spongorshup, provades fechmical
operabonal, and tesing support to the program.

Fapades, extenior walls, and glamng of comve nbonal buldings are sulnerable to blast and
are moajor causes of stmuctiral and intenor damage and hazard to occupants. & pomary
concern 15 the glamng in corsenbonal bwldings, which 15 typically annealed glass, hughly
vilnerable to blast loading, fragmentines into jagged, high welocity shamds. The potential
for sunshade fabnes, as part of a window fragment retention systern, to mibgate this
hazard, wag examined. Some sunshade fabmes can be uthzed, as degembed n this
bulletin, and adopted for use as a retaning shield to contain most, if not all, glazing and
other hazardons debns, preventing it from entenng occupled space.

The retmiit concept developme nt defines the best franang and anchonng design for these
fabmics to fully captabize on their strengths and walue as a glass fragment retention
systern. As an outzrowth of slamng hazard concems and successful sunshade fabne
retrofit performance, this bulle in has been pre pared to document results and deserbe thas
field expedient techrague. The development, testing, and moplementaton of thas blast
mitization concept, has proven 1t successful against blast loads for a mealistic threat
BIVITOTInEDE.

T 2587 4
Ay 200



Conclusions

Comparative analysis of EWBP-2 and EWEFP-4 shows that im EWERP-2 the banded
window system prohdbited late ml motion, where as EWERP-4 prosaded freedom for the flat
bars to deflect towamd the center. The ability for the flat bars to deflect laterally toward
the center of the opening, ag shown in the lower left photo of Figure 6, appears crucial to
the success of this retrofit. Thos dictates the uwse of mdependent window retention
systemns, so that the flat bars are fiee to deflect rather than being stressed in opposing
chrechons when loading by taro windows. For a storefront window, inde pendent window
retention systemns could shll be retrofifted mn the EWERFP-4 patterm, repeated belind each
window for mdradual pedfomance ophmizabon.

The DB-4 test with [ surshade fabrc had produced successful results for this
concept at lesser pressure levels and greater standoft (I . EWEE-2,
the loading was increased from a similar threat at |G - total swetem
failure occurred (M {:bric dpped at the edge of the flat bars, flat bars failed in
tension, and anchor bolts npped out of anchors). &g a congequence of this, both the
sunshade fabne and flat bar retrofit design were modified. MechoShade was chosen fo
replace the N on this expenment because of its greater strength. Altemnate
anchorng technigues we re i hized. G
|
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A ULINIARY AND CONCLITEI0ONS

The use of sunshade fabnes as a glass fragmentation retenton swiem retofit for field
pxpedient blast muhgation 15 effectve, et simple and wersatile. These fabncs can
mcrease protection for esdriime office space agamst flung window glass caused by
external blasts. It 15 therefore a candidate for a wide wanety of fleld applicahons.
Lpphcabons can be as a stand-alone window retrofit or infegrated into a tofal
wall wrindow retrofit syster.

The sunshade fabnc 15 mstalled as a glazmng fragment retention systerm, westmined wath
stee straps be hund existing extenor windows. &n inde pende nt retention system should be
uzed for each window to permait the cotical lateral deflection. The straps are anchored
orly to the floor and celling slabs, and hold the fabne o place and prevent the extenor

slamng fom entening occupled space.

This retrofit has proven successful against a range of blast loadings from realishe threat
charge weizhts. It will also perform satistactonly in locations with lesser sefback and a
proportonally reduced charge weight. Ifa larger explostve detonates, the retrofit will still
provide iraprosed protec fiony, as compared to non-retrofitted conditions, and reduce
casalhes and injunes.

Betrofit mstallation 18 accomplished using cormvenbonal matenals, standard tools and
congtruc tion methods requinng mimrmal techrocal ability, Effects on other systems ame
miramal, and 1t only encroaches wpon the office space immediately belond existing
windows, within a distance as close to the extenior window as practical. Nonetheless, a
faciity engineer should be conswulied for installabion. Installabon can be 1ncorporated into
the surmounding office firashes to make the retrofit relatmeel v inconspic wons to ocoupants.

For further informaton or assistance regarding the integration of sunshade fabne retrofits
into larger rencvation or uperade meguirements, or to seek additional information

regarding other alternatrves, please contact [ NGEEG_GEG
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Tesi Fabric: Mreche Shode Ssashade Fabric
Fabrie : Ivlecho? hade
o upple tmannfacturer:

Ilechoshade Sstemns, Ine.
42-03 35% Street

Long [sland City, NY 11101
T18-728-2020 ext. 202

wnanar mechoshade ©om
e-Toall: joelb f@mechoshade com

Cornrnercial availability
* Fabne 15 avalable mnoany width from 4% inches to 96 inches wide on special
order of 600 or 1,200 limear yards miraroT
= Nhalb-densityand molti-color {over 60 colors)

Ivlate nal properties of fabnc tested i EWEREF expenment:

= DNlechoShade fabric is a Kevlar ® blast shade

= Fabne woven from PVC extmision-coated Kevlar® 29 wam

»  Warn hag UV mhibitos, flame retardant additiee s and ant-microbial additmees
mm the PV coating

= Warp vam 15 baged on 3000 deraer Kevlar ® 29 fiber (denier iz unit of wam
tine ness, based upon standard of 50 milligrams per 450 meters of ymon)

= Fill {pick) vam i1z baged on 1000 deruet Kevlar 8 2% yam

* Fabne construction 15 13 ends per inch of vam in the warpand either 10 or 12
ends per inch (pick) of yamm in the fill direction (both 10 and 12 were tested)

= Woven fabnc 15 then heat set to stabilize

Ilaintenance:
= Anmmal anb-static freatment to mimmize dust collection
*  Clean with soap and water if nece ssary
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