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PREFACE
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(AAO) of the Department of Energy (DOE). The contracting officer was Mr. L. M.
Paradee, AAO, and Mr. Larry Skeen of Mason & Hanger--Silas Mason Co., Inc.
was the project monitor. Mason & Hanger--Silas Mason Co., Inc. is the operat-
ing contractor for the DOE Pantex plant. Test plans and specifications were
prepared by Mr. Norval Dobbs of Gibbs & Hill/Ammann & Whitney, a joint ven-
ture firm, under contract to the DOE to design a new weapon assembly bay com-
plex at the DOE Pantex facility.

Work at WES was under the general supervision of Messrs. W. J. Flathau,
Assistant Chief, SL, and J. T. Ballard, Chief, Structural Mechanics Division
(SMD), SL, and under the direct supervision of Dr. S. A. Kiger and
CPT Robert D. Volz, SMD, SL. The test site construction was supervised by
Mr. R. S. Cummins, SMD, SL. Mrs. Patricia S. Jones, SMD, SL, designed and
supervised construction of the Phase I]1 blast doors and assisted in conducting
the test and reducing the data. This report was prepared by CPT Volz and
Dr. Kiger, SMD, SL.

COL Tilford C. Creel, CE, was the Commander and Director of WES during
the study and preparation of this report. Mr. F. R Brown was Technical

Director.
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CONVERSION FACTORS, NON-SI TO SI (METRIC)
UNITS OF MEASUREMENT

Non-SI units of measurement used in this report can be converted to SI (metric)

ey

units as follows:

Multiply By To Obtain
cubic feet 0.02831685 cubic metres
degrees (angle) 0.01745329 radians
feet 0.3048 metres
feet per second 0.3048 metres per second
foot-pounds (force) 1.355818 joules
inches 25.4 millimetres
kips (force) per square inch 6.894757 megapascals
miles (U. S. statute) 1.609347 kilometres
pounds (mass) 0.4535924 kilograms
pounds (mass) per cubic foot 16.01846 kilograms per cubic metre
pounds per square inch 6894.757 kilopascals
pounds per square inch-second 6894.757 kilopascal-second
square inches 6.451600 square centimetres
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AN EVALUATION OF THE SEPARATED BAY CONCEPT FOR A MUNITION
ASSEMBLY COMPLEX; AN EXPERIMENTAL INVESTIGATION OF THE
DEPARTMENT OF ENERGY BUILDING 12-64 COMPLEX

CHAPTER 1

INTRODUCTION

1.1 BACKGROUND

The Department of Energy (DOE) is planning an expansion program at its
weapon assembly facility at the Amarillo, Texas, Pantex plant. The new Assem-
bly Bay Complex is designated Building 12-84. The existing Assembly Bay Com-
plex, known as Building 12-64, employs a concept used for weapon storage
magazines where adjacent individual bays are separated by earth fill. The
distance between adjoining bays is approximately equal to 2.0 times W1/3 -
where W 1is equal to the actual weight cf explosive contained in each bay.

The DOE requested the U. S. Army Engineer Waterways Experiment Station
(WES) to conduct an experimental program to evaluate the Building 12-64
separated-bay concept. Data from this program will be used to evaluate the
safety of the existing Building 12-64 complex and to design more cost-
efficient facilities for new construction.

The basic test plan and specifications were prepared by Gibbs & Hill/
Ammann & Whitney.l The overall test program was divided into four phases:
Phase I, Evaluation of Punching Failure of Unlaced Reinforced Concrete and Ef-
fects Produced by the Fragmentation of the Donor Structure Roof; Phase II,
Evaluation of the Overall Blast Overpressure Resistant Capacity of Individual
Bays of Existing Building 12-64; Phase III, Evaluation of the Fragment-
Resistant Capacity of Individual Bays of Existing Building 12-64; and Phase
IV, Evaluation of the Modification of Individual Bays of Building 12-64 to Re-
sist the Blast and Fragment Dispersal of Phases I through III. Phases I and
1I would furnish the basic test data necessary to evaluate the design concept.
The need to conduct Phases III and IV was to be determined after completion of

the initial phases of the test program.
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1.2 PURPOSE AND OBJECTIVES

The purpose of the test program was to verify the adequacy of the sepa-
rated bays and unlaced wall reinforcement used in the design of Building 12-64.
Validation of this design concept would allow continued use of present facili-
ties as well as future construction of separated assembly bays.

The objectives of Phase I were to determine whether a punching shear fail-
ure would occur in adjacent bay walls, and to evaluate the missile hazard pro-
duced by the opening of a donor bay roof. The objective of Phase II was to
evaluate the overall blast resistance of Building 12-64. Both test phases
shared the experimental measurement objectives of determining the following:

a. Velocity, size, and distribution of secondary fragments.

b. Airblast environment in the donor bay.

Pressure leakage into acceptor bays.

d. External loads on acceptor bays.

e. Acceptor bay structural response.

1.3 SCOPE

To accomplish the objectives of the investigation, WES personnel con-
structed two model structures at Camp Shelby, Miss. The Phase I structure was
a full-scale model of a donor bay and a partial acceptor bay. The Phase II
structures were half-scale models that included two complete assembly bays,
two partial bays, three air locks, and a retaining wall and ramp. Soil was
placed as backfill between the donor and acceptor bays. The soil was selected
and placed according to specifications that model the stiffness of the soil at
the prototype facility at Pantex, Tex.

The test plan for Phase I called for a 300-1b* cylinder of PBX 9501 as
the explosive charge. The charge weight equaled the explosive weight limit of
the bay and was placed near the wall adjacent to the acceptor bay. The cen-
ter of the charge corresponded to the center of a 390-1b sphere of TNT whose
surface is 3 ft from the wall and 2 ft from the floor. The test plan for
Phase II called for a 37.5-1b explosive charge placed half the distance of the
Phase I charge from the wall and floor. Phase II explosive charge was

half-scale.

* A table of factors for converting non-SI units of measurement to SI (metric)
units is given on page 9.
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Airblast pressures, soil and interface pressures, deflections, and acceler-
ations were measured by electronic instrumentation. The exterior of the struc-
ture and the interior of the acceptor bays were photographed by high-speed

cameras during the tests.
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CHAPTER 2

PHASE I TEST PROCEDURES

Construction of the Phase I structures was begun in August 1981 and was
completed on 14 December 1981. Appendix A lists significant events in the test

program.

2.1 TEST SITE

The Phase I structures were constructed and tested on Ash Range, Camp
Shelby, Miss., which is approximately 20 miles south of Hattiesburg, Miss.
Figure 2.1 is a site layout map of the test area. The elevation of the test
site is approximately 240 ft above mean sea level. Sachs's Scaling Laws can
be used to convert the various blast parameters measured in these tests to

pressure at other elevations.z’3

2.2 DESCRIPTION OF STRUCTURES

Phase I of the Building 12-64 Test Program consisted of two full-scale
structures--a donor bay in which detonation occurred and an acceptor bay
adjacent to the donor bay (Figure 2.2).

The design of the model donor bay was identical to that of Building 12-64
except that the rectangular concrete air-lock entrance was replaced by a 9-ft-
diameter corrugated pipe. The cross-sectional area of the pipe approximated
the area of door openings in the prototype structure. Its volume was
2003.9 cu ft. The outside dimensions of the donor bay were 31 ft long, 27 ft
wide, and 22.67 ft high with all walls 1.5 ft thick (see Figures 2.2-2.5).

The internal volume of the bay was 13,442.6 cu ft. The roof of the donor bay
was designed to hinge upward and vent gases produced by an internal explosion.
The roof was 1.5 ft thick at the walls, tapered to 0.75 ft thick in the center,
and was covered with 2 ft of soil. Heating, ventilating, and air conditioning
(HVAC) ductwork and a roof vent were included in the model.

The acceptor bay structure was a one-third section of a prototype bay
adjacent to the donor bay. The bay wall facing the donor bay and its HVAC
ductwork were identical to those in Building 12-64. The floor slab was ex-
tended and its footing deepened to minimize relative motion between the two
bays (Figure 2.4). The roof was modified to support the top of the wall
facing the donor bay but without the capability of disengaging due to internal

13




explosion. The back wall of the acceptor bay was a wooden partilion supported
by four W18 x 50 beams welded to connection seats embedded in the side walls.
A 4-ft-diameter corrugated pipe was used as an access tunnel through the back
wall. The acceptor bay structure was 10.5 ft long, 27 ft wide, and 22.67 ft
high with walls 1.5 ft thick (see Figures 2.2-2.4). Grade 40 reinforcing
steel and 4000-psi concrete were specified for construction. Reinforcing

steel bar sizes and spacing are described in Tables 2.1 and 2.2.

2.3 CONSTRUCTION PROCEDURES

Design drawings and specifications used for construction of the bays were
prepared by Gibbs & Hiil/Ammann & Whitney.

2.3.1 Concrete Construction

The site was prepared by removal of topsoil and compaction of the sub-
grade material (Figure 2.6). Footings for both donor and acceptor bay slabs
were excavated and the sides lined with sheet metal to maintain dimensional
control. A 6-in. layer of compacted sand was placed in the bottom of footing
trenches and inside the slab forms. Figure 2.7 shows the base slab formwork
with sand fill. Reinforcing steel was placed in the footings and slabs in ac-
cordance with Tables 2.1 and 2.2. Figure 2.8 shows the completed formwork and
reinforcing steel. Figure 2.9 shows formwork and reinforcing steel details at
the corners of the slab and also the 6-in.-high by 18-in.-wide section of the
slab around the perimeter which forms the base of the walls. The inside edge
of the raised section was chamfered back to floor level at a 45-deg angle. A
3-in.-wide by 2-in.-deep keyway was formed in the top of each of these raised
sections.. Typical bar layouts inside the slab are shown in Figure 2.10. Con-
crete was placed directly from a ready-mix truck and was vibrated to fill all
voids (Figure 2.11).

The walls were constructed by setting the interior wall forms and then
placing the reinforcing steel. Rebar mats were tied on the ground and then
raised into position by a crane. All rebar mats were spot-welded at 5-ft ver-
tical and horizontal intervals (a procedure used during construction of the
prototype facilities at the Pantex Plant). Views of the reinforcing steel in
the north, east, south, and west walls of the donor bay are shown in Figure
2.12. Two 16-in.-diameter steel pipes were set in the north wall to provide

penetrations for HVAC ductwork (Figure 2.12b). The east and west walls are
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considerably more heavily reinforced than the other walls, as shown in Fig-
ure 2.12e. The corners were reinforced by extending the horizontal steel bars
in the east and west walls, bending them 90 deg at the corners, and tying the
bars to the outer mat of the north and south walls (Figure 2.13). After all
reinforcement was tied in place, the 9-ft-diameter corrugated pipe was in-
stalled and outer forms were set. The four walls were cast monolithically
using a concrete pump (Figure 2.14). The concrete was placed in 5-ft-high
lifts, beginning at one corner and continuing around the walls. Total place-
ment time was approximately five hours.

The acceptor bay was constructed in the same manner as the donor bay. An
overall view of the reinforcing steel layout is shown in Figure 2.15. A total
of nine interface pressure gage mounts were placed in the south wall as well
as two l6-in.-diameter pipe penetrations. Four beam seats were placed in both
east and west walls. Figure 2.16 shows a typical corner detail in the south
wall. Figure 2.17 shows a corner detail at the base of the south wall. All
wall steel was tack-welded at 5-ft intervals. The concrete was placed mono-
lithically in the three walls with a concrete pump in the same manner as that
for the donor bay (Figure 2.18).

The reinforcing steel in the roof of the donor bay was placed according
to the specifications shown in Table 2.1. The No. 10 bars in the east-west
direction were lapped 38 in. over the dowels from the walls and extended to
the center of the roof. There was a distance of 3 in. between the ends of the
No. 10 bars at the center line of the bay. Figure 2.19 shows the overall roof
steel layout and details of the bar layouts at the walls. One 16-in.-diameter
pipe penetration was placed in the roof as well as two anchor bolts to hold
the explosive charge. Figure 2.20 shows the interior of the completed donor
bay.

The dimensions of the steel in the acceptor bay roof are shown in
Table 2.2. Since the acceptor bay roof was not designed to disengage, bars in
the east-west direction were continuous over the roof. The concrete in both
roofs was placed with a concrete pump.

The north wall of the acceptor bay consisted of both wood and steel con-
struction. Four W18 by 50 steel beams were placed on the bearing seats cast
into the north ends of both east and west walls, and were then welded in place.
The north wall was enclosed with 3/4-in. plywood panels reinforced with 2 by &
and 3 by 12 lumber. Access to the structure was provided by a 4-ft-diameter
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corrugated metal pipe installed in the east wall.

Prior to backfill, 4-in. polystyrene foam panels were placed against the
north wall of the donor bay, the south wall of the acceptor bay, and the donor
bay roof. The¢se panels were factened to the concrete with Gulf Seal Corpora-

tion mastic.

2.3.2 Embankment Construction

Two different materials were used and two different specifications were
followed in backfilling the structures. The material used between the donor
and acceptor bays was chosen and placed to model the stiffness of the proto-
type soil at the Pantex facility. Details of the testing performed to select
this soil and the backfill specifications are discussed in Section 2.4.3. The
backfill around the sides of the bays was a clayey sand, native to the test
site, placed to model the mass of the soil surrounding the Pantex bays.

A gravelly sand was placed between the two bays in 12-in. lifts using a
scoop loader. This material was compacted with a vibratory compactor to
achieve specified densities. The same material was used over the roofs of the
bays since it was easier to place and to obtain uniform densities than the
native material. Soil densities over the roofs were chosen to match the
weight of soil on the roof of a prototype bay.

The backfill material around the other walls of the bays was hauled and
dumped using Clark 290 tractors equipped with scraper pans. A bulldozer was
then used to spread the material to form a lift 8 to 12 in. th::k. Clark 290
tractors and a scoop loader were used to compact the material to desired den-
sity. Figure 2.21 shows the appearance of the structures with approximately
40 percent of the backfill in place; Figure 2.22 shows the completed backfill.
Quality control checks were performed to insure that soil was placed at correct
densities.

Wet soil densities were measured with a nuclear density gage and moisture
contents were determined by oven drying. Table 2.3 lists the results of tests
performed on the select sand backfill used betwsazn the bays and over the roofs.
Table 2.4 shows the results of similar tests performed on the native backfill

material around the bay wall.

2.3.3 Appurtenances

Once the backfill was completed and shaped, a 6-in.-thick concrete slab
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was placed between the two bays as shown in Figure 2.5. The purpose of the
slab was to model the floor slab mass of the building used to house HVAC
equipment on prototype bays.

The soil over the roofs of the structure was covered with 1/2-in.-thick
Gulf Seal Corporation asphalt planks. Each plank was lapped 6 in. over adja-
cent planks, and the laps were bonded with Gulf Seal Corporation 626 U cata-
lytically blown asphalt.

Three wooden poles were erected on the north side of the acceptor bay.
Two by four's were nailed to the poles on 2-ft centers to provide dimensional
scale for high-speed photography. Figure 2.23 shows this camera background as
well as the concrete HVAC slab and the asphalt planks on the top of the bays.

2.4 CONSTRUCTION MATERIALS
2.4.1 Concrete

The results of compressive tests on 6- by 12-in. concrete control cylin-
ders for the donor bay and acceptor bay are summarized in Table 2.5. The com-
pressive strengths at 7 and 28 days and on the day of the Phase I event,

18 December 1981, are shown. Average compressive strengths also are listed
for 28 days and on 18 December. However, only 28-day compressive strengths
were determined for the roof slabs since these cylinders were tested on

16 December 1981. The control cylinders for the entire donor bay structure
and acceptor bay structure indicated average 28-day compressive strengths of
4308 and 4536 psi, respectively. Average compressive strengths on 18 December
for the donor bay and acceptor bay structures were 4294 and 4405 psi,

respectively.

2.4.2 Reinforcing Steel

All reinforcing steel used in the structure was Grade 40. Bar sizes
were Nos. 4, 5, 6, 8, 9, and 10. Results of the static tensile
tests on samples of the steel reinforcement are presented in Table 2.6.
Stress-strain curves are shown in Appendix B. The first digit in each
specimen number listed in the table and the appendix corresponds to the
bar size of the specimen. The reinforcement bar mats were spot-welded as
a required feature of the facility grounding and lightning protection system
design.

17



O dal s e

2.4.3 Soil

The soil used for backfill at Pantex was examined by Amarillo Testing and
Engineering, Inc.6 Their investigation consisted of subsurface exploration,
laboratory testing, and analysis leading to a determination of in situ soil
conditions between Building 12-64 assembly bays and over the bay roofs. Over
the roofs, they found a thin layer (0 to 6 in.) of gravelly sand followed by a
layer (18 to 24 in.) of reddish brown silty clay with a dry density of about
113 to 114 lb/ft.3 at an in situ moisture content of 16 to 17 percent. Between
the bays, gravelly sand was found immediately below the silty-clay layer and
extending to the floor level of the structure. The gravelly-sand stratum had
an in situ moisture content of 4 to 6 percent and an in-place dry density of
100 to 120 1b/ft3.

Gradation curves for candidate backfill materials from the Hattiesburg
area vere compared with the gradations of the Pantex gravelly sand. The best
match was a river-run material obtained from the American Sand and Gravel
Company in Hattiesburg (Figure 2.24). Uniaxial strain tests were then con-
ducted at WES on remolded specimens of the Pantex backfill, and the axial
stress versus axial strain was plotted (Figure 2.25). Uniaxial strain tests
were also parformed on the select sand backfill, and the stress versus strain
was plotted (Figure 2.26). These curves were compared and a dry density of
107 lb/ft.3 was recommended for the select sand backfill placement. No spe-
cific moisture content was required since any moisture content encountered in
field conditions would make the backfill at least as stiff as the Pantex back-
fill. The select sand backfill material was used only between the bays and
over the bay roofs. The remainder of the backfill material was a clayey sand

obtained at the test site.

2.5 INSTRUMENTATION

Electronic data measurements were made to obtain airblast pressures, soil
pressures, interface pressures, and structural deflections. A measurement
list is shown in Table 2.7, and gage locations are illustrated in Figures 2.2-
2.5. Six airblast gages were located in the donor bay to record pressures on
the floor (BPl), the four walls (BP2-5), and in the corrugated pipe which
represented an air lock (BP6). Two gages were located at ground surface level
(BP? and 8), and one gage was in the HVAC ductwork in the acceptor bay (BP9).
Gage mounts for BP2-5 were equipped with a debris shield to protect the
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transducers during the blast. Sail pressures hetween the bay were measured by

four soil stress gages. Pressures acting on the acceptor bay were measured by

nine interface pressure gages mounted flush with the surface of the wall. All

of these gages were covered by the 4-in. polystyrene foam panels placed against
the wall during construction. Deflection gages D1 and D2 were used to measure

acceptor bay wall deflections and gage D3 was used to measure the acceptor bay

slab movement.

The location of the recording equipment relative to the structure is
shown in the site layout (Figure 2.1). Individually shielded cables were used
between the gages and the instrumentation trailer. Cables routed through the
concrete walls or floor were protected by 1/2-in.-diameter steel pipe. Aver-
age cable lengths were approximately 700 ft.

Signal conditioning and amplification were accomplished using WES-built
amplifiers. Airblast data were recorded on an 80-kHz, Sangamo Sabre V,
32-track, FM magnetic tape recorder at a speed of 120 in./sec. A 20-kHz,
Sangamo Sabre III recorder was used to record all other data at a speed of
60 in./sec.

Four high-speed movie cameras and two sequence cameras were used to view
the exterior of the structures at camera stations 1 through 3. Three high-
speed movie cameras were located inside the acceptor bay at station 4. Camera
information is listed in Table 2.8, and camera relative locations aye shown in
Figure 2.27. Cameras at stations 1 and 2 were mounted on scaffolding at
approximately the same elevation as the bay roofs (Figure 2.28). The three

cameras in the acceptor bay are shown in Figure 2.29.

2.6 STRUCTURAL VIBRATION TESTING

The donor bay north wall and acceptor bay south wall were dynamically
tested to determine their vibration characteristics. Each test was conducted
in the following manner: the wall was marked with two lines passing through
its horizontal and vertical center line. Drive points were established on the
lines at 3-ft intervals in the horizontal direction and 2.46-ft intervals in
the vertical direction. An accelerometer was mounted at one of the points at
or near the center of the wall, and each of the points was excited by striking
it with a PCB Piezotronics 086BSO impulse hammer. The hammer generates an im-
pulse load which is measured by a piezoelectric load cell in the device. Ac-

celeration is simultaneously measured at the accelerometer location. Force
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and acceleration measurements were digitally recorded and processed by a
Hewlett Packard 5423A structural dynamics analyzer. The data obtained during
each test were recorded on magnetic tape as transfer functions. To minimize
the possibility of "missing" a mode, test personnel moved the accelerometer to
another location away from the center, and the procedure was repeated for each
wall test. This procedure was used on each wall both before and after
backfill.

2.7 EXPLOSIVE CHARGE ASSEMBLY AND PLACEMENT

The explosive charge was a 300-1b cylinder of PBX 9501, with nominal
dimensions of 14-1/2 in. in diameter and 27-1/2 in. long. It consisted of six
14-1/2-in.~diameter wafers which were pressed and machined to dimensions at
the DOE Pantex Plant and then glued together at Camp Shelby to form the charge.
A detailed account of charge fabrication and performance is given in Refer-
ence 5. The charge was suspended from the ceiling of the donor bay by a com-
bination of two steel cables, a wooden beam, and nylon straps as shown in Fig-
ure 2.30. The center of the charge was 3.97 ft from the north wall and
2.97 ft above the floor.

A 9-ft-square by 3.5-in.-thick concrete slab was placed over the entrance
of the corrugated pipe to model the mass of blast doors in the prototype struc-
ture (Figure 2.31). Detonation was accomplished with an SE-1 detonator
located on the west end of the charge. At the time of detonation, the air

tempersture was 37°F and the barometric pressure was 30.41 in. of mercury.
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Table 2.3. Results of soil tests on select sand material.

Elevation Above Dr$v;::§§ty

_ Bay Floor 3
Location ft 1b/ft
Between Grade 109.1
bays 1 108.8

2 109.8

3 113.4

5.5 111.2

6 110.2

6.5 112.7

7 111.4

8 113.1

9 110.3

10 111.3

12.5 106.4

14 112.2

15 112.5

16 114.1

17 111.4

18 109.1

19 111.4

20.7 110.0

22 110.6

23 110.5

Average 110.9

Over 22 110.7

roofs

23 110.4

Average 110.6

Average
Moisture Content
percent
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115.
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Table 2.4. Results of soil tests on native material around bay walls.

. Average Average
iy Thome e Dy Demaity MRS et Dennity

Location ft 1b/ft percent 1b/ft
North side 0 100.8 15.1

10 109.7 11.9 122.8

14 104.9 11.0 116.5

20.7 103.6 16.6 120.8

23 110.0 11.0 122.1

Average 105.8 13.1 118.0

East side 8 107.3 14.6 123.0

14 106.3 11.9 118.9

15 104.2 11.6 116.3

18 102.0 12.5 114.7

20.7 105.2 14.6 120.6

23 9.4 8.5 107.8

Average 104.1 12.3 116.9

South side 5 111.2 12.6 125.2

7 106.6 15.4 122.9

8 111.5 14.6 127.8

13 108.3 11.3 120.5

16 104.0 11.3 115.7

17 104.3 12.2 117.0

20.7 108.1 14.5 123.8

23 10.7 9.4 1211

Average 108.1 12.7 121.8

West side 6 110.4 14.5 126.4

8 117.2 13.8 124.9

10 108.6 12.2 122.0

11 108.1 11.3 120.3

14 113.6 11.3 126.4

4 20.7 106.6 14.1 121.4

; 23 101.6 1.0 108.7

i Average 109.4 12.0 121.4
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Table 2.5. Concrete compressive strengths.

Structural Specimen Compressive Specimen
Component No. Strength, psi Age, days
Donor bay
floor slab I-12 3979 7
I-13 4598 28
1-14 4439 28
I-15 3395 7
I-16 4598 28
I-17 4173 28
1-18 3643 7
1-19% 3855 28
1-20 4244 28
I-21 3448 7
1-22 4527 28
I-23 3890 91
1-24 3643 7
1-25 4403 28
1-26 4598 91
Average 4355 28
Average 4244 91k
Acceptor bay
floor slab I-1 4067 7
1-2 4881 28
I-3 4951 28
I-4 3625 7
I-5 4739 28
I-6 4810 28
I-7 3678 7
I-8 4209 28
I1-9 4598 28

{(Continued)

* Showed signs of improper consolidation.

** Day of the Phase I event.
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Table 2.5. (Continued).

Structural Specimen Compressive Specimen
Component No. Strength, psi Age, days
Acceptor bay
floor slab
(cont'd) I-10 4474 94
I-11 4492 94
Average 4698 28
Average 4483 94%k
Donor bay
walls 1-27 3006 7
I-28 4279 28
I1-29 3997 62
I-30 2759 7
I-31 3908 28
I-32 4350 62
I-33 3254 7
I-34 4067 28
I-35 4297 62
1-36 2829 7
I-37 4244 28
I-38 4704 62
1-39 2900 7
1-40 4138 28
I-41 3997 62
I-42 2759 7
1-43 3784 28
1-44 3749 62
I-45 2865 7
1-46 3890 28
1-47 4598 62
I-47A 3254 62
I-48 2847 7
1-49 3714 28
(Continued)

** Day of the Phase I event.
(Sheet 2 of &)
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Table 2.5. (Continued).

Structural
Component
Donor bay

walls
(cont'd)

Acceptor bay
walls

Specimen
No.

I-50
1-50A
1-51
I-52
1-53
I-54
I-55
1-56
I-56A
I-57
I-58
1-59
1-59A
1-60
1-61
1-62

Average
Average

1-63
I-64
1-65
1-66
1-67
1-68
[-69
I-70
I-7
1-72

Strength, psi

Compressive

(Continued)

3820
3855
3024
4350
4398
3183
3997
4032
4704
2829
4244
4403
3890
2741
4244
4350

4072
4143

3926
4386
4350
3183
4279
4315
3448
4315
3961
4085

Specimen
Age, days

62
62

7
28
62

7
28
62
62

7
28
62
62

7
28
62

28
62%%

28
51

28
51

28
51
28

%% Day of the Phase I event.
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Table 2.5. (Concluded).

Structural Specimen Compressive Specimen
Component No. Strength, psi Age, days
Acceptor bay
walls
(cont'd) I-73 4439 28
I-74 4173 51
' I-75 4421 28
I-76 4209 51
1-77 3855 51
Average 4321 28
Average 4144 51%%
Donor bay
roof 1-78 3448 7
I-79 4598 28
1-80 4492 28
1-81 3537 7
1-82 4598 28
1-83 4598 28
I-84 3254 7
% 1-85 4421 28
I. I-86 4456 28
‘ 1-87 3360 7
i 1-88 4545 28
1-89 4262 28
Average 4496 28
Acceptor bay
roof I-90 4704 28
I-91 4739 28
1-92 4315 28
1-93 4598 28
Average 4589 28

%% Day of the Phase I event.
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Table 2.6, Properties of concrete reinforcing steel.
Créis Percent

Sectional Area Yield Yield Ultimate Modulus

Specimen 2 Reduction Stress Strain Stress of Elasticity
No. Area, in. at Failure psi din./in. psi E, ksi
4-1 0.1450 52.41 68,400 2,240 105,862 30,535
4=2 0.1438 53.47 67,000 2,080 106,258 32,211
4-3 0.1461 52.05 67,700 2,280 106,502 29,693

4=4 0.1491 55.70 - -- 105,566 --

Average 0.1460 53.40 67,700 2,200 106,047 30,813
5-1 0.2119 52.15 65,900 2,040 101,328 32,303
5-2 0.2161 53.59 67,000 2,080 101,960 32,211
5-3 0.2156 50.98 65,300 2,080 100,653 31,394
5-4 0.2130 54.45 66,800 2,120 101,650 31,509
Average 0.2141 52.79 66,250 2,080 101,397 31,854
6-1 0.3035 55.77 66,400 2,200 100,164 30,181
6-2 0.3024 55.44 64,000 2,000 97,883 32,000
6-3 0.3040 52.30 65,000 2,200 100,657 29,545
6- 0.3034 54.60 66,000 2,120 100,856 31,132
Average 0.3033 54.52 65,350 2,130 99,890 30,714
8-1 0.5972 46.29 61,500 2,040 104,990 30,147
8-2 0.5973 45.56 63,000 2,000 105,139 31,500
8-3 0.6006 46.58 63,000 2,000 104,723 31,650
8- 0.5936 47.05 62,600 2,040 104,952 30,686
Average 0.5971 46.37 62,600 2,020 104,952 30,995
9-1 0.7838 47.57 64,000 2,000 105,128 32,000
9-2 0.7775 44.40 62,400 2,160 105,209 28,888
9-3 0.7760 46.77 64,000 2,280 105,154 28,070
9- 0.7822 46.03 65,200 2,080 105,088 31,346
Average 0.7798 47.19 63,900 2,130 105,144 30,076
10-1 0.9957 49.19 61,200 2,160 103,444 28,333
10-2 1.0028 49.25 66,100 2,200 105,704 30,045
10-3 0.9957 50.20 64,000 2,320 104,449 27,587
10-4 1.0028 48.15 65,200 2,320 105,704 28,017
Average 0.9980 49.18 63,466 2,266 104,532 27,978

* Strain gage failed.
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Table 2.7. Measurement list for Phase I.
Natural
Type of No. of Frequency
Measurement Gage No. _Gages Manufacturer Model No. Range Gage
Blast BP1, BP2 2 Kulite HKS-1-375 5000 psi 675 kHz
pressure BP3, BP5 2 Kulite HKS-1-375 2000 psi 650 kHz
BP4 1 Kulite HKS-1-375 1000 psi 500 kHz
BP6-BP8 3 Kulite XTS-190 200 psi 200 kHz
BP9 1 Kulite XTS~190 50 psi 130 kHz
Interface IP1-1IP9 9 Kulite VM-750 200 psi 28 kHz
pressure
Deflection D1-D2 2 Trans-Tec 246-000 +3in 15 Hz
D3 1 Trans-Tec 245-000 +2in 110 Hz
Soil stress SS1-SS4 4 Kulite LQ-080U 200 psi 17 kHz
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Table 2.8. High-speed camera list.

e

Frame Rate Lens Focal Length
Camera Station Type of Camera fps mm
1 Milliken, 16-mm movie 350 35
2 Milliken, 16-mm movie 500 50
2 Photec, 16-mm movie 1000 45
2 Hulcher, 70-mm sequence 50 150
3 Milliken, 16-mm movie 500 25
3 Hulcher, 70-mm sequence 50 150
4 Milliken, 16-mm movie 500 5.
4 Nova, 16-mm movie 2200 11
4 Nova, 16-mm movie * --

* No film recovery.
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b.

Figure 2.6.

Clearing.

Compa:. tion.

Site preparation.
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Donor and acceptor bay formwork.

b. Acceptor bay formwork.

Figure 2.7. Base slab formwork.
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Figure 2.9 Corner detail of donor slab reinforcement.

39




Figure 2.10. Detail of slab reinforcement.

Figure 2.11. Concrete placement in donor bay slab.
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Figure 2.12.

(Sheet 2 of 3).
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Figure 2.15.

Acceptor bay west and south wall

reinforcing steel.
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Figure 2.16.
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Figure 2.19. Donor bay roof reinforcing steel
(Sheet 1 of 2).
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c. Detail of bar splices and duct penetration.

d. Edge detail.

Figure 2.19. (Sheet 2 of 2).
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a. North wall,

Figure 2.20.

b. East wall,

Interior of completed donor bay (Sheet 1 of 2).
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c. South wall.
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d. West wall.

Figure 2.20. (Sheet 2 of 2).
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a. View facing northwest.
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b. View facing southwest.

Figure 2.21. Structures during backfill.
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a. North side.

b. East side.

Exterior view of bays prior to
testing (Sheet 1 of 2).
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¢. South side.

d. West side.
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Figure 2.23. Camera background and HVAC slab on top of bays.
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Figure 2.24. Comparison of gradation curves for prototype, select
sand, and native backfill materials.
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Figure 2.28. Camera station 2.

Figure 2.29. Interior of acceptor bay.
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Figure 2.30. Explosive charge placement in donor bay.

Figure 2.31. Concrete slab placed in
donor bay entrance.
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CHAPTER 3

PHASE II TEST PROCEDURES

Construction on the Phase II structures was begun in August 1981 and was
completed on 22 January 1982. Appendix A lists significant events in the test

program. Section 2.1 describes the test site.

3.1 DESCRIPTION OF STRUCTURES

The Phase II test structure was a half-scale model of a portion of Build-
ing 12-64 at the Pantex Plant. This model included two complete assembly bays
with air locks, two simulated bay roofs, another air lock, and a retaining
wall with ramp connecting the three air locks. A plan view of the Phase II
structures is shown in Figure 3.1. The donor bay is in the center of the fig-
ure with the acceptor bay to the left. To simplify future discussion, direc-
tions will be referenced to the north arrow shown in Figure 2.1.

The model donor and acceptor bays duplicated all of the design and con-
struction features of the prototype bays except they were built to half-scale.
Exterior dimensions were 15.5 ft long, 13.5 ft wide, and 11.33 ft high with
0.75-ft-thick walls. The internal volume of the model bays was 1680.3 cu ft.
Roofs were designed to hinge upward and vent gases produced by an internal ex-
plosion; they were connected to the walls along the east and west sides only.
The roofs were 0.75 ft thick at the east and west walls and tapered to 0.38 ft
thick at the center line. Figure 3.2 is an elevation view through both the
donor and acceptor bays. The south wall of the acceptor bay, the north wall
of the donor bay, as well as both roofs were covered with a 2-in.-thick layer
of polystyrene foam of the type used to provide thermal insulation for the
prototype. The void between the two bays was filled with a gravelly sand
selected to model the stiffness of the prototype backfill material. The other
sides of the bays were backfilled with native material. Reinforcing steel
sizes and spacings used in the bays are listed in Table 3.1.

The west side of each bay was connected to an entrance air lock by steel
dowels as shown in Figure 3.3. The other end of the air lock adjoined the re-
taining wall and ramp. Each air lock was 15.5 ft long, 8.5 ft wide, and 6 ft
high; the wall and roof were 0.5 ft thick. The internal volume of each air
lock from the bay to the bulkhead was 468.75 cu ft. Reinforcing steel sizes
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and spacings in the air locks are listed in Table 3.2. The void between the
donor and acceptor bay air locks was backfilled with the same gravelly sand
used between the two bays.

The prototype air locks functioned as entrance tunnels to the bays and
were equipped with two sets of blast doors, one set at the bay entrance and
the other at a bulkhead in the air lock approximately 5 ft from the retaining
wall. For the purposes of the test, the blast doors at the donor and acceptor
bay entrances were assumed to be open, but the doors at the bulkheads to be
closed. Thus, the air locks leading to the donor and acceptor bays were
equipped with model blast doors at the bulkheads near the retaining wall but
the bay entrances were not equipped with doors. The southernmost air lock
represented the possibility of the first set of doors at the bulkhead being
left open with the second set of doors at the bay left closed. In that air
lock, there were no doors at the bulkhead and the other end was closed with a
1/2-in. steel plate.

The three air locks were connected by a retaining wall and ramp structure
as shown in Figures 3.1, 3.3, and 3.4. The retaining wall was 9.3 ft high and
0.75 ft thick at the base, tapering to 0.5 ft at the top. Reinforcing bar
sizes and spacings are listed in Table 3.3. The wall was connected by rebar
dowels to the footing, the three air locks, and the ramp slab. The roof and
west wall of the ramp were framed with steel S shapes and channels. Both the
roof and wall were covered with 13/16-in.-thick cement-asbhestos panels with an
additional layer of corrugated sheet aluminum on the roof.

Two concrete slabs were placed to the east and south of the donor bay to
simulate the roofs of adjacent bays in the prototype structure. These slabs
are shown in both Figures 3.1 and 3.5.

HVAC ductwork was modeled to evaluate possible blast leakage into the ac-
ceptor bay and to properly model the vent area in the donor bay. Details of
the model ductwork are shown in Figure 3.6. The "penthouse" in which the
actual HVAC mechanical equipment was located was modeled with the concrete

slab shown in Figure 3.6.

3.2 CONSTRUCTION PROCEDURES

3.2.1 Concrete Construction

All concrete placed in the models was cast in place at the test site.
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Quality control was insured hy casting standard cylinder specimens from con-
crete used to place each structural component. Specifi-~ test results are dis-
cussed in Section 3.3.1. Specimens of reinforcing steel were instrumented and
tested as discussed in Section 3.3.2. Structural components were cured by
coating all exposed surfaces with curing compound.

The site was prepared by removing all organic material from the subsoil
and grading the area as shown in Figure 3.7. No fill operations were per-
formed. Footings for the two bay slabs and retaining wall were excavated
using a backhoe. Plywood exterior forms were set for the bays while sheet
metal liners were used for interior forms to insure a chamfer between the foot-
ing and the floor slab. Earth forms were used for the retaining wall footing.
A 3-in.-thick compacted sand layer was placed under all footings and floor
slabs,

Formwork for the bay slabs included not only the footing and floor slab,
but a 3-in.-high section of wall around the perimeter of each slab. The inside
edge of the raised section was chamfered back to the floor slab at a 45-deg
angle. A keyway was cast into the top of perimeter of the walls. An overall
view of the acceptor bay formwork and reinforcing steel prior to concrete
placement is shown in Figure 3.8. Details of the rebar placement are shown in
Figure 3.9. Views of the reinforcing steel in the retaining wall footing are
shown in Figure 3.10. Concrete was placed directly from ready-mix trucks into
the forms as shown in Figure 3.11. Vibrators were used to insure proper con-
solidation. The bay slabs and wall footing after concrete placement are shown
in Figure 3.12.

Reinforcing steel mats for the bay walls were laid out and tied on the
ground and then raised into place. Figure 3.13 shows the steel layout for the
four bay walls. Note that the long dowels shown as roof reinforcement in Fig-
ure 3.13a were cut as shown in Figure 3.17. Corners were reinforced with
horizontal bars from the east and west faces which were bent 90 deg to lap
over the steel in the north and south faces as shown in Figure 3.14. The
rebar mats were tack welded on 2.5-ft centers to model the same practice used
for prototype construction to -insure adequate grounding. The four walls in
each bay were cast monolithically by placing concrete with a pump as shown in
Figure 3.15.

Following construction of the bay walls, outer retaining wall forms were
set and reinforcing steel was tied in place as shown in Figure 3.16. Dowels
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were placed to provide connections from the wall to the air locks and ramp
slab. Steel plates with shear studs were set into the forms to provide con-
nections for the steel beams to be used to frame the ramp roof. After comple-
tion of formwork, concrete was placed in the wall through a metal pipe.

Forms were then constructed inside the two bays to support the weight of
the roof slabs. Reinforcing steel was tied in place as shown in Figure 3.17.
The horizontal steel spanning the east/west direction was lapped 38 bar .diam-
eters onto the No. 5 dowels from the east and west walls. There was a
1-1/2-in. space running down the crest of the roof slab which was not rein-
forced. Since there were no dowels from the north and south walls, internal
pressure would cause the slab to fracture along the crest, then each half of
the roof would rotate along an axis parallel to the top of either the east or
west wall. Placement of the roof slab concrete completed construction of the
bays.

Floor slab forms were then set for both the air locks and the ramp. The
perimeters of all slabs included an integral footing. A 3-in. compacted sand
layer was placed under all slabs and footings. Reinforcing details of the
2ir-lock slabs are shown in Figure 3.18. At the blast door bulkheads, a foot-
ing was included in the formwork. A steel plate was embedded at floor grade
level to provide a threshold and an anchor for the locking bolt from the in-
active door leaf. Dowels were provided to connect both walls and bulkheads to
the slabs. Formwork and steel for the ramp slab are shown in Figure 3.19.

The slab was 3 in. thick with a single reinforcing mat. Concrete was placed
into the forms directly from ready-mix trucks.

Formwork for the air-lock walls, bulkheads, and roofs were constructed at
the same time. Wall steel layout is shown in Figure 3.20 and typical roof
steel details are shown in Figure 3.21. The two door frames for the blast
doors were placed within the bulkhead forms. Concrete for the walls, bulk-
heads, and roofs was placed monolithically.

Completion of the air locks was followed by backfill placement vhich will
be discussed in the following section. When soil elevations approached the
top of the two bays, forms were set for the two simulated acceptor bay roof
slabs to the east and west of the donor bay. The elevations at the top of
these slabs were the same as the roofs of the two bays. Figure 3.22 shows one
of the completed 6-in.-thi.ck slabs.

With the completion of concrete construction, the interior of the donor
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bay was painted with grid lines on l-ft centers to aid in the survey of post-
test damage. The interior of the completed donor bay is shown in Figure 3.23.
The south wall of the acceptor bay was similarly marked and outfitted with

equipment discussed in Section 3.4.

3.2.2 Embankment Construction

Two materials were used to backfill the structures, a select gravelly
sand and the native clayey sand. The void between the donor and acceptor bays
and the donor and acceptor air locks was filled with the select sand material
which was compacted to specific density standards to model the shock transmis-
sibility of the prototype material. Details of the prototype soil investiga-
tion and selection of the sand material are discussed in Section 2.4.3 The
remaining areas were backfilled with the native soil which was compacted to
model the mass of the prototype soil. Sand was also placed over the tops of
the bays and the air locks in order to achieve uniform densities and allow
accurate shaping of final soil profiles.

The select sand material was placed between the bays and air locks using
a crane with clamshell attachment as shown in Figure 3.24a. Prior to place-
ment, a 2-in. layer of polystyrene foam was cemented to the adjacent bay walls.
The sand was spread with a backhoe and by hand into l-ft-thick lifts and was
compacted with vibratory compactors. Quality control was insured by frequent
nuclear density measurements. Moisture contents were obtained by oven drying
soil samples. The results of soil tests for the select sand material are sum-
marized in Table 3.4.

The native material was placed around the perimeter of the bays with a
bulldozer in l-ft lifts and was compacted by multiple passes with rubber-tired
equipment. The areas next to the bays and air locks were compacted with
"wacker"-type portable compactors. Figure 3.24b shows the placement of native
soil adjacent to the bays. The results of soil density measurements in the
native backfill material are summarized in Table 3.5.

Once placement of backfill around and between the bays had been com-
pleted, the two simulated acceptor bay roofs were placed. Polystyrene foam
2 in. thick was cemented to the bay roofs, and a sand layer was then placed
over the air locks and roofs. Following compaction, the sand was shaped to

specified slopes as shown in Figure 3.25.
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3.2.3 Blast Doors

The blast doors were a half-scale model of the blast doors used in Build-
ing 12-64. A set of doors consisted of an active leaf, an inactive leaf, and
a door frame as shown in Figure 3.26. The door frame was fabricated from
angle and channel sections and had overall dimensions of 4.34 ft high, 4.69 ft
wide, and 0.5 ft thick. Shear studs were attached to the door frame's outer
surface, and the door frame was cast in place in the air-lock bulkhead. The
two door leaves each consisted of an internal framework of channels sandwiched
between sheet steel skin plates. Both leaves were 4.07 ft high and 0.17 ft
thick. The inactive leaf was the wider of the two (2.58 ft versus 1.63 ft)
and its internal construction included a set of bolts which locked it to the
door frame and the floor. Each of the door leaves was attached to the frame
with three hinges. The 2- by 1/4-in. straps were welded to the doors, and the
hinge pads were bolted to the door frame. Material properties are discussed
in Section 3.3.3,

The blast doors were fabricated at WES. The door frame consisted of 3-
by 2- by 3/16-in. angles and C4 by 5.4 channels. The end of the channel's
flange was welded to the 2-in. angle leg, with a continuous fillet weld to
form a door stop. Number 2 rebar shear studs 4 in. long were welded around
the outside of the frame at 6-in. centers on both the angle and channel sides
of the frame. Once the frame was cast in place, the long leg of the angle was
flush with the front face of the bulkhead and the opposite channel flange was
flush with the back of the bulkhead.

A 4-in.-wide by 1/4-in.-thick baseplate was also fabricated. Two rows of
4-in.-long No. 2 anchors were welded to the base at 6-in. centers. The base-
plate was cast into the air-lock slabs. Holes were drilled into the door
frame and baseplate to accommodate the inactive leaf-door bolts.

The door leaves were fabricated by fillet welding the internal framewor«
of channels to the back skin plate as shown in Figure 3.27. Sixteen gage
steel was used for the skin plates. The channels were cold formed from 10 gage
steel with flanges 0.75 in. long and a web 1.5 in. wide. Channels were placed
across the top and bottom of the door and along the outer edge of the door.
Two channels were placed 4.38 in. apart at the inside edge of the doors. This
area contained the locking mechanism in the inactive leaf. Five more channels
were placed horizontally, spanning the remaining width of the door at a spac-

ing of 0.68 ft. After the locking mechanism was in place on the inactive
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leaves, the front skin plates for all leaves were plug-welded to the channels
as shown in Figure 3.28. A 4.38-in.-wide by 3/16-in.-thick plate was then
fillet-welded to the front and back skin plates at the inside edge of each
leaf. All welds were tested with dye penetrant.

The locking mechanism used in the inactive leaf consisted of an
11/16-in.-diameter bolt which passed through two 3/16-in.-thick plates and the
1/8-in.~-thick channel at the edge of the leaf, shown in Figure 3.29. The
locking bolts extended 7/8 in. into both the door frame at the top and the
base plate at the bottom. The active leaf was held shut with a 1/4-in.-
diameter bolt through a hasp welded in the top right corner of the door leaf
and the corresponding location on the door frame.

Commercial door hinges could not be ordered in a half scale so they were
fabricated at WES. Hot rolled, merchant quality A-36 steel, 1/4 in. thick,
was used for both the hinge pad and hinge strap. The pinned sections of the
pads and straps were formed by heating and bending around a 1/2-in.-diameter
pin. The hinge pads were 5 by 5 by 1/4 in. with four 3/8-in.-diameter bolts
connecting the hinge pads to the door frame. The length of the 2- by 1/4-in.
hinge straps welded to the front skin plate was 14.5 in. on the active leaf
and 22.62 in. on the inactive leat. A l/2-in.-diameter boit was used for a
hinge pin.

After the doors were painted, 1/8-in.-thick neoprene rubber seals were
glued around the door frame on the channel area that contacted the door. A
rubber seal was also glued along the edge of the inactive leaf that lapped the
active leaf. A neoprene rubber door sweep was attached to the bottom of each

leaf.

3.2.4 Ramp and Appurtenance Construction

Provisions for the HVAC ductwork included the 8-in.-diameter pipes which
were cast into the donor and acceptor bay walls (Figure 3.13c) and the roofs
(Figure 3.17) to serve as ductwork penetrations. The ductwork was prefabri-
cated at WES using 7-in.-diameter tubing and was placed in position as soon as
the soil fill was at the proper elevation (Figure 3.30a). Once the soil fill
was placed over the bay roofs, the model penthouse slab was cast in place as
shown in Figure 3.30b.

The west wall and roof for the ramp were framed with steel components.

Beams and columns were welded to one another and then put into position as
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shown in Figure 3.24b. The beams were welded to clip angles which were at-
tached to plates embedded in the retaining wall. Column baseplates were
bolted to the ramp slab with two 1/2-in.-diameter bolts. Five steel purlins
were welded to the beams to support the roof. Sag rods 1/4 in. in diameter
were welded between the purlins at midspan. One girt spanned the length of
the wall. Both the wall and the roof were covered with 13/16-in.-thick Johns
Manville Transitop panels which were attached to the girts and purlins with
No. 12 self-tapping screws. Vertical joints between the panels were connected
by l-in.-wide strips of 22-gage sheet metal attached to adjoining panels with
screws. A 2- by 2-in., 22-gage sheet steel angle was screwed to the base of
each panel and attached to the ramp slab with Ramset fasteners. A layer of
corrugated aluminum roofing was placed over the roof.

The backfill material over the bays and the surrounding area was covered
with 1/4-in.-thick W. R. Meadows Corporation protective course panels to simu-
late the mass of the 1/2-in.-thick Gulf Seal Corporation asphalt planks used
in prototype construction. Joints were lapped 3 in. and sealed with Gulf Seal
Corporation 626 U catalytically blown asphalt. The exterior appearance of the

completed Phase II structure is shown in Figure 3.31.
3.3 CONSTRUCTION MATERIALS
3.3.1 Concrete

The results of the compressive tests on 6- by 12-in. control cylinders
for the Phase Il structures are summarized in Table 3.6. Compressive
strengths were measured 7 and 28 days after placement and on 27 January 1982
for the remaining specimens. Average compressive strengths are listed for
28-day breaks and available 27 January breaks. The average 28-day compressive

strength of the Phase Il structure was 4336 psi.

3.3.2 Concrete Reinforcing Steel

Grade 40 reinforcing steel was used for the Phase II structures in bar
sizes 2 through 5. Static tensile tests were performed on specimens of each
bar size to determine the engineering properties of the actual material used
for construction. Results of these tests are summarized in Table 3.7, and the
stress-strain curves derived from the tests are shown in Appendix B. The

first digit in each specimen number listed in the table and appendix
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corrcsponds to the bar size of the specimen.

3.3.3 Structural Steel

Blast doors were fabricated of structural sheet and plate steel. Sheet
steel was 16 and 10 gage hot-rolled commercial grade; plate steel was 3/16-
and 1/4-in. thick A36 steel. Table 3.8 lists the results of .tatic tensile
tests on samples of these materials, and Appendix C includes the stress-strain

curves from these tests.

3.4 INSTRUMENTATION

Fifty-six electronic transducers were used to record airblast pressures,
soil pressures, interface pressures, deflections, and accelerations in the
structures. A measurement list is shown in Table 3.9 and gage locations are
illustrated in Figures 3.1-3.3, 3.5, and 3.6. Airblast instrumentation in-
cluded four gages in the acceptor bay (BP1-4), ten gages in the air locks
(BP5-8 and BP15-20), three gages on the retaining wall (BP9-11), three gages
in the donor bay (BP12-14), eight gages on the surface (BP21-28), and one gage
in the HVAC ductwork (BP29). Gages BP12 and 13 were equipped with debris
shields. Soil pressures midway between the donor and acceptor bays were mea-
sured by four soil-stress gages. Interface pressures on the acceptor bay wall
were measured by gages IP1-9. These gages were flush-mounted with the surface
of the wall and covered with a 2-in. foam layer. Interface pressures acting
on the two simulated acceptor bay roofs were measured by gages IP10-14.
Acceptor bay wall deflections were measured by gages D1 and 2 and roof deflec-
tions by gages D3-5. The displacement of the acceptor bay floor slab was mea-
sured by gage D6. Acceptor bay wall accelerations were measured by gages Al
and A2 and floor accelerations by A3. Figure 3.32 shows the interior of the
acceptor bay with all of the associated deflection gage mounts and
accelerometers.

The locations of the structures, instrumentation cables, and recording
equipment during the test are shown in Figure 2.1. Each transducer cable was
individually shielded and was approximately 350 ft long. Cables embedded in
concrete were protected by 1/2-in.-diameter steel pipe.

WES-built amplifiers were ur~d for signal conditioning and amplification.
Airblast data were recorded on a 80-kHz, Sangamo Sabre V, 32-track, FM magnetic
tape recorder at a speed of 120 in./sec. All other data were recorded on a
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20-kHz, Sangamo Sabre III, 32-track, FM tape recorder at a speed of 60 in./
S€ecC.

Four high-speed movie cameras and one sequence camera were used to view
the exterior of the structures at camera stations 1 through 4. One high-speed
movie camera was located inside the acceptor bay at station 5. This camera
can be seen in Figure 3.32b. Camera information is listed in Table 3.10 and
camera station locations are shown in Figure 3.33. The cameras at stations 1
and 2 were located on the roofs of existing structures and were elevated ap-
proximately 10 ft higher than the roofs of the Phase II structures. The
camera at station 3 was placed at approximately the same elevation as the

model roofs.

3.5 STRUCTURAL VIBRATION TESTING

The donor bay north wall and the acceptor bay south wall were dynamically
tested to determine their vibration characteristics. These tests were con-
ducted both before and after the structures were backfilled. The basic test
procedure is discussed in Section 2.6. The only significant difference was
that the drive points were located at 1.5-ft intervals in the horizontal direc-

tion and 1.23-ft intervals in the vertical direction.

3.6 EXPLOSIVE CHARGE ASSEMBLY
AND PLACEMENT

The explosive charge was a 37.56-1b cylinder o7 PBX 9501, with nominal
dimensions of 14.5 in. in diameter and 13.75 in. in length. The charge con-
sisted of six cylindrical segments which were pressed and machined to proper
size and weight and then glued together with Urethane 7200 adhesive. All
fabrication was performed at the DOE Pantex plant.5 The charge was suspended
from the roof of the donor bay by a combination of two steel cables, a wood
beam, and nylon straps as shown in Figure 3.34. The center of the charge was
located 1.94 ft from the north wall and 1.48 ft above the floor. Detonation
was accomplished with an SE-1 detonator located on the west end of the charge.
At the time of detonation, the air temperature was 54° F and barometric pres-

sure was 30.27 in. of mercury.
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Table 3.4. Results of soil tests on select sand material.
Elevation Above D Av;::ggt Average We:vgzzgit
Bay Floor ry 31 Y Moisture Content 3 y

Location ft 1b/ft percent 1b/ft
Between bays Grade 110.4 4.4 115.2
1 109.3 4.4 114.0

2 110.8 4.4 115.6

3 113.0 4.2 117.8

4 111.6 4.1 116.2

5 111.2 4.0 115.6

6 111.9 3.8 116.2

7 111.1 3.9 115.4

8 112.3 4.2 117.0

9 112.8 3.5 116.7

10 111.0 5.8 117.4

10.6 110.9 5.8 117.3

11.6 112.3 3.9 116.7

Average 111.4 4.3 116.2

Between 1 112.8 4.4 117.8
air locks 2 111.1 3.9 115.4

3 106.7 3.9 110.8

4 110.6 3.8 114.8

) 111.0 4.0 115.4

5.5 111.4 4.3 116.1

7 112.2 3.9 116.6

8 111.1 4.0 115.5

9 112.0 4.8 117.4

Average 111.0 4.1 115.5

Over bay roofs 11.6 110.4 3.7 114.4

Over simulated _

bay roofs 11.6 105.2 4.5 110.0
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Table 3.5. Results of soil tests on native material around structure,

: Average Average
Elevation Above - Average ;
Bay Floor Dry Den;:ty Moisture Content Mel Den;1ty
Location ft 1b/ft percent 1b/ft
North side of 2 112.5 13.0 127.1
acceptor bay 4 110.1 14.2 125.7
5 114.1 13.6 129.6
6 109.2 15.8 126.5
7 111.4 13.1 126.0
8 110.8 16.3 128.9
9 114.4 11.1 127.0
9.5 113.7 10.9 126.1
10.6 110.3 13.2 124.8
Average 111.8 13.5 126.9
East side of 1 108.3 11.2 120.4
bay 3 109.9 11.8 122.8
3.5 107.4 11.6 119.9
4 109.8 11.6 122.5
4.5 108.6 11.2 123.8
6.5 110.9 11.7 119.0
7 110.5 14.6 126.6
8 108.5 14.6 124.4
8.5 111.6 13.8 127.0
9.5 112.3 14.0 127.9
10.6 113.3 12.2 127.1
Average 110.1 12.6 123.8
South side of 1 103.7 11.3 115.4
donor bay 2.5 110.4 12.0 123.6
3 109.0 10.5 120.5
4 109.6 12.4 123.2
5 107.3 12.1 120.3
6 108.3 12.3 121.7
7 107.9 11.6 120.4
8 110.6 15.8 128.1
9 114.0 13.8 129.7
10.6 109.5 16.9 128.0
Average 109.0 12.9 123.1
South of donor
air lock Average 109.2 12.3 122.6
North of acceptor
air lock Average 111.8 13.3 126.8

73




—— T

Table 3.6. Concrete compressive strengths.

Structural Specimen Compressive Specimen
Component Number Strength, psi Age, days
Retaining wall footing I1-1 3749 7
I1-2 4562 28
I1-3 4669 28
I1-4 3997 7
Average 4615 28
Donor bay floor slab II-5 4739 28
I1-6 4279 28
11-7 4085 7
I1-8 4715 28
II-9 4810 28
Average 4651 28
Acceptor bay floor slab II-10 3466 7
II-11 4067 28
I1-12 4527 28
I1-13 4562 138
Average 4297 28
Avercage 4562 138%
Acceptor bay walls IT-14 3236 7
II-15 3890 28
I1-16 3731 28
11-17 3395 7
I1I-18 3678 28
Average 3766 28
Donor bay walls I1-19 4067 28
I1-20 3431 7
11-21 3979 28
11-22 4527 121
11-23 3413 7
11-24 3855 28
I1-25 4439 121
Average 3967 28
i Average 4483 121*
(Continued)
B * Day of the Phase II event.

(Sheet 1 of 2)
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Table 3.6. (Concluded).
Structural Specimen Compressive Specimen
Component Number Strength, psi Age, days
Retaining walls I1-26 3890 28
11-27 4792 92
11-28 47175 92
11-29 4598 28
I1-30 5447 92
Average 4244 28
Average 5005 92*
Bay roofs II-31 3678 7
11-32 3307 7
I1-33 4492 28
I1-34 4598 28
I1-35 5517 84
I1-36 5553 84
I1-37 4598 28
11-38 4598 28
I1-39 5730 84
Average 4572 28
Average 5600 84
{ Air-lock slabs 11-40 3749 7
I1-41 4598 28
I1-42 4739 28
I1-43 5376 79
I1-44 3448 7
IT1-45 4598 28
11-46 5270 79
11-47 5234 79
Average 4645 28
Average 5305 79%
£ Air-lock walls and roof 11-48 4456 28
- 11-49 4067 28
i 11-50 4969 57
' I1-51 4244 28
11-52 4173 28
fI-53 5058 57
Average 4235 28
Average 5014 57*

* Day of the Phase II event.
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Table 3.7. Properties of concrete reinforcing steel.
Cross- Percent Modulus
Speci- Sectional Area Yield Yield Ultimate of
men Reduction Stress Strain Stress Elasticity
No. Area, in. at Failure psi gin./in. psi E , ksi
2-1 0.0467 53.19 60,000 2080 80,728 28,846
2-2 0.0479 54.16 61,200 2120 79,853 28,867
2-3 0.0475 58.33 64,000% -- 78,947 --
2-4 0.0483 54.16 64,000% .- 81,573 o
Average 0.0476 54.96 62,300 2100 80,275 28,856
3-1 0.0762 50.00 62,000 2120 99,7317 29,245
3-2 0.0746 53.33 60,500%* 2000 96,514 30,250
3-3 0.0735 52.05 62,800 2120 100,340 29,622
3-4 0.0740 51.35 62,900% 2080 100,000 30,240
Average 0.0745 51.68 62,050 2080 99,147 29,839
4-1 0.1450 52.41 68,400 2240 105,862 30,535
4-2 0.1438 53.47 67,000 2080 106,258 32,211
4-3 0.1461 52.05 67,700 2280 106,502 29,693
4-4 0.1491 55.70 -=% - 105,566 ==
Average 0.1460 53.40 67,700 2200 106,047 30,813
5-1 0.2119 52.15 65,900 2040 101,328 32,303
5-2 0.2161 53.59 67,000 2080 101,960 32,211
5-3 0.2156 50.98 65,300 2080 100,653 31,394
5-4 0.2130 54.45 66,800 2120 101,650 31,509
Average 0.2141 52.79 66,250 2080 101,397 31,854
6-1 0.3035 55.717 66,400 2200 100,164 30,181
6-2 0.3024 55.44 64,000 2000 97,883 32,000
6-3 0.3040 52.30 65,000 2200 100,657 29,545
6-4 0.3034 54.60 66,000 2120 100,856 31,132
Average 0.3033 54.52 65,350 2130 99,890 30,714
* Gage failed.
** (.02 percent offset.
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Table 3.10. High-speed camera list.

Lens

Camera Frame Rate Focal Length
Station Type of Camera fps a0
1 Lo Cam, 16-mm movie 500 15
Hulcher, 70-mm sequence 50 150
2 Lo Cam, 16-mm movie 500 10
3 Photec, 16-mm movie 2000 32
4 Milliken, 16-mm movie 500 25
5 Nova, 16-mm movie 4000 11
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