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SUMMARY

Objective

<‘The objective of the overall research program is to develop an eval-
uation procedure for determining the blast protection afforded by exist-
ing NFSS~type structures and private residences. The purpose of the
application phase of the research presented in this report was to use
the interim evaluation technique to predict the damage to actual NFSS

structures.

Background

Past efforts in this program have been concerned with examining ex-
terior walls, window glass, steel frame connections, and applications to
actual structures. This report presents the results of the dynamic anal-
ysis of the exterior walls of five structures located in the Greensboro-
High Point Standard Metropolitan Statistical Area (SMSA) of North
Carolina.

As part of an integrated program to develop a survey procedure for
all nuclear weapon effects, Research Triangle Institute (RTI) made an
initial on-site field survey during November 1970 of five presclected
NFSS buildings in Detroit, Michigan. A complete copy of the survey in-
formation and of the building plans was provided to SRI for analysis of
the buildings. The results of the dynamic analysis of the five Detroit

buildings were presented in a previous report.*

* Wiehle, C, K., and J, L. Bockholt, Existing Structures Evaluation,
Part V: Applications, Stanford Research Institute (for Office of
Civil Defense), Menlo Park, California, July 1971,



To provide additional input information for the development of the
all-effects survey, RTI made a second on-site field survey in July 1971
of five buildings located in the vicinity of Greensboro, North Carolina.
In a manner similar to that employed in the analysis of the Detroit
buildings, SRI made a dynamic analysis of each of the Greensboro Huild-
ings.

At the present time the evaluation procedure has not been extended
to include the collapse of the structural frame under dynamic loading.
Therefore, to use the interim techniques for predicting the collapse of
the exterior walls, it was necessary to assume that the frame did not
fail at a lower overpressure level than the exterior walls., For four of
the Greensboro buildings this assumption probably did not signiiicantly
influence the collapse predictions, However, as discussed in the main
body of the report, it is most probable that an overall collapse of the
frame of one of the Greensboro buildings would occur at a lower overpres-

sure than that predicted for the exterior wall,

Analysis

The predicted collapse overpressures for all five Greensboro build-
ings and for both the field survey and building plan analyses are sum-=
marized in Table S-1. A comparison of the results of the analyses
demonstrates that, when the proper building information is obtained in
an on-site field survey, there is then generally good agreement between
the collapse predictions made with both the field survey and building
plan data. On the other hand, if certain construction details are not
documented correctly, then the predictions from the two sets of data
can vary by a wide degree.

The study of the five Greensboro buildings indicated that differ-
ences between comparative analyses, performed with survey and building

plan data, varied by factors as great as nine. As noted in the discussion

s5-2



Table S-1

SUMMARY OF WALL ANALYSES

Predicted Collapse Overpressure, psi

Wall 10 Percent 90 Percent
Location Wall Thick. Standard Probability Probability
Case* Side Story Typet (in.) Mean Deviation Value Value

Southern Furniture Exhibition Building

iIF1 ABD 2-10 A 13 1.6 0.6 0.9 2.4
One-way
IP1 ABD 2-7, A 10 0.3 0.1 0.2 0.5
92,10 One-way
IP2 ABD 8 A 10 Neglibible
One-way

Greensboro Public Library

IIF1 AB 1 A 12 6.0 1.5 4.1 7.9
Two=-way

I1IF2 AB 2 A 12 6.9 1,2 5.4 8.5
Two=way

1IF3 C 2 A 12 5.2 1.1 3.8 6.7
Two-way

I1IF2’ AB 2 A 8 2.7 1.5 0.8 4,6
Two=-way

IIP1 AB 1 A 8 5.2 1.8 2.8 7.5
Two=-way

1IP2 A 2 A 8 5.1 1.5 3.2 7.0
Two=way

IIP3 C 2 A 12 5.1 1.3 3.4 6.8
Two-way

I1IP4 B 2 A 8 5.6 1.5 3.7 7.4
Two=-way

1IP2° A 2 A 8 3.5 2.3 0.6 6.4
Two-way

S-3
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Table S-1 (continued)

Predicted Collapse Overpressure, psi

Wall 10 Percent 90 Percent
Location Wall Thick. Standard Probability Probability
Case® Side Story Typet (in.) Mean Deviation Value Value
Laura Cone Dormitory
IITF1 AC 2-9 A 6 7.6 2,0 5.0 10.1
Two=-way
IIIF2 BD 2-9 A 6 5.4 0.8 4,3 6.4
Two=-way
IIIF1’ AC 2-9 A 6 2.8 0.8 1.7 3.8
One-way
ITIP1 AC 2-9 U-3 4 1.0 0.1 0.9 1.1
II1IP2 BD 2-9 A 12 11.2 1.1 9.7 12.6
One-way
I1IP1° AC 2~9 U-1 6 0.7 0.3 0.3 1.0
Willa B. Player Hall
IVF1 A 1 U=-2 16 7.7 0.7 6.9 8.6
IVF2 BC 1 u-2 16 8.3 0.6 7.5 9.1
IVF3 A 2 U-2 12 4.9 0.5 4.2 5.5
IVF4 BCD 2 U-2 12 5.2 0.3 4.8 5.7
IVF5 A 3 U-2 12 3.7 0.2 3.4 4.0
IVFé BCD 3 U-2 12 3.7 0.2 3.4 3.9
IVF2’ ABCD 1 U-1 8 1.9 0.1 1.8 2.0
IVF4’ ABCD 2 U-1 8 1.3 0.03 1.24 1,32
IVF6’ ABCD 3 U-1 8 0.5 0.04 0.43 0.52
Ivel A 1 U-2 16 7.7 0.7 6.7 8.6
1VvP2 BC 1 U-2 16 8.3 0.7 7.4 9.3
IVP3 A 2 U-2 12 4.6 0.5 4.0 5.2
IvP4 BCD 2 U-2 12 5,0 0.5 4.4 5.6
IVPS A 3 U=-2 12 3.1 0.2 2.8 3.3
IVP6é BCD 3 U-2 12 3.3 0.1 3.1 3.5
IVP3’ A 1-3 U-1 8 0.2 0.1 0.1 0.3
IVP4’ ABCD 1-3 A 8 4.6 2.4 1.5 (%
One-way



Table S-1 (concluded)

Predicted Collapse Overpressure, psi

Wall 10 Percent 90 Percent
Location Wall Thick. Standard Prcbability Probability
Case* Side Story TypeT (in.,) Mean Deviation Value Value
North Carolina National Bank
VF1 A 1 A 13 3.9 0.7 3.0 4.8
One~way
VF2 B 1 A 13 1.8 0.2 1.6 2.0
One-way
VF3 ABCD 2-8 A 13 12,4 2,6 9.0 15,7
One-way
VPl A 1 A 17 16.4 4,2 11.0 21.8
One-way
VP2 B 1 A 17 5.4 0.7 4.6 6.3
One-way
VP3 ABCD 2-8 A 13 15,7 4,0 10.5 20.8
Two-way '

* The prefix F identifies walls analyzed using field survey data, and P those
analyzed using building plan data. The prime identifies interior partitions.

t Each wall is designated with a letter to identify the wall type and a number
to identify the wall support condition., The key to the wall types and
support cases are given in Table S=2, '



Table S-2

WALL TYPE AND SUPPORT KEY

Letter Wall Type
U Unreinforced masonry unit wall
A Arching wall
RC Reinforced concrete wall
Number Support Case
1 Tvo-way, simply supported on four edges
2 Two-way, fixed on four edges
3 Two-way, fixed on vertical edges and simply supported

on horizontal edges

4 Two=-way, simply supported on vertical edges and
fixed on horizontal edges

5 One-way, simply supported on opposite edges
6 One-way, fixed on opposite edges

7 One-way, proprad cantilever

8 One-way, cantilever

S-6




of each building in the body of the report, the difference in collapse
overpressure of a specific wall, using the field survey or building plan

data, can be attributed primarily to the difference in the assumed

support conditions. A contributing factor was the variation in the

wall thickness obtained from the survey and plan information.

5=7
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ABSTRACT

The objective of the overall research program is to develop an
evaluation procedure for determining the blast protection afforded by
existing NFSS-type structures and private residences. The purpose of
the application phase of the research presented in this report was to
use the interim evaluation technique to predict the damage to actual
NFSS structures.

Past efforts in this program have been concerned with examining
exterior walls, window glass, and steel frame connections. In this
phase, the previously developed mathematical models for exterior walls
were used to predict the collapse overpressure for selected structures.
The report presents the results of the dynamic analysis of the exterior

walls of five structures located in the Greensboro-High Point SMSA of

North Carolina.

11 Preceding page blank




[T

CONTENTS

SUMMARY . . . & ¢ ¢ ¢ o o o o &

ABSTRACT ® & s & o s . ¢« 0

11

INTRODUCTION . . . . . .

Background . . . ¢« .« o &

Analysis Limitations and Discussion . . . o+ « & ¢ o &+ &

Acknowledgments . . . . .

BUILDING ANALYSIS=--GREENSBORO-HIGH POINT . . . . . . .

Introduction . . . . . .

Southern Furniture Exhibition

Description . . « « ,+ &
Analysis .+ 4+ & o o .
Field Survey Data . .
Building Plan Data .,
Greensboro Public Library
Description . . . . . .
Analysis .« « + o ¢ . &
Field Survey Data . .
Building Plan Data .,
Laura Cone Dormitory . .
Description . . « . . &
Analysis . . + . o . o
Field Survey Data ., .
Building Plan Data .,
Willa B, Player Hall . .
Description . . . . . .
Analysis . . . . . . &
Field Survey Data . .
Building Plan Data .

* o
* s
e o
* s
LI
e e
* e
e e
s
e
s 0
* 0
¢ o
*
.
.
.
« o
. .

North Carolina National Bank

Description . . . . . .
Analysis . « « ¢ ¢ o o
Field Survey Data . .
Building Plan Data .

e
. o
s 0
o

Building . ¢ ¢« ¢ o & o &

Preceding page blank

S-1

iii

N R -

@ o O U W

12
13
13
15
15
18
22
22
22
22
26
30
30
30
30
36
41
41
43
43
46



III  SUMMARY AND DISCUSSION

Appendix:

REFERENCES , . .

NOMENCLATURE , .

DISTRIBUTION LIST

.

FIELD SURVEY DADA

CONTENTS

vi

49

57

79

81

83



ILLUSTRATIONS

Photographs and Plot Plan of the Southern Furniture
Exhibition Building . . « & &+ o + & ¢ s o o o o o o o &

Photographs and Plot Plan of the Greensboro Public
LIbrary o o o o ¢ o o o o s o s ¢ o 6 o 0 6 6 o o o o »

Plan View of Interior Walls on the Second Story of the
Greensboro Public Library . . . « + ¢« « ¢ o« o o o o o &

Photographs and Plot Plan of the Laura Cone Dormitory .

Plan View of Interior Walls on the Upper Stories of the
Laura Cone Dormitory. . . « + ¢« ¢+ o o o ¢ o o o o o« o »

Plot Plan of Willa B, Player Hall . . . . . +« ¢« « &+ + &
Photographs of Willa B, Player Hall . . . . . . « . . .

Plan View of Interior Wall on the Second Story of
Willa B, Player Hall . . . . ¢« & « ¢« & ¢ o o o o o o =«

Photographs and Plot Plan of the North Carolina
National Bank . . . & & ¢ v v v o o s o o o o o o s s

vii

14

20

23

28

31

32

38

42



TABLES

Structural Properties of Masonry Materials . . . . . . .

Southern Furniture Exhibition Building,
Wa 11 pr\)perty Da ta e o 8 o ¢ & 8 & 8 8 e e & s 5 e s e

Greensboro Public Library, Wall Property Data . . . . .
Laura Cone Dormitory, Wall Property Data . . . . . . . .

Willa B. Player Hall, Wall Property Data
from the Field Survey . . « « ¢ v v ¢ ¢ o ¢ o o o o » &

Willa B. Player Hall, Wall Property Data
from the Building Plan . . . . . s ¢« ¢ ¢ ¢ o o o o o o o

North Carolina National Bank, Wall Property Data . . . .
Summary of Wall AnalysesS . o+ o + ¢« « o « o s o o o o o

Wall Type and Support Key . . ¢« ¢« ¢ ¢ o o o o o o o o o

ix  preceding page blank

11

17

25

35

39

45

50

53



I INTRODUCTION

Under contract to the Office of Civil Defense, Stanford Research
Institute is developing a procedure for the evaluation of existing struc-
tures subjected to nuclear air blast. The objectives of the overall re-
search program is to develop an evaluation procedure for determining the
blast protection afforded by existing NFSS-type structures and private
residences. The purpose of the application phase of the research pre-
sented in this report was to use the interim evaluation technique to

predict the damage to actual NFSS structures.

Background

Past efforts in this program have been concerned with examining ex-
terior walls (Refs, 1 and 2), window glass (Ref., 3), steel frame connec-
tions (Ref. 4), and applications (Ref. 5). This report presents the
results of the dynamic analysis of the exterior walls of five structures
located in the Greensboro-High Point SMSA of North Carolina.

As part of an integrated program to develop a survey procedure for
all nuclear weapon effects, Rescarch Triangle Institute (RTI) made an
initial on~-site field survey during November 1970 of five preselected
NFSS buildings in Detroit, Michigan. The survey was conducted primarily
to obtain a complete structural description of the buildings that would
be adequate for building damage and casualty prediction purposes, The
results of the field survey were recorded on predesigned forms and in-
cluded sketches and photographs, A complete copy of this information,
together with the building plans, was provided to SRI for analysis of
the buildings, The results of the dynamic analysis of the five Detroit

buildings were presented in Ref. 5.



To provide additional input information for the development of the
all-effects survey, RTI made a second on-site field survey in July 1971
of five buildings located in the vicinity of Greensboro, North Carolina,
In a manner similar to that employed in the analysls of the Detroit
buildings presented in Ref. 5, two dynamic analyses were made of each
of the Greensboro buildings in this study, The first analysis was made
using the data obtained during the RTI on-site survey. A second analy-
sis of the same building was then made independently using data obtained
from the actual building plans. This procedure provided a check on the
adequacy of the survey technique and the proposed field survey data form
and emphasized areas of possible improvement.

It should be noted that when a discrepancy occurred between the sur-
vey and plan data during this study, no attempt was made to determinc
which was correct. On the one hand, it is possible that the building
plans could be in error, since construction drawings do not necessarily
reflect the as-built condition of a structure. On the other hand, however,
the survey data could be in error, since some parameters, e.g., the exist-
ence or width of a wall cavity, are difficult to determine by on=-site in-
spection without considerable effort or special equipment. Because the
accuracy of the data can be important to the building collapse predictions,
consideration should be given in any future survey and blast analysis cx-
ercise to a resurvey of important parameters when a discrepancy occurs

between the survey and plan data.

Analysis Limitations and Discussion

The predictions of the collapse overpressure of the buildings were
based on a dynamic analysis of the exterior walls using the procedures
presented in Refs. 1 and 2, That is, the intent in this study was to
predict the blast damage to actual NFSS structures, even though only in-

terim techniques were available for analyzing wall elements. This pro-



cedure was of value in providing guidance in planning the research effort
and in providing interim predictions for the collapse overpressure of
actual structures for use by the Office of Civil Defense (OCD).

At the present time the evaluation procedure has not been extended
to include the collapse of the structural frame under dynamic loading.
Therefore, to use the interim techniques for predicting the collapse of
the exterior walls, it was necessary to assume that the frame did not
fail at a lower overpressure level than the exterior walls. For four of
the Greensboro buildings this assumption probably did not significantly
influence the collapse predictions, However, as was noted for two of
the structures in the Detroit study in Ref, 5, it is most probable that
an overall collapse of the frame of one of the Greensboro buildings
(i.e,, the North Carolina National Bank) would occur at a lower overpres-
sure than that predicted for the exterior wall.

The collapse of the floor slab over basement areas is an important
consideration in determining the survivors in nuclear blast environments,
However, collapse predictions for the floors in the Greensboro-High Point
buildings could not be included in this effort because the procedures are
currently being developed. The analysis of floor slabs will be included
in the building collapse predictions when the procedures become available,

In addition, the method of construction of an arching-type wall is
extremely important in the determination of its resistance function,

For example, if a wall is constructed so that the closing joint at the
top of the wall (between the wall and the floor beam or slab) is well
mortared, it is reasonable to assume that the wall can develop its maxi-
mum arching force. On the other hand, if the top mortar joint is im-
properly made or if a gap exists between the wall and beam, the arching

*
resistance is reduced in proportion to the size of the gap. Also, a

* The resistance function for arching walls with a gap or elastic
supports is presented in Ref, 1,



gap or improperly mortared top joint may result in a collapse mechanism
that prevents the development of arching resistance. Since there is no
information available on the actual construction techniques used for any
of the structures analyzed in this study, it was assumed that if the wall
was of the arching type, the meximum arching resistance was developed.

For the evaluation of the exterior wall elements in this study,
failure implies collapse or disintegration of the wall, Furthermore,
the predicted collapse overpressures given are for the incipient collapse
of the wall, which is defined as that point in the response where the
wall can be considered as on the threshold of collapse. The pressure at
incipient collapse is therefore the load that is just sufficient in
magnitude to cause a collapse of the wall--a load of slightly lesser
magnitude would not result in collapse.

It should be noted that the load-time function on a wall in an
actual structure subjected to nuclear blast is a complex phenomenon, and
a precise description of the loading function is not too meaningful in
comparing collapse predictions. Therefore, the predicted collapse over-
pressures given in this report are the peak incident overpressures of

the free-field blast wave that result in collapse of the wall,
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11 BUILDING ANALYSIS--GREENSBORO-HIGH POINT

Introduction

The analysis of each of the five Greensboro-High Point NFSS build-
ings is presented in this section. In each subsection a description of
the building is given, together with a copy of the photographs provided
by RTI. The building is described as it was designed, and therefore
there may be some discrepancies between the building descriptions and
the field survey data presented in the Appendix., Following the descrip-
tion, the analysis of the building is presented in two subsections, the
first using the field survey data and the second using the building plan
data,

The exterior walls for which collapse predictions were made were
analyzed using the probability technique presented in Ref. 2. Therefore,
the collapse values are given as having a 10-, 50-, or 90-percent prob-
ability of occurrence.

In general, the procedure used to make the collapse predictions was
first to make a detailed examination of the field survey data, sketches,
and photographs, From this information the walls that were believed to
be important to the failure of the structure or to the production of
significant casualties were selected for analysis. Although it was not
feasible to analyze every wall in all five buildings for this phase of
the effort, the walls selected were representative for each building.
The input data required in the computer programs consist of the wall
and load properties, including probability distributions where needed.
Although the geometric wall properties were usually available from the
field survey data, the properties of the masonry materials were not

available, Since this is generally the case for existing structures,

5



it was necessary to assume values for the material properties required
in the analysis. The material properties used in this study are sum-
marized in Table 1; they were based on previous data,

After the walls were analyzed using the field survey data, the
building plans were examined in detail and a new set of input data was
prepared for each building. The properties of the masonry materials
were usually not specified on the plans, and therefore the values in
Table 1 were also used for the building plan data analysis.

An important factor in the prediction of the collapse of a structure
is the method used tc determine the transient blast loading. For this
study the front face, interior, and net loading ou each wall was calcu-
lated by the procedure discussed in Ref, 2, It was assumed that each
wall being analyzed was struck at normal incidence by a plane Mach wave-
form created by a 1 Mt surface burst: that is, each wall was analyzed
as though it were the "front face' of the building with an ideal blast
wave advancing at normal incidence to it. For this limited study it
was not possible to analyze the side and rear walls for the effect of a
blast wave engulfing the structure. As noted in Ref, 2, because of the
time relationship between the interior and exterior blast pressures and
the design of some wall elements, it is possible that a side or rear
wall of a structure may be expected to collapse at a lower incident over-

pressure than that predicted for the front wall,

Southern Furniture Exhibition Building

Description
The Southern Furniture Exhibition building constructed in 1967, is

located on East Green Drive, in High Point, North Carolina. The build-
ing consists of 11 stories with a lower level and basement below the
first-floor level. The overall height of the building is 153 ft and

plan dimensions of 145 ft by 233 ft provide an area of about



‘posn aq 03 aae wm 00E JO UOT]1EBIADP paepuels
e pue ww 000T = “9 JO onyeA ueaw e ‘sSInooc 3utyoae yorIym ur siIem ao4g
*3uryoae JNOYITM TIem AJIUOSEW PIDIOFUISIUN uUe SurZATBUE JOJ 918 UIATS SanTeA x

SL°0  SOTXGL® osv 0SLT 0z 0S oS ‘ur g8 ‘o113 AB[O [EINIONIIS
SL'0  SOTXGL® oSy 0SLT 0z 0¢ 09 ‘ut 9 ‘o113 ABYO TEANIONIRS
SL°0  SO0TXGL® oSt ocLT 0z 0¢ cL ‘ur § ‘a1r3 AEYO TEANIONJIS
0SL'T  JOTIX0°T ose 0021 sz 09 08 *ur gT‘do01q 932I0U0)
00S° 1 g0TX0° T 0Ge 0031 G¢ 09 €8 *ur e ‘yoorq 9312I0U0)
GLE°T  LOTIX0°T oge 0021 cz 09 06 *ur § ‘3o001q 238a0U0)

--  JyleroLs 0 ocLe 0 JPirs SvI 231810u0)

- LOTX0° T 009 0002 av 00T 0zt ¥orag
(°un) (tsd) UOTI3IBTA3(J UBS|{ UOTI)ETIAI( ueon (3od) IBT 1931 B}

! o 3 paepuelg paepuelg A

(rsd) |1 (tsd) ‘3

STVIYALVIN AYNOSYIN 40 SHAIIYAJOUd 'TVINLINYLS

1 o1qeL




28,000 sq ft on the first floor and 31,000 sq ft on the upper floors.
As noted on Figure 1, the building is mostly windowless except for the
large glass areas on the first and eleventh stories. The exhibition
building was constructed as a wing of an existing building for the full
height on side C,

The frame is of structural steel and reinforced concrete composite-
type construction. The floors on the first and lower level consist of
reinforced concrete beams and one-way concrete joists with a 4-1/2-in.
thick reinforced concrete slab. The upper floors are constructed with
structural steel beams between columns and open-web steel joists that
span between the beams and support a 4-in. thick concrete slab. Above
the first floor level the floor extends 8 ft beyond the column lines.

The exterior walls are constructed of a 4-in. thick brick facing
with a 4-in, thick concrete block backing wythe and a 2-in, cavity. The
walls are unreinforced and the 4-in. thick concrete block is inset be-
tween the floors; the brick facing is continuous over the floors. The
interior partitions on the first story consist of either timber studwall
or 8-in, thick nonload-bearing, concrete block construction. The upper
stories contain very few permanent-type interior partitions except

around the stair and utility areas,

Analysis

Field Survey Data. During the on-site survey the exterior walls of

the Exhibition Building were classified as nonreinforced concrete block
panel walls with brick masonry veneer. The 8-in., thick concrete block
was described as inset in the frame and the 4-in, thick brick as continu-
ous over the frame with a 1-in, cavity between the two wythes, Although
the wall panel width was given in the data as 21 ft, the wall was analy-
zed as capable of developing only one-way structural action in the ver-
tical direction, since the outer column line was shown on a sketch as

located well inside the plane of the exterior wall,

8
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Since the Exhibition Building was constructed as an extension of an
existing structure, there was no exterior wall on side C. Also, the
walls on stories 1 and 11 were not analyzed since their resistance was
controlled by the strength of the large windows, For sides A, B, and
D and stories 2 through 10, the walls were analyzed as one-way arching
walls between adjacent floor levels., It was assumed that the principal
wall resis.an~e was developed by arching of the 8-in., concrete block
and that the contribution of the 4-in, brick weneer to the resistance
was negligible because of the 1-in, cavity., Since the window area on
each story was small compared with the large room volume, the pressure
build-up within the room could not occur in sufficient time to influence
the exterior wall response, and therefore the net loading on the wall
was assumed to be equal to the exterior blast loading.

Using the information from the on-site survey, it was found neces-
sary to analyze only the following case to estimate the collapse over-

pressure of the Southern Furniture Exhibition Building:

IF1. Sides A, B, and D, walls on story levels 2 through 10,

One-way arching wall,

Interior partitions were not includeu in the analysis, since, as
mentioned previously, there were very few permanent-type partitions on
the stories of interest. The dimensions and wall vroperties used in the
analysis are given in Table 2,

The results of the analysis of the Exhibition Building, using the
field survey data are:

Predicted Collapse Overpressure, psi
10 Percent 90 Percent
Standard Probability Probability
Case Mean Deviation Value Value

IF1 1.6 0.6 0.9 2.4

10
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Building Plan Data. An examination of the building plans showed

that the type of exterior walls in the Exhibition Building was as in-
dicated in the survey data, although there were two differences between
the details of the wall design and the survey information. First, the
concrete block backing wythe was found to be only 4-in. thick rather
than 8-in. thick, which would have a significant effect on wall resist-
ance. Second, the cavity between the brick and concrete block wythes
was 2 in, rather than 1 in,

The specific wall analyzed for this phase was the same as that dis-
cussed under the survey data. However, even though it was noted in the
survey information that the eighth story had a height of 19 ft, it was
not analyzed as a separate case. For the analysis using the plan data,
it was decided that the increased wall span warranted an additional anal-
ysis, and therefore the following two cases were analyzed to estimate the

collapse overpressure of the Southern Furniture Exhibition Building:

IPl, Sides A, B, and D, walls on story levels 2 through 7, and 9
and 10. One-way arching wall,
1P2, Sides A, B, and D, walls on story 8, One-way arching

wall

The dimensions and wall properties used in the analysis are given in
Table 2,
The results of the analysis of the Exhibition Building, using the

building plan data, are:

Predicted Collapse Overpressure, psi

10 Percent 90 Percent
Standard Probability Probability
Case Mean Deviation Value Value
IP1 0.3 0.1 0.2 0.5

P2 Negligible

12



As can be seen in the tabulation, the analysis using the survey
data rcsulted in a mean predicted collapse overpressure for the exterior
walls ou a typical 12-ft high story of the Exhibition Building that was
over five times as high as the predicted value for the same wall using
the plan data. The primary reason for this difference in the collapse
predictions is the difference in thickness of the concrete block back=-
ing wythe, which was given aé 8 in, in the survey information but was
only 4 in, on the plans, It should be noted that although the relative
difference between the two collapse values is large the actual difference
of about 1 psi for the case cited may not be too important for the pur-
poses of OCD.

The collapse overpressure for the wall on the eighth story was
found to be negligible as a result of the 19-ft story height. Since
the wall resistance was of such a low value for the arching mode, the
wall was reanalyzed using the bending resistance of the 4-in. thick
brick veneer., The collapse strength was also found to be negligible
for this case. Because of the low resistance of the wall, there is
some question as to whether the wall was actually ccnstructed with the

4-in, thick concrete block backing wythe shown on the drawings,

Greenshoro Public Library

Descrigtion

The Greensboro Public Library constructed in 1964, is located at
N. Greene and W, Gaston Streets in Greenshoro, North Carolina. The
Library consists of two stories ahove ground and twd basement levels.
The overall height of the building is 33 ft and plan dimensions of
140 ft by 143 ft provide an area of about 17,000 sq ft on the first
floor and 20,000 sq ft on the second and basement floor levels, As
noted on Figure 2, sides A and B have a minimum window area except for
the front entrance, Most of the wall area on sides C and D is shielded

by adjacent buildings.

13
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The building was constructed with a conventional reinforced concrete
frame with beams and columns, On the first and second stories the one-
way concrete joist floor system is supported by the frame beams, whereas
the floor over the lower basement level is a 6-in. thick solid concrete
slab with slab bands. The first floor concrete slab is 3 in. thick,

The exterior walls on sides A and B are constructed with an outer
veneer consisting of 4~ or 6-in. thick precast stone panels and an inner
wythe of 8-in thick solid brick with a 1-in, cavity between. The brick
backing is inset in the concrete frame and the stone panels are continu-
ous over the frame. The walls on sides C and D are constructed with a
4-in, brick veneer facing, which is backed with an 8-in. concrete block.
The concrete block is inset in the frame and the brick is co?;éggaus over
the frame members; there is no cavity. The interior partitfgn of primary
interest is the 8-in. thick concrete block wall that surrounds the audi-
torium on the second story. There are also movable type partitions that
form office space on the second story, but these are of minor interest

for damage and casualty calculations.

Analzsis

Field Survey Data. During the on-site survey the exterior walls of

the Library were classified as nonreinforced concrete block panel walls
with stone veneer on sides A and B and brick veneer on sides C and D.
The stone facing was described as mosaic cast stone panels. The 8-in.
concrete block was estimated to be inset in the frame and the 4-in.
brick or stone panels as continuous over the frame, with no cavity.

The walls on sides A and B were analyzed as unreinforced masonry
unit walls with two-way arching between frame members. Since no cavity
was specified in the survey data, the concrete block was assumed to be
well bonded to the brick or stone veneer, and the total 12-in.-wall

thickness was assumed effective in developing the wall resistance,

15




A separate analysis was made for the walls on the first and second stories
because the large auditorium on the second story could modify the effect
of the interior room-fiiling pressure on the exterior wall collapse,
Since an adjacent structure shielded part of the wall on side C and all
the wall on side D, only the second story wall on side C was analyzed for
blast loading. The interior partitions on the second story surrounding
the auditorium were analyzed as two-way arching walls since the data in-
dicated they were constructed along the column lines.

Using the information from the on-site survey, it was found neces-
sary to analyze the following four cases to estimate the collapse over-

pressure of the Greensboro Public Library:

IIF1. Sides A and B, walls on first story. Two-way arching wall.
IIF2, Sides A and B, walls on second story. Two-way arching wall,
IIF3. Side C, walls on second story. Two-way arching wall.

1IF2’, Sides A and B, second-story wall surrounding auditorium.

Interior two-way arching wall,

The dimensions and wall properties used in the analysis are given in
Table 3.

The results of the analysis of the Library, using the field survey

data, are:
Predicted Collapse Overpressure, psi
10 Percent 90 Percent
Standard Probability Probability

Case Mean Deviation Value Value
IIF1 6.0 1.5 4.1 7.9
I11F2 6.9 1.2 5.4 8.5
IIF3 5.2 1.1 3.8 6.7
11F2’ 2.7 1.5 0.8 4,6
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Building Plan Data. An examination of the building plans indicated

several differences between the design of the Library and the data ob-
tained in the field survey. The exterior walls on sides A and B were
constructed with either 4- or 6-in. thick precast stone panels with an
inner 8-in.-thick brick wythe and a 1-in., cavity. This differed from
the survey data where it was noted that the inner wythe was concrete
block and that there was no cavity. Because of the cavity brtween the
stone veneer and the inset brick panels, it was assumed for the plan
data analysis that the bending strength of the stone panels was negli-
gible compared with the arching resistance of the brick. For sides C
and D it was found that the walls were constructed as indicated in the
survey data, i.e., a 4-in. thick brick veneer backed with an 8-~in. thick
concrete block and no cavity.

For the survey data analysis of the interior wall surrounding the
auditorium on the second story, it was assumed that the size of the open-
ing through which the blast wave could enter the building was equal to
the story height times the length of the diagonal across the corner win-
dows shown in Figure 2.* The plans, however, indicated that the opening
into the second story was much less than that assumed because of the
existence of an 8-in. thick concrete block wall on the inside of the
building that enclosed the main entranceway and circular stairs. Since
the wall also extended from the stairs to the auditorium wall, the room
volume used for the plan data analysis was only about 20 percent of that

used previously, as noted in Table 3.

* As noted on the sketches furnished with the field survey data in the
Appendix, the corner windows enclose the main Library entranceway
and circular stairs leading to the second story.
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The above difference in room volume also affected the room-filling
pressure used in the calculation of the net load on the exterior walls.
Therefore, to describe adequately the collapse of the Library, it was
necessary to perform a separate analysis for the exterior walls on sides
A and B of the second story. Except for this change the specific walls
analyzed to estimate the collapse overpressure of the Library for the
plan data analysis were the same as those discussed under the survey

data analysis and were as follows:

I1IP1, Sides A and B, walls on first story. Two-way arching wall.
IIP2, Side A, walls on second story. Two=-way arching wall,

11P3. Side C, walls on second story. Two-way arching wall,

11P4, Side B, walls on second story. Two-way arching wall,
IIP2’, Sides A and B, second story wall surrounding auditorium.

Interior two-way arching wall.

The location of the interior wall surrounding the auditorium is shown in
Figure 3. The dimensions and wall properties used in the analysis are
given on Table 3.

The results of the analysis of the Library, using the building plan

data, are:
Predicted Collapse Overpressure, psi
10 Percent 90 Percent
Standard Probability Probability

Case Mean Deviation Value Value
1IP1 5.2 1.8 2.8 7.5
11P2 5.1 1.5 3.2 7.0
I1IP3 5.1 1.3 3.4 6.8
11P4 5.6 1.5 3.7 7.4
11P2° 3.5 2.3 0.6 6.4
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As can be seen in the tabulation, the analysis using the survey
data resulted in a prediction of a 50 percent probability of collapse
for the exterior walls of the Library that ranged from 2 to 35 percent
greater than the predictions made for the same walls using the plan data.
For the walls of sides A and B (Cases IIF1 and IIP1) on the first story,
the 15 percent increase shown above is misleading because the differences
in the wall construction noted previously tend to be compensating. That
is, the plans showed that the backing wythe for the stone veneer was
brick, which would provide a wall with a greater resistance than the
concrete block used in the survey data analysis, Also, since the plans
showed tkat the wall had a 1-in. cavity, the effective wall thickness
was 8-in. rather than the 12-in. assumed previously; this, of course,
would tend to decrease the collapse prediction for the plan data analy-
sis.

In addition to the above two factors, the collapse prediction for
the second story walls on side A (Cases IIF2 and I11P2) was affected by
the room volume used in the analyses, as noted in Table 3. This resulted
in a 50 percent probability of collapse for the survey data that was
35 percent greater than that for the plan data.

For the interior wall surrounding the auditorium (Cases IIF2’ and
IIP2°), the analysis using the building plan data resulted in a predic-
tion for the mean collapse overpressure that was about 30 percent greater
than that made with the survey data. Since the wall properties were
similar for both cases, as noted in Table 3, it is evident that the
difference resulted from the variation in the area of openings and room

volume, which would affect the pressure-time history on the walls.

21



Laura Cone Dormitory

Descrigtion

The Laura Cone Dormitory, constructed in 1967, is located on West
Market Street, U.N.C.~-G, Greensboro, North Carolina. The building con-
sists of 9 stories and a ground or basement floor. The overall height
of the building is 98 ft and plan dimensions of €4 ft by 194 ft provide
an area of about 5300 sq ft on the ground floor and 8300 sq ft on the
upper floors. Figure 4 shows the exterior walls and general window lay-
out for the Dormitory.

The Dormitory has a structural steel frame with riveted and welded
column and beam connections. The floors are 2-3/4-in. thick concrete on
galvanized corrugated steel forms that are supported by open-web steel
joists spanning between the frame beams.

The exterior walls on sides A and C are constructed with a 4-in,
thick brick veneer with a 4-in, thick concrete block backing wythe and
a 2-in, cavity. The walls are unreinforced and the 4-in. concrete block
is inset between floor beams; the brick veneer is continuous over the
floors although supported on shelf angles at each floor level. On sides
B and D the 4-in. thick brick veneer is backed with 8-in. thick concrete
block and there is no cavity. The concrete block is inset in the frame
and the brick is continuous over the frame members. The interior parti-
tions are constructed with unreinforced concrete block, 4~in. thick be-
tween rooms and 6-in., thick in the corridors. The partitions are nonload
bearing, even though there is some wedging between the top of the room

rartitions and the floor beams.

Analysis

Field Survey Data. During the on-site survey the exterior walls of

the Dormitory were classified as nonreinforced concrete block panel walls

with brick masonry veneer. The concrete block on the upper floors was
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described as 6-in. thick and inset in the frame; there was a limited
amount of 8-in. concrete block on the basement and first story levels.
The brick veneer was 4=-in. thick with a 1=in. cavity on all sides of
the building.

The exterior walls on sides A and C were analyzed as unreinforced
masonry unit walls with two-way arching between frame members. It was
assumed that the principal wall resistance was developed by arching of
the 6-in. concrete block and that the contribution of the 4-in, brick
veneer to the resistance was negligible because of the l-in. cavity.

Since there were no windows on sides B and D except in the corridor area,
a separate analysis was made for these walls., However, no separate anal-
ysis was made for the limited number of walls with the 8-in. thick
concrete block backing wythe on the first story. The interior partitions
on the upper floors between the rooms and the corridor were analyzed as
one-way arching walls, even though they were described as load-bearing
walls in the survey data.

Using the information from the on-site survey, it was found necessary
to analyze the following three cases to estimate the collapse overpressure

of the Laura Cone Dormitory:

IIIFl. Sides A and C, walls on story levels 2 through 9,
Two-way arching wall,

ITIF2, Sides B and D, walls on story levels 2 through 9.
Two-way arching wall,

IIIF1’. Sides A and C, walls on story levels 2 through 9,

Interior one=-way arching wall.

The dimensions and wall properties used in the analysis are given in

Table 4.
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The results of the analysis of the Laura Cone Dormitory, using the

field survey data, are:

Predicted Collapse Overpressure, psi

10 Percent 90 Percent
Standard Probability Probability
Case Mean Deviation Value Value
I1IF1 7.6 2,0 5.0 10.1
111F2 5.4 0.8 4.3 6.4
I1IF1° 2.8 0.8 1.7 3.8

Building Plan Data. An examination of the building plans indicated

several differences between the design of the Dormitory and the data
obtained in the field survey. The exterior walls on Sides A and C were
constructed with a 4-in. thick brick veneer and a 4-in. thick concrete
block backing wythe and a 2-in, cavity; this differed from the survey

data where it had been found that the inner wythe was 6-in, thick concrete
block. The brick veneer is supported on shelf angles at each floor level,
and the concrete block is inset between floor levels™ although the wall

is not in direct contact with the spandrel beams at the top of the wall.
Therefore, for the analysis it was assumed that the resistance of the

wall was controlled by the bending strength of the brick veneer and tha'
the contribution of the concrete block to the wall resistance was negli-
gible. It was also found that the exterior walls on sides B and D were
not constructed as noted in the survey data but consisted of a 4-in.

thick brick veneer backed with an 8-in. thick concrete block and no cav-
ity., For the analysis it was assumed that only one-way arching could
develop between spandrel beams and that the total 12-in. thickness of

the wall would contribute to the arching resistance.

* The column lines on sides A and C were about 7 ft behind the plane of
the exterior walls, and the floor beams were cantilevered from the
columns,
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Since the plans indicated that the corridor walls were not in direct
contact with the floor beams, it was assumed in the analysis that the
wall resistance was developed through bending rather than arching, as
assumed for the survey data analysis. Furthemore, since the corridor
walls are inadequately supported to develcp the wall resistance for a
blast wave approaching from the direction of the window, the volume used
in the collapse predictions for both the interior and exterior walls was
equal to the room volume plus the volume of the adjacent corridor.

The specific walls analyzed to estimate the collapse overpressure
of the Dormitory for the plan data analysis were the same as those dis-

cussed under the survey data analysis and were as follows:

IIIP1. Sides A and C, walls on story levels 2 through 9,
Two=way unreinforced masonry unit wall fixed on vertical
edges and simply supported on horizontal edges without
arching.

ITTP2, Sides B and D, walls on story levels 2 through 9,
One-way arching wall.

ITIP1 . Sides A and C, walls on story levels 2 through 9,
Interior two-way unreinforced masonry unit wall with

simple supports and without arching.

The interior wall analyzed for a blast wave striking side A is indicated
on Figure 5. The dimensions and wall properties used in the analysis

are given in Table 4.
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The results of the analysis of the Dormitory, using the building

plan data, are:

Predicted Collapse Overpressure, psi
10 Percent 90 Percent
Standard Probability Probability

Case Mean Deviation Value Value
I1I1IP1 1.0 0.1 0.9 1.1
111P2 11.2 1.1 9.7 12.6
111P1’ 0.7 0.3 0.3 1.0

As can be seen in the tabulations for the survey and plan data
analyses, the difference in predicted collapse overpressures ranged
from a factor of about one-half to eight. For the exterior walls on
sides A and C (Cases IIIFl and IIIPl), the analysis with the survey
data resulted in a predicted collapse overpressure that was almost
eight times that made with the plan data. This large difference re-
sulted from the differences in wall construction, thickness, and support
conditions discussed previously in this subsection, For the exterior
walls on sides B and D (Cases IIIF2 and IIIP2), the analysis with the
survey data resulted in a collapse overpresure that was about one-haif
that with the plan data. This was due primarily to the difference in
wall thickness used in the two analyses, and the discrepancy would have
been greater if the support conditions had been identical, i.e., if
Case IIIF2 was two-way arching and/or if Case IIIP2 was one-way arching.

The predicted collapse overpressure for the interior corridor walls
using the survey data can be seen to be four times that obtained using
the plan data. This resulted solely from the different support condi-
tions used, For the survey data analysis it was assumed that the in-
terior partitions could arch between floor beams, but the plans showed
that the top of the corridor wall was not in direct contact with the
floor beams and the wall would therefore develop its resistance through

bending,
29



Willa B, Player Hall

Description
The Willa B, Player Hall, constructed in 1966, is a student dormitory

located at Bennett College, Greensboro, North Carolina, The building con=-
sists of 2 stories and a lower level below the main floor level. The
overall height of the building is about 35 ft to the eave line, and plan
dimensions of 65 ft by 205 ft provide an area of about 11,800 sq ft on
each floor level, Figure 6 shows a location plan for the Hall, and
Figure 7 shows the window and wall area on the four sides of the building.
Note that the lower level is not fully exposed on all sides,

The building has a load-bearing exterior wall and interior structural
steel columns and beams. The flcors are 2-1/2-in, thick concrete on stand-
ard corrugated steel forms that are supported by open-web steel joists
spanning between the exterior wall and the interior beams.

The exterior walls are load-bearing unreinforced masonry unit walls
and are of similar construction on all sides of the building. On the
lower level the walls are 16-in. thick solid brick and on the upper two
stories the walls consist of a 4-in., thick brick facing with an 8-in,
thick concrete block backing wythe; the brick and block are fully bonded.
The interior partitions in the corridors and between the rooms are con-
structed with 8-in, thick unreinforced concrete block. The corridor
walls were inset between the frame column and beams, and the room parti-

tions were nonload bearing and were supported by a double floor joist.

Analzsis

Field Survey Data. During the on-site survey the exterior walls of

the Hall were classified as nonreinforced brick bearing walls without
masonry veneer, The wall on the lower level was described as 16-in,
thick solid brick and that on the other two levels as 12-in. thick

solid brick.,
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All exterior walls were analyzed as unreinforced masonry unit walls
without arching. Since the walls were of the load-bearing type, it was
necessary to analyze the walls on each story to account for the differ-
ence in vertical in-plane forces resulting from the building dead load.
Since the interior walls were also classified as load-bearing, analyses
were made for the interior corridor partitions on each story.

Using the information fiom the on-site survey, it was found neces-
sary to analyze the following nine cases to estimate the collapse over-

pressure of the Willa B, Player Hall:

IVF1l, Side A, wall on left wing of first story. Two-way
unreinforced masonry unit wall with fixed-edge supports
and without arching.

IVF2, Sides B and C, wall on first story., Two-way unreinforced
masonry unit wall with fixed-edge supports and without arch-
ing,

IVF3., Side A, wall on left and right wings of second story.
Two=-way unreinforced masonry unit wall with fixed-edge
supports and without arching.

IVF4, Sides B, C, and D,* wall on second story. Two-way un-
reinforced masonry unit wall with fixed-edge supports and
without arching,

IVF5 Side A, wall on left and right wings of third story.
Two-way unreinforced masonry unit wall with fixed-edge
supports and without arching.

IVF6, Sides B, C, and D,* wall on third story., Two-way un-
reinforced masonry unit wall with fixed~edge supports

and without arching.

* Wall in center portion of side A is similar to this case.
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IVF2’, All interior partitious on corridors of first story.
Two=-way unreinforced masonry unit wall with simple
supports and without arching.

IVF4‘, All interior partitions on corridors on second story.
Two=way unreinforced masonry unit wall with simple
supports and without arching.

IVF6°. All interior partitions on corridors on third story.
Two-way unreinforced masonry unit wall with simple

supports and without arching.,

The interior partitions between adjacent rooms were not analyzed sepa-
rately from the corridor partitions since the survey data indicated
that the walls were of similar construction. The dimensions and wall
properties used in the field survey data analysis are given in Table 5.

The results of the analysis of the Hall, using the field survey

data, are:
Predicted Collapse Overpressure, psi
10 Percent 90 Percent
Standard Probability  Probability

Case Mean Deviation Value Value
IVF1 7.7 0,7 6.9 8.6
IVF2 8.3 0.6 7.5 9.1
IVF3 4.9 0.5 4,2 5,5
IVF4 5,2 0,3 4.8 5,7
IVF5 3.7 0.2 3.4 4,0
IVF6 3.7 0.2 3.4 3.9
IVF2’ 1.9 0.1 1.8 2.0
IVF4’ 1.3 0.03 1.24 1.32
IVF6’ 0.5 0.04 0.43 0,52
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Building Plan Data. An examination of the building plans indi:ated

several differences between the design of the Hall and the data obtained
in the field survey. The exterior walls on the first floor were con-
structed of 16-in, thick solid brick as noted in the survey data, How=~
ever, the plans showed that the walls on the upper two stories were con-
structed with a 4-in, thick brick veneer and an 8-in, thick concrete
block backing wythe rather than with the 12-in, thick solid brick as
found in the field survey. The exterior walls were of the load-~bearing
type, as assumed in the survey data analysis,

Since the plans indicated that the corridor walls were inset be-
tween the interior beams and columns of the frame, it was assumed in the
plan data analysis that the wall resistance was developed through arch-
ing between beams. This differed from the survey data analysis where
the corridor walls were assumed to be of the load-bearing type. The
plans also showed that the concrete block partitions between rooms were
supported by double steel joists at each floor level. Since open-web
joists cannot effectively transfer vertical forces between stories, the
partitions were analyzed as nonload-bearing, simply supported walls.
This is in contrast to the survey data analysis where these walls were
assumed to be of the load-bearing type.

The specific walls analyzed to estimate the collapse overpressure
of the dormitory Hall for the plan data analysis were similar to those
discussed under the survey data analysis, except for minor differences

in the interior partitions analyzed, and were as follows:

IVP1l, Side A, wall on left wing of first story. Two-way
unreinforced masonry unit wall with fixed-edge supports
and without arching.

IVP2, Sides B and C, wall on first story. Two-way unreinforced
masonry unit wall with fixed-edge supports and without

arching.
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IVP3,

IVP4,

1VP5,

IVP6.

IVP3’,

IVP4’,

Side A, wall on left and right wings of second story.
Two=-way unreinforced masonry unit wall with fixed-edge
supports and without arching.

Sides B, C, and D,* wall on second story. Two-way
unreinforced masonry unit wall with fixed-edge supports
and without arching.

Side A, wall on left and right wings of third story.
Two=-way unreinforced masonry unit wall with fixed-edge
supports and without arching.

Sides B, C, and D,* wall on third story. Two-way
unreinforced masonry unit wall with fixed-edge supports
and without arching.

Side A, interior wall between rooms on stories 1 through 3.
Two=-way unreinforced masonry unit wall, with simple
supports and without arching.

All interior partitions on corridors on stories 1 through 3J.

One-way arching wall.

The location of the interior partitions analyzed with the plan data is

shown on Figure 8 for the second story. The dimensions and wall prop-

erties used in the plan data analysis are given in Table 6,

The results of the analysis of the Hall, using the building plan

data, are:

* Wall in center portion of side A is similar to this case.
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Predicted Collapse Overpressure, psi
10 Percent 90 Percent
Standard Probability Probability

Case Mean Deviation Value Value
1VPl 7.7 0.7 6.7 8.6
VP2 8.3 0.7 7.4 9.3
1VP3 4,6 0.5 4.0 5.2
1VP4 5.0 0.5 4.4 5.6
1VP5 3.1 0.2 2.8 3.3
1VP6 3.3 0.1 3.1 3.5
IVP3”* 0.2 0.1 0.1 0.3
IvP4’ 4,6 2.4 1.5 el

As can be seen from the tabulations for the survey and plan data
analyses, the predicted collapse overpressure for the exterior walls
differs very little for the two sets of data, being a maximum of about
19 percent for the third story of side A (Cases IVF5 and IVP5), Only
small differences in the predictions would be expected, of course, since
there were only minor differences in the wall properties used in the two
analyses, as noted in Tables 5 and 6, It is also apparent that the rela-
tively large differences in the modulus of rupture, f_ , for brick and
concrete block (Table 1) had only a minor influence on the collapse
strength of load-bearing walls under dynamic load. This results primarily
from the fact that the infiuc nce of the vertical in-plane forces on the
wall resistance is much greater than the influence of the flexural

L
strength of the wall,

* See Ref. 1, Figure 29, for the results of a sensitivity analysis of
the relative effect of the modulus of rupture and vertical in-plane
load on the dynamic strength of an unreinforced masonry unit wall,
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As mentioned previously for the survey data, the interior partitions
along the corridors were analyzed for each story level but a separate
analysis was not performed for the partitions between adjacent rooms
because both walls had been described as of similar construction, For
the interior corridor partitions, the predicted collapse overpressure
for the plan data analysis was 4.6 psi for all three stories (Case IVP4’);
this value ranges from 2,4 to 9.2 times those obtained with the survey
data (Cases IVF2’, 4/, and 6°). The primary reason for this difference
results from the support conditions assumed for the two analyses, That
is, for the survey data analysis it was assumed that the corridor walls
were of the load-bearing wall type--this accounts for the variation of
values with story height--but for the plan data the walls were assumed
to arch between floor beams.

For the interior partitions between rooms, the predicted collapse
overpressure for the plan data analysis was only 0.2 psi (Case IVP3’),
which is 0.1 to 0.4 of the values obtained with the survey information
(Cases IVF2’, 4°, and 6°). This difference was also a result of the
difference in assumed support conditions for the two analyses; i.e., the
plans showed that the partition between rooms developed their resistance
in bending only, without the effect of the vertical in-plane forces that

were included for the load-bearing wall in the survey data case.

North Carolina National Bank

Description

The North Carolina National Bank, constructed in 1922, is located
on South Main Street, High Point, North Carolina. The building consists
of 8 stories and an unexposed basement; there is a mezzanine between the
first and second stories. The overall height of the building is about
110 ft and plan dimensions of 50 ft by 115 ft provide an area of 5750

sq ft on each floor level. Figure 9 shows the exterior walls and
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general window layout of the bank. Note that many of the windows on
sides B and C have been bricked in on the first story.

The Bank has a structural steel frame with riveted and bolted column
and beam connections. The ribbed floor system has a 4-in, thick concrete
slab and 4= or 6=-in, thick clay tile fillers,

The exterior walls on sides A and B of the first story are 17-in.
thick and are constructed with a granite veneer and a brick backing. On
sides C and D of the first story the walls are generally 17-in, thick
solid brick. On the upper stories the walls are constructed with a 4-in,
thick brick veneer and an 8-in, thick terra cotta backing. As can be
noted in Figure 9, the exterior column lines on the upper stories of sides
A and B are faced with a granite veneer. For all exterior walls the fae-
ing is continuous over the frame members and the backing is inset in the
frame. The interior partitions on the first story and mezzanine are con-
structed with unreinforced terra cotta, either 3- or 6-in, thick. On the
upper stories the interior partitions are mostly 3=-in. unreinforced terra
cotta, The partitions are nonload bearing and have numerous openings

that have been filled-in with light wood paneling.

Analxsis

Field Survey Data, During the on-site survey the exterior walls of

the Bank were classified as tile panel walls with stone veneer; all walls
were described as 12-in, th’ 'k, The 8-in., thick tile backing was estimated
to bhe inset in the frame and the 4-in. thick stone veneer was continuous
over the frame; there was no cavity.

The exterior walls on all sides were analyzed as unreinforced ma-
sonry unit walls with either one- or two-way arching. For Side A of the
first story it was assumed that, because of the many openings, only one-
way arching could develop between floor beams on the first and mezzanine

stories. On side B it was assumed that one-way arching would develop in

13



the walls between windows. Furthermore, it was assumed that the bricked-
in windows would not contribute to the arching strength of the walls but
would remain in place for a sufficient length of time to influence the
blast loading and room filling.

The interior partitions on the upper floors consisted primarily of
3-in. thick gypsum block except for the area around the stairs and eleva-
tors. Since the partitions were nonload bearing and contained numerous
openings, they were considered of insufficient strength Lo be a hazard
and were therefors not analyzed. Also, for the calculation of the interior
loading for the analysis of the exterior walls, it was assumed that the
interior partitions collapsed rapidly and did not influence the loading
significantly.

Using the information from the on=-site survey, it was found neces-
sary to analyze the following three cases to estimate the collapse over-

pressure of the North Carolina National Bank:

VFl. Side A, wall on first story., One-way arching wall,
VF2, Side B, wall on first story., One-way arching wall,.

VF3. All sides, walls on upper stories, Two-way arching wall.

The dimensions and wall properties used in the analysis are given in
Table 7.

The results of the analysis of the Bank, using the field survey

data, are:
Predicted Collapse Overpressure, psi
10 Percent 90 Percent
Standard Probability Probability
Case Mean Deviation Value Value
VF1 3.9 0.7 3.0 4.8
VF2 1.8 0.2 1.6 2.0
VF3 12.4 2.6 9.0 15.7
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Building Plan Data. An examination of the building plans indicated

several differences between the design of the Bank and the data obtained
in the field survey. The exterior walls on sides A and B of the first
story were constructed with a granite veneer and a brick backing and were
17-in. thick; this differed from the survey data where it had been found
that the backing wythe was clay tile and that the wall thickness was only
13 in. Since the plan data showed that the brick was inset in the frame,
as noted in the survey data for the clay tile, the first-story walls were
analyzed as one-way arching walls, Although not shown in detail on the
plans, the granite was evidently well bonded to the brick.

The plans indicated that all exterior walls on the upper stories
were constructed as noted in the survey, i.e., with an 8-in. thick clay
tile backing inset in the structural frame and a 4-in. thick brick veneer
continuous over the frame members. As mentioned in the survey data anal-
ysis, the interior partitions were primarily constructed of 3=in., thick
clay tile and were therefore not considered as a structural member for
building collapse predictions.

The specific walls analyzed to estimate the collapse overpressure
of the Bank for the plan data analysis were the same as those discussed

under the survey data analysis and were as follows:

VPl, Side A, wall on first story. One-way arching wall,
VP2, Side B, wall on first story. One-way arching wall,

VP3. All sides, walls on upper stories, Two-way arching wall.

The dimensions and wall properties used in the analysis are given in

Table 7.
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The results of the analysis of the Bank, using the building plan

data, are:
Predicted Collapse Overpressure, psi
10 Percent 90 Percent
Standard Probability Probability
Case Mean Deviation Value Value
VP1 16.4 4.2 11.0 21.8
VP2 5.4 0.7 4.6 6.3
VP3 15.7 4.0 10.5 20.8

As can be seen from the tabulations, the mean predicted collapse
overpressures for the exterior walls ranged from about 27 to 320 percent
greater for the plan data analysis than for the survey data analysis.

The largest difference in predicted values occurred for the exterior

walls of the first story of side A (Cases VF1l and VPl). As noted from

the wall property data in Table 7, this difference in collapse values

can be attributed to the 4-in, thicker wall used in the plan data analysis
and to the difference in wall construction; i.e., the plans showed that
the backing wythe was solid brick rather than structural clay tile as in-
dicated in the survey information. These same factors also account for
the difference in the predicted collapse overpressures itor the exterior
walls on the first story of side B (Cases VF2 and VP2),

The relatively small difference in the predicted collapse overpres-
sure for the upper story exterior walls (Cases VF3 and VP3) was as would
be expected because there were only minor differences in the wall prop-
erties used in the two analyses, as noted in Table 7.

As mentioned in Section I, to be able to use the exterior wall models
for predicting building collapse, it was necessary to assume for the anal-
ysis that the structural frame did not collapse. Since the incident over-
pressure required to collapse the exterior wall on the upper stories of

the Bank is almost 16 psi for the mean value, the structure will be
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subjected to large lateral forces during both the diffraction and drag
phases, for which it was not designed. Since the overall height of the
building is 110 ft and since it is only 50 ft wide in the short direction,
it is possible that the frame may experience a failure at a lower over-

pressure than that predicted for the collapse of the exterior walls,
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III SUMMARY AND DISCUSSION

The predicted collapse overpressure for all five Greensboro build-
ings and for both the field survey and building plan data analyses are
summarized in Table 8; Table 9 gives the key to the wall types and sup-
port case designations, A comparison of the results of the analyses
demonstrates that when the proper building information is obtained in an
on-site field survey, there is then generally good agreement between the
collapse predictions made with both the field survey and building plan
data. On the other hand, if certain construction details are not docu-
mented correctly, especially the wall support conditions and thickness,
then the predictions from the two sets of data can vary by a wide degree.

A good example of the influence of the wall support condition on the
collapse overpressure can be shown by the results of the analysis of
Willa B. Player Hall. The building is of the load-bearing wall type and
the exterior walls were described in the survey informmation as solid
brick throughout, with a 16-in. thickness on the first story and a 12-in.
thickness on the second and third stories. The wall support conditions
and thickness were in agreement for the two sets of data, but the plans
showed that the exterior walls on the second and third stories were con-
structed with a 4-in., thick brick veneer and an 8-in, thick concrete
block backing wythe rather than solid brick. Even with this difference
in construction, the maximum difference in the predicted collapse over-
pressure for the survey and plan data analysis was only about 19 percent

*
for the exterior wall cases IVF5 and IVP5,

* As can be seen for the exterior wall cases in Tables 5 and 6, there are
other minor differences in the wall properties that were obtained from
the survey and plan data.
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Table 8

SUMMARY OF WALL ANALYSES

Predicted Collapse Overpressure, psi

Wall 10 Percent 90 Percent
Location Wall Thick. Standard Probability Probability
Case* Side Story Type + (in.) Mean Deviation Value Value

Southern Furniture Exhibition Building

IF1 ABD 2-10 A 13 1.6 0.6 0.9 2.4
One-way
1P1 ABD 2-7, A 10 0.3 0.1 0.2 0.5
9,10 One-way
P2 ABD 8 A 10 Neglibible
One-way

Greensboro Public Library

ITIF1  AB 1 A 12 6.0 1.5 4.1 7.9
Two=way

IIF2 AB 2 A 12 6.9 1.2 5.4 8.5
Two-way

IIF3 C 2 A 12 5.2 1.1 3.8 6.7
Two=way

IIF2’ AB 2 A 8 2.7 1.5 0.8 4,6
Two=way

ITP1  AB 1 A 8 5.2 1.8 2.8 7.5
Two=~way

1IP2 A 2 A 8 5.1 1.5 3.2 7.0
Two=-way

ITIP3 C 2 A 12 5.1 1.3 3.4 6.8
Two=-way

11P4 B 2 A 8 5.6 1.5 3.7 7.4
Two=-way

1IP2° A 2 A 8 3.5 2.3 0.6 6.4
Two=-way
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Table 8 (continued)

Predicted Collapse Overpressure, psi

Wall 10 Percent 90 Percent
Location Wall Thick. Standard Probability Probability
Case® Side Story Typet (in,) Mean Deviation Value Value
Laura Cone Dormitory
ilIF1 AC 2-9 A 6 7.6 2.0 5.0 10.1
Two=-way
I1I1IF2 BD 2-9 A 6 5.4 0.8 4.3 6.4
Two=-way
IIIF1° AC 2-9 A 6 2.8 0.8 1.7 3.8
One-way
II1IP1 AC 2-9 U~3 4 1.0 0.1 0.9 1.1
1I1IP2 BD 2~9 A 12 11.2 1.1 9.7 12.6
One-~-way
IIIP1° AC 2-9 U-1 6 0.7 0.3 0.3 1.0
Willa B, Player Hall
IVF1 A 1 U=-2 16 7.7 0.7 6.9 8.6
IVFZ2 BC 1 U=-2 16 8.3 0.6 7.5 9.1
IVF3 A 2 U=-2 12 4,9 0.5 4,2 5,5
IVF4  BCD 2 U=2 12 5.2 0.3 4,8 5.7
IVF5 A 3 U=2 12 3.7 0.2 3.4 4.0
IVF6 BCD 3 U=-2 12 3.7 0.2 3.4 3.9
IVF2’ ABCD 1 U-1 8 1.9 0.1 1.8 2.0
IVF4” ABCD 2 U-1 8 1.3 0.03 1.24 1.32
IVF6° ABCD 3 U-1 8 0.5 0.04 0.43 0.52
IVP1 A 1 U=2 16 7.7 0.7 6.7 8.6
IvP2 BC 1 U=-2 16 8.3 0.7 7.4 9.3
IVP3 A 2 U=-2 12 4.6 0.5 4.0 5.2
IVvVP4 BCD 2 U=-2 12 5.0 0.5 4.4 5.6
IVPS A 3 U=-2 12 3.1 0.2 2.8 3.3
1VP6  BCD 3 U=-2 12 3.3 0.1 3.1 3.5
IVP3* A 1-3 U-1 8 0.2 0.1 0.1 0.3
IVP4° ABCD 1-3 A 8 4,6 2.4 1.5 7.7
One-way
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Table 8 (concluded)

Predicted Collapse Overpressure, psi

Wall 10 Percent 90 Percent
Location Wall Thick. Standard Probability Probability
Case® Side Story Type? (in.) Mean Deviation Value Value
North Carolina National Bank
VF1 A 1 A 13 3.9 0.7 3.0 4.8
One-way
VF2 B 1 A 13 1.8 0.2 1.6 2.0
One-way
VF3 ABCD 2-8 A 13 12.4 2,6 9.0 15.7
One-way
VPl A 1 A 17 16.4 4,2 11.0 21.8
One=-way
VP2 B 1 A 17 5.4 0,7 4,6 6.3
One-way
VP3 ABCD 2-8 A 13 15,7 4.0 10,5 20.8
Two=way

* The prefix F identifies walls analyzed using field survey data, and P those
analyzed using building plan data. The prime identifies interior partitions.

t Each wall is designated with a letter to identify the wall type and a number
to identify the wall support condition. The key to the wall types and
support cases are given in Table S=? '
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Table 9

WALL TYPE AND SUPPORT KEY

lLetter Wall Type
U Unreinforced masonry unit wall
A Arching wall
RC Reinforced concrete wall
Number Support Case
1 Two-way, simply supported on four edges
2 Two-way, fixed on four edges
3 Two-way, fixed on vertical edges and simply supported

on horizontal edges

4 Two=-way, sSimply supported on vertical cecdges and
fixed on horizontal edges

5 One-way, simply supported on opposite edges
6 One~way, fixed on opposite edges

7 One-way, propped cantilever

8 One-way, cantilever
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In direct contrast to the 19 percent maximum variation in the pre-
dicted collapse values for the exterior walls of Player Hall for the two
sets of data, the collapse overpressures obtained from the analysis of
the interior corridor partitions with the plan data can be seen from
Table 8 to range from 2.4 to 9.2 times those obtained with the survey
data., This large difference results primarily from the difference in
the support conditions used in the two analyses, The interior corridor
partitions were classified in the survey as load-bearing walls but were
shown on the plans as inset between the floor beams of the interior
structural frame. Therefore, for the anaiysis with the survey data, the
wall resistance was assumed to be dependent on the flexural strength of
the wall and the vertical in-plane forces on the wall, Because of these
assumptions the predicted collapse overpressure varied from 1.9 psi for
the first story to 0.5 psi for the third story. For the plan data analy-
sis, the wall resistance was assumed to be developed by arching between
the floor beams and the predicted collapse overpressure was found to be
4.6 psi for all story levels.*

Another interesting example of the effect of both the support con-
ditions and the wall thickness on the collapse overpressure is shown by
the results of the analysis of the Laura Cone Dormitory. The exterior
walls on the longitudinal sides of the building were describnd in the
survey information as having a 6-in, thick concrete block backing wythe,

whereas the plans showed only a 4-in. thick concrete block backing.

* As discussed in Section II, it was assumed in the survey data analysis
that the interior load-bearing partitions between rooms had the same
collapse values as the corridor partitions., However, the plans showed
that the walls between rooms were of the nonload-bearing type without
arching, A comparison of the plan data analysis for this wall (Case
IVP3’) with the survey data analysis cases, shows approximately the
same ratios, but in reverse, as those found for the corridor parti-
tions,

54



Also, for the survey data analysis, the walls were assumed to develop
arching between frame members. However, the plans indicated that the
walls were not in direct contact with the spandrel beams and therefore
the support conditions restricted the wall to a bending mode. As noted
for Cases IIIF1l and IIIP1 in Table 8, these two factors resulted in a
predicted collapse overpressure for the survey data analysis that was
7.6 times that for the plan data analysis, This difference was the
largest between the survey and plan data analyses for any of the exter-
ior walls of the five Greensboro buildings, In addition, for the walls
on the transverse sides of the building (Cases IIIF2 and IIIP2), the
difference in wall thickness used in the analyses was primarily respon-
sible for the collapse overpressure determined from the plan data analy-
sis exceeding that from the survey data analysis by a factor of over two.
Finally, an example of the effect of the wall thickness and the
type of wall materials on the predicted collapse overpressure is demon-
strated by the analysis of the North Carolina National Bank. The first
story wall of the Bank was described in the survey data as 13-in, thick
with a stone veneer and an 8-in. thick tile backing wythe. However, the
plans showed that the first story wall was 17-in. thick and that the
stone facing was backed with brick. The result of the analysis showed
that the plan data indicated a wall collapse strength that was over four

times that for the survey data.
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FIELD SURVEY DATA
By

M. D. Wright
Research Triangle Institute
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DATA COLLECTION PORM

Structural Characteristics for All-Effects Shelts

A. Bullding Identification and Geometry

1. Building Name and Address £po7he \
aldie  Oyeen ; Yoy
4, Standard Location 35¥/«=00560 3. Facility Number
\6. Number of Stories “’44; S2 5. Height of Building Lii
6. Story Heighg: ?&ﬂ: " "QI“ w lst 49’ Upper ) 2.° {1q mof)
Upper (If Change) __ 220’ Story of Change —~
7. Dimensions: Side A Side B ?;l‘/
8. Plan Area: a. Base __ b, First Story 9—% (<X L")

c. Upper Stories 31900 d. Upper Stories if Change _ _
9. Fallout Shelter Story No., of Rooms Shelter Area No. of

Data: with Shelter Spaces
= 2 Lo fyar
WA/ Mu0  [fp
2. S5 Lze0 L3230
2z L 20617 2065

03-0¢ _4{, L 100 13,50

10. a. Plans Available b Specs. Available go
C. Location ,(’ e sl d. Contact

11, Building Use ‘Sj 12, Year Constructed z[ﬁz

13, Building Code Reference

'«

14, General Condition [a P
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15, Hazards: =N\~

Ntrh; Beotrnsd ol Sk foaiment “‘/“/‘L“/"EZ{ mt-{o«u«é
Concrdn | uﬂwwa., I oy );u,j Tl frami,

WMMW‘I’U{ 4”17
WMM& ranlod an - “M“""’z
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Structural Details

1.
2.
3.

4.

Side A Side B
Sv‘g"

Type of ftructure

Basement Exposure

e’ 3

Type of Exterior Walls:

IR e s

Type/ Type/

Side C

D

Side D

203 2027 ap27) a(/z_)

Source

Type/

Type/

Thickness Thickness Thicknese Thickness

t Wall _,&'f af _f i e o
Mw Veneer -'r Laft”
Firat Wall :
Veneer az _:;_j
Upper Wall f aah
Veneer .r' b
Upper (If Wall _.F _f i /
Change) Veneer / . . /
Story of
Change >
Wall Panel Dimensions Width ZZ Height _|2=:_
Support Conditions: 2—
Cavity Wall (estimate ”

width) in. ‘

8. Reinforced Concrete
Walls:
Bar Size and Spacing:
Vertical: inner outer

Horizontal: inner outer

Distance From Outer Wall Surface to Centroid of Outer Layer

of Steel

Distance From Outer Wall Surface to Centroid of Inner Layer

of Steel

Compressive Strength of Concrete

b. Masonry Walls:
Compressive Strength of Mortar

Aperture Data: Basement(Wxi) an%f ’ [®) o (8]

Si1l Ht. 0 0

o

O
rirscGid) (0N WEXE O SXIb

5111 He. /] o

Q

o)
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e

‘AN v L6l
7

-~

Side A S5ide B 5ide C S5ide D Source

!
Upper (WxH) ] o o Lﬁéf den
S111 Ht. & o o o e

Upper (If

Change) (WxH) /ﬂw _Z‘Zﬂ 0 et
Sill He. fo) 0 =
Story of

Change y7i i/

Ly m '5.‘> Type of Foundation N7 M_

Type of Frame iU &t Berd B@I: 210 hose- o~
St
L/

Dimensions of Columns 2" Bgmlu

Dimensions of Beams

a. Reinforced Concrete Frame
Bar Size and Spacing — %_

Type Reinforcement —_—

Concrete Compressive Strength —
b. Steel Frames
Type of Steel — k»//f

Fireproofing for Steel Frames

c. Drop panel data: W,

Roof: Slope -/-k Frame 75‘ Deck')"'J Coveting 2

Height of Parapet Walls: SEde. . Z M/
Floors: First rlne Mi%_

LY Upper Frame [5 Deck

) Upper (1f Change) Frame w——  Deck _

Story of Change Sm—
Framing into Bearing Walls: Sm———
Spans: Parallel to Side "A" _2/ /Pannel to Side "B" ZZ z

a. Reinforced Concrete Floors
Bar Size and Spacing _4%

Type Reinforcement -
Concrete Compressive Strength p——
b. Structural Steel Floors
Beanm Size - 2" I .
Type of Interior Partitions: Ea“s f’ o }‘ (3? 2l 4

First éﬁ({'l J JZ ¢é¢
Upper (I ajuage) 3 i e boae
Story of Change — ——
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Source
C. Geological Data
1. Depth of Water Table 2. Rock Below Grade 4

3. 501l Type
4, Design Bearing Capacity of Soil

D. Fire Vulnerability [
Side Side Side Side

A B c D
1. Adjacent Buildings ~ Stories =y - 10 -_ -A‘e'ﬂ—s
Distance e 2 == (Ai
Type of
Construction — — 14

——— N
2. Velocity and Direction of Prevailing Winds %;:
E. Provide sketches of basement, first floor, and upper floors showing ¥
partition locations and floor openings. Identify Side A on all
floor plan sketches. Provide sketches or photographs of all four
exterior walls showing location of apertures, Provide sketch of
exterior wall detall if available., For reinforced concrete floors

and frame, provide sketch of floor detail and column detail,
showing location of reinforcing rods if such information is available.
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DATA COLLECTION FORM

Structural Characteristice for All-Effects Shelter

A. Building Identification and Geomet
1. Building Name and Addnuw
Lottt o Maitin: s Ghtsnlosa atic .
2. Standard Location 2.4 14 Qenz 3. Facility Number oM 34~
4. Number of Stories é‘ 34‘53) 5. Height of Building .3p’
6. Story Height: Bas. _j (1':7‘7”1“ &2l vpper /5 Y
Upper (If Change) Story of Change —

7. Dimensions: Side 2 [ 3 Side B /_3?

8, Plan Area: a. nt [1221 b. First Story ,{ Zi zé

c. Upper Storiellw d. Upper Stories if Change __
9. Fallout Shelter Story No. of Rooms Shelter Area No, of

Data: with Shelter Spaces
/9842

AERYS
[TT LR
111RE

10, a. Plans Available ’as b. Specs. Available dZ('Z

C. Location Q: I d. Contact

11, Building Use a (a 12. Year Constructed likz

13. Building Code Reference
14, General Condition d

15. Hazards: L

0

~
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B. Structural Details

1,
2.
3.

iy Wel!
Ahvasr, o ciclee .

Side A Side © Side C Side D

TYPGOf%{;ucture etﬂ") nc“"’ aain’ agnn'
2. _a

Basement Exposure 0 0

Type of Exterior Walls:

Type/ Type/ Type/ Type/
Thickness Thickness Thickness Thickness

Basement  Wall = d— = = )= = =

Source

Veneer Y= _:/ - == =/ -

First Wall SY/1g’ Selen Lelg! Sely”
Veneer a4/ g 23/ Al e ulae"

A+B sa INBasac Upper Wall Se/ " 59/ &* selyr  sylg
Cast ctowts pavale. Veneer 12/ 2a/v" 91/ ut 24 /u"
Upper (If Wall _—t - == = =] =
Change) Veneer __/_. /- /o @ _o/e
Story of
Change -— = — e
Wall Panel Dimensions  Width 25"  Height L]
Support Conditions: &

ot
YB o ‘diccwntive "‘4/ 5111 Ht. 3£° . 282" _=—

Here. ie o
“(m .

A Ac/lL .

on pulte A - Pirst(ix) Y woy’ Zpub! —

Cavity Wall (estimate

width) in. w

a. Reinforced Concrete
Walls:
Bar Size and Spacing:

Soh HHERRE ER

Vertical: dinner _AJ¢ I-J. outer _/ ,d.
Horizontal: inner A/, ), outer _ U, 4.
Distance From Outer Wall Surface to Centroid of Outer Layer

of Steel Al s 2

Distance From Outer Wall Surface to Centroid of Inner Layer
of Steel Al A .
Compressive Strength of Concrete A, A .

b. Masonry Walls:

Compressive Strength of Mortar AL

Aperture Data: Basement(WxH) _ w=e— — —
Si11l Ht. — — -—

walf wads,

) st of *Lochnee i A-G Cormen efed
1 ;;Pf ;AJLJM to  +he .L’;IJ’

w»dﬂ’m.,‘;as.
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Side A Side B Side C Side D Source

Upper (WxH) »¢ 1%’ _— — o
S111 He, 22" i =
Upper (If
Change) (WxH) — — - - o
§111 He. — — — — st
Story of i
Change - o i -
5. Type of Foundation [0 _ht
6. Type of Frame J1 1 éﬂ_g
Dimensions of Columns 223223 ¢ 19" 1t 756 AL e QirS?
Dimensions of Beams P s v S i ~ 2 Gas.
a. Reinforced Concrete Frame = Jodire o
Bar Size and Spacing Al 4 - =
Type Reinforcement Al A . —
Concrete Compressive Strength Al A =
b. Steel Frames
Type of Steel s Dy
Fireproofing for Steel Frames —

c. Drop panel data: W, _ Lo~ -

Roof: Slope j2.  Frame Ab_ Deckah_g govering 4 ﬁ_
Height of Parapet Walls: Side: A.36" B. 36_” C. 24" 0.34" 2ne00

First Frame -/ ¢/ Deck _ R4 (% ?) M
o pper Frame L ¥ Deck _2 &* (4’ l M

Upper (If Change) Frame  —— Deck ___ —-
Story of Change o —
raming into Bearing Walls: — —

7
Spans: Parallel to Side "A" ?‘_ Parallel to Side "B" 1
R P AL mnses.

a. Reinforced Cnhncrete Floorao' o e
Bar Size and Spacing AL 2. =
Type Reinforcemen- p.» IJ . ==
Concrete Compressive Strength o, 4. —

b. Structural Steel Floors

Beam Size

9. Type of Interior Partitions: li eunt 2‘ (72" 2 e YD -
First :2

Upper (m-) Y ﬁ‘,
Story of Change '

65



Dl

Geological Data

1. Depth of Water Table 2, Rock Below Grade
3. Soil Type

4, Design Bearing Capacity of Soil

Fire Vulnerability

Side Side Side Side
A B c D

1. Adjacent Buildings - Stories - 1 Z &
Distance - ﬂ' 0 o

Type of
Construction __ A/fL  Alt.. /73

2. Velocity and Direction of Prevailing Winds

Source

Provide sketches of basement, first floor, and upper floors showing
partition locations and floor openings. Identify Side A on all
floor plan sketches. Provide sketches or photographs of all four
exterior walls showing location of apertures. Provide sketch of
exterior wall detail if available. For reinforced concrete floors
and frame, provide sketch of floor detail and column detail,

showing location of reinforcing rods if such information 1s available.
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DATA COLLECTION FORM

Structural Characteristics for All-Effects Shelter

Tuilding Identification and Geometry

1.

2,
4,
6.

7.
8.

9.

10.

11.
13.
14,
15.

Building Name and Address [ gura. Cove Doryn

—euT MARKET REET  WNC -, AccewshomAZC,

Standard Location _35%/ -~ 000f © 3. Facility Number gp3g¥/

Number of Stories __ § + gsmr 5. Height of Building 94 °

Story Height: Bas. J/ ‘ot st //'6* Upper 9'y¥ '
Upper (If Change) — Story of Change -~

Dimensions: Side A zg E Side B 37

Plan Area: a. Basement __ 5600 b, First Story i’[OD

c. Upper Stories g!w d. Upper Stories if Change .
Fallout Shelter Story No. of Rooms Shelter Area No, of

Data: with Shelter Spaces
3 32 3630 %3

9 2 e 348

<5 322 326%° 23

b 3 3% 33

32 3630 363
L) (a0 ¥
a, Plans Available ;45 - b. Specs. Available _ o

c. Location K L d. Contact
Building Use _n.“u:nm(_éu‘) 12, Year Constructed [267

Building Code Reference

General Condition __Mq_qué}

Hazards: M—

REK
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Structural Details

|r' Side A Side B Side C Side D Source
2 ”
1. Type of?Structute 2-17" 2-12 ! / _g
2. Basement Exposure &4 2 __L@Z .[Zﬁz _anie”
3. Type of Exterior Walls:
Type/ Type/ Type/ Type/

Thickness Thickness Thickness Thickness

Basement  Wall 541 6

— yea) HE _cadio

Veneer 7// ¥ _;/—-‘ at/ Y L2
First Wall _5[/ e eS¢ “
Veneer TR R VI AR TY /r
Upper wall _Z/ b &% _b_ ét/ S .
Veneer ALY 72 Lz
Upper (If Wall __—f— = _/ _ '
Change) Veneer _ _/ ) - —=*
Story of —_
Change _— ] =

Wall Panel Dimensions Width
Support Conditions:

y g Height _1!._’_
2 2% oy

Cavity Wall (estimate
width) in. L ”
a. Reinforced Concrete
Walls:
Bar Size and Spacing:
Vertical: dinner

Horizontal: imner —

Distance From Outer Wall Surface
of Steel

outer

—_— -

outer

to Centroid of Outer Layer
em— oo

Distance From Outer Wall Surface
of Steel

to Centroid of Inner Layer

am— —

Compressive Strength of Concrete
b. Masonry Walls:
Compressive Strength of Mortar

A/ /4 -

4.  Aperture Data: Basement(wxﬂ)jm_ﬁ{u — ‘y“ lS!i M
_Z

Sill He. 0 Y (U
First(WxH) 23 ﬂ 3‘;7‘ ¢ 5 lg [z’ !
Si11 Ht. t 3/ "

See Stk /m P/’u:/f (,ﬁm#
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Side A Side B Side C Side D
Upper(WxK)  £y95(T T e
5111 He. 29" iy X

Upper (I1f
Change) (WxH) = = — ==

Source

i, e

Sil1l Ht, —_— =

Story of
Change

5. Type of Foundation L2 2

M Type of Frame 2'0
M\ Dimensions of Columns e 'f'..;'/t‘i ”Bﬂﬂ: (5" ’*Fﬂ'

Dimensions of Beams 12 A

Reinforced Concrete Frame

Bar Size and Spacing
Type Reinforcement —

Concrete Compressive Strength

b. Steel Frames
Type of Steel ¥/A

Fireproofing for Steel Frames' M (9)

FAZ;&H“ c. Drop panel data: W,
r EE m 7. Roof: Slope _[3~ Frame ﬁ_ Deck ﬁ_& ):overing ,ﬂ ,
lul_m‘g’, Height of Parapet Walls: Side: A. 37/ 's. 3/ c.?3 D.3_
,fowj 8. Floors: First Frame Ms Deck 2—3@
wa = Upper Frame llh; Deck 1‘2‘ tl
Upper (1f Change) Frame ~—— _ Deck
Story of Change e
Framing into Bearing Walls: M’i

)
Spans: Parallel to Side "A" Zf’ Parallel to Side "B" 2] 10"
a. Reinforced Concrete Floors

Bar Size and Spacing

Type Reinforcement

Concrete Compressive Strength -

b. Structural Steel Floors

Bean Size 12" I ard oW L

9. Type of Interior Partitions: Basement '"\

First I ( b'q
Corpdir, = ypper v 4 W[4

M‘l‘w’ Story of Change —

! Emwum IRIENE:
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Cl

D.

Geological Data
1. Depth of Water Table _

3. Soil Type

2. Rock Below Grade

4, Design Bearing Capacity of Soil

Fire Vulnerability

Source

Side Side Side Side
A B C D
1. Adjacent Buildings - Stories - 7 J
Distance —— HQ S— —
Type of
a—

Construction wme. A/  ==—-

2, Velocity and Direction of Prevailing Winds

Provide sketches of basement, first floor, and upper floors showing
partition locations and floor openings. Identify Side A on all
floor plan sketches. Provide sketches or photographs of all four
exterior walls showing location of apertures. Provide sketch of
exterior wall detail if available. For reinforced concrete floors

and frame, provide sketch of floor detail and column detail,
showing location of reinforcing rods if such information is available.
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A.

DATA COLLECTION FORM

Structural Characterietics for All-Effects Shelter

1.

2,
4,
6.

7.
8.

9.

10.

11.
13.
14,
15,

Building Identification and Geometry /y1/r/,7 4 &, p[ﬂ,’ﬁe ”ﬂu)
2,

Building Name and Address & g1/

Colleb6E  (GPEEMSREL , o C -

Standard Location PS5/ 00/3 3.  Facility Number OZ%G/0

Number of Stordes _ .7 5. Height of Building 3_2_1

Story Height: Bas. _~——— 1st /J’7 Upper 2/’ 3%
Upper (If Change) — Story of Change ——

Dimensions: Side A __2 C"z Side B o
Plan Area: a. Basement M 300 b, First Story _/2 IQQ

c. Upper Stories ) 3am d. Upper Stories if Change -
Fallout Shelter Story No. of Rooms Shelter Area No. of

Data: with Shelter Spaces
o 23 Y/l
e £ A4 2L/

a. Plans Available _, ¢g b. Specs, Available 42 0
c. Location E T 7 d. Contact

Building Use / >~ 12, Year Constructed lféé

Building Code Reference __

General Condition
Hazards:

i
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Structural Details

1.
2'
3.

4.

Side A Side B

/T pe of%g;ucture £y < Clkl)
$
‘I&-'—:-"‘-“ W=/

Exposure M

Type of Exterior Walls:
Type/ Type/

Thickness Thickness Thickness Thickness

Side C Side D
E:/‘n’ . ::E’I:}
odl 2

sty

Type/ Type/

Bagement  Wall ey ey T S

Veneer - [/ ./ S/ R
First Wall AL/ 6" 2L/lb”. 24 /lh" 246/l6 "

Veneer __ / _ ./ ./ -1
Upper Wall 26/ (2" 26 142" 26112 " akls2”

Veneer - /- ../ =t e
Upper (If Wall =t o )=
Change) Veneer - /_ -/ ./ -1
Story of

Change — =

f Y
Wall Panel Dimensions Width .ZED' Height /
: ’
Support Conditions: W
Cavity Wall (estimate

width) in. Nl -

a. Reinforced Concrete
Walls:

Bar Size and Spacing:
Vertical: inner — outer
Horizontal: inner _ outer

Distance From Outer Wall Surface to Centroid of Outer Layer

of Steel

Distance From Outer Wall Surface to Centroid of Inner Layer

of Steel

Compressive Strength of Concrete

b. Masonry Walls:

Compressive Strength of Mortar 44& ea “"ZM

Aperture Data: Basement(WxH) e —_— — -
Sil11 He. e — — — o
PLrstOi) ks we Ul A Ke A s
S111 Ht, 227 327 32 2a’ 2o
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5.
6.

9.

Side A Side B Side C Side D  Source
Upper(WxH) ¢kl YYXUt" ed Mir” Wl Xbl

Sill He,

Upper (Lf

Change) (WxH) = = — -

Sill He. _— — = —

Story of

Change ‘— = o -
Type of Foundation e 4122
Type of Frame 00 4 21D

Dimensions of Columns
Dimensions of Beams
a. Reinforced Concrete Frame

Bar Size and Spacing —_—

Type Reinforcement —_

Concrete Compressive Strength —_—

b. Steel Frames

Type of Steel ____ 141 suratoble
Fireproofing for Steel Frames MML

c. Drop panel data: W, L. T, —

Roof: Slope __// Ftame_‘&s_ Deck Zi Covering _ 447

Height of Parapet Walls: Side: A. — B.—_ C. — D._—

*h% Bpr e FRERD b L RS

Floors: First Frame  —— Deck —

Upper Frame /) /2  Deck I/”

Upper (If Change) Frame -— Deck _ —

<

i

Story of Change —
Framing into Bearing Walls:

Spans: Parallel to Side "A" )2 ’ Parallel to Side "B" ZQ bom) pasad®
a. Reinforced Concrete Floors

’
Bar Size and Spacing _MQMQ =

Type Reinforcement vl X =

-

E\M

Concrete Compressive Strength /i ' g/

b. Structural Steel Floors

Beam Size 3-”'3: A mﬂ%“mﬂ Aﬁ

Type of Interior Partitions: Basement

First / 5( {g,,) Skl

Upper (uMEEMND) _/_4_(& mﬂ

Story of Change
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C.

El

Plovo. 54

Source

Geological Data
1. Depth of Water Table 2, Rock Below Grade

3. Soil Type
4, Design Bearing Capacity of Soil

Fire Vulnerability

Side Side Side Side

1. Adjacent Buildings - Stories — ﬁ.
Distance == — — !EEI

Type of
Constructfon __ _ — — Mc

2. Velocity and Direction of Prevailing Winds

FEREOBR

Provide sketches of basement, first floor, and upper floors showing
partition locations and floor openings., Identify Side A on all

floor plan sketches. Provide sketches or photographs of all frur
exterior walls showing location of apertures. Provide sketch of
exterior wall detail if available, For reinforced concrete floors

and frame, provide sketch of floor detail and column detail,

showing location of reinforcing rods if such information is available.

Coe She/tey 77'10/7-/"’:7 Mﬂ/m

04703,‘; e "game 4&4;‘4.71’&&,,/'

'Uwf 4ke &7¢, Pt oo bt coter Ao ﬂu«ﬁ]n}w/’ ooty
ket resoma .
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DATA COLLECTION FORM

Structural Characteristics for All-Effects Shelter

A. Building Identification and Geometry

1. 0 a -
5. 3. Facility Number D252

2., Standard Location

4. Number of Stories 5. Height o,f;B)lilding 103
6. Story Height: Bas. /3’ L’/ 1st /& A Up;gr 104"
Upper (If Change)  — Story of Change —— '

7. Dimensions: Side A ___ 520 stded ___//57
8. Plan Area: a. Basement 22£§/ b. First Story j'l‘ Q

c. Upper Storiea,&ﬂ d. Upper Stories if Change ——
9. Fallout Shelter Story No, of Rooms Shelter Area No. of

Data: —& with Shelter , s Space
Y R P1TY) 244
A _lesd) g0 £z

Zpch LY Adyfdlory kY-

10, a. Plans Available b. Specs, Availahle w1

c. Location gt £ d. Contact
11. Building Use ﬂ" 12, Year Constructed Zﬂﬂ
13. Building Code Reference

14, General Condition
15. Hazards: Y= .




B. Structural Details

Side A Side B Side C Side D Source

1. Type ofaStructure &((_&Q ,2“2"! ﬂz ) 2",
2

2. Basement Exposure ) %‘_J’ — 2 (oc
3. Type of Exterior Walls:

.
>
.

Type/ Type/ Type/ Type/
Thickness Thickness Thickness Thickness
- ' all 513" / / /
ﬁ'ﬁ"w w d.wﬁ Pasenent :I'ell';eer #/ﬁ jﬂl_/ﬁ ﬁ/t g/ﬁ
First wall 89/ s 49/ 5" | ¥* 5%/ 5°
Veneer )/ ar Tyl gx 12 LI ¢
Upper Wall 59/ j_' 59/ 1: 591 97 5‘1_/_7_

Veneer QL/ $4 aql gli4" QU /4
Upper (If Wall =t =l =l = =/ =
%mnge) Veneer =14 = Pw /]
Story of

Change —

174
C 5 -~ =
4&02' M’ﬁall Panel Dimensions Width 15 Height ZZ_’
arei. ncad ‘lb Support Conditions: 2
Cosf o eae P“z’éavity Wall (estimate
width) in. o=

a. Reinforced Concrete
Walls:
Bar Size and Spacing:

Vertical: 1inner M d., outer &, g'

)i

§ill1 Ht.

L First (Wxi) /9 tmq/jn&_ 558’ -
] YR 4
Tt MSHI He. e lﬂé) Eé. j'.b'_

Horizontal: inner A/ ﬂ . outer _af ,A -
Distance From Outer Wall Surface to Centrpid of Outer Layer
of Steel .2 i—
Distance From Outer Wall Surface to Centroid of Inner Layer
of Steel A -
Compressive Strength of Concrete 4. 4 e
b. Masonry Walls:
Compressive Strength of Mortar A, /I A —
4,  Aperture Data: Basement(WxH) —_— e — — ——
2nfias
bk
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v g fe Side A Side B Side C Side D Source

ovnt ¥,
ﬁ%m 4;» upper Upper (WxH)  &43% 7" 4d00y" 4¥%e)" 43'%e)’ nses
z.:':‘:'fov fou pivfos; si11 it 20 Fo  Fe” _30"  Uides -
e £+ D Upper (If
Change) (WxH) - = — —— -
$111 Hec. - - e — p—
Story of
Change S — il = S
5. Type of Fourdation /2O

« Bamrrt
6. Type of Frame ‘) ‘,i
Dimensions of Columns

Dimensions of Beams

a8, Reinforced Concrete ane

Bar Size and Spacing —— —
. Type Reinforcement —— o
Concrete Compressive Strength — Gl
b. Steel Frames
Type of Steel y.V Iq 2
Fireproofing for Steel Frames 4/(.?'/ (A.

Drop panel data: W.

I‘[“"“ { 7. Roof: Slope /g  Frame _A}_ Deck 34 “ Covering 4/ N A
g Height of Parapet Walls: Side: A. 45" B.4S’ C. 45 D.yr'’' mées.
MZ& lind Z 8. Floors: First Frawe : | ) Deck _Jf (#') el ol

Ja- i
jouct. wiHe & Upper Frame /@ Deck 24 (£*) .
}"u ’,‘_,ulo Upper (If Change) Frame — Deck _ wae —
Story of Change —
Framing into Bearing Walls: ——— -—

Spans: Parallel to Side "A" /$ ' Parallel to Side "B" 1S meas.
a. Reinforced Concrete Floors

Bar Size and Spacing V.V /‘) z ——
Type Reinforcement I —
Concrete Compressive Strength 2L M. —

b. Structural Steel Floors

Bean Size __ﬂLmaL‘_&aénaL&-‘_«é_

9. Type of Intetiot Partitions: Basement _ 2 / (L? ”}

pra
Mwﬂ (ora om e pirgr 29 (é’) A_
aﬁ’z‘j"“ § Upper“i-)mw‘f_
Ly

‘y h Y Story of Change f e e
L -z' ? RAN 6
.*‘L:?.. Theae Lﬂ baene "M‘ WSMZ?&.&.&

ool MY tornidan 4eZ.




c.

D‘

Source
Geological Data

1. Depth of Water Table 2. Rock Below Grade
3. Soil Type
4. Design Bearing Capacity of Soil
Fire Vulnerability

Side Side Side Side

A B C D
1. Adjacent Buildings - Stories o g -_— 2
Distance -— :Zs - (&

Type of
Construction &"_ ~ M‘_

2. Velocity and Direction of Prevailing Winds

PEEE BB

Provide sketches of basement, first floor, and upper floors showing
partition locations and [ioor openings. Identify Side A on all

floor plan sketches, Provide sketches or photographs of all four
exterior walls showing location of apertures. Provide sketch of
exterior wall detail if available. For reinforced concrete floors
and frame, provide sketch of floor detail and column detail,

showing location of reinforcing rods if such information is available,
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NOMENCLATURE

Modulus of elasticity of concrete, psi
Modulus of elasticity of masonry, psi
Compre:ssive strength in concrete, psi

Ultimate compressive strength of masonry
unit wall, psi

Modulus of rupture of masonry, psi
Horizontal length (width) of wall, in,
Vertical length (height) of wall, in,

Total vertical force per unit width,
1b/in.

Clearing distance, ft

Thickness of flange of hollow masonry
block unit, in,

Thickness of wall, in,

Unit weight, pcf
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