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FOREWORD

This report describes a full -cale magar~ne separation test conducted at the Naval Weapons

Center in June 1974. The test work was conducted fo- the Department .f Defense Explosives Safety

Board (DDESB) using funds provided by that organization. The work was identified by Army

Program Element Nurbe•' 6.57.62.A and Project and 'Task Area Numbe. 4A765702M857.

based on data derived from the test, DDESB has made significant gains in information relating

*1o hazards crilerivt

AppenJix B of he report, covering vehicle and traffic route investigations and window g!~ss

,iazard studies, was prepared T'y F. R, Fletcher, D. R. Richimiiond, and D. 1W. Richmond of the

Lovelace Foundat{,n for Medic:,l Education and Research, Albuquerque, N.M.

Th., report h s been reviewed fb technical acc:u acy b; DDESB staftf :nembers Mr. Ru.sell G.

Perkins and D;. Ihotras A. Zake,. Mi. Perkins and N). Zake ai.o played maj ir roles in the design of

the test.

('aptain |ettvi 1. KXe•n, IASN, Chao. f ýL)LSB, provided techmcal, administrative, and

policy puiidncte drting "Nhe p eparatitn, eXecuitCn, and reporting of the test.
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INTRODUCTION

At the request of the Department of Defense Explosives Safety Board (DDESB), the Navaý

Weapons Center (NWC) on 12 June 1974 conducted at the Randsburg Wash Test Range a large-scaý,e
explosives hazards test known as ESKIMO FlI. (ESKIMO is an acronym for Explosive Safety
Knowledge IMprovement Operation.) This was the third in a series of full-scale tests of earth-covered
magazines sponsored by the I)DESB. The main purpose of this test was to evaluate a .ewv
e-irth-covered noncircular corrugated steel arch magazine by exposing it to explosion of an adjacent
magazine at the minimum side-to-side spacing now permitted by standards.

ESKRIO 1, the first test, was conducted in December 1971 to determine a safe, practicable
minimum separation distance for face-on exposures of U.S. Army standard steel-arch magazines. 1

Explosion communication occurred to an acceptor igloo of this design at a distanc~e in feet equal to
1 .2S X WI 3, in, which W is the weight in pounds of the high explosive in storage, but failed to
occur at a distance of 2.0 X WI /3 to tile rear of the donor. Further, the test revealed that safety
and .,cortomy mighit he increased through improved design for closer balance in strength between the

doors ind headwaA of the magazine.
lFjSKIMO 1I was conducted in May 1973 to appraise magazine door and headwall designs. 2 T'he

lest reaffirmed the need to ba~ince the strength of headwalls and doors, A large, sinigieteaf sliding
door withstood thle bNast with minor distortion, although the accompanying hea-dwalls sustained severe

damage. A Srradley-type headwall, oin the other hand, incurred only mninor damage. In addition, thle

1u01.ircular (oval) steel arch tested with tire StradleY headwall withstood the blast without breakup or

seveýre dlistortion.
FSKINIO Ill Further -xtenlded the study of' explosive-storage magazine,,, using inforniatiCrI

de rved ffiirrr FSKINIMO !and 11, A fort her test of lie oval arch and Sr radl-y -type Ileadwall, FSK IM()

Ill u.sed sI metwres reriaining fromit ESK IMO) 11, rebuilt as riecessairy, vi well as new construction.
Igloo 11, OL'~ oV;1-T. 'h rnaga.'ine testled Iin FSKIMO 1I, wars fitted N% th ai iewlx' designed Stradle~y-type
headwall with a sirngletleat sliding~ door. FSKIM0 11 had proven thal wrly-s le3(liwall cttold
withtIatid~ a f;wcuO)[ iropiotse '' ,7St) iisrI/ru'c and that thle. oval -ste IT, v100 ~'oCOre.d withStan1d tOW

face-onl imlpulsk-s geneiated hy tr:it charge, FSKIMO Ill testfed thle abhdiy of- thll ncew !,adwali to

Withistare thre JIe-on bNast imnposc.d by thle explosilon :m andjadcent magazine.
I Vs1: leport Oveu"Ss, iS ~)ill, its objrectives, procedures, atid Tesults, and the comrclusiot's

%j ;iI ' , s(entvi !5AIM0 I S~~,:,r .'pratiov 1.-r hN frederik If W'c.rk (itin. I .k, C-1

Aj I P) p (V ( It ' puhhritiorn t'\(t L\ ti1I 111.1

-11 T1 V.p' To I A 5)II -f:2o in, p,zrae' t it b I re-de ik It W, at. Ch, r I A. k. alio

Preceding page blank
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TEST OBJECTIVES

The primary objective was to qualify the ovai steel arch igloo at the 1.25 X W1/ 3 minimum
side-to-side spacing now permitted for the semicircular and other standard earth-covered magazines.
Other objectives were

1. Evaluation of a less expensive light-gauge, deeply corrugated earth-covered arch.
2. Test of single-leaf sliding door installed on an existing standard headwall (Igloo C) at 2,75 X

WI13 the recommended distance for face-to-side orientation.
3. Further investigation of separation distances at other than side-to-side orientation.
4. Investigation of hazards associated with window glass locateo at varying distances (based on

U.S. and NATO inhabited-building distances) from the exploding magazine.
5. Evaluation of blast damage to highway vehicles placed at distances from rg, ! •tructures

specified by the United States and NATO for public traffic routes.

NEAR-FIELD TEST LAYOUT

DONOR CHARGE AND MAGAZINE

Toe donor charge, consisting of 350.000 pounds of Tritonal contained in stacked M! 17 bombs,
was enclosed in an earth-covered magazine, 80 feet long, which was constructed of lightweight,
14-gange, deeply ,:orrugated steel iII place of the standard I-gauge corrugated metal (Figure 1) but

[EXISTING

ONEW 4
t~ ~~~ 0-~ 24I7--- N02 IN

0O/1, IN

'4 •_'I.•A(M (.COFHHU(;A ff' t ýTFtl AMIlII I GAUGF CORHUGAr- f) StFUL AC(-H

(M v Ft 0) A ANI,ý Iqy•t!, r "r i (; IG( . 0,( t. (0 I), F

S1(,LP1 f I Sr-cl Arh MieC (01nIUr 'n ' h S KI M . Il ý..

LI
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which vas otherwise identical to the standard steel arch igloo. Appendix A presents further
construction information. The donor magazine was built parallel to the oval steel arch Igloo B and at
the mninimium standard spacing from it.

IGLOOS

Five acceptor magazines were grouped around the donor magazine, as shown in Figure 2. All
magazines were earth-covered corrugated steel arches. Igloo A, a 14.-auge, deeply corrugated
semicircular arch built to the same specifications as the donor magazine, was located at the minainum

STRUCTURES FROM ~AV
PREVIOUS ThsTrs ze,d....'.

........... . . . . .

EiI EARTH ...... ~ :5j'5
BARRICADE '

+~~

Al/

(1Q,

P <i/1 111' ,.
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mide-to-side spacing now permitted by DDFSB standards, 1.,25 X W1 /3, fromt the donor. Igloo B, the
existing 80-foot-king noncircular arch adjacent to the donor magaz~ine, was equipped with a modified
St radley-type headwall and] single-lettf door.

inl addition, three existing standard heavy steel semicircular arches at other orientations were
equipped with new doors or headwalls and doors. Acceptor Igloo C, which remained from a 1963
test, was almost exactly 2.75 X WI /.' feet from the donor-the recommended face-to-side separation
distance. Thus it afforded the opportunity for a direct test of the improved single-leaf sliding door
mnounited on a sound, existing standard headwall. Igloo D), left from ESKIMO 11, was ý,builk with a
standard headwall and doors. Despite some line-of-sight exposure of donor and acceptor headwalls,
this velative otientation qt.,1iialteS for the side-to-side separation distance (0.25 X WI1/3) but is nearly
at the !imit of angular position beyond which the face-to-side distance (2.75 X Wt /3) applies. As
built, this exposure is at 2.55 X W1 'ý, a1 Value between the two; a success would havi justified
considering some further relaxation of' the standards, at least on a special-case basis. Igloo F' was also
rebuilt with standard dloors and a standard headwall. This was a front-to-front exposure at 3.70 X

W1 1 for the recommenided size of igloo donor. Standards require 6 X W1 '3 using a barricade of
adeqUate height to stop Iraguents between igloos. This orientaltion was testedl in FSK IMO I, with
failire at 2X WI!3. Trhe FSK IM( Ill test involved a separation midway he we-en this :i~id the
un tested statndard distance. A success wý mid have indicated the possibilityv of aj Worthwhile redIIUctio
of' the required distance for igl~oos and for .ubstantial above-grou-id magaiines or strengt! cit.d
operating buiildings a'ý well.

FAR-T. IFLL TEST LAYOUT

To Compiple :dd~iioital dait rcg,,dinig appiopriate separat ion disti~tces, etwtveen e~ plosive OtorwIe
anld 11atMtlIn sltos andl bubt- titldmies -iid public lug' ways. window, tes! sttoiic'rs, mtotot

'111d ide Bnlal-') :1tcralt %%Cic plac-ed .it vans n, distanice,, t~onl 110helast, liteso distanlces Ilicttmdcd
the I ttitcd l Staes 3i1d \,\I() inhlabited building and public tratlIC route dtstticvs-. For the PLicenwicri

o Ie t'td ttlI MIUW i.sad velolc svecAreii It.

AINI)OV TI 1Si SFURI I LAZES

h m) !' d .1, si/c jp t- of~ !(:,.I f Iiie 0TI fs fit' 1810: 1!i hl týw ?I IiI vtsa e iI 3 tIIc

'A I 11 i1itiA M I I', W 1111 II( miii L*);'ll IT ý I iTC, theI( ( t HIn' 1 iht' Wt-itidi l. Oii etc

I! I N~ I I I ý'I 111 \, s~I . nev, pIatCN V I A I '0 I It'I I t I I' J I :) f, 1 15 Id I I' ' it C s 1 * , .I IA,1 
1

N lle tI ý)



NWVC rP 5771

16-mim camera operating at approximately 400 framnes per second. Window test cubes had been
constructed, Fited, installed, and fitted with accessories in accordance with NWC Dwg. IR No.

74777/A-I A-2, Shop Control W057-282.
For informnation on test results for these structures, see Appendix B.

V EHIiIC LES

Yen automnobiles were exposed to the blast, at ranges of 2,1 15 feet (tiS. public highway
separi.Ikrn dlistance,), 2.630 feel, ',NATO separation clist-nce), and 3,95f) feet (1 .5 times the NATO

distance) (see Appendix B).
One of the vehicles that was loc?- 3 it 2,1 15 feet contained an anthropomorphic dumnmy.,

secured by means of a lap seat belt. A e~cond high.sy ;ed 16-mm camnera recorded the reqponses of
this dummy arid the automohile windows adjacent to it.

Appendix B discusses the responses of all vehic~es to the test.

AIRCRAFT

The B-21) aircraft, which was locmted 1 .800 feet from the donor in the FSKIN10 1 test, was

mioved to 1,210 feet fron it-to donor fil ihe ESKIMO 11 test. For ESKIMO 111, the aircraft remainted
iii position,. abhout 1,100 feet fromi the new dormi.

INSTRUJMENT ATION

PRE'SSU RI (GAU(I: LAYOUJT IN I'll NEAR FIIJ-

lit (I' 1-, t2.ýt~dT nmeti IttliC t i.t\ O oid~d at 11C ground Ntltrdce ,~ feet III ¶r l t ort 0

0 I1 1 ,'k ~L' I , V,10 PI C00~itd pI)Ck pt(c,\tire :III(! iw!-okv K d!r were (himittcd kitecil ho tt.1it t (oI'

jtho% lilt fhw uT ýe of thc tI .i/1 A1  u'u. ot di i ' 'itfipa-ild Tti ttlt3':Isul' the Ilv, d lttm

'121 Iile I '~ .u~ I fltic ' W If d The donof lluý1g:1llut(. lI ?,UT C Ite 3 llu r 1i tt' l I t k) I uti t 11 V W

Iu l k , -Iu h j !. 0 ` l Ii ct t i A I -W d nI Iil~t - it aI Vi Ite ~ l u t t u'W T I I I d I t f I h e 1))h u 1 %

' 'Ie 1Wu \ ý 11 11 P I I l o o t (. 0 ,1 1 1 ah t l ld d itt'. ln rl M C A .t '~ - f LI T1 1 1 I t w e u i l\ t . It IT I T h t- Mit

II ti'mc /
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FAR-FIELD PRESSURE GAUG.-,S

Twenty Ballistic Research 1,aboratories (BRIL) self-recording mechanical gauges were placed
(Trable ! ) in pairs at 6,60 and 1.320 feet from the blast jite on the east radial: at 660, 1,320, 2.,1151
and 2,630 feet on the southwest radial; and at 660, 1,3'20, '2,1 15, 2,630, and 3,526 feet on the

norThWe-t radial. At positions also designated for vehicles or window test cubes. gau~ses were carefully

placed where they would not be shielded from the blast.

TABLE 1. Schedule of Capsule Selections
for BRL Self-R~ecording Gauges.

Railditne No. of INo. of No. of Est. max Capsule
fRadma donornft gauges g[auges gauges overciressure. rating,

frmdnr t NW leg SW leg NE leg psi ps

660 2 2 2 11.0 15
1,320 2 2 23.5
2, 115 2 2 ,..1.9 5
2,630 2 .1.3 5
?,630 2 1.0 1

3,526 j 2 Mm

I)YNAMKr 7JF.ASURFMFEJ1 OF IGLOO STEEL ARCH MOTION

%lotiml of the sicel arch versus tune was meas.ured ill Igloos A and B, us~ing itnstrumnents

described ill Jahles ,il and 1 'Ind figuie 4. Absolute nieasurerwrlts are hased onl an arhiti arv bench

maurk iestablislred! outst (ldie11 tes't area.
All tneasrrrertnvy, except iwceheronicter readings were harsed on measuring thle telescopting actionl

Of I stel ion inl il round t ub. -fil a.ctiont of the arch and of tile rods Was photographed -It igloo

ilidp)oirnsI total tulot1!nri r.eLlilve to ir lero or ini1tial positrorl was lecornied .v nt';ns, ot a cln~

rh'sC I~ t i~i pirSItlrlsV. SruCC lOW lirirr WT, alSo t'Xp)e(ted to he 1movin~g. llleas1Uleruerr, ot ri: itilthT1 111

%vere re!'ivotos ;a t640pourirr ittassjal-tnot hN -loo by I -M0il Steel p)Lae stippiri teL! bV an1 alr-tille~d

-p dlqr! p rbherbt r;er\ur of i~l tilool wlarrtsr to t11i; frilolliro n "' W55 5515aso phrtolograpilied ill

ili midtle!rr'n, or Igloo,; A~ nlld It,

1 1i-:! T 1)11l It fi rir(iIt jI CI. ti.l'W isk, I, rpt';hrtlr til lloerrsn'titett it '11 'll ( ui (re rl tI In 
4 :-lg e

Td ill tim 1k hla~.t ;[ire 0!t Igloo A aull till- riiresporlrdrry 'irbes it1 20 feet and~ mt 0it feet friml then

k' 11,r IW !~ t II; ' Ir epilr- .. 1(I tir twirll !ho hcrdw~rl, (It ihr A rod 11, ind ol thc

I Ic ire 111 l.ls 'i i i! I i I ! it , 1 i l

11\d , !lirI Aer 55rCd 11salli rntrps lsu tIr~ls. rt3 s rjh~~l,
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TABLE 2. Interior Motion Instrumentation, Igloo A.

Sscratch q~dLue A =single-ax is accelerometer
PO photo-optical motion recording A-A -3-axis accelpsrometer

LM -linear mrotion transducer (records two outputs)

Distance from 45 deg, 221/?deg off CL, CL, I 22 112 deg off C L, 45 deg,
door, ft blast side blast side vertical let side tee side

40 S, PO, LM, A S, PO S, PO, A-A S, PO S, PO
60 S, L M j -. S, A I.S

TABLE 3. Interior Motion Instrumentation, Igloo B.

S =scratch gaucie A =sino'e~axis accelerometer
PO0 pholo-opticol motion recording A-A =3-axis acceleromeier
LM l Iinear motion transducer (records two outputs)

Distav-.ýe rom 1 flt above floor, 8 ft off CL, C. 8 ft Off CL, 8 ft above floor,
door, I t blast Side blast side ve; rical le side - lee side

20 SLIM S, SLMA . S
40 SPO, A SPO iSPOL-M.A-A SPO SPO
60 SLM S, ... S

C L

14 F I
' IN

C__ L--†'fj---
14 1

1101 Oft-____
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MEASUREMENT OF AUTOMOBILE MOTION

Some vehicles used in ESKIMO I1. but unsuitable for ESKIMO IllI because of prior damage,
were moved to a position near the south camera station. The vehicles were turned to expose the
previously unexposed side. The motion of these vehicles when hit broadside by the blast wave was
then photographed.

A fixed post. intended to provide a reference for gauging car movement, was placed in the field
of view of the camera photographing the dummy inside a vehicle on the northwest radial at 2,1 15
feet from the dcnor charge.

Spring-loaded styli were atta,uhed to extensions of some vehicle bodies to provide a signature of
vehicle motion on .1 fixed alumin'im sheet rigidly attached to the ground. Figure 5 represents the
actual size records fron these scratch gauges.
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____________________ _________(d) 2,115 feet, deftieler.

(C) 2,1 15 feet, Buick 'lation wagon.

S~2, ted. VW. hoye

2'"1 ueVW Stton-go-
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ZERO TIME INDICATOR

Zero time or time. of detonation for the M1 17 bombs was determined by the recorded

signature of ;onizatio'n probes nlaced within the donor stack.

PHOTO-OPTICAL COVERAGE

Photographic coverage of the test was recofded by 14 high-speed 16-mm cameras, at speeds

from 400 to 4.000 frames per second, and two slower 35-mm cameras running at 120 frames p.-r

second. Four of the 16-mm cameras provided interior coverage of acceptor igloo doors; two more

16-mm cameras recorded the action of tie telescoping motion sensors in Igloos A and B. All interior

footage was shot at 400 frames per second.
Three of the cameras covering the site area and oblique views~ of the headwalls were located

1 .500 feet south of the donor. A fourth camera at this location recorded the motion of the cars left

from ESKIMO If Also at 1.500 feet. but wes t-southwest of ground z'ero. another camera recorded

the hlast face-on. A camera located oin top of the instrumentation barricade 950 feet west of ground

/eio provided a mnore localized ritord of the donor and4 Igloo A. Four 16-mm Milliken camerasi were

located on the northwest tidjal = two at 2.1 15 feet (one recorded at close range the responses of the

w~tidows and dumnmy in the car: the other provided specific coverage of the donov igloo) and two at

3,525 feel (one r-corded the response.s of the dummy and the glass in the window test struicture: the
other recorded the general site and the blast).

This c.overage was augmented by ieriall photogiaphy. including 16-mrm inotion pictuies at 400

tames pet secondl andl 70-mmn pictures at 10 frames per second taken fromt a helicopter at 45

dlegivecs elevation fromi the site and at 14,0(Y) feet slan! range

Il IlA NG

l ru1ing was\ provided ori~ ecords of' all near-field piessure gauges, linear motion tranisduceris

kiCCelCe urwte fs, and selected caIne ras soit) tat the events recorded were correlat able. On the test dav

Timing prtohierli wixic e1coriiitkcrcd .'ind corrected, however, the tinting it, severai %ITcTamer wA%

I SKIM() III DI, I'ON Al ]ON

At 1- 10 I'D I ont I) une !t10 74 c 0xplso 11 thC Likrro chdrge o1 5tacked Ml 1 1-17 homhN

1111 sc ',crlidti): hi c~r it l ig pi~ke 1,% r ý1n gimirer sp ul 111s laikd III t1.h [ Inrdled



TEST RESULTS

GENERAL

Based on presently available data from gauge records, it is believed that complete, or essentially

complete, detonation was achieved. The blast shattered tne donor magazine and produced the crater

shown in Figure 6 and mapped topographically in Figure 7. Varying amounts of structural damage

were incurred by tile test magazines and far.field structures. Details on igloo damage are presented

with illustrations in the following sections: details on far-field damage follow in Appendix B.

1 14 PI I~i' %II
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OBSERVED STRUCTURAL RESPONSE

Igloo A

The deeply corrugated, 14-gauge, metal arch was deformed non-uniformly, with the deformation

most pronounced aiong the portion of the arch nearest the center of the don'Ir and about 7 feet
above the floor line (Figures 8 and 9), Although damage to the arch on the side facing the donor
made the igloo unsuitable for reuse, the arch did not collapse, and the velocity of inward movement
of arch components would not have provided a hazard to explosive stores.

Both door leaves were ripped from their hinges and thrown inward with the left leaf (left as

I 1('I RI 8 A-Cptlmo Iykh.' X,\.Iltl• \],N "t\' Sidel Nt'.1tCS1 tih'.

) n yl , l tne t It I I •1 ' 1 1

I, i
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1-IGLJRI 10i. ()ttic:ia Visitors tor the 'rest Standirg en Righit
I eat of Door to. ACLC'pTOr Itiloo AS. tNey, HI. 19831 60)

viewed by an observer on the outside and facing the mragazine dour) coming Iarest in a near vertical
position, lodged between the igloo arch atrd floor. The right leaf catte to rest in the iglock doorway
with the exterior face Lip ( FigUle 10).

Igloo B

Tile uon1CIrr.Arb4r Steel arcit irppoxiniatirrg the St radley maga/ine configuration experie~aced only
minor st ructuoral damage (Figure I I)I. The outiwaril-sloping corrugated metal sidewalls were pushe~j
Inward slightly, Withi the maximtumir dtOIrriatiou occutrirtg at a height of 4 5 to 5.0 feet above Vire
flour at thre side nearest thle donior blaSt Tlhe t0001 hOWed iipwatd, with the maximumii movemenctt
occurring along (tic' Cerrerlirir. lipwairdflwrtrlenlri ýit th-,- cicritetite was typically near 0.3 fool. 'ihe
central tlat rlown of (thc riotrcrn~rrfar 'tef atchI i110\T6 or.1tWdtd upllWý-d) ISlightly relative to thle
centerlinle of tile floot with ri~ i rirosCllrrrt' 1A Ui AN foot 1t tire orrdporril of tire arch. In
absolu1te tCeIrnS thl, lripwV:id [1virroscifrn at Owh inh ii hirve tire positron was 0.72 toot. Absolute
movement was 1111%1.ýIreIf relat!ve to lii Ali'htim belnch wail, eCtdhfi~hed orrtsdc the blast area. The
iglo- headwall itcturirres %igm~irticrirt I' cs ippmirer d~rnrrsg tha~t? aii\ Ireadw&aff tested to date in the
I-SKIM() series Tire sir fe-ieat slidinig doi w'rcpriltrdif our) it'. srppor tilral 1irid fell oilt tlike ground
itnttediat~ly nrr tonit of tire door orpernig (I wlier I-') Afrtorighr it iklf. the door was structurally
sound and is heinig reu~sed itt a fltlors uip test lire d no Jonsmr arid freKInIg dtsiCe was, pulled aw3y

front Orhe &nim mete! piniastir at Oil' r rFIl hjrn ire n111 Id nh dnnW Oenuetriirid tire domor slippor! rail was

diamaged (Figures I13 arid 1-4). 1 \f1r(1iCL' striA!If r in ir irriga/rir nt-r~ A~irave been well prnter ted.

It Is thrhl fat tlooru1ieotinnir) .Orilil id!i Lfl"Ait slort'1ierdirirre Iskkirenrg .rrraikmrielitis, bilt very

unlikek~l tira1 arts expirsir, ira,.rrrf Nould firse hves pir triuicd is ih;N A fatrg plate glass mirtror

pfirers ni Oire srrrtirsresis 111" nc '11 thc~ rrn wei0 '1C ki-0 f0 jriiC1igiifjfii piiiP.C5se did inot

b rcak
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Igloo C

The horiz~ontally spanning. single-L~af sliding door, essentially identical to that used on Ilooo B,
withstood thie blast with little apparent damage or deformation (Figure 15). It remained in place at
the door opening but could not be moved until power eqiiipaient was brought to the site for door
femnovaI. The concrete hcedwall remaining from a l003 test experiefted some cracking (Figure 16),
inward mover;nents uip to 0.40 foot, and interior conurete spalling near the door opening. The degree
of headwal damage was significantly less than that experienced by a simnilai door and headwal!
combination used in the south magazine of the FSKIMO 11 rest. The pressure levels measured at the
Ikeadwall were also less for the FSKIMO Ill test.
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k 1(URE 17. I ci Side ot FI;U RI 1. Right Side of Doorway of
Igloo I). ('Ne'g. tIf~ IS 81 71) A~ceplor Igloo 1). ( Neg. IAIL 183172)
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Igloo E (Hcad-O-i)

The mxst severe door and hieadwal! damage was cxptticrnced by Igloo E. Here the -ioar-leaf
damage and deformation indicated that the leaves were aiiU~.v.' inward with significant velocity
(Figures 20, 21, and 22) and would have jeopardized any stored explosives. Additionafly, the steel
channel used for the left doorjamb and the door head were separated from the concrete hieadwafl
(Figure 23). The headwall experienced considerable damage, with a inaximum inward movement of
approximately 1.5 feet where the bottom portion of tWe left doorjamb separated from the floor
(Figure 24).

8-29 Aircraft

Damage to the B-29 frame, located about 1,100 feet from the blast, was extensive. An aircfaft
at this distance would have becn dLniaged beyond ecornomical repair.

I R' HlI M1 A,,epio It!] 1, Iri) \IA Inl!,ti,~ (Nceg. IM Ih11 0 )I
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I I(G RI1 2!1. Righ t Side Interior of Igloo (Neg I III I X I1 76)
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FIGURL 2.3 Igloo F' fleadwall aind D~oorway. (Neg. HI.H 83 177)
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DATA DERIVED FROM INSTRUMENTATION

BLAST PATTERN

The presence of the igloo structure and earth cover strongly influences the character of the
blast wave produced by the donor charge. Figure 25 shows time-of-arrival isopleths for 50 and 91)
milliseconds together with an incident overpressure isopleth for 50 psi. These isopl!ths have the

"gener'I character of ellipses with centers on 'he centerline of the forward extension of the donor
igloo centerline and 20 to 30 feet forward of the exterior face or 60 to 70 feet forward of the

ge,)metric cenrter of the donor igloo. l'hese patterns contrast with the normal circular patterns

expected to occur around the donor center when the donor is unconfined. rhe presence of the igloo
greatly reduces overpressures and impulses to the sides and rear of the igloo.

Figure 26 shows graphically the averaged overpressure data acquired in sideward directions from

Ohe donor igloo (at right ;ingles to the longitudinal centerline) compaired to expected values from an
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I I(;tR! 26. Overpre~sum Versus Dnranot in Inc Near Field.

equivalent weight of TNT. This shows that expected overpressures from the uniconfined TNT charge

are approxinial.'v five timles as great as those actually expericnced at a distance equal to that from
the centlerline of thle donor structure to the centerlioc of acceptor Igloos A and B. 'The ratio reduices
lo I 2.2 !rtf sideward gauige porsi Ions 204 feet from the centerline of' the donor igloo. Thsposition
appfoillratcsý thle position of a fre.:dwall In the minimium face-to-side orientation o;- 23S7 X Wt . At
sirleward posit ions I1,201 feet ! r, the donor cpn teidine, the ratio reduces to abo ut 1:!1 Thew- samre
cOiirpa iixn na re lifowni~i a dit t onn Ini Figure 2'7 which also Co)tnpare,ý a standaid TNT cuiiie

v. ithI ove rpi esso res fore Mnd a0 kt 1re donior igloo in addition to those to tile sides. Figure 27 shows
lli it h~i st ove rvpriiressue recot ,id to the rCai of the donor Igloo remain well helow stanldard values for
.1m urrc'u finedCL (ftarg31 at distanices out to 1,3,! 218, l7 X WI 31 feet and that overpressures ret orded
IrWarld oft the ~101101 e1,Ceded s.tanldard ahlues at Ieai-field positions (ýr30( or 4,2S X Wi ', feet)
hut drop~rwd hekiixauf~r value, tor '.32(1 and :J15 ( 30 X W I ") cet Averaged -.erpiessure and
ui-pullse kltai hoA' tint1 at 61t0 teeI 11`ro1t the (eTfler Of the donor, the blast approximated that front
1.-,,X) Ittt)Iiiitt of tiricomhlrri IN] 111 .1 lrrrprrr tr ord gurator)ir H)r korresponding value ait

1"2() feet IN '-St)I(0 poril.Is o I VNT

I he assuirnr-t vale t Nk 101 ()0, tisrd inI Ftgurrrs 't) and~ 27. was, cAlculated uising prlocedures

outlinled tv I Ilg.eks'4 IF) Whiclh

ti.tII.!1 RIr- it, ' .dh Tli I v ii> i'rr I'JrIL ifa.- itt .9. Ier.s lY119L279, 1r . /If''9it,/9 rcal 1'' Sw! a r'tc Ifui~rif

If ý1ý tl".1rd IO 10, ."I 1)W IlI 1, t N 4 .[1 11 0 0) IN t1
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EVENT TIMES

With the exception of the BRL self-recording gauges, all data were recorded on a tirme base
with zero t;me determined by , pulse indication from an ionization probe inside the donor magazine.

Standard IRIG Format B was used for motion pictures, and binary coded 1,000-hertz timing was
used for magnetic tape data from near-field instrumentation (piezoelectric blast gauges, linear motion
transducers, arid accelerometers). Table 4 summarizes early event times in the near field. Table 5
summarizes the data obtained from iccelerometers. Figure 28 represents the data obtained flom the
accelerometer located at the front ooe-quarter centerline, position of Igloo A. Figure 28a shows the
direct record of acceleration pletted against time; Figure 28b, the plot of a derived value of velocity
versus time. Those acceleration values marked greater than 40 g in Table 5 are well beyond the
calibration range of the accelerometer- and, therefore, cannot be measured with any degtee of
confidence.

Figuires 29 through 32 represent recordings of Kistler piezoelectric blast gauge data: on all four
of , ,ese figures the small timing pulses are milliseconds.

TABLE 4. Summary of Event Times in Milliseconds.

Time., are based on zt-o time identified by ionization probe inside donor maqazine.

Event Igloo A Igloo 0 IglooC Igloo D Igloo E

Arrival of rnaln blast at ground Kitler gaugiŽ. CL of igloo ......... 40.5 41 93.5 81 73
Arrival of main blwt at headwall Kig.ter gte (&0 ............ 40 40.7 91 7 80.5 72.2
First response from linear motion transducers (av) ........ . 81,2 96.2 ..

First re O•pose from single axis iccei- omenerý

Front veriwal position ...... ... . . . ......................... 45 46 . ...

Middle 45-degrec position ........................ 4E 47a

Rear vertical position ...... ...................... .. 47 49

a 8 ir ah ,we horizontal fathier than -it 45 l0,,.

TABI, E 5 Data From Accelerornetrs

I I kSadCmum 1, iit flvelo)city.

Iqi)) J LIreCC (i n j Mlf'c ier:•rri -,- .. .. .
F •4, tl rl(ii rrCC;.iM rrilrrer~ 01[

Sft .I 4 I CCillCCIC ii V4 Oils'1 .)(

Mutss' lHri C•i 1•I r Vertical -4c1 Nn! maCCICIec

I'llo

W" l, ise l CC Vert IC("ll .0 N0l N, ] ,vd
Vl a38

Ailds- .. CCC 
4

',dy l ot' ~ iO 1,riil ino, II I

Nll,". ''o" Cim Ct Cioi o a .!iCii4() No de IC veif

ICV~i )ICC ' C ;),r1. Vii, -ii 'CCCC$'l•i C ( Cllv iiiI M.e' t.-' C !C Ve, 1" I i e llCCi 401 Nio OerC CCI
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BLAST GAUGE DATA

General

The blast gauge instrumentation consisted of two basica!ly different types of gauges: (I) BRL

self-recording mechanical gauges placed at distances ranging from 660 to 3,526 feet from the donor

center and (2) Kistler piezoelectric gauges, which have greater frequency-response characteristics.
placed in the headwalls of the magazines, in the ground in front of the igloo headwalls, and in the

giomd ever the arches of Igloos A and B. 'rabies 6 and 7 present data from BRL mechanical and
Kistler piezoelectric gauges.

TABLE 6. Far-Fmeld BRL Gauge Data.

Maw. overpressure, - D
Di reclsnce PS, f mplse O

t ,o,, t N'Machu'oe Psi'lseCK. Mr "

rewdirvq e•. I 'apolaI COn

East .. 660 5 5 6ý34 72.51 "2.51

Et 660 55 0
5Ii 13,20 2.4 2 40 187./4 202.13

FaST 1.320 1 s

Sour'rwvesr 66o 1 108 ,15.

•outhw! 6610 11 0 104 5I
2

9 68 'M3 88
Southv'e.ST 7.13 ) 2 2

1 3 J1 2 6 2.88 223 68 152 02

s2uthw,1:t 2 3 1 28 136 33 24) 62

Ih2 1 14 1 41 1 7'.2 1( 7 ,21

2'631 08 0.,7' 1 0 I Y,,- I
.o (tj h W•'" T 2.,6} 0 ,

No, lI•'•v,- 1•;1 ' 1 4 8 W) 428169 C W)
Norw •th • t;(60 j 8 1H 3, - 3".30 :38

SN ,,,l vr,.w, ~ • •I .'71 t I• :),, sI,. .' 1 ,6, 1 ' 1 3 t,0'20 :18
"N,, '

1
h,*-s! 1 12)

N.,'' ! 'h' •,t'A *, ,lqh' .. ' lii 1 ,.7 140 32 2.' 4!~t~

%, 1 21 1 1-1 0. 1 04 1 1

I

1 -,f.110tl V
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STABLE 7. Near-Field Kistler Gauge Data.1
Horizontal distribi, tion 7 Time of Peak overprewsure,

Gauge position from geometric center blast arrival, psi Impulte,

of donor igloo, ft msec nc dsi-mnec
Incident Reflecled

Igloo A, grou.nd CL ........ ... 1 121 40.5 50 , .351

Igloo ,goundCL 1 21 41 65 4 6,5

Igloo A. heaiwall north ........ 130 46 60 . "794.6
Igloo B, heodwall south ........ 130 47.5 40 593.1
Igloo A, headwall south ........ 111 34 75 615,6

Igloo 9, heaewall north ........ 111 34 55 ... 1 599.6
Igloo A. cover 30N" . . . . . . . . . . ..  

144 58 40 483.7

lglo(, R, co 6, 30Sh ...... . .. 144 ........

Igloo A, cover ION' ........... 124 49.5 78 621.6
Iqloo 8, cover ltShI . ......... 124 51 85 642

Igloo A, cover 1OSh .. 104 42.5 80 529.4
Igloo B. cover ION ..... 104 44 96 BL96.

4

igloo A, cover 20Sh 94 .... . .9

lgoo B, covt., 20 NO ........... 94 40.5 165 661.5
ioloo A, cove, 40Sh 74 33.5 110

Igloo H1, cove, 40N' ... 74 35 120 1803.7
!qloo A groind (., .9.0. 204 139.5 55 C 626.5

R3, I; u... nd 60Sh . . . 174 75 652
Ilioo ') ,) -h! h-,KJval ... 281 836 . .75 512,3

1 IoC It- -'.ýMwall2/ 012 . .3

!9,ý 1'. wo"" C[ X) I6 SO." 8135 2S 70 S0115 (I
II.IW- C., w, w,1k L CL . 27( 1.1, (4 45 11t' •8 1 6 oI

l.QOtlo ,, , r he'.1fva ,ll 21"', 71 fj I )

, i/1

I 1,,, 1' 11 , 1c I I1 II I I I4C0

[) I, 17 t 1,6 1 1 'VI 4I I ' I

t• I I tl l l' f - I tll I t I' l ' l r # i, • ll II ', P lrli cu i II

i I II ý , I I I

'•! • , • II l t ,,lli \ t y ,n l I h" , h < ,l tl ,' ,I -'X ll ; , I l l , ld
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TA13LE 8. Igloo Headwall Permanent Displacement in F,3,.

A negative value indicates headwall displace*-,ent toward t6e dcior,- a positive výafu, indicates
' disp'acement ,wa- from the do.,or

Station Igloo A Igloo C Igloo D Igloo E Station Igloo A Igloo C l#loo D Igloo ES- . . . .. - -£ . . '...
1 -0.57 0.00 '3.26 -0.18 19 -0.25 , 0.21 -0.06 0,73
, 2 60,i , 25- - 20 -.29 .40 .00 0.9
3 -. 6I .02 -. 23 .01 21 -. 32 .26 --.02 0.73

-63 .04 -. 20 01 22 -.41 .17 -. 09 0.23
5 -. 69 .09 --.22 -. 03 23 ...51 .18 -. ,16 --0.21

6 .77 .10 .2- 11 24 -. 19 .1 -. 15 0.03
7 .82 .14 -. 22 -. 25 25 -14 .19 -. 10 0.55
8 -.87 14 .24 .54 26 .11 29 -06 0.99
9 -. 85 .13 -. 26 .58 27 .18 .35 -. 03 1, 1?

101 -.46 0.03 28 -. 20 .24 --.07 0.49
1.42 .13 18 .1 29 -. 23 .17 -. 12 -0.08
12 -.42 9 .14 .26 30 -.01 .09 -. 11 -0.01

-.48 .19 13 .'27 31 -. 02 .11 .1 0.01
14 ,53 .19 1' .23 32 0.3 .17 -. 11 0.13
15 ,62 .15 `1 .02 33 04 .16 -1.Y 1"4

i6 69 13 .22 -.42 34 .05 .18 -. 10 C.34
-? -.33 09 .19 - 03 35 002 0. 0.09 0.15

3 0 33 v1oA3 b02LO

TABLE ';. Iglno B Fermanr,,t Headwall Displace•n:i. to Fet t.

Sr,4•gitve value ;.lcate" hee~jwi.!l Oisplacearye. to , t.! ?he dooior. a t.otvtive v;lua

i,,,cates &Ispfacement b ( ion the tlonor.

1 , 6 7" o3 0 o i 6:0.D
I,., I 6•42!£i;2 2 :6

3 47 1 2 %3 43 -. 9
4 40 fi . 114 1 64 -13

II3') 19•: 4 1 60? 32

:10  , 21 -:14
464

4 4
• " ', /; :• } ;• 4 S1. 1 A . ,

t I I 3l" 33I!(4I]7t;[
Ii I 14

I I I ., ~ 26

ii
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TABLE T0. Steel Arch Movement, Feet.

lPos;live 'lueý indicate ;oovement toward center of arch; negative

v•i!ie a". s, ow fron? 3,ch center.

g0777,7o wrn d one qura I Mdsection onequartr

po"'io I position

Moerme, Relative to Centerline of Igloo Floor

a 1 0.48 0.66 0,45
2 0.11 0.22 0.1"7

3 vrc C L -0.19 -0.38 -0.33
4 -0.03 - 0.01 -0.06
5 0.16 0.20 0.13

0 .o6 0.11 0.11
20.08 0.13 0,22

3 vert CL 0.36 0.47 0.60

40.91 1.-07 1,11

S1.08 1.10 0.97

Absolute Movement

B 0.32 j 0.49 0.33

2 -0.16 -0.06 0.04
3 vert CL- -0,51 -0.72 -0.57

4 0.30 -0.29 0.27

5 0.00 0.03 0.01

A 1 0.00 0.04 0.043 -0.0) 0.01.1
0'()10.10

3 veit CL 0.24 0.33 0.46
4 0.81 0.95 0.99

1.02 1.03 0.90

x x x x x
x . 3 4 S 6 X

9

x x x x x
in 1 13 14 15 1 (Z

x x x

flI in22 23

x, x x x x x'X x

JO 31 :3 :34 .1"

I I 4,1 0 P-,111 KO ýw J "'i,}
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7071j 7--3 74 75 76 77
x x xx x xx x sox

X 9 8 67 66 51;6 63 62 61 0509 58 5',.X 6 9
56X

46 45
25 26 27 28 2930 31 32 33 30 35 36
X X x X xX XX X x x

24 .13 22 21 2019 18 17 16 15 14 13
X X x x XX XX X X X x

1 2 3 4 5 6 7 8 9 10 11 12
A x i. x 1 ___1 _1_______

FIGURE 41. Podition Key for Hleadwall DeformationŽ Measurem")ts,

___6900 17 0 2

W,.46 042 ___, 342 0 48 0. * 71 62
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f NWC TP 5771

-40 -35 -30 --25 -20t

-- 4'5 40~ 33 -'29 *-28 -',,6 '- 23 -22 -21 --18

'-4/ *-7 2 '34 '32 -30 '-29 '-26 '-22 -20 ,-16

-55 -5 
'13 -1K' / __60 51 -5 . * 2 -- 29 °---27 -25 -21 ,-1 15 -3-1 -6.

-32 '.-27 4-22
2301 --7e2 18-25 -20 7 '

-61 53 -- 44 - 37 7 3 - ' *--13 1 8

-65 3- 55 -45 7 31 -31 -15 -11 .-a -5

56 '-47 40 -0_. --9. _-5 . -1 -30
-.65- 55 50 -45 -40 35 30 --15 -10 -5 0

I'IG(RI" 43. Movemernt of the fieadwall of Igloo H. A minus vadue shows movements toward

the donor: the ingle piws va(luc indicatts a movement away from the donor (into the igloo).

One ponlt, \h owed no m oveinen. Uni-tn th(owni are hundredthis of fe't T.

0 +5 _10

0+1 '2 ___+4- 0+9 - +10 a414 + 14.

0 --- ______+13'

'.5 0.3 +4 19O '++ 19+1 13

,r)(/

--- ; •, + 2

' ?o + +40
-'+26 ",17

.30 13F O '4 40 435 +,: 08

.31

'I)0 I 1 3- m +24
1/ ~+35 1

+30-

* '25
.20

I 1(.l RP I -4 ifi, 0 . .lhwut' 1 ,I .0 gloo Valuetiv Qiý,4 rmio v em rilt iWaS fromT

I in~p w, (hic p~w, 1111'vf 0 II -,,d T -h yIvlh
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-- 2 -20 -20 -25

5 -23 .-0-22 72ýý*-22 -2

-26 -26

-25 ".~ -25

-2 0-8 e1 I3 -3i -2

-200

0 0

-- 150

.0-11 .- 1, -11. - ________________

I IGURE 45. 1-leadwali Movement, Igloo D. Minus values indicate movement outward, toward the
donlor: one point (above door) Qhwe no movement. Unit.; shown are hundredths of feet.

-15 -10 0 0 -10 -20 -30-40-50

01 +1*- -25 -4

10 
5

10 .+90 3

*3/ +33 +73 - +32

0 (100

10

.* 3 - .10117 +4 / / 1

.4-i 7575

0 50

I ICE Rt 46V Flcadwall Movement of? Acoept.~ ~o- >l~ 1. Minut. value'. show movementt toward the

dior - plus vilues, away Itofn the donor Ufltt4 whown ujt- hundredths of fret,.



NWC TP 5771

Arch deformations were measured at a minimum of five positions each (Figure 47) at the
forward one-quarter (20 feet in from the headwall), midsection or 40 feet in, and 60 feet in at the
rear one-quarter section of Igloos A and B. Table 10 shows arch movement at these preseected
points. Note that the movement is shown in absolute terms as well as relative to floor movement.
Arch movements at points of maximum deformation are illustrated in Figure 48. Since these
positions were not measured before the blast, the measurements are less reliable than those shown in
Table 10.

(• BLAST

SIDE

IGLOO A

BLAAST
SIDEE

IGLOO B

I
2

IG;URF 47. Po•sition Key for Measurenent of Arch Deformation.

IGLOO A

BLASTBLSBAS

8 . T

20,,DE-- 20 DEGDE

40 FT FRO.M DOOR .5456.q FTr FP.OM DOOR 66 FT FROM DOOR

IGLOO B

L0 TSO BLAST

20)DEG ~ 20 D' E --. - t L03

DEC 20 D[EG 2 2E.G 0~.~2D~ Q~ -2

20 F TF ROM DOOR 40 FT F ROM DOOR 60 FT rROMV DOOR

I I(; I RI 48, .srjrou m ,titi" Ardi Movement% at Blast ,ade ot Arch, Moveriens 4!

rrc~1 rroiiop pomotorr on Icr trd ýidc are als, .ýhowr.
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CONCLUSIONS

The primary test objective, the qualification of the oval steel arch igloo at the 1.25 X W1 /3

minimum side-to-side spacing, was fulfilled. Igloo B, the oval steel arch igloo, withstood the donor

explosion effects very well. It is considered that all components of this structure would have
provided ample protection to explosive contents in the orientation tested.

ESKIMO IV, the next in the test series, will test the resistance of the ESKIMO III Igloo B

headwall and door combination to face-on blast loading that duplicates that from the detonation of

the contents of a close (at the minimum front-to-rear distance now permitted by standards) magazine
that is filled with mass-detonating ammunition.

The light-gauge, deeply corrugated arch tested in Igloo A also withstood the blast at the 1.25 X

Wt/3 side-to-side spacing. However, the degree of damage was considerably more extensive and arch

distortion was greater than in Igloo B. It is considered that the arch structure would have provided

adequate protection against explosion communication for common explosive stores. The most
hazardous response in this igloo was the inward motion of the door; however, this, too, was at low
velocity and of marginal significance. This door action was unrelated to the response of the arch.

The single-leaf sliding door installed in the existing headwall of Igloo C at 2.75 X W1/3

withstood the blast with little apparent damage or deformation. The damage experienced by the
headwall, although readily visible, would rot have provided a significant explosion hazard to the
magazine contents. The single-leaf sliding door ippears to be an acceptable improvement to existing

igloos.

The two-leaf hinged door on Igloo D responded to the blast by moving inward at velocities

believed to have been sufficiently low to prevent explosion damage to magazine c:ontents: however.

the door perforrnance is considered marginal. The headwall of Igloo D, while maintaining some

damage, did not appear to represent a hazard. The test results as a whole do not appear to justify a
relaxation i-i cxisting standards for the special case represented by the orientation of IglJoo D.

The response of the headwall and door in, Igloo F was clearly unsatisfactory and provided no

reason for reducing the present 6 X W1 0'3 separation distance now specified for this orientation and

condition.

Results and general conclusions from the study of the effects of blast on the window test
vehicles and cubicles are described in Appendix B. In general, the test supported the IU.S.

inhabited-huilding distance standards arnd the U.S. public highway separation distances.

.---
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Appendix A

CONSTRUCT'ION INFORMATION

Igloos; B. , D, and E remained from earlier tests. Igloo A and the donor igloo were

constructed for this test. New headwalls were built for Igloos B, D. and E at about the same time as

for thle donor and for Igloo A. Table- A-I summarizes the arch. headwall, and door designs for each
igloo.

Table A-2 contains the sieve analysis o-f the rill material used atound Igloo A and the donor

The depths, given are beneath the normnal ground level at the location where the fi~l was collected.
Thie earth appearedl to cbange consistency at a depth, of about S feet, but analysis showed it to

consist of, sliallef Piecees of' thle samne nonplast ic materials present at higher levels, silty sand and
sand-sil t inixiores.

Lib le ?*-.I reports thle tested dlensities of' the fill rnate~ial around Igloo A and thle donor, andl

Table A-4 SI.Inmar',..es thle results of* test,, for concrete compressive sti ength made on samiple clirnderx

poured from. thle samne hat chcs of corrcre te thata were used to construct the test Igloos.

IIJckfill Procedure~s Uw;d lfor Igloo A and the D~onor Igloo

Fill Wils placed in) I *h t-dLep IaVCP, 010th1 c uipacit. iid wt ii a sheeps toot roller (which wa\, 1ept

At 1VASI 4 feet trori,1 t010 ;rrChC\) Ald at reel dUMiur oller unrtil r' reatched ;, height of iii teet thilv ~e
tifi t~ed flom ii0 it)(, l r At tlrrý porunl IIr Ole til11 operatiollri thle :ololgalted steel arch hegair to

dvl oll, arid lit( riot to r se.
I Ilk reorlirrrrdie (it tire hII wa, then plakced WrIr eurripinlen: basing at ciruss weight ot 0 tbuTN rITd

wascurpak ý'ed %kirh at ,te.l. dIrirIrI ftllerlrasrrr~' a i r ruoss Vseghtif 2h i tin I heI V 41gaiyev iteepl

cirrurigaled i arch with lide I'dI' 1,13lae v.ill slippoll these weTights WIth ri r1urrg

PICe rwirsirilirr detorriratiurr III tirhrit Igloor As I michr Aftre IIt-, tilling ipeiathon si

C01titIhtrert.I 11ris srAhrIuIII It) 3 .1 rmic. Hite orla\smirii dclortiatifrrr III teigit or thle iýIlurof elisa

4INA.h Atlter thre tillIngIpFa, r \va- ci -Iplcte 1, till' sralrih'ierl to Ii 11'.7 n.
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TABLE A-1. Igloo Construction.

Length, Steel arch, floor, rear wall, Door Hnd d draineadwall and headwallIglooDoraddodrwndrig
I t and earth coverdrwn

A and 80 All now construction, deep Hinged, two-leaf-s-ame at Same as ESKIMO I, OCE Std.

cld'nor corrugated 1
4

-gauge steel ESKIMC I, OCE7 Std. Dwg. Dwg. 33-15-64.

arch. 33-15-64.

B 80 Remaining from ESKIMO II. Single-leaf, sliding, horizontally Modified Stradley type.

Steel arch is I gauge and of spanning door.

nOncircular cross section.

C, 59 Remaining from 1963 Igloo Single-leaf, s;iding, horizont3lly Rernainiifg from 1963. Similar

Separation Tests. 1-gauge spapning door, to ESKIMO I with slight

circular arch. modification to accept the

sliding door.

D 10 Remnaining from ESKIMO II. Hinged, two-leaf--same as Same as FSKIMO I, OCE Std

1-gauge circular arch. ESKIMO I, OCE Srd. Owg. Dwg. 33-15-84.
33-15-64.

E 20 Ren-maining from ESKIMO I Hinged, two-leaf--same as Same as ESKIMO I, OCE Std.

and I11 1-yauge circular arch. ESKIMO I, OCE Std. Dwg. Dwg 33-15-64.
33-15-64.

a OCE, Office of the Chief of Engineers.

TABLE A-2. Sieve Analysis of Sand-Silt Fill Material.

Sieve size 
Cumulative %

p;Iss•rfg

Sample Depth. 1 V t

No. 200 .. ....... ..... ......... .12 2

Nor 100 .(. . . .. . 22 2

No. 50 ... . 1137

No. 30 4 / 9

No. 16 .55 2

Nio f .1 6

No 4 74 3

3/0 in . 8l 3

1/2 " 9!5 1

3i4 in 915 3

Siample Lej)th r I- I

No 200) 14 1

Nii 101) 2,4 81

No 50 40 1

No 30 150 9
No. 16 ,Y.51 1

No 8 68 fi

No, 4 1'1

3/8 ,n i n

1/2 ri '1/ 2

i1n4 ii I

A• ,
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TABLE A-3. Density Report, Fill Mat,-rial.

D epih above ]Field Lab
Loainfinished Date misue In-place mitr, Lab jPercentLo.....cationfloorjfshft j a moisture,% density, moistuie, density, j compaction

Igloo A

North side ............ 4 4-10-74 8.5 121.5 110.3 123,3-7 98.6
South side .............. 4 4-10-74 7.6 120.2 10.3 123.3 97.5

North side .............. 5 4.11-74 8.5 124.0 11,2 1 24.0 100
South side .............. 6 4-11-74 11.2 124.0 11.2 124.0 100
North side .............. 7 4-11.74 10.3 121.6 11.2 124.0 98.1

South side .............. 7 4-11-74 11.2 120.8 11,2 124.0 97.5
South side ........... ..... 10 4-12-74 9.7 124.0 11.2 124.0 100
North side ............ 0 4-12-74 8.7 119.1 11. 124.0 96.1

South side .1 4-15-74 9.0 124.0 11.2 124,0 100
North side ....... ..... 11 4-15-74 8.6 123.0 11.2 124.0 99,2
Back ..... ........ 1 4-15-74 124.0 97.7

119.0 121 2 11.2 12.
South side ............ 2 4-16-74 8.5 123.7 11.2 1240 99.8
North side ............ 12 4-16-74 8.9 124.0 11.2 124.0 100
North side . .......... 13 4.17 74 9.4 124.0 11.2 124.0 100
South side .1......... 13 4-17-74 10.6 123.4 11.2 124.0 09.6

North side ...... 15 4.17-74 9.2 114.0 11.2 124.0 91.9
South side 15 4 17.74 9.2 114.4 11,2 '24.0 92.3
North side 16 419.74 85 1233 112 1740 993

CL front 17 4-1974 11.1 1209 1 .2 1240 976

CL middle . . . . 1/ I 4-1974 10.0 ! 22.9 11 2 124,0 99ý

--. CL. tack ____..... _7. 4-19-74 . 1209 11 1 124.0 91.5C .. . .. . . b w k. ... ..

L__1iO 2 r- ~--- - - ---- _ __ ___- -

,N .-, lh side . 4 214 93 1240 103 1 2,3 3 100,
,Southisid- . 6 42 14 7 8 t7 2 103 123 3 95 1

N•rth Side 8 4 3 /4 ,0 11 /1 1013 123. -1 956
So• th side 8 4 3 74 2 11 6 103 i'23,3,

Noch sI h 1Sd 4 3 74 9 7 123 3 10.3 123'ý3 1000

Sowth side i10 4-1 14 1 1 0 12:13 103 1 233 )o-.

THack ll 4ie 4 14 41 1.1t 1 >i 12:98
N... t, sl- . 4 1., 14 0i 1 0Sooth -.O " -1 4) 74 1(19 

1  t1l3 1233 319

-'k T %0' 1 4 .1 14 H1 1 21 1 10 A 21 101 1

" , i I L I,, i lii!h . 1. 1 1 / !4 1 2 1 2 .1 2 1(0 A 1 1• ' 1

No, t i i I i ! , e' 4 ) 4 7. 1 1 21)1 1(0)3 1.1.3: 101 -

( I "h' e 11"l (,I f'll 4I 4 74 H 7 1.,0 1 70 A 1.11 1I op I1Tl1 4 1,!4' .33L
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TABLE A-4. Concrete Compressive Strength, ESKIMO III Test Structures,

Date Location in Class of Age at Compressive

cast Iigoo ,tructure concrete test, days strength, psi

24 Jan 1974 Donor North and south footing E-1 3,000 ps; 7 2,, 74

7 2,635
114 2,609
14 2,748

28 3,553
82 3,765

30 Jan 1974 E Front wall E-1 3,000 psi 7 2,511
14 2,937

28 3,490

7 Feb 1974 Donor Floor E.1 3,000 psi 7 2,156
14 3,687

21 3,782
28 4,014
28 4,033

12 Feb 1974 A North anrd south footing {F-1 3,000 u.,r' 7 2,327
14 2,669

28 3.045
.8 3,062

28 3,080
28 3,097

15 Feb 1974 8 Front woll C' 1 4,000 osi , 7 2,773

I14 ,547
44•,.313

: S 4 49.'

26 Fet) 1914 A East and west I..othrq E 1 3,000 ps, ' 7 ',142

14 ,75

14 3, 11

-- H 18. 4

S7 ;.849018 V). 19? o ").tX)I0 . ;,

' 71

.:3,697

I') %1,1, 19 ,4 D)•, ) ... rl 3al [- 1 ( )0 o /! •

- 28,:L %

%I,,, I 9i 4, 0 0(h' 12

.) %i), [ A ,i

1H 11
28 114 I(lt

1. 4H

(4(5)

0, hiiiiWf4! 0-

I' ( vi i s • , r ' ! . ii(r -) t1 .ii ',.• i, , , , - .fl/[i.INsrl is • , letr i krlrP
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Appendix B

AIRBLAST EFFECTS ON WINI)OWS IN B1UILI)INGS AND
AUTOMOBILES ON THE ESKIMO III EVENT

Appendix B, a LoAvelace Fmnidation report that c mplements the ESKIMO III report. is

presented here with minor editorial changes. [aihe' and FiuVrc\ evnclosed herem are iacsf mile
reproductions of those in the Lovelace report.

Preceding page blank
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AIRBLAST EFFECTS ON WINDOWS IN
BUILDINGS AND AUTOMOBI1LES

ON T HE ESY11M0 III EVENT

L~. R. Fle~cher, D. R. Richmond, and D. W. Richmrond

Lovelace Foun 'eion for Medic.al Education and Research
AlbuqIuerque, New Mexico 87108

INT1RODUCT1ION

Objectives

Tht oh-iectiyes of' thik mroject -were:
I.to dmt*-rlmlle OTe m~~cte.nasses, ald spatial denmi')i-s of the frap~locrts 1tolin

tq cs W' standard pr-atswindows mounted in clIosedl. cuhbrut SIT1111ct :, a: h'ee

[arrtlgs troll glound 'r

:1) letelnilne the Sn~e jlliantiies !or window, iiagnlents inside illte ;ý,ilorylohiles. 0P

n)Tt-04ttt sidC-t ( iiW I wI w, o wieted hvead-on '~omintd iero:

o .!~~iitteut -tito 'tiIIVII ek In Ionl :Iwoit b~thil locateu I, Itre gronod rne
10 ti!klv het. rcepoyisc -f a ~dr~i~rr~hcdutnirn (a) I ý trd~rr behind w.

"T i1 VLll k rid w' o ti (ht :-;ill Mt all~ AMOW litofe. Mid

iieto fu111.te the Ira t' Of tiibt~ i il)PITIF AInt riWttinoihles C\!:)0d k!~ins

It, I I IW -NI N II)II'II Ii A I51 1 i) 11 Ct 1111 ttl hi ric Ii il

I II d Il I C I
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PROCEDU RE

Modules

Ten 94,10jt cuhicaý boxes calle-d modities ( used previously on hfe FSK IM1 ii test) wvere
posltiofocd along t he nort hs~ e~ radiral by China Lake personnel. Three niodules abut ted one another
it the § ,0 20_t'our range, 11 tee at 3 .Gi51]i feet. and! trur at 3,525 feet IeFigure 1 ). Tire only

ofel-c-ings jiti le'oct' vvuu~ ere a hiole where a wvindow was moun ted and an acc.ess door which was
C"'sed during the Hlas'. 'Nil of the w ilidows faced ground /ero.

Wjirtdo ws

The three tyVpes of winrdows used on the ESKIMO ! I anld M tests arc. Shown ýltile bottoini of

T* I- le I. TYpes W I md Xk " des~nnI i'dc, a: ýý 1 oIC':! cd antd hot i/Onta!-<iding, re';pectivelv. are

ý,omifneirca!rtvme ms'inkloý%s used Cs, ueiie:a oket umeutp btrildtrgs old cotupIN with, but do riot
e:',CCOLd the Architectural AI'llit'i ;') MAr~TtactIuIcs .VocIo AMAý speed Cthicnos. The ixpe W

'A rtdtrw 'A ls were w~.mtIrTte1 1 3o 1, inptt.uc NtrtCTUIor 03Skt 10[1 11ert uie if, !-edcTa! ofefice huitdi'tes

hut rno AAN'!A specif~cm-t mu ae '''!atfheý Th1ec YI'vp W1. "itt Jpc %V2. aild three Tjpc W."

wNttudows w-te wtourited, otme '':Ich lii thle Iotn i rodljk,. (hit' wrudl~l of eachl isP twwas testIed at three

i;uugC'i. ThIe 3011111011;t' [vp1L' V \\iih~ as locateLd a It,-f-o a~c 11iC Palnts wveri. "prai

pmriictel diticewer colbto' m.i! 1.1 Ott~tIL the .tre~s (ir (lit, tippedl It iteirt'1 .(tee tabile1

t`O fd kilk' It !' o keci t se I Iot t IWO A~JdIhm1 t S itt! iii. itti (0 5 t 'c ' w\ d tcain oln

.it Itf' p ma .1t t'310I!i t " vý1

.~ ! * it .. pll t, !It 1 1 h i -,II t I,! d it 1 i t" c 1,1 i ii t ill

W 'n I ct~ t i.K it 'H, i!t I' I A a H s

i i i~ ~~~~~~~ ýt't t :5I, t'ri S ' t i t !I)' k- 1,11

"tS'in'->tsi !'. 11-ins ttitSitic i -s it I~r mi NA 'tin ll ii5:
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N Predicted
Ground Peak

NW \Radla/ Range, Incident
ft 0ve,-pre~ssure,

-5920 0-3

-3950 0.5

~ BBZBB4  3525 0.6

-2630 0.9
<3 <

A~.6 1 -/5 12

"h)fruc/lure wi/h n-o

E~JiAulornobile

l(J R ! 1 ý tz, J i lý, w ,.y 01 1 1w III fi 1
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rABLE .I

DESCRTPTION Of THE WINDOW!S !N THE MODULES

r Parameters for Individual Panes

W i~nd cw Width, height, I Type ofJ
Type Number Color* in. in. Glass Frame Type

P1ý Copper 445 Pae Fixed

P3 Silver 4Cý 2,? Sheet Top Opening

IP4 t~la~ck 42 20 he Top Opening

~i ICopper 34 48e Horizontal Sliding
W2iKP2 Green 134 48_ Plate Fixed

W3i Copper 1  90 lat Fixed
- n 48 190PIate Fid

LA thi coat of paint was sprayed1 on 'Y)ot , ides of each pane,

FRONTr VIE iwOF THREE MIODULES I NDI CATI NG
WI NDOW rYPE AND) PANE' NUMBERS

W 2
WI IIORIZuNTAI--W

PROJECTED W I NfXW 81,11)1N6 WI NDOW WINDOW WALL

IXI
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Dummies

Two anthropomorphic dumnmies attired in summer civilian clothing were supplied by the
Lovelace Foundation for this test, One of the dummies was standing 35 inches behind pane P2 in
the B4 module at 3,525 feet. This module did not contain any Styrofoam witness plates. The
dUMMY faced the window with his chest resting lightly against a narrow metal rod intended to
stabilize his position prior to shock arrival while not interfering with subsequent possible blast
displaep~nient. The other durmmy was secured by means of a lap seat ý-lt in the driver's seat of' a
left-side on station wagon, A3, located a* 2115 feet on the northwest radial.

Cameras

Two high-speed (400 frames per second) motion-picture Cameras were used by China Lake
personnel to record the responses of the two dummies. A reference gtid was painted on the portion
oif the module wall in the field of' view of the cam-era in order to facilitate velocity determinations
for the glass fragments and the dummy.

Overpressure G~auges

Fight self-recording BRL mechanical gauges, supplied by China Lake, were positioned, two each,
at the 352- 2,030'6M-, and 2,1 1 -foot ranges oin the northwest radial and at the 2115-foot range on
the southwe:st radia!. Additional gatigcs were located at closet' ranges.

RFSULTS AND) DISCUSSION

General

All of, iN Ilodtlle ena structuwally intact and none of the Styiotoanm Witness plates were

ot dInace bythe hlao~ experence. A total of' 21)( traginentis were Ita"perd tori tile IX, of

'6 espose.d 1131c" wVho. hI oKC. W111dow darnbre was rioted i~i fout of thle ten atitoniobiles, on the

LIN 1 bt iolle of the wrtliios hwke III 1rortt of the wýIrlvs% piate. Dol~itin atd glass responlses

V,, .. t 1sft (toilv dhicunierille with ii'"th MW1tI jinpCTLur Gjiers.(d piessurerImeIII1 !tLords Were

OthtailkI !fon tiist of t1hC gYriWF`. 19i Peerael.1 tile aVerage! nICasuned peak InICI&n iiVerj1ressuies,1 Were-

els INC rI')0C 1e%1 pihCic VaIIlue ar given inl Viguire I fori the fIve range% of Itntert, I Fle aveiage

iieainiel i'rlresui Hs 1.,,, ;iat t,2 eet (0o rtiredic ted), 0.97V? psi t 2,030 fkeet (00

J)TC-iti'ed i 111l 1 *.0b p)SI at I I feet 1 k', t e llrd)

Il'i ililovo, ill %todille'

ic 6 '1 fdlN i ci, . i ! ) tilte tritl ' ire t~t s I ll I able IV aI I !)g wA li 1t i 11i

iirrih ilirt 1) is clas t11c ktirs' Alrrlrr f i o li n th paiii brToke, arid illi 11iin1ihcr A' fragmtrielit n ippekl
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F IGURU- 2. Posl~hoi Viewof.'i (trour tefftio Right) Module'' H35, B6, and B37.

Eight (if' the ten panes at 3.525 feet, seven of thre eight panes at 3,950 feet. and three of the eight

panes at 5,920 feet broke. As expected, only a portion of' the glass fronm the broken panes was
actually t rapped. This is indicated by the amiount of' glass left in the frames anid the number of
fragments on the floor below [fie Styrofoamn as shown in Figure 2, a postshot view of thle modules
at 3,950 feet. Table 11 also contains the predicted peak incident overpressure, P,; thre calculated
(using Pj) peak overpressure ini the relleeted wave at the front of the modules. Prý and the predicted
duration of tire positive phase of' the incident overpressure, IF

Masr~eF mid Velocitie% of Fragments

I he masses arid velocities were detrerminrred by procediures described toi ReferFence I for all but
12) fiagrireits which sitruck s;o close to othifieragirrenis thia! the tm~xisued volumes of- the impressions
iil the Stvrootamr were savpect. A% vi the past, it was rioted that 'of each pare air approximnately

hlnear relationship ex istedl betweer die logritlrrirs of the velocities anid the logarithms ofi tire malsses
of tire tiagmterits A leist-sotirrar lmciner-rgressrori anaiysis was perfornmed trir each panle avid the

lestials appc!ar 11) fahle 11 -where V" arid MN, :lie tire geonerru tic mean tragrucir velocity and mrass,

aeII-Nitipe ard(id adi rmi the d~idadsope o the regrewsicit brife,
respectivvels anid 1-g is ire( gerinetrre s;Imatidd error cit cstmi~tte cii fragmretnt velocity hr addition.
A. 1 .r, Oe (toelmtit mvc mvilui (tntl r~ it thle !lay.r1ireiri (1.3 alclatedU tiorn thre derisrtv arid tuickrress

id ~ OW s 3ri1 ki - inll I .uili 1 , all !lie gunrini Iv I it Stairdird devr.2trofi tn thre Itagmeleit ýnasst'N

arid ralt r1icil'tsl

11l II. li N 'Ind I.i J ( Oilit h t t, iit -OMig IE'llt'd ito it'- %er5 uirlllinl Illerei-t'ic IhC [n kCW.i



NW(:' rP 5171

combined into five groups (rio 1 /9-invch-thick fragmients were trapped at 5.920 feet) representing
panes approximately 1/4- or I/8-inch-thick located at the _,55-,. 3,950-, or 5.920-foot ground range.
These groups ame shown in Figures 3 through 7 which contain regression lines as well as lines drawn
one standard error of' estimate onl either sideC of' thle regresairin lines. The results of' the regression
analysis for each of the five grouIps are given Iin Table 11 where it can he noted that the mean
fragment velocity estimated from the mnotion-pictuLre r>. ~d obtained at 3,525 feet was 29 ft/sec
compared to 37.6 ft/see measured from thle witness plate behind a similar pane in m~odule B I at the
same range.

Spatial Densities of Fragmnents

Ail 296 fragments Were Used in computing thle spatial densities of' trapped fragments which, for
each pane, tended ito be constant over anr area oif Styrofoamn equal to the size of' thle pane. This area
was, in general. centered somlewhat below the (-enter of' the pane as a result of' thre t'ragments' having
fallen (due to gravit y) in t rave rsin ti,ý r h!Csi arte from 01' framie to thre Stylof'oami. Likewise, the
density of trapped fragnmentis I'm Lr n eyitire window (i.e.. countiren tile fragnien ts from all of thle
panes) tended to he approximrately' constant over an area of St v ro foanm eqUAl in size to thle window
hut displaced downward. Thre conipu ted ave rage den sitie, ( esietated as, jd arid. p, for thle individual
panes andci \ire wdows, respect ivelv ) over these area!s ot :ipproxinrately constant density aire listed
in Table I1.

Comparisots With Prior Data

In order to make comparisons between thle ESKIMO II Lind III tests antd prior experiments, all
of' the dataj were plotted iii Figures 8 through 10 which were mioditied from Referetnce 1. In !hese
figutres. it cart he seen triat tire fiagnietit velocities. I rinta!l Areais ai] demnsies for thle two FSK!MO
tes's were fairly consistent. indicatring tihat theýse (tlaiattit:Cs wecit not grcatlv dependent on the yield.
Furzier. the FSK MC rest data line upl iea'onablV well1 Withi rOW CorreSpOridirtei VaIlues for thle prior
data whell Plottred against thle etclIIcii e peak oye rpress ire. i.e., the peAk evertpressni e on tlie window.
This ove rpressure wvas ,rssiiuuted tn he 11, to, ithe F SN I tests sir;c:e all of thle windows faced the
advaningiti hla->t wAve. llosseve, i n All oiree tigu'cs\ 'ti I NKW l\(iest daita tend :o flill thlove the
regresslitn Curve Iased otn the p tn daii oidt. I litis. he! I SN lU) testI data ugetthat ill each ease
the slliau oW the Togit-s~iori Culrse llas teed to, he ttdithicd tot Ohe lower Iepesue.lit the ease
ofi the meanjT Itragrlerit selociti l. l Irii prolh.O.v hkc:ýinse tcIn Ii :eeits "Ile ti, sf:ct'tr owvloite

,rr not1 hkeIV to heC rappedkIn th OW riit

B~iological Millard,;

I ,ntlls ithitigli- clooiiii mses rildicrijie tIII, llwlhttiiiil1 of .t tragnrtertt s pentetr atinig I tntl
t(d iI I 5ii sos g i ne 4iIcIr e - It to~ 'W -ctii 111,11 ( i0 ?tht ' -) t [1311 d tr3gItteIIIS tof sslirclt

titas~-s 111d \ehoiticrtts lte .tsyttlhltr wkt Itochic,11d ýit he.ist .t Aipcrceltt jIIM)1iifittih (ut peteilatting I
,Ill ti It s tu t issni Allt 1 ti V Ii r~ Fit it f he S, iii,"ýýý I tilr 5 hici r Ii ,gilie :It 5 eli iw Itippeu hehoid

cigitt pint... its togIi i .scI illm ýIll Inc IT i ll i it i elt 11 IW isi' pne s i .1 sty l -w Ot n t least
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4.0

Regression Curve (for prior data only):

In (,5o0 2.4 - /12.5 + (O0.403-8 )2

E 2,0 S. EE : 0. 4231 M7 Units

o Symbol Data t

0 Prior 0203
* Eskimo ff toI--

z K.0-- ® Eskimo=2T 0264
S- * 02 •rior, 0.0,°0-
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S - [] • Eskimr,1ZY 0.128

U_ 0, 5 -.0ý -•,E- Note: t is the glass thickness

.< -in inches
~~r3

"--

0, 2

oo X\

W Ell• -

L.J

0 0l

FFECW PA OVRRSUE P, psi
0 1721 r \; - II,' I, I0 '21
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• l-.:" I000 /

~ Regre" sion L;ne (for prior data only):

-In + 2) + z20 =0.72 75 + 0.4038 P
4.910 2 7- e

S.E.E 0.5225 In Units /

- 200 /-(-.9 %-, //
.ll•":co //

LL_ /
W 100 /0/

S< -/ /-
1F -- U_ 50 -

LL. 0
>n- /
>-_ p / /

i ) +- / I

Z20 / /

- / Symbol Data tI
<• / 7 0 Prior 0.203

-- * ,•i"sk/mo ZL to

F0 ® Eskimo Zl 0.264

,/ F1 Prior 0.080

m Esk,aiWEZo to
-- E s Amo L7 O i28K // Note t is the glass thickness m inches

20 4 6 8 10 1 14

EFFECTIVE PEAKOVERPRESSURE,P, psi



NWC -TP 5771

1 .0 percent) probability of penetrating I cmn ot soft tissue. The highest probabifity computed at this
range was 11 p.-rcent. No fragnments with a significant probability of penetratin~g 1 -m of soft. tissue
were caugh: behind the sixteen panes at the 3,950. and 5,920-foot ranges.

D)ata fromr two biological studies were used to estimrate the probability of skin penetrations by
fragments trapped from the windows in the modules. In 'he first study (Reference 5) glass fragments
(0.0C;4 to 1 .9 gmn) were impacted in random ,rientations, and in tihe second stuay plexiglas fragments
(1.0 to 100 gin) were impacted point-on. The velocity for a 50-percent probability of bare-skin

penetration varied from 480 ft/sec for a 0.054-gm f7agment to 33 ft/sec for a 100-gm 1fr2gment. The
velocity for a 1 .0-percent probability of bare-skin penetration varied from. 200 ft/sec for a O.054 -gni
fragmient to 22 ft~tfor a 100-gir fragment. Limited data from tile second study indicated that the
above velocities should be increased by 65 ±15 percent for skin "o)vered with two layers of light
clothing. Usnig the abo~'-~ values. tht: numbers o" fragments with g-. ýr than a 1.0- and 50-percent
probability of penetrating bare skin and skin covered with two layers of light clothing were counted
in Figuires 3 through 7. and thc: results appear in Table Ill. Although some of the assumptions
needed to derive Table Ill might be questioned, the values strongly suggest that a significant number
of skin penetrations might na3ve occurred had people been located behind tile windows in the
modutles during the ESK IMO Ill event.

Duninly in Niodule

The -window pane (112) 35 inrches in front of' !he du~in-ýy was not broken by the blast wave.

Iton] the rilot on.picirre record it was determined that no tiagnient fromi pane P1. which did break,
srruck tire drirrrrr and that tihe durvimyl SUffered no0 displaICCHICer during tile blast experience. /it

postsiiut cx;~fl],Matior. !he chririnv 'Ind ctIoriing wCre founrd to he intact.

TABLE I II

PRE[DICTEID SKIN PENETRAT IONS BY FRAGMENTS
FROM THE, WINDOWS IN TH-: MODULES

With Greatei(r Thain A (I1%/50O%)

r- k Vk in an:tdt(

Ha-.. . F Ikes '. o f L' ght
Ir 'trici(I'llnt 1( ef It (te Irr-he are Sk irt Clot h1i ug

3b215 0. 12 5_6 /_1

L~~~7 -~ -.- - jT 36 f 29/tG

7 .

I) [ ().tt227/1------------------o
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Windows in Automnoiles

T,'ie iocv~ons of the autoino~,iles on the layout are indicated in Figure 1, and the obkerved
window dam-age is given in Tathle IV. At 2,j !5 feet (1.2 psi) thle most c~ommon damage was io the
larger windows such as the windshield. On the aveiage, abo-it one windcw per automobikc was
dzmiaged, of which approximately ore half brokc out and one half sustý:ned mnultiple cri cks but
iemiained int piace. The only window damage sustained oy thi- two automobiles at 2,630 feet (0.9
psi) consisted ofu~il fractures of one windshield, l~one of the windows in the automooile at

2.50 feet (10.S psi) werc ql;maoed. r'he'-e was evidence that four auiornobý12 windows were broken

TAB~LE IV

AUTION8OYIE VNDCW DAMPJ7E

Automobile

Range, ft psi Orientation rNumber Description Windows Damaged Extent of W~indow Dpmagi.

Peugeot
Alt station None Ncne

A21 Chevrolet None N~one
Pickup

Buick* Wind~shield Multiple fracmtures
A3 Station Left Rearward** Intact but di.sloceged

Wa gon Rear Partly broh'eno ut

Dodge f Wicdshleld' ComnpletiFly broken out

Wagon Ro ar CorIp let elIy b~ro Iter. out

215Sidte-On Dodge
A 5 Fue I Rig ht Door Mul tiple fructures

Truck N

A7 S'tation No ne C

AH 'ýq ua,, t W31osh teIn Molt 4 0 ~ai r"

A ,ta t inq None

Wag on

Ao t stulh riopi.rphl, dkininiý wat, steruredl in tile- driver'! seat ot This
stat Ital Wagon kly mvanw (f it lAp ,*at lit1I!

Io yr. t t he I f ilIMt! t;( crdi f r'r,! fit 'ariera 1392 t f -s pe r iiocor d
"i ntl ý, I h I t ! lt- wI t d w it 1, 1 I a pt-ak I. vc t 121 1n Ise

11-, acrlnrrrIA tot! null jipl ttoa-turrvq ptrIýr t, litdtent

N( ) f. ,,0 r i l ry torr t~t1)vnt plat'.

N.h .1
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by bomb fraginetits or crav~r ejecta r~ather than by the airblast itself. This damage was not included

in Table IV.
The window which dislodged firom the frame hi auto-.mobile A3 traveled across the fielA of view

of the inoliion-picture camera. Fromr analyzintg the record, it was determined that the peak velocity of

the center- of mass of the pane was about 12 ft/sec. Because of the low velocity and the fact that
*the -Lass Lid not break and produce sharp edges, it is estimated that the pane would have a ve ry

small probability of penetrating 1 cm of soft tissue. Although the pane was quite massive, it would

* probably not be very hazard7ous from the point oif view of blunit-body trauma because of the low
velocity.

Dummy in Automobile

No~ danuage was o'bserved to -he durmmy secured by rneans of a lap seat belt inl the driver's seat

of the left-side-on station waglon (U)~ at 2,1 15 feet (I." psi). The window hndthe left rear door

was blownf into thie vehicle, hut it U~d not strike the dummny. From the motion-picture record it was

determined that the dumrlity i;uffeycd no significant disnipcernent during the blast experience.
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