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ESKIMO ViI TEET RESULTS
by
Rehert N. Mortha
Naval Civil Engineering Laboratory

Port Hueneme, CA

AD-P(005 370

ABSTRACT
.

“%uK[MO VII, seventh in the series of Exploslve Safety mowledge IMprove-
ment Operaticn Ttstq, was conducted to determine the safety and performaace
of Navy box-shaped ammunition storage magazines. The two magazines tested,
the Type A (new desigr)} and Type 1I8 (old design), were the remalning half-
scale structures from the July 1980 ESKIMO VI test. The Type A magazine was
tested using a foam High Bxplosive $imulation Technique (HEST) on its roof.
The Type 11IB magarine was test=d oune week later using a small hemispherical
surface charge of 13,616 pounds of TNT, The two interior columns of the
Type A magazine catastrophically collapsed when subjected te a HEST impulse
approximately three times greater than the design impulse. Although the
yield~line pattern and response predicted for the flat-slab structure never
occurred, the roof remained intact while undergoing maximum support rotations
of 16 degrees. These data indicate a high probabilivy of eliminating the
columnns from future magazines by utilizing the tremendous energy absorbing
properties associated with tensile membrane behavior of restrained slabs.
The redesigned door and headwall system ftor the Type LIB magazine survived
the blast loading conditions approximating those at the minioun side-to-side
spacing of carth—covered magazines with only minor structural damage. These
data indicate that the structural re-design used 1n this test [s wmere than
adequate to prevent sympathetic detonation,
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INTRODUCTION

ESKIMO VII, seventh in the series of Explosive Safety Knowledge IMprove-
ment Operation test events of earth-covered magazine structures was recently
completed at the Naval Weapons Center (NWC), China Lake, California. The box
magazines tested were the two remaining structures, the Type IIB (designed in
the 1950s) and the Type A (designed in the 1970s), from the July 1980 ESKIMO
VI test. The Type A magazine was tested first using a fcam HEST (digh Explo-—
sive Simulation Technique) (Ref 1). Tc obtain a test desi impulse of 2,300
psi-msec acting on the roof, a charge density of 0.43 1b/ft” was used. The
Type I1B magazire was tested 7 days later using a hemispherically shaped sur-
face charge of 13,616 pounds of TNT in a side-to-side orientation. The explo~
sive effects (induced airblast loading, ground motion, debris, etc.) on the
Type IIB magazine from the earlier HEST detonation was negligible. KResults
from USKIMO VII will be used to evaluate the safety and performance under
blast loading of box-shaped (¢mokeless powder/projectile) storage magazines.
A description of the testing procedure and the resvlts of the test are
included in this report. If needed, additional pretest information can be
found in the ESKIMO VII fest Plan (Ref 2).

Back ground o

The Department of Defense Explosives Safety Board (DDESB) establishes b
explosives safety standards applicable to the military services and other
Department of Defense (DOD) components. The quantity-—distance standards for
the separation of explosives storage magazines published in DOD Standard
5154 .48 (Ref 3) dep-d on the construction ¢f the magazines. Additionally,
pOD 5145.4S allows higher explosive limits (up to 500,000 pounds} in certain
standard earth-covered magazines of proven design that may be ¢ited at the
minimum intermagazine spacing permitted.?

ESKIMO VI showed that the door system design of Navy 3Smokeless Powder
and Projectile Magazine Type IIB was inadequate to resist the Joading result-
ing from detonation of 350,000 pounds in a siwilar magazine located at the
minimum side-to-side spacing. The test also demonstrated an ample, possibly
excessive, margin of safety in the Type A box magazine root, which had been
designed for a maximum support rotation of 2 degrees in accordance with the
triservice manual on explosion~resistant structures (Ref 4),

*Prior to ESKIMO VI (1980), box magazines in the field uwad not been tested or
gpecifically decigned for overpressure loads., Safery policy, thevetfore, hal
reguired that they he sited at nonstandard Intermagaeine separation dis:

tances and that thelr storage capacity he Hmited to one-balf the weignt of

cxplostores gllowed 1o g standard mapazine.
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Ob jective

The objectives of ESKIMO VII were to:

1. Validate the performance of a redesigned door and headwall system
for the Type 1IB magazine under blast loading conditions approximating thcese
at the minimum side-to-side spacing of earth~covered magazines.

2. Evaluate the reserve strength inlierent in the Type A magazine design
at roof slab deformations corresponding to large rotations at supports.

3. Provide test data to support improved load criteria, structural per-
formance requirements, and design methods for the roofs, walls, and doors of
nore economical box-shaped magazines that can be sited at the minimum separa-
tion distances permitted by ewxplosives safety standards.

High-explosive field test events are the only means, except for small-
scale model testing, to cvaluate the accuracy of calculational and empirical
prediction techniques for the blast loading and response of magazine struc-
tures.

TEST A-ROOF

Type A Magazine

Te Type A magazine (Ref 5) was designed to provide the same interior
dimensions as the Type IIR magazine. The Type A magazine roof is supported
by two interior circular columns with drop panels (see Figure 1). Aside from
the Type A magazine being more massive and designed without pilasters, the
ma jor difference betweer the Type A and the Type IIB magazine is in the head-
wiall design. The Type A megazine employs two sliding (built-up) doors that
are supported on all four edges (the door sill, lintel, and jambs) by large
beam elements. The twd doors are located at the loading platform.

The Type A half-scale test structure duplicates the walls, roof, c¢3lumns,
footings, doors (without hanging mechanisms), and earth cover. The model
structure used | foot of earth cover. Steel wing walls salvaged from the
ESKIMO V test were designed to retain the earth cover. The interior floor
slab, ramp, and loading platform in the model were replaced with compacted

arth fill without concrete slabs, footings, or steps; all other nonstructural
features were deleted. Construction drawings of the Type A structure used in
ESKIMO VI are included in Reference 6.

In ESKIMO VI the roof parapet (a low wall used to retain the 1-foot soil
cover on the rool) was severely damaged. The parapet was refurbished and
increased in height from 1 foot 5 foches to a total height of 2 {eet 9 inches.,
This modification was weceded to retain the additional 12 inches of uncompacted
native soil overbuirden required above the Loam HEST cavity., The steel wing
walls in the region adjacent to the structure were also increased iu height
(see Flgure 2).

Foam HEST Design
s e et —— i s e
To produce the roquired airblast leading, it was necessary Lo accuarately

similate the overpressure component of the airblast generated by a high-explo-
sive surface burst. A test procedure developed by the Alr Force Wenpons
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TEST IIB-DOORS

.“. Type IIB Magazine

The Type IIR magazine is a smokeless powder and projectile storage maga-—
zine in the Naval Facilities Engineering Command (NAVFAC) inventory {Ref 7).
The full-scale Type IIB magazine is 52-feet deep and 97-feet wide with an
inside height that varies from 13 feet at the rear wall to 15 feet 2 inches
at the front wall, It has two interior cclumns and 10 pilasters with capil-
tals. Thre~ continuous drop panels are provided at the column lines between
the side walls. Two doors are located at the loading platform.

The construction drawings for the Type IIB half-scale structure tested
in ESKIMO VI are found in Reference 6. This test structure duplicates the
walls, roof, columns, pilasters, floor slab, footings, both doors, and earth
fill. The model structure used 1 foot of earth cover. Ste=l wing walls
salvaged from the ESKIMO V test were designed to retain the earth £ill behind
them. The ramp and platform were replaced with compacted earth fill without
concrete slabs, footings, or steps and all other nonstructural features were
deleted.

The performance of the Type IIB test structure in ESKIMO VI showed that
the current double-leaf hinged door design was inadequate for resisting the
blast loads. These doors were forced inward, bending past the door stops,
and were separated from their hinges, coming to rest in the corresponding
rear corners of the magazine. A redesign of the door/ headwall was undertaken
in connection with ESKIMO VII. In addition to satisfying explosives safety
criteria, the new door design also satisfies physical security criteria for
theft (Ref 8). The new door configuration shown in Figure 9 is similar to
the sliding single-leaf system of the Type A magazine. The construction
drawings for the half-scale components to be tested are shown In Figures 10
and 11. Construction photographs of the modifications are shown in Figures 12
and 13,

Hemisphberical Surface Charge

The explosive charge configuration (orientation, size, shape, and rtange)
was designed to provide a blast environment similar to that observed in the
ESKIMO VI test. According to these test results, the centerline of the
Type IIB headwall was subjected to an impulse of 382 psi-msec and a maximum
overpressure of 50 psi. The charge configuration was designed by NCEL using
Figure 18 from Reference 9. This figure appears as Figure 14 in this report.
As a design aid, the relationship for peak positive inci??gt overpressure
(p_ ) versus scaled unit positive incident impulse (i /W' 7) was chtained
from this figure and then plotted in Figure 15. At tfle d&b{?%d peak over-
pressure level of fi()]y i, the corresponding values {or 1 /W and scaled
ground distance, R/W , are 16.2 and 4.6, respectively. S Substituti ing 382
psi-msec for 1, in the first expression re%ulta in a desived charge weight
(W) of 13,111 pounds Substituting this value into the second expression
results in a charge distance (R) of 108.5 feet from the headwall centerline.
Ifrese values are valid for the ambient conditions at sea level. However,
since the test site is about 2,000 oot abye sea level, the weer anbicont
condrtions ditter measurably from those at sea level., To account for these
differences, a computational procedure outlined in Reference 10 was followed.

Using this proceduve the following parameters were obtained at the head-
" S wall centertine tor W= 13,616 pounds and K = 108.6 feet:
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The values at both door centerlines were also calculated and are listed in
Table 2 and shown in Figures 16 and 17,

The following equation for crater radius was derived frem data found in
Reference 11:

r = 0.452 wO-*2

crater radius (ft)

la]
i

]

charge weight (1b)

The calculated crater radius for a 13,615-pound charge is 24.6 feet. As shown
in the proposed test configuration of Figure 18, cratering is of no concern.

The charge was constructed of 8-pound TNT blocks {2 by 6 by 12 inches)
and is shown in Figure 19.

Instrumentation

Figure 20 is a schematic of the active instrumentztion recording the
blast environment at the Type IIB magazine. Surface airblast pressure gauges e
located along gage lines at 20 and 180 degrees recorded the free-field pres- Py
sure-time environment (Figure 21, Table 3). These gauges were installed in Eh
heavy-gage mounts to read the side~on pressure loads. A detailed deseription
and purpose for each gauge is listed in Table 4. A total of 31 gauges were
used.

Motion Picture Photography

The test was recorded photographicaliy by ground and air-based 16mm
cameras using color film at cpeeds ranging from 24 frames/second to 10,000
frames/second. Figure 22 illustrates the locations of the ground cameras.

TEST RESULTS

The analog data signals from the test instrumentation were conditioned
and recorded on l-inch magnetic tapes. The tave recorders were l4—track,
intermediate-band, with FM amplifiers, operated at either 60 or 120 ips, pro-
viding a maximum frequency response of 20 kHz or 40 kHz, respectively. Each
tape contained a IRIG B time signal and & detonation zevo signal. Time-
history records of all data are not included in this report due to its bulk,
but are available from the author on request. High speed films showing test
results are lccated at NCEL. A full docvmentary fiim ol test results shounld
be available approximately January 1987,
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Test A-ROOF

Observed Structural Response. Test A-ROOF took place on 5 September
1985. Figure 23 illustrates the sequence of the foam HEST event. The
explosive source was designed to produce a maximum impulse of 2,300 psi-mszc
on the Type A magazine roof. The average measured impulse of 2,500 psi-msec
was unly slightly greater than predicted. A post-test view of the magazine
interior is shown iu Figure 24. Both inierior columns catastrophically
collapsed, changing the roof configuration from a flat slab to a rectangular
two-way slab restrained on four sides. The large dynamic deflections that
occurred resulted in the roof acting primarily as a tensile membrane member
in the short direction (front to rear). None of the principal steel rein-—
forcing bars were broken nr showed signs of necking down. A view of the roof
after excavating the left rear quadrant is shown in Figure 25. The permanent
deflections of the roof surface measured along nine lines (A through I) are
displayed in Figure 26 and listed in Table 5. The permarent center deflection
at midspan of the roof was 45.5 inches. The maximum support rotation measuced
in the short direction along Line E equals 15.8°. The maximum support rcta-
tion measured in the long direction along Line 7 equals 9.1°,

Both the backwall and the headwall were forced inward by the tensile
membrane action of the roof. The maximum inward displacement of these walls,
measured at the magazine centerline near the roof elevation, were 8 inches
and 2-1/2 inches for the backwall and headwall, respectively.

Response Instrumentation. Data recovery in general was poor. In view
of the catastrophic collapse of the interior columns this loss of data was
not unexpected. Data from only three of the recovered airblast pressure
gages is considered useful, A summary of the airblast data is listed in
Table 6 and a representative time history plot is shown in Figure 27. A
summary of data derived from velocity gage output is shown in Table 7. Gage
No. A-C2-V3 was attached to the column and was lost immediately confirming
the sudden early collapse of the columns. All three vertical roof
displacement gages functioned satisfactortily until reaching the established
I8-inch limit of gage travel.

Test I1IB--DOORS

Observed Structural Response. Test IIB-LDOORS took place on 12 September
1985. The explosive source was designed to produce a maximum impulse of 382
psi-msec and peak overpressure of 50 psi on the ceaterline of the Type TIB
magazlne headwall. Generally, measurements of blast loading made during the
test were slightly lower than the predicted levels. The measured impulse at
the headwall centerline was 355 nsi-msec with an initial pesk overpressure of
58 psi. A cowmparison of the rooi ! headwal!l gage output for ESKIMO's VI
and V1T is quite similar. Figure = ‘iows tie magazine being engulfed by the
fireball. A post-test view of the magazine and crater is shown in Figure 29,
Crater dimensions were 9-~foot deptb and 20-foot radius. The redesigned door
and headwall system remained intact and more than satistied the explosives
safety def iciencies uncovered in ESKIMO VIL  Buckling of the exterior steel
face plate of the near door is illustrated in Figure 30, Maxiwam permanent
door deflections of the near and far doors were measured as 9716 inch iod
3/16 Ineh, rvespectively. The only significant mapazine damage obuserved wis
to the capital ot the near column.  Several large concrete picoaes had sepa

rated as shown in Figure 31,
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Response Instrumentation. Data recovery in general was good. A summary
ot the pressure gage output is listed in Tables 8 and 9 and a representative
time history plet is shown in Figure 32. A comparison of the measured air-
blast impulse versus the predicted (from Ref 9) is shown in Figure 33. A
summary cf data derived from the velocity gage output is listed in Table 10
and a representative time history plot is shown 1n Figure 34, Displacment
was established by integration of the velocity gage output. Displacement
transducers were strategically positioned so as to measure the maximum dis-
placement of the headwall, pilasters, and doors. A summary of the displace-
ment gage data is listed in Table 1l and a representative time history plot
is shown in Figura 35. A summary of the strain gage output is listed in
Table 12 and a representative time history plot is shown in Figure 36.

DISCUSSION/CONCLUSIONS
Test_A-ROOF

Although the intended purpose of the test was not achieved, significant
findings in the areas of column design, slab deflection capacity, and tensile
membrane behavior were uncovered. The loading capability of the HEST tech-
nique was awesome. A total of only 264 pounds NEW of primacord produced an
impulse of 2,500 psi-msec on the magazine roof while in ESKIMC VI, 44,000
pounds NEW produced only 656 psi-msec impulse. Since the pressure pulse
shapes from this HEST explosion and an HE magazine detonation are similar,
the observed test results are considered appropriate. A post—test dynamic
analysis of the column for the blast load acting directly on the column indi-
cated column failure. The loaded area in this analysis was limited to the
area of the drop panel. The current column design procedures (Ref 4)
neglects this "early"” loading condition and only considers a loading equal to
the ultimate resistance of the roof acting over the tributary area supported
by the column. Under most loading conditions, the direct blast loding would
not control the coluun design. However, as demonstrated in ESKIMO VII, it is
possible that for a high magnitude blast load acting on a relatively low
resisiance roof, the column could fail before the flat slab yield line pat—
terns could develop and thus the direct Plast loading would control. The
coluan failures immediately transformed the roof slab into a rectangular two-
way slab restrained on four sides with an aspect ratio L/H of 1.9. [n order
for this roofl slab to develop tension membrane behavior, adequate lateral
restraint of the reinforcement is mavdatory. However, external lateral
restraint s not required tor elements supported ou four edges provided the
aspecti ratio is not less than one-halt nor greater than two. lithin this
range, the inherent laters] restraint provided by the element's own
compression ring arcund its boundary is sufticient lateral restraint to
develop tension membrane behavior.  The Type A magazine roof satisties both
restraint conditions and thus, tensile membrane behavior is possible.  The
tensile membrane resistance funetion for the Type A magazine voot is shown in
Flgure 37, A dynamic response caleuwlation using this tunetion and the
measured root loading resufted in g predicted maximum displacement ol
A9.7 dnehes. This bs only stightly greatec than the measured post - Lest
permanent displacement of 4505 fnches.  Even though vo stirrups were used,
the concrete on the underside of the roof remained intact exeept tor small

regions ol the column bands where the hottom steel wos cut of [,
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Test I1B-Doors

The redesigned door and headwall system of the Type IIB magazine was
more than adequate t¢ resist the load resulting from the detonation of
350,000 pounds NEW in a similar magazine located at the minimum side-to-—-side
spacing. The pilasters, which were designed for a maximum support rotaiion
of 4 degrees, sustained less than one—-fourth—degree of rotation. Figure 38
shows the resistance function for the Type IIB magazine door. Initiation of
plastic behavior for the Yuilt-up steel channel and face plates is predicted
for 21.7 psi and 0.64 inch. The ultimate door resistance is reached when the
oak boards rupture at 25.9 psi. The measured maximum strain, deflection, and
permanent deflection for the near door are much smaller than predicted for
the 12 degree design rotation (8 inches of displacement equals 12 degrees
rotation).
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Table 1. Instrumentation for Test A-ROOF
Channel Gauge S ~ Location and Purpose Predicted
No. No. Measurenent Manufactuvrer /Modal of Gauge Peaks
1, 2 A-A2-BP1?| Airblasr Kulite/HKS-475-5000 Surface air pressure 800 psi
Pressure at center of left bay
3, & A-A3-BP2 | Airblast Kulite/HKS-375-5000 Surface air pressure 800 pst
Pressure at rear of lefr bay
5, 6 A-B2-BP3 | Airblast Kulite/HKS-375-5000 Surface air pressure 800 psi
Pressure at center of middle bay
7, 8 A-D3-BP4 | Airblast Kulite/HKS-375-5000 Surface air pressure 800 psi
Pressure at rear of right bay
9, 10 [ A-D2-BP5 | Airblast Kulite/HKS-375-5000 Surface air pressure 800 psi
Pressure at center of right bhay
11 A-B3-SE1 | Soil Stress | K lite/LQ-080U Vertical soil stress 800 psi
at 1-in depth
12 A-B2-SE2 | Soil Stress | Kulite/LQ-080U Vertical soil stress 800G psi
at l-in depth
13 A-B1-V1 Velocity Bell & Howell/364142-0100 | Vertical velocity of 800 in/sec
roof at front of
middle bay
14 A-D1-V2 Velocity Bell & Howell/364142-0100 | Vertical velocity of 800 in/sec
roof at front of right
bay
15 A-C2-V3 Velocity Bell & Howell/364142-0100 | Vertical veloclity of 25 in/sec
right columi below ‘
right bay |
16 A-B2-VI] Velocity RBell & Hooo 0 1/364142-0100 | Vertical velocity ot ! 25 in/sec
pround at center of i
middle bay ’
17 A-BL1-VI72 Velocity Bel! & Howell/366147-0100] Vertical velocity ot 1 25 in/sec
pround at froac ot |
middle bay i
1
H
Iy A=D2-VI3 Velootty bell & Howell/7364147-0100 ) Vertical velocity of 1 2% in/sec
ground at center of l
right bay !
1Y A-BU-1 Displacement | Bournes /2051941 502 Vertioal displacement Pole.5 i
ol root at center ot ’
middle bay 1
20 A-B1-D2 Disp bacement Hourne s /205 00 92 Vertival displacement | lo.h in
ot root o at front ot I
middle bay (
' A-D?-13 Displacement | Bourne:s /205 194106500 Vertical disphacement 1 lo. in
ol root at center ol :
1ivhit bhav |
L ' I
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Table 2.

A BT WL W AT WP

WL

Blast Parameters for W = 13,616 1b at

2,000 Feet Above Sea Level

A AVE aFR-ARR AU o0 ARk AN gtE aWh AN R At athate ath ath ol gt BRE ad At AR SR RTR AVE AR AR AT B R A

Blast Parameter

Magazine Locaticn

Near Door

Headwall
Centerline

Far Door

time, © {msed)

L. ..

AP . P - gt
Corrcection tactor 0,929,
b . .
Correction factor = 0/ 959,
("\ . N
Cortection tactor 1.0

T
N

AN

AN
Pl Yl i S T U, YL

Charge distance, 82.5 108.¢6 124,7
R (ft)
Scaled distance, Z 3.87 4.55 5.22
1/3
(re/1bt/3)
"Corrected” scaled 3.78 4. 44 5.09
distance, 2%
1/3
(se/10' )
"Corrected”" peak 66.9 50.2 35.0
positive overpressure,
R
Py, (psi) ‘ o
"Corre(‘ted"b positive A35.1 382.4 332.0
{mpul se, ig
(nsi-msec)’
"Corrected”™ positive 194 182 18,0
duration, Uy (msec)
O e
“Corrected™ arrival 8.5 247 34.h
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Table &. Instrumentation for Test LIB-DOORS
atd » | TOTIE (- SR
Channel Gauge No. | Measuremenc Manufacturer/Model Location qnd Purpose IrL,’dlu,l’d
No. ” of Gauge Peaks
1 90-3-A1" Airblast Bytrex/HFG-200 Surface alr pressure at 130 psi -
Pressure scaled distance of 3; W
90-deg azimuth .
[
2 S0-4~A2 Airblasc Bytrex/HFG~100 Scaled distance of 4; 65 psi ‘\‘P’
Pressure 90-deg azimuth g
3 90-5-A3 Afrblast Bytrex,/HYG-100 Scaled distance of 5; 40 psi
Pressure 90-deg azimuth ‘A
L 50-6-Ab Alrblast Bytrex/HFG-100 Scaled distance of 6; 26 psi "j}
Pressure 90-deg azimuth "R
7
5 90-7-A5 Airblast Bytrex/HFG-100 Scaled distance of 7; 19 psi ¢
Pressure 90-deg azimuth V
(%8
(4 180-3-A6 Airblast bytrex /HFG-200 Scaled distance of 3; 130 psi .
Pressure 180-deg azimuth .w:
-
7 180~4-A7 Alrblast Bytrex /HFG-100 Scaled distance of 4; 65 psi ,\":'
Pressure 180-deg azimuth ‘;4
] b
8 180-5-A8 Airblast Bytrex /HFG-100 Scaled distance of 5; 40 psi ';:
Pressure 180-~deg azimuth B
9 180-6-A9 Alrblast Bytrex /HFG~100 Scaled distance of 6; 26 psi “
Pressure 180~deg azimuth o
10 180~-7-A10 Airblast Bvtrex /HFG-100 Scaled distance of 7; 19 psi ':'.
Pressure 180-deg azimuth %
SN
11 B-C%A-BPlb Airblast Senso-Metrics /SP63 Surface air pressure at 50 psi LA
Pregsure center of middle bay 9
g
™
12 B-C2A-BP2 Airblast Senso-Metrics/SP63 Surface air pressure at 50 psi -..ﬁ
Pressure front of middle bay N
™
4
13 B-ALD-BP3 Airblast Senso-Metrics/SP68 Side-on air pressure on 67 psi tnf'
Pressure headwall at near door -l.]‘.;
mid-height .
14 B-C1D-BPL Airblast Senso-Metrics/SP68 Side-on air pressure on 50 psi =
Pressure headwall at centeriine .‘x
mid-height !
s
15 B-F1D-BPS5 Airblast Senso-Metrics/5Pes8 Side-on air pressure on 35 psi o
Pressure headwall at far door '
mid-height h
16 B-C4E~BPe Airblast Bytrex/UFG-25 Interior magazine 0 psil L‘*;
Pressure leakage pressure; e
centerline of floor o
at rear wall '-'::
~l
ML)
17 b-C2B-Vi Velocity Bel! & Howell/364'47-0100 | Vertical velocity of 160 in/sec .::A
roof at front of
middle bay )
a .
18 B-D3C-V2 Velocity Beil & jowell/364162-0100 | Vertical velocity ot 50 in/sec :«'_..
right column at capital e
14 B-C1D-VY Velocity Bell & Howell/3641737-0100 | Horiaontal velocity of 515 in/sec -::
headwall at centerline b
mid-height T
I
20 B-C2E-V4 Velooity Bell & Howell/364142-0100 | Vertical velocity of 50 in/sec
floor at front of
I l middle bay j
} ) /? ‘/J
v

w ' L . S L.
.
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Table &. Continued
Chauvel | - e Locavion and Purposu Predicted i
No. Gauge No, | Mcasurement Manufaciurer /Model of Gauge Peaks !
_— T I A e I
21 B-C38-D1L Displacement Bournes /2001564W37 Vertical displaceneat 1.6 ia \
o rood at center of :
middle hay A
22 B-C28B-D2 Displacement Bournes /2001564W07 Vertical dispiacement 1.6 in ;
of roof at froot of '
widdle bay :
23 B-A1D-D3 Displecement Bournes /2051941502 Horizontal displacement L0.5 lng )
a* center of near door: 14,73 in :
inside face .
L
24 B-R1D-I Displacesent Bournes /2001941501 torizontal displacement 5.6 in \
of near door pilaster at ;
mid-height; inside face
25 B-C1D-D5 Pisplacement Bournes /2001941501 Horizontal displacement 6.6 in ;
of headwall at centerline .
at wid-height; inside .
face “
26 B-E1D-D6 Disrlacement Bournes/2001564WG7 Horlzontal displacement 1.6 in )
of far door pilaster at '
nid-height; inside face .
27 B-F1D-D7 Displacement Bournes /2601941501 Horlzontal displacement 4.5 ing .
at center of far door; 5.6 in '
inside face '
28 B-A1D-S1 Strain Alltech/SG129-65 Horizontal strain at 20,000 pin/ia ’
center of near door; )
inside face .
29 B-AID-S2 Strain Ailtech/SG129-65 Vertical strain at 10,000 pin/in ;
center or near door; |
inside face :
4
30 B~F1D-S13 Strain Ailtech/SG129-65 Horlzontal strain at 20,000 pin/in }
center of far door; '
inside face ;
o
31 B-F1D-54 Strain Ajiltech/SG129-65 Vertical strain at 10,000 Uin/in ¥
center of far door; :
inside face .
.
%90 = 99° azimuth; 3 = scaled distaunce; Al = airblast pressure gauge No. 1.
bB = Test [TB-DOCRS; ©3A = gauge location (€ = headwall position, 3 = sidewall position, :
A = elevation position); -
BP1 = Airblast pressure gauge No. 1. '
“Relative dis). lacement. 5
dGross displacement., .

E
s
“
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Table 5. Vertical Roof Deflection of the Type A Test Structure ﬁ
o
. : . ot
Vertical Displacement Along These Roof Lines” i}ﬁﬁ&
(feet) et
Measurement (
Point A B C D E F G H I

1 0.26 | 0,28 | 0.36 | 0,45 | 0,40 | 0. 41 | 0.58 | 0.38 | 0.33

2 0.84 | 0.85 1.03 | 1.17 1.14 1.27 1,26 1.05 [ 0.92
3 1.13 | 1.67 1.93 1.98 1.94 1.97 1.90 1.74 1.15 Y
4 1.26 { 2,13 | 2.50 | 2.70 | 2.74 | 2.74 | 2.38 | 2.11 1.23 'x
5 1.35 ] 2.25 | 2.80 | 3.16 | 3.28 | 3.07 | 2,60 | 2.23 | 1.25 oY
6 Y.48 } 2,43 | 3.00 | 3.48 | 3.63 | 3.27 | 2.75 | 2,33 1.29 -:
7 1.61 2.55 1 3.16 , 3.61 3.79 | 3.35 | 2.88 | 2.42 1.33 ;k

8 .72 1 2,72 ] 3.33 { 3.69 | 3.77 | 3.49 | 3.00 | 2.54 1.40
9 1.84 | 2.91 3.13 ] 3.38 | 3.45 3.24 | 2.02 1 2.66 1.46 I
10 2.00 | 2,43 | 2.56 | 2.93 ) 2.84 ) 2.88 | 2.49 | 2.29 1.52 o
11 1.34 1.66 1.90 | 2,09 | 2.15 | 2.06 1.85 1.58 | 1.30 K
12 C.66 | C.94 1.13 | 1,40 1.32 1.33 1.14 | 0.83 | 0.60 %{
13 0.27 | 0.29 ] 0.32 } 0.71 | 0.61 | 0.79 | 0.56 | 0.27 | 0.2 &

Figure 26 for location of these displacements.

T o o 24
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Table 6. Summary of Airblast Pressure Data for Test A~-ROOF _c&ﬁkﬂ
L

[T AL {"‘:

50 ke S "~

Gage p Peak Impulse L

No ‘ressure (p‘;i“msec) "_.

. (psi) ) o A

‘h“!

8~A2~BPI 1207/500 3500° ~

N

A-A3~BP2 Bad Cage — l'ij

o

A-B2-BP3 Bad Cage - Y

A-D3-BP4 1570/400 2500 o

c -

A-D2-BPY 11807340 1550 iy

I .t ot

a, - o . .
The first value is a muximum
second value is a linecarized
on an exponentially decaying

b . .
Residual pressure equals +50

2H00 psi-mses.

¢ .
Residual pressure equals ~

2550 psi-msec.

SRS e
AR TR

" - .

value

psi.

)

psi.

V746

read from
estimate of the
pressure pulse.

Corrected

Correcred

the curve. The
peak value based

impulse equals

impulse cquals
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Table 7. Summary of ‘elocity Data for Test A-ROOF

. Cage V’iedk Displacement?

o No. ¢ ocitv (1n)

) (in/sec)?
A-B1-V1 {roof) 460 37.2
A~D1-V2 (roof) 395 24.6
A-C2-V3 (colunmn) b b
A-B2-VFl (floor) 22 0.4
A-B1-VF2 (£loov} 9 0.2
8-D2-VF3 (floor) 17 0.5

a o , . .
Positive wvalues indicate downward motion.

bGage ilost during test.

Table 8. Summary of Free-Field Pressure Gage Data
for fest I1IB--DOORS

Gage
Pistance Pesk 1
p N Fra e mpulse
- Gage No. From Uverpressure (psi-msec)
\ Donor (psi) ' -
(f1)
90~3--A1% 71.7 192/97 725
90-4-A2 95.6 73/58 403
50-5-A3 119.4 3%/25 258
90~-6-A4 143.3 24721 226
90~7-A5 167.2 21/18 200
180~3-A06 71.7 165/90 580
180~4-A7 95.6 75/48 451
180-5-A8 119.4 42730 258
180-6-A9 143.3 23/20 235
|
180~ 7 AlU 167.2 18/16 235 J
B e e e e o

E] . . "
The first value is the maximum value read from the curve. The
second vidue 15 a linearized estimate of the peak value based on
an expsrentially decaying pressure pulve.
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Table 9. Summary of On-0tructure Pressure Gage
Data for Test LILB-DOCRS

Py
T

p o

Pt G o

N l
Peak fmpulse

{psi-msec)

-

Gage
a8 Location Ovarpressure
Nao.

(psi)

1
1
WL

B-C3A-BP1 Roof Centerline 82/46 382

R
&

B~C2A--BP2 Roof Centerline 55/41 390 %:
B~AL1D-BP3 Near Door 105/74 395

B~ClD-BP4 Headwz1ll Centerline 58/42 355

B-F1D-BP5 Far Door 45/38 230

8The first value is a maximum value read from the curve. The £
second value is a linearized cstimate of the peak value based on A
and exponentially decaying pressure pulse. -

.

Table 10. Summary of Veloclity Gage Data for
Test IIB-DOORS

¥

'@ -."-'
hd
[ 3

Time from Zero ~
to Maximum Peak Disols , 'ﬁ

Gage No. Location Peak Vel.ocitya 1sp(?c§ment Y
Displacement (in/sec) m
(msec)

S
“1'!'?’

B~C2B-V1 | Roof Centerline 79 84 (-43) 1.49

x ‘n/',c'.)

K

«
<

B-D3C-V2 | Far Column 79 17 (-21) 0.31

4

PR

B-CID-V3 | Headwall Centerline 59 185 (~154) 2.00

LT F
B

B~C2E~V4 Floor 96 5 (-6) 0.12

LR

o

a . . . .
Positive values indicate motions vertically down or horizontally toward
ithe structure center.
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Table 11. Sumwmary of Displacement Gage Data

for Test I1B--DOORS

Time from Zero
to Maximum Maximum

Gage No. Location N N Displacement

Displacement (in)

(msec) '

B-C3B~-D1 Roof Centerline 75 1.49
B-C28~-D2 Roof Centerline 77 1.49
B~-Al1D-D3 Near Door 43 1.62
B-B1D-D4 Near Door Pilaster 44 C. 1%k
B~C1D-D5 Headwall Centerline 58 1.77
B~E1D--D6 Far Door Pilaster 53 Q.16
B-F1D-D7 Far Door J 59 2.24

3positive values indicate motions vertically down or horizontally
toward the structure ceitter.

Table 12. Summary of Strain Gage Data
for Test IIB-DOORS
Time from Zero
to Maximum Peaka

Gage No. Location Direction " a \ Strain

Strain ,

(msec) (uin/in)
B-AID-S! Near Door Horizontal 44 3270
B--AlD~S52 Near Door Vertical - -
B-F1D-S3 Far Door Horizontal 57 1895
B- P1D~SA Far Door Vextica1 - -

e e e i . - [ . e e i e e
“positive values equal tension; negative values e¢qual compression.
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Figure 1. Interior view of Type A magazine before test.

-

Figure 2. bxter o view of Type A magaane before test
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Charge cavity for foam HEST.

- e
=) S
: ]
~ Ev

e

Detonating cord = 400-grains/f

=

a

)

joo]
. i

&9
X

T T N N T T o N U N N U N U S Y e e e e e e
B e e e e L e N e T N T T S T W s e T e e T e e
R O T A A o B P o S N T N Ot R R g R R



MU TE s A FURE VU TUXE P TP U W T AT WA T Y FOALA T &R A WTELRERT LRI A AR AR AS Tk IE T TEFRARATF TN ET VTS RE R VNEVEMUVMEBEMVMEAVMEVUAME VLT MEATW SR LOE S

T Ry
SR IR, W S

I"igurc 5. Construction of foam HEST chzu‘gc cavity above Type A

magazine root.

. L A . . T T L . T T O T



(oosu~1sd) asindug

v ~ “ - -
T v M ’ .
@353
S
ATy ‘
BEE>
EEi8
LT
o
« N
® d i
- 887 1¢
AQDD :
8333 : :
TaxA £ v
L§§g§ '
AR
L Y%
£88
& B
=l . :
(1sd) oanssaeny
[ 75
S "'.‘\;_x,._). .}.,.-:.";{x;h.h_s. \‘ .L.n.,.h."\._.‘. .\.L.;A.:..x;u_aﬁ@;{:.; N,

hm.’h

k. Dol A._LLA‘LA. Cacata Al

Time (msec)

HEST design code output for toam HEST A-ROOF parameters.

igure &,

r

s

Y

o LRt 0aT Cat WA TAT At Fat WAt p - Vg W00 Vs W) oVh oth aVA anh (SR ) h ol W AT WAL

o~ =
A_.l al ;AAJLA_L



wxrw

2
’
:
R
;
?
“
m
:
;
?
;
3
;
M
;
W
W
m
3
m

"A00¥-V 31823 103 suoriedol s8nef surtzelew ¥ 24l s 2InIL

v L

* wsa-

T, -~
&) -
f - df Lc —3
] 1
" o o%e # — - == -
i P
jusmere1dsyq _ 9 o o ﬂ
(4A) aoorg :L3100Tep @ _ N’ Do N _
{#; ®anaonajg:£3Foores O | ”
(2s) s@3a3s 1708 O _ _
!
(dd) @imssaig s82IQITY O —I.ln--ll. R |
pusdsr o 0 o — = - - -t
_ _ | “
| ! ! "
!
_ ! m !
_ m .
i !
Pl ¢.




MW VAR ATRIT N VEAN AR AN

NIV W & W WAYERRTFY FAT T w0 2N WA WL WS W Wl AN N

WMAAR AR TRSRARENENMERRENEEEARER BTy FERAWEBLURUVNTVE

Test A-RCOF

Camera 1: View HEST Test Bed
Camera 2: View HEST Teost Bed

Camera 3:. Overall View of Type A Magezine

Type A /
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Fivure 8, Test A-ROOF camera locatdons and e bd- of view detinition,
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Figure 15, Peak positive ine{dent overpressure versus scaled unit
positive Incident impulse for hemispherical charge (Rel 9)
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