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FOREWORD

This report dewcribes a full-scale magazine test conducted at the Naval Weapons Center in
August 1977. The test work was conductcd fo: the Department of Defense Explosives Salety Board
(DDESB) using funds provided by that organization. The work was identified by Army Program
Element Number 6.57.02.A ard Projuct and Test Area Number 4AT65702M§57.

From data derived from the test. DDESB gaineG considerable information on explosive hazards
and storage magazine criteria.

This report has beea reviewed for technical accuracy by DDESB staff member Dr. Thomas A.
Zaker. Dr. Zaker also p'aysd a major role in the design of the test.

Colonet Philip G. Kelley, Jr., USA, Chaiman of DDESB, provided technical, administrative, and
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Approved by Under authority of
W. R. HATTABAUGH, read W. L. HARRIS
Test and Ewdluation Direciorate RAdin., 11.8. Navy
I February 1979 Conenander

Released for publication by
K. M. HILLYER
Technical Director

NWC Technical Publication 6076

Published by ... ... ... . . . ... Technical Information Department
Collation . . ... ... .. ... .. ........ e e Cover, 40 leaves
First prnting . . . . .. . e e e 115 unnumbered copies

-



VORI ST T [P TV TTUC X9 . TG o Y P v v 3

4 di it
2 om Wi

'lmfo“*’ﬂ\‘ Dy

AT IIREE ——

UNCLASSIFIED
Y CLASSIFICATION OF THIS PAGE (When Data Fntered)

READ INSTRUCTIONS

REPORT DOCUMENTATION PAGE BEFORE COGMPLETING FORM
T BT RCC TS ON-NO " T ALOG NUMBEHR

. l[NWC-’I'Pw(jD’?é / @/‘mf i LT“ &/& Ry PRy /v/; 2.

ﬂ' f /4

’ ~ [+ TiTLE (and subtiie) S. TVSE OF REPORT & PERIOD COVEREP ' e
‘ /g‘. BT e TSRO, T T T M e
- % : ESK // August 1977
natl B O . §. PERFORMING ORG. REFORT NUMBER

7. AUTHOR(Ss) 8. CONTRACT OP GRANT NUMZF.R(a)

F. H. Weals and Bill Finder

9. FERFORMING ORGANIZATION NAME AND ADDRESS 10, PROCRAW EL KEDG'E“TT‘,Nt-uzGBJECT TASK
Naval Weapons Center  ~ -] 652024
China Lake, CA 935655 k/é ’ 4A7657 2M857
. iStmiaome ar
i1. CONTROLLING OFFICE NAME AND ADDRESS ,_'J,;,_sﬁamm__
Naval Weapens Center ///T Feb sy a&g?
China Lake, CA 93655 Ry 78 N FAGES

MONITORING AGENCY NAME & ADDRESS(!{ different from Controlling Office) | 15. SECURITY CLASS. (of this report)

-

UNCLASSIFIED

18a, DECLASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for oub'ic release; aistributicn unlimited.

’ /”ﬁ iy B A Sl /',,// // E

7. DlST RIBUTICON STATEMENT (of the SbetrRct entérd I JISER 20, TV B TerbAL trdnt Wity -

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on roveras side if necsssary and identily by block number)

Detonation Tests, ESKIMO V Igloo Structures, Test of
ESKIMO V Instrumentation
Explosives Hazards Test Magazine Separation Test

20. ABSTRACT (Continus on reverse aide {f necessary and identify by bloch number)

See back of form.

DD ,"SR%. 1473 b €o1mion OF 1 NOV 88 15 OBSOLETE
$/N 0102014 5601 -

UNCLASSIFIED ‘
SECURITY Ci ASSIFICATION OF THIS PAGE (When Data Entersd) / i

JAN 73

PN N



UNCLASSIFIED

LLLURNITY CLASSIFICATION OF THIS PAGE(When Dnte Bnteced)

G S

(Uy ESKIMQ V Magazine Separation Test, by F. H. Weuls and Bill
Finder. China Lake, Calif., Naval Weapons Center, February 1979. 7% pp.
m P 6076, publication UNCLASSIFIED.)

(UTIn an instrumentcd test conducted in August 1977 at the Naval
Weapons Center, approximately 75,000 pcunds (34 000 kilograms) of
trinitrotoluene  (TNT) cxplosives weie detonated. The explosives were
contained 1 a hemisphere built of 9,376, 8-pound (3.6-kilogram) demolition
blocks, and were detonated by means of an initiation systein located at the
center of the hemisphere. Principal objectives of the test were to justify
removal of concrete thrust beams from an oval steel-arch igloo and to
demonstrate the safety of applying current side-to-side separation distances
to concrete-arch igloos which have never been tested at those distances.
—U) Additionally. the test demonstrated the greater safety of
earth-covered storage as oppused to above-ground storage.
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INTRODUCTION

At the request of the Department of Defense Explosives Safety Board (DDESB), the Naval
Weapons Center (NWC) conducted a large-scale explosives hazard test known as ESKIMO V (ESKIMO
is an acronym for Explusive Safety Knowledge IMprovement Operation). The test was carried out in
August 1977 ar the Randsburg Wash Test Range, and was the fifth in a reries of full-scale tests for
carth-covered magazines sponsored by the DDESB.

ESKIMO l,l the first test, was conducted in December 1971 to determune a safe, practicable
minimum separation distance for face-on exposures of the U.S. Army standard steel-arch magazines.
Explosion communication occurred to an acceptor igloo of this design at a distance in feet equal to
125 X W'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 W]/3 to the rear of the donor. Further, the test revealed that safety
and economy might be increased through improved design for closer balance in strength between the
doors and headwall of the magazine. (A minimum separation distance in feet equal to 1.25 X wli3
in customary units is equal to approximately 0.5 in metric units, in which the separation distance is
in meters and W is in kilograms.)

ESKIMO Il was conducted in May 1973 to appraise magazine door and headwall desig,ns.2 A
large, single-leaf sliding door withstood the blast with minor distortion, although the accompanying
headwal! sustained severe damage. A Stradley-type headwall, on the cother hand, incurred only minor
damage. In addition, the noncircular (oval) steel arch tested with the Stradley headwall withstood the
blast without breakup or severe distortion.

ESKIMO 111> conducted in June 1974, further extended the study of explosive-storage
magazines using information derived from ESKIMO I and II. A further test of the oval arch and
Stradley-type headwall. ESKIMO IIl used structures remaining from ESKIMO I, rebuilt as necessary,
as well as new construction of u light-gauge, deeply corrugated, steel-arch magazine. Igloo B, the
oval-arch magazine tested in ESKIMO II, was fitted with a newly designed Stradley-type headwall
with a singie-leaf sliding door. ESKIMO II proved that the Stradley-type headwall could withstand a
face-on impulse of 1,750 psi-ms (12 066 kPa-ms) and that the steel oval-arch igloo could withstand
the face-on impulses generated by that charge. ESKIMO III tested the ability of the new headwall to
withstand the side-on blast imposed by the explosion of an adjacent magazine.

I Naval Weapons Center. ESKIMO I Magazine Seperation Test, by Frederick H. Weals. China Lake, Calif.,
NWC, April 1973. 84 pp. (NWC TP 5430, publication UNCLASSIFIED.)

2 Naval Weapons Center. KESKIMO Il Magazine Separation Test, by Frederick H. Weals., China Lake, Calif.,
NWC, September 1974, 90 pp. (NWC TP 5557, publication UNCLASSIFIED.)

3 Naval Weapons Center, ESKIMO Il Magazine Separation Test, by Frederick H. Weals. China Lake, Calif.,
NWC, February 1976, 70 pp, (NWC TP 5771, publica*on UNCLASSIFIED.)
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ESKIMO IV* conducted in September 1975, continued the study of explosive storage magazines.
using information from the pricer tests in the ESKIMO series. The door and headwall combination used
on the oval-arch magazine was again tested in ESKIMO IV but with face-on blast loading as compared
with the side-on loading experienced with ESKIMO IIt. The door that had fallen off its supports in
ESKIMO Il was rehung ir. position. ESKIMO IV provided the initial test of the combination of a newly
designed headwall and :ingle-picce sliding door under face-on loading. ESKIMO [V also included a
rebuilt standard headwall and doors (OCE standard drawing 33-15-64) as a control structure, and a
single-piece sliding door remaining from ESKIMO III, in combination with a rebuilt standard headwall.
The response of the three magazines was essentially as expected, with only minor damage occurring to
two of the three. The third magazine experienced door failure and presented unacceptable hazards to
stored sensitive materials.

GENERAL DESCRIPTION

ESKIMO V was a continuation of the study of explosive-storage magazines, using information
from the prior ESKIMO tests. The oval steel-arch igloo used in ESKIMO II (side-on loading) and
ESKIMO 1V (headwall loading) was again tested. The carth cover was removed, the concrete thrust
beams were removed, and the dirt fill was replaced. ESKIMO V also included a newly constructed
magazine of the FRELOC concrete-arch type. Since door response was not a concern in this test,
nonpermanent steel doors were spot-welded and/or bolted to the door openings of both igloos.

This report discusses ESKIMO V, its objectives, procedures and results, and the conclusions drawn
from these results.

TEST OBJIECTIVES

The main purposes of this test were (1) to validate and justify the removal of the costly concrete
thrust beams from the oval steel-arch igloo, and (2) to demonstrate the safety of applying current
side-to-side separation distances to concrete-arch igloos, which had never been tested at such small
separations. A secondary purpose was to demonstrate once again at full-scale the greater safety of
earth-covered storage as compared with above-ground storage.

TEST LAYOUT

TEST ARRAY

The ESKIMO V test array consisted of two magazine struciures each side-on to the explosion
scurce at centerline separations of 155 feet (47 meters) as shown in Figures 1 and 2. The northwest
igloo (Igloo A) was of the FRELOC concrete-arch type constructed especially for this test. The
suutheast igloo (Igloo B) was the cval steel-arch structure used in ESKIMO II, {11, and IV, but modified

4N:wal Weapons Center, ESKIMO IV Magazine Separation Test, by F. H. Weals and C. H. Wilson. China
Lake, Calif., NWC, March 1977, 52 pp. (NWC TP 5873, publication UNCLASSIFIED.)
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by removing the concrete thrust beams (Figure 3). Only slight dumage occurred to this magazine during
ESKIMO I, 111, and 1V, and consequentlv it was deemed usable for ESKIMO V. The magazines are 80
feet (24 meters) long and were fitted with a nenpermanent steel door spot welded and/or bolted rigidly
in place in the door opening.

The array was designed to simulate the conditions of ESKIMO HI in which the explosion
source consisted of 350,000 pounds (159 100 kilograms) of Tritonal contained in stacked M117
bombs and placed inside an 80-foot-long (24-meter-long), lightweight, 14-gauge, deeply corrugated,
steel-arch igloo. Magazines in ESKIMO Il were separated by a scaled distance in feet of 1.25 X
wii3,

FRELOC CONSTRUCTION

The FRELOC magazine, a noncircular concrete arch magazine, was constructed in q:?_:cordancc
with U.S. Army Engineer Command, Europe, Drawing 33-15-13. The magazine, with a fominal span
of 26 feet (8 meters), is 80 feet (24 meters) long and has a rise of 14.5 feet (4.4 meters) above the
interior floor, which is at the same elevation as the exterior ground surface. The sidewalls are straight
and vertical to an elevation of 8 feet (2 meters) above the floor. The arch was covered by 2 feet
(0.6 meter) of compacted soil with a horizontal soil layer out to the vertical sides of thc arch and
then tapered downward at a slope of 2:1 to intersect the original ground level (Figire 4). The
concrete pour was completed in five phases:

1. Footings

2. Vertical sidewalls and rear wall

3. Floor

4. Rear half of arch

5. Front half of arch and headwall

In the process of pouring the rear half of the arch, voids were produced due ir part to a
faijure of the concrete to flow around the reinforcing bar (Figures 5 and 6). Factors con!ributing to
this problem included an aggregate maximum size (1.5 inches (3.75 centimeters)) too large to permit
the concrete to flow around the reinforcing bars and the dryness of the plywood forms hat caused
the moisture content of the concrete to be absorbed into the form. Vibration procedures during
pouring also may have contributed to the problem.

The obvious voids were subsequently chipped out and filled with pneumatically placel concrete.
Figure 7 illustrates the patches on the outside portion of the arch. To prevent the reoccurrence of
this problein in pouring the front half of the arch, a smaller aggregate (3/4 inch (2 centimsters)) was
used, forms were soaked with water prior to pouring, and Pozzolan was added to the concrete mix
to facilitate easy flow. No voids were detected in the pour of the front half of the arch and the

headwall.

OVAL STEEL-ARCH MAGAZINE

The oval steel-arch magazine used in ESKIMO V had been tested previously in ESK MO series
I, IlI, and IV. Since only minirnal damage to the magazine had occurred in the previou: tests, the
magazine was determined to be acceptable for further testing. The original magazine was modified by
removing the concrete thrust beams, necessitating the removal and replacement of the earth cover.

Tre oval steel-arch magazine was constructed of l-gauge corrugated steel and had a length of
80 feet (24 meters), a nominal spun of 26 feet (8 meters), and a height of 14.5 feet (4 4 meters)
from the interior flcor to the arch. Figure 8 shows a cress-section of the magazine.
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EXPLOSION SOURCE

‘The dornor charge consisted of an above-ground hemispherical stack of TNT with an
approximate weight of 75,600 pounds (34 000 kilograms). To assure reasonable approximation to the
desired weight, a randomly selected number of individual blocks were weighed prior to stacking.
Average weight of these blocks was 8.06 pounds (3.7 kilograms), with the lightest block weighing
7.73 pounds (3.5 kilograms) and the heaviest weighing 8.44 pounds (3.8 kilograms). A total of 9,376
blocks were used in the stack (Figures 9, 10, and 11); the stacking pattern was designed by DDESB.
MQO34 demolition blocks were furnished by the sponsor from U.S. Army sources at Letterkenny
Army Depot, Chambersburg, Pa. A total of 9,216 blocks were shipped specifically for the ESKIMO V
test; the remaining 159 blocks came from supplies left over from ESKIMO 1V.

An explosive detonator and booster system was provided to ensurc safe, reliable initistion at
the center of the charge. A newly designed slide-tray arrangement was utilized to insert 27 pounds
(12.24 kilograms) of C-4 explosive directly under, and in contact with, the center of the stack. P-11
detonators weare attached to primacord and embedded in the C-4. The primacord was initiated from
the firing lines by electric detonators.

Donor size and positioning was determined by model studies conducted at Aberdeen Proving
Ground, Md., to generate the same loadings on the acceptor igloos as were experienced from the

ESKIMO [ii donor.

INSTRUMENTATION

BLAST

Near Field

Kistler-type piezoelectric gauges were placed in the earth-fill over each magazine to measure
blast overpressure and impulse {(Figure 12). Gauge locations and specifics are given in Figures 13 and
14. In addition, four soil stress gauges were implanted in the earth-fill over igloo A (Figure 15) ro
measure blast pressure attenuation at various depths and in various directivns

In additicn, a special gauge fixture was constructed that contained (wo Bytrex blast gauges at
right angles to each other. These gauges were used to measure reflected and incident overpressures
and to confirm the theoretical value of normal reflection coefficient at a pressure level associated
with the minimum distance permitted for front-to-rear separation of earth-covere¢ magazires.
Overpressures of interest were 44 psi (303 kPa2) incident and 170 psi (1172 kPa) reflected, assuming
a barometric pressure of 940 millibars (94 kPa). It was determined that these values should be
obtained at a distance of 202 feet (61.5 meters) from the center of the donor stack.

Kistler gauge fixture construction is shown in Figure 16; Figure 17 shows the gauge fixture in
piace. (See Figure 2 for the Bytrex gsuge location relative to the test array.)




NWC TP 6076

Far Field

Twenty-one Ballistic Research Laboratories (BRL) mechanical, selfrecording blast gauges were
placed on three radials, 45 degrees apart, and intersecting at the donor center. These gauges were
A positioned so as to yield the approximate pressure values as were experienced in ESKIMO IV. BRL
4 ""_ . . gauge layout is shown in Figure 18.

MAGAZINE RESPCNSE

] h 7 Each of two test magazines was equipped with a wide variety of instruments to measure the
by 3 respense of the magazine when subjected to blast loading. These instruments included strain gauges
R attached to the reinforcing bar of the FRELOC (Igloo A), linear displacement gauges in both
IR magazines, and velocity gauges and accelerometers in both magazines. In addition, photo-optical
S methods were used to measure sidewall displacement. Figures 19 and 26 show the relative location of
each of the different types of instruments. Figures 21 through 25 show each of the different types
, ! of instruments in place. An ion probe was embedded in the donor stack and its output was recorded
S on each analog recording tape along with IRIG format-B timing to provide a ‘“‘zero-time” indicator
'SR and consequently a way by which all event times could be correlated.

DETONATION

The donor charge was initiated at approximately 1300 hours PDT (2000 hours GMT) on 17
August 1977, 1 hour behind schedule. Weather conditions at the time consisted of intermittent rain
and drizzle with the cloud base at approximately 5,000 feet (1520 meters) AGL over ground zero.
The test area was affected by tropical storm Doreen, which resulted in local precipitation of 0.92
inch (2.3 centimeters).

A blast refocusi., program was run through the NWC UNIVAC 110 computer several times on
the morning »f the test to determine the possibility of refocusing at populated areas in the vicinity
of the test. The last data received prior to donor initiation indicated no refocusing in areas of
interest, and the test proceeded to conclusion. Figures 26 through 29, taken at intervals of 0.25

second, show the blast sequence as seen from a helicopter. The ‘“‘steam” cloud appearing around the
fireball and interior to the blast wave front is thought to be a result of the extremely heavy
concentration of water vapor in the air at tlie time of the test.

OBSERVED TEST RESULTS

Damage to both magazines was determined visually to be minimal. Concrete spalling was
. observed on the interior headwall of the FRELOC (lgioo A) at the edge of the door (Figure 30).
Tnis spalling, however, was probably a result of the concrete being too thin over the reinforcing bar
at that point (a discrepancy in the separation distance of the forms from the rebar, which made it
more susceptible to blast damage). Some minor cracking was observed at the intersection of the

7
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: donor side pilaster and the headwall. The voids in the FRELQC that had been fille. appeared to
hoid, and the joint between the two separate concrete pours remained intact.
) i In the oval-steel arch magazine, Igloo B, several additional cracks were observed in the headwall,
- ? and the separation between the headwall and the floor increased slightly; however, prior removal of
3 the concrete thrust beams did not appear to affect the performance of the oval steei-arch igloo,
f:, 1 which remained structurally intact and experienced no significant arch movement.
e ! Since the headwall/door units were not being directly tested in ESKIMO V, doors were fitted

! to both magazines by bolting and/or spot welding in place. The door used on the oval steel arch had
; been used in previous tests and was somewhat distorted. Both doors had access holes cut into them
g that were covered by bolt-on hatch covers. Following detonation, it was noted that the door on the
' FRELOC had swung open 90 degrees away from the donor and the door of the oval steel arch
appeared to have fallen straight out along the longitudinal axis of the magazine (Figure 31).
S Crater size appeared somewhat larger than anticipated with a rim-to-rim diameter of 88 feet
' : 1 (26.8 meters) and a maximum depth of 14 feet (4.3 meters) relative to the pretest ground elevation.
Surveyed crater contours along two radials are showr in Figure 32. (See Figure 31 for a post-test site
overview of the crater.)

‘ ’ E STATIC MEASUREMENTS OF STRUCTURAL RESPONSE

A contour survey of the interior of each magazine was conducted prior to the test and was
repeated after the test. Table 1 shows the resultant displacements at various locations in both
magazines.

Maximum permanent displacement of the FRELOC appears to have occurred 20 feet {6 meters)
from the headwall on the side away from the donor at approximately 10 feet (3 meters) above the
floor, and amounted to 0.09 foot (2.7 centimeters). Maximum perma 1t displacement of the oval steel
arch appears to have occurred av the top of the arch, 40 feet (1. meters) from the headwall, and
amounted to 0.15 foot (4.6 centimeters). Both displacements indicate a 1elative decrease in the distance
separating the point of measurement on the arch and the central reference point located on the floor

of the igloo.

DATA DERIVED FROM INSTRUMENTATION

Far-Field Blast Data

With the exception of the gauges located at the 1,898-foot (579-meter) distance on the NW and
SW radials (see Figure 18), all BRL self-recording mechanical blast gauges functioned properly. Table
2 provides a summary of the far-field blast-gauge data; Figure 33 provides a graphic display of
overpressure versus scaled distance. Figutes 34 through 38 provide individual gauge plots of
overpressure versus time,

3 SRS o M R LI
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Near ""’;' 'd Blast Data

“he special gauge fixture with the two Bywex blast gauges was to measure reflected
overpo2csure  and  incident overpressure, but because of the adverse weather conditions water
apparzrtiy entered the gauge meant to measure incident overpressure and rendered that gauge
inoper-tive. (See Figure 2 for the locadon of that gauge fixture.) The Kistler-type piezoelectric blast
gauges were placed on and around the berm coveiing of each magazin:. Tables 3 and 4 provide a
summary of the near-field, tlast-gauge data tor the FRELOC and cval steel-arch magazines,
respectively. Figures 39 and 4C provide a comparison between near-field overpressure and near-field
impulse, versus the derived standard curve for a 75900-pound (34 000-kilogram) heinispherical donor
stack.

Figures 41 through 45 provide graphic displays of selected overpressure and impulse data from
the near-field blast gauges.

The gauge that measured reflected overpressure and located in the special gauge fixture is
referred to as gauge number 18, Igoo B.

The character of the pressure-time histories in ESKIMO V is generally consistent with results
from comparable locations in scale model tests for ESKIMO IIlI conducted at BRL.® Comparisons
between ESKIMO V and scale model tests aic shown in Figure 46. Both test results showed higher
than side-on values of overpressure and impulse on the earth side slopes facing the blast, where
reflection of the vertical incident wave front occurs. Both tests also showed a small impulse past the
leeward side of the slope break from incline to horizontal at the position marked by gauge 7 on
doth Igloo A and lIgloo B. i.e., the impulse was small relative to the overpressure. the time of arrival,
and the impulse expected from hemispherical charges at this scaled distance. This sharp change in
impulse from the slope facing the blast to the described horizontal positions atop the earth-fill makes
it somewhat difficult to compare air blast impulses with impulses sensed under the earth-fill.
Comparisons between soil-stress data and corresponding pressure data (Table 5) using averaged values
are made in Table €.

Strain Gauges

Electronic strain gauges were attached to the steel reinforcing bar of the FRELOC magazine at
several locations (see Figures 19 and 21). Several of the gauges failed to operate properly, and data
on others were of questionable value. A possible reason for this may have been damage incurred
during the concrete pour. A summary of strain-gauge data appears in Table 7. Figures 47 through 48
provide graphic displays of that data.

S Ballistic Research  Laboratory. Blast Loading on Model Earth-Covered Maguzine, by Charles N. Kingery.
Aherdeen Proving Ground, Md., BRL, August 1978, (ARBRL-TR-02092, publication UNCLASSIFIED.)
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4 Soil-Stress Gauges
Kulite Semiconductor soil-stress gauges were buried in the earth cover of the FRELOC magazine .

(sce Figure 15). Gauges SS1 and SS4 were to be located near the base of the donor-side sidewall.

However, because the gauges were received late and because of the time allotted for emplacing the

carth cover, these gauges were located in the vicinity of SS2. Table S provides a summary of soil

stress-gauge  data and corresponding near-field, pressure-gauge data. It was felt that comparisons
! between $S1. S52. and SS4 and corresponding Kistler pressure data required an averaging of pressure
' gauges P6 and P7. These comparisons are given in Table 6. Figures 49 and 50 provide a graphic
: display of the sod stress-gauge data.

. Linear-Motion Gauges

i Linear-motion gauges were placed in several locations in both test magazines (see Figures 19
and [0). Horizcontal gauges were mounted on a stecl rail that was suspended by chains attached to
the arch. The gauges were connected to the sidewall by a universal joint (see Figure 22). Vertical
gauges placed across the joint of a telescoping pipe arrangement (see Figure 23) recorded a composite
of both arch and floor motion. A summary of linear-motion data is given in Tables 8 and 9. Figures
51 through 53 provide a graphic display of the linear-motion data.

Velociiy Gauges

;7 Pendulum-type velocity gauges (see Figure 25) were installed at several locations in koth
- magasines (see Figures 19 and 20) to record velocity data in two directions. Data obtained from the

oval steel-arch iglov were extremely noisy and required smoothing so as to derive some of the values.
,f‘ q Snwothing was accomplished over a I-millisecond time interval using an eleven-point sliding tinear fit.
¥ Some areas of the data were not amenable to smoothing techniques, and usable data from these areas
r wee consequently derived from “eyebali” smoothing of the plotted data.

Tables 10 and 11 provide a summary of the velocity data. A comparison between the
linear-mo’ion-gauge data and integrals of the veiocity data showed pood correlation between the two.
Figure S4 provides a graphic display of the comparison between FRELOC sidewall linear-motion
gavge D2 and the integral from V4, the corresponding horizontal velocity gauge. Figure 55 illustrates
the comparison between FRELOC vertical linear-motion gauge D1 and the sum of the integrals of
velocity gauges VI and V7. The sum represents relative floor and arch motion. As can be seen, there
is relatively strong agreement between linear-motion-gauge data and that derived by integrating
velocity-gauge dats. It docs appear, however, that the integrated data are of lower amplitude and

exhibit a time lag.

Accelerometers .
Acceleromieters were placed in both magarines at several locations (see Figures 19 and 20).

Because of a malfunction in the recording system, calibration data for accelerometers located in the .
FRELOC magasine were lost. As a result, there was no way of converting recoirded data to

t0
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engineering units and chose data are not included in this report. Accelerometer data obtained from
the oval steel-arch igloo were extremely noisy and not amenable to smoothing techniques. These data
were considered meaningless and consequently were omitted from this report.

Comparison Between Predicted Magazine Response
and Magazine Response Derived From
Instrumentation, FRELOC Igloo A

A comparison was made between actual magazine response and the response predicted by the
Civil Engineering Laboratory, Port Hueneme, Calif. (Appendix A). The results are given in Table 12.

Photo-optical Data

Several cameras (16-. 35-, and 70-mm) were positioned around the area to record the test
event. Although no data were directly derived from these cameras, they were hzlpful in providing
documentary coverage of the test ares .nd blast sequence.

Additionally, 16-mm cameras were positioned inside each magazine at the quarter poinis to
record sidewall motien. A black-on-white stripe was painted on the sidewall and a 3-inch-diameter
(7.6 centimeters) penculum was suspended from the arch as a “‘stati¢” reference point. The camera at
each point was positioned to have its optical axis normal to a line between the pendulum and the
stripe (see Figure 25). It was expected that sidewall motion could be derived from this arrangement.
However, motion of the floor resulted in movement of the camera platform and these data, teco,
were of quusiionable value. This technique may yield valid data in future tests if a stationary
platform for the camera can be established.

CONCLUSIONS

The blast produced by the donor stack of explosives was essentially as predicted and acceptably
simulated conditions at a scaled distance of 1.25 ft/lb”3 to the side of the donor magazine as in
ESKIMO I11. ESKIMO 11l contained 750-pound (340-kilogram) bombs filled with a total of 350,000
pounds (159 000 kilograms) of Tritonal.

Structural response of the FRELOC magazine (Igioo A) was well within acceptable limits. This
structure is considered to be adequate to protect all magazine stores against the propagation of an
explosion under the conditions simulated and blast effects produced on the test. The measured
response of the .nagazine was similar, in general form, tc that predicted by prior analysis.

The response of the oval steel arch (Igloo B) without concrete thrust beams was also well
within acceptable limits, with measured additional defle tion from the ESKIMO V test being slight.
Comparison between response of the steel arch and the concrete thrust beams in ESKIMO III showed

that the absence of concrete thrust beams will not significantly affect the respense of this type of

structure under blast loads comparable to, or less than, those of ESKIMO {II and ESKIMO V.

"




TABLE 1. Surveyed Arch Movemsnt in Centimeters Relative to Centerline of Igloo Floor.

NWC TP 6076

Midpoint,

Rear-quarte! point,

X " . Front-quarter point,
l i fPosmon tine) 6.1 meters from headwall 12.2 meters from headwall 18.3 meters from headwall
. ! !deg. from centerline
E, Decraase, cm | Increase, cm | Decrease, cm | Increase, cm | Decrease, cm ] Increase, cm
; iglon A
1. 20 ...... 0.91 C 1.52 1.62
2 40 ..., 1.83 1.83 1.22
3. 60 . ..... 2.13 213 0.9
J 4. 90 ..., .. 2.44 244 1,22
6, 120 ..... 213 0.91 1.22
6. t40 ... .. 2.74 0.61 0.60
7. 160 .. ... 0.00 1.52 0.00
lgloo B
! .10 ... 0.00 1.22 0.00
220 ... 0.61 C 0.00 0.00
3. 40 ... ... s 0.30 0.61 0.00
4 60 ...... 1.62 3.35 1.22
! 5 90 ...... 0.91 e 4.57 213
1 6 120 ..... 0.61 1.52 1.22 .
N 7. 140 ... .. .. 0.30 0.91 L 0.61
8 160 ..... 1.22 0.91 1.22
9. 170 ..... 1.62 0.30 0.30

e T

IGLOO A

DONOR

12

IGLOO B
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TABLE 3. Summary of Near-Field Pressure Data From Electronic Gauges, FRELOC Igloo A.

Radial distance Peak ) . "
Pressure Tiine of peak First positive
Gauge from donor overpressure
number ] wave arrival, ovarpressure, pre.ssure Impulse
ms ms duration, ms X
ft m Psi kPa psi-ms | kPa-ms
1 ©00 30.5 12.5 237 | 1635 143 38.5 1,165 8029
2 116 b 158 276 | 1901 176 41.8 1,343 9267
5 120.9 38.7 19.7 276 | 1900 20.2 34.5 1,344 9269
6 136.7 414 221 287 | 1979 226 299 1,3 9179
7 145.2 44.3 24.9 152 | 1047 25.2 15.4 336 2316
8 168.7 51.4 31.9 77 532 323 39.3 476 3279
9 167 479 28.2 108 745 28.7 26.9 483 3332
13 165.4 50.4 31.7 102 705 32.2 20.7 463 3190
18 185.3 56.5 419 50 346 423 51.3 567 3908
16 215 65.5 55.9 657 382 j 56.3 498 804 4163
TABLE 4. Surmmary of Near-Field Pressure Data From Electronic Gauges and
Gauge Fixture West of Donor, Steel-Arch lgloc B.
Radial distance Pressure Peak Time of peal First positive
Gauge from donor . overpressure
number wave arrival, overpressure, prgssuve Impuise
ms nis duration, ms X
ft m psi kPa psi-ms kPa s
3 125 38.1 18.3 216 | 1492 189 299 1,246 8590
4 123.7 37.7 18.0 202 | 1390 184 28.7 1,355 934G
6 133.4 40.7 206 163 | 1123 209 25.2 895 6171
7 143.9 439 236 122 840 239 44.4 358 2466
11 156.1 47.6 24.6 125 8860 290 329 588 4052
12 160.1 48.8 3286 78 539 328 39.0 380 2619
13 163.8 49.9 30.3 99 683 30.6 229 624 4301
14 174.8 53.3 34.7 56 383 35.0 191 206 1422
178 Gauge did not function
180 | 206.7 | 63.0 | 48.5 i 196 ; 1350 | 48.5 51.1 1,211 | 8351
JGauge fixture, incident pressure.
bGauge fixture, reflected pressure.
14
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{ TABLE 12. Summary Comparison Between
3 = Measured Gauge Peak Values Veisus
Ty CEL Predictions.
: R
f c ¢
' Gauge and type Predicted Measured
! of measurement value value
g i S-1, strain +190 u-strain? +134 u-strain
: S-2, strain 320 u-strain? ~66 u-strain
: ( 4 S-8, strain +150 u-strain? +347 u-strain
! R S-6, strain ~-1500 u-strain? | -560 u-strain
. e ! S-7, strain -850 u-strain? -16 u-strain
) $-8, strain +450 y-strain? +649 y-strain
i | S-9, strain +270 u-strain? +216 y-strain
g : S-10, strain -780 u-strain? -383 u-strain
SS-2, soil stress 345 kPa 322 kPa
SS-3, soil stress 345 kPa 280 kPa
V-1, velocity 50 cm/s 74.1 cm/s
V-3, velacity 28 cm/s 689 cm/s
: ] V-4, velocity 28 cm/s 55.9 cm/s
! B V-5, velocity 28cm/s 30.8 cm/s
. E V-6, velocity 26 cm/s 135 cm/s
V-7, velocity 28 cm/s 20.0cm/s
! | D-1, deflection 25cm 2.67 cm
3 D-2, deflection 1.3cm 1.0cm
3

) 2 + indicates compression, ~ indicates tension.
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FIGURE 1. Pretest Site Overview.
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FIGURE 3. Concrete Thrust Beam on Oval Steel-Arch Igloo,
Removed for ESKIMO V Test.
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FIGURE 9. Horizontal Section of One Quadrant, TNT Donor Stack.
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FIGURE 1G. Horizontal Section of One Quadrant, Midheight of TNT Donor Stack.
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FIGURE }1, Verticul Section of One-Hulf TNT Donor Stack.

FIGURE 12, Kistler Near Field Blasr Gauge Set into lIgioo Eurth Cover.
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FIGURE 13, Electronic Blast Gauge Layout on FRELOC Igloo.
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FIGURE 14, Electronic Blast Gauge Layout on Oval Steel-Arch Igloo.
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FIGURE 15 Zoil Stress Gauge Locations, FRELOC Igloo.
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FIGURE 16. Gauge Fixture for Incident and Reflected Pressure Measuremenis. -
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FIGURE 17, Far-Field Blast-Gauge Vixture,
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FIGURLE 18, BRI, Self-Recording, Blast-Gauge Layout,
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FIGURE 19. Motion Instrumentation Installed in FRELOC Igloo.
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FIGURE 34, Data Plots for Far-Field Blast Gauges NWI Through N'W4,
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FIGURE 36. Data Piots for Far-Field Blast Gauges W2 Through WS.
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FIGURE 37. Data Plots for Far-Field Blast Gauges W6, W7, SWI, and SW2,
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FIGURE 39. Plot of Near-Fieild Overpressure Recorded by Electronic Gauges, Compared With
Derived Standard Curve for demispherical Stacks. (BRL Report 1344, September 1966.;
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FIGURE 40. Plot of Near-Field Impulse Versus Distance, Compared With Derived
Standard Curve for Hemispherical Stacks. (BRL Report 1344, September 1966.)
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FIGURE 41. Overpressure Gauges P1, P2, P5, and Pe6, Igloo A.
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FIGURE 42, Overpressure Gauges P7, P13, P15, and P16, Igloo A.
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FIGURE 533, Data Plots tor Deflection Gauges DS and D6, Igloo B.
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Appendix A
ANALYTICAL EFFORT IN SUPPORT OF ESKIMO V
by
Robert tiiello
Civil Engineerin ; Laboratory

Naval Construction Battalion Center
Port Huenenie, California

Transmitted to NWC in January 1977 as CEL Technical Memorandum M-51-77-2.
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INTRODUCTION

This study is an analytical effort in support of ESKIMO V, a high-explosive field test
conducted by the Naval Weapons Center (NWC), China Lake, Calif., for the Department of Defense
Explosives Safety Board (DDESB). The purpose of the field test is to evaluate the structural response
of two earth-covered explosives storage magazines to side-on blast loading. The magazines are a
corruigated steel-arch type and a reinforced concrete-arch type. This report documents the analysis of
the concrete-arch magazine.

The arch that was analyzed has a nominal span of 26 feet (8.0 meters) and a rise of 14.7 feet
(4.5 meters) above the intericr floor, which is at the same elevation as the exteiior ground surface.
The sidewalls are siraight and vertical to an elevation of 8 feet (2.4 meters) above the floor. Figure
A-1 shows a cross-section of the arch. Further geometric and reinforcing details can be obtained from
U.S. Army Enginezer Division, Europe, Drawing 33-03-30, Sheet A-11, Sheet 14 of 28, copies of
which are available at NWC. The arch is covered with 2 feet (0.6 meter) of compacted soil over the
crown. A horizontal soil layer out to the vertical sides of the arch tapers downward at a slope of
2:1 until it intersects the original ground level.

The blast lpading on the arch is expected to simulate the loads on Igloo A and Igloo B in the
ESKIMO III test (Reference 1). The explosive charge was chosen to be a bare charge that would
simulate the actual igloo detonated in the prev.ous test. Due to their complexity, structural response
calculations were based on an average overpressure wave shap from Reference 1.

This study provides rccommendations for active and passive measurements on the test structure.
The final product consists of recommendations for gauge tvnes, and positions and ranges. The authors
also present their recommendations for the relative impoitance of each measurcment.

ANALYSIS

The analytical efforts were divided into two separate areas: ground shock and structural
response. Each analysis and its associated results are discussed in the foliowing sections.

GROUND SHOCK

The ground shoct analysis was based on the prediction methods described in Reference 2
Equations for air-blast induced ground shock were based on one-dimensional wave propagation theory,
and equations for direct induced ground shock were based on empirical data.
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Several assymptions were made in arriving at the grovnd shull predictions. The explosive was
assuned wo be o hemisyherical wacenfined curface charge. Au-clast pa susters were obtained from
Retorence 5. Scaled ranges for the gven charge weight were selected ou (¢ basie of maintaiming the
approximate air-hlast impulse a5 racasured on ESKIMO I structures: 650 psi-mses (4500 kFa-ms»c;
The ground wmedium was assumed te be dry suil with a density of 121 Ib/ft” (194 ,lm/m ) and a
compression wave speed ¢f 2,700 ft/s (320 m/s). The reculting ground shock neak values are gven in
Tovle A-l.

‘Vable A-1 data are for pear-snrface ground srotions in uncistaroed soil equidistaut from ground
ze1o as the igloo. Within the accniacy range of the prediction enuations, these data represent the
expected values of ground shock that the igloo will experience. The data on which the eauations
vrere kased have scauter bands of approximately a factor of five for accelerstivns, two for velocities,
and three for displacements. The estimates are of sufficient nccwmacy for selecting gauge and

calibration ranges,

FINITE ELEMENT ANALYSIS

The reinforced concrete-arch nagazine shown in Figure A1 was modeied using the
finite-zlement code NOMSAP {Reference 4). A )lane-strain, linear elastin analysis was performed to
ascist sn determuning critical Incations and rmagnitudec of structural rcsponse.

The model is shown in Figure A-2. It i composed of funr-node, quadrilateral, plane-strain
slements. Since the overpressure propagates perperdicular o the madgavzine axis, the model represents
a section that is fac encugh from the end walls to be modeled with a plane-sirein idealization. Note
that &l rross-sections ui the igloo shown in this report are drawn with the blast wave approaching
{roan the left. The seil overburden is treated as ~ linear clastic materiz!. The rzinforced concrete arch
1s represented by linear elastic-equivalent beam clemen's. Bending stiffness fur the beam elemenis was
vased on the average of the cracked and uncracked transiormed areas.

The incident traveling overpressure wave (Figure A-3) was an idealization of the average
measured ‘vave forms oa Igloos A and B in Reterence 1. The wave ‘ravels across che structure 1t
approximacely the same speed as the macasured overpresswre pulsc in the previcus tests. Thus, tpe
loading function is a realistic approximation of actual test conditions.

Dynamic response over a S0-miilisecenid range was obtained using ar unconditiorally stable
numerical integration scheme, the Wilson 6-method. A solution step size ¢i 0.1 milliseconc for 590
steps was used.

The moael’s dynamic response to the traveling overpressure vwave predicts peak structural
response a¢ indicated in Figures A-4 and A-5. Figure A 4 shows the exagperated deflzcted shape of
the arcin at the tirne of maximum vertical deformation at the crown. Figuie A-S shows the bending
momeats at the same thne.

The data presented in these figures are more of qualivatiz¢ «lue and should not be leoked on
in a rigid Guantitative sense. For example. the sprkes in Figure A-S should be “smoothed”™ to yeld a
wwore realistic moment curve. The moment spikes a:e crzated by the coarseness uf the finite zlement
mesk:, in that a tangent mismetch oxists at adjacent beam elements in the arch.

The general shapes of the deflection and moment diagrams may be assuraed 1o be reasonable
and useful in determining the placement of test instrumentation. 1t was alsc assumed reawcnable tu
consider model structural resvonse to be conservative, thereby aiding in selecting gauge ranging. Any
more reliance upon this lirear elastic analysis weuld be untenable. Additionally. more sophisticated
modeling is beyond the scope of the present effor,
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From the qualifiea tindings of the model dynamic response and the ground shock analysis,
prediciions of response ranges were made. Critical points of interest on structural survivability were

2lso determined,

RECOMMENDATIONS

MEASUREMENT OBJECTIVES

The primary objective for the recommended measurements is to obtain data to deterruine if the
concrete-arch igioo can survive the blast effects of an accidental explosion in 2n adi~-~ut iyloo. The
primary criterion for survivability is that sensitive explosives stored within the 1gid0 would ot
detonate. Conceivably, detonation of the contents could result if catastrophic structural failure of
extremely large deflections occur. Severe ground shock might also cause such a detonation.

A second¢ objective of the measurements is to determine the structurai response of the igloo. If
the structure survives, the data will indicate the degree of conservatism. Conversely, it the structure
does not survive, the data will help in determining how and why it fuiled. In either case, stiuctnral
respense measurements will contribute to desiga improvements.

A ihird objective is to provide data that can be cu -pared with analyticel resuli:. The ultimate
goal is to develop sufficient confidence in analytical tecnniques so that rostly test programs can be
mirimized. ESKIMO V test data are not expected to correlate quantitatively with the analysis
presented in this report, because numerous simplifying assumptions wzre made tc riinimize the .me
and cost of the analysis. However, if sufficient structural response measurements are wmndz on tits
and other tests, data will be available for comparison wi*h more detailed analyses which could
include nonlinear and three-dimensional effects.

TRANSDUCERS

Several different types of electronic transducers are recommended ior this test: strain gauges,
velocity gauges, acceierometers, deflection gauges, and soil-stcess gauges. Each type is discussed briefly.

Strain gauges are of the standard resistance-wire os feii-gaupes type. All strain gauges should be
bonded to the reinforcing bars and protected according to manufacturer r2commendations. Each
gauge location should consist of two gauges in scries, one on each side of the .einforcing ba- (e.g.,
position 1S6 of Figure A-6 consists of two strain gauges). This w1 compensate for locelized bending
in the bar.

Velocity gauges are of the pendulum type normaity used in grouvad :lock tests. The gauge:
consist of a pendulum suspended in a viscove fluid which creates un overdamped system so the
displacement of the pendulum is proportionsl to the velocivy. The vertical vew.city gauge includes a
spring which compensates for gravitational etfects or the penduium.

Accelerometers should be of the damped strain giauge 1vpe and bave a maximum range of 100 g
with a frequency response up to 1,000 hertz.
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Deflection gauges may be linear-moidon potentiometers or  Yuear varisble differential
transformers. The instruments should be mounted on relatively rigid frames to minimrize effacts of
leteral motion and relative displaccment in the frame. Mounting designs should zlso hs able to
accommudate  Jimited  cicss-axis  motion.  Talibrated  proximity  sensors might  prove useful tor
displacem>n. measure:nents since :hey do not require a struciural 'ink between moving and reference
surfaces. Manufacturer data mdicate tie devices would perform well in the test environment.

Snil s.ress gauges are of tue type developed by the US. Army Corpe of Lngineess Waterways
Exgeriment Statton, Tihe low nge S-E gauge would be most appropriate for this application. The

gauge:s are avauable through GSA.

GAUGE LOCATIONS

It is recommendsd that most active electronic instrumentation be located at one cross-section of
the arch which is equidistant from tne headwall and the end wall of the igloc. -dditiona! locations
near the headwall and ha'fway between the headwall and center are also suggested for limited
gauging. Transducer locations «nd orientations are located as shown in Figure A-6. Table A-2 lists the
rsconunended gouges, expected peak values, and privrities. The gauges are placed in priority groups
with Frority 1 s the most important, and priorities alsuy assigned within each group. A brief
explanaiion of .:ach rneag'rement or groups of ineasurements follows.

The .train gauges on the reinforcing bar. are the most important. They are placed at locations
~hat the annlysis indicates as eipzriencing the greatest oending moments and thrust i arch sections.
Ganges S3 through S8 are placed 1a Priority i, because they are at the most highly stressed sections.

Measurement. of the crown defection is relatively imporiont because it is tpe expected point of
niaximum deflection  Herizontal deflection of the sidewall is also of vaive in evaluating structural
performance, bt is of lesser importance.

Velocry measurements ovrovide data on structural mation, bu* mere impartantly, the data can
be ‘ntegrated to provide addiuonal displacement and disto.iion datz, Gauges V1 and V4 provide
checks on gauges D1 and D2. Subtracting integrated data of V1 and V7 would provide a better
cheaii on D1, Gauges V3 througk V6 provide information which define. reiative motion betweea the
arch znd the interior slab,

/.ccelerumeters are iniended to provide data un shock experienced by the structure. These data
would be nzeful for designing attachments to the interior of the igloo and would permit definition of
the average response spectrum for thr structure.

Data from the soil-stress gauges are expecied to be valuable in understanding the mannar in
which loads are transmitted io the structuie by the earth bermn. The da‘a could be compared with
results of computer analyses to guide design modifications.

It is also recommended that several mechanical, passive, or photograpnic measurements be made
in addition to the electronic transducer measurements. Scratch giuges or retacing drum gauges couid
provide additional relative displacement data. The former uses a scribe attached to one porfion of the
structure for tracing the relative displacement pattern on a plate attached to an adjacent portion.
This device describes the displacement signature in two dimensions, but it does not give a time
history. The rotating drum gauge uses a scribe to frace a displacement pattern on a rotating drum
which is tumed by a battery powered motor. This gauge provides a time history, but only gives
displaceinents in onc dimension,

i
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CONCLUDING REMARKS

The results presented in this report are best estimates of the mround shock wnd struciaral
response of the concrete-arch igloo which is to be tested in ESKIMO V. Recommendatives {uwr gauge
locations and expected values were the result of both snalytical effoits and engineering judgment.
Implementation of these recommendations is expectad 0 provide adequate dats for & thoroush
post-shot evaluation of the igloos’ behavior under clast loading.

Civil Enginearing Laboratory, Januay 1977
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TABLE A-1. Cstimates for Near-Surface Ground Motions.

Charge SIiZ8 . . v v it vt e e 34 000 kg (75,000 Ib)
Scaled TANGE L e 2.3 m/kg”" (5.9 ft/lb”a)
AT-DIaSE SIrIVal L e e e e e e e 70 ms
grouna shoack arrivel L. L e e e 93 ms
Yertical air-blost yround shoci

Acceleration ... e e e e e e e 169

BT 7] T 0.13 m/s (8.5 ir/s)

DispIaTemMEN. . i e e e e 3.0 mm (012 in.)
Vaertical direct induced ground shoch

ACCRIBIatioON .. . i e e e e e e 68 ¢

O Y v e e e e 0.27 m/s 10.5 in/s)

Displacement .. .. .. .. .. . e e 20 mm (0.8 in.)
Horizontal air-biast grcund shock

ACCelBrBUION . . o i e e e e e . 16g

VelOCItY oot e e e e e 9.13 m/s (5.0 in/s}

Displacement .. . ... .. .. ... e 3.0 mm (.12 in.}
Horizontal Clirect induced giound shock

Aceeleration . . .. e e e e e e e 349

VEIOCIY o o o e e e e e e 0.27 m/s (10.5 in/s)

Displacemert . . ... . e e e e 20 mm (0.£ in.)

71

e . -




s .
B i S

NWC TP 6076

TABLE A-2. Gauge Recommendations for 34 C00-kg (75,00C-1b) Charge.

-i Actual
Gauge? Measurement E xpected peak Priority performance
in ESKIMO V

186 Strain 1,5C0 u-strain tension 1 Functioned
186 Strain 160 w-strain compression 1 Functioned
187 Strain 850 u-strain tension 1 Functioned
158 Sirain 450 u-strain compress.on 1 Functioned
183 Strain 850 ; strain tension 1 Failed
154 Strain 450 u-strain compression 1 Failed
D1 Crown deflection 25 mmi (1.0 in.) 2b Functioned
V1 Vertical velocity 0.8 m/s (21 in/s) 2 Functioned
va Horizontal velocity 0.28m/s {11 in/s) 2 Functioned
At Vertical acceleration 32¢g 2 Failed
256 Strain 1,500 p-strain tension 3 Feiled
285 Strain 150 u-strain compression 3 Failed
356 Strain 1,500 u-strain tersion 3 Functioned
355 Strain 150 u-strain compression 3 Failed
D2 Lateral deflection 13 mm (0.5 in) 3 Functioned
v7 Vertical velocity 0.28 m/= {11in/s) 3 Functioned
v2 Horizontal velocity 0.28 m/s {11 in/s) 3 Failed
159 Strain 270 u-strain compression 4 Functioned
1810 Strain 780 u-strain tension 4 Functioned
151 Strain 190 u-strain compression 4 Functioned
182 Strain 320 u-strain tension 4 Functioned
A3 Vertical acceleration 329 4 Failed
A2 Horizont-| acceleration 329 4 Failed
§S2 Soil stress 345 kPa (50 psi) 4 Functioned
SS3 Soil stress 345 kPa (50 psi} 4 Functioned
V3 Vertical velucity 0.28 m/s (11 in/s) 4 Functioned
V5 Vertical velocity 0.28 m/s (11 in/s) 5 Furctioned
V6 Horizontal velo:ity 0.28 m/s {11 in/s} 5 Functioned
SS1 Soi! stress 210 kPa (30 wsi) 5¢ Furctioned
§S4 Scil stress 210 kPa (30 psiy 5¢ Functioned
A4 Vertical acceleration 11¢ ) Failed

2 prefix on strain gauges is as follows:
1 = Midlength cross section
2 = Halfway betweer, imidsection and headwatl
3 = Near face of headwal!
b Measured composite of floor and roof motion.
¢ Relocated in proximity t SS2.




NWC TP 6076

P i C s cint

/NO. 3AT 20 cm

NO.

NO.5 AT 14 cm

[ 25 m -

NO. 3 AT 20 cm

i
)
447 m ' NO. 5 AT 20 cm --—-4
|
!

|

381 m

5 AT 10 cm

NO. 5 AT 10 cm

NO. 3 AT 10 cm
BOTH FACES

DOWELS NO. 5
AT 10 cm

DOWELS NO. 6 AT 20 ¢cm
NO. 3 AT 12 cm

NO. 5 AT 12 cm r-—62-—1
cm
AL

25
cm

NOTE: 1 m =100 cm = 3.28 FT

FIGURE A-1. Half-Section of Test Structure.
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FIGURE A-6. Gauge Locations,
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