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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 thts 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 preselected 

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. 
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To provide additional  Input Information for the development of the 

all-effects  survey, RTI made a second on-slte 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 ijuild- 

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  significantly 

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-l.     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 
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Table S-l 

SUMMARY OF WALL ANALYSES 

Predicted Collapse Overpressure, psi 
10 Percent 90 Percent 

^ Standard Probability Probability 
Case* Side  Story     Typef  (in.)  Mean Deviation   Value      Value 

Location 
Wall 

Wall        Thick. 

Southern Furniture Exhibition Building 

1F1        ABD 2-10 A 
One-way 

13 1.6 0.6 0.9 2.4 

IP1 ABD 2-7, A 
9,10 One-way 

10 0.3 0.1 0.2 0.5 

IP2 ABD 8 A 
One-way 

10 Neglibible 

Greensboro Public Library 

IIF1 AB 1 A 
Two-way 

12 6.0 1.5 4.1 7.9 

IIF2 AB 2 A 
Two-way 

12 6.9 1.2 5.4 8.5 

IIF3 C 2 A 
Two-way 

12 5.2 1.1 3.8 6.7 

IIF2' AB 2 A 
Two-way 

8 2.7 1.5 0.8 4.6 

I IPX AB 1 A 
Two-way 

8 5.2 1.8 2.8 7.5 

IIP2 A 2 A 
Two-way 

8 5.1 1.5 3.2 7.0 

IIP3 C 2 A 
Two-way 

12 5.1 1.3 3.4 6.8 

IIP4 B 2 A 
Two-way 

8 5.6 1.5 3.7 7.4 

IIP2' A 2 A 
Two-way 

8 3.5 2.3 0.6 6.4 
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Table S-l (continued) 

Predicted Collapse Overpressure,  psl 
Wall 10 Percent 90 Percent 

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

Laura Cone Dormitory 

2.0 5.0 10.1 

0.8 4.3 6.4 

0.8 1.7 3.8 

0.1 0.9 1.1 

1.1 9.7 12.6 

0.3 0.3 1.0 

Willa B.  Player Hall 

IVF1       A                   1                 U-2              16           7.7               0.7 6.9 8.6 

IIIF1 AC 2-9 A 
Two-way 

6 7.6 

IIIF2 BD 2-9 A 
Two-way 

6 5.4 

IIIF1' AC 2-9 A 
One-way 

6 2.8 

IIIP1 AC 2-9 U-3 4 1.0 

IIIP2 BD 2-9 A 
One-way 

12 11.2 

IIIP1' AC 2-9 U-l 6 0.7 

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 
IVF6 BCD 3 U-2 12 3.7 0.2 3.4 3.9 
IVF2' ABCD 1 U-l 8 1.9 0.1 1.8 2.0 
IVF4' ABCD 2 U-l 8 1.3 0.03 1.24 1.32 
IVF6/ ABCD 3 U-l 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 
IVP4 BCD 2 U-2 12 5.0 0.5 4.4 5.6 
IVP5 A 3 U-2 12 3.1 0.2 2.8 3.3 
IVP6 BCD 3 U-2 12 3.3 0.1 3.1 3.5 
IVP3/ A 1-3 U-l 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 S-l  (concluded) 

Predicted Collapse Overpressure,  psl 
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 
One-way 

13 3.9 0.7 3.0 4.8 

VF2 B 1 A 
One-way 

13 1.8 0.2 1.6 2.0 

VF3 ABCD 2-8 A 
One-way 

13 12.4 2.6 9.0 15.7 

VP1 A 1 A 
One-way 

17 16.4 4.2 11.0 21.8 

VP2 B 1 A 
One-way 

17 5.4 0.7 4.6 6.3 

VP3 ABCD 2-8 A 
Two-way 

13 15.7 4.0 10.5 20.8 

* 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. 
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Table S-2 

WALL TYPE AND SUPPORT  KEY 

Letter 

U 

A 

RC 

Wall Type 

Unreinforced masonry unit wall 

Arching wall 

Reinforced concrete wall 

Number Support Case 

5 

6 

7 

8 

Tvo-way,  simply supported on four edges 

Two-way, fixed on four edges 

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

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

One-way, simply supported on opposite edges 

One-way, fixed on opposite edges 

One-way, propped cantilever 

One-way, cantilever 
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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. 
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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  fi*ame 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. 
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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,  Research Triangle Institute  (RTI)  made an 

initial on-slte 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 analysir, 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 analysis 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 wap 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 determine 

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 bo   important  to the building collapse  predictions, 

consideration should be given   in any future  survey and blast  analysis ex- 

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  tor 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 maximum 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. 

Ac knowled gmen t s 
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of Research Triangle Institute for providing the photographs and  field 

survey information for the Greensboro-High Point buildings. 



II    BUILDING ANALYSIS--GREENSBOR0-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 o2 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  th'.s 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, 



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  to determine the transient blast loading.     For this 

study the  front  face.  Interior,  and net  loading on 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 

6 
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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. 
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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 resi&i.an^e was developed by arching of the 8-in.   concrete block 

and  that  the contribution of the 4-in.  brick veneer 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 includes  in  the analysis,  since,   as 

mentioned previously,  there were very few permanent-type partitions on 

the stories of  interest.     The dimensions and  wall oroperties 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 
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Bullding 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: 

IP1.     Sides A, B,  and D,  walls on story levels 2 through 7,   and 9 

and 10. One-way arching wall. 

IP2.     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 

IP2 Negligible 
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As can be  seen   in   the   tabulation,   the  analysis  using  the survey 

data resulted   in a mean predicted collapse overpressure for the exterior 

walls on 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 as 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 lor 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  constructed with the 

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

Greensboro Public Library 

Description 

The Greensboro Public Mbrary constructed  in  1964,   is  located at 

N.  Greene and W. Gaston  Streets   in Greensboro,  North Carolina,    The 

Library  consists of   two stories above  ground and  tw6 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 firbt 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 contlptmis over 

the frame members;   there is no cavity.    The  interior partition 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. 

Analysis 

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-filling 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. 

IIF2'. 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 

Case 

10 Percent   90 Percent 

Standard   Probability  Probability 

Mean    Deviation     Value       Value 

IIF1 6.0 1.5 4.1 7.9 

IIF2 6.9 1.2 5.4 8.5 

IIF3 5.2 1.1 3.8 6.7 

im' 2.7 1.5 0.8 4.6 
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Bullding 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 botween 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: 

IIP1.       Sides A and B,  walls on first  story.    Two-way arching wall. 

IIP2.       Side A, walls on second  story.    Two-way arching wall. 

IIP3.       Side C,  walls on second  story.    Two-way arching wall. 

IIP4.       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 u >ed  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 

IIP1 5.2 1,8 2.8 7,5 

IIP2 5,1 1,5 3.2 7.0 

IIP3 5.1 1.3 3.4 6.8 

IIP4 5,6 1,5 3.7 7.4 

IIP2' 3.5 2.3 0.6 6.4 

19 
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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  that  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  IIP2) 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. 
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Laura Cone Dormitory 

Description 

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 64 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 unrelnforced  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 unrelnforced 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 

partitions 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 

22 
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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 l-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: 

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

Two-way arching wall. 

IIIF2.   Sides B and D, walls on story levels 2 through 9. 

Two-way arching wall. 

IIIFl',  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 Probabil: Ity Probability 
Case Mean Deviation Value Value 

II1F1 7.6 2.0 5.0 10.1 

IIIF2 5.4 0.8 4.3 6.4 

11IFl ' 2.8 0.8 1.7 3.8 

Building Plan Dat a.     An examination of the building plai 

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  thav 

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.     Furthermore,   since   the corridor 

walls are  inadequately supported  to develop 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. 

IIIP2.     Sides B and D,   walls on story levels  2  through 9. 

One-way arching wall. 

IIIPl'.  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 sidr  A  is indicated 

on Figure  5.    The dimensions and wall properties used  in   the analysis 

are given  in Table 4. 

27 



^ 

r 

c 

T      1                 | 

II                 iol 

1          1 

1              II 

A        1 

d     1 I 
63'-ff'                           j 
 *H 

FIGURE 5      PLAN VIEW OF INTERIOR WALLS ON UPPER STORIES 
LAURA CONE DORMITORY 

28 



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 

IIIP1 1.0 0.1 0.9 l.l 

IIIP2 11.2 1.1 9.7 12.6 

IIIPl' 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  IIIF1  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. 
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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-ln.   thick solid brick and on the upper two 

stories the walls consist of  a 4-ln.  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. 

Analysis 

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: 

IVF1.     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 partitions 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. 

IVFB'.    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: 

10 Percent 90 Percent 

Standard Probability Probability 

Case Mean 

7.7 

Deviation 

0.7 

Value Value 

IVF1 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 indicated 

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: 

IVP1,    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. Side A, wall on left and right wings of second story. 

tVo-way unreinforced masonry unit wall with fixed-edge 

supports and without arching. 

IVP4.  Sides B, C, and D, wall on second story. Two-way 

unreinforced masonry unit wall with fixed-edge supports 

and without arching. 

IVP5. Side A, wall on left and right wings of third story. 

Two-way unreinforced masonry unit wall with fixed-edge 

supports and without arching. 

IVP6.  Sides B, C, and D,* wall on third story.  Two-way 

unreinforced masonry unit wall with fixed-edge supports 

and without arching. 

IVP3'. Side A, interior wall between rooms on stories 1 through 3. 

Two-way unreinforced masonry unit wall, with simple 

supports and without arching. 

IVP4/. All interior partitions on corridors on stories 1 through 3. 

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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Case 

Predicted Collapse Overpressure,  psi 
10 Percent 90 Percent 

Standard        Probability       Probability 
Mean Deviation Value Value 

IVP1 7.7 0.7 6.7 8.6 

IVP2 8.3 0.7 7.4 9.3 

IVP3 4.6 0.5 4.0 5.2 

IVP4 5.0 0.5 4.4 5.6 

IVP5 3.1 0.2 2.8 3.3 

IVP6 3.3 0.1 3.1 3.5 

IVP3' 0.2 0.1 0.1 0.3 

IVP4' 4.6 2.4 1.5 7.7 

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,  fr,  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 infiu» nee of  the vertical   in-plane forces on the 

wall  resistance  is much greater than the  influence of  the flexural 

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  IVPS'), 

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 fac- 

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. 

Analysis 

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 be 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 
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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   suiiicient  length of  time   to   influence   the 

blast   loading and  room filling. 

The  interior partitions on  the   upper floors consisted primarily of 

3-ln.   thick gypsum block except  for  the area  around  the  stairs and  eleva- 

tors.     Since  the partitions were nonloacl bearing and  contained  numerous 

openings,   they were considered of   insufficient  strength   to be a  hazard 

and were  therefore 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: 

VF1. 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 

St andard Probability Probability 
Case Mean 

3.9 

Deviation 

0.7 

Value Value 

VF1 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: 

VP1. 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 VF1 and VP1).    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 ior 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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Ill 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 information 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,   psl 
""""'"'   iQ percent    90 Percent 

  Standard    Probability Probability 
Case*    Side      Story Typet      (in.)      Mean    Deviation        Value Value 

Location 
Wall 

Wall   Thick. 

Southern Furniture Exhibition Building 

13 IFl   ABD 2-10 A 
One-way 

IPI   ABD 2-7, 
9,10 

A 
One-way 

IP2   ABD 8 A 
One-way 

Greensboro Public Library 

IIFl  AB 1 A 

10 

1.6 

0.3 

0.6 

0.1 

10    Neglibible 

0.9 

0.2 

2.4 

0.5 

I IFl AB 1 A 

Two-way 

12 6.0 1.5 4.1 7.9 

IIF2 AB 2 A 

Two-way 

12 6.9 1.2 5.4 8.5 

IIF3 C 2 A 

Two-way 

12 5.2 1.1 3.8 6.7 

1^2' AB 2 A 
Two-way 

8 2.7 1.5 0.8 4.6 

IIP1 AB 1 A 

Two-way 

8 5.2 1.8 2.8 7.5 

IIP2 A 2 A 

Two-way 
8 5.1 1.5 3.2 7.0 

IIP3 C 2 A 

Two-way 

12 5.1 1.3 3.4 6.8 

IIP4 B 2 A 

Two-way 
8 5.6 1.5 3.7 7.4 

IIP2' A 2 A 

Two-way 

8 3.5 2.3 0.6 6.4 
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Table 8 (continued) 

Predicted Collapse Overpressure, pal 
Wall 10 Percent 90 Percent 

Location       Wall  Thick.       Standard Probability Probability 
Case* Side  Story    Typet  (In.)  Mean Deviation   Value      Value 

Laura Cone Dormitory 

IIIF1 AC 2-9 A 
Two-way 

6 7.6 2.0 5.0 10.1 

IIIF2 BD 2-9 A 
Two-way 

6 5.4 0.8 4.3 6.4 

IIIF1' AC 2-9 A 
One-way 

6 2.8 0.8 1.7 3.8 

1IIP1  AC 2-9 U-3 4 1.0 0.1 0.9 1.1 

IIIP2  BD 2-9 A 
One-way 

12 11.2 1.1 9.7 12.6 

IIIP1' AC 2-9 U-l 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 
IVF6 BCD 3 U-2 12 3.7 0.2 3.4 3.9 
IVF2' ABCD 1 U-l 8 1.9 0.1 1.8 2.0 
IVF4' ABCD    2      U-l      8    1.3     0.03     1.24       1.32 
IVF6' ABCD    3       U-l      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 
IVP4 BCD 2 U-2 12 5.0 0.5 4.4 5.6 
IVP5 A 3 U-2 12 3.1 0.2 2.8 3.3 
IVP6 BCD 3 U-2 12 3.3 0.1 3.1 3.5 
IVP3' A 1-3 U-l 8 0.2 0.1 0.1 0.3 
^4' 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,   psl 
Wall ~       — 10 percent    9o percent 

Location Wall      Thick. Standard    Probability Probability 
Case*      Side      Story        Type^    (in.)      Mean Deviation        Value Value 

North Carolina National Bank 

VF1 A 1 A 
One-way 

13 3.9 0.7 3.0 4.8 

VF2 B 1 A 
One-way 

13 1.8 0.2 1.6 2.0 

VF3 ABCD 2-8 A 
One-way 

13 12.4 2.6 9.0 15.7 

VP1 A 1 A 
One-way 

17 16.4 4.2 11.0 21.8 

VP2 B 1 A 
One-way 

17 5.4 0.7 4.6 6.3 

VP3 ABCD 2-8 A 
Two-way 

13 15.7 4.0 10.5 20.8 

* 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 

Letter  Wall Type 

U Unrelnforced 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,   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, 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 analysis 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  described 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. 
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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 IIIF1 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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Appendix 

FIELD SURVEY DATA 

By 

M.  D.  Wright 
Research Triangle  Institute 
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A. 

DATA COLLECTION POIM 

Structural Characterlatlce for All-Effecta Shelf: 

Building Identification and Geometry 

1.     Building Name and Address    <y>o ftyrri 

(LiUÜA*&xst£ä ST. rt^h PafWT .MC* 
Xiijatiksje.   LLjtAea 

tlä^. 5- 

4. 

6. 

7. 

8. 

9. 

of StoriM   fff&fSß 

Upper (If Change)       3Lo' 

Dimensions:    Side A / 

Facility Number Standard Location   ISfl'—OOSCO   3. 

Number of Stories   ff-tßrSß 5.      Height of Building / SS ' 

delgl ■;,*    "/c'tj..'   i^t      /^ ^     Upper     /'2-*'       (Pf'tooä) 

Plan Area: 

Story of Change __ 

Side B 33V 
-^2- 

a. Bas^etft   r|ffif»       b. First Story     Q-^OCi? 

c. Upper Stories3/'■'O^ d. Upper Stories if Change 

Fallout Shelter 
Data: 

Story No. of Rooms   Shelter Area 
with Shelter 

3 

I 
Mzf*   dp*^ 

l-ioo 

No.  of 
Spaces 

J3J> 00 

10. 

11. 

13. 

14. 

IS. 

^ 

a.      Plans Available 

c.      Location       /: 

Building Use 

Building Code Reference 

General Condition   

Hasards: 

b. 

d. 

12. 

Specs. Available 

Contact 

AJO 

Year Constructed IW 
-^ 

-r\(fU/%-< . 
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B.      Structural Details 

1. 

2. 

3. 

4. 

Type of ^Structure 

Basenent Exposure 

Type of Exterior Walla: 

First 

Side A Side B Side C Side D Source 

±MJ 3M> itel   i(n") 

Type/ Type/ Type/ Type/ 
Thickness Thickness Thicknese TiUckneaa 

Upper 

Upper (If 
Change) 

Wall 
Veneer 

Story of 
Change 

Wall Panel Dimensions 

Support Conditions: 

Cavity Wall (estimate 

width) in. 

a.  Reinforced Concrete 

Walls: 

Bar Size and Spacing: 

Vertical: inner   

Horizontal: inner 

Width 

2^- 
sr Height 

L /• 

outer 

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   

Conpressive Strength of Concrete  

b.  Masonry Walls: 

Conpressive Strength of Mortar __^__________________ 

Aperture Data: Basement(WxH)  //g^  Q    Q    O 

Sill Ht. 0 p O O 

First(WxH) ÜßlMMjUt      Q       f'fi lb' 
Sill Ht. f) C? O 0 
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Upper (UxH) 

Sill Ht. 

Upper (If pper   \,IL t I 

Change) (WxH)   ///7xJft    l^tW 
Sill  Ht. Q P        -yat^r- 

Story of 

- -—fciuPk Ch'n8*        -^ -^  —r- 
i, W^Y0 "^^ '5.*   Type of Foundation \ H O  **T» 

M&vfc -?*"      TyP' 0f Fr"De ^      CJ-  ßuJ, (Ur*-^   *I0 <J*l*.-t gj- 
j>^^. ' jX        Dl^nalons of Columns   sJ/- Au^ 3*"<2V" j   k-^V  tt^gV  -^ 

( ^^         .^ a.     Reinforced Concrete Frane ^"Jc 

'V' 

Bar Size and Spacing 

Type Reinforcement 

Concrete Compresalve Strength 

b.  Steel Frames 

Type of Steel   

fa   \M*mm IiMHfßunJlmfJ FireproofIng for Steel Frames 
c.     Drop panel data:      W.   — L. ^      T. 

7. Roof:    Slope   j far Frame _2£l   Deck 3? "3 ^ Covering   */1 oZ** * 
Height of Para£et Walls:     Side:    A. —    B. ~^ C.      .    J. $ -m^Udy 

8. Floors:    First                         Yrmf-J^   fäf^&jt7^ JJMAAJ' 

Upper                         Frame      l}>        Deck    ZS/»/'^ dtkJ*J ■ 
Upper (If Change) Frame       ——       Deck      <^- — ■" 

H'      flA**^''              Story of Change  ;         ■ 
IN*1    \r      ■                                                                                    

Framing Into Bearing Walls:      -         m~" 
Spans: Parallel to Side "A" Z/   Parallel to Side "B" ^J   

Reinforced Concrete Floors 

Bar Size and Spacing   

Type Reinforcement   

Concrete Compresslve Strength E 
b.      Structural Steel Floors 

Beam Size    IU " 71    J. / Z" 0.ljj ».f-        ______^ 
^9.     Type of Interior Partitions:    BasaEnt £ P   C &    J t/u_ 

^~^> VirstJU(i"J   J   J?     , <&_ 
Upper (flNlW)   A   £.       /<^' 
Story of Change  .       —— 
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c. Geological Data 

1.  Depth of Water Table         2. Rock Below Grade 

3.  Soil Type 

4.  Design Bearing Capacity of Soil 

D. Fire Vulnerability 

Side Side  Side Side 
A B    C D 

1.  Adlacent Buildings - Stories    •■" __ 

Distance   —■ „..-- 

Type of 
Construction •— -     4* — 

2.  Velocity and Direction of Prevailing Winds 

Source 

Afcd , 
rf 

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 detail if available.     For reinforced concrete floors 
and frame, provide sketch of floor detail and colunn detail, 
showing location of reinforcing rods if such Information Is available. 

f£ 
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DATA COLLECTION FORM 

Structural Characteristics for All-Effects Shelter 

A.      Building Identification and Geometry 

1. Building Name and Address ^              i 

Mitt-  a.    —J   JAJim..    JA  t&itgutft*!* ,    Aj t <ü 

2. Standard Location J^tj/. i>Oöf     3.      Facility Number ^4^24" 

4.      Number of Stories X.(B+Si) 5.      Height of Building Jo' 

6. Story Height:    Bas. ^^^^Ist    yS"'*." Upper    tf f." 

Upper (If Change)    —    Story of Change        ■        

7. Diaensions:    Side A       /*/J3 Side B '-3?  

8. Plan Area:    a. Äifeent lltyj        b. First Story    11 $ t/tß 

c. Upper Stories/y/7ffl d. Upper Stories if Change    - 

9. Fallout Shelter    Story   No.  of Rooms    Shelter Area   No. of 
Data: with Shelter . Spaces 

10. a.      Plans Available   %/*£ b.       Specs. Available     A/O 

c.      Location    f? 'T'jf- d.      Contact  

11. Building Use /j. {o 12.    Year Constructed      jfty 

13. Building Code Reference 

14. General Condition   j**i 
15.     Hazards:  ->T fioa a 
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B.  Structural Details 

1. 

2. 

3. 

Type ofjBtructure 

Basement Exposure 

Type of Exterior Walls: 

Side A  Side B   Side C   Side D 

Ui^) 2itd lud ited 
o       a       a       o 

Basement 

First 

Upper 

Upper (If 
Change) 

Wall 
Veneer 

Wall 
Veneer 

Wall 
Veneer 

Wall 
Veneer 

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

zi/izi zi/zi lint. ~/~ 
Ä-/J£J1 ÜL/J^L liJXL iJt/Jtl 
TJL /it"        Tj/t/"      JUJ_±JL      I' I *" 

ZUJtl. SMJJLL. üJH-  &.IJCL. 
i*/4"    n*/*"     til *"    i//u" 
- I -     - / -     - /-     > / - 

~l~ =_/ ^J^s. 
Story of 

Change — — ~— '-~' 

Wall Panel Dimensions        Width ££ *       Height If ' 

Support Conditions: 3k 

Cavity Wall (estimate 

width) In. yiCjHfJC**' 

a.      Reinforced Concrete 

Walls: 

Bar Size and Spacing: 

Vertical:    Inner   Al i f* > 

Horizontal:    Inner  AJ. A . 

Distance From Outer Wall Surface to Centrold of Outer Layer 
of Steel  JJ r  Ä .  

Source 

outer    ft irf. 

outer    UMJLM 

Distance From Outer Wall Surface to Centrold of Inner Layer 
of Steel  At . A -  

Compresslve Strength of Concrete 

b.      Masonry Walls: 

Compresslve Strength of Mortar   

Aperture Data:    BasementOtaH)    _• 

Sill Ht. 

M ,   A   , 

Aj. A* 

zitAM. x* *, naif.***'*& 

-aJowflo   «**. *UJU A        Flrst(W3tH)v 

4 B   «vat.   Jtu^ia&~* ***J'    Sill Ht. 3e"       *<>" 

'2£tV* 

tj/ii' 
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f 

Upper(WxH) ^F 

Sill Ht. 

Upper (If 
Change) (WxH) 

Sill Ht. 

Story of 
Change 

Side A    Side B   Side C    Side D 

  ÜLii       - - 
    l£l-  — Z- 

Source 

5. Type of Foundation      f ^ O 

6. Type of Frame      / / /  

Dimensions of Coluans U'*a.3 * 

Dlaanslona of Beams 

a.      Reinforced Concrete' 

Bar Size and Spacing jj,    M . 

Type Reinforcement    it/.  A 

if Vli' M&UltIL 

Concrete Compreaslve Strength 

Steel Frames 

Type of Steel  "• 

4/ uA 

Jtu~u***  *ij' 111 

Flreproofing for Steel Frames —  

c.      Drop panel data:      W.    ■         L. ^      T.     -—- 

Roof:    Slope   |3L     Frame   j^      Deckj:.!^      Covering    tf^L 

Height of Parapet Walls;     Side:    A. ^£2   B. J^_" C. j^l'   P.J^f 

Floors:    First Frame      /S        Deck      If fa") 

Frame      lS       Deck     Lj^fa") +l^l( Upper 

Upper (If Change)  Frame        Deck 

Ü^X^/</ ^ ^ t&zz' stoty of Chan8e — 
■       '   ■ framing Into Bearing Walls: framing Into Bearing 

Spans:    Parallel to SI 

a.      Reinforced Concrete 

Bar Size and Spacing 

Type Relnforcemenc _ 

<Je "A" X^' Parallel to Side "B" 

te FlooftP'^'U*i:6,^, ^S^**' 
i£l 

J}.    jJ. 

/[/, d , 

b. 

Concrete Compreaslve Strength 

Structural Steel Floors 

Beam Size 

^. äL 

9. Type of Interior Partitions:    Basement        ^-^     (/ 3-^ ) 

First JH  (LO +24 fi'J 
upper mzmmm yijr) M/^ 

"TIM vttT 

Story of Change 
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D. 

E. 

Geological Data 

1.      Depth of Water Table   

3. Soil Type ______________ 

4. Design Bearing Capacity of Soil 

Fire Vulnerability 

Source 

2.  Rock Below Grade 

Side 
A 

Side 
B 

Side 
C 

Side 
D 

Adjacent Buildings - Stories 

Distance 

Type  of 
Construction    //£      AJf,     äJC 

Velocity and Direction of Prevailing Winds 

^4. 
yüt 

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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DATA COLLECTION FORM 

Structural Characteristics for All-Effects Shelter 

A.      y)uildln£ Identification and Geometry 

1. Building Name and Addteas   Litfrf'V    Covg     yoYVFS  

UW ftAjitftT   -«hggtT   jHUn-A ; £<■***<.kBmjA/C  

2. Standard Location    3^/ - 0O0f C 3.      Facility Number Wiff 

4.      Number of Storlea        9  + BSmir        5.      Height of Bullding    jfc ^ 

6. Story Height:    Baa.   Il'f"        let    //V*     Upper      9'*''  

Upper (If Change) — Story of Change ;—  

7. Dlmenalona:    Side A       1^3 Side B 3^  

8. Plan Area:    a. Basement      ZbQO    b. First Story       g[Ofi  

c. Upper Storlea j^gj   d. Upper Stories If Change   «^ 

9. Fallout Shelter    Story   No. of Rooms    Shelter Area   No. of 
Data: with Shelter Spacea 

Ob       J22r 3£y 3^3 

10. a.       Plans Available      yf.4~       b.      Specs. Available     /»w<P 

c.       Location        K FX.    d.      Contact   

11. Building Use    BgMMUtMt^! /i^12'    Xe" Conatructed 1967 

13. Building Code Reference    ^  
14. General Condition    ^tou ftgfligu  
15. Hazards:   ^.^W^L-  
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Structural Details 

1. 

2. 

3. 

4. 

3; >' 
Side A        Side B 

Type of,Structure 

Basement Exposure 

Type of Exterior Walls: 

2-1*" 
ftfflfc 

2-t% 

Slde C 

/ 

Side D 

/ 

I no?»    (rt% 

Source 

Type/ Type/ Type/ Type/ 

Wall 
Veneer 

Wall 
Veneer 

Wall 
Veneer 

Wall 
Veneer 

Basement 

First 

Upper 

Upper (If 
Change) 

Story of 
Change 

Wall Panel Dimensions 

Support Conditions: 

Cavity Wall (estimate 

width) In. 

a.   Reinforced Concrete 

Walls: 

Bar Size and Spacing; 

Vertical:     inner  

Horizontal:     Inner 

Thickness Thickness Thickness Thickness 

5±i.±- _rfe_ SUJL- M'-Z- 

outer 

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  ;  

Compresslve Strength of Concrete _ 

b.       Masonry Walls: 

Compresslve Strength of Mortar  

Aperture Data:     Basement(WxHXj»<i 

Sill Ht. O 
iiavL 

Sill Ht. /U? 

M/d 

Flrst(WxH)      yfaftey   li'lf    L'L"        IK'rf 

K Jl. UL 

?fl(ft     S¥lb      jffi 
HI ?   iii*   im . 
W t   &i b  6fi f. 

JUIH  . 

JUl ¥. 
i 

« 
H 

/> 

II 

If 

^-        i         i 

IK'. Width            Äiy '        HeiRht 

a. ^t 
/" 

'.Tc^   I in If*** otLctns^F 
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Upper(WxH) 

Sill Ht. 

Upper (If 
Change)(WxH) 

Sill Ht. 

Story of 
Change 

Side A    Side B 

I'I" -^— 

Side C Side 0 Sourci 

%"i 
Type of Foundation 

Type of Frame     _ 

Dimensions of Columns 

Dimensions of Beans 

13 r? 
_5 I ^2  

/, /r' gfryrr JS" äopgy 

Reinforced Concrete Frame 

Bar Size and Spacing   

Type Reinforcement     

Concrete Conpressive Strength  

Steel Frames 

Type of Steel v^4 

(****£      (f) 
fArvl 

ifcvj T      fl. 

Fireproofing for Steel Frames   

c.       Drop panel data:      W. _j^^     L. T.    "" 

Roof:    Slope    fi-    Frame     3tf     Deck 22j6t")Coverin8 M "2- 

Height of Parapet Walls:    Sl<fe:    A. _2^ 'B, "J* 

Floors:    First Frame   ll/i*> Deck 

Upper Frame    I ^Aj*»       Deck   i^t^) 
«5L 

Upper (If Change) Frame 

Story of Change   

Deck 

tiM- -r Framing into Bearing Walls:   

Spans:    Parallel to Side "A"   g^ / Parallel to Side "B" 2-1 V' 

a.       Reinforced Concrete Floors 

Bar Size and Spacing   

Type Reinforcement  ^^  

b. 

Concrete Conpressive Strength . 

Structural Steel Floors 

Bean Size '^''X    flaaft   O.vJ'J- 

Type of Interior Partitions: ZH- 

jUjl.Mftm^ 

Basement 

First   

Upper 

Story of Change 

UtL 

»<*£' 
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C. GeoloRtcal Data Source 

1.  Depth of Water Table 2. Rock Below Grade   Aj^f 

3.  Soil Type 'Wj 

k.      Design Bearing Capacity of Soil          dfcSfe 

D. Fire Vulnerability 

Side      Side      Side      Side 
A B C D 

1. Adjacent Buildings - Stories   ^         ■  {tttaBs 
Distance , //^      ■*—• —— ^f 

Type of 
Construction ——■   A/i*     ^—*- ^~~ , f 

2. Velocity and  Direction of Prevailing Winds       A/SM 

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 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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DATA COLLECTION FORM 

Structural CharacterlBtlcs for All-Effecta Shelter 

Building Identification and Geometry/^/^ ^   ^ PlAqfß MÜLtJ 

1.      Bullding Name and kMrw»/(JirJj)/->/?/Mrr/ii?y     tft-tUrJF JT 

2. 

I*. 

6. 

7. 

8. 

Standard Location S^ul  /)/>/$ 

Number of Stories j]  

Story Height:     Bes.        ;—-^-    let 

Upper  (If Change) ■—- 

Dimensions:     Side A      It P (a 

Plan Area:     a.  Basement  llXnf) 

3.       Facility Number OßioJÖ 

5.       Height of  Building 37 

M'J"   Upper //'   V* 
Story of Change   

Side B U, ^T 

b. First Story 

c.  Upper Stories U-ian d. Upper Stories if Change  *~ 

Fallout Shelter    Story    No. of Rooms    Shelter Area    Mo, of 
Data: with Shelter Spaces 

OJL     ax. it&P      *3J 

10. 

ii. 

13. 

14. 

15. 

a.      Plans Available 

c.      Location 2 T, 

Building Use / 2~ 

-y- 2JL b. 

d. 

12. 

Specs. Available 

Contact 
AJ° 

Year Constructed ifSZ 
Building Code Reference 

General Condition    ^Jtfft-r^ 
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-"■ 

B.      Structural Details 

1. 

2. 

3. 

Side A Side B Side C 

Type of/ßtructure '££ Exposure 
Type of Exterior Walla: 

£4^ Olid   £ll£J 
■t'/ittti,    luff»     Hdtk- 

Type/   Type/   Type/ 
Thickness Thickness Thickness 

Side D 

Type/ 
Thickness 

Source 

Wall 
Veneer 

Wall 
Veneer 

Wall 
Veneer 

Wall 
Veneer 

Basement 

First 

Upper 

Upper (If 
Change) 

Story of 
Change 

Wall Panel Dimensions 

Support Conditions: 

Cavity Wall (estimate 

width) in. 

a.  Reinforced Concrete 

Walls: 

Bar Size and Spacing: 

Vertical:     inner — 

Horizontal:    inner     — 

- /       - /          / 
- / « 

wtk ikUk" xti/k". 

lifi H" ikJJlL MH?". ZLl/Ji"    VTU**' 

- I -     _ / -      . / ..    1 
- / -     ~ /           / 1 

Width            Jf'        Height 31 
■ätnAfi'Jl    dLUMjUu JUdMi. 

224*4^ 

outer 

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      

Compresslve Strength of Concrete ■        

b.      Masonry Walls: 

Compresslve Strength of Mortar yi/£/    eJAlaJ&d^L 

Aperture Data:    Basement(WxH)               _c=_..              _ 

Sill Ht.  _ 

First(WxH) u* tu      HgSgt ait'Xä/ 

Sill Ht. rj>"       11"      Al" 
üLku 
3a- 

/uf-^-l~ 
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r 

5. 

6. 

7. 

8. 

Upper (WxH) 

Sill Ht. 

Upper (If 
Change) (WxH) 

Sill Ht. 

Story of 
Change 

Side A 

ULZ 

Side B    Side C    Side D 

V^W *£&£ tläJltf 
3*'     3*'     a-»" 

UM   * \-> 4 
£QO ai l-m 

Type of Foundation 

Type of Frame   

Dimensions of Columns f [f    (t*idjm (^6t\rti 'ifatyr,   -) 

Dimensions of Beams JA* i   ±   f*-..  uJ/A 

Reinforced Concrete Frame 

Bar Size and Spacing   

Type Reinforcement     

-^ 

b. 

Concrete CompressIve Strength _____ 

Steel Frames 

Type of Steel yutS bttm&Mt 

Flreprooflng for Steel Frames   v^^^-t-Laj^udJ^.    /J'^iM. 

Drop panel  data:      W.      —       L.    — T.   -— 

Slope     //       Frame   it3     Deck _?^~     Covering     ^J" 

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

Floors:    First Frame      —— Deck 

c. 

Roof 

Upper Frame /±J/3     Deck „13  ti'/*.") 

Upper  (If Change)  Frame 

Story of Change 

—        Deck    — 

Source 

tdOt B(**: 

.Framing Into Bearing Walls:^;/rtfc    yt.~J^„ fajirJ .  

Spans:    Parallel to Side "A"    y3 / Parallel to Side "B"   Jß'/l,*) 

a.      Reinforced Concrete Floors 

Bar Size and Spacing y^ ^t ^JajLßt*.  

Type Reinforcement i/( ■ f f 

b. 

Concrete Compresslve Strength /ji 

Structural Steel Floors 

Bean Size 

dL 

Type of Interior Partitions: 
LZ^LgL i   tyJonPrf j»,a£i     JtJtL 

Basement 

First 

Upper 

Story of Change 
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r 

E. 

Geological Data 

1.  Depth of Water Table          2. Rock Below Grade 

3.  Soil Type 

4.  Design Bearing Capacity of Soil 

Fire Vulnerability 

Side 
A 

Side  Side 
B    C 

Side 
D 

1.  Adjacent Buildings - Stories —    — £ 
Distance   — » .   ^^ JC' 
Type of 
Construction 

Source 

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 euch information is available 

V/# 

Sk'/hr   ynötrijs**   <MbJo^ i.^ flt&*^J 
03    yU, 
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DATA COLLECTION FORM 

Structural CharacterlBtlcs  for All-Effects Shelter 

A.       Building Identification and Geometry 

1.      Building Name and Address   JUiufp, 

/Vi   3%ku»M—S^  
Standard Location 3^f 

Nuaber of Stories |%J 4aa*t 

Story Height:    Bas.  /f L " 

2. 

4. 

6. 

7. 

8. 

9. 

10. 

11. 

13. 

*LL*mU 

Upper (If Change) 

Dimensions: Side A ^2L 

Facility Number CQJJSJL 

*&    5- ,   "«J^°V^ldin8 /Al- 
lst  iS''    UMrt&       tO'L" 

Story of Change        

Side B JML 
Plan Area:    a. Basement   12VS        b.  First Story  S~f fTO 

c.  Upper Stories4^£j? d. Upper Stories if Change  

Fallout Shelter    Story   No.  of Rooms   Shelter Area   No. of 
Data: with Shelter y     Spaces 

JL      ULuvtMj    US.        & 

a.      Plans Available 

c.      Location 

Building Use 

liable   yy^ 

AC  

b.      Specs.  Available   -Mya 

d.      Contact 

12.    Year Constructed    /ftg jl 

Building Code Reference  

14.      General Condition  fljfcadL 

IS.      Hazcrds: HfuoeiUtm- 
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Structural Details 

1. 

2. 

3. 

Type of^Structure 

Basement Exposure 

Type of Exterior Walls: 

Side A 

a 

Side B Side C Side D Source 

2^  l(l2") ited   2Ü2J. 
f. i - ■' 

Basement 

First 

-Upper 

8. 

Wall 
Veneer 

Wall 
Veneer 

Wall 
Veneer 

Type/    Type/    Type/ 
Thickness Thickness Thickness 

iff (UJ s"   QJ 1"   4Z/_£l 
UJ4JL UJJtJL UldZ- 
fi2/JEL £2.1 JJL 

SSJJOl &.L 

Wall 
Veneer 

AT' 

^AJÜ^J 
Upper (If 

ii/a*. storyof 

■ 1 UAmo^all Panel Dimensions 

term JidM*-'    ^Support Conditions: 
x/j^u*.     /**    CRVlty wan (estimate 

-/   - 
' -  / — 

Width 

 5 

~ 1 - 

jg/je! 

£91 <*" 
IJJI f" 

Height 

Type/ 
Thickness 

SLL 

SLL 
7/ / V" 

qi If" 

3^ 

^IfiwÄ*- wldth) In. 

a.  Reinforced Concrete 

Walls: 

Bar Size and Spacing: 

Vertical: Inner A^i A •> 

Horizontal: Inner ^/., A • 
JLJji. 

Distance From Outer Wall Surface  to Centrpld of Outer 
of Steel  4>>, tj .  

outer 

outer 

Layer 

Distance From Outer Wall Surface  to Centrold of Inner Layer 
of Steel A/ . 4  

Compresslve Strength of Concrete 

b.      Masonry Walls: 

Compresslve Strength of Mortar   

4.      Aperture Data:    Basement(WxH)      

S*-»*   &i,    '^ Sill Ht. 

^.   fi. 

^.//, 

^ ^y^^FlrstCWxH)   /P^Tg^gl*'   S^l 
^x^-^^siu Ht.   cj&ij&iihL 
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5. 

6. 

fi  
8. 

Upper (WxH) 

M.}  Sill Ht. 

Upper (If 
Change) (WxH)  

Sill He.     — 

Story of 
Change       ""7 

Side A Side B Side C Side D 

^ *'*•>" t4W v-W "i'W 
36"       &        J* 

Source 

7>Utri- 

Type of Foundation / g? O 

Type of Frame  (^ 

Diaenstons of Columns *inHu  (\7 

Dimensions of Beams fe "^ 

a.      Reinforced Concrete Frame 

Bar Size and Spacing   

Type Reinforcement 

b. 

Concrete Compresaive Strength __ 

Steel Frames 

Type of Steel fj  , fl 

HiZL Fireproofing for Steel Frames 

Drop panel data:  W. —   L. j^; 

: Slope /JL  Frame 3^. 

L. 

Roof          

Height of Parapet Walls: Side: A. ^£1'' B. <(£l C. »Tv/ D. j/^" 

-—7- ,   T'  J=  
Deck 3(p / Covering *tl      <s*L 

cm 
Floors: First Frame 

Upper Frame 

Upper (If Change) Frame 

Story of Change   

Framing into Bearing Walls:   

iA_ 
1A. 

Deck    IL W') 

Deck   lb (f) 

Deck         

Spans:    Parallel to Side "A"   IS      Parallel to Side "B" / / /       tO^ML' 

Reinforced Concrete Floors 

Bar Size and Spacing fyj    /■] 

Type Reinforcement  /J ,   H 

b. 

Concrete Compresaive Strength 

Structural Steel Floors 

Bean Size        ^   _!" 

d/i hi t 

rm4t/» 
9.      Type of Interior Partitions: 

i^ JjL VI^I tfii *M A-** 

e2**faj t*~**U 

H (All 
Basement 

First 

Upper 

Story of Chang« 

ii {i}") 

t 

77 



r 

Source 
C. Geological Data , 

1.       Depth of Water Table   2.  Rock Below Grade   /Jf/l 

3. Soil Type __^_ J^4 

4. Design Bearing Capacity of Soil  *//&■ 

D. Fire Vulnerability 
Side  Side  Side  Side 
BCD 

Adjacent Buildings - Stories 

Distance 
_£_ j=_ ja^       aisi 
Hl ^- SL.      _dLa 

Construction ___   Md, -w      /ff/t, *bo,. 

2.       Velocity and Direction of Prevailing Winds       KJ/A- 

Provide sketches of basement,   first  floor,  and upper floors showing 
partition locations and  Iioor 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 infomation is available. 
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NOMENCLATURE 

Ec Modulus of elasticity of  concrete,  psi 

E^ Modulus  of elasticity of masonry,  psi 

f,,' Compre isive strength in concrete,  psi 

f^ Ultimate compressive strength of masonry 
unit wall,  psi 

fr Modulus of rupture of masonry,  psi 

LH Horizontal length  (width)  of wall,   in. 

Lv Vertical length  (height)  of wall,   in. 

Pv Total vertical  force   per unit width, 
lb/in. 

S Clearing distance,  ft 

tf Thickness of flange of hollow masonry 
block unit,  in. 

t Thickness of wall,   in. 
w 

Unit weight,  pcf 

Po 


