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ABSTRACT
This constitutes the final repoct of the research on arca Lactors and catepori-
zation of building structural,chnracteristics which was completed under Contract No.
0CD-Pi-64-56 boforo management rtsponsibllltcs wore transferred to USNRDL,
A statistical study of National Fallout Shelter Survey Phase 2 building struc-
tural characteristics extracte& ftom OCD files is reported. A total of 344 builld=

ings of the origlnal Phase 1 sample of 15341 (reported in E. H{11, ot al. Analysis

~of Survey Data. Final Report R-OU~81. Durham, N.'C.: Research Triangle Institute,

15 February 1964) wes surveyed by Atchitects-Engineers in the NFSS Phase 2. In-
cluded in thege buildings are 1030 basement shelter areas, 262 first story shelter
areas, and 838 upper story ahelter areas. The modal value for Baeement 5111 heights
ig 5. feet whereas 80 percent of the sill heights for the first stnries are from 2

to 3 feety and for upper stories 90 percent are from 2 to 3 feet. Parallel parti-

© tiond occur in 51 percent of the bésement shelter areae 68 percént”&f the first

story ahelter areas, and 78 percent of the upper story shelrer arcad. Cross parti-
vions occur in 761 of the 2130 shelter areas,
'”Anee"factors" are multipliers used to estimate the frection of the totel floor

‘,..

arca offering protectLon greater than a predeterminod value. A unique‘set.of area

factors which do not vary with structural details of thL buildtng are used 1n the

“NFSS Several shortcomings of these approximate area factors are discussed: 1)

cages in which center PF'a are lower than oxf-center PR’ s, (2) the effoct of interi-

or partitions, (3) the effect of floor thickness; (4) the effect of apertures; and

(5) shelters with predominantly roof contribution. Analyses of shelters with only

‘roof contributlon and of shelters with both ground and .roof contribution are pre-

sented. Methods of determinlng more nearly correct area factors for each situation
arergiven for use with aimplifled hand computational prceedures. Lastly, for more
exact computations, it is recommended ihat the shelter area he calpulated by com-
puting PF's at several off-center locations and determining graphically the arcas

which reach a prescribed PF,

iii
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Chapter |

Summary
I. TINTRODUCTTON

The OCD description of Subtask 1115B, Cost aud Protection Analvsis of NFSS

Structures, Comtract No, OCD-PS§-64-56, 1a aa follows:

"Analyze Phase 2 data from the WFSS to indicate relative importance

of sghielding characrceristics in vrder to improve PF calculations and

to Indicate the most impoertant modificstions to improve PF  Utilize

this data and studles of recurring types of key facilities under

varivus geographlc and construction cendirioms tn identify the most

critical engineering characteristics of the struecture which would

requilre modification for ocecupancy and operation in a fallout

situation. Provide PF computational procedures for special

characteristics of those key facilities for the eclectronic computer

program."

The Research Triangle Institute was informed on 12 May 1964 that the U. S.
Naval Radlological Defense Laboratory (NRDL) was to have management responsibility
for OCD Subtask 1115B. A new contract, N 228-(62479)-66109, was executed by NRDL
for the completion of work begun under the original OCD contract.

This constitutes the final report of the research om area factors and building
structural characteristics which was completed under Contract No. OCD~PS=64-56
before management responsibllities werce transferred to NRDL. The data presented

in this report will be combined with the remainder of the research under OCD Subtask

1115B in a more comprehensive Report R=0U=196 upon completion of the NRDL contract.
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The resulits of a statistical study of Naticnal ¥Pallour Shelrow Survey)
A g7

oS ;
Phase 2 building structural characteristics are contained in Chapter 2 and
Appendix A, An analysis of building structural chavactevistics contained in
Phase 1 data was previously reported in Reference 1 . Therefore, rhis study
completes the evaluation of all building characteristics reported in the NFSS
for an original sample of 1541 huildings. A total of 844 bufldings of the
original 1541 was surveyed bty AE's in the NFSS Phase 2. Included in this report 1is
an analysis of the occurrence of Phase 2 data on areaways, aperture sill
heights, and interior partitions in both building parts end shelter arcas.
These data, classed by protection factor, are of interest in determining the
corvelation between structural data and protection from fallout radiation.
There were 1036 basement shelter areus, 262 first story shelter areas, and

838 upper story chelter areas, giving a total of 2130 shelter areas reported,

Yoo

A total of 493 areaways were reported in 337 building parts, 8111 heights
reported for basements had a mode of 5 feet, whereas 80 percent of the gill
heights reported for firat stories were from 2 to 3 feet and for upper storles
90 percent were from 2 to 3 feet. Parallel partitions were reported for 51
percent of the basement shelter areas, 68 percenﬁ of the first story shelter
areas, and 78 percent of the upper story shelter areas, Cross partitions were
reported for 761 of the 2130 shelter areas.
R. Arsa Factors

Area factors represent fracticns of total floor areas offering protection
greater than a predetermined value. For the intended objective of determining
gross cstimates of the total number of available shelter spaces by machine
methods, the area factor approach used in the NFS8 Phase 1 Computer Program was

excellent. However, it is recommended that a careful analysis of each building

ooy  GEEE IS Sea  cmmh SRR NGRS LN e
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siiclter area 1s made., Several shiortcomings of areca factors arc discusscd: cases

in which center PF's are lower than off-center PF's; the effect of intericr parti-

tions, floors, and apertures; and shelters with predominantly roof contribution.
Analyses of shelters with all roof contribution and of shelters with both

ground and roof contribution are presented. Methods of determining area factors

for each situation are given. TFor more exact computations, it i1s recommended that
actual shelter area be calculated by computing PF's at points in addition to the

center and determining the distances from the center that reach a prescribed PF.
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Chapter 2

A Statistical Analysis of the Influenc&ddf Phase 2 Building

Characteristics on Fallout Radiation Shielding

1. INTRODUCTION
“geatiatical dara nn-building configﬁfations_werc nct availsble vhen the WNF33
'(N;tionai Fallout Shelter Survey) Computer Program (Rgferénce b was*dévelbped
to éalcgla;e’protéction;factors. Therefore, asgumptionq_hg@ to be mgde.in“this
pfograuhregard}hg the importance of various bﬁilding'characteriatics. ‘Categor-
izaticg of building structural characteristics of NFSS buildihgs is of interest

in determining the correlation between structural data and protection from fallout

. - " }
radiation afforded by shelter areas. and building parts.

Undexr GCD Subtask‘lliSA, Analysis of Suéﬁeyigggg, RT1 ﬁcaqggprized the
éurveyeé structures with respect to technicgl shielding chavacteristilcs, . ."
For that subtaﬁk,\RTI made a statiqticél atudy of bgildiné éhafacteristics which-
were reported on NFSS.fhase 1 FOSDICS (Film‘Ogt;é;l_Sﬁﬁéiﬁg D;vice‘fbr Input}'~~mw
to Computeré).' The results of Ehe scﬁé&mwefé reported in Chgptér 3 of ;%e final
report for Subtask 11154 (Rgfefence . “

Certain strﬁ;tpral.shielding chara&teristica’huch“aa~agéaygya; aperture sill

heights, and interior partitions were not fully reported in the NFSS Phase l’daqa.
: B . t . \

T \

v, These characteristics were reported in Phasa 2; however, summarized Phase 2 data

were not avallable at a single location im time to be categorized in Subtask
1115A. ‘Therefore, the purpose of this chapter is to complete the categorization

of all technical shielding characteristics reported in NFSS data.

* It is important to note that shelter areas are stories containing shelter in

8 bullding or building part., Thus, a '""shelter area", as used in this chapter
18 not necessarily the entire extent of NFSS shelter inm a single story of a
buiiding. : : -



II. SAMPLE CHARACTERISTICS

The zample of Phaserl data wﬁich was categorized in Subtask Il13A conﬁgined 1541
buildings. However, there are only 844 buildings in the sample of Phasc 2 data to
hé cntegorized; Phase 2 instructions state that all shelter areas surveyed in
~ Phase 1 must be’at least PFFCategOry 2 or better for additional analyais in Phase
2. Therefore, 483 of the 1541 buildings ih”tHé'?ﬁﬁgé 1:§ample were eliminated iﬁr
tﬁe Phase 2 sample because they contained only PF Category 1 sheltér areas, Also,-
Phase 2 data weré‘not reported f§r 214 other buildings in the sample fdf one of
tﬂe'followiné reascas: - |

l.ﬁ.Pgrmfﬁaion to survey the buildihg in Pﬁase 2 was Aof giégﬁ by the

buiidfhg owner. =

2. The bufldiﬁg‘had been destroyed since the Phase I' survey.

(%)

Tn most cases.no aralysis or cost estimates were m@de-fof shielding

.\\.
.

% -
Y

improvemants above the firgt story.
General characteristics of the PhéséllféﬁQ'Phaaé 2 data used in categorization

and characteristics of their pﬁfent population .are L;&tcd,iﬁ Table I.

-5
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Total

’Total

Total
rated
Total

Total

Total

. -Total

Total

TABLE I

Phase 1 and 2 Categorization Sample Characteristics

number of shelter areas on M2 file (Total NFSS Phase 1) = 1,042,027
number of buildings (Total NFSS Phase 1) = 308,130"
number of buildings rejected<(Bulld§ngs containing no shelter areas

in PF Category 1 or higher were tejgcted) = 73,646

‘nfiber of buildirgs in the Phase 1 sample = 15417

number f buildings in the Phase 2 sample = 844

number of building parts in the Phase 1 sample = 2091

number of building parts in the Phase 2 sample = 1167

number of shelter areas (fF Categotries 1 through 8) in the Phase 1

sample = 4421

Total

o

number of shelter areas (PF Categories 2-through 8) in the Phage 2

© sample = 2031



II1. APPROACH TO STATISTICAL STUDY IN PHASE | CATEGORI ZATION

The sgatistical study made in categorizing Phase 1 data was presentéa-in Chapter 3
of the final report for Subtask 11154, TIn that study, a random sample of 1541 bqildings
was selected from éhe NFSS Phase 1 Ml and M2 Filesg (Reference 2), which are maintained
at the Nationai Bureau of ‘Standards Computation Laboratory. ‘

Statistical studies,of detailed structural properties were made to detérmine the
correlétibn between structural data and protection from fallout radiation. More |
specifically, the atudy 1nvolved preparation of statistical :abulations relating
protection factors with the number of shelter areas (PF Category 1-8) and number of
buildings falling wtthin selected incrgmgptal'ranges of certain structural
characceristics. The speclfic structural characteristica studied for shelter areas

were:

—

storxif@mber~

2, percené'aﬁertures
3, interior partitions
4. fléor area
5. @éil mass thickness (psf)
6. contaminated plane width
7. dose source
8. percent basement expoéure
The specific stxtctural characteristics studied for bulldings were!
1. sgtory number |
2. npercent apertures
3. interior partirions
4, floor éreg
5, wall mass thickness {psf)
6. physical vulnerability (FV code)

7. number of building parts

-7 .
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All data processing and calculations were performed on the National Bureau of
Standards IBM 7090 computer. A tabular presentation of this study is given in
Appendix E of Reference 1.

It is expected that the tabulations of the above structural characteristics
for the sémplé of 844 Phase 2 buildings would differ slightly from those for the
sample of 1541 Phase i buildings.. The tabulations for the 483 buildings in thé
Phase 1 sgmple-that had only PF Category 1 shelter afeas are readily idgnfified;

therefore, only the 214 buildings not included in the Phase 2 data for other

‘reasons would modify the statistics. Because only slight modificationa are

expected, it 1s not deemed essential to re-categorize the Phase 1 dataAfor the

’

same 844>buitaings that were evaluated in Phase 2. Doing this would alsgo be

‘complicated by the fact that shelter area PF's were often changed in Phase 2 and

there i~ .o merged record of Phage 2 PF data and Phése 1 structural data.: Accerd-
ingly, it is recommended that where structiral data ére required for alliNFSS_

Phase 2 buildings, they be based upon the analysais of Reference 2 after deletion

of PF Category 1 shelter areas.



IV. 'PHASE 2 CATEGORIZATION PROCEDURES

A. Introduction

The source of Phasc 2 data is the Phase 2 DCE's (Data Collection Egrms)(Figure 1)
on which structural data were entered for the buildings by AE (architect-engineer)
ébﬁtiéctors (Reference 3). These Phase 2 data were transferred to magretic tape
by the Bureau of the;Censué. In order that RTI could Eategorize-Phase 2 data, the -
Bureau of the Census prébared a printout'from their magnetic taﬁgs Qf ;he_Phase 2
data for the 844 buildings, 1167'building parts, and 2031 shelter areas (stoéy of
a,building'ér buiiding pért) in the sample, Using this printout, RTI categorized
the building parts and shelter areas with feé?ect to areéways, aperture sill-heights,'
and interior partitions. The data which were taken by hand from the printout ;ré
presenteé in Appendix Ain tabular form; withva fractional table computed'for'egcﬁ
element of data categorized. All f;gctions are'rqdnded to four'significaﬂt_fiéures.

B. Basément Areaways

L Informgtidn c0ncegning basement éigéways is given in‘columns 70 throughiiﬁ of
the ?hase ZHDCF. Data eqtéred in these columna'deacribed the location, length,
aistance from éorner,:and widtﬁ of - basement areaways and the height of windgw}open¥
ings {n the basement walls exposed by the areaway. RTI categorized the da§a~in
columns 71, 74, ﬁhd 75, . Coluﬁn 71 contains the length of the areaway, exbressed'
to the nearest (estimated) 10 percent of the length of the side in whichrit was -
.1oéated. Coluﬁﬁs 74 and 75 repogted.the wi&th, id thernearest»foot, of the areaﬁay.'
Table A-1 of Appendix A shows the total number of building parts whiéh had areaways
reported. Tables are also éresented for the total areaways in’all PF categories
(Table A-II) and for each P¥ category (Table A-III .- A-IXj. The areaway informa-
tion was tabulated by width (from 2 to > 10 feet) and by percent of building side

length (0 through 90 percent).

-'9-
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C. Arerrure Sill Heights

Aperturc sill height data were entered by the AE's in columns 54 through 57
of the Phasc 2 DCF. The predominant sill height, to the nearest foot, of the

window openings (apertures) in exterior wall "A" through '"D" above the appropriate

ifloor 1eve1 was -entered. in these columns by the AE's. If the wall under considera-

tion had no apertures,an "x'""was entared in the appropriate column.

- Table A-X gives the total numbers of basement, fivst story, and upper'etbry
shelter areaa in each PF categbry with siil heights reported. Data for sill
heights reporteé in the basement, first, and uppe;.stories are given in Tables
A-XI through A-XiII. In tﬁeée three tablee, an average of the sili'heights re~
pefted in the Phagse 2 DCF coiumqs 54 through(57 is tabulated by PF category. 1If
an "x" appeared in columns 54, §5;'56, or,57,.the column or columns were excluded
from the average. ‘

D, Interior Partitions

1. Parallel Partitions

The number'and’the avefage paf, estimatee to the nearest lb paf, of
pareliel partiLions (tnose partitions such as corridor walls extending ]
parallel to Sides A, B, C, and D) vere recoxded by the AE's in the Phase
2 DCF columns 58 Lhrough 65. The total numbers of basement, first ‘story
and upper sLory shelter areas with parallel partitions reported are pre-
gented in Tablw A-XIV by PF category In order to categorize theae par-
allel partltio; data by shelter areas, it wvag' necessary to determine an.
average partition psf for each shelter aréa. Therefore, RII multiplied
the average psf feported for each of the fout sides by the nueber of
parallel pertiﬂiona xeported for that side, added these four pto?ucts,.and

~divided this t;tal by four in ordet to get the avetege psf for eéch shelter

area. These parallel pertition data were categorized and are reported in

Tables A-XV through A-XVII for baeement, first, and upper stories by ¥

-12-
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category and average psf per shelter area,

Cross Partitions
Cross partition (those partitions separating adjacent rooms and not

recorded elsewhere) data are found in columns 66 through 69 of the Phase 2

DCF. The estimated average spacing in feet is found in columns 66 and 67.
The average psf,estimatéd to the nearest 10-paf, is in column 68. The

general pattern of the cross partition arrangement in thedsheltef area

“is indicated in .column 69 using the code number for the type which - -

corresponds to the one of the four general patﬁerﬂs presented in Figufe 2
considered to best resemble the guilding pa;t described.k RTY catggofized
the data found in columns 68 aund 69, “The pqmﬁéra of eaéh typenéross-
parfition reported are shown in Table A-XVIII and a breakdown~by~§hg1:gr~
arca and-PF category 18 glven in Teble A-RIX, Thege,dgtg were_categpriééﬁ
separately for each'type of cross pattiiion'(types 1=4) by PF caﬁegéry and 
average psf fbr basqpants, first, and Qpper stories and repﬁrted in Tables

A-XX through A-XYIT,

- 13 =
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V. DATA ANALYSIS

A. Introduction

The Phase 2 data categorized in this report coniained 844 buildings and 1167
building parts., In these building parts, there were 1030 basement shelter areas
(story in a bui}ding or building partSi 262 first story shelter areas, and=838
upper stoty Shelter areaé, glving a total of 2130 shelter areSGHreporced. it is
interesting- to note that 1030 (88 percent) of the 1167 guilding parts in the
Phase 2 sample have basement shelter areas which acéount for 48 percent. of the
total shelter areas. The Phase. 1l data indicated that 81 percent of the building
parts contained'basement'shelter arcas (PF Category 1 tbrough 8). The increased
percéntage of basement ahelﬁer areas in 2ha§e 2 1s éxpecﬁed be;duse of the number

" of Phase 1 upper story shelter areas in PF Category 1 which were not further

“evaluated in Phase 2. . :
As stated ptrrev:rloualy,qthis repgrt ptesents a qéﬁ_ggorization of a:e_aweys_, .
apertﬁrevsili heights, and{iﬁﬁériofiﬁaffiiiﬁﬁs.contﬁined in the fhase 2 data
priﬁtput Vhiaﬁvanwébtained from the Bqéégﬁf
q}nleteaéing fac&a “°F¢d in:pategorizing;;ﬁége :echnicql shielding chq;qcteriqtics

are discusased helow.

- B, Areawdys i
There weré;493=areawéy§:repo?fgq by'thélﬂﬁj§”f€§géh§—§zzﬁﬁﬁiiﬁzﬁgs'qgtggoﬁiiéd
iﬁ this chapter. Of the 1167 bgilding parts rep;tted, 337 héve one or more area-
ways. A total of 109>bf these huilding parts had Qreaways reported on more than
-one bullding side. It isg intereatinglnoinote that seven areaways wefe repbrted
with thelr percent of building side length from 0 - 5 percehtt The number of area-
rways feported are rather eyenly dispersed for adjacent shelter areas in PF Category
2 through 8. These qre&wayéraré reported in Appen&ix A with widths ranging from 2

to 3 10 feet; however, a definite trend foward.nmarrow widrhs fs shown by the fact

-15-
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+ gtory ghelter areas 90 percent are from 2 to 3 feet ﬁigh. For upper stories,

that 437 of the 493 areaways reported have widths of from 2 to 6 feet. These
Hata indicate the importance of including areaway contributions in basement PF
computations.

C. Aperture Sill Heights

In basement shelter areas, the average aperture sill heights reported are
rather evenly dispersed from O to 9 feet with a mode of 5 feet, However, 80 percent °
of the sill heights reported for first stories are from 2 to 4 feet and for upper
there were no sill heights"reported higher than 5 feet. 8111 heights were reported
for only 625 of the 1030 basement shelter areas categorized however, it is more
1nfé£e§€iﬁ“g to note that 56 of the 262 first story shelter areas and 19 of the 838
upper story shelter areas had no eill‘heights reported, thereby indicating no
apertures for these 75 shelter areas. This would cause the shelter area to have -
higher PF's, but it also meansg - that t.eee areas would require additional ventilation

to be eligible Eox marking at 10 square feet per shelter spece._

D. Interiot Fartitior.

1. Parallel Partition§

Parallel partitions are reported in Appendix Awith average paf

“/(pounds per square root) per ehelter arean (see Section IV D.1l.) of from -
S:to > 300 psf. Parallel partitions*were reported for 525”ofithe 1030
beeepeht sheltéer areas (51 percentig 178 of the ZGZVfiret'etery shelter

7 areae_(68'percent),>and 556 of the 838 upper story shelter ereee:(78-
lpercent).iJIn the ﬁFSS Pﬁase lrcategorizetiep eemple; only 17 percent of
all ehelter areas had interior partitions reportee._,The.numbere of
parallel partitions reported in Phase 2 are rather eVenly dispersed by
average psfrfor baeement, first,. and upper shelter erees. They also have

a median of ?5>psf for hamemant shelter areas, 37,5 pkf for firat story
: o S A A -

. . : P L
shelter areas, and 25 paf for upper story shelter areas.

.,'.16-



" Crossg Partitions

Cross partitions were reéorted for 761 of tﬁe 2130 shelter areaé
categorized. Oé these cross partitions, there were 245 reported for
basement shelter areas, 98 for first story shelter areas, and 418 for
upﬁer story ahelteg;areas.

Theré were four typea of cross partitions reported on the Phase .2
DéF's (see Figure 2). For basement shelcérrareas, 89 percent of the cross
partitions reported are Type 1 or Type 2 parti;ioha. ";n the first stpfy {
shelter areas, 60 percent are Type 2 partitions.“Finally,rfor ﬁpper
story shelter areas, 72 percent afe Type 2 orrTybe 4 partitions. . Of the
" 761 sheltex areaé-QI&h cross pértitiods reported, 48 péréent are Type 2,

Tt should be noted that of the total cross partitions reported only 9
percent are Typévg par:itions..

- The cross partitiona are categurized by PF category and average psf
- (see Section 1V.D.2.), as well as by typg._ For all I categoriea (2 through
3),:the different types of érbsg pattitions aré rather even1y digpereéd'
from 10 through 90 paf. _The'median'ésf_fgz;glk_;ypggtis'40 ésfifor
Béhéﬁenéggiéd-béfnfgr_fifétwéEo:{gs, and 30 pef for dppéf-anriéé, The
modal paf for all types is 90 psf f;f basements, 30 ﬁdf for first'scoriesﬂ

and 30 psf for upper stories.

:- 17 -
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Chapter 3

Ares Factors

I,” INTRODUCTION

The protection factor (PF) computational procedure (Refevence 2) of. the

‘National Fallout Shelter Survey (NFSS) used area factors‘to repreaen# fractions

of total floor afeas“oﬁfering protection greater than .a predetermined value,

The area factors ysed in the NFSS, shown in Table II, for shelters in PF Category

below PF 100; for shelters with a center PF within PF Category 1-3 (PF 20 to 99),

area factors are based on shelter areas with a perimeter PF of approximately 70

o

4«8 (PF 100 to >1000) are based on the extent of the area which does not’droé

percent of the 8-AREA center PF.

. EF_Category
6.8

5
4
1«13

" TABLE 1I -

NFSS Phase 1 Area Factors

-PF_Range i Area Factor
. 250-- over 1000 . 1:07 e
150 <249 0.7 -
100 --149 L

20. 99 0.5

This chapter presents analyses bf theléffecés of building charaéteristics

a building.

" and combinations of ground and roof contributions on the usable ‘shelter area of
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II. LIMITATIONS OF NFSS AREA FACTORS

The NRSS area factors represent usable areas in the first story of qrgindowless
square building receiving only ground contribution. A pre§ious RTI evaluation of
area factors under OCD Subtask 1115A (Reference 1) for thig type -of structure indi-
cated that the area factors presented in Tabla II are significantcly cénservative
(from .1 to .2radded for each factor) when compared to results of the Engineering
Manual procedure (Reference 4). 7

For the.intanded objective of determining gross estimates of the total numberx

RN

of available shelter spaces by machine mechoda, the ‘area factor approach isa

excellent. However,,a careful analysis of each building in question gholild be

made before final determination of the actual area of the ahe‘:er is made. The e

considerations that must be made for an actual building are: N
1. Center PF - All applicatioha of area'fa;cors are-based on the fF dt the

center of Q'buildingf This. maans that if the center PF is not in PF
Category 2= B. no- area factor 1s. applied and ‘the entive stoty ia considered
to have a PF loss than the Genter PF In reqlify, Ehis assumpciOn may 7
be wrong. Becausze of mutual ahielding,irregularly spaced interior

" partitions, grade level, etc., the PF,might-be higher“qt the énd of a
building story than at the center. An iliuéfration of a basement with
a center PF pSesibly less than‘the off-center PF if>given in Figure 3,

2. Interior Partitions ~ Xf a building contains interior partitiona,‘the

PF may drop rapldly outside the area bounded by partitibns. In Phase i

of the NfSS the location of partitions was not given unless a core was
) repéiied.' A core ia”defined_in Rdﬁéﬁenqe 5 as "a centgsl portion of a’
séor& surrounded oﬁ tworof mo;é sides by.interior partitions of heavy
vdonstrﬁction:" Coreé‘weie-reﬁorted in Phase 1 for only ‘the fifsﬁrand'
A second stories of a building and allowed only one partition per building .:

7 side to be noted.

.19 -
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Basement with Center PF Less than Off~Center PF
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‘The area factor for_a building with a ¢°r9-aFF§.9£.é“Y,i“§ﬁF}°r
partitions may be quite different from one for a building with no i
partitions. For example, 1f the area bounded'by partitions in a story
with a center PF in Category & is greater than .3 (Category_4 area factor)
of the total floor area, the area of the shelter very likely extenda to
the‘;ertitlens rather than just .3 of Lhe total area. It is ehdwn in
Chapter 1 that apptoximately 78 peroent of the NFSS Phase 2 upper atory
ahelter areas- have parallel partitions. This in iteelf is reason to

believe that aubetantial 1ncreeees in total ehelter erea might be gained

through usge of a PF computetional procedure that would consider the -

locatton of interior partitione and give PF. results at points ether N

than the qenter of the building.

r-loor Thickness « The waforiey of Watldings in the NFSS and &1L those -

--«surveyed by RTI ere exposed to 1im1ted planes of contamination. An RTI

statistical atudy of NFSS Phase 1 data (Reterence l) indiceted the
modal wtdth ofrthe total planea of contamination contributing to a
shelter story to be less than 66 feat for every.PF category. Becaese
of these narrow planes of contamlnation, the thickness of floors for

stories ebove grade is an importantrparemeter to consider when determining

“the total area of the ahelter. Due to the narrow planes of cnntamiuation,-

ground contribution to stories above grade often must penetrate the floor
below‘the detector. The PF is therefore quité-dependent on the mass

thickness of the fleqt through which the radiation must penztrate, For

‘example, for a plane less than 300 feet wide, Technical Operations

Research determined that the dose rate at an upper story corner position .

in a windowiess building with light floors (Xf = 20 psf) was ‘1.4 tiﬁes

that at the center position whereas it was 2.5 times greater than that

at the center for thick floors*(xf = 80 psf) (See Table 42 of Reference 6).

- 921 =
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where roof contribution can oftenexceed ground eontributibn."

Anertures = Previoua RTI analyses of aperture contributions in a aquere

building indicated that the usable area of a shelter depends on the per-
centage of apertures-(Refereuce 1). For example, on tte’Second floor of a
SQOO square foot hyﬁothetical building witu a center PF of 125,'the frac=
tion of the area heving a protection factor. greater than idb_ia 0.43 with

no apertures and increases to 0.56 with iO‘ﬁercent apertures, When apar-

‘tufes were added, the wall mass thickness was increased to maintain a

N3

center PF of 125,
gggg_ggg;;;gg;;gg - In shelters vhere the predominant eontribution ‘¢omes

from ground sources surrounding the building, the center of an. above-groundtt

shelter ahould be the point with the highest PF. The PF would.eearease
closer to the exterior wall. However, when roof 6r celling eontr!ﬁutioﬂ 1a

also present, the shelter may be quite different in size and location from

--that with nonueh contribution. Forfethplei with the-ptedomtnant contris

bution coming f:on the toof the safest arca-weuid be cloeqet to the ax-
terior wall and the PF would decrease as the eenter is approached Uppex'

stories of "high rise buildings, aa well as bﬁ“ﬁmﬁﬂtP;g‘”G'SbGXSGF.ﬁreas_ g
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II1. RTI INVESTIGATIONS

A. Method of Approach

Using Engineering Manual and AE Guide (Reference 7) procedures, RTI made
numerous computations to determine the range of fF's in various size buildingsa
subjected to combinations of roof and ground contributions. After. the exterior
wall mass thicknéﬁs giving a desired center PF in a building was determined,
computations were made for & othet pointa in the buiiding as illustrated in

- Flgure 4. 7 . 7

Poiﬂ:s 1 and 2, 3 ahd 4,’and 5 and 6 are on the perimeter of areas:arbicparily
taken to be equivalent to‘36, SOiﬁand 70 percéﬁt, respectively, of the total
building area. Thede peints are Iocate@ at approxiﬁé:ely 54.8, 70.7, and:SS.&
percent of the distance from the center perpendicular to the exterior wall}and
from the eenter to the cqrnér. - ‘ 7

| FIGURE 4

Datector Locatlons for Area Factor cOmpu:at 118

amasteey

e

N
—-—-—--—-‘—-—-—--———

[
t

[
54

|
|
|
|
|
I
|
|
|

i
o
® 1{

b
l
4

o I

L_.............:’.__..__

I

L

- 23 -



T .

Roof contributions were determined by the Engineering Manual Method; ground

contributions by the AE Guide which agssumes all areas ko be square. Calculstions
were made for buildings with the characteristics given in Appendix B,

B. Findings
1. Roof Contribution Only

- —— et

Aot s

least 100 within a building story and it-was thus possible to calculate

“are given in Table III and they are graphically presented in Figure 6,

Using the same structural datd required to give a desired PF in
the center of a square building; Engineering Manval PF computatiéns
were made for the 6 points shown ip Figure 4. These data were then
plotted as illustrated in Figure 5 in order to determine by interpolation
the boundaries of the area with a selected PF.- The illustration shows

the distances from the center of a 10,000 square foot building to points

where the PF reaches 100 on a line perpendicular-to the exterior wall - ‘ N

{line through pointse'1l, 3, and 5 of Figure 4) and on a diagonalyline
(points 2, 4, and 6), '

T&ése-poin;q determine the boundaries of the area having a.PF of at

the area of the shelter, For the case of all roof contribution the
shelter is adjacent to the exterior wails and.not in éhe'cehter of the
building. Very little variation was thed in the usable sheltgr)
expreasédras a percent of the to;al.;rea,rfor buildings in the

2,500 - 10,000 équare foot range.

pEIEE

Conservative area factors for buildings with all roof contribution

Theae area factors may also be used for rectangular shaped buildings

when the AE Guide procedure, which does not consider the building shape,
is used. This is becauée a rectangular building with the same area and
conﬁttuct1nn'characteriﬂtics ag a équare building will have less roof

contribution,

- 24 -



Protection Factor

Variation of P¥ vit:h'netectg_ deaticn = All Roof Contribution
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~ EF Gatepory Area Factor
Area Greater Than PF 100 . 4-8 1.00 \
3 L 56 ‘ :
2 .8 5
. , L R
Area Greater than PF 40 : 2~-38 .00 - » =

2,

7 size and centét PF were plotted as shéwn in Figure 7. This figure illustraeesm

et T ST e

TABLE IIX

Area Factors - Roof Contribﬁrioﬁ Only

LR

I1f the center PF is ﬁnuwn, it is peeaibie to find the epprbximateAbOund-

aries of any sheiter area through the use of-Fiéure 6. It is impovtant to

o

" note that shelter areas with a center PF leas then 40 and receiving pre-

I
dominantly roof contribution still have cofisiderable area of_PF 40 or better, St

d and Contributich . : r'“:i:
Most acoriea of structures receive © some - ccmbinetion of ground and. roof

contributdion, Therefore, area fectora for tﬁie type of atructure are very

important in determining the shelter area of a atory.r I !

Various combinaticne oirgrgpnd.endﬁrqef_qontxihgqiona, rquing’frqm
all ground to all reof, were calculated for upper stories of tha hypothati-

cal bulldings described in' Appendix B, The contribﬁtions for each“buxldtug'i‘ e

the variations in PFond line from the senter perpendicular to che exterior
wall in a 10,000 square foot avea with a center PF of 85. Similar ;raphs )
wera prepared for PF's on a lime from the center of the building to che cor= | ':i  'y
ner of Lhe bullding., The hounderiea of ahel:er area within a given PF range
were then eeCermined from these charts, | 7
As was found for all roof eentriﬁution, the shelter areas wererfairly
insensitive to changes in toral buildiuy area., Therefore, conservative

data were again used and are presented in Figure 8 to show the ares of a

- 27 ~



Protection Factor

Variation oL P \\’j.iil] Dervey T Lt s

140

7 j(%tf:)@éf‘{c:sf' ol b e
Grotind .-

120

100

80

i i ! :
¥ i i | Ao
- L L, - it
. i | t R
: e A ] NN S OOSY NSES I -
[4,0 " i : - ' ; 1 ! 1 !

Fraction of Fovpendivicit 9iciance Trom

Conter o W borio e wails



Area Factor

e ¥

IGURE ©

Area Tactors ~ Cround and Koof Contribution

(Areas CGreater than PF 100}

Note: Tor center PF's less than 100, +he
ghel ter area is closest to the exterior
walls.

1.0 T 2 doamse
H n L
T RANSE
8 i galcdcdtendiieiastaz
we - H-4 HE 4 H H
uw S n
AngRA PR X H TS AN sEAERREE B T
u THT ipdie
.6 : i
E A HEH Y
[ a8 H I H:
aRERN L H t
] i P
S H it jasaes
(1 iy iden
| ¥ 1
-1 B » y
4011 X itd ] 44 B 1
.2 T ;} T u ue PR K‘J i
SNga : I
R3H 1 A K H]
. 1. .4 4 14
17 FHEH : s “hk NaE H e Aeman
EHHH I e T T R
o LLifILI1 T e e T e

0 .2 b .6 .8 1.0
All Ground All Roof

Rocef Contribution/Ground + Roof

- 29 =



[HE3

story with a PF of 100 or better when exposcd to infinite planes of con-
tamination, This [igure shows the avea {facivis FOr any combination of
ground and roof contribution when the centexr PF is known. This is there-

fore a very valuable fipure for use with a simplified procedure such as

the AE Guide.

~ 30 ~



IV, RECOMMENDATIONS
For simplificd hand computuLiénnl procedures where onlvy a center PF is
'gvnvrnlly caleulated, it is recommended that Figure 8 be used to determine the
avea wi b a PF of 100 or more,

Due to the complewmities of the combined cffects of apertures, interior
partitions, floor thicknosé, etc., the area of shelter in buildings of similar
size with the same‘center PF can be quite different. The PF computational prb-
cedure which has beer programmed by RTI under Coniract No. 0CD-P§-64-65 for
use on a ControlData Corporation CDC 3600 Computer therefore does not usé pre=
determined arca factors. The PF is calculated at the center and at 8 pre-
determined off-center detector locations, which allows the computer to determine
the approximate arcas éf a building having a PF of a hredetermined value, The

offect of each of the above characteristics is therefore considered in each

building.
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Appendix A

hélter Area and Building Part Tabulations by

Phase 2 Technical Shielding Characteristics

This appendix presents in tabular form the categorization of the Phage 2

structural data for a statistical sampie of 844 buildings. Shelter areas and

bullding parts are categorized by—areawéys, aperture sill Héight, and interior

Areaways
TABLE

TABLE

TABLE
_ TABLE
TABLE

TABLE
- TABLE
_ TABLE

o TABLE

A-T
A1
A-111
A-IV
AV
A-VI-

A-VIT

partitions. These data are pfeaented in tables inm the following order: -

Building Paxts with Areavays Reported . 4

Areawaya - All PF (ategories

Areaways for PF Catggg;yNZ Shelter Areas

Areaways for PF Category 3 Shelter Areas

Areawiys for PF Category 4 Shelter Areas

Areaﬁaxs"for PF Category 5 Shelter Areas
~-Areaways for PF Gategpryf6 Shelter Areas

A=VI1I Kfeawayé for PF Category 7 Shelter Areas

‘A-IX

‘-Areéweya for PF Category 8- Shelter Areas

511l Heights

“Aperture

TABLE

TABLE
- TABLE

Parallel

TABLE-

A-X

A-X1

A-XI1
A-XII1

Partit

Shelter Areas with 8111 Heights Reported .

811l Hedghts in -Basemeut Shelter Areus

S113 Heightd in First Story Shelter Areas

$111 Heights in Upper Story Shelter Areas

ionsg

TABLE
. TABLE
TABLE

~ TABLE

A-XIV
A~-XV
A-XVI

A-XVII

Shelter Arcas with Parallel Partitions Reported

Parailel Partitions in .Basement Shelter Areas

Parallel Partitisns in First Story Sheltef Areasg

Parallel Partitions in Upper Story Shelcer Areas

= A=1 -



Crosa Partitions

TABLE A-XVITI
TABLE A-XIX
TABLE A-XX
TABLE A-XXI |

- TABLE A-XXII

Total Cross Partitions Reported by Type (All Shelter Areas)

Shelter Areas with Types 1-4 Cross Partitibné Reported

Cross Partitions in Basement Shelter Areas (Types 1 - 4)

Cross Partitions in First Story Shelter Areas (Types 1 « 4)

Cross Partitd ms in ﬁpper Story Shelter Areas (Tvpes 1 - &)

- A=2 -
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" Appendix B

Characteristics of Buildings Used in Areg Factor Computationg

PF computations were made for the six points shown in Figure 4 of Chapter 3

for the fifth story of & square, seven story, windowless bhuilding exposed to

infinite planes of contamination, ":'\Qhese computations were made using the same
structural data required to gi\‘ﬁg.-a-deeited PF in the center of the building.

For ground contribution, using the AE d;:;:\_ida, a height correction factor of 0.5.

was used, For foof cont—ribution, using the Engineering Manual, the distance

from the detéator to the roof (Z) was 27 feet. Because of no apertuies, there
was no floor weight correction factor required, P

The warlllna.nuc!_ overhead mass thi_dknéssés uged for glven center PF's ’ir\,:he»
varioug sized bulldings aubject to c.ombinationé of roofrand Agroun& contribution
were: | " | ‘
1. gxt'éri'ar Walls <

o i L Mage Thickness (psf)

R ' e _g 1 1 1 i 3
Area .~ Centér FF . All"R 4R &:z G sR&E3C Z R & - G All G

(sq. Ft.)

5,000 55 e 166 133 : 115 ~ 103
85. - 7 188 154 134 - 123

) 125 - 203 172 153 140

7,500 - 55 - 158 125 109 95
' 85 - 180 148 - 127 114
125 - 195 164 147 133

10,000 55 - 152 120 103 91
es. - 174 142 121 106

125 - 189 159 141 127

2. QOverhead

5,000 55 95 109 124 155 -
85 114 126 144 178 -

125 130 142 161 191 -

7,500 55 98 111 126 157 -
85 117 128 146 180 -

125 132 144 162 192 -

10,000 55 100 113 127 158 -
85 119 130 147 181 -

125 133 145 163 193 -

Roof Contribution
Ground Contribution

P
[ P2

- Bl =
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R-0U~196. WASHINGION, D. C. 20310

13 apsTracT Thig constitutes the final report of the research on area factors and catd
egorization of bullding structural characteristics which was completed under Con,
tract No. O0CD-PS-64-56 before management responsibilitlies were transferred to USNRDH

A statistical study of NFSS Phase 2 building structural characteristics extract«
ed from OCD files 18 reported. A total of 844 buildings of the original Phase 1
sample of 1541 was surveyed by AE's in the NFSS Phase 2. Included in these buildingf
are 1030 basement shelter areas, 262 first story shelter areas, and 838 upper story
shelter areas. The modal value for basement sill heights is 5 feet; whereas 80 of
the sill heights of the first stories are from 2 to 3 feet, and for upper stories
90% are from 2 to 3 feet. Parallel partitions occur in 51% of the basement shelter
areas, 68% of the first story shelter areas, and 78% of the upper story shelter
areas. Cross partitions occur in 761 of the 2130 shelter areas.

"Area factors" are multipliers used to estimate the fraction of the total floor
area offering protection greater than a predetermined value. A unique set of area
factors which do not vary with structural details of the building are used in the
NFSS. Several shortcomings of these approximate area factors are discussed: cases
in wirich center PF's are lower than off-center PF's; the effect of interior parti-
tions, floor thickness, and apertures; and shelters with predominantly roof contri-
bution, Analyses of shelters with only roof contribution and of shelters with both
ground and roof contribution are presented. Methods of determining morc nearly cor;
reet area factors for each situation are given. TFor more exact computations, it is
recommended that the ghelter area be calculated by computing PF's at several off-

center locations and determining graphically the areas which reach a prescribed PF.
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(5) '*All diatribution of this report is controlled. Qual-
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