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= FOREWORD
:2’: This report was prepared jointly by personnel of Picatinny Arsenal
i" and by personnel of Ammann & Whitney, Consulting Engineers, under

Contract DA-28-017-AMC-423(A).

The complete performance of the work covered was the result of
a cooperative effort, -

Supervision and coordination of the program was by
Arthur Schwartz and Richard Rindner under the general supervision of
Leon W, Saffian and Stanley Wachtell,

Design of the structure and detailing of drawings was done by
Ammann & Whitney under the supervision of Norval Dobbs and
Edward Cohen with assistance from Edward Laing, Maurice Rubin and
Samuel Weisman, with valuable contributions to preparation of the
report by Albert J. Bayruas,

The model test structure was fabricated at the Carleton Civil
Engineering Laboratories of Columbia University under the direction
of Professor Charles W, Thurston,

Testing of the structure was performed at Picatinny Arsenal at
the Bear Swamp range by Robert M. Michael and Glenn Ward,

£ Analysis of the test results was performed by personnel of
& Picatinny Arsenal and Ammann & Whitney,
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ABSTRACT

Three tests of a 1/10 scale specially reinforced concrete test
bay were performed to evaluate the explosive capacity of a
specific cubicle arrangement and as a first step in establishing the
validity of scaled testing of concrete structures.

The tests consisted of firing 2,00, 3,24 and 4,25-1b, charges
of Composition B (equivalent to 2,000, 3,240 and 4,250 lbs, on a
full scale) in the center of the test bay and evaluating the extent of
damage to the bay to estimate its ultimate explosive capacity.

The progressive damage to the structure was recorded and
the bay tested until it was considered no longer usable,

A detailed description of test procedures is given with
illustrations of damage after each test and sketches of the test bay
showing the development of the crack patterns in the floor and
walls with each subsequent test,

A detailed calculation of the center wall capacity of the test
bay also is included,
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SUMMARY

A series of 1/10 scale bay tests were performed to evaluate the
explosive capacity of a specific cubicle arrangement and to obtain
information pertaining to the establishment of model factors which
will relate the results of the 1/10 scale model bay tests to results
of other scale model tests (1/3, 1/5 and 1/8) of the same structure
as well as to the full-scale unit,

The 1/10 scale structure was a 4-foot-wide, 2-foot-long and
1-foot-high explosive storage bay consisting of three walls and a
floor slab with the end wall and roof open (Figure 1), The bay was
constructed to simulate adjoining cells that would exist in an actual -
manufacturing facility, Both the bay dimensions and the diameter
of the reinforcement were scaled linearly from a full-scale prototype
design, The explosive charge was scaled by the cube-root
relationship,

A total of three tests were performed in the structure and
documented by high speed and still photography. Post-shot
deflection measurements were taken and maps of the crack
patterns were drawn for each shot,

In the first test, the donor charge was a 2-1b, spherical charge
of omposition B, The charge was located in the center of the
cubicle, The damage sustained by the cubicle was very light, The
floor slab in the donor cell received the greatest amount of damage,
The damage to the side walls -~ both the donor and acceptor
panels -~ was negligible, The back wall suffered slightly more
damage than the side walls, A few hairline cracks with one major
crack in the center of the back wail (donor panel) were observed.

In general, the structure withstood the blast load well,

The second test in the same structure irvolved 3,24 lbs. of
Composition B (consisting of three charges weighing 1,08 1b, each),
This test pr¢ 'uced only minor additional damage to the walls,
although the damage to the back wall was more extensive than in the
first test and the previous center crack widened appreciably, In
addition, the tension reinforcement at the base of the donor panel
failed over a length of about three inches measured along the base
of the wall,
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The third test involved five centrally located Composition B
charges totaling 4,25 lbs, The test resulted in extensive damage
to the back wall (incipient failure), The final failure of the structure
was caused by the increased load acting on the side wall which
tended to split the structure in the middle, in addition to the damage
sustained by the wall and the floor slab in two previous tests, The
side walls remained basically intact except for slight failure at the
intersections of the side and back walls in the donor panei,

A pre-test analysis of the back wall of the structure indicates
that the maximum explosive capacity of an interior cell of a
multi-cubicle complex would be in the order of 7,000 lbs.
(Appendix B),




CONCLUSIONS -

Based onthe results of this 1/10 scale bay test (and subsequently
confirmed tests of 1/3, 1/5 and 1/8 bay structures), it was
demonstrated that a reinforced concrete cubicle type structure when
designed in the prescribed manner will withstand the blast output of
relatively large quantities of explosives,

For the cell dimensions and charge location considered, the bay
structure design is adequate for explosive capacities in excess of
5,000 lbs, in a full-scale arrangement,

The use of heavily reinforced concrete in combination with sand
fill (composite construction) appears to be an effective means of
confining the blast effects of large explosive quantities in explosive
operating facilities,

The use of diagonal shear reinforcement was demoenstrated as an
effective means of tying the reinforcing within the concrete thereby
fully developing the ultimate capacities of the steel and the concrete,

Reinforced concrete haunches (Figure 2) tend to reduce multiple
blast pressure reflection build-up in the corners of cubicle type
structures thus reducing the formation of additional excessive local
stresses in areas of high stress concentrations,

The results of this test (and those of larger scale models of the
same structure) indicate that the use of scale model tests appears !
to be an economical means for predicting the results of full-scale
tests,

The most likely cause of the major cracks formed at the center
of Wall 2 (back wall) was a combination of three distinct actions of
the structure:

1. Vertical downward motion of the back wall due to
settlement of the underlying earth fill,

2, Horizontal bending action produced at the base of
the wall (pedeatal) by the blast load acting normal
to the surface of the wall,

3. Tension stresses created in the back by the
outward motion of the two side walls,
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BACKGROUND

Picatinny Aisenal, acting under assignment by the Armed
Services Explosive Safety Board (ASESB), is engaged in an
extensive systematic testing program -- the utlimate objective of
which is the establishment of design standards to be employed in
the engineering of new explosive storage and explosive manufacturing
facilitics as well as in the modification of similar existing facilities,
Ammann & Whitaey, under contract to Picatinny Arsenal, is
providing technical assistance on structural problems of the program.

At present, this program is being conducted on the basis of
scale models with major emphasis directed toward the study of
reinforced concrete for use in cubicle type structures, Model tests
utilizing other types of structural materials also are incorporated
in the program,

As a part of thi »rogram, several apprbaches were utilized to
acquire information from relatively small models {(as small as 1/10
scale) to determine the structural capabilities of cubicle type storage
and manufacturing facilities, These approaches included the testing
of components of cubicle type structures (slab t=sts) as well as the
testing of overall cubicle arrangements (complete cubicles).

Objectives of thic test series are to:

1., Establish ''model factors' that will relate the test
results of model structures to those of their
prototypes (full scale) and to each other,

2, Evaluate the explosive handling (storage or
manufacturing) capabilities of specific cubicle
arrangements,

Primarily this report deals with a particular cubicle
arrangement and specifically a 1/10 scale model on which testing
was performed during July and August 1965, at Bear Swamp Test
Area, Picatinny Arsenal, '

Tests also have been performed on 1/3, 1/5 and 1/8 scale
models of the storage bay structure, Results of these tests will be
covered in'a separate report, A full-scale bay will be tested after
analysis of the scaled test results is completed,




DESCRIPTION OF PROTOTYPE BAY STRUCTURE

General

In conformance with the criteria prescribed by the ASESB the
arrangement of the prototype structure is designed to represent
adjoining cells that would exist in an actual explosive manufacturing
facility (Figure 1), All structural components are constructed
exclusively of reinforced concrete and consist of a floor slab, back
wall and two side walls, The front and the top of the structure
remain open to the atmosphere, The overall interior dimensions
of the prototype cubicle are:

Length,....40 feet, 0 inches
Depth,.....20 feet, 0 inches
Height,....l10 feet, 0 inches

The walls of the structure are built in a composite (sandwich)
construction fzaturing two reinforced concrete panels separated by
a sand fill, each wall having an overall thickness of eight feet
(Figure 2). For all three walls of the structure, the cross-section
is identical -- a 2-foot-thick '"donor panel, ' a 4-foot-wide "cavity"
loosely filled with rounded sand and a 2-foot-thick "acceptor panel,"
In the side walls, closure of the sand cavity is provided by an ""end
panel,'" At the intersection of the side wall and the back wall a sand
filled cylindrical cavity extends to the ''pedestal,’

At the exterior of the bases of all three walls are reinforced
concrete ""haunches, ' 2-feet-high x 2-feet-wide. Although these
haunches are monolithic with the base slab, they are isolated from
the walls by means of a 1-1/4-inch-thick rubber base 'filler,"

Separating each concrete panel of each wall at the base are
reinforced concrete pedestals, . However, unlike the haunches,
the pedestals are connected by reinforcing steel both to the
concrete panels and to the floor slab, thereby forming a ''tie beam."
The sand fill is situated immediately above the pedestal,

Adjacent to the walls is the peripheral floor slab which has a
thickness of two feet and surrounds the l1-foot-thick central floor
slab. The transition between the two thicknesses is accomplished
by an intermediate taper,

11
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Reinforcement

High strength billet steel bars conforming to ASTM Specification
A-432 are used throughout for reinforcement of the concrete, The
main horizontal and vertical reinforcement in both the back and the
side walls consists of 1-1/8-inch-diameter bars and is identical at
both surfaces of each panel (Figure 3), As is the case with the
horizontal reinforcement, the adjacent vertical bars in the walls are
tied together by means of diagonal shear reinforcement having a
diameter of 5/8-inch, The shear reinforcement in the vertical
direction is continuous almost over the lower half of the wall height
whereas the shear reinforcement in the horizontal direction is
continuous over the entire wall length, In the peripheral floor slab
the reinforcement is identical to that utilized in the walls -- 1-1/8-
inch-diameter bars, On the other hand, in the central floor slab
only minimum reinforcement of 1/2-inch-diameter bars is provided.

Basis of De siﬂ

The basic concept of this structure differed from those used
previously in that a substantially larger amount of reinforcing
steel was provided and this augmented reihforcement was completely
developed by a shear tie system, Another variation in this design
consisted of full development of the reinforcement by the use of a
floor system that was the structural equivalent of the walls, These
features (together with other advanced characteristics) permitted
the realization of a structurally sound and unique design,

Sandwich type wall construction of the proportions incorporated
in the prototype affords efficient inexpensive absorption of blast
energy by reason of the large volume of low cost sand utilized in
the cavity between the donor and the acceptor panels (Figure 2).
Although the sand adds inass to the structure, its primary purpose
is to assist the concrete panels in absorbing and redistributing a
portion of the blast impulse, This action results from the high
energy absorbing capacity of sand -- particularly of sand composed
of rounded particles -- due to the force required for compacting the
sand and displacing the individual particles toward the adjacent
interstices ancd redistributing the blast energy through the various
points of contact among the sand particles,

The pedestal or tie beam is provided at the base of the wall
to tie the donor panel to the acceptor panel at the base and at the
sides -- ensuring a completely monolithic wall,

12
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A non-integral haunch or curb was included at the base of each
wall panel to prevent a build-up of the reflected pressure due to the
blast, In this design a resilient filler was inserted between the
vertical face of the haunch and the wall panel to cushion the load
acting on the haunch and thus reduce transmittal of the load to the
pedestal, However, this filler was eliminated after the first 1/10
scale bay was built because of construction difficulties,

At the base of each wall panel a lip provides anchorage for the
vertical reinforcing bars in such a manner that both panels act
monclithically with the floor slab, In addition, construction is
facilitated by the lips in that they serve as a means of suprort for
the vertical reinforcement,

Closure of the sand cavity in the side walls is the principal
purpose of the end panels, However, by reason of their shear
action these panels also provide a certain amount of supplementary
strength to the side walls,

A cylindrical cavity is provided at the intersection of the side
wall and the back wall to prevent concentrations of stress at that
area,

Extending a predetermined distance from each wall is the
peripheral floor slab having the thickness required to develop the
full strength of the wall, The thickness of the central floor slab
ir only 50% that of the peripheral slab, not only to reduce
construction costs, but also to permit the load to be borne partially
by the underlying soil and not solely by the walls,

In addition to the main horizontal and vertical reinforcement
(Figure 4), all three walls contain diagonal shear reinforcement
(Figure 5) so designed as to impart shear strength to the individual
panels, Furthermore, the shear reinforcement ties the main
reihforcement together thus preventing tension failure of the
concrete (Figure 6), Vertical shear reinforcement is located in
the region of high shearing forces along the floor slab supports
and is discontinuous in the area of nominal shear stresses,
Horizontal shear reinforcement is situated in the upper portion of
the panel where the shearing stresses are greatest, 3

The method of calculating the maximum capacity of the back
wall of this structure is given in Appendix B,

14
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DESCRIPTION OF TEST STRUCTURE

For this test, the structure was a 1/10 scale model of the
protctype cubicle (Figure 7 and 8!,

For determining the siz- of the test specimen, the Geometrical
Scaling Method was used {Xeference 1), Both the dimensions,
reinforcemert and conc:ete aggregate of the test structure were
scaled in accordance with the size of the model, The dimensions
of the structure as well as the sizes and spacing of the reinforcing
bars were varied in direct proportion to the sc~ling factor of the
model; howeves, the area of reinforcement was scaled as a
function of the square of the scaling factor, If,.as was inevitable
in certain instances, the exact scaled bar sizes and spacing could
not be provided in the model because the particular wire sizes
required were not available, the sizes and the spacing were so
adjusted as to furnish the proper scaling of the reinforcement area
and thereby maintain the correct scaled strength of the structure,
The sand used in the cavity was the same grain size and type specified
for the prototype.

The overall interior dimensions of the model were:

Length.....4 feet, 0 inches
Depth......2 feet, 0 inches
Height,,...l foot, 0 inches

The walls consisted of a 2-7/16-inch donor panel and a 2-7/16-
inch acceptor panel separated by a 4-3/4-inch cavity loosely filled
with sand having a density of about 80 lbs, per cubic foot,

The peripheral floor slab was 2-7/16-inch-thick and the central
floor slab was 1-3/16-inch-thick,

Reinforcing bars were of cold drawn steel wire (AISI C-1040)
that was annealed to simulate the mechanical properties of the high
strength bars utilized in the prototype, The main horizontal and
vertical reinforcement consisted of No, 1-1/2-gage wire (0, 12-irch-
diameter),

19
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DESCRIPTION OF TEST SET-UP

General
Each test set-up comprised three components:

Test structure
Donor charges
Photographic coverage (both still and motion pictures)

The same structure was tested three times with successively larger
donor charges and the photographic coverage was mcdified as
experiences dictated, Figure 9 illustrates the preliminary layout of
the test facility, '

Donor Char ges

Charge weights were varied in the successive rounds of the test,
In the first round, the weight of the charge was a scale model of the
2,000-1b, prototype or 2 lbs. In subsequent rounds the charge weight
was established on the basis of the damage sustained by the test struc-
ture in the preceding round, Properties of the donor charges are in
Table 1,

All charges were bare spherical Composition B explosive,
Initiation of all charges was accomplished at the center of the sphere

by means of engineer's special blasting caps placed in a radial hole
drilled to the center of the charge, In all cases the detonator side of
the charge was placed away from the back wall of the structure,

In Round 1 the charge consisted of a single sphere (Figure 10)
whereas several spheres arranged in clusters were used in Round 2
and 3 (Figure 11), In all cases the centroid of the explosive was
located at the center of cubicle -- midway between the side walls, one
foot from the back wall and six inches above the floor slab, In those
rounds where the cluster arrangement was employed the individual -
charges were placed in a plane parallel to the back wall, In the third
round, the Jarge charge was placed closer to the floor slab, Here
again this type of arrangement was selected for the purpose of
directing the path of the reflected shock wave formed at the interfaces
of the various charges towards the top of the structure,

Figure 12 illustrates the charge arrangements used in all:three
rounds,

23
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Photographic Coverage

Two types of photographic coverage of the tests were used:
still photography and motion pictures., The still photographs
recorded both pre- and post-shot test arrangements and results,
The motion pictures were employed principally to determine the
damage characteristics of the test structure including fragment
velocities and fragment distribution, Camera layout and speeds
are indicated in ¥Figure 13,

Two basic motion picture arrangements were employed
{Reference 2):

The backboard method
The rear wall viewing method

The primary purpose of the first method was to determine fragment
velocities and the second method recorded the manner in which the
test structure was damaged.

To assist in the viewing of the rear surfaces of the walls, flash
shields were utilized tc restrain the gases, smoke ahd dust formed
by the explosion,

In thé case of the back wall, a steel tunnel arrangement was
employed to provide a seal around the edges of the wall, The
sealing was accomplished by a series of steel plates (part of the
tunnel) resting on the top and against the sides of the walls (Figure 14).
To reduce the accumulation of dust the contact surfaces of the plates
and the walls were coated with grease,

Shielding of the side walls was effected by means of Celotex or
plywood sheeting that extended above and beyond the walls thereby
producing a longer path over which the smoke and dust were
required to travel above or around the walls (Figure 10 and 15),

29
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TEST RESULTS

Description of Damage

.Round 1 (W = 2 'bs,) -- Slight damage was sustained by the
structure as a whole although certain sections suffered more than
others (Figure 16), As expected, the floor slab in the donor cell
sustained the greatest amount of damage and the donor panel of
the back wall exhibited somewhat less damage, The damage to the
donor panels of the side walls was substantially less than that
sustained by the back wall, The tie beam at the base of the back
wall was subjected to slight damage and the damage to the tie
beam was slightly less than that of the floor slab in the cell at the
acceptor side of the back wall, All other portions of the structure
remained iutact,

Figure 17 and 18 are a plan view and elevations, respectively,
of the damage sustained by the test structure,

Floor Slab -- The main damage to the floor slab of the donor
cell occurred near ground zero, Spalling of the slab surface took
place directly below the charge while slightly greater damage to the
floor slab occurred closer to the back w..ll (Figure 19). At this
latter section, the concrete cover was displaced and the reinforce-
ment was exposed at the inner:edge ‘of the thiriner portion of the slab.

Generally, the floor slab digplayed a circular pattern of cracking
that followed the dishing action of the slab, The circular cracks
were mainly hairline in nature except at the periphery of the damage
where the cracks varied from 1/32- to 1/8-inch in width, In addition,
some larger cracking was evident: at the intersection of Wall 2 (back
wall) haunch and the floor slab indicating displacement of the floor
slab away from the walls (Figure 17). The total length of the haunch
cracks was about one foot and the cracking straddled thz center line
of the cell,

Figure 20 is an overall view of the damage sustained by the floor
slab,
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SECTION A-A
WALL NO. 2- DONOR PANEL, DONOR SURFACE
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SECTION B-8

WALL NO. 2 - ACCEPTOR PANEL, ACCEPTOR SURFACE

FIGURE 18
DAMAGE TO STRUCTURE - ELEVATIONS - RC
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SECTION C-C
WALL NO. |-DONOR PANEL, DONOR SURPACE
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SECTION 0-0

WALL NO. 3- DONOR PANEL DONOR SURFACE
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Wall 1 -- Slight damage was sustained by the donor panel of
Wall 1 whereas there was no damage to the acceptor panel
(Figure 21), On both surfaces of the donor panel, the major
portion of the cracks were hairline in size, On the donor surface
the general pattern of the cracks was circular and started in the
upper corner at the inersection of Wall 1 with Wall 2; from there
the cracks proceeded downward toward tke center of the wall
near the top of the haunch and then extended upward toward the top
corner of the wall at the open end of the structure, The circular
pattern indicated that a certain amount of support was afforded by
the end panel which acted as a shear wall and as a compression strut
in transferring a portion of the donor-panel load te the acceptor
panel (Figure 22), Only minor cracking of the end panel was
evident at its intersection with the donor panel,

The major damage to the donor panel of Wall 1 occurred at the
top of the wall adjacent to its intersection with Wall 2 (Figure 18
and 22), In this instance, 1/16- and 1/8-inch-wide cracks were
formed by the relatively large stresses developed at the inter-
sectional area, In addition, continuous hairline cracks were
created along the support ends of the donor surface of the donor
panel -- at its juncture with Wall 2 and at the haunch (Figure 18),
Straining of the donor surface reinforcement (tension reinforcement)
was the cause of the hairline cracking.,

On the acceptor surface of the donor panel there appeared a
series of vertical hairline cracks extending from the top of the
panel to its base in the vicinity of the interior third point of the
panel, This cracking was indicative of positive straining of the
horizontal reinforcement on th.s face of the panel,

Wall 2 -- As anticipated this ‘wall received the most damage
(Figure 23), Both the donor and the acceptor panels were
damaged, thc major portion being sustained by the donor panel.

The crack pattern of the donor surface of the donor panel was
similar to that of the donor panel of Wall 1 (Figure 18 and 23). Iu
this case the cracking commenced at each of the upper corners
where the back wall intersects the two side walls and proceeded
diagonally downward towards the center of the wall near the haunch.,
This patternu is typical of panels supported on three sides (two side
walls and the floor slab) and free on the fourth (top of wall), The
widths of the individual cracks varied from hairline near the upper
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portion of the panel to 1/32-inch near the lower section of the wall,
the larger cracks being definitely due to the cantilever action of the
wall at that point, In addition, a 1/8-inch-v:ide horizontal crack,
about one foot in length, was formed at the top central portion of
the panel at the upper limit of the panel reinforcement and was the
result of the spalling that occurred at the top corner of the acceptor
side of the donor panel. As in the case of Wall 1, hairline cracks
were evident along the perimeter of the panel supporte also
regulting from the straining of the tension reinforcement,

On the acceptor surface of the donor panel, vertical hairline
cracks extended the full height of the panel at the mid-span of the
wall and were the result of the straining of the horizontal reinforce-
ment (positive reinforcement) at this face of the panel,

The main feature of the damage sustained by the acceptor panel
of Wall 2 was a 1/32-inch-wide crack near the center of the wall,
The crack extended vertically from about six inches beluw the top
of the wall to both of the wall haunches and continued through the
floor slab of the acceptor cell of the structure and also through the
tie beam separating the donor and acceptor panels at the base of the
wall (Figure 17, 18 and -24). In a like manner several auxiliary
cracks appeared parallel and adjacent to the main crack and were
of the hairline type.

It is theorized that the cracks in the back wall acceptor panel
and those in the floor slab of the acceptor cell may have resulted
from the horizontal bending action (of the floor slab and the tie
beam at the base of the wall) produced by the load applied to the
face of the wall proper. However, the settlement of the center of
the wall (caused by the floor slab load) relative to the ends of the
wall may have produced tension cracks in the lower section of the
wall, At this time it is believed that the settlement of the wall was
the more significant of the wwo factors,

It will be seen later that this damage sustained in the acceptor
cell of the cubicle was an important factor in the collapse of Wall 2
in subsequent rounds,

Wall 3 -~ Of the three walls under consideration this side wall
incurred the least damage (Figure 25)., As in the case of Wall 1,
only the donor panel of this wall was damaged with the acceptor

panel remaining intact, Little damage was sustained by the end panel,
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The crack pattern of the donor surface of the donor panel was
similar to those of Wall 1 and 2 -- circular in nature and
extending from the upper corners of the wall to the lower central
section (near the haunch) of the panel, All cracks were of the
hzirline variety, As in the case of the other side wall the effective
restraint of the end panel of the wall was evident from the
conformation of the crack pattern (Figure 26), Also fissured were
the sections of panel adjacent to the panel supports,

Like that of Wall 1, the acceptor surface of the donor panel of
Wall 3 displayed vertical hairline cracks extending the full height
of the wall; but unlike Wall 1, cracks were spread over a large
area of the wall (Figure 18),

Round 2 (W= 3,24 lbs,)-- In this round, the structure suffered
greater damage (Figure 27), This included failure of the floor
slab, deformation of the back wall donor panel, slight deflection of
the side wall donor panels, and no fissuring whatsoever of the side
wall acceptor panels,

Figure 28 and 29 are plan views and elevations of the damage
sustained by the structure,

Rupture of reinforcement, fragmentation of concrete and complete

collapse (Figure 30) were the chief types of damage sustained by the

thin, central portion of the floor slab, Extensive cracking was evident

in the thick sections of the slab adjacent to the side walls and also in
the haunches of the walls {Figure 28),

On the side walls, damage was more marked on the donor panel
of Wall 1 (Figure 31) than on the corresponding panel of Wali 3
(Figure 32), the bulk of the damage being light cracking and small
spalled areas in the proximity of the back wall, Deflections of the
donor panecls were substantially similar jn magnitude -- in the order
of 1/4 inck, Although the end panels exhibited several scattered
fissures, the acceptor pancls displayed no damage whatsoever
(Figure 31 and 32),

Damage to Wall 2 was very extensive in the donor panel (Figure
33) and relatively light in the acceptor panel (Figure 34)., Reinforce-
ment was bared over a considerable area of the donor surface of the
donor panel and over more than 50% of the top surface of the same
panel (Figure 33), Extiensive cracking was visible throughout the
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donor panel but only one principal crack appeared on the acceptor
parel; however, the latter crack which had a width of 1/2-inchnot
only traversed the haunch but also extended through the full
thickness and length of the floor slab of the acceptor cell.

Deflection of the back wall was proportionately much greater
than that of the side walis since the deformation of the acceptor panel
exceeded even that of the donor panels of the side walls, A
pronounced displacemeat of 1-5/16-inch was displayed by the back
wall donor panel (Figure 35) but deflection of the acceptor panel was
only 1/2 inch (Figure 36),

Round 3 (W = 4,24 lbs,) ~- This round greatly amplified the
relatively minor fissuring observed in the preceding rounds
particularly in the back wall acceptor panel and in the end panel
of Wall 3 (Figure 37), Crumbling of the floor slab occurred in
this round as did severing of the back wall donor panel,

Further fragmentizing of concrete and fracturing of reinforcing
occurred in the central portion of the floor slab and in the
contiguous haunch to such an extent that a crater was created in the
soil supporting the structure (Figure 38), On the other hand, except
for some superficial spalling, little additional damage was sustained
by the remainder of the slab,.

Although deflection of side Wall 1 was greater than of side Wall
3, the damage sufferec by Wall 3 was significantly more serious in
that 50% of the end panzl was demolished (Figure 37) and extensive
spalling was evident at the top of the donor panel (Figure 39 and 40).
Despite the fact that the donor panels of both side walls manifested
consideratble cracking the acceptor panels remained entirely free
from ary indication of degradation (Figure 39 and 40),

However, the opposite phenomenon prevailed in Wall 2 both in
the donor panel (Figure 41) and in the acceptor panel (Figure 42) --
each of which was breached along the vertical center line, In this
round, the deflection progressed more than five inches (Figure 41),
At the top of the acceptor panel, the slight 1/2-inch deflection of
the preceding round {Figure 76) was increased to 4-1/2 inches
(Figure 43), Spalling and ruptured reinforcing were widespread in
both panels,
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Deflections of Walls and Floor

Floor slab deflections and back wall deflections were
increasingly severe as testing progressed and were generally
symmetrical about the transversal center line of the structure,
Side wall deflections were relatively minor throughout the testing
and were not symmetrical with respect to both the transverse and
the longitudinal center lines of the structure,

Figure 44 is a plot of the permanent deflections recorded
along the longitudinal center line of the floor slab, Plotted in
Figure 45 are the permanent deflections measured along the top of
the donor and acceptor panels of the back wall, Relative donor
panel deflections of the side walls are plotted in Figure 46,
Contours of all recorded deflections are indicated in the various
views of Figures 47-49,

In Round 1, deflections were limited to the central floor
slab and to the donor parel of the back wall and the donor panel
of one side wall, Although deflection of the floor slab attained
1-7/8 inches, deflection of the walls was less than 1/4 inch.

In Round 2, deflection of the cenfral floor slab increased
twofold, and the peripheral floor slab exhibited slight deflection,
Displacement of the back wall extended to the acceptor pa.ael where
a deflection of 1/2 inch was recorded, Side wall deflections were
more widespread but nevertheless limited to 1/4 inch,

In Round 3, deflection of the central floor slab increased
considerably whereas the peripheral floor slab remained substan-
tially unchanged, Both the donor and the acceptor panels of the
back wall were severly deflected, However, deflection of the side
wall donor panels augmented only slightly and deflection of the
acceptor paaels remained imperceptible,

Fragment Velocities

Although fragmentation of the floor slab occurred at the outset
of testing it was not until Round 3 that any wall surface was
sigrificantly fragmentized, Wall fragmentation occurred chieflyin
the back wall between the vertical reinforcing bars situated at the
section of failure, Table 2 indicates velocities attained by fragments
propelled from the back wall during Round 3, Maximum fragment
velccity was 81 fps and cverall average velocity was 74 {ps,

66




(sayour) uordaryag

C —~ N N ¢ un O -~

{sa¥yHur) uonyoarisg

O =~ o ¥ on 0 I~

(seydur) uonodaryaQg

g T % -
3324 saoal 38 faacd sl ) saaue 1 HHH 1 I 7

m . + 184 Ragae s 1 11 | B T by { b
SEas Be [ 13 e Wm ! 1 1T 1 at t T

S 2e8ss | — I B -~ T g s

5387 (BeasEasananses sesad (M~ sasassanas sRanan T HHH

B isads o +HHT .m...” cluva i s I H11 (] A

I i

8 884 e ,.T.._Tr:.l - .-..Tr.um. -

i Saa = 16a shade sl E . I : !

8 $o5d g 48 gasas sy Seus aam 1 ] 385 5848 T 1

545 , S O = b : .

4 N s R FanE L

V\m . S H.m - Sy = ;- b t 4t [ =1 .

£ asanast o H asi siatatigadaadaaas

s ! +H 1 HHET .

Bt T oy 8 1 gas SHEHHE mas

- O + o ¥ 1 + T ] 11 SuEEs g8 - s B8 DR

- e s e Sah hae 4 - + + I It .

r + B8 Sons bal"lou nisd 84 I s Shea paEs B

P " SR8 SR L1l ¥ L1+ + S I 18 B I

T 2 [Peengq s ] - 11+ 1 HHH .

- -t au 1 IT 1 1+

o VG pHE A Qe ™ sees o a8

43, 353 132221 Ya2s S3as SO =paess setss saaats: 1 : £33, SR28 2332823 Y

- i B L . 1 yREas

e - 1 L1 — 1 ] B8 - ] - 4

2 8322¢ 12, e b &L jasas sl cat N H : N e

Het 12 apuns sneng sgl esns sunsd sl pu s : +H - 115 T AHEH Sps smonsiihs

Tt T332 322 : ofH = oHH as=ai & saSses 2e8at 2232 & t 3.

2 pa & 233828838 . T sue r smave sEsEe BESEY puBaE DR L o

SiSasy isuSs S I (111 : sa .
SRR SRS R e AR : 'z e _ 81

-4 - ag ses = BEs 18 5 ! Nf

S 13323 138 u#r seoggsuw. H obH ppam: o . E wpy i T . ? . T -

3 daga: : HHT THT H oHH garas golaas 888 THT i ks

822224 (22210 Loty {335, 1 {=lese 1 t T + ©1
e EEs e [Eaes b IDOED B pE i} : i3 .

|3 sudes isean & B .v“vr_lﬁ.frr s [o] 888 AT, wﬂ.......l 1 T T +11 T + 37

LR Sunes egssa u THH .Ruwu ¥ HHH H Rﬂnn H trrfe 81 HT (o154

s sone jssnaas seuss rEen; - o HT : - . 1 1 1 : -

r ISRgs ¢ B B vmm ._T". T IEEEl SUUBE N * it - M 8 T T T - Ral.
ISass & Bt qetan fousd Jlrm 54 EgS spancan 1 1 T 11 1 . ++ 3 m + inass
PERS {60 ks ) 1 ' 1 i ++ -

I . aman o FiH T e I INSS: 15088 GEERS AASAE BIERE D" 488 BB I ysae Hlaey
I_L.r t +—+-4 T.ﬂll—lwv fovosderbrttt 1.1 L3 jwrum - -

3 $388s raazr dnsedasasdssanantend ins gEssssss 35 BS3: $2338 SEENE 3332 2374 £30TT L2282 LS, 3:

8 58604 rane' SEEEE RSB HM: L En e [ q.! S0 SHeY T v s —f-r+ e

R ESa8s sot SSA% ISRN) b . 18 g T - 1 BaRRE Saaa/

g 85283 t0e' 3 fasssisss .w usaq §9584 o _ HIE 1 : = =
j2ans 180 if fanae s880a 8404 A H o2 t =asa H HHH _ 11 . spa
- P B, = o IS Sas DeeRs sanen S+ 1 » e
— " : aadEl IR AAS0 ; - HH
S331 IF dRcicEicEaEISERbIREERCEECINLIS HIE 59 I I . : EIESIRSIIBEI:IRIEEISaNinsaisaim
I A R L Ll SRR R prer e bk edt L 1 3 1 - HH . t
sgmae o Bea b vone pasnnasue: + t 1 3 : = }o5aamnns =t 25¢ donen senbe

Heer - a0 SUBEs SEEE SBORe saaN & mﬂ‘ H oS asd _mr IET § T [l R EE Fe i a SaREE B8 .

3 Baans ISt Soats SHIES A8 n LT EEE 8 11T 1 T 1 1 -
$221 § 1398 $9994 22352 $3982 15009 25 T - HTH B 3 T
sasus ' pussenys pEEEa pewEs sEy TR DT BT =g * = .
Hrr H |3 BRSSE SEESS F508: S ah R84 ,mr LR R e " AREES SANse 2 - aind Bot 1

149 sAESE SER04 fuoal as ” 5
jasSe ;egas seesdsnass gaake sesns sans spass suda; H e HH T HN T H 1
ot sas H R £33

H e nunf ea et e b P e e Ry  f e 1H + ._»

r HH: 9@ e ban s nad 88 BEBES BEHa¢ i + I 1 B i

1994 38954 10T 20501 24904 55004 panal G889 § 84 HH T 1 T Rl LR I i atasaans
L 4 1 1 IEE TSN ERTBE 5 o

FIGURE 44
FLOOR SLAB -- PERMAMENT DEFLECTIONS
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FIGURE 45
BACK WALL -- PERMANENT DEFLECTIONS

MEASURED ALONG TOP OF PANELS
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