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ABSTRACT

Blast-resistance tests were made during Shot 9 on various types of wall panels and
interior partitions. Buildings 3.29a, b, c, and dwere rcctanguiar test cells, open at the
front and rear, ha-,Ang reinforced-concrete floor slabs, roof slabs, and dividing walls.
Windowless test wall panels were built into the cell openings of Buikilag 3.29a and 3.29a
for the full height and vidth. The cells of Buildings 3.29b and 3.29d contained Interior
test partitions of many types and were enclosed with windowed masonry walls in front
and solid masonry walls at the rear. Two ranges were selected for each of the building
types, one at about 4.5-psi peak side-on overpressure and the other at about 7.5-psi peak
side-on overpressure, in order to bracket the collapse overpress -re levels for the stand-
ard construction of the test panels and partitions.

The test was originally planned for comparative purposes. Subsequently, it became
possible to provide some instrumentation, but not enough for a detailed analysis. Interior
pressures were not recorded and the rear wall loadings had to be estimated for the anal-
ysis. The orientation of the cells to the shot was not as expected, possibly affecting the
results to some degree. Laboratory tests of the component wall materials were not com-
plete, and estimates had to be made of certain of these properties. Also, variation in the
quality of construction of the test wall panels probably affected the results.

Numerical integration was used for computation of wall response. Adjustments were
made to the unknown variables to correlate the theoretical and observed results.

Motion picture records were obtained at a rate of 64 frames per second, and selected
frame sequences are inclucad. The heavy dust conditions made many of the pictures
unusable.

Table-8.8 lists estimated maximum overpressure levels for collapse of panels con-
structed of the various materials as determined from these tests.
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FOREWORD
This report is one of the reports presenting the results of the 78 projects participat-

ing in the MIlitary Effects Tests Program of Operation Upshot-Knothole, which included
11 test detonations. For readers interested in other pertinent test information, reference
is made to WT-782, "Summary Report of the Technical Director", Military Effects Pro-
gram. Thds summary report includes the following information of possible general in-
terest: (1) An overall description of each detonation, including yield, height of burst,
ground zero location, time of detonation, ambient atmospheric conditions at detonation,
etc., for the 11 shots; (2) Compilation and correlation of all project results on the basic
measurements of blast and shock, thermal radiation, and nuclear radiation, (3) Compila-
tion and correlation of the various project results on weapons effects; (4) A summary of
each project, including objectives and results; and (5) A complete listing of all reports
covering the Military Effects Tests Program.
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PREFACE
The purpose of this report is to acquaint those persons concerned with building de-

sign and construction with the relative strengths of various conventional types of curtain
wails and interior partitions exposed to the blast effect of nuclear weapons.

The author wishes to acknowledge the excellent assistance given him in the postshot
evaluation of results by the following men who constitute the Project Evaluation Team:

* * Frederic A. Pawley, Research Secretary, American Institute of Architects; Dr. Linton
E. Grinter, Dean of the Graduate School and Dtrector of Research, University of Florida
(Consultant to the Federal Civil Defense Administration); Dr. Thomas C. Kavanagh,
Chairman, Department of Civil Engineering, New York University (Consultant to the

* * Federal Civil Defense Administration); Abraham S. Neiman, Technical Branch, Engi-
neering Division, Federal Civil Defense Administration; and Joseph B. Byrnes, Technical
Branch, Engineering Division, Federal Civil Defense Administration.

The analysis of the results of these tests and the preparation of Chapters 2 and 3 of
this report were performed by Ammann and Whitney, Consulting Engineers, of New York
City, under contract with the Federal Civil Defense Administration.

Mr. John P. Lynch, Structural Engineer, Engineering Office, Federal Clvii Defense
Administration, reviewed and commented upon the draft of Chapters 2 and 3, as prepared
by Ammann and Whitney, prior to their preparation in final form.
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Chapter I

INTRODUCTION

1.1 OBJECTIVE

The purpose of these tests was to obtain a measure of the effectiveness of curtain
walls and partitions commonly used in conventional, framed building construction in re-
sisting blast pressures acting normal to the wall and partition surfaces, and to confirm
predictions as to the resistance and the response of typical walls and partitions to the

blast pressures produced by nuclear explosions. A more definite knowledge of the be-
havior of such curtain walls and partitions under blast is of great value to all persons
concerned with building design and construction and, specifically, will serve as a guide
in the planning of more effective blast-resistant buildings.

1.2 EXPERJMENT DESIGN

These tests were, basically, a portion of an extensive program for the test of struc-
tures exposed to nuclear blast prepared for the Federal Civil Defense Administration in
March, 1952, by Amma:m and Whitney, Consulting Engineers, New York City, New York.
The Ammann and Whitney designs for the curtain wall and partition tests were modified
to some extent by the FCDA in order to reflect requirements for data developed subse-
quent to the completion of planning and design under the contract.

In outward appearance, the test structures resembled long, low, narrow buildings,
but it should be emphasized that this was in no respect a building test. The tests were
of building components only-namely, curtain walls and partitions. The reinforced-
concrete framework of cells, open front and back, into which the solid curtain walls were
built for test purposes was 303 feet 10 inches in length, 11 feet 2 inches high and 16 feet
0 inches deep. The floor slab was 12 inches thick (8 inches of which was below grade),
the roof slab 10 inches thick, and the cell walls 10 inches thick. The structure was di-
vided lengthwise into 18 cells, 16 of which had an inside width of 16 feet 0 inches, one
12 feet 0 inches and one 20 feet 0 inches. The inside height of all cells was the same,
10 feet 0 inches, and the depth 16 feet 0 inches. The front halves of Cells 16, 17 and 18
of the structure at the near range (Building 3.29c) and Cells 15, 16, 17 and 18 of the
structure at the far range (Building 3.29a) were devoted to tests under Project 3.5. The
use of these cells by Project 3.5 resulted from a mutual effort to eliminate duplication
and effect economies in construction for test purposes.

The reinforced-concrete framework of cells, open front and bacl., into which the win-
dowed curtain walls and partitions were built was similar to that used for the solid curtain
wall tests, except that the length wan 274 feet 2 inches and the depth 20 feet 0 inches.
The structure was divided lengthwise nto 16 cells, one having a 20-foot 0-inch inside
width and all others 16-foot 0-inch. The inside height of cells was 10 feet 0 inches.
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Access was provided between cells by a 2-foot-by-6-inch-by-3-foot 0-inch opening
in each cell wall, with Z-bar and 4-inch timber closure.

One each of the above described test cell structures was located at approximately
6,625 feet from ground zero, and one each at approxirLately 4,400 feet from ground zero,
corresponding to peak overpressures of 4.5 psi and 7.5 psi respectively.

The following types of curtain walls without opening were tested:

12-inch solid brick
8-inch eolid brick
12linch cinder block

8-inch cinder block
4-inch brick and 4-inch cinder block
4-inch brick and 8-inch cinder block
4-inch brick and 4-inch clay tile
4-inch brick, 2-inch cavity and 8-inch cinder block
8-inch reinforced .oncrete
12-inch reinforced grouted brick masonry
8-inch reinforced grouted brick masonry
Corrugated steel
Corrugated cement-asbestos
Precast reinforced-concrete channels

-he following types of curtain walls with opening were tested:

4-inch brick and 8-incn cinder block with 2 windows,
3 feet 2 t/2 inches by 5 feet 4/2 inches

4-inch brick and 8-inch cinder block with 1 window,
10 feet 8% inches by 5 feet 41/2 inchee

4-inch brick and 8-inch cinder block 40 inches high, open above

The following types of interior partitiono were tested:
4-inch cinder block, plastered both sides

8-Inch cinder block, plastered both sides
2-inch-by-4-inch wood stud partitons, plastered both

sides on expanded metal lath
Removable steel glazed partitions
2-inch plaster partition on expanded metal lath

The curtain walls and partitions were tested with several different sypes of edge sup-
port, and the partitions were tested singly and in pairs, with and without doors, and with
orientations normal to the blast and 90 degrees from normal.

The curtain-wall test-call structures were instrumented fo," pressure-time :ecords
on the front and rear walls and the roof. Seventeen of the curtain wall panels were Instru-
mented for displacement-time records and two for time-of-break records. This techni-
cal instrumentation was provided by Project 3.28.1.

The curtain walls without openings were photographed during the test at a speed of 64
frames per second, and ten of the windowed curtain walls were similarly photographed.
This technical photographic coverage was effected with 40 cameras wider Project 9.1.

Complete preshot and postshot still photographic coverage, general and detailed,
was made. General before-and-after photographs of the test cell3 are presented in Fig-
ures 1.1 through 1.16. Detailed results are presented in Chapter 2.

28



Chapter 2

RESULTS
2.1 PRESSURES

The recorded pressure data is shown in Figures 2.1 through 2.7.
The recorded air pressures at the surface level (Figures 2.1 and 2.2), which were

approximately 15 percent lower than theoretical, were obtained by interpolating pressures
obtained by Project 1.1b. Times of rise of about 0.0025 seconds at a giound range of
6,625 feet and 0.0030 seconds at a ground range of 4,400 feet were observed.

Recorded front-wall pressures on the windowless structures (3.29 a and c) are shown
in Figures 2.3 and 2.4. The times of rise on the reflected front-wall records are several

times larger than indicated on the air-pressure records. Another departure from the ex-
pected results was the relatively large time interval between the recorded values of peak
pressure and stagnation pressure (Figures 3.1 and 3.2). Pressure instrumentation was,
unfortunately, not provided for the windowed sti uctures (3.29b and d).

The recorded pressures for the roof of Structure 3.29c and the exterior of the rear
walls of Structures 3.29a and c are shown in Figures 2.5, 2.6, and 2.7, respectively.
Since many of the rear panels remained intact after failure of the corresponding front

panels, pressure instrumentation on the interior face of the rear wall would have been
of great value.

2.2 STRUCTURAL RESULTS

The test results, and as-built information for each of the panels and interior parti-

tions of the 3.29 structures, including preshot photography, postshot photography, and
selected motion picture frames which were taken during the test, are given on the follow-

ing pages (Figures 2.9 through 2.221). Because of the large amount of dust and debris,

the motion picture frames made during the test of the rear wa.llq were of no vdue and

are not included in this report.
The key plans and elevations of the 3.29 structures are shown in Figure 2.8. The

values of maximum deflection for the instrumented panels are given in this section, and
the full deflection records for the corresponding panels are shown in Figures 3.5 through
3.21. The term "fundamental frequency," as used in this report, refers to the lowest
"natural frequency. " As-built construction details for the curtain wall panels and in-

terior partitions are shown in Figures 2.222 through 2.242.

29



6.011

0 4.0-____-__

2.0

TIME OF POSITIVE PHASE - 0 885 SEC

0 0.04 0.08 0.12 0.16 0.20

T IME (SEC.)

Figure 2.1 Air pressure, surface level, range 6,625 feet.

12.0

-8.0 -

w

TIME OF POSITIVE PHASE- 1.02 SEC

0 0.04 0.08 0.12 0.16 0.20

TIME (SEC.)

F'igure 2.2 Air pressure, surface )evel, ravge 4.400 feet.

30



Figure 2.3 Pressure versua time, front, Building 3.29a.

Figure 2.4 Pressure versus time, front, Building 3.29c
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CELL NO. Ia 10' x16' OPENING

6'-o 1

1 DICIC DIRECTION

SECTIONAL PLAN SECTION A-A

DESCRIPTION.
The front and rear walls consisted of 1? in. solid brick with

headers placed every 7th course and mortar joints at the top and
bottom. The south edge had an angle extending from the bottor, of
the roof slab to the top of the floor slab, for a fibre glass
cloth blast closure of the joint. The north edge had dovetail
anchors and a mortar joint.

CONSTRUCTION ERRORS AND OMISSIONS:
The angle at the south edge, holding the fibre glass cloth,

should not have extended above the bottom of the roof slab or be-
low the too of the floor slab.

FIELD DAMAGE NOTES:
There was no observable damage.
The maximum recorded displacement of the front wall was O.7

in.
The measured, pre shot and post shot, natural frequencies of

the front wall were 51.7 cps and 31.2 cpsrespectively. For the
rear wall, the measuied, pre shot and post shot, natural frequen-
cies were 56.0 cps and hl.3 cps, respectively.
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CELL NO. 2a 1O'x 16' OPENING

A

O CINDER SLOC7 DIRECTION
oF

BLAST
"0

s" CINDER OL.OC 4

SECTIONAL PLAN SECTION A-A

DESCRIPTION:
The front and rear walls consisted of 8 in. cinder block with

mortar joints at the top and bottom and dovetail anchors and mor-
tar joints at the side edges.

CONSTRUCTION ERRORS AND OMISSIONS:
Square end, two cell blocks were used instead of the three

cell type. A post test examination indicated that there was
apparently little or no mortar bond at the floor and roof of the
front wall.

FIELD DAMAGE NOTES:
The front wall was blown into the cell with only edge material

remaining in places.
The rear wall was bowed out 1-1/2 in. to 2 in. with a vertical

crack running down the center of the outside face. There was some
diagonal cracking and spalling at the top of the outside face.
The inside face had diagonal cracks extending from the upper cor-
ner and one 2 in. diameter puncture of the inner wall of block.
The wall appeared to be on the verge of failure.

The measured, pre shot frequency of the front wall was 33.4
cps. For the rear wall, the measured, pre shot and post shot,
natural frequencies were 35.9 cps and 28.0 cps, respectively.
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CELL NO. 3o IO'x12' OPENING

4r'" BRICK
S" CINDER ILOCK DIRECTION

OF2o B LAST
0 2

*1 0
.1

11" CINDER $LOCK

SECTIONAL PLAN SECTION A-A

DESCRIPTION"
The front and rear walls consisted of h in. brick facing with

8 in. cinder block backing. Standard brick ties were placed every
6th course and at 4 ft on centers with mortar joints at the top
and bottom and dovetail anchors and mortar joints at the side
edges.

CONSTRUCTION ERRORS AND OMISSIONS
None

FIELD D.MAGE NOTES:
The front wall was slightly spalled, at the top, on the out-

side face.
The rear wall was slightly spalled, at thp top, on the out-

side face.
The measured, pre shot, natural frequency of the front wall

was 42.6 cps. For the rear wall, the meas4red, pre shot and
post shot, natural frequencies were UL.0 cps and 29.8 cps, re-
spectively.
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CELL NO. 4 a Ix20 OPENING

14]

6s- 207

4EICK DIRECTION
V1 " C 1NDER 

O 
7 K 

F

0 LAST

* * a RICK r
GCIODIR 9LOCK

A *J

SECTIONAL PLAN SECTION A-A

DESCRIPTION:
The front and rear wells consisted of 4 in. brick facing with

8 in. cinder block backing. Standard brick ties were placed every
6th course and at 4 ft on centers with mortar joints at the top
and bottom and dovetail anchors and mortar joints at the side
edges.

CONSTRUCTION ERRORS AND OMISSIONS:
None

FIELD DAMAGE NOTES:
The front wall was displaced inward at the top 1/4 in. to

3/4 in. It is probable that all or part of this displacement
was present prior to the shot. The outside face was spalled in
two small spots in the center of the panel. The inside face had
a slight horizontal crack at the mortar joint halfway up for the
center 2/3 of the wall.

The rear wall was slightly spalled, at the top, on the out-
side face.

The measured, pre shot and post shot, natural frequencies of
the front wall were 35.1 cps and 1.P cp-, respectively. For the

15,t rear wall, the measured, pre shot and post shot, natural frequen-
cies were 33.0 cps and 23.0 cps, respectively.
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CELL NO. 50 lO'x16' OPENING

A-
i('- 0" .I

1XICK ,DIRECTION
.CIND.S.LOC, OF A 'L.A

=0 @ LAST

I

4" IIN I L F]
4" €N~frR LOCK

SECTIONAL PLAN SECTION A-A

DESCRIPTION:
The front and rear walls consisted of h in. brick facing with

4 in. cinder block backing. Standard brick £ies were placed every
6th course and at 4 ft on centers with mortar joints at the top
and bottom with an angle bearing on the inz de. The side edges
had dovetail anchors and mortar joints.

CONSTRUCTION ERRORS AND OMISSIONS:
None

FIELD DAMAGE NOTES:
The front wall was 85 percent blown into the cell (oval pat-

tern) with h courses at the top and 3 courses at the bottom re-
maining.

The rear wall had a slight vertical crack on the inside face,
for center 2/3 of height with evidence of debris striking the
wall at the same location.

The measured, pre shot, natural frequency of the front wall
was 32.2 cps. For the rear wall, the measured, pre shot and post
shot, natural frequencies were 30.2 cps and 18.9 cps, respec-
tively.
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CELL NO. 60 10'x16' OPENING

~~16'-0" _

A4-1
D C TDIRECTION

O BLAST

0

A*J

SECTIONAL PLAN SECTION4 A-A

DESCRIPTION,
The front and rear walls consisted of e in. solid brick with

headers placed every 7th course and mortar-joints at the top and
bottom. The side edges had dovetail anchors and mortar joints.

CONSTRUCTION ERRORS AND OMISSIONS,
None

FIELD DAMAGE NOTES:

The frort wall had 2 small spallrd spots in the center of' the,
outsid(, face. The irrier wthe, oi the insidp face, betweer. the
headers was knocked inwar'i 3/8 in. maximwi, at the center of the
panel (L courses of brick 3'-O" lori).

The measured, pre shot and post shot, natural freouenclos of
the front wall were 36.4 cps and 20.0 cps, respectively. For the
rear wall, the measured, pre shot and post shot, natural frequen-
cies were 34.7 cps and 3h.9 cps, respectively.
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CELL NO. 7 IO'x 16' OPENING

~ ~ OIRECTION

£641

12 CINDE DIRECTIONL W.

T141: 1 I'll t il I:1 ~'lI '"'

SECTIONAL PLAN SECTION A- A

DESCRiPTION:

The front and rear walls consisted of 12 in. cinder block
with mortar joints at the top and bottom. The side edges had
dovetail anchors and mortar joints.

CONSTRUCTION ERRORS AND OMISSIONS:
None

FIELD DAMAGE NOTES:,
The front wall was 80 percent blown into the cell.
The rear wall was slightly spalled, at the top, on the out-

side face.
The measured, ore shot, natural freouency of the front wall

was 3P.3 cos. For the rear wall, the measured, pre shot and
post shot, natural frequencies were 4P.4 cps and 44.2 cps, re-
snectively.
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CELL NO. 8 a lO'x16' OPENING

A4-

(SlicKDIRECTION

0 BLAST
0

A4-

SECTIONAL PLAN SECTION A-A

DESCRIPTION:
The front and rear walls consisted of 4 in. brick facing

with L4 in. cinder block backing. Standard hrick< ties were
placed every 6th course and at 14 ft on centers with mortar
joints at the too and bottom and dovetail anchors and mortar
joints at the side edges.

CONSTRUCTION ERRORS AND OMISSIONS:
None

FIELD DAMAGE NOTE-5
The front wall was A percent blown into the cell with

debris evenly distributed.
The measured, pre shot, natural frequency of the front

wall was 26.7 cps, For the rear wall, the uieasur~d, pre
shot and post shot, natural frequencies were 30.3 cps and

25.9 cps respectively.
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CELL NO. 9o IO'x16' OPENING

160- 0"

9 RICKDIRECTION2* CAVITY

Or CINDER BLOCK OF
SLAST

07

2" CAVITY

V CINDER BLOCK

AA-A

SECTIONAL PLAN SECTION A-A

DESCRIPTION:
The front and rear walls consisted of h in. brick facing,

2 in. cavity, and 8 in. cinder block backing. 9 shaped brick
ties were placed every 6th course and at ) ft on centers with
mortar joints at the top and bottom and dovetail anchors and
mortar joints at the side edges.

CONSTRUCTION ERRORS AND OMISSIONS:
None

FIELD DAMAGE NOTES:
The front wall was 65 percent blown into the cell.
The rear wall had a vertical crack on the inside face from

the top, down ?/3 of the wall, at about the center.
The measured, pre shot, natural frequency of the front wall

was 1P.7 cps. For the rear wall, the measured, pre shot and
post shot, natural frequencies were 25.6 cps and 10.9 cps, re-
spectively.
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CELL NO. I0oa I0' x 16' OPENING

SO"RECTION
S.CINSE l LOCK OF

o BLAST

9• e"Clogn BLOCKI 4

A4-J

SECTIONAL PLAN SECTION A-A

DESCRIPTION:
The front and rear walls consisted of 4 in. brick facing with

8 in. cinder block backing. Standard brick ties were placed every
6th course and at 4 ft on centers with mortar joints at the top
and bottom and an angle bearing on the inside. The side edges had
dovetail anchors and mortar joints.

CONSTRUCTION ERRORS AND OMISSIONS
None

FIELD DAMAGE NOTES:
The front wall was slightly spalled, at the top, on the out-

side face with some vertical flexure cracking. There was a slight
flexure opening of several horizontal mortar joints around the
center of the inside face.

The rear wall was spalled slightly, at the top, on the outside
face.

The maximum recorded displacements of the front and rear walls
were l.h in. and 0.15 in., respectively.

The measured, pre shot and post shot, natural frequencies of
the front wall were 47.5 cps and 19.3 cps, respectively. For the
rear wall, the measured, pre shot and post shot, natural frequen-
cies were h2.5 cps and ?5.3 cps, respectively.
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CELL NO. Ito I'ExI' OPEMWG

16-O" _1

17 -

DIRECTION
-40 CINDER BLOCK OF . •"' .A "" d=.'• -7

"0 BLAST

00
40 BRICK

4 CINIR @LOCK

SECTIONAL PLAN SECTION *N-A

DESCRIPTION:
The front and rear walls consisted of 4 in. brick facing with

4 in. cinder block backing. Standard brick ties were placed every
6th course and at 4 ft on centers with joints at the top and bot-
tom and dovetail anchors and mortar joints at the side edges.

CONSTRUCTION ERRORS AND OMISSIONS:
There were poorly filled joints between brick and block in the

front wall. The bond between the front wall and the floor slab
was poor.

FIELD DAMAGE NOTES:
The front wall was 95 percent blown into cell.
The rear wall was spalled on the outside face at the top, for

the center 3/4 of the wall. There was a small outward movement
at the center with a vertical c.ack extending from the top, down
5 courses, just to the right of center on the inside face.

The maximum recorded inward and outward displacements of the
rear wall were 0.42 in. and 0.73 in., respectively.

The measured, pre shot, natural freauency of the front wall
was 21.6 cps. For the rear wall, the measured, pre shot and post

shot, natural frequencies were 28.0 cps and 20.3 cps, respec-
tively.
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CELL NO. 12o 10'x16' OPENING
A-

@ URICK DIRECTION

S CINODR @LOCK OFSA

I@LAST

P0

,al CODER LOCKF 1

SECTIONAL PLAN SECTION A-A

DESCRIPTION.
The front and rear walls consisted of 4 in. brick facing with

8 in. cinder block backing. Standard brick ties were placed every
6th course and at 4 ft on centers. The bottom had a mortar joint
and an angle for bearing on the inside. The top had a 3/4 in.
open joint and an angle for bearing on the inside. The side edges
had dovetail anchors and mortar joints.

CONSTRUCTION ERRORS AND OMISSIONS:
There was dubious bond between the brick and the block and

apparently few brick ties were placed in the wall.

FIELD DAMAGE NOTES,,

The front wall was 75 percent blown in to the cell with 6
courses hanging at the top, and 3 courses at bottom remaining.

The maximum recorded inward and outward displacements of
the rear wall were 0.29 in. and 0.24 in., respectively.

The measured, pre shot, natural frequency of the front wall
was 17.2 cps. For the rear wall, the measured, pre shot and
post shot, natural frequencies were 19.5 cps and 10.8 cps, re-
spectively.
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CELL NO. 13o IO'x16' OPENING

Iun 6 -I

4NSC DIRECTION
4" CLAY TILE OF

$LAST4

SECTIONAL PLAN SECTION A-A

DESCRIPTION.
The front and rear walls consisted of 4~ in. brick facing with

4~ in. clay tile backing. Standard brick ties %ere placed at all
tile joints except at the top and bottom. There were mortar
joints at the toD and bottom and dovetail anchors and mortar
join Ls at the side edges.

CONSTRUCTION ERRORS AND OMISSIONS:
None

FIELD DAMAGE NOTES-,
The front wall was 98 percent blown into the cell with the

bottom corners remaining. Many tiles remained whole.
The rear wall was spalled (not severely) along the top on

the outside face. The inside face had several small punctures,
the size of a quarter in the tile wall.

The measured, pre shot, natural frequency of the front wall
was 35.6 cps. For the rear wall, the measured, pre shot and
post shot, natural frequencies were 36.1 cps and 13.6 cps, re-
spectively.
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CELL NO. 14 a IO'xI6' OPENING
A*-

16'- 0"
I- -

@I \- 91NE CONCRETE 6  DIRECTION
OF -

0 BLAST

8"jNF CONCREj

SECTIONAL PLAN SECTION A-A

DESCRIPTION
The front an-, rear walls ccnsisted of P in. reinforced con-

crete with keyed joints at the top and bottom. Each of the side
edges had an angle extending from the tot of the roof slab to

the bottom of the floor slab for a fibre glass cloth blast clo-
sure of the joints.

COf oSVUCTION ERRORS AND OMISSIONS:
Thp angles, holdini, the fibre cias5 cloth, should not have

extended above the bottom of the roof slab or below the top of
the floor slab.

FIELD DAMAGE NOTES:
There was no observable damage.

The maximum recorded displacement of the front wall was 0.17

in.
The measurel, pre shot, natural frequency of the front wall

was 61.6 cps. For the rear wall, the measured, pre shot and

post shot, natural frequencies were 39.1 cps and 41.6 cps, re-

spectively.
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CELL NO.15o IO'xI6' OPENING

A*-
16' 0"

OUTED @RICK 
DIRECTION

i rEINF. ONCRET& BLAST At I

' 0

AA-

SEC fIONAL PLAN SECTION A-A

DESCRIPTION:
The rear wall consisted of 0 in. reinforced grouted brick.

Continuou"s bars were placed from the wall into the floor slab.
Each of the side edgeF had an angle extending from the top of
the roof slab to the bottcr, of the floor slab for a fibre glass
cloth blast closure of the joints.

CONSTRUCTION ERRORS AND OMISSIONS:
A L-l/L in. recess for hori7ontal bearing of the rear wall

0houll have been provided in the floor and roof slabs. Continu-
ows bars from, the walls into the roof slab were omitted. The
angles, holdin,: the fibre g1ass cloth, should not have extended
above the bottom of the roof slab or below the top of the floor.
FIELD DAMAGE NOTES:

The rear wall was displaced outward at the top from 1/h in.,
at, the north edge, to 3/b in., at the south edge.

The maximum recorded displacement of the rear wall was 0.32.
in.
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CELL NO. 16a I0'xl6' OPENING
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A4 -J
SECTIONAL PLAN SECTION A-A

DESCRIPTION:

The rear wall consisted of 22 gage corrugated metal on struc-
tural steel girts spanning horizontally at the roof level and
mid-height and a structural steel angle spanning horizontally at
the flour level. A 1-1/2 in. opening between the metal and the
bottom of the roof slab was covered with fibre glass cloth for
blast closure.

CONSTRUCTION ERRORS AND OMISSIONS:
None

FIELD DAMAGE NOTES.
The met,al siding was in place but was bowed in from the top

to bottom. The middle girt was sheared off its connection at
the south edge with sheared bolts remaining in the wall. The
bottom angle was ripped loose and tilted back h5O. The top girt
was slightly bowed in.
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SECTIONAL PLAN SECTION A -A

DESCRIPTION:
The rear wall consisted of corrugated cement asbestos on

structural steel girts spanning horizontally at the ro, f level
and mid-height and a structural steel angle spanning h:rizontally
at the floor level. A 1-1/2 in. opening between the corrugated
siding and the bottom of the roof slab was covered with fibre
glass cloth for blast closure.

CONSTRUCTION ERRORS AND OMISSIONS:
None

FIELD DAMAGE NOTES:
All the cement asbestos was broken off with the middle girt

bowed in about 6 in. at the center. The bottom girt anchor bolts
were broken out of the sla" at several points.
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SECTIONAL PLAN SECTION A-A

DESCRIPTION:
The rear wall consisted of precast concrete channel slabs

with the top and bottom bearing against and bolted to angles.
There was a 1 in. gap between the top of the wall and the bottom
of the roof slab. Each of the side edges had an angle extending
from the top of the roof slab to the bottom of the floor slab for
a fibre glass cloth blast closure of the joints.

CONSTRUCTION ERRORS AND OMISSIONS:
The angles, holding the fibre glass cloth, should not have

extended above the bottom of the roof slab or below the top of
the floor slal.

FIELD DAMAGE NOTES:
On the inside face some hair cracks in the edges of the

flanges and cracking vertically down the middle of the webs were
found. In one case a flange was cracked 4 ft vertically down the
inside at about the middle of the flange width.

The measured, pre shot and post shot, natural frequencies of

the rear wall were 24.0 cps and 15.O cps, respectively.

i
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CELL NO. lb IO'K 16' OPENING
A4-1

- DIRECTION
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A *
SECTIONAL PLAN SECTION A-A

DESCRIPTION:
The front and rear walls consisted of 4 in. brick facing and

8 in. cinder block backing. There were two windows in the front
wall, 3 ft 3 in. by 5 ft 5 in. The partitions were 4 in. cinder
block with 3/ in. plaster on each face. The partitions had mor-
tar joints at the top and bottom, and dovetail anchors and mortar
joints at the side edges. The front partition had a standard,
3 ft by 6 ft 8 in., door in the center.

CONSTRUCTION ERRORS AND OMISSIONS:
None

FIELD DAMAGE NOTES:
The front partition had its door torn out and was badly

cracked. It was slightly bowed.
The rear partition was destroyed except for the bottom and

top fillets. The debris was piled 2 to 3 pieces high.
The front wall was spalled at the top on the outside face.

The window frames were bowed in slightly at the cross rail.
The rear wall was marked on the inside face and spalled on

the outside face at the top, north edge.
The measured, pre shot, natural frequency of the front wall

was 36.1 cps. For the rear wall, the measured, pre shot and
post shot, natural frequencies were 36.1 cps and 19.8 cps, re-
spectively.
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CELL NO. 2b I0'x 16' OPENING

00
4 INOgI SLOCK

•0 DIRECTION
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SECTIONAL PLAN SECTION A-A

DESCRIPTION:
The front and rear walls consisted of 4~ in. brick facing and

8 in. cinder block backing. The front wall was 3 ft 4~ in. high.
The partitions were h in. cinder block with 3/4 in. plaiter on
each face. The partitions had mortar joints at the top and bot-
tomn, and dovetail anchors and mortar joints at the side edges.

CONSTRUCTION ERRORS AND OMISSIONS:
There was a poor mortar joint between the top course of the

rear wall and the bottom of the roof slab.

FIELD DAMAGE NOTES:
The partitions were destroyed except for fillets at the top

and bottom. The debris was deposited behind the front partition.
The front wall had a vertical hairline crack, on the outside

face, running from the top to the ground, at the center, with
slight spalling at the bottom. The inside face was cracked ver-
tically from the top to the bottom, at the center.

The rear wall was badly marked by debris on the inside face.
Therp was a I in. gap on the inside face between the top of the
wall and the roof slab for 2/3 of the Joint. The outside face
was spalled at the top and bottom and the upper north edge.I' The measured, pre shot and post shot, natural frequencies of
the rear wall were 4t6.5 cps and 19.2 cps, respectively.
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CELL NO. 3b IOx20' OPENING
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o040 CINDER @LOCK OFSAS
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. .. SECTION A-A

I IA4-11I
SECTIONAL PLAN

a DESCRIPTION:
The front and rear walls consisted o~f Lin. brick facing arnd

8 in. cinder block backing. There were ' wo windows in the front
wall, 3 ft 3 in. by 5 ft 5 in. The partit4ons were 4 in. cinder
block with 3/4 in. plaster on each face. The partitions had mor-
tar joints at the tcp and bottom, and dcvetail anchors and mortar
joints at the side edges.

CONSTRUCTION ERRORS AND OMISSI".' ,T
A post sho, examination indicatti that the mortar was placed

on dirty floor and roof slabs, probaly without wetting causing
little or no bond between the partitions and the slabs. There
was no mortar between ton course of block and the roof slab for
2/3 of the rear wall.
FIELD DAMAGE NOTES:

The partitions were destroyed except for fillets. The dove-
tail anchors were pulled out of the slots.

The front wall had a vertical hair crack in the block above
one window, on the inside face. The outside face has slight
cracks at the joints with the top slightly spalled and bowed in
1/8 in. to 1/4 in. at the center. The window frames were slightly
bowed in.

The rear wall was bowel in 1/4 in. to 1/2 in. at the top and
bottom renter. Nearly all mortar at the top joint of rear
wall was pushed out.

The measured, pre shv and post shot, natural frequencies of
the front wall were a cps and 13.9 cpa, respectively. For
the rear wall the measured, pre shot and post shot, natural fre-
quencies of the rear wall were 50.8 cps and 27.3 cps, respec-
tively.
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SECTIONAL PLAN SECTION A-A

DESCRIPTION:
The front and rear walls consisted of 4 in. brick facing and

P in. cinder block backing. There were two windows in the front
wall, 3 ft 3 in. by 5 ft 5 in. The partition was 4 in. cinder
block with 3/4 in. plaster on each face. The partition had mor-
tar joints at the top and bottom, and dovetail anchors and mortar
joints at the side edges.

CONSTRUCTION ERRORS AND OMISSIONS:
There was no bond between the top of rear wall and the roof

slab.

FIELD DAMAGE NOTES:
The partition was destroyed except for fillets.
The front wall was bowed out 1/2 in. at the top above the

north window. The outside face was spalled at the top edge. The
windows were bowed in slightly. The inside face had a horizontal
crack in the center section 3 joints above the sills.

The rear wall was spalled at the top edge nn the outside face.
The measured, pre shot and post shot, natural frequencies of

the front wall were 33.L cps and 2C.6 cps, respectively. For the
rear wall, the measured, pre shot and post shot, natural frequen-
cies were 58.3 Cps and 31.2 cpa, respectively.
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SECTIONAL PLAN SECTION A-A

DESCRIPTION:
The front and rear walls consisted of 4 in. brick facing and

F in. cinder block backing. There were two windows in the front
wall, 3 ft 3 in. by 5 ft 5 in. The partitions consisted of 2 in.
by h in. wood studs, at 16 in. on centers, with 3/4 in. plaster
on metal lath on each face. The partitions had 2 in. by 4 in.
plates at the top and bottom.

CONSTRUCTION ERRORS AND OMISSIONS:
Dovetail anchors at the side edges were omitted. Anchorage

of the plates to the roof and floor slabs with cut nails was
omitted. The only support was due to the bond of the plaster to
the respective surfaces.

FIELD DAMAGE NOTES:
The partitions were blown over without much movement of the

base and remained in one piece although bowed and cracked badly.
The front wall was spalled at the top, on the outside face,

with the window frames bowed in slightly. The inside face had a
horizontal crack in the center section, at the 4th mortar joint
above the sill.

The rear wall was spalled badly, at the top, south side, on
the outside face. The wall was bowed out at the top from nothing
at the north edge to 1 in. at the south edge. There was a ver-
tical crack from the top to the center at the south 1/4 point on
the outside face. The inside face was covered by the partitions.

The measured, pre shot and post shot, natural frequencies of
the front wall were 33.3 cps and 25.0 cps, respectively. For
the rpar wall, the measured, pre shot and post shot, natural
frequencies were 55.3 cps and 12.7 cps, respectively.
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16-0"

IA

HAUSIEMAN TYPE R,0
TEEL PARTITIONS I DIRECTION

OF.

BLAST

A, **** L
SECTIONAL PLAN SECTION A-A

DESCRIPTION:
The front and rear walls consisted of 4 in. brick facing and

8 in. cinder block backing. There were two windows in the front
wall, 3 ft 3 in. by 5 ft 5 in. The partitions were Hauserman
Type R, steel, partitions vith middle section glazed. There were
four nailed inserts in the end walls and five nailed inserts in
the floor slab.

CONSTRUCTION ERRORS AND OMISSIONS:
None

FIELD DAMAGE NOTES:

The partitions were blown back intact, except for bowing and
complete glass breakage. The bases of the partitions were dis-
placed 2 ft to the rear.

The front wall was spalled at the top on the outside face.
The rear wall was slightly spalled at the top on the outside

face. The inside face was covered by the partitions.
The measured, pre shot and post shot, natural frequencies of

the front wall were 34.2 cps and 21.9 cps, respectively. For
the rear wall, the measured, pre shot and post shot, natural fre-

it quencles were 41.1 cps and 31.5 cps, respectively.
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SEC"ONAL PLAN SECTION A-A

DESCR6' ION.
The front and rear walls consisted of 14 in. brick facing and

P in. cinder block backing. There were two windows in the front
wall, 3 ft 3 in. by 5 ft 5 in. The partitions were 4 in. cinder
block with 3/4 in. plaster on each face. The partitions had
angles at the top and bottom on each face, which were anchored
to the roof and floor slabs. There were dovetail anchors and
mortar joints at the side edges.

CONSTRUCTION ERRORS AND OMISSIONS:

None

FIELD DAMAGE NOTES:
The ront partition was 95 percent destroyed.
The rear partition was 75 percent destroyed.
The front wall was slightly spalled at the top on the outside

face. The window frames were bowed in.
The rear wall was slightly spalled at the top on the outside

face.
The measured, pre shot and post shot, natural frequencies of

the front wall were 38.4 cps and 21.8 cps, respectively. For
the rear wall, the measured, pre shot and Post shot, natural
frequencies were 47.1 cps and 2h.0 cps respectively.
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SECTIONAL PLAN SECTION A-A

DESCRIPTION:
The front and rear walls consisted of 4 in. brick facing and

F in. cinder block backing. There were two windows in the front
wall, 3 ft 3 in. by 5 ft 5 in. The partitions were 8 in. cinde.'
block with 3/4 in. plaster on each face. The partitions had mor-
tar joints at the top and bottom and dovetail anchors and mortar
joints at the side edges.

CONSTRUCTION ERRORS AND OMISSIONS:
None

FIELD DAMAGE NOTES:
The front partition had 2 horizontal cracks and a diagonal

crack on the front face with some cracking on the rear face.
There was some slight displacement of the front partition.

The rear partition had a heir crack at the center of the
front face.

The front wall had a hair crack at the horizontal joint of
the center section above the sill, on the inside face. The out-
side face was spalled at the top. The window frames were bowed
in.

The measured, pre shot and post shot, natural frequencies of
the front wall were 38.2 cps and 23.8 cps, respectively. For
the rear wall, the measured, pre shot and post shot, natural fre-
quencies were 50.0 cps and 47.L cps, respectively.
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SECTIONAL PLAN SECTION A-A

DESCRIPTION:
The front and rear walls consisted of 4 in. brick facing with

P in. cinder block backing. There were two windows in the front
wall, 3 ft 3 in. by 5 ft 5 in, The partitions were 4 in. cinder
block, with standard, 3 ft by 6 ft 8 in., doors placed in the
center, and 3/4 in. plaster on each face. The partitions had
mortar joints at the top and bottom and dovetail anchors and mor-
tar joints at the side edges.

CONSTRUCTION ERRORS AND OMISSIONS:
The roof had a 1 in. overhang over the front wall.

FIELD DAMAGE NOTES:
The partitions were cracked diagonally from the corners and

horizontally. There was no appreciable displacement of the par-
titions but the doors were badly damaged. The front door was
open and the rear door closed.

The front wall was spalled at the top of the outside face.
The inside face had a hair crack in the 2nd joint above the sill
in the center section.

The rear wall was considerably spalled at the top on the out-
side face.

The measured, pre shot and post shot, natural frequencies of
the front wall were 36.3 cps and 26.4 cps, respectively. For the
rear wall, the measured, pre shot and post shot, natural frequen-
cies were 37.5 cps and 2.3 cps, respectively.
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SECTIONAL PLAN SECTION A-A

DESCRIPTION:
The front and rear walls consisted of 4 in. brick facing and

8 in. cinder block backing. The partitions were 4 in. cinder
block with 3/4 in. plaster on each face. The partitions had mor-
tar joints at the top and bottom and dovetail anchors and mortar
joints at the side edges.

CONSTRUCTION ERRORS AND OMISSIONS:
None

FIELD DAMAGE NOTES:
The partitions had vertical cracks down the center.
The front wall was badly spalled at the top and the side

edges on the outside face. The top of the front wall was bowed
in 3/8 in. at the center.

The rear wall was slightly spalled at the top on the outside
face.

The measured, pre shot and post shot, natural frequencies of
the front wall were 54.5 cps and 33.6 cps, respectively. For
the rear wall, the measured, pre shot and pout shot, natural fre-
quencies were 54.0 cps and 51.8 cps. respectively.
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A4-

-6 -0

STD. -0•

DOOR

DIRECTION
.1 -C CINDER OF -
0 BLOCK -

o - - BLAST

SECTIONAL PLAN SECTION A-A

DESCRIPTION:
The front and rear walls consisted of h in. brick facing and

8 in. cinder block backing. There were two windows in the front
wall, 3 ft 3 in. by 5 ft S in. The two partitions (perpendicular
to each other) were h in. cinder block with 3/Li in. plaster on
each face, The rear partition had standard, 3 ft by 6 ft 8 in.,
door near one end. The partitions had mortar joints at the top
and bottom and dovetail anchors and mortar joints at the side
edges.
CONSTRUCTION ERRORS AND OMISSIONS:

None

FIELD DAMAGE NOTES:
The south section of the front partition was destroyed except

for fillets. The north section of the front partition was bowed
slightly toward the front and cracked vertically at the center.

The rear partition door frame, fi nit section, was damaged.
The door was open with the upper panel blown out.

The front wail was cracked on the inside face at a mortar
jcint h cinder blocks up from the bottom in the center section.
The outside face was cracked opposite the crack on the inside
face. The window frames were bowed in.

The rear wall, south section, had a few medium punched holes
into the cinder block cells on the inside face with a vertical
Shair crack at the top right. The outside face was slightly

spalled at the top.
eacThe measured, pre shot and post shot, ntural frequencies of
the rear wall were 37.5 cps and 29.7 cpa, respectively.
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SECTIONAL PLAN SECTION A-A

DESCRIPTION:
The front and rear walls consisted of 4 in. orick facing and

8 in. cinder block backing. There were two windows in the front
wall, 3 ft 3 in. by 5 ft 5 in. The partitions were 4 in. cinder
block with 3/4 in. plaster on each face. The partitions had mor-
tar joints at the top and bottom and dovetail anchors and mortar
joints at the side edges.

CONSTRUCTION ERRORS AND OMISSIONS:
None

FIELD DAMAGE NOTES:
The partitions were destroyed except for fillets. A sectioti

5 ft by 6 ft was hanging at the upper, south edge of the rear
partition.

The front wall was spalled at the top on the outside face.
The window frames were bowed in.

The rear wall had a vertical hair crack at the center, upper
half, on the inside face. The outside face was slightly spalled
at the top and bottom.

The measured, pre shot and post shot, natural frequencies of
the front wall were 3 .6 cps and 27.6 cps, respectively. For

t-11 the rear wall, the measurpd, pre shot and post shot, natural fre-

quencies were 56.7 cps and 33.3 cps, respectively.
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SECTIONAL PLAN SECTION A-A

DESCRIPTION:
The front and rear walls consisted of 4 in. brick facing and

F in. cinder block backing. There were two windows in the front
wall, 3 ft 3 in. Ly 5 ft I in. The partitions were 4 in. cinder
block with 3/5 in. plaster on each face. The partitions had mor-
tar joints at the top and bottom and dovetail anchors and mortar
joints at the side edges.

CONSTRUCTION ERRORS AND OMISSIONS:

Dovetail anchors should not have been used at the side edges
of the partitions.

FIELD DAMAGE NOTES:

The partitions were destroyed except for some fillets.
The front wall was slightly spalled at the top on the outside

face.
The rear wall was spalled at the top on the outside face.

The measured, pre shot and post shot, natural frequencies of
the front wall were 39.7 cps and 20.4 cps, respectively. For the
rear wall, the measured, pre shot and post shot, natural frequen-
cies ere 62. cps and 37'. cps, respectively. lb
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SECTIONAL PLAN SECTION A-A

The front and rear walls consisted of is in. brick facing and
8 in. cinder block backing. There were two windows in the front
wall, 3 ft 3 in. by 5 ft 5 in. The partition wasbis in. cinder
block with 3/is in. plaster on each face. The partition had mor-
tar joints at the top and bottom and dovetail anchors and mortar
joints at the side edges.

CONSTRUCTION ERRORS AND OMISSIONS:
None

FIELD DAMAGE NOTES:
The partition was almost destroyed except for fillets.
The front wall had a horizontal hair crack at the Sth joint

above the sill, at the center section, on the inside face.
The rear wall was spalled at the top and bottom on the out-

side face.
The measured, pre shot and post shot, natural frequencies of

the front wall were 37.8 cps and 23.4s cps, respectively. For
the rear wall, the measured, pre shot and post~ shot, natural fre-
quencies were 3 .is cps and 23.0 cps, respectively.
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SECTIONAL PLAN SECTION A-A

DESCRIPTION:
The front and rear walls consisted of 4 in. brick facing and

P in. cinder block backing. There was one window in the front
wall, ; ft 5 in. by 10 ft Q in. The partitions were 4 in. cinder
block with 3/ in. plaster on each face. The partitions had mor-
tar joints at the top and bottom and dovetail anchors and mortar
joints at the side edges.

CONSTRUCTION ERRORS AND OMISSIONS:
None

FIELD DAMAGE NOTES'
The partitions were destroyed except for fillets.
The front wall had a vertical crack in the center above the

window on the inside and outside face. There was spalling at
the top of the outside face. The window frame was blown loose
at the top south side.

The rear wall had a vertical hair crack on the inside face

from the top down to the pile of debris. The outside face was

slightly spalled at the top.
The measured, pre shot and post shot, natural frequencies of

the front wall were 30.9 cps and 20.9 cps, respectively. For the
rear wall, the measured, pre shot and post shot, natural frequen-
cies were 45.8 cps and 22.1 cps, respectively.
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SECTIONAL PLAN UCTION A-A

DESCRIPTION:
The front and rear walls consisted of 4 in. brick facing and

8 in. cinder block backing. There were two windows in the front
vall, 3 ft 3 in. by 5 ft 5 in. The partitions were 2 in. plaster
on metal lath attached to 1 in. x 1 in. x 3/16 tn. angles which
were secured to the floor and roof slabs with 318 in. round expan-
sion bolts at 2 ft on centers.

CONSTRUCTION ERRORS AND OMISSIONS:
The 1 in. x 1 in. x 3/16 in. angles at the side edges of the

partitions were not installed.

FIELD DAMAGE NOTES:
The partitions were blown against the rear wall and badly

broken.
The front wall was cracked at the center section of the inside

face, at the 2nd cinder block Joint above the sill line. The out-
side face was spalled at the top. The window frames were bowed in.

The rear wall was bowed out 1/2 in. at the top center with a
vertical crack half way down the wall.

The measured, pre shot and post shot, natural frequencies of
the front wall were 33.0 cps and 39.1 cpa, respectively. For the
rear wall, the measured, pre shot and post shot, natural frequen-
cies were 47.7 cps and 17.7 cps, respectively.
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CELL NtO. to !ule OPENING
A4

law OIRECTION

orC
o lBLAST 7

A.-J
SECTIONAL PLAN SECTION A-A

DESCRIPTON:
The front and rear walls consisted of 12 in. solid brick with

headers placed every 7th course and mortar joints at the top and
bottom. The south edge had an angle extending from the bottom of
the roof slab to the top of the floor slab, for a fibre glass
cloth blast closure of the joint. The north edge had dovetail
anchors and a mortar joint.

CONSTRUCTION ERRORS AND OMISSIONS:
The angle at the south edge, holding the fibre glass cloth,

should not have extended above the bottom of the roof slab or be-
low the top of the floor slab.

FIELD DAMAGE NOTES:
The front wall was blown in with the south section rotating

about the angle support and the north section rotating a lesser
amount.

The rear wall was spalled, at the top, on the outside face.
The measured, pre shot, natural frequency of the front wall

was 37.5 cps. For the rear wall, the measured pre shot and post
shot, natural frequencies were 56.1 cps and 47.6 cps, respec-
tively.

125



4P4

040

r44

0

0e4

'0. c0

RJAN10

ti ti



a

r4

4

4'

cz

127.



* 44.

128



lit gs

wII'

Jl

CV

129



CELL NO. 2c IO'xI6' OPENING

16 -0

7 CNDER OC6 . 2C DIRECTION

OF -

BLAST

0

SECTIONJAL PLAN SECTION A-A

DESCRIPTION.
The front and rear walls consisted of 8 in. cinder block with

mortar joints at the top and bottom and dovetail anchors and mor-
tar joints at the side edges.

CONSTRUCTION ERRORS AND OMISSIONS:
Square end, two cell blocks were used instead of the three

cell type.

FIELD DAMAGE NOTES,
The front and rear walls were blown through the rear of the

cell. Rubble from the walls was found 60 feet to the rear of
the structure.

The measured, pre shot, natural 'requencies of the front and
rear walls were 68.8 cps ana 3[.7 cps, respectively.
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CELL NO. 3c IO'xI2' OPENING

L4" BRICK

I" CIOER BLOCK DIRECTION
OF

' BLAST

4 -4" SRICK

6 " CINOI BLOCK

A 4 -J

SECTIONAL PLAN SECTION A-A

DESCRIPTION:
The front and rear walls consisted of L in. brick facing with

8 in. cinder block hacking. Standard brick ties were placed every
6th course and at 4 ft on centers with mortar joints at the top
and bottom and dovetail anchors and mortar joints at the side
edges.

CONSTRUCTION ERRORS AND OMISSIONS:
None

FIELD DAMAGE NOTES:
The front wall was blcwr into the cell, except for about 1 ft

on the side edges, top to bottoi, and 3 courses at the bottom.
The rear wall was slightly spalled, at the top and '.he north

edge, on the outside face.

The measured, pre shot, natural frequency of the front wall
was 0l.7 cps. For the rear wall, the measured pre shot and post
shot, nptural frequencies were .1O.3 cps and 36.1 cps, respectively.
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CELL NO. 4c IO'x20' OPENING

4" BRICK @ DIRECTION
-I" CINDER BLOCK O A

- IY I ... I: 0 BLAST

" @RICK A_
-G' CINDER ILOCK E

SECTIONAL PLAN SECTION A-A

D ES C R IPTION:
The front and rear walls consisted of 4 in. brick facing with

8 in. cinder block backing. Standard brick ties were placed
every 6th course and at h ft on centers with mortar joints at the
top and bottom and dovetail anchors and mortar joints at the side
edges.

CONSTRUCTION ERRORS AND OMISSIONS:
None

FIELD DAMAGE NOTES
The front wall was blown into the cell except for 1 ft at

the side edges and 3 courses at the bottom.
The rear wall was cracked down the middle of the outside

face and bowed out 3 in. to L in. at the top center and 1 in.
to 2 in. at the bottom center. The south edge and lower half
of the north edge were in place; the upper half of the north
edge pushed out up to 1 in. The inside face was bowed out at
the center and was cracked vertically near the side edges with
several holes punched in the block cells.

The measured, pre shot, natural frequency of the front wall
was 26.5 cps. For the rear wall, the measured, pre shot and
post shot, natural frequencies were 31.2 cps and 35.3 cps, re-
spectively.

135



-1

0

U)

+)
0l
0
P-4

4 -4

a cz

136



CELL NO. 5c I0'xl6' OPENING

L-- 16'-0"1

* @RICK DIRECTION
4" CINDEN BLOCK OF

'0 BLAST 1

-to0

RICK

SECTIONAL PLAN SECTION A-A

DESCRIPTION:
The front and rear walls consisted of 4 in. brich facing with

4 in. cinder block backing. Standard brick ties were placed every
6th course and at 4 ft on centers with mortar joints at the top
and bottom with an angle bearing on the inside. The side edges
had dovetail anchors and mortar joints.

CONSTRUCTION ERRORS AND OMISSIONS:
None

FIELD DAMAGE NOTES,
The front wall was blown into the cell except for 3 courses

at the bottom and the bottom corner fillets.
The rear wall was spalled at the top and bottori of the out-

side face and bowed out at the top center about 1 in. with a ver-
tical crack halfway down the midc(le. The outside face was also
spalled at the lower north end. The inside face had minor mis-
sile damage.

The measured, pre shot and post shot, natural frequencies of
the rear wall were 25.1 cps and 5.3 cps, respectively. For the
front wall, the measured, pre shot, natural frequency was 23.2
cps.
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CELL NO. 6c 10'x16' OPENING

A4-
16#- 0" -

6 'RIC DIRECTION

OFLc BLAST ""

SECTIONAL PLAN SECTION A-A

DESCRIPTION.
The front and rear walls consisted of A in. solid brick with

headers placed every 7th course and mortar joints at the top and
bottom. The side edges had dovetail anchors and mortar joints.

CONSTRUCTION ERRORS AND OMISSIOI4S:
There was poor bond between the front wall and floor slab.

FIELD DAMAGE NOTES:
The front wall was 85 percent blown into the cell.
The rear wall was spalled, at the top; on the outside face

and was missile marked on the inside face.
The measured; pre shot, natural frequencies of the front ahd

rear .lls were 30.4 cps and 32.2 cps, respectively. The meas-
ured, post. shot, natural frequency of the rear wall was 41.6 cps.
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CELL NO. 7c lO'x16' OPENING

A4--1
16'- 0"

It CNERBLC DIRECTION
OFIA

911
I 1

jI W CINIRBLC

, i

4.,

AW, -

SECTIONAL PLAN SECTION A-A

DESCRIPTION.
The front and rear wls consisted of 12 in. cinder block

with mortar joints at the top and bottom. The side edges had
dovetail anchors and mortar joints.

CONSTRUCTION ERRORS AND OMISSIONS:
None

FIELD DAMAGE NOTES:
The front wall was blown into and thru the cell except for

1 ft at the side edges.
The rear wall was 80 percent blown into the rear yard. Most

of the debris from both walls was in the rear yard with rubble
of block size as a maximum.

The measured, pre shot, natural frequencies of the front and
rear walls were 45.8 cps and 43.5 cps, respectively.
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CELL NO. 8c IO'x16' OPENING

A-1

DIRECTION
so) I-" ftl BLoc-- OF

" iBLAST

0

/_40 C:INDE LOCK

A4 -J

SECTIONAL PLAN SECTION A-A

DESCRiPTION:
The front and rear walls consisted of 4 in. brick facing with

4 in. cinder block backing. Standard brick ties were placed every
6th course and at 4 ft on centers with mortar joints at the top
and bottom and dovetail anchors and mortar joints at the side
edges.

CONSTRUCTION ERRORS AND OMISSIONS:
N one

FIELD DAMAGE NOTES.,

The front wall was 98 percent blown into the back of the cell.
The rear wall was cracked, broken, and punched outward by the

debris but no openings were made thru it. The wall was punched
outward up to 1 ft and was on the verge of blowing thru.

The measured, pre shot, natural frequency of the front wall
was 22.7 cps. For the rear wall, the measured, pre shot and post
shot, natural frequencies were 27.6 cps and 15.6 cpi;, respectively.
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CELL NO. 9c 10'xl6' OPENING

ro166- -"

ge @NICK DIRECTIONCAVITY

r CINDER PLOCK OF
"0 BLAST

I"CAVIT Y

$I6 CINDER BLOCK

A*-I

SECTIONAL PLAN SECTION A-A

DESCRIPTION.
The front and rear walls consisted of h in. brick facing,

' in. cavity, and 8 in. cinder block backing. Z shaped brick
ties were placed every 6th course and at 4 ft on centers with
mortar joints at the top and bottom and dovetail anchors and
mortar joints at the side edges.

CONSTRUCTION ERRORS AND OMISSIONS:
None

FIELD DAMAGE NOTES:

The front wall was blown into the cell except fIr a 10 in.
border at the bottom and the side edges.

The rear wall was spalled, at the top, on the outside face
and bowed in at the upper north corner area with a maximum of
1-1/2 in. at mid-height. The inside face had a vertical crack
at the north 1/4 point with numerous holes punched into the
block cells.

The measured, pre shot, natural frequencies of the front
and rear walls were 26.6 cps and 30.6 cps, respectively.

Fig. 2.130 Motion Picture

Sequence - Front Wall
Cell No. 9c
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CELL NO. IOc 10 16' OPENING
A4-
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Ap-

SECTIONAL PLAN SECTION A-A

DESCRIPTION
The front and rear walls consisted of h in. brick facing with

in. cinder block backing. Standard bric' ties were placed every
6th course and at L ft on centers with mortar joints at the top
and bottom and an angle bearing on the inside. The side edges had
dovetail anchors and mortar joints.

CONSTRUCTION ERRORS AND OMISSIONS:
None

FIELD DAMAGE NOTES:

The front wall was 75 percprit blown into the back of the cell
with a 1 ft border at the side edi-ps an- bottom, and 2 courses at
the too remaining.

The rear wall was spalled, at the top, on the outside face.
The inside face had several holes punched into the cell blocks.

The measured, ore shot, natural frequency of the front wall
was 2P.6 cps. For the rear wall, the measured, pre shot and
post shot, natural frpouencies were Ll.6 cpb and 25.6 cps, re-
spectively.
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Fig. 2.133 Motion Picture 3equence -Fron. Wall -Cell No. 10c

Fig. 2.134~ Post Shot -Front Wal' Detail -Coil No. 10c
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CELL NO. lic 10'x16' OPENING

A*-1

16 -o

4" SnlCK DIRECTION
4* CON09M SLOCK OF

06 BLAST

SECTIONAL PLAN SECTION A-A

DESCRIPTION:
The front and rear walls consisted of 4 in. brick facing with

4 in. cinder block backing. Standard brick ties were placed every

6th course and at 4 ft on centers with mortar joints at the top
and bottom and do-fetail anchors and mortar joints at the side
edges.

CONSTRUCTION ERRORS AND OMISSIONS:

None

FIELD DAMAGE NOTES:,

The front wall was blown into and thru the cell except for 1

course at the floor and the bottom fillets.
The rear wall was P5 percent blown out.

The measured, pre shot, natural frequencies of the front and

rear walls were 22.6 cps rn ".7 cps, respectively.

Fig. 2.137 Motion Picture Sequence - Front Wall - Cell No. llc
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CELL NO. 12c IO',16' OPENING

_166- O"H'

S , INDE/ DIRECTION
99M OGI C .O: OF ..

3o BLAST

/-" CIDE BLOCK

- DJ
SECTIONAL PLAN SECTION A-A

DESCRIPTION:
The front and rear walls consisted of 4 in. brick facing with

8 in. cinder block backing. Standard brick ties were placed every
6th course and at 4 ft on centers. The bottom had a mortar joint
and an angle for bearing or, the inside. The top had a 3/4 in.
open joint and an angle for bearing on the inside. The side edges
had dovetail anchors and mortar joints.
CONSTRUCTION ERRORS AND OMISSIONS:

None
FIELD DAMAGE NOTES:

The front wall was 85 percent blown into the back of the cell
with approximately a 1 ft border remaining at the side edges and
the bottom. A cinder block "beam" remained across the top.

The rear wall had a crack on both faces extending vertically
from the top down 5 courses at the center. Several holes were
punched into the block cells but no openings thru to the back.

The measured, pre shot, natural frequency of the front wall
was 14.2 cps. For the rear wall, the measured, pre shot and post
shot, natural frequencies were 25.3 cps and 10.5 cps, respectively.

LI

Fig. 2.140 Moion Picture Sequence - Front Wall - Cell No. 12c
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CELL NO. 13c 10'16' OPENING

A+_ 1

16- 0"

4$ CRICL DIRECTION
'4" CLAY TILE OF -- -

0 BLAST
I C Y7•L

-4" CLAY TILE

SECTIONAL PLAN SECTION A-A

DESCRIPTION.
The front and rear walls consisted of 4 in, brick facing with

in. clay tile backing. Standard brick ties were placed at all
tile joints except at the top and bottom. There wee mortar
joints at the top and bottom and dovetail anchors and mortar
joints at the side edges.

CONSTRUCTION ERRORS AND OMISSIONS:
None

FIELD DAMAGE NOTES:
The front wall was Q5 percent blown into and thru the cell.
The rear wall was 65 percent blown out.
The measured, pre shot, natural frequency of the rear wall

was 34.5 cps.
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CELL NO. 14c 10'xi6 OPENING

A4-
16- 0 -

-~ 8 REIN6Ft~t CONCRETE 0IRZLCTION

0 BLAST

1 2
R ENF CONCRETE.

SECTIONAL PLAN SECTION A-A

DESCRIPTION.
The front anA rear walls consisted of P in. reinforced1 con-

crete with keyedl joints at the tonr and bottom. racli of thle side
edges had an angle exLendinp frory. the top of the roof slab to
the bottom of the floor slat for a fibre glass cloth 1blast clo-
sure of the joints.

CONSTRUCTION ERRORS AND OMISSIONS.-
The angles, holding the fibre -lass cloth, shoull not have

extendled, above the bottom of the roof slab or ILelow thc top of
the floor slab.

FIELD DAMAGE NOTES:
The front w ll had a L ft horizontal crack on the oatsirde

face near the south edg~e at thr, grounri an'i a hair line operir.v,
of the corstruction JoInt.

The maximum recordeK' displacements of the front and rear
walls were 0.6? in. snd 0.20 in., respectively.

The measured, ore shot., natural frequency of the front
wall was MO. cps. Fc,)r the rear wall, the rnpis, rvl. rr shot
and post, shot, nntural frequenc'ier were 66.8 cps. and 6,0.8 cjs
respectively.
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CELL NO. 15c IO'x 16' OPENING

A4-

r,. RM*ODIRECTION

OF " W I
L BLAST

00

A4-4

SECTIONAL PLAN SECTION A-A

DESCRIPTION
The front and rear walls consisted of 12 in. and 8 in. rein-

forced grouted brick respectively. Continuous bars were placed
fromi the walls into the floor slab. Each of the side edges had
an angle extending from the top of the roof slab to the bottom
of the floor slab for a fibre glass cloth blast closure of the
joints.

CONSTRUCTION ERRORS AND OMISSIONS:
A 4-1/h in. recess for horizontal bearing of the front and

rear walls should have been provided in the floor and roof slabs.
Continuous bars from the walls into the roof slab were omitted.
The angles, holding the fibre glass cloth, should not have ex-
tended above the bottom of the roof slab or below the top of the
floor slab.

FIELD DAMAGE NOTES.,
The front wall had minor crac "ng, but was bowed in 1 ft at

the top. The wall was restrained by the side angles which were
bent. Two h ft cracks from the top down to the center of the
outside face were fnund.

The rear wall was spailed, at the top, on the outside face.
On the inside face there was a 3 ft crack from the top down near

the center.
The maximnum recorded displacements of the front and rear

walls were 0.89 in. and 4.h7 in., respectively. (The displace-
ment of h.h7 in. appears to be inconsistent with observed field
damage.)

The measured, pre shot and post shot, natural frequencies of
1h the front wall were 32.9 cps and 65.5 cps, respectively. For

the rear wall, the pre shot and post shot, natural frequencies
were ?(;.6 cps and 22.7 cps, respectively.
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CELL NO. 16c IO'x 16' OPENING

A4*-

16- 0"

t CORUGAED MTALDIRECT ION
OF-

A,.-A

SECTIONAL PLAN SECTION A-A

DESCRIPTION:
The rear wall consisted of 2? gage corrugated metal on

structural steel girts spanning horizontally at the roof level
and mid-height and a structural steel angle spanning horizon-
tally at the floor level. A 1-I/? in. opening Letween the metal
and the bottom of the roof slab was covered with fibre glass
cloth for blast closure.

CONSTRUCTION ERRORS AND OMISSIONS:
None

FIELD DAMAGE NOTES:
The middle girt and the bottom angle were torn loose arnd

blown into the cell. The top girt was twisted and bowed in.
Three sheets were hanging by the top bolts though torn loose
at the bottom. Four other sheets were loose on the ground.
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CELL NO 17c IO'x 16' OPENING

A4-7

im 16 o'N

- UO ArTE D TR ANSIT [ [R C I
DIRECTION

OF

0 Fr-INF. CONCITE BLAST

0 0

1 '1

SECTIONAL PLAN SECTION A-A

DESCRIPTION.
The rear wall consisted of corrugated cement asbestos on

structural steel girts spanning horizontally at the roof level
nnd mid-height and a structural steel angle spanning horizon-
tally at the floor level. A 1-1/2 in. opening between the cor-
rugated siding and the bottom of the roof slab was covered with
fibre glass cloth for blast closure.

CONSTRUCTION ERRORS AND OMISSIONS:
None

FIELD DAMAGE NOTES:.
All the cement asbestos was broken up and blown into the

ccll. The middle girt was bowed in about 3 in. at the center.
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CELL NO.18c IO'x 16' OPENING

16'-o"

CONCRET CMA SLS DIRECTIONo0 F
No[, . CONCRETEBLAST 4

A.

-" o .'•. •.l

A 4-J
SECTIONAL PLAN SECTION A-A

DESCRIPTION.
The rear wall consisted of precast concrete channel slabs

with the top and bottom bearing against and bolted to angles.
There was a 1 in. gup between thu top of the wall and the bottom
of the roof slab. Each of the side edges had an angle extending
from the top of the roof slab to the bottom of the floor slab
for a fibre glass cloth blast closure of the joints.

CONSTRUCTION ERRORS AND OMISSIONS:,
The angles, holding the fibre glass cloth, should not have

extended above the bottom of the roof slab or below the top of
the floor slab.

FIELD DAMAGE NOTES:,
All panels failed, except the end panels which had partial

failure. The large flange bars broke out of the panels. Fail-
ure was proportional to distance from corner of the building.
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CELL NO. Id IO'x 16' OPENING
A4-

16 -0

V ,DIRECTION

S ', 0 -OF0 4-CINER $OCKBLAST

SECTIONAL PLAN SECTION A-A

DESCRIPTION:
The front and rear walls consisted of h in. brick facing

and 8 in. cinder block backing. There were two windows in the
front wall, 3 ft 3 in. by 5 ft 5 in. The partitions were h in.
cinder block with 3/4 in. plaster on each face. The partitions
had mortar joints at the top and bottoi, and dovetail anchors
and mortar joints at the side edges. The front partition had a
standard, 3 ft by 6 ft 8 in., door in the center..

CONSTRUCTION ERRORS AND OMISSIONS.
None

FIELD DAMAGE NOTES:
The partitions were destroyed and the debris blown to the

rear of the cell and piled against the rear wall.
The front wall was bowed in 1/4 in., between the windows,

at the top of the 6th cinder block course. The outside face
was spalled at the top and the top of the window frames bowed
in. The inside lintel was half out of the wall.

The rear wall was bowed out 1 in. on the oatside face, at
the too, right of center, with a vertical crack running from
the top to the bottom. The south edge of wall was pushed out
1/2 in at the center. The inside face of the rear wall was
punctured by missiles.

The measured, pre shot and post shot, natural frequencies
of the front, wall were 37.0 cps and 23.1 cps, respectively.
For the rear wall, the measured, pre shot and post shot, natu-
ral frequencies were 38.2 cps and lh.5 cps, respectively.
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CELL NO.2d 10'x16' OPENING

, |I6'-O'

= CINDER ILOCK DC
4' C1110DIRECTION

. V OF -i-'-" "-
0 BLAST

0 0

A *-J
SECT;ONAL PLAN SECTION A-A

DESCRIPTION:
The front and rear walls consisted of 4 in. brick facing and

P in. cinder block backing. The front wall was 3 ft h in. high.
The partitions were 4 in. cinder block with 3/4 in. plaster on
each face. The partitions had mortar joints at the top and bot-
tom, and dovetail anchors and mortar joints at the side edges.

CONSTRUCTION ERRORS AND OMISSIONS:
None

FIELD DAMAGE NOTES:
The partitions were destroyed except for fillets.
The front wall was cracked vertically across its entire

length.
The rear wall was destroyed except for 1 ft at each edge.

All debris was either outside of the cell or beyond the rear
partition.

The measured, pre shot, natural frequency of the rear
wall was 53.? cps.
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CELL NO. 3d IO'x20' OPENING

20'-0"

-9. 1 ? ""
L4CINDER BLOCK

W 4

1-- -- 1_ W, _ -L

I A --° J,1
SECTIONAL PLAN SECTION A-A

DESCRIPTION:
The front and rear walls consisted of 4 in. brick facing and

F in. cinder block backing. There were two windows in the front
wall, 3 ft 3 in. by 5 ft 5 in. The partitions were h in. cinder
block with 3/4 in. plaster on each face. The partitions had mor-
tar joints at the top and bottom, and dovetail anchors and mortar
joints at the side edges.

CONSTRUCTION ERRORS AND OMISSIONS:
None

FIELD DAMAGE NOTES:
The partitions were destroyed except, for fillets with debris

Diled against the rear wall.
The front wall, center section, was bowed in 1/2 in. at sill

height. The top of the front wall was bowed in 4 in. at the
center. The window frames were bowed in at the top of the swing-
ing sash with the vertical muntins broken out. The front wall
appeared on the verge of failure with vertical cracks at the
jambs, above the windows, and horizontal cracks below the sills.

The rear wall was badly bowed out at the center.
The measured, pre shot and post shot, natural frequencies of

the front wall were 33.3 cps and 16.8 cps, respectively. For
the rear wall, the measured, pre shot, natural frequency was
rO.O cps.
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CELL NO. 4d IO'xI6' OPENING

16' -0" .

4* CINDER NLOCK

DIRECTION
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N 0 BLAST 1 -

F, 0
IA 4-JI

SECTIONAL PLAN SECTION A-A

DESCRIPTION.
The front and rear walls consisted of 4 in. brick facing and

8 in. cinder block backing. There were two windows in the front

wall, 3 ft 3 in. by 5 ft 5 in. The partition was 4 in. cinder

block with 3/4 in. plaster on each face. The partition had mor-

tar joints at the top, bottom, and side edges.

CONSTRUCTION ERRORS AND OMISSIONS:
Dovetail anchors were omitted at the side edges of the par-

tition. Mortar was missing between the too row of cinder blocks

in the rear wall and the roof slab.

FIELD DAMAGE NOTES:

The partition was destroyed and debris was piled against the

rear wall. There were side wall markings indicating that the

partition failed horizontally at mid-height.
The front wall was bowed in 1/2 in. at the center section at

the sill line. The top of the front wall was bowed in 1/2 in.

at the center. The window frames were bowed in.

The rear wall was bowed out 1/2 in. at the top.

The measured, pre shot and post shot, natural frequencies of

the front wall were 3h.7 cps and 9.7 cps, respectively. For the

rear wall, the measured, pre shot and post shot, natural frequen-

cies were 52.2 cps and 15.8 cps, respectively.
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SECTIONAL PLAN SECTION A-A

DESCRIPTION:
The front and rear walls consisted of L in. brick facing and

8 in. cinder block backing. There were two windows in the front
wall 3 ft, 3 in. by 5 ft 5 in. The partitions consisted of 2 in.
by It in. wood studs, at 16 in. on centers, with 3/4 in. plaster
or metal lath on each face. The partitions had 2 in. by !. in.
plates at the top and bottom.

CONSTRUCTION ERRORS AND OMISSIONS.
Dovetail anchors at the side edges were omitted. Anchorage

of the olates to the roof and floor slabs with cut nails was
omitted. The only support was iue to the oond of the plaster to
the respective surfaces.

FIELD DAMAGE NOTES:
The nartitions were blown over and carried out thru the rear

of the cell. The front partition floor plate was displaced 2 ft
to the rear.

The front wall was cracked at the sill line on the outside
face. Th- window frames were bowed in with the upper muntins
blown out. The inside face was cracked horizontally ' block
c-urses hitch.

The rear wall was blown out excvt for 1 ft at the side edges.
The measured, pre shot and post shot, natural frequencies of

the front wall were 36.6 cp3 and 19.5 cps, resoectively. For the
rear wall, the measured pre shot, natural frequency was 50.0 cps.
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SECTIONAL PLAN SECTION A-A

DESCRIPTION:
The front and rear walls consisted of hin. brick facing and

8 in. cinder block backing. There were two windows in thf front
wall, 3 ft 3 in. by 5 ft in. The partitions were Luscrman
Type H, steel, partitions with middle section glazed. There were

four nailed inserts in the end walls and five nailed inserts in
the floor slab.

CONSTRUCTION ERRORS AND OMISSIONS:
None

FIELD DAMAGE NOTES:
The oartitions were ripped loose from the floor and wall fas-

terings an l driven apainst the rear wall. All parttion glass
was broke, into fine fragments.

The front wall was bowed in 1/2 in. at the sill line, c-nter
section. The window frames were bowed in and the upper muntins
were broken and blown in. Thp center of front wall at the top
w;s bowed out 1/2 in.

The rear wall was bowed out 2 in. at the top, center with a
hair crack runninig vertically from the top doi. halfway.

The measured, pre shot an,] post shot, natural frequencies of
the front wall were 35.1 cps and 12.3 cps, respectively. For the

rear wall, the measured, pre shot and post shot, natural frequer-
cies were h3.6 cps and 17.2 cps, respectively.
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SECTIONAL PLAN SECTION A-A

DESCRIPTION:
The front and rear walls consisted of 4 in. brick facinf and

P in. cinder block backing. There were two windows in the front
wall, 3 ft 3 in. by ( ft 5 in. The partitions were L in. cinder
block with 3/4 in. plaster on each face. The partitions had
angles at the top and bottom on each face, which were anchored
to the roof and floor slabs. There were dovetail anchors and
mortar joints at the side edges.

CONSTRUCTION ERRORS AND OMISSIONS:
None

FIELD DAMAGE NOTES:
The partitions were destroyed except for fillets and piled

against the rear wall.
The front wall was cracked at the 1st and Lth mortar joint

above the sill, at the center section on the inside face. The
front wall was bowed in 3/4 in. at the top center and the center
section was cracked at the 3rd and 12th brick course joints above
the sill, on the outside face. The window frames were bowed in
and the muntins broken.

The rear wall was cracked and bowed out L ii . at the center,
upper section. The outside face was broken out in the center
with some brick down and c. der block showing for 5 courses at
the top for 3/Ai of the cell width.

The measured, pre shot and post shot, natural frequencies of
the front wall were 33.7 cps and 11.2 cps, respectively. For
the rear wall, the rneasured, pre shot, natural frequency was

Scps.
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SECTIONAL PLAN SECTION A-A

DESCRIPTION:
The front and rear walls consisted of h in. brick facing and

8 in. cinder block backing. There were two windows in the front
wall, 3 ft 3 in. by 5 ft 5 in. The partitions were 8 in. cinder
block with 3/4 in. plaster on each face. The partitions had mor-
tar joints at the top and bottom and dovetail anchors and mortar
joints at the side edges.

CONSTRUCTION ERRORS AND OMISSIONS:
None

FIELD DAMAGE NOTES:
The partitions w',re destroyed except for 1 ft on each edge

and fillets. Debris Nas piled up against the rear wall.
The front wall was -racked at the 4th block joint above the

sill on the inside face. The inside face of the cinder block
was knocked off above the north window with the lintel blown
part way out. The front wall was bowed in 3/4 in. at the top
center, The outside face was cracked in the center section at
the sill joint and at several other courses up the front wall.
The outside face was spallpd along the top.

The relar wall was spalled at the top on the outside face.
The measured, pre shot and post shot, natural frequencies

of the front wall were 32.7 cps and 15.P cps, respectively.
For the rear wall, the measured, pre shot and post shot, natu-
ral frequencies were 59.0 cps and 23.3 cps, respectively.
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SECTIONAL PLAN SECTION A-A

DESCRIPTION:
The front and rear walls consisted of 4 in. brick facing with

R in. cinder block backing. There were two windows in the front
wall, 3 ft 3 in. by 5 ft 5 in. The partitions were 4 in. cinder
block, with standard, 3 ft by 6 ft 8 in., doors placed in the
center, and 3/4 in. plaster on each face. The partitions had mor-
tar joints at the top and bottom and dovetail anchors and mortar
joints at the side edpes.

CONSTRUCTION ERRORS AND OMISSIONS:
None

FIELD DAMAGE NOTES:
The front partition was destroyed except for fillets and

blown against the rear partition.
The rear partition was badly cracked and the door destroyed.

There was slight displacement of the rear partition.
The front wall was cracked on the inside face just above sill

and above lintel near the center. A cinder block was pushed in
2 in. at second block joint above the sill. The front wall was
bowed in 1/4 in. at the top center with several minor, short
cracks and spalling along the top on the outside face.

The rear wall was spalled at the top on the outside face.
The measured, pre shot and post shot, nat-iral frequencies of

the front wall were 39.2 cps and 17.0 cps, respectively. For
the rear wall, the measired, pre shot and post shot, natural fre-
quencies were 34.3 cp' and 21.9 cps, respectively.
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SECTIONAL PL4N SECTION A-A

DESCRIPTION:
The front and rear walls consisted of 4 in. brick facing

and 8 in cinder block backing. The partitions were 4 in. cin-
der block with 3/4 in. plaster on each face. The partitions
had mortar joints at the top and bottom and dovetail anchors
and mortar joints at the side edges.

CONSTRUCTION ERRORS AND OMISSIONS:
None

FIELD DAMAGE NOTES:
The partitions were destroyed except for fillets and the

debris piled against the rear wall.
The front wall was blown in except for 4 courses at the

bottom and 1 ft at the edges plus bottom fillets.
The rear wall, at the center, had a vertical hair crack

from the top down 4 courses of block. The outside face was
spalled at the top.

The measured, pre shot, natural frequency of the front
wall was 41.6 cps. For the rear wall, the measured, pre shot
and post shot, natural frequencies were 50.0 cps and 29.7 cps,
respectively.
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CONSTRCTIONL ERROSSADTON

DESCRIPTION:

The front and rear walls consisted of 4 in. brick facin and
in. cinder block backing There were two windows in the front

wall, 3 ft 3 in. by 5 ft h in. The two partitions (perpendiclar
to each other) were 4 in. cinder block with fA in. plaster on
each face. The rear artition had a standard, 3 ft by¢ 6 ft ' in.

door, near one end. The partitions ha, mortar joints at the ton
and bottom and dovetail Tnchors ad mortar joints at the s a,
edges.
CONSTRUCTION ERRORS AND OMISSIONS;

INDone

FIELD DAMAGE NOTES;

The front pirtition was comletely destroyed ,xcept for fil-

lets.

The rear partition was bowed in to the small roo wisth hori-
7ontal cracks on both aces at 14 ft an ", ft hi,,h, The door was
blown into the small room.

The front wal were was bowed in slightly atesily on and
112 in. at the top. The outside face was spalled a , the top and

cracked across the E uth window. The window frames were bowed in.
The rear wall was bowed out 112 in. at the, tot). 'Ile outside

face was spalled at the top. The south section of the inside face
had 7 or R medium to large holes punched into cinder block cells.

The measured, pre shot and post shot, natural freouencies of
. the front wall were 33.0 cps and 16.0 cps, respectively. For the

rear wall, thp mea;ured, pre shot and pos;t shot, nat ural frnquen-
cies were )41.6 cns and 26.3 cps, respectively.
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SECTCONAL PLAN SECTION A-A

DESCRIPTION.
The front and rear walls consisted of 4 in. brick facing and

R in. cinder block backing. There were two windows in the front
wall, 3 ft 3 in. by 5 ft 5 in. The partitions were h in. cinder
olock with 3/h in. plaster on each face. The partitions had mor-
tar joints at the top and bottom and dovetail anchors and mortar
joints at the side edges.

CONSTRUCTION ERRORS AND OMISSIONS:
None

FIELD DAMAGE NOTES:
The partitions were destroyed except "for fillets.
The frornt wall was bowed in 1/2 in. at the top center. The

center section was bowed in 1/8 in. to 1/h in. at the sill line.
The outside face, center section, had a crack along the sill
line. Some other minor cracking and spalling was shown on the
outside face. The window frames were bowed in. The inside face
had a cinder block over the north window broken off. The lintels
were blown part of the way out on the inside face.

The rear wall was blown out except for 1 ft at the south
edge and 5 ft of cinder block and larger area of brick wall at
the north edge. The debris was piled 5 ft high behind the front
par titi on.

m The measured, pre shot and post shot, natural frequencies of
the front wall were 35.5 cps and 19.5 cps, respectively. For the
rear wall., the measured, pre shot, natural frequency was 44.4& cps.
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SECTIONAL PLAN SECTION A-A

DESCRIPTION:
The front and rear walls consisted of 14 in. brick facing and

8in. cinder block backing. There were two windows in the front
wall, 3 ft 3 in. by 5 ft 5 in. The partitions were 14 in. cinder
block with 3/4 in. plaster on each face. The partitions had mor-
tar joints at the top and bottom and dovetail anchors and mortar
joints at the side edges.

CONSTRUCTION ERRORS AND OMISSIONS:
Dovetail anchors should not have been used at the side edges

of the partitions.

FIELD DAMAGE NOTES:
The partitions were destroyed except for fillets.
The front wall was bowed out in the center, 3/8 in. The cen-

ter section~ was cracked, oiu the outside face, at the sill line
and bowed in 1/8 in. The outside face was spalled at the top and
had minor cracking at the upper corners of the windows. The in-
side face was cracked at the 2nd and 14th block in %The center sec-
tion and had a diagorK crack in the cinder block above the south-
ern window.

The rear wall was blown out except for 1 ft at the edges.
The measured, pre shot and post shot natural frequencies of

the front .;all were 314.14 cps and 1A.6 cps, respectively. For the
rear wall, the measured, pre shot, natural frequency was 55.14 cps.
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SECTIONAL PLAN SECTION A-A

DESCRIPTION:
The front and rear walls consisted of 4 in. brick facing and

8 in. cinder block backing. There were two windows in the front
wall, 3 ft 3 in. by 5 ft 5 in. The partition was 4 in. cinder
block with 3/4 in. plaster on each face. The partition had mor-
tar joints at the top and bottom and dovetail anchors and mortar
joints at the side edges.

CONSTRUCTION ERRORS AND OMISSIONS:
None

FIELD DAMAGE NOTES:
The partition was destroyed, except for fillets, and blown

against the rear wall.
The front wall was bowed in 1-1/4 in. at the to- and 1/2 in.

at the sill line, center section. There were several horizontal
joint cracks across the center section and other cra2ks in the
front wall. The outside face had a crack at the sill line of the
center section and diagonal cracking at the upper sections of the
windows.

The rear wall was bowed out 3/P in. at the top and bottom.
The rear wall was spalled all around on the outside face with nu-
merous medium size holes punched into the cinder block cells on
the inside face.

The measured, pre shot and post shot, natural f:equencies of

the front wall were 33.3 cps and 14.3 cps, respectively. For the
rear wall, the measured, pre shot and post shot, natural frequen-
cies were 37.5 cps and 24.9 cps respectively.
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SECTIONAL PLAN SECTION A-A

DESCRIPTION:
The front and rear walls consisted of h in. brick facing and

8 in. cinder block backing. There was one window in the front

wall, 5 ft c in. by 10 ft 9 ir. The partitions were h in.cin-
der block with 3/h in. plaster on each face. The partitions had

mortar joints at the too and bottomn and dovetail anchors and mor-

tar joints at the side edges.

CONSTRUCTION ERRORS AND OMISSIONS:
None

FIELD DAMAGE NOTES:
The partitions were destroyed except for fillets.
The front wall was bowed in 1/4 in. at the top and bottom

with a vertical crack in the center, above and below the window.

The window was broken into 3 sections and blown into the cell

with the inner angle of the lintel blown down.
The rear wall was blown out except for 1 ft at the edges.
The measured, pre shot, natural frequency of the rear wall

was 51.9 cps.
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SECTIONAL PLAN SECTION A-A

DESCRIPTION:
The front and rear walls consisted of h in. brick facing and

P in. cinder block backing. There were two windows in the front
wall, 3 ft 3 in. by 5 ft 5 in. The partitions were 2 in. plaster
on metal lath attached to I in. x 1 in. x 3/16 in. angles which
were secured to the eloor and roof slabs with 3/ in. round expan-
sion bolts at 2 ft on centers.

CONSTRUCTION ERRORS AND OMISSIONS:
The 1 in. x 1 in. x 3/]6 in. angles at the side edges of the

partftions were not installed.

FIELD DAMAGE NOTES:

The partitions were torn loose and blown thru the cell.
The front wall was bowed in 1/? in. at the top center. The

window frames were bowed in. The outside face was cracked At the
qth mortar joint above the sill line, in the center section. The
inside face was bowed into the cell 1/2 in. at the 2nd mortar
course above the sill line, with the cinder block separated fron
the brick.

The rear wall was Ulown out excvpt for 1 ft at the ed; s.
The measured, ore shot and post shot, natural frequencies of

the front wall were 37.5 cps and 30.6 cps, respectively. For the
rear wal]. the measurel, pre shot, natural frequency was 50.8 cps.
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WHERE ANCHOR OCCURS IN
BLOCK FILL WITH MORTAR. PROVIDE
FULL MORTAR JOINT IN FIRST CELLS NSO.

RID 2.3.4,5,10, & I3
CELLS No.

ANCHOR SLOT j OC FRAME1, 2,14

~DOVETAIL ANCHORS C CELL?,

;)Is" 0. c.

SEE INDIVIDUAL. CELLS CELL No. 6
FOR WALL MATERIALS.

Fig. 2.222 Corner Detail for Front and Rear wall
Bldgs. 3.29a & 3.29c

f-1- 3 , " 'I.DglON PIPE SLEEVES

SECTION A-A

f jTIMBER IS IN PLACE

A A'vi
A 5-

Z...21 x 22 x if Lx3-

WELDED TO Z

ELEVATION

Fig. 2.223 Closure Detail for Cell Openings
Al Bldgs. 3.29a, 3.29b, 3.29c & 3.29d
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2 CORR. METAL OR CEM.-ASSESTOS
TO LAP END OF CELL WALL

f T-i#T BOLTS ~ "WITH

fy PROJ. -HEX. NUTS SHEADS

STD. WASHER

Fig. 2.224+ Corner Detail for Cell N. 16 & 17
Rear Wall Bidgs 3.29a & 3.29c

CORNER DETAIL
SIMILAR TO FIG. 2.229

.C*BOLTS x 4"@ 12" O.C. WITH HEX. NUTS &

HEADS~c VERTICALER
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iCONCRETE FRAME

'A ". , -

F1 A. d

til

X-4x L-2-- BOLTS

~5" BOLTS ( ," O.C.

.4 d

= 22 GA. CORRUGATED METAL
w OR CEMENT-ASBESTOS

BOLT CONNECTION 4 VF iO
ALTERNATES TOP 4 5
AND BOTTOM + 4x4 x jL-2-j * BOLTS

i'BOLTS@ 0 O.C,

0
.I II Bxx*1. CONT.1, BOLT-x7 24'-O"OC.

BOLTS 0" OC- -\
BT 0" N/-HEX.,UT & HEAD, STD. WASHERS

I PROJ.

i4- - 4 4 .4

4 4 .. d

Fig. 2.226 Rear Wall Detail for Cells No. 16 & 17
Bldgs. 3.29a & 3.29c
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.V 4 DOWELS 6~a

- HORiZ, STEEL j* 16"

4 E~CH FACIE

VERT. STEEL

B~ ~ _ DO-* " EACH FACE

4

4

.1 2- 2" 8 OEL1)a

Fig. 2.227 Front and Rear Wall Detail for Cell No. 14.
Bidgs. 3.29a & 3.29c

I its
I -PLATE- 6" WIDE CONT. W/1j BOLTS x 4"
u-- 2~-0 HEX. HD, IS NUTS W/ STD. WASHERS

w PROJ.z 2z
1" 0 BOLT x 7! Q los' 0c. HEX HD. Sk NUTS, STD. WASHERS

o + 6xxfL CONT.
0 SEE FIGURE 2.225 FOR STEEL DETAIL

-INPRECAST CONC. CHANNEL SLABS

0o 4"x 4"KATL CONT

8" 10 BOLTxx 7-i (q) IO"o.c. HEX. HD. S NUTS, ST. WASHERS

I f PROJECTION
2

Fig. 2.228 Rear Wall Detail for Cell No. 18
Bldgs. 3.29a & 3.29c
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4PLY WOOD COVER OVER FIBERGLASS 6" BELOW
BOTTOM & 6" FROM TOP OF ROOF SLAB

3-C x 217 x L CONT.

Tf PLYWOOD FILLER STRIP

cy 0WITH HEX. HEADS a NUTSS
to STANDARD WASHERS

w DOUBLE LAYER OF FIBERGLASS
0 CLOTH STRIP

V CONCRETE FRAME

oW

Fig. 2,229 Corner Detai~l for Cells No. 1 & 14 - Front and Rear
Walls Bldge. 3,29a & 3.29c

-VARIES WITH WALL THICKNESS

- ROOF SLAB

4 CLEARANCE1**j

FOR CELL PiJo. 12 IPROJ,

\6x4 x- L_ CONT.

-1"# BOLTx?jL*Q IO"O.C.

HEX. NUT & HEAD, STD. WASHERS

SEE INDIVIDUAL CELLS FOR
WALL MATERIALS

Fig. 2.230 Top Joint Detail (Bottom Similar) for Celia No. 5,tI 10, & 12 - Front and Rear Walls - Bidge. 3.29a & 3. 2 9c
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-r PLYWOOD COVER OVER FIBERGLASS 6" B3ELOW
4

CORNER BOTTOM & 6" FROM TOP OF ROOF SLAB
DETAIL -r# x 12" LONG BOLTS WITH EXPANSION SLEEVES.

* 2(MBoc. STAGGERED (HORIZ) N-I

JII

3 3 Ny

2-0

Fig. 2.231 Corner and Front Wall Detail for 0.11 No. 15
Bldg. 3.29c

CORNER *PLYWOODC, i OVER FIBERGLASS e~' BELOW
DETAIL ~BOTTOM a 6" FROM TOP OF ROOF SLAB
SIMILAR

TO~ ~ ~ " FIG 2.28 " LONG BOLTS WITH EXPANSION SLEEVES

*2QZS'o.c. STAGGERED (HORI Z) Ny

Fig. 2.232 Corner and Rear Wall Detail for Cell No. 15
B ldgs. 3.29a & 3.29c
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ANCHORS I
BLDG. 329 D ONLY

2" PLASTER

METAL LATH

0!

I " I " I"o

- x- x LATHING
2 2 Z-~ i
C H A N N E L 6 " 0 C t 6K x '
WELDED TOPS BOT P a BOTTOM

Fig,. 2.233 Corner Detail for Partitions - Cell No. 16
Bldgs. 3.29b & 3.29d

. 2" 0"SC.R

LA LATHING CHANNEL

16" 0 C. WELD TOP 80BTTOM METAL LAT H

16
AEXP BOLTS I TOP B OTTOM ONLY

~2- 0" 0OC,. ____________ . CELL 16
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Fig. 2.234 Bottom Joint Detail (Top Similar)
for Partitions - Cell No. 16
Bldgs. 3.29b & 3.29d

232



2" 4" PLATE NO ANCHORS

2xz 4" STUDS ® 16"o.c.

-PLASTER ON METAL L.ATH-t4

Fig. 2.235 Top Joint Detail (Bottom Similar)
for Partitions - Cell No. 5
Bldga. 3.29b & 3.29d

HAUSERMAN TYPE R STEEL 0 ;xw
PARTITION PART GLAZED " . 4

2-W

oo
I
01-o

0 4w

Fig. 2.236 Partitions Detail for Cell No. 6
Bldgs. 3.29b & 3.29d
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WHERE ANCHOR OCCURS IN
BLOCK. FILL WITH MORTAR.
PROVIDE FULL MORTAR JOINT
IN FIRST RIB. 

C N . R M

ANCHOR SLOT -A e" CINDER BLOCK

IDOVETAIL ANCHORS T4" BRICK
a IS1" O.C.

Fig. 2.237 Corner Detail Front and Rear Walls
Bidga. 3.29b &3.29d

4.., .* ~", '*. *ROOF SLAB

MORTAR JOINT-

4" BRICK -STD. BRICK TIES
EVERY 6TH COURSE

S4-O d'0.C.

-8"B* CINDER BLOCK

I SEE INDIVIDUAL CELLS-BLDGS 3.29a S3.29c
*, FOR WALL MATERIALS

Fig. 2.238 Top Joint(Bottom Similar) for Yrornt
and Near Walla - Bidgo. 3.29b & 3-29d

1h & Celia N~o. 1-4, 641, & 13 - Bidge
3.29a & 3.29c
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k h , rROOF SLAB
p I II ll f f I

I~ -DIA. ANCHOR BOLTS 10" LONG

SPACED 2'-0"oc FLOOR B CEILING

2-lI 3-x 3 x

CONTINUOUS I I 4" CINDER BLOCK

" PLASTER

EACH FACEtI

Fig. 2.239 Top Joint Detail (Bottom Similar)
for Partitions Cell No. 7 - Bldgs
3.29b & 3.29d

r b p/ 
ROOF SLAB

,A

V I

MORTAR JOINT I CINDER BLOCK CELL NO.1,2,3,4,

I 9,10, 11, 12, AND 13

- PLASTER I 8" CINDER BLOCK CELL NO. 8

EACH FACE

Fig. 2.240 Top Joint Detail (Bottom Similar)
for Partitions - Cells No. 1,2,3,
4,8,9,10,12, & 13 - Bldgs. 3.29b & 3.k9d

235



TJ
E 4 't A: g''o r ''" e.' "
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Fig. 2.241 Partition Detail for Cell No. 14
Bldgs. 3.29b & 3.29d
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Fig. 2.242 Top Joint Detail (Bottom Similar)
for Partitions - Cell No. 15
Bldgs. 3.29b & 3.29d
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Chapter 3

DISCUSSION
A comparison between computed and actual behavior of the curtain walls and interior
partitions tested in Structures 3.29 a, b, c and d is presented in this section. Consider-
ing the many variables involved, these comparisops, in most instances, indicate good
coorelation between the theoretical and actual behaviors of the various test panels.

3.1 CURTAIN WALL STRUCTURES, 3.29a AND .29c

The recorded blast pressures on the front and rear walls of Structures 3.29a (6,650
feet from ground zero) and 3.29c (4,450 feet from ground zero) are shown in Figures 2.3
and 2.4. It was necessary to approximate the poorly defined front wall pressure records
by pressure curves with a line variation as shown in Figures 3.1 and 3.2. For comparison,
computed theoretical pressures are shown on the same figures. Because of the apparent

discrepancies between the recorded and theoretical values of the front wall pressures,
many of the test panels have been analyzed for both theoretical and recorded pressures.
No explanation is available at present to account for these discrepancies. Close agree-
ment between recorded and theoretical values of front wall pressures was noted on a
series of structures located approximately 5,000 feet from ground zero.

Materials strength field data (References 1 through 4) were as follows (compressive
strength values):

Masonry mortar (average of three mixes) 3,736 psi
Brick (tested flatwise) 6,128 psi
Hollow load-bearing masonry units (gross

section) 4 by 8 by 16 1,590 psi
8 by 8 by 16 1,050 psi

12 by 8 by 16 1,080 psi
Precast concrete panels 6,640 psi

Since no strength information was available for either the concrete or the reinforc-
ing steel of the reinforced-concrete panele, the following values ot ultimate static strength
of concrete, and static yield point stress of reinforcing steel were assumed. In perform-
ing the analyses of the curtain walls the static strength of concrete was inereased 35 per-
cent, and the static yield strength of reinforcing steel was increased 10 percent to account
for rapid rates of strain.

Concrete: f = 3,000 psi E = 1,000 fc c
Reinforcing steel: fyp = 47,500 psi

A laboratory test of the masonry mortar in-plac,. (in the masonry unit) would have
resulted in a better estimate of the effective strength of the mortar than the test data for
the mortar alone. The strength of the masonry mortar unit is effected considerably by
workmanship, which for best results should be above average. The effectiveness of the
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mortar unit under blast load is reduced to some extent by local spalling of the highly com-
pressed mortar joints. In view of these possibilities, an effective masonry mortar unit
strength, f of 1,000 psi, has been assumed for purposes of analyses. The value of the
modulus of elasticity of the masonry unit E has been taken as 1,000 f . Several studies
showing the effect of a variation of the assumed strength value are also described in this
section.

The curtain walls, except as noted, were analyzed as one-way panels spanning between
rigid supports at the roof and floor slabs. The theoretical resistance functions of the
panels were computed, and the dynamic analyses were made, using a step-by-step numer-
ical integraton procedure. A summary of the recorded and calculated behavior of the
curtain wail panels is given in Table 3.1, and a comparison of the recorded ar-d calculated
response values, for the panels which were instrumented, is shown In Figures 3.5 through
3.21. Pressure Instrumentation was not provided on the Interior face of the rear walls
and therefore, for the cells in which !he front walls failed, the interior pressures are not
Iown. For this condition, theoretical Interior pressures were computed and combined
with the recorded rear wall (exterior) pressures for analysis (Figures 3.3, 3.4). Two
theoretical rear wall interior pressures were computed using two different assumptions
concerning the shape of the impulse curve. The first assumption was that the duration
of peak reflected pressure is equal to the time required for the shock to travel twice the
distance between the front and rear walls of the structure at the velocity of sound. The
subsequent decay to stagnation pressure was assumed equal to the time required for the
shock to travel three times the height of the rear wall at the velocity of sound. The sec-
ond curve was computed assuming that the peak reilected pre&,sure does not persist, but
drops to stagnation preasure during an Interval equal to the time required for the shock
to travel twice the distance between the front and rear walls of the structure plus three
times the height of the rear wall, at the velocity of sound (Reference 5). In computing
t!,p above aeoretical interior pressures it was assumed that the pressure entering the
e tructure after failure of the front wall was of the same order a& the air pressure at
ground level (reduced only by the breaking time at the front wall). This pressure, in
turn, was assumed to be reflected at the interior face of the rear Vall.

In analyzIng the rear wrfAl panels with the above pressures it was found that the as-
sumed loadir4, were extremely severe and resulted In complete failure for all panels.
Additional study cf the rear wall panels has indicated that the front wall upon falling may
distort the @h.k front to such an extent tiat the interior pressure on the rear wall would
be closer to alde.oon pressure rather than reflected pressure. Since the use of a lower
interior rear wall pressure was the only consistent way to attain a comparison of behavior
for the rear wail panels, plus dynamic pressure was assumed as the loading on the inte-
rior face of the rear wall for all rear panels where the corresponding front wall panels
failed.

Some Indication of the shape of the blast pressures entering a windowless structure
after the front wall has failed may be available from the results of Project 3.5, where
pressure instrumentation was provided for this purpose. This information was not avail-
able in time to be presented In this report.

The following is a discussion of the Instrumented curtain wall panels of Structures
3.29 a and c.

Panel 1 F. The comparison between computed and recorded response for Panel
IF (Figures 3.5 and 3.6), a 12-inch brick wall at both ranges, was extremely good. At
the far range good agreement was obtained using both recorded and theoretical pressures,
while at the near range the . ecorded preosurns indicated failure and the theoretical pres-
sures indicated no failure. As a check on the assumed masonry mortar urit strength of

23



TABLE 3.1 Recorded and Calculated Values of fthimm Displaoement
of Curtian Walls - Bldg. 3.29 Pa" and N"

MAXIMUM DISPi.ACEMENTz ,(IN )

SLOG. PANEL MATERIAL CALCULATED REMARKS3L25 RECORDED
RECORDED THEORETICAL
PRESSURE PRESSURE

a IF 12" brick 0.47"' 0. "0"
IF 12" brick Failpd4  Failed 2.:$

a 2F 8" block Failed Failed -railpd
c 2F 9" block Failed Failed Failed

a 3F 4" brick + 8" block No Failure Failed' No Failure INo failare for 104 strength
c 3F 4" brick + Al" block Failed Failed Failed increase

a F 4" brick * 8" block N, Failure Failed1  No Failure INo failure for 101 strenth
c [F " brick + 8" block Failed Failed Failed increase

a 5F 4" brick & L- block Failed Failed Failed
c 5F L" brick Y " block Failed Failed Failed

a 6F P" brick No Failure Failed1  Failed2  No failure for 1 01 strength
c 6F 8" brick Failed Failed Failed 30% increase

a 7F 1?" block Failed Failed No Failure2 2 Failare for 5% strength decrease
c 7F 12" block Failed Failed Failed

a PF 1." brick * 4" block Failed Failed Failed
c 8F 41" brick * L" block Failed Failed Failed

a 9F L" rick * 8" block Failed Failed Failed 2" cavity between brick & block
c 9F 1" brick * 8" block Failed Failed Failed 2" cavity between brick & block

a lOF h" brick * 8" block l.4911* Failed1  2.62" INo failure for 10% strength
c lOF 4" brick # 8" block Failed Failed Failed increase

a 11F 1" brick * 4" block Failed4  Failed Failed
c 1IF 4" brick * L" block Failed Failed Failed

a 12F 4i" brick * 8" block Failed* Failed FaUpd 0.75" clearance at top of wall
c IZF 4" brick * 8" block Failed Failed Failed 0.75" clearance at top of wall

a 13F h" brick 4 L" tile Failed* Failed Failed
c 13F L" brick Y" tile Failed Failed Failed

a l4F 8" reinf. concrete 0.17"* 0.10" 0.11"
c AF 8" reinf. concrete 0.67"' 0.73" 1. 1

a 15F --
c 15F 12" reinf. brick 0.P9W* ?.E ' 1.6" Top of wall displaced in 1 ft.,

and center appears to have dis-
a 16F ---- placed in several inches.
c 16F

a 17F
c 17F ----

a 1F ....
c 19F

* Instrumented Panels
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TABLE 3.1 (con't)

MAXIMUM DISPLACEMENT, a .(IN.)

BLDG PANEL MATERIAL CALCULATED REMARKS

3.29 RECORDED RECORDED THEORETICAL

PRESSURE PRESSURE

a I? 1" brick No Failure No Failure
c !In 1?" brick No Fp.lure No Failure Front wail failed

a Pi R" block No Failure No Failure Front wall failed
c ?'t 8" block Failed Failed iront wall failed

a 3h 4" brick + 8" block No Failire No tailare ----

c 3- " brick * F" block No Failure No Failure iront wall failed

a 4r( 4" brick * 8" block No Failure No Failure ----
c h.h L" brick * 8" block No Failure ---- No Failure Front wall failed

a 51 h" bricK + 4" block No Failure No Failure Front wall failed
c 5H " brick * 4" block No Failure ---- Failed Front wall failed

a 6. 8" brick No Failjre No tali..re
c 6h 8" brick No Failure No Fail're Front wall failed

5e a 7h 1?" block No Failure No Failre Front wall failed
c 7R 12" block Filel ---- No Failure Front wall failed

a 8 hz" brick li" block No Fpilure No Failure Front wail failed
c ph I" brick ' block Failed Failed Front 11 failed, rear wall did

not coylapse.

a 9R L" brick I block Nn Fail:re ---- No Failire fp" cavity betweer brick & block
c ok i" brick * " block No Failire Nn Fa11ire FYront wall failpd

a 10h " brick 9 " block O.l o. O" ----
c 10k I " brick * 8" block Ito Failure ---- No Fai lure Front wall failed

a 11 I" brick * h" Ilock *0.01;-0.73 1.63";-2.Aj" Front wall failed, ea'.4e caole
c llk 14" brick V I" block Failed Failed Iront wall failed broke

a 1.i h" brick * 8" bloc I 4O.2i-o. L* --- *3.34";- . 2 ' Front wall failed; wire clamn Olt
c 12k I" brick * 8" block No Failure ---- No Failire Front wall failed

a 13H h" V rick V I" tile No Fa*l'jre No Failure Fr'-rt wall fa1led
c 13R h" brick * I" tile Faile. Failed Front w il failed

a li.k A" reinf. concrete No Failure No Failure
c lbh " reirf. concrete 0.9011. O.Oh" ----

a lk P" reiri'. brick O.P" 0P3"
c 19 P" rkinf. brick 1. h7"' O.l" ---- b.17" defl. not obse-rved in fielA

a 16h P2 ga. corru!., metal N- Ia>.re No Failare ---- Girt supports als- failed
c 16t P ga. corru. metal Fa ied Failed -irt surnorts also failed

a 17h corrugated transite Failed Failed Jirt snDorts i rot fail
c 17a corrugated transite Failed Failed ,;rt supnorts li not fiil

a 18 precast reinf. corc. No Failu:-e No Failure
c IPh precast relnf. cone. Failel Failed

I Xrstrumented Panels *- O.7 " cleararce at t3F ? o f
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Fig. 3.15 Compariso~n of h~ecorded and Computed
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Deflections *- Bldg. 3.2-a - Panel 10h
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f= 1,000 psi, the near range panel, which failed, was analyzed with the recorded pres-
sures for an assumed strength of fe,= 1,100 psi. The resuling analysis showed that
failure would not occur, indicating that values of f? greater than 1,000 psi would not be
consistent with the theoretical resistance function.

Panel 10 F. The computed response (using recorded pressures) for Panel 10F, a
4-inch-brlck and 8-inch-block wall, at the far range (Figure 3.7) indicated that failure,
which did not occur, would occur. A study was made to show the effect of possible varia-
tions in the strength (or the modulus of elasticity) of the masonry unit. The results of
this study, as shown in Figure 3.8, demonstrate the sensitivity of the response function
to small changes in strength. As shown, the computed response would compare extremely
well with the recorded data if the assumed strength of the unit (1,000 psi) were to be In-
creased by approximately 10 percent. The comparison between computed and recorded
response for the corresponding panel at the near range (Figure 3.9) was satisfactory to
the extent that failure was indicated by the analysis. The recorded response showed an
initial time lag considerably larger than the response time of the recording instrument,
otherwise the calculated response is shown to build up at a rate comparable to that of the
recorded values.

Pane 1 1 1 F. The comparison between computed and recorded response for Panel
11F, a 4-inch-brick and 4-inch-block wall (Figure 3.10) at the far range, was satisfactory
to the extent that failure was indicated by the analysis. Except for an initial time lag dem-
onstrated by the recorded responae, the rates of build-up of recorded and computed re-
sponse compare extremely well. The corresponding panel at the near range also failed.

Pane 1 2 F. The comparison between oomputed and recorded response for Panel
12F, a 4-inch-brick and 8-inch-block wall with a clearance of 0.75 inch between the top
of the panel and the bottom of the roof slab (Figure 3.11) at the far range, was satisfac-
tory to the extent that failure was indicated by the analysis. Except for an Initial time
lag demonstrated by the recorded response, the rates of build-up of recorded and com-
puted response compare extremely well. The corresponding panel at the near range also
failed.

P a n e 1 1 3 F. The comparison between computed and recorded response for Panel
13F, a 4-inch-brick and 4-inch-tile wall (Figure 3.12) at the far range, was satisfactory
to the extent that failure was indicated by the analysis. Very good agreement was ob-
tained between the recorded and computed rates of build-up of the response function. The
corresponding panel at the near range also failed.

Pane 1 14 F. The computed response values for Panel 14F, an 8-inch reinforced-
concrete panel, restrained top and bottom (Figures 3.13 and 3.14) at both ranges, were
lower than the recorded values. Closer agreement would be possible if the steel rein-
forcement, for which field test data is not available, were to exhibit a lower yield point
than assumed for analysis, or if the panel reinfo.-cing were not properly tied in at the
roof or floor slab. Both panels showed better agreement when analyzed with the theoret-
ical pressures.

Pane 15 F. The resistance function for Panel 15F, a 12-inch reinforced-brick
panel at the near range (Figure 3.15), is not as intended because of the field omission of
negative-moment steel at the roof level. The panel deflected inward 1 foot along the top
edge, and some extent of horizontal spanning was indicated by the presence of vertical
cracks at the middle top third of the panel. Depending upon the tightness of the mortar
joint at the roof level, the amount of cracking in the panel, and the magnitude of the ver-
tical load, it is possible that the initial behavior of the panel was between that of a canti-
lever and a fixed-pinned member. The panel evidently did not develop a sufficient hori-
z' ital reaction at the roof level, and the effect of horizontal spanning may have prevented
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failure. As a fb 3d-pinned member, the computed value of maximum deflection was 2.85
inches. This deflection is greater than the peak recorded value (0.89 inch). Considering
the 1-foot displacement of the panel at the roof level, however, it appears that the re-
corded displacement should have been larger; this conclusion is Indicated further by the
postshot photography.

Panel 10R. The maximum value of the computed response for Panel 10R, a 4-

inch-brick and 8-inch-block wall at the far range (Figure 3.16), was considerably larger
than the recorded value. As previously noted, a small increase in the material strength
would result in much closer comparison.

The corresponding panel at the near range, which was subjected to both interior and
exterior pressures, survived as indicated by analysis.

Panel 1 IR. Panel UR is a 4-inch-brick and 4-inch-block wall which survived at
the far range. The corresponding front wall panel, UF, failed at this range. The com-
parison between computed and recorded values of deflection is shown in Figure 3.17.
The computed values are greater than the recorded values, but much better agreement

could not be hoped for where so many variables are involved. The recorded values are
questionable because of damage to the gage cable caused by debris. Further study is
required with regard to the interior pressure.

The corresponding panel at the near range failed as indicated by analysis.
Pane 1 12 it. The loading on Panel 12R, a 4-inch-brick and 8-inch-blL-.; wall with

a clearance of 0.75 inch between the top of the panel and the bottom of the roof slab which
survived at the far range, is similar to the loading on Panel 11R in that the correspond-
ing front wall panel fallecL The comparison between computed response and values is
shown in Figure 3.18. The computed values are greater than recorded. However, the
record may be in error due to failure of the wire clamp.

P a n e 1 14 R. Pcor agreement was obtained between computed and recorded re-
sponse values for Panel 14R, an 8-inch reinforced-concrete wall at the near range (Fig-

ure 3.19). Both the computed and recorded values indicated virtually no plastic action of
the panel, therefore a lower than assumed materials strength would not result in much
closer agreement. It has been found that the type of deflection gage which was used is
not satisfactory for measuring small displacement, having a lower limit of about 0.50
inch and an accuiacy of ±0.0625 inch. Since the peak recorded deflection was only 0.21
inch it is possible that the actual values were greater.

The corresponding panel also survived at the far range.
Pane 1 1 5 R. The comparison between computed and recorded response for I-anel

15R, an 8-inch-reinforced-brick wall at the far range (Figure 3.20) was extremely good.

The corresponding panel at the near range had a recorded di3placement of 4.5 inches
(Figure 3.21). Since permanent set was not apparent after the shot, it is assumed that
the recorded values are much too large. The maximum computed displacement is 0.41
inch.

The following discussion concerns those curtain wall panels of Structures 3.29 a and
c, which were not included in the preceding evaluation of Instrumented panels.

P an e l s 2 F, ; F, 8 F. Panel 2F was an 8-inch-block wall; Panel 5F and Panel
8F were 4-inch-brick and 4-inch-block. It has been assumed that the composite panels,
because of the ties between the brick and block, would be] ve as a unit. Since the capac-
ities of the curtain wall panels have been based upon the strength of the masonry mortar,
the 8-inch-block panel is assumed to have essentially the same resistance function as the
8-inch composite panels. Panels 2F, 5F and 8F failed at both ranges. Figure 3.10,
showing the deflection functions for Panel 11F, a 4-inch-brick and 4-inth-block wall, at
the far range Is representative of the behavior of the above panels.
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Panels 3 F, 4 F, 7F. Panels 3F and 4F were 4-inch-brick and 8-inch-block
walls, and Panel 7F was 12-inch-block. All three panels failed at the near range while
only Panel 7F failed at the far range. The failure of Panel 7F at the far range as con-
pared to the survival of Panels 3F and 4F may be partially attributed to the smaller mass
of the former. Also, as previously mentioned, a small (10 to 15 percent) increase or
decrease in the effective strength of the masonry mortar can often mean the difference
between failure or survival of the panel. The deflection functiona for the above panels,

at the far range, are similar to that shown for Panel 1OF In Figure 3.8.
Panel 6F. Panel 6F, an 8-inch-brick wall, failed at the near range and survived

at the far range. Failure at both ranges was indicated by postshot analyses. The effec-
tive strength of the panel was apparently at least 40 percent greater than computed.

Panel 9F. Panel 9F, a 4-inch-brick and 8-inch-block wall with a 2-Inch cavity
between the brick and block courses, failed at both ranges, as indicated by analyses.
Failure at the far range could probably have been prevented if the cavity had been omitted.

Panel 1 R. Panel IR was a 12-Inch-brck wall which survived at both ranges.
Postshot analyses for both panels indicated no failure. At tle near range, the panel was

subjected to interior pressures because of the failure ol 'c corresponding front wall
panel. As previously noted, pressure instrumentation was not provided on the interior
of the rear panels, and the use of a modified theoretical interior pressure was necessary
to produce consistent results.

Panels 2R, 5R, 8R, 13R. Panel 2R was 8-inch block, Panels 5R and 8R
were 4-inch-brick and 4-inch-block, and Panel 13R was 4-Inch-block and 4-inch-tile.
The corresponding front wall panels failed at both ranges. All panels survived at the

far range, as shown by postshot analyses, while only Panel 5R survived (Panel 8R was
on the verge of failure) at the near range. At the near range, analyses predicted failure
of all panels. These panels would behave essentially the same as Panel 11R (4-inch-
brick and 4-inch-block), which failed at the near range and survived at the far range
(Figure 3.17). A slight decrease in the strength of Panel 5R would have resulted in fail-
ure at the near range.

Panels 3R, 4R, 7R. Panels 3R and 4R were 4-inch-brick and 8-inch-block,

and Panel 7R was 12-inch-block. All panels, except 7R at the near range, survived as
predicted by postshot analyses. The corresponding front walls failed at the near range,
while at the far range, Panels 3F and 4F survived, and Panel 7F faled. Panel 7R at the
far range, and all three panels at the near range were subjected to interior pressurms
as well as exterior pressures. Panel 7R might have survived at the near range if the
strength of the masonry mortar had been slightly greater. The behavior of Panel 11R,
a 4-inch-brick and 8-inch-block wall (Fgure 3.17), which failed at the near range and
survived at the far range, is representative of those of the above panels which were sub-
jected to both interior and exterior pressures, while Panel 1OR (Figure 3.16) represents
the behavior of .he panels which were subjected to exterior pressures only.

Pane 1 6 R. Panel 6R was an 8-inch-brick wall, which survived at both riinges as
indicated by postshot analyses. At the near range, the panel was subjected to both inte-
rior and exterior pressures due to failure of the a) rresponding front wall panel.

Pane 1 9 R. Panel 9R was a 4-Inch-brick and 8-inch-block wall, with a 2-inch
cavity between the brick and block, which survived at both ranges as predicted by post-
shot analyses. The corresponding front walls failed at both ranges.

Panel 1 6 R. Panel 16R consisted of 22-gage corrugated metal on structural-steel
girts. The panel failed at the near range and survived at the far range, as indicated by
postshot analyses. The supporting girts were lnoufficient at both ranges.

Pan e 1 1 7 R. Panel 17R consisted of corrugated cement asbestos on structural-
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steel girts. The panel failed at both ranges as ir.dicated by postshot analyses.
Panel 1 7R. Panel 17R consisted of corrugated cement asbestos on .3tructural-

steel girts. The panel failed at both ranges as indicated by postshot analyses.
Pa n e 1 8 R. Panel 18R consisted of 2-foot 0-inch-wide precant-concrete channel

slabs spanning vertically. The panels failed at the near range and survived at the far
range as indicated by postshot analyses. Failure was by splitting rather than flexure.

3.2 INTERIOR PARTITION TEST STRUCTURES, 3.29b AND 3.29d

Pressure instrumentation was not provided for Structures 3.29b (6,600 feet from
ground zero) and 3.29d (4,350 feet from ground zero), and it has therefore been necessary
to analyze the various interior partitions and curtain walls of these structures with theo-
retical pressures. The results of these analyses, compared to the test results, are pre-
sented in this section.

The theoretical pressures on the front walls with windows were computed. The peak
value of the theoretical pressures compared very closely to the recorded peak values
which were obtained on the windowless structures, 3.29a (6,650 feet from ground zero)
and 3.29c (4,450 feet from ground zero). The pressure variation on the front wall depends
upon the size of the window opening and the location of the interior partitions. A typical
front wall theoretical pressure variation is shown in Figure 3.22. Theoretical pressures
on the interior partitions and interior of the rear walls were also computed. The pres-
sure on the front face of interior partitions immediately to the rear of demolished parti-
tions (or front walls) without openings was assumed as side-on plus dynamic pressure.
The exterior pressure on the rear walls was taken to be the same as the recorded rear
wall exterior pressures of Structures 3.29a and 3.29c. Typical pressures for several of
the interior partitions and rear wall panels are shown in Figures 3.23 through 3.36.

Materials compressive strength field data was as follow (References 1, 2, 3):

Masonry mortar (average of three mixes) 3,736 psi
Brick (tested flatwise) 6,128 psi
Hollow load-bearing masonry units (gross

section) 4 by 8 by 16 1,590 psi
8 by 8 by 16 1,050 psi

12 by 8 by 16 1,080 psi

The ultimate static compressive strength of plaster (assuming a normal 1:3 mix of gyp-
sum plaster) was taken as 750 psi. The static strength was increased to 1,000 psi to ac-
count for rapid rates of strain. The effective masonry mortar unit strength was assumed

as 1,000 psi.
A summary of the observed and calculated behavior of the curtain walls and interior

partitions is given in Tables 3.2 through 3.5.
Front Curtain Wall Panels. All of the front curtain wall panels with open-

ings survived at both ranges. The windowless front curtain wall panel (Cell No. 10) failed
at the near range but survived at the far range. Postshot analyses agreed with the ob-
served behavior for all panels.

Front Interior Partitions. The percentage of openings in the front curtain
walls of Cells 2, 3, 5, 7, and 11 through 16, varied from 15 percent in Cell 3 to 57 per-
cent in Cell 2. The front interior partitions of these cells had no openings, and except
for Cells 5 and 16, were composed of 4-inch block with 0.75-inch plaster on each face.
The front partition of Cell 5 was made up of 0.75-inch plaster on metal lath attached to
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TA1BLE 3.2 Observed and Calculated Eeharior of Front Curtain Wlls
Bldgs. 3.29 "b" and "d"

% OPENING BEHAVIOR
BLDG CELL MATERIAL REMARKS
3 29 NO F "N I o NEAR

WALL PA , OBSrRVEO CALCULATED

t 1 IQ 13 ,i c * '" block No Faillre No Failure
d 1 1 13 (j 10) do do

, ?17 9 3 o do do

r 2 7 9 9 10 do do

1 3 1F 0 r) 10 do do
d i 1 - q 9 do do do

t 19 0 10 do do
d H 19 - 0 In do do

r 1 0 0 I do do
, 19 0 0 do do #o

L , lq 3 3 do do do

1, 0 I 3 .  3' (o do do

t 7 Y, 0 0 0o do do
d 7 19 0 0 do do do

t 19 0 0 do do do
. e 19 0 0 o0 do do

t 9 19 13 13 L" brick # LIoc No iailurr No kail;re
.! 9 19 13 13 do do do

t, I 0 0 0o o do
,J 19 0 0 9 do Failel Fai'ed

11 19 0 13 (o No Failure No Failure

d 11 1Q 0 13 Io do do

t 12 19 0 0 .o No Failure No Failure
d 12 19 0 0 do o do

S1 3 lq 0 0 do do do

1 1 1P 0 ) do do do

b iU 1, 0 - d0 do do

d l IQ 0 - do do do

t 1< 31 0 0 '1o do do
d 15 31 0 0 (io do do

b 1 IQ 0 Io do do
o l 1 ; 0 0, do do

255



TABLE 3.3 Observed and Calculated Behavior of Front Interior
Partitions - Bldgs 3.29 "b* amd Od"

% OPENING BEHAVIOR

OLLS CELL MATERIAL REMARKS

3AOT OBSERVED CALCULATED

I I

b 1 19 13 0 14" block; 0.75" plaster E.F. No Yailure No Iailure Door blown out
d 1 19 13 0 do Failed Failed

b 2 57 0 0 do Failed Fai led
d 2 57 0 0 do do do

b 3 15 0 0 do do do
d 3 15 0 0 do do do

b 4 19 - 0
d 4 19 - 0

b 5 19 0 0 ?"xl:" studs-metal lath-plaster do do
d 5 19 0 0 do do ao

b 10 3 3< Hausermar Tyoe R-Steel do do
d 6 19 3Y 3< do do do

b 7 19 ( 0 4" block: 0.71" Dlastpr F.F. do do
d 7 19 0 0 do do do

b I 19 0 0 8" block; 0.70 ' plaster I.F. No Failure No Failure
d 8 19 0 0 do Failed Iaiied

b 9 19 13 13 4" block; 0.7" olaeter E.F. No Failure No Failure Door blo.7 c.

d 0 19 13 13 do Failed Failed

b 10 0 0 0 do No Failure No Failure

d 10 0 0 0 do Failed Failed

b 11 19 0 13 do do do Shcrt span dLd ' ail
d 11 19 0 13 do do do

b 1? 19 0 0 do do do

d 12 19 0 0 do do do

b 13 19 0 0 do do (1o
d 13 19 0 0 do do do

b 14 19 0 - do do do
d 14 19 0 - do do do

b 1 31 0 0 do do do wire lath in Pldster
d lq 31 0 0 do do do do

t 16 19 0 0 2" plaster - metal lath do do
d I 19 0 0 do do do
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TALELB ?.4 Observc and Calculated of 'ear Interior Partitions - Bldg. 3.29 "b" and "d"

I OPENING BEHAVIOR
B LO G C EI L M AORIAIR M

329 NO. fRONT PROut NEAR MATERIAL EMARKS

WALL PAN' PART OBSERVED CALCULATED

' I V) 13 0 1," block; 0.7w" olaster v.F. Failed Failed
I 1l 1 0 do do do

b r7 0 0 do do do
P C,7 0 0 do do do

3 1-  0 0 do do do

3 15 0 0 do do do

S., - 0 do do do

d L - 0 do do do

5 19 0 0 ?"xW" studs-metal lath-olastez do do

, 19 0 0 do do d,

IF 3' 3' Hausermar Tyne h-steel do do

d 19 3r 35 do do do

b 7 19 0 0 4" block; 0.7w:' Dlaster F.F. do do

d 7 19 0 0 do do do

t 19 0 0 ," block; 0.75" olaster F.F. No Failure No Failare

S 1) 0 0 do Failed Failed

b Q 19 13 13 4" block,, 0.75" olaster E.F. No Failure No Failure Top of door olown in
C 19 13 13 do do do Door blown in

h 10 0 0 0 do do do
10 0 0 0 do Failed Failed

b 11 19 0 13 do No Failure No Failure hear partitions perpen-

d 11 I O 13 do do do dicular to front parti-
tion. Door olown in.

h I I2 P 0 0 do Failed Failed

1 1 19 0 0 do do do

b 13 IQ 0 0 do do do
d 13 1 00 do do do

b 14 19 0 -
d IhL 0 -

b 1- 31 0 0 L" block; 0.7;" olaster E.F. do do
, 1'; 31 0 0 do do do

h 16 19 0 0 2" olaster - metal lath do do
d 1, 19 0 0 do do do
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TABLE 3.5 Obervo and Calculated Behatior of Pear CurtJan Walls - Eldg. 3.29 "b'' and "d"

% OPENING BEHAVIOR
8LDG, ¢£L

o. MATERIAL REMARKS

" WCWT . PA. OBSERVED CALCULATFm

1 19 113 0 h" brick * 8" block No Failure No FailLre
1 1 19 13 1 0 do do do

b 2 q 0 2 do do do
d 2 57 0 0 do Failed do

b 3 1< 0 0 do No railure do
d 3 l< 0 0 do do ao all on verge of collapse

b 4119 - 0 do do do

d 19 - 0 do do do

b 5 19 0 0 do do dc
d 5 19 0 0 do Failpd do

Ib 6 19 35 35 do No taillire do
d 6 19 3r 35 do do do

b 7 19 (2 0 do do do
d 7 19 0 0 do do do Oall on verge of col lapse

t 8 19 0 0 'to do do
A 9 19 0 4 o do do

b 9 19 13 13 14" brirk * h" hInrk No Fai lure No Failure
d 9 19 13 13 do do do

b 1C 0 0 0 in do do

d 10 0 0 0 do do do

b 11 19 0 13 do do dc
d 11 19 0 13 do do do

b 1l 19 0 0 do do
d 1? 19 0 0 do

b 13 19 0 0 do No Failure do
d 131 19 0 0 do Failed do

b 1h 19 0 - do No Failurr do
d IL I , - do do do

b I, 31 0 C do do do
d 11 31 0 do Failed do

b 1 IQ 0 C do Nn Failure do
d , 0 do Failed do
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both sides of 2-inch-by-4-inch studs, and the front partition of Cell 16 was made up of
2-inch plaster on metal lath. The blast loading on these partitions was a minimum for
Cell 3 and a maximum for Cell 2. The front partitions failed at both ranges, which agreed
with the postshot analyses.

The front partition of Cell 8 had no openings and was composed of 8-inch block witb
0.75-inch plaster on each face. The front curtain wall contained a 19-percent window
opening. The partition survived at the far range and failed at the near range as indicated
by the posttest analyses.

The front partition of Cell 10 had no openings and was composed of 4-inch block with
0.75-inch plaster on each face. The load on the partition, after failure of the windowless
front wall, was assumed as side-on plus dynamic pressure. The partition, as predicted
by anlyses, survived at the far range and failed at the near range.

The front partitlor, s of Cells 1 and 9 were 4-inch block with 0.75-inch plaster on each
face with a standard type door at the center of each partition. At the far range, the doors
were blown in, relieving the pressures on the front face of the partitions, which survived.
At the near range, the partitions were destroyed. The computed action of the partitions
was the same as the observed behavior.

The front partition of Cell 6 was a Hauserman Type R-steel partition with a 35-percent
glazed center section. The panel was torn loose from the nailed inserts and blown to the
rear of the cell at both ranges. Analyses predicted failure at both ranges.

Rear Interior Partitions. The rear partitions in Cells 2, 3, 5, 7, 12, 13,
15 and 13 had no openings and, except for the partitions in Cells 5 and 16, were the same
as the front interior partitions, i.e., 4-inch block with 0.75-inch plaster on each face.
The rear partition of Cell 5 was made up of 0.75-inch plaster on metal lath attached to
both sides of 2-inch-by-4-inch studs. Cell 16 had interior partitions mad- up of 2-inch
plaster on metal lath. All partitions failed as indicated by analyses.

The front and rear partitions in Cell 8 haa no openings and were composed of 8-inch
block with 0.75-inch plaster on each face. The rear partition failed at the near range as
s' "1wn by analysis. At the far i'ange the front partition survived and therefore the re.-r

ILion was ,iot loaded.
The walls and both partitions of Cell 10 had no openings. The partitions were 4-inch

block with 0.75-inch plaster on each face. The rear partition failed at the near range as
predicted, while at the far range the rear partition was not loaded due to the survival of
the front partition.

The partitions of Cells 1 and 9 were 4-inch block with 0.75-inch plaster on each face.
Each of the front walls of these cells had a 19-percent opening. The partition openings
for the front and rear partitions respectively were-Cell 1:13 percent, 0 percent; Cell
9: 13 percent, 13 percent. The rear partition of Cell 1 failed at both ranges while the
rear partition of Cell 9, because of the ±elief afforded by the presence of the door open-
ings, survived at both ranges.

The partition of Cell 4 was 4-inch block with 0.75-inch plaster on each face. Since
there was no front partition, the rear partition behaved essentially the same as the front
partitions of Cells 7, 12, 13 and 15. Failure, as indicated by analyses, occurred at both
ranges.

The partitions of Cell 6 were Hauserman Type R-steel with 35 percent glazed area.
The rear panel failed (pushed to rear of cell) at both ranges as predicted.

The partitions of Cell 11 were 4-inch block with 0.75-inch plaster on each face. The
rear partition had a door opening which relieved the blast pressures and the rear partition
survived as predicted at both ranges.

Rear Curtain Wall s. The rear curtain walls were windowless and consisted



of 4-inch brick and 8-inch block. At the far range, all of the rear walls survived. At the
near range, failure of the rear walls occurred in Cells 2, 5, 12, 13, 15 and 16; the remain-
ing ten walls survived although those in Cells 3 and 7 were on the verge of failure. Anal-
ysis indicated that all of the rear walls would survive at both ranges. Failure of six of
the rear walls at the near range would seem to indicate that the interior pressures were
somewhat higher than assumed.

3.3 FUNDAMENTAL FREQUENCY COMPARISONS

Fundamental frequency data (Reference 6) %%as taken in the field for the majority of
the curtain walls of Structures 3.29 a, b, c and d. A comparison between the preshot
fundamental frequencies versus the computed fundamental frequencies is shown in Tables
3.6 and 3.7. Because of the wide variation of the measured frequencies for similar walls
a comparison between computed and averaged recorded frequencies for similar walls is
also shown. A comparative study was made between the extent of damage and the ratio of
postshot to preshot (fundamental) frequencies of the walls; but no correlation could be
found.

A sample computation showing the method (Reference 7) of obtaining fundamental fre-
quencies is shown below for the front and rear wall panels in Cell No. 7 of Buildings 3.29a
and c (12-inch cinder-block panel, 10 feet 0 inches high by 16 feet 0 inches wide):

f Ir=7EI3
V4mL3

Where: E - modulus of elasticity of panel = 1,080 kips/in2

I = moment of inertia = 1,575 in4

m = mass of panel 0.0218 kip-sec2 , ft
L - span of panel= 10 ft 0 in

All values are based upon a 1 ft I in wide strip

* 7r2 (1080) (1575) 36.6 cps

4(0.0218) (144) (1000)

3.4 CONCLUSIONS AND RECOMMENDATIONS

Several overall conclusions may be drawn directly from the observed damage under
the conditions of this test. These conclusions are valid for the test structures and other
one-story structures of similar size and construction.

1. Curtain walls with as low as 15 percent window openings will remain in place
without serious damage under pressures which will completely destroy solid curtain
walls of similar construction.

2. Nonload-b?aring interior partitions without openings, of the type most commonly
used in building construction, maiy be expected to fail completely when expo,2d behind
curtain walls having as low as 15 percent window openings, before the curtain walls are
danmaged to the point of collapse, Openings in interior partitions greatly reduce the prob-
ability of their collapse.

3. Debris from the destruction of curtain walls and partitions facing the blast may



TABLE 3.6 Summry of ire Shot Fundamental Frequencies of Front &
Pear Walls - Pldgs. 3.29 "a" and "c"

RECORDED FREQUENCY
CELL r""

NO MATERIAL BLDG 329a BLDG 3 29c AVERAGE 
** COMPUTED

- 1 FREQUENCY FREQUEMCY
FRONT REAR jFRONT REAR

1 I1" brick C1 . 7  r6. 0 37.5 50. L0.3 60.5
2 P" cin-ler block 33.4 3r.9 & .P' 3t4.7 314.": 24.5
3 4 brick + P" cinder block 42.6 oL.O l.7 L').3 43. 47.8
4 4" brick 4 P" cinder block 3 . 1  33.0 ?2.5 31.2 43. A 47.;
v 4" brick 4 c, cinder block 3?.? 30.? ?3.? 2-.l 43.8 1T. ,
6 8" brick 36.4 34.7 30.4 32.2 33.4 0.7
7 1" cinder block 3P.3 4P.4 4. "43.5 42. ' 36.6
8 4" brick + L" cjndpr block 6.71 30.3 22.7 27.6 2.7 33.3

4" brlck.0" cavity-P" cinder block I9.7 M'.6 2(.6 30.6 25.L 23.0
10 14" brick + 9" cinder block 47.5 42.5 2-.61 41.6 143.8 47.8
11 4" brick + 14" cinder block 21.6 29.0 22.6 2".7 25.7 33.3

12 4" brick*P" cinder block, 0.7 '" space 17.2? 19." 14.2 25.3* 43.8 47.8
13 4" bri:-k + 4" clay tile 35.6 36.1 ---- 3".5 35.L 30.1

14 8" reinforced concrete 61.6 39.1 -5.0 68.8 61.1 67.0
15 1?" reirf. brick - 8" relr.f. brick ---- ---- 32.9 26.6 3?.9 26.6 34.3 22.6

16 22 gat2,m corrugated metal ---- ---- ------ --
17 corrigated transite ---- I----
I precast reinf. corcretp channels ---- 22.0-------- 24.0 36.3

Value not included in average.

Average of measured fundamental frequencies of all similar windowless walls -

bides. 3.2Q "a," "b," "c & "d."

TABLE 3.7 Summary of Pre Shot Fundamental Frequencies of Front &

Rear Wall- - Bldge. 3.29 "b" and "d"

RECORDED RECORDEDFREQUENCY ** FREQUENCY
CELL MATERIAL AVERAGE COMPUTED AVERAGE COMPUTED
NO. 3.29b &29d FREQUENCY FREQUENCY 3.25b 329d FREQUENCY FREQUENCY

REAR WALL FRONT WALL

I 4" brick + 8" cinder 36.1 38.? 43.8 07.8 36.1 37.0 3 .3 47.8
block

2 do 46. 53.2 do do ----.... .....

3 do '0.8 50.0 do do 35.4 13.3 35.3* 47.8

4 do 58.3 s?.2 do do 33. t 34.7 do do

do E .3 50.O do do 33.3 36.6 do do

6 do 41.1 43.6 do do 34.2 3 .i do do

7 do 47.1 55.7 do do 38.4 33.7 do do

8 do 0.0 59.0 do do 38.? 32.7 do do

9 do 37. 314.3 do do 36.3 39.2 do do

10 do 514.0 0.9 do do 5L.5 41.6 43.8 + * do

11 do 3 15 41.6 do do ---- 33.3 35.3* do

1 do 56.7 44.4 do do 35.6 35.5 do do

" 13 do 6 : -1 '.) do do 39.7 34.4 do do

14 do 35.14 37.5 do do 37.8 33.3 do do

1 do 4,.P 51.9 do do 30.9 ---- do do

It, do 47.7 50.9 do do 33.0 37.< do do

_ I_ _ I ._ ............

•Average of measured fundamental frequencie, of all windowed walls - Bldgs. 3.29 "b" & "d".

4.

Average of measured fundaiental frequencies of all similar windowless walls -
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be expected to be blown with conslder-ble velocity against the partitions or walls located
behind them.

Conclusions and recommendations based upon the evaluation of the tcst data and re-
cords are as follows:

I. Eisting analytical procedures for estimating blast Icadings on wall and roof
panels appear to be =4.tifactory for most structureb, but further study of the blast load-
ing on interior partitions of windowed structures is necessary. No information is avail-
able at this time concerning the interior blast loading behind windowless curtain walls or

TABLE 3.8 bmium Overpressure Which the Various Types of Windowless
Test Nanles may be Expected to Resist in a One Story
Structuru (see Conclusion 4 - Section 3.1.4)

ESTIMATED
ALLOWABLE

TYPE OF WALL OVERPRESSURE
ON THE PANEL

PSi

3" reinforced concrete 34
12" reinforced brick 26
12" brick 18
8" reinforced brick
811 brick 1i
h" brick * 8" block 11

12" block 10
4" brick * 8" block + 0.75" space at top 6+
4" brick -" " cavity 8 8" block 6
8" block 6
h" brick + L" block 5
precast reinforced channel 4
2? gauge corrugated metal on girts 4

" brick + 4" tile 3
corrugated transite on .girts < 3

Partitions (without orenings) behind windowed
(20% or less) curtain walls.

8" block + 0.75" plaster each face 18*
4" block * 0.75" plaister each face V

Peak pressure on exterior of front wall.

partitions without openings subsequent to failure of these members. In analyzing the
walls and partitions behind the windowless curtain walls and partitions without openings,
it was found that fairly good correlation between observed behavior and computed behav-
ior could be obtained by assumipS that th6 Interior blast loading was approximately equal
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tc side-on plus dynamic pressure. A future effort should be made to verify or improve
on this assumption.

2. Present methods for determining the response of reinforced concrete and struc-
tural steel members have previously been verified both in the field and laboratory. How-
ever, the response of unreinforced masonry panels, such as those which were used for
this test program, requires further investigation. Studies of restrained unreinforcad
masonry panels with weak direction spanning, including the effectiveness of masonry
ties and variations of mortar strength, would be of considerable value. The results ob-
tained In this test have verified t8 a fairly good degree, the resistance function for re-
strained unreinforced masonry panels proposed by Ammann and Whitney. The resistnnce
functions for solid and hollow unreinforced masonry panels which were used for the test
panels are shown in Figures 3.37 and 3.38 respectively. The resistance of a composite
wall panel (with sufficient masonry ties), made up of a brick wall and a hollow block wall
is assumed to be the same as that of a hollow block wall panel of the same total thickness
as the composite panel, with a flange thickness equal to that of the actual hollow member.
The resistance of a cavity wall panel with ties Is taken as the sum of the resistances of
the panels on each side of the cavity. The resistance of restrained unreinforced masonry
walls Is a function of the vertical thrust which Is developed by the compressive strains
which occur as the wall deflects. The presence of a email joint space at the top bf the
wall obviously reduces the panel capacity, particularly when the ratio of height to thick-
ness is large. For example, a 10-foot wall, 4 inches thick, with a 0.50-Inch space at
the top will have Its resistance reduced to that controlled by the modulus of rupture of
the unit, which is several times less than the resistance which would be attained in the
absence of the space. The use of a seat or edge bearing angle behind unreinforced ma-
sonry curtain walls or partitions does not significantly increase the strength of the mem-
ber; however, if a joint space exists between the bottom of the roof slab and the top of the
panel, the use of a bearing surface is desirable. Walls having a low thickness-to-height
ratio may reach peak resistance before the maximum unit stress, fI, is reached. For
this condition, the following expression for the resistance function up to the maximum
value should be used.

8fca
R = - (t-a-x) forcEmsf'

li c

(x-xc) Emcm
Where: x A 0.Shsin 0 + x ; fc = tXc

a L coo (0-0)-h' +h h?
2 sin 0 coos0 L coo (0 -0)

0 = angular rotation of wall

= arc tan 2t
h

After maximum resistance the resistance function may be approximated by substituting
the -:alue of compressive stress at maximum resistance for fI in the equations shown
in Figures 3.37 and 3.38.

Resistance functions for reinforced concrete, reinforced masonry, corrugated metal,
and corrugated transite members which were used in analyzing the test panels were de-
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veloped by Ammann and Whitney and Massachusetts Institute of Technology.
3. Interior partitions made up of plaster on metal lath (with or without studs) or

some of the commonly used commercial types are capable of resisting somewhat greater
loadings if they are tied in more securely to the walls and slabs.

4. Based upon the ar.alytical resistance functions and the test results of the various
curtain walls and interior partitions which were tested, the overpressures which the
various types of windowless test panels may be expected to resist under a blast pressure
loading similar to that of the test explosion may be estimated and is tabulated in Table 3.8.
Since the test panels were all relatively quick acting, they would also be capable of re-
sisting almost the same overpressures under blast loadings of longer duration.

Ten wall and seven roof panels representing several types of materials commonly
used in conventional building construction (e.g., masonry, reinforced concrete, metal
and wood siding, etc. ) were included as part of the structures tests, and were positioned
at three overpressure regions. The following conclusions concerning wall panel spans
encountered in normal practice are included below for additional information and com-
parison.

Estimated Allowable
Overpressure on the

Wall Panel Panel (psi)

8-inch windowless brick 9 or less
8-inch cinier block plus 4-inch brick 9 or less
8-inch and 12-inch cinder block 4 or less
Asbestos board over wood girts less than 2
Corrugated sheet steel over steel girts less than 2
Wood siding over plasterboard nailed to rtuds less than 2

The upper bounds refer to the 8-foot 9-inch high by 13-foot 9-inch test panels which
,vere of smaller size than mot such construction met in practice. Considering all of the
possible variables that may occur in the material strength, moduli and workmanship, the
comparison of the above data with Table 3.8 is fair except for the hollow-block units. The
relatively large discrepancies in the hollow-block results are probably due to comparably
large compres3ive-strength differences of the types of units used (see Section 3.1) in the
two test projects.
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