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ABSTRACT

The objective of this research was to determine the relationship between the
center protection factors (PF's) of a large sample of facilities as evaluated in
accordance with the Engineering Manual (PF-COMP) ané the center PF's of the same
facilities as evaluated in the NFSS prior to February 1967. The 334 buildings in
che statistical sample were selected from San Jose, Albuquerque, New Orleans, Detroit,

arnd Providence. In addirion to PF's reported in NFST Phasas 1 zad 2

2 zad PF's
calculated by PF-COMP using RTI collected data, the following separate estimates of
the center PF were determined: NFSS Phase 1 ané 2 methods using RTI input data, PF-COMP
using NFSS input data, and PF-COMP using NFSS input data supplemented by additjonal
building data collected by RTI. As a result of this statistical analysis, conclusions
regarding the relationchip of the seven PF estimates are:
1} Revised NFSS PF's for individual buildings should not be estimated nor is
any advantage seen in revised estimates of Phase 2 shelter PF's available in a
geographic area such as a county. This conclusion is drawm because NFSS Phase 2
(P2-NFSS) PF's are nonconservative (high) when coupared to Engineering Manual-RTI
(EM-RTI) results and because of the difficulty in obtaining Phase 2 PF vzlues
other than by PF category.
2) Prf's calculated using NFSS Phase 1 and 2 procedures and RTI collected input
data (P1-RTI and P2-RTI) are both conservative (low) when compared to EM-RTI
results. The nonconservative results determined in the NFSS are therefore
attributed to data ceollection discrepancies.
3) Many buildings surveyed in the NFSS prior to Februarv 1967 have PF's less
than 40 and are consequently not coantained in Phase 2 data files. The regression
equation developed for the total sample to determine the relationship betveen
P1-NFSS and EM-RTI could be used to estimate PF's of buildings in this category.
These results would be useful in damage assessment when analysis of areas as
large as a county are nrade.
4) Procedures have been established whereby NFSS Phase 1 and 2 input data
collected prior to February 1967 can be processed by PF-COMP. However, because
of input discrepancies noted in NFSS data when compared to RTI collected data,
this method of estimating revised values for sheliter stories is not recom=ended.
5) A comparison of NFSS Phase 2 data with EM-RTI data indicated that (a) each
procedur: identified shelter on the same story for 347 stories; (b) there are
41 stories identified as shelter stories by the NFSS that were not found to have
shelter by PF-COMP; and (c) PF-COMP identified 133 shelter stories that are not
contained in NFSS files. The conclusion is that the current use of PF-COMP will

substantially increase the number of shelter stories in the NFSS.
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Statistical Analysis of NFSS Protection Categories

I. INTRODUCTION

‘e National Fallcut Shelter Survey (NFSS) was designed to identify fallout
shelter space in all buildings other than single family dwellings. Before February
1967, Phase 1 of the NFSS used a computer program at the National Bureau of Standards
(NBS) to obtain a "first estimate" of the protection factors in the buildings,

and Phase 2 was a follow-up to more completely identify and locate the probable

e L T SRR g S R
+ L]

shelter areas in the buildings. In Phase 1, the basic dimensions and structural
informatioa were recorded on Filmféptical Scanning Device for Input to Computers

{FOSDIC) forms and processed througb the NFSS/NBS computer program [Ref. 1]. The

TSI, VIR

output from this program was a listing of the protection factors (PF) within each

building. Manual corrections to the computer results were made in Phase 2 to
%5 account for aperture sill heights, areaways, and partitions not reported in
E% Phase 1.

In 1964, the Research Triangle Institute (RTI) began writing a computer program

(PF-C0MP) {Refs. 2 and 3] to calculate the protection factors ir a building by pro-

cedures more nearly like those of the detailed Engineering Manual method;l/ Tais

progran was designed to consider the effects of sill heights, areaways, and partitions, H

thereby eliminat.ng the "manual corrections' carried out in Phase 2. The program
ourtput provides the shelter analyst with a detailed analysis of the protection factor

i at the center of each story of a structure and displays the PF's for eight other

b5 Mberan e ponam

predeternined locations on each story. It also provides estimates of the shelter

boundaries and number of shelter spaces available on each stery. This prograe

(PF-COMP) replaced the Phase 1 and Phase 2 NFSS procedures for shelter evaluation
in February 1967.

To date, approximately 182 million sheiter spaces with a PF of at least 40
have been identified in t.. total NFSS [Ref. 7}. This is far short of the nwumber
needed to shelter the total U. S. population.

ey

However, many buildings have ~reas
within then with PF's iust below the "cutof{" poinc (PF 40) and thus their indication
as shelter is highly cependent on the accuracy of the shelter evaluation programs.

in addition, the results of OCD Work Umit 1115A [Ref. 8] showed that the NFSS

Phase 1 PF's were generally substantially lower thar hand calculated PF's determined

b: 1/ The term "Eungineering Manual"” refers to the PF computational method described
in References 4 and 5 and contained in Reference 6 as the "Detailad Procedure.”
The PF-COMP Program initially was based on data presented ia Reference 6,
supplemented by Radiation Shielding Analysis charts dated Jjune 1964. Subsequent
revisions to the “Engineering Manu2l" nmethod have bzen incorporated in PF-COMP
to keep ir current with the shielding state-of-the-art.
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using the Engineering Manual procedure for the same facility, although NFSS
Phase 2 results for eight of the 32 sample buildings were nonconservative.
Because of the small sample of only 32 buildings in that study, it was not
posaible to determine reliably a useful relationship between the EM PF and the
N¥SS PF. The PF-COMP Program now enables Engineering Manual type results to be
obtained for buildings without performing tedious hand calculations.

The chiective of the present research was to determine the relationship
between the center PF's of a large sample of facilities as evaluated ir accordance
with the Engineering Manual and the cencter PF's of the same facilities as evaluated
in the NFSS prior to February 1967. Mathematical relationships for estimating
revised PF values for NFSS structures with selectzd characteristics are given.

The sources that contribute to the total variance between the Engineerir3 Manual
PF and the NFSS PF are also identified and PF estimates are given for buildings
which could be recalculated using PF-COMP procedures and NFSS Phase 1 and 2 input
data.

The scope of work for this contract is given in Appendix A.
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II. SAMPLE DATA

A. Sample of Buildines

Under OCD Work Unit 1159C, Structural Charactaristics of KFSS Buildings

[Ref. 9], the frequencies of occurrence of selected structural attributes in a
statistical sample of Mational Fallout Shelte. Survey (NFS3) buildings in the cities
of Providence, New Orleans, Detroit, Albuquerque, and San Jose were determined. The
structural claracterisrics analyzed included: disensions, nusber of stories, apertures,
foundation, cubstructure, exterior walls, frame, roof, floors, and interior partitions.
Additional data necessary for protection factor analyses by the KFSS/NBS and PF-COHP
Computer Programs were alsc obtainad for use ia this project.

A sufficient number of buildings were surveyed in each city to give a relative
standard error of approximately twenty percent for az estimate of a structural attri-
bute which cccurs in twenty-five percent of the buildings in each city. To achieve
this degree of statistical accuracy, it was estimated that a saople of 309 du.idings
would be sufficient, divideZ zmong the cities as follows:

Providerce 67
New Orleans 60
Detroit 74
Albzquerque 53
San Jose 55

A sample of this size obviously enables a more zccurate deter=ination of the
relationship between Enginecring Manual PF's and KFSS PF's to be =ade thac was
possible using the 32 buildings surveyed under OCD Work Unit 1115A.

The geographic areas surveyed vere the entire Standard Metropnlitan Statistical
Areas of the above cities, except for the portion of tl.2 Providence SMSA that lies
in Massachuse~ts. Special facilities (tunnels, caves, etc.) and buildings where
licenses have been refused were excluded from consideration. A randoz sazple of
buildings to be survayed was selected froo the remainder of the NFSS buildings
{NFSS facility nusbers) in the SMSA. In addition to the basic sample in each SMSA,
alternate buildings were salected in order to have substitute bwdldings for those
vhere entry was denied and in order to enlarge the sample when time perzitted the
survey of additional buildings; 334 buildings were actrally surveyed.

B. Protection Factor Computations

Engineers and analysts froa RTI visited the local dbuilding inspectors, city
engineers, city plaanning personnel, and others to collect da‘'a for each building

from bullding plans, Sanboru Haps, geclogical maps, building codes, ete. A visit
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was then made to each building site to verify these data and to obtain any additional
data recessary to determine the following separate estimates of the center PF for each
sheiter storxy:

1) PF reported under NFSS Phase 1 (P1-NFSS).

2) PF reported under NFSS Phase 2 (P2-NFSS).

3) PF by NFSS Phase 1 methods using RTI input data (P1-RTI).

4) PF by NFSS Phase 2 methods using RTI input data {P2-RTI).

5) PF from PF-COMP using NFSS Phase 1 and 2 building input data (EM-NFSS).

6) PF from PF-COMP using NFSS Phase 1 arnd 2 input data plus additional building

data collected by RTI survey teams (EM-NFSS and RTI).

7) PF from PF~COMP using building input data collected by RTI survey teams
(EM-RTI).
NFSS Fhase 1 (P1-NFES) PF's were previously calculated by the National Bureau
of Standards using Architect-Engineer (AE) supplied input data, and NFSS Phase 2
(P2-NFSS) PF's were datermined by the AE's by modifying Phase 1 PF's as reguired.
Data for calc lating the remaining PF's were collected in the field survey phase of
Work Unit 1159C as described above and actual PF calculations were performed under
the present project. Procedures used and problems encountered in obtaining the
NFSS PF's and in calculating the remaining five PF's are contained in the following
secticns:
1. Phase 1-NFSS
NFSS Phase 1 input data for the sample buildings were ~btained on computer
tape from the mzster NFSS files at the National Bureau of Standards (NBS).
However, output data frcm the PF computations were not ‘-ontained on computer
tape at MBS or at the National Civil Defense Computer Facility (NCDCF) where
official WNFSS records are now maintained. Tierefore, it was necessary to
review compater printouts to obtain NFSS Phase 1 output data. Information
for facilities survey through 1963 were available in Office of Civil Defense
(OCD) Pertagon Files; printouts for facilities surveyed in later years had to
be obtained from that part of the OCD data bank at the Institute for Defense
Analyses (IDA). In addition tou the PF of each story of all building parts,
the contributions (reduction factors) from the ceiiing and from each wall were
obtained from these print)uts.
2. Phase 2-NFSS
In Phase 2 of the NFSS, the AE's collected data regarding aperture sill
heights, areaways, and interior partitions; these data were recorded on the
front of the Phase 2 Data Collection Form (DCF). The effect of these building
parameters on the PF were determined and the PF category, as shown in Table I,

was reported on the front side of the DCF for each shelter story. Details of

Fis




these calculations were sometimes, but not always, reported on the back side
of the Phase 2 Data Collection Form (DCF) for each shelter story. Only data
located on the front side of the Phase 2 DCF were recorded on NFSS computer
tapes at NCDCF. Of the 292 shelter stories with a Phase 2 NFSS PF reported,
132 sere reported to be in a PF category different (higher or lower) than
reported in NFSS Phase 1. In many cases, the back of the DCF could not be

AN AT W QRN 1 TR WO E}Fﬁm

obtained and in many other cases the computations were not reported on the
DC¥. Therefore, only the PF category €fur some shelter stcries was available
for analysis of Phase 2 PF's. The valuzs used in analyses involving Phase 2

; results for such stories are also shown on Table I.

Many buildings and building parts amalyzed in Phase 1 were not reported
in Fhase 2 because the adiusted PF did not meet the prescribed minimum of 40.
In buildings that were divided into “building parts" for PF analysis in Phase 1,
Fg : it was quite common for only one parct to be contained in Phase 2 records. These
| : buildings presented considerable problems of identification in this analysis

because such results in Phase 2 were labeled as "Part 00" with no relationship

L I
+ -
3

to Phase 1 parts given. Shelter markiang sketches vere evaluated, when available,
] ; from the Corps of Engineers or Naval Facilties Engineering Command, and

E: ¢ engineering judgments were made to correlate PFhase 1 part numbers with Phase 2

: ) results for such facilities.

- ) Table 1

: PROTECTTON FACTCR CATEGORIES

¢
j é Protection Factor (PF) Reduction Pactor {RF)
E % RF Used In
% : Category Range Range Phase 2 Analysis*
5 8 over 1,000 Less than .0010 .001
i 7 500 - 1,000 .0020 to ,0016 .002
5 6 250 - 499 .0045 to .0020+ .003
5 150 - 249 .0067 to .0040+ .006
4 100 - 149 .0100 to .0067+ .009
3 70 - 99 .0143 to .0100+ .012
2 40 - 69 .0250 to .0143+ .020
: ) 1 20 - 39 .0500 to .0250+ .038
. 0 10 - 19 .1000 to .9500+ .075
:

*NFSS Phase 1 Reduction Factor (RF) data computed by NBS and furnished to the AE were
reported to only three decimal places; therefore, the values used by RTI in analysis of

Phase 2 PF's when only the PF category was known are the means of the RF range rounded
to the third decimal place.
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3. Phase 1-RT1

Data obtained in the RTI field survey of the sample buildings were used
to prepare FOSDIC forms for all buildings using NFSS Phase 1 instructions
{Ref. 10]. The division of complex buildings into building parts again
presented identification difficulties. Marking sketches, NFSS FOSDIC forms,
or NFSS Phase 2 DCF's were quite often difficult or impossible to obtain and
some such data were requiied to assign RTI building part numbers that would
correspond to NFSS assigned numbevrs. Because of the sensitivity of the
NFSS/NBS Program to erasures and other indications that might cause errors
in interpretation of input data, many FOSDIC forms had to be processed several
times to get acceptzble results.
4, Phase 2-RTI

Using NFSS Phase 2 procedures [Ref. 11], adjustuents were made to the
Phase 1-RTI PF's to account for aperture sill heights, areaways, and interior
partitions. The actual values calculated using these procedures were used in
analyses involving Phase 2-RTI data. The data for the building characteristics
required to make the PF and RF adjustments were also obtained in the field survey
phase of OCD Work Unit 1159C.
5. Engineering Manual-NFSS

All NFSS building data required in Phase 1 and 2 calculations were

reported on Phase 1 FOSDIC forms and on the front of Phase 2 DCF's;gl Records of

these are maintained on computer tape at the National Bureau of Standards and
NCDCF, respectively. Manual transcription of data from these records to a
form suitable for processing by the PF-COMP Program would have been a tedjous
and time-consuming task and would have led to transcription errors. Therefore,
a computer program was written to extract NFSS data and reorganize it for use
by the PF-COMP Program. NFSS data (especially for contaminated planes and
interior partitions) collected pri»zr to February 1967 are not nearly as extensive
as those normally collected for the PF-COMP Program, but couid be mcdified for
processing. These results indicate -he PF's that could be cbtained if the
earlier NFSS data were recalculated uning a program based on the Engineering
Marual.
6. Engineering Manual-NFSS und RTI

As indicated above, NFSS data collevted in Phases 1 and 2 do not describe

a building as completely as data collecte!' for processing by the PF-TOMP

Program. Therefore, NFSS data were suppler'ented by more complete data cellected

2 It is noted that only the detailed NFSS ®hase 2 calculazions using these
building data were reporied on the back of the DCF and consequently not always
available.
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for PF-COMP analyses and PF's in the sample buildings were then calculated

by the PF-COMP Program. Interior partition data and the single azimuthal

sector per side used to describe contaminated planes in the NFSS were replaced
by PF-COMP data. This was accomplished by replacing the punch cards containing
interior partition data and contaminated plane data, which were used to calculate
the Engineering Manual-NFSS PF described in paragraph 5 above, with comparable
cards containing PF-COMP data.

7. Engineering Manual-RTI

Sufficient building data were collected in the field survey phase cf 0CD
Work Unit 1159C to make Engineering Manual type calculations using the PF-COMP
Program. These data were submitted on Shielding Analysis Forms, described in
Referznce 2, to the National Civil Defense Computer Facility fcr processing by
the PF-COMP Program in eifect in February 1967. Due to the lack of urgency and
the availability of more building plans than were indicated to be available
to NFSS survey personnel (based on review of FOSDIC Item 21, Survey Method Code),
it is assumed that the RTI collected data are more nearly correct and complete
than those collected in the NFSS. Therefore, PF's calculated by the PF-COMP
computer program using these data were used as the base against which the other

PF's were compared in this project.

Preparation of Data for Analysis

Data for each story of the Work Unit 1159C buildings determined to be adequate

for this analysis were prepared on punched cards for machine analysis. Listings of

the data for the 901 stories analyzed and a discussion of how these data were obtained

are given by city in Appendix B. Included in the data for each story are the PF's

and reduction factors determined by each of the seven methods described in Section II.B.,

Structnral Classification (PV Code), Use Class Code, number of shelter spaces determined

in the PZ2-NFSS and EM-RTI calculations, and the following selected NFSS reported

building characteristics estimated to be of most significance in PF computations:

1)  Average aperture sill height.

2) Minimum aperture sill height.

3) Average percent apertures for the detector story.

4) Maximum percent apertures for the detector story.

5) Height of detector above or below first story floor level.
6) Total overhead weight.

7) Weight of ceiling.

8) Weight of floor.

9) Average exterior wall mass.




10)
11)
12)
13)
i4)
15)

Average wall exposure (for basements only).
Average interior partition weight.

Average percent apertures of story above.
Average exterior wall weight of story above.
Average percent apertures of story below.

Average wall weight of story below.

For several reasons, all of the buildings surveyed under Work Unit 1.59C were not

analyzed in this project and are therefore not listed .n Appendix B. A list of

those buildings not analyzed in this project is given in Appendix C; they were not

included in this analysis for one of the following reasons:

1)

Correspondence of NFSS building part numbers and RTI assigned part
numbers could not be determined. Shelter marking sketches, NFSS Phase 1
FOSDIC forms, or Phase 2 DCF's were required to ldentify part numbers
assigned to complex buildings in the NFSS and these were not always
available, especially during the field survey phase. Therefore, if such
data were not available, it was impossible to determine which portion of
a complex building should be compared with RTI results. In many cases
the RTI analyst considered it necessary to break a building into multiple
parts, whereas thLe NFSS submission was done as a single building part.
Conversely, many buildirgs subdivided into parts in the NFSS were done
as one part by RTI.

The number of stories assigned to a building in the NFSS did not match
the number of stories assigned by the RTI field survey teanms.

The él-NFSS PF or the EM-RTI PF was not obtained. The EM-NFSS data
extraction program yielded the NFSS bullding characteristics which are
listed in Aprendix B and which were used in determining the relationship
of PF to selected bullding parameters. The EM-RTI PF was the base
against which other PF's and RF's were analyzed.




I1I. STATISTICAL ANALYSIS

A. Objective

The objeczive of this analysis was to describe the relationships among the
various PF estimates, taking into account various building characteristics. For
example, the model used to describe the relationship between the NFSS Phase 1

(P1-NFSS) PF and the PF-COMP (BM-RTI; PP ia:

Y=KZ+¢C, Q)

vhere Y = EM-RTI PF, Z = P1-NFSS PF, C = a bias in the estimated PF's, and K, which

is a function of building characteristics (Xl, XZ, ceas Xk), is determined in the
analysis.

R. Statistical Technique

The principal statistical technique used to analyze data of these types is
called general linear model analysis, or simply "regression" analysis. As stated
in Reference 12, "Regression analysis may be defined as the estimation or prediction

of the value of one variable from the values of other given variables." Using this

procedure in the preceding example, an expression could be determined for K as a
function of the variables Xl, XZ, veey Xk.

An illustration of this technique is given by the following siiuple example from

pages 146-161 of Reference 13. The first two columns 5i Tablz II give ten pairs of

values which are also graphically represented in Figurz 1 as a scatter diagram. The
problem is to determine the linear equation that will yield for each X-value a certain
Y-value (Ye) which will be an estimate of the actual Y-value. The linear equation
for the line of best fit can be written in the form:

Ye = a + bX. (2)

The method of least squares is the method of fitting a iine to a set of n points in

a
such a way that E(Y—Ye)2 has its smallest value, where the sum ic

given n pairs of values of X and Y.

calculated for the
The problem now has been reduced to finding, for
the given pairs of viiues of X and Y, the constants a and b of equation (2) in such

a way that £(Y-Ye)2 is minimized. By the methods of the differential calculus, values

for a and b are determined by the following two linear equations:

an + bIX = LY (3)

aiX + bxx? = mv. (4)

I}

o—

Ao @ o

ossarsd

A N st
£ e P oty ozl otedd oot b




Lt g ot

Rl A 0Y

LR AL L ]

.

Fopp 0T

kA

Table 11

CALCULATION OF REGRESSION LINE AND RELATED QUANTITIES FOR THE

REGRESSION EXAMPLE DATA3/

Fig. 1.

x Y xy x r Y, Y-, {r—r
45 653 293.85 2025 42.6409 7.28 -075 0.5525
42 620 26460 1764 39.0900 875 —045 0.2025
56 9.52 $3312 3136 90.6304 9.22 030 0.270%
48 750 35000 2304 $6.2500 7.81 —031 0.09¢1
42 897 253.58 1764 48.6501 675 0.2¢ 20575
3s 557 2C6.50 1225 363100 552 0.38 01422
s3 945 $50.42 3364 90.0601 °.57 -008 0.0062
40 6.20 24860 1600 35.4200 6.4 -029 0.0420
39 655 255.45 1521 429025 622 033 0.1059 ,
50 872 42609 2500 76.038¢ $.16 0.56 03134 :
455 7270 344152 21203 56035224 1.4220
- i
|
- !
1 o .Standard |
V4 Error of !
10F Estimate Region §
!
9t ‘
Q :
3
s 8+ “— Ye = 0.176X-0.64%
- Standard Error of Estimate = 0.40
7L Correlation Coefficient = 0.952
6}
5 1 i
30 60 70

Relation Between Regression Line, Points of Scatter Diagram,
and Standard Error of Es:imatez

2/ Source:

Reference 13.
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The quantities required in the solution of these equations are also given in

Table 1I. The equation of the line of regression of Y and X takes the form:
Ye = -0.64 + 0.176X. (5)
The standard error associated with this equation is called the “standard error

of the estimate" and is given by:

(6)

The standard error for this example is 0.40, which indicates that about two-thirds
of the observed values of Y fall within a region bounded by two lines drawn
parallel to the line of regression at a vertical distance of 0.40 froz it as shown
on Figure 1. A measure of the correspondence between the X z2nd Y values can be

obtained by the "correlation coefficient" which is given by:

’ (_(Y—?L ‘ @
z{Y-ve) 24z (¥-1) 2

In this example, the correlation coefficient is 0.952.

The larger the correlation f
coefficient is in absolute value, the closer the poinis lie to a straight line and

the stronger is the evidence of a linear relationship.

Because of numerous calculations required in this statistical analysis, a

computer program was used. This program is a part of the "TSAR System" [Ref. 143,

vhich is a set of programs written by Duke University Computation Center, Durhaz.

North Carolina. for the IBM 360, Mcdel 75 Computer, The outpur from this prograz,

"

which is discussed in detail in Appendix D, contains estimates of K and C (Equation 1)

’ and an indication of the most important variables (X) by giving the correlation
: coefficient for each regression.

The standard error given in the output is the
root mean square of the deviations of data points from the regression line.

"
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C. Regression Analyses Considered

As an exanmple of the types of analyses performed, those pertaining to the
relationship of the NFSS Phase 1 (P1-N¥5S) computation and the RTI Engineering
Manual (EM-RTI) computations are explained in some detail.

1. Protection Factors

The first attempt was to find constants K and £ such as to allow one to

predict

EM-RTI PF = K (P1-NFSS PF) + C. (8)

The regression or least squares estimates for K and C are 0.650 and 94. The

anaiysis of variance associated with this regression anmalysis is as follows:

Sum of Degrees of Mean
Source Squares Freedon Square
Regression due to C 15,370,123 1
Regression due to
K given C 12,272,790 1 21.272,790
Residual (error) 19,077,371 138 56,442 )
Total - 46,720,284 340

Figure 2 shows a plot of the 340 data points and the fitted function. The
figure also shows parallel lines, 238 units above and below the fitted line.
This value (238 units) is the standard error of the estizate and is computed
as the square root of the average squared deviation of the predicted BM-

RTI values from the observed values. These lines represent approximations
to the 662 confidence limits for predicted individual EM-RTI PF values for
a given P1-NFSS PFf value. In other words, this band should cover the true
EM-RII PF value approxirmately two-thirds of the tire.

2. logarithms of Protection Factois

A second attempt was to fit a function of the type:
In (EM~-RTI PF) = K1ln (P1-NFSS PF) + C. (9)
The values for K and C which nminimize the deviations of the predicted ln

{EM-RT1I PF) values from the observed are 0.731 and 1.378. The analysis

of variance associared with this equation is as follows:

12
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Sun of Degrees of Mean
Source Squares Freedon Square
Regression due to C 7,159.72 1
Regression due to
K given C 238.67 1 238.67
Residual (error) 231.43 338 0.685
Total 7,629.82 340

Figure 3 shows the plot of the data, the fitted line and the 66% confidence
band. Over the whole scale this appears to be a better fit than the PF
analysis shown in Figure 2. However, if attention is focused on the region
of PF's less than 100, the results lose nuch of their appeai.

3. Bs.uction Factors

A final analysis was attempted, using the reciprocals of protection
factors, i.e., reduction factors. The values of K and C in the eyuation

EM-RTI RF = X (P1-NFSS RF) + C (19}

are 0.595 and 0.(05. The analysis of variance table appropriate to this
equation is as follows:

Sum of Degrees of Mean
Source Squares Jreedom Square
Regregsion due to C 0.097581 1
Regression due to
K given C 0.025662 1 0.025662
Residual (error) 0.052969 338 0.000157
Total 0.176212 340

14
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A second regression line, forced to go through the origin, was also attempted.

The value of K in the equation
EM-RTI RF = K (P1-NFSS RF) (11)

is 0.773. The analysis of variance table for this regression becomes:

Sum of Degrees of Mean
Source Squares Freedom Square
Regression due to K 0.119654 1 0.119654
Residual (error) 0.056558 339 0.000167
Total G.175212 340

Both of these regressicn lines are shown in Figure 4. An examination of
these two analyses suggests that there is an improvement in the fit of the
regression line when it is not.forced through the origin; i.e., the mean

square of the residual error is less.

D. Discussion )

An examination of the data displays and the regression lines shown in Figures 2
through 4 indicates relatively poor fits for all regression lines. Conseguently,
it was difficult to determine an “"optimum" curve-fitting method for the data.

The above analysis indicates that the use of logarithms gives slightly better results,
followed by reduction factors and protection factors in that order. Nevertheless,
reduction factors were used due to their immediate availability from NFSS records

and their ease of interpretation.

Separate values of K were calculated for each of the five cities to determine
whether fundamental differences in NFSS survey procedures, differences in building
construction practice, etc., caused significant differences from city to city.
Similarly, when it appeared that the relationship describing a certain PF estimate
was fundamentally different for buildings with zertain characteristics, separate

estimates of K were computed.

16
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IV. RESULTS

A. Relationship Between NFSS Phase 1 and PF-COMP Results

1. Total Sample and Individual City Results
A comparison of NFSS Phase 1 (P1-NFSS) results with PF-COMP (EM-RTI)

results, which are based on Engineering Manual procedures, indicates the

overall difference in coaputer results due to both procedural differences
in the methods and variations in collection and reporting of field data.

a. Lirear Regression Using Reduction Factors

The linear regression equations detcrmined by comparing P1-NFSS
and EM~RTI results (with all building characteristics included) are
shown in Table III for all eligible stories in the sample and for
the eligible stories in each city. To be eligible for inclusion in
this analysis, it was required that each story have P1-NFSS, P1-RTI,
and EM-RTI PF's available so that comparisons of these three results
would be based on the same sample size. The relationship of the RF's
obtained using P1-NFSS and EM-RTI procedures for the 34C total sample
stories is shown in Figure 4 {repeated in Appendix E as Figure E-1)
along with the resultant regression lineaﬁl

It is difficult to discern the trends in the mathematical relationship
between the P1~NFSS and EM-RTI results, which are based on reduction
factors, by inspection of the multiplicative factor (K) and the constant
(C). Therefore, the equations were solved for P1-NFSS reduction factors
corresponding to PF's of 20, 40, and 100 and the resultant EM-RTI
PF's are also given in Table III. The results for the total sample
and for each of the cities indicate that NFSS Phase 1 PF's are conservative
(low) for PF values of 20 and 40 when compared to Engineering Manual
results (PF-COMP), but all sample results are nonconservative (high)
for NFSS Phase 1 PF's of 100. Solving the equation to determine the

PF at which resulte become nonconservative (high) for the rotal sample

gives a PF of 74. There are significant differences noted in results
from one city to another, with San Jose NFSS Phase 1 results appearing
to be the most conservative (low). However, the correlation coefficient
for San Jose is the smallest (0.387).

Ed e S i

4/ Similar illustrations for the remaining 42 regression analyses are shown
in Appendix E.
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A comparison of results for all stories in all of the cities

that have a protection factor less than 100 gave a K of 0,347, with

a C of 0.014, and a correlation coefficient of 0.255.

parameter.

Table III
COMPARISON OF P1-NFSS RESULTS WITH EM~RTI RESULTS*

This indicated

that breakdown of the total sample by PF range was neot & significant

z (Standard Regression)

&

% Estimated EM-RTI PF

= EM-RTI RF = K [P1-NFSS RF]l + C When P1-NFSS PF Is:

: Sample Sample Standard | Correlation

L Size K C Error Coefficient 20 40 100

% All Cities 340 0.595 § 0.005 0.013 0.571 29 50 91

i Providence 58 0.735 { 0.005 0.009 0.712 24 43 81

H

% Detroit 47 0.875]0.003 0.014 0.685 21 40 85

% New Orleans 117 0.655 | 0.005 0.013 0.590 26 47 87

Albuquergque 28 0.730 | 0.004 | 0.008 0.843 25 45 88
San .Jose 90 0.353 | 0.C07 0.013 0.387 41 63 a5

sample.

" yitre I
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b. Linear Regression (Through the Origin) Using Reduction Factors

Forcing the regression line through the origin elimates the
constant (C) in the equation, with the relationship between PF methods
then expressed as a function of a single multiplicative factor (K).
However, as discussed in Section III, these results are not as statistically
significant as the results determined when the regression line is not
forced through the origin.

Thex
(Table T*

—-e, only the results of comparing P1-NFSS and EM-RTI data
ave discussed in this report although similar regression
equations fcr all other comparisons are given on the data displays contained
in Appendéix E.

Analysis of Table IV indicates that all estimated EM-RTI protection
factors are higher than P1-NFSS results, i.e., the P1-NFSS PF's are
indicated always to be conservative. This is in contrast with vesults
shown in Table III, where P1-NFSS PF's in all samples become nonconservative

somewhere between 40 and 100.

Table IV

COMPARISON OF P1-NFSS RESULTS WITH PM-RTI KESULTS*
" (Regression Line Forced Through Origin)

Estimated EM-RTI PF
EM-RTI RF = K [P1-NFSS RF]| When P1-NFSS PF Is:
Sample Standard

Sample Size K Error 20 40 100

All Cities 340 0.773 0.013 26 52 129

®rovidence 58 0.943 0.009 21 42 106

Detroit 47 0.962 0.014 21 42 104

New Orleans 117 0.810 0.013 25 e 123

Albuguerque 28 0.861 0.008 23 46 116
San Jose 90 0.571 0.014 35 70 17s
i

*See Figures E~1 through E-6 of Appendix E for displays of the data analyzed in

each sample.
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2. Significance of Building Characteristics

The correlation coefficient is a measure of the importance of each
variable in the regression analysis. A review of the regression analysis
results (the TSAR regression analysiz printout for P1-NFSS vs. EM-RTI is
shown in Appendix D) indicated that no single parameter or zroup of
parameters added significantly to the correlation coefficient. However,
based i results of these analyses and engineering judgment, separate
estimates of K were made for basements, upper stories, and each of these
further subdivided into stories with roof contribution of >50 percent or <50
percent of the total contribution. These results, shown in Table V, indicate
that no significant increase in the correlation coefficient is obtained
by these subdivisions of the tctal sample. However, knowledge that the
shelter story is a basement gives an equation with a correlation coefficient
approximately the same as that for the total sample and a smaller standard
error. It is noted that only basements with <50 percent roof contribution
are predicted to have EM-PF's greater than 100 (conservative) when the NFSS
Phase 1 PF is 100.

Also shown in Table V are results obtained by subdividing the total sample

by NFSS Use Class and Structural Classification. Each of these groupings,
other than Government and Public Service Use Class, enables slightly better
estimates of EM-PF's to be made than those made for the total sample or for
the subdivision by basement and above-grade stories. NFSS Phase 1 PF's for
Educational, Industrial, and Steel-Framed buildings are conservative when
compared to each cf the threce estimated EM-RTI results. All three estimates
of EM-RTI PF's for commercial buildings indicate that NFSS Phase 1 PF's are
nonconservative (high) for each estimate; this is based on a relatively large

sanmple of 141 stories.

:
&
§
§
i
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Table V
COMPARISON OF P1-NFSS RESULTS WITH EM-RTI
RESULTS FOR SPECIFIC BUILDING CHARACTERISTICS#*
Estimated EM-RTI PF
EM-RTI RF = K [P1-KFSS RF] + C When P1-NFSS PF Is:
Sample Sample Standard | Correlation
Size K c Error Coefficient 20 40 100
Total Sample 340 0.595] 0.005] 0.013 0.571 29 50 91
Basements 116 0.800| C.CO3] 0.00% 0.573 23 43 a1
Roof Contribution
>50% of Total RF 98 0.880 | 0.003] 0.009 0.£03 21 40 85
Roof Contributuion
<50% of Total RF 18 0.577{ 0.002] 0.007 0.498 32 61 129
lAbove-Grade Stories 224 0.543] 0.007 0.014 0.487 29 49 80
Roof Contribution
250% of Total RF 25 0.660 | 0.007 | 0.u16 0.539 25 43 74
Roof Contribution
<50% of Total RF 193 0.535 | 0.007] 0.014 0.484 30 49 81
|Use Class
Residential 55 0.744 | 0.005} 0.008 0.609 24 42 80
Educaticnal 43 0.776 { 0.002} 0.008 0.679 25 47 102
Religious frx - - - - - - -
Gov't & Public
Service 41 0.520 {1 0.005] 0.013 0.459 32 56 98
Commerical 141 0.931 { 0.005| C.0C9 0.673 19 35 70
Industrial 14 0.410 { 0.004 | 0.007 0.601 41 70 123
Amusement 4 - - - - - - -
Transportation 3 - - - - - - -
Structural Class
Wood Frame 8 - - - - - - -
Wall-Bearing 82 0.882 10.002 1 0.010 0.A05 22 42 92
Steel-Framed 96 0.614 | 0.002 | 0.007 0.602 31 58 123
Reinforced-Concrete
Frenmed 119 0.628 {0.004 | 0.010 0.554 28 51 97
Composite~Framed 2 - - - - - - -
4*See Figure E-1 and E-7 through E-20 of Appendix F for displays of the data analyzed in each
sample.
*%Results for sample sizes of 10 or less are not reported.
22
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3. Analysis of Variation

The preceding Sections IV.A.l. and 2. have described a large variation
in NFSS Phase 1 (P1~NFSS) results and PF-COMP (EM-RTI) results. Sources of
variation that are present in PF estimates include simple measurement errors
(such as incorrect estimates of dimensions or mass thicknesses), and
procedural differences (differences arising from the use of shorter
approximate metheds to calculate the PF, instead of more detailed procedures).
PF's for the sample buildings calculated by NFSS Phase 1 procedures and using
RTI collected input data (P1-RTI) can be used to c¢Stirmate these variations.
NFSS Phase 1 results were noted ia: Table IV, and repeated in Table VI,
to be conservative for PF values of approximately 74 or less and nonconservative
for larger values when compareé to EM-RTI results. An estimate of variation
due to simple measurement errors and other input discrepancies can be obtained
by comparing estrinmates of PI-NFSS with estimates of PI1-RTI. Sclution of the
equations with results shown in Table VI indicates that differences in input
data cnllected by AE's and by RTI analysts cause AE estimates (P1-NFSS) to be
ncoaconservative (high) above a FF of approximately 32 when compared to RTI
estimates (P1-RTI). This indicates that the AE-estimated building charac-
teristics are nonconservative when compared to RTI data; e.g., mass
thicknesses were probably over-estimated as found in Reference 8. It was
also noted in reviewing sample building data that rany buildings contained
partial basements and the AE's almost aiways chose to break the building into
parts to account for this characreristic. This was done because the NFSS/NBS
Program assumed the basement area to be the same as the first story area.
Division of buildings into parts considerably reduced the amount of roof and
ground contribution.

By comparing P1-RTI results with BM-RTI results, similar estimates of
variation due to procedural differences in the NFSS/NBS Computer Program and
the PF-COMP Computer Pregram can be determined. PF values shown in Table VI
for this regression indicate that all three P1-RTI estimates are conservative
wvhen compared to EM-RTI estimates. The correlation coefficient for this
regression is relatively large.

The above comparisons indicate that Phase 1 XNFSS results are often
nonconservative (high) when compared to EM-RTI results because of irput data

differences.
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Table VI

REGRESSION ANALYSIS RESULTS USED IN ESTIMATING VARIATION OF NFSS PHASE 1 RESULTS*

Estimated Dependent PF
Regression Dependent RF = K[Independent RF]+C When Independent PF Is:
(Ind. vs. Dep.) Sample Standard | Correlation

Size K c Error | Coefficieat | 20 40 100

IP1-NFSS vs. EM-RTI 340 0.595 | 0.005 0.013 0.571 29 50 91

P1-KFSS vs. P1-RTI 340 0.679 | 0.010 9.017 0.507 23 37 60

P1-RTI wvs. EM-RTI 340 0.573 { 0.003 0.010 C.73¢6 32 58 115
|

%*See Figures E-1, E-21, and E-22 of Appendix E for displays of the data analyzed
in each sample.

4. Analysis of Work Unit 1115A Data
NFSS PF results for 32 buildings were analyzed under OCD Work Unit 1115A

{Ref. 8]; however, the statistical technique of regression ‘analysis was not
used to compare these findings. Although the sample size was quite small,
results of regressions for P1-NFSS vs. EM (hand calculations), P1-RTI vs. EM
{(hand calculations), and P1-NFSS vs. P1-RTI are shown i1n. Table VII.

Both P1-NFSS and P1-RTI results for the 32 buildings are quite conservative

when compared to Engineering Manual hand calculations. This is the same result

ncted in Table VI for P1-RTI vs. EM-RTI, but the P1-NFSS vs. PM-RTI regression
indicates nonconservative results for PF's above 74.

Comparison of protection factors for P1-NFSS vs. P1-RTI data for the 32
buildings in Table VII with comparable results in Table VI (the current sample)

indicates amazing similarity of results.
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Table VII
ANALYSIS RESULTS FOR WORK UNIT 1115A PHASE 1 DATA*

KRR TSRS

Estimated Dependent FF

Regression Dependent RF = K[Independent RF]+C When Independent PF is:
(Ind. vs. Dep.) Sample Standard | Correlation

Size K c Error | Coefficient | 20 40 100

P1-NFSS vg. EM 32 0.292} +0.004 0.008 0.194 54 88 145

P1-NFSS vs. P1-RT1 32 0.561} +0.012 0.012 0.258 25 38 57

P1-RTI vs. EM 32 0.496] -0.001 5.006 0.714 42 88 253

*See Figures E-23 through E-25 of Appendix E for displays of the data analyzed

in each sample.
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B.

Relationship Between NFSS Phase 2 and PF-CCMP Results
1. Total Sample and Individual City Results

NFSS Phase 2 results would normally be of mos*: significance in this
analysis, because the results of this phase determined those buildings to
be marked as fallout shelters. However, due tc problems discussed in
Section II.B.2., only the protection factor category was knowm for 133
shelter stories. Consequently, analyses based cn NFSS Phase 2 data should
be interpreted accordingly.

Results of the regression analyses of P2-NFSS and EM-RTI results are shown
in Table VII1 for all eligible stories in the sample and for the eligible
stories in each city. To be included in this analysis, it was required that
each story have P2-NFSS, P2-RTI, and EM-RTI PF's available so that comparisons
of these three results would be based on the same sample size. Estimated
EM=~RTI PF's for P2-NFSS PF's of 20 are not given in Table VIII and later
tables based on NFSS Phase 2 data because only stories with a PF of at
least 40 are included in the NFSS Phase 2.

Phase 1 results served as an initial estimate of PF's which were
adjusted upward in almost all cases in Phase 2. Having previously analyzed
the Phase 1 results in Section IV.A., the results displayed in Table VIII are as
expectaed other than the PF 40 estimate in Detroit and for the PF 100 estimate
in Albuquerque. The NFSC Phase 2 (P2-NFSS) estimated PF's for Detroit are
lower than NFSS Phase 1 (P1-NFSS) estimated PF's as indicated by the decreased
K factor and the increased EM-RTI PF estimate for an NFSS PF 40. This result
is very likely due to the large number of partial bacements in Detroit which
yielded results in Phase 1 that were subsequently lowered in Phase 2. In
Albuquerque, changes in PF Category were made in 30 of the 41 sample shelter
stories. The Phase 2 results are as expected at the PF 40 point (even though
P2-NFSS is nonconservative at that point) but indicate considerable reduction
in PF in higher PF shelter stories. This indicates that the AE recognized
additional sources of contribution in many of the shelter stories; e.g.,
areavays or over-estimated wall weights.

There are very significaat increases in the correlaticn coefficients in
Detroit and San Jose from the NFSS Phase 1 analysis to the NFSS Phase 2 analysis.
There is a significant decrease noted in the correlation coefficient for
Albuquerque. For the total sample, P2-NFSS results are equal to EM-RTI

estimates at PF 40 and then become nonconservative.
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Table VIII

COMPARISON OF P2-NFSS RESULTS WITH EM-RTI RESULTS*

Estimated EM-RII P
EM-RTI RF = K{P2-NFSS RFHHC When P2-NFSS PF Is:
Sample Sample Standard | Correlation
Size K C Error Coefficient 40 100
All Cities 292 0.890 0.003 0.011 0.657 40 84
Providence 45 0.745 0.005 0.00C8 0.720 52 80 i
Detroit 52 0.399 0.010 0.014 0.953 50 72
New Orleans 90 1.016 0.602 0.009 0.537 36 82
Albuquerque 41 |1.193 |-0.002 | o0.011 0.389 36 112 ;
San Jose 64 }0.820 | 0.003 | o¢.011 0.698 43 88

*See Figures E-26 through E-31 of Appendix E for displays of the data analyzed in
2ach sample,

Although the PF~COMP (EM-RTI) determination of shelter spaces was not
verified by return visits to the buildings, Table IX shows an interesting

correlation of these data to those noted in the NFSS Phase 2 (P2-NFSS). Total

sample shelter spaces with a PF of at least 100 identified by PF-COMP are
identical to those identified in the NFSS Phase 2, although there is considerable
variation from city to city. PF-COMP indicates that there are approximately
50 percent more spaces with a PF ¢f at least 40 than were identified in the
NFSS Phase 2 for the total sample.
Table 1X also shows the results for nuzbers of stories found to hawve
shelter space of at least PF 40. Each procedure identified shelter on tte
same story for 327 stories; there are 41 stories identified as shelrer stories
by the XFSS that were not found to have shelter by PF-COMP; and PF-COMP id:ntified
133 shelter stories that are not contained in NFSS files. This latter result
is primarily due to the NFSS/NBS Phase 1 Computer Program being comservative

for the lower PF values.
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2. Significance of Building Characteristics

Table X contains results of regression analyses obtained by subdividing
. the total sample by basement and above-grade stories, by Use Class, and by
Structural Classification. For the Use Class and Structural Classification
subdivisions, all stories with P2-NFSS and EM-RTI results are included, whereas
the analysis for the total sample, basement, and above-grade stories also

required that the shelter story have a P2-RTI estimate.

Table X

COMPARISOR OF P2~NFSS RESULTS WITH EM-RTI RESULIS FOR
SPECIFIC BUILDING CHARACTERISTICS*

Estimated EM-RTI PF
EM-RTYZ RF = K[{P2~-MFSS RF}]4C When P2-NFSS PF Is:
Sample Sample Standard | Correlation
Size K c Error Coefficient 40 100
Total Sample 292 10.890 { 0.003§ 0.011 0.657 40 84
Basements 131 j0.884 | 0.003] 0.0190 0.551 40 84
Above-Grade Stories 161 {0.920 | 0.204] 0.012 0.579 37 76
Use Class
Residential 88 |0.544 | 0.009] 0.013 0.283 44 69
Educational 47 [0.913}| 0.002| 0.010 0.533 40 90
Religious 7 - - - - - -
Cov't & Public
Service 68 {1.410 | -0.002| 0.015 C.729 30 83
Commercial 151 }1.210 | ~0.002} ©.012 0.647 35 99
Industrial 16 |3.397 | 0.006] 0.008 0.558 63 100
Amusement 4 - - - - - -
Transportation 3 - - - - - -
Structural Class
Wood Frame 8 - - - - - -
Wall-Bearing 98 {0.829 | 0.004; 0.011 0.493 40 81
Ste~1~Framed 119 §0.958 7 0.002; 0.014 0.484 39 86
Reinforced Concrete-
Framed 157 {1.233 [ -0.001} 0.G13 0.681 34 88
Composite~Framed 2 - - - - - -

*Sge Figure E-26 and E-32 through E-41 of Appandix E for displays of the data analyzed
in each sample.
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3. Analysis of Variation

The comparison of P2-NFSS results with EM-RTI estimates indicates that
NFSS Phase 2 results are nonconservative. The RTI calculations using NFSS
Phase 2 procedures and RTI inpuat data can be used to estimate the influence of
procedural differences and variations due to differences in RTI and NFSS input
data.

Table XI indicates that the dirferences in input data noted for NFSS
Phase 1 results are compounded by the application of NFSS Phase 2 adjustments.
P2-NFSS estimates are quite nonconservative when compared to results from the
RTI analysis using NFSS Phase 2 methods (P2-RTI).

The analysis of proc.dural differences betweer NFSS Phase 2 methods and
the PF-COMP Program are shown by the comparison of P2-RTI vs. EM-RTI results.

This indicates that NFSS Phase 2 procedures as applied by RTI give comservative
results when compared to EM-RTI results.

Table IX

REGRESSION ANALYSIS RESULTS USED IN ESTIMATING VARIATION OF NFSS PHASE 2 RESULTS*

Estimated Dependent PF
Regression Dependent RF = K[Independent RF]+C When Independent PF Is:
(Ind. vs. Dep.) |Sample Standard | Correlation
Size | " K C Error | Coefficient 0 100
P2-NFSS vs. EM-RTI| 292 | 0.890 | 0.003 0.011 0.657 .0 84
P2-NFSS vs. P2-RTI] 292 | 0.945 ] 0.(™M8 0.016 0.781 32 57
P2-RTI vs. EM-RII 292 | 0.528 ( C.004 0.010 0.507 58 108

*See Figures E-26, E-42, and E-43 of Appendix E for displays of the data analyzed in each

sample.
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C. PF-COMP Calculations Using NFSS Data

NFSS data collected prior to February 1967 are not nearly as extensive as
those normally collected for the PF-COMP Program, but were modified for PF-COMP
processing as described in Section II.B.5. Processing these data by PF-COMP indicates
the PF's that could be obtained if the earlier NFSS data were recalculated using a
program oased on the Engineering Manual. The regression equation to compare these
results (EM-NFSS) with PF-COMP (EM-RT1) results is:

EM-RT1 RF = 0.121[EM-NFSS RF] + 0.013, (12)

with a small correlation coefficient of 0.354 and a very large standard error of
0.016. Results from this equation indicate that the EM-NFSS results are quite
variable when compared to EM-RTI results. For example, when the EM-NFSS PF's are
40 and 100, the corresponding EM-RTI PF's are 62 and 70. Calculated values of EM-NFSS
PF's would be conservative below a PF of 6§9. Because of input differences noted
previously in Sect .ons IV.A. and B., this method of estimating revised values for
NFSS shelter stories is less reliable than using the equations for NFSS Phase 2

The use of RTI collected data for contaminated planes ana interior partitions
to supplement NFSS data is described in Section II.B.6. (EM-NFSS & RTI). The
relationship of these results to EM-RTI data is given by:

EM-RTI RF = 0.187[EM-NFSS & RTI RF] + 0.013, (13)
which also has a small correlation coefficient of 0.419 and a large stardari error

of 0.014. Tnis equation is not significantly different from the equation above for
EM-NFSS data.
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V. CONCLUSIONS

Mathematical relationships for estimating revised Protection Factor values for
NFSS structures using existing NFSS Phase 1 and 2 data were developed. Unfortunartely,
none of these relationships proved to be "optimum" due to the poor data fits for all
regression lines developed. As a2 result of this statistical analysis, several
conclusions regarding the relationship of the seven PF estimates are presented:

1) Revised NFSS PF's for individual buildings should definitely not be

estimated nor is any advantage seen in revised estimates of Phase 2 shelter

PF's available in a geographic area such as a county. This conclusion is

drawn because NFSS Phase 2 (P2-NFSS} PF's are nonconservative (high) when

compared to Engineering Manual-RTI (EM-RTI) results and because of the

difficuity in obtaining Phase 2 PF values other than PF Category (see

Section 1I.A.2.). The results in Phase 2 are not sufficiently nonconservative

tc cause alarm, since the regressicn indicates the estimated EM PF to be 40
when the NFSS PF is 40, i.e.., it doesn't appear that shelters

now indicated to
be acceptable would drop below PF 40.

2) PF's calcuiated using NFSS Phase 1 and 2 procedures and RTI collected
input data (F1-RTI and P2-RT1) are both conservative (low) when compared to
Engineering Manual~RTI (EM-RTI) results. How.ver, as stated above, original
NFSS results are nonconservative when compared to EM~RTI results. The non-
conservative results determined in the NFSS are therefore attributed to data
collection discrepancies. This, of course, assumes the RTI collected data to
be more nearly correct than NFSS daia and it is pointed out that this assumption
was not verified by replication of a sample of buildings to estimate the RTI
field data variation. One substantiation is that earlier analysis of the
relationship between P1-NFSS and EM-RTI PF's under OCD Work Unit 11154 gave
results almost identical to those of this study.

3) Many buildings surveyed in the NFSS prior to February 1967 have PF's less
than 40 and are consequently not contained in Phase 2 data files. The regression
equation developed for the total sample to determine the relationship between
P1~NFSS and EM-RTI could be used to estimate PF's of buildings in this category.
These results would be useful in damage assessment when analysis of areas as
large as a county are made. No advantage is gained by using regression equations
for subdivisions of the total sample by specific building characteristics.

Obtaining data for this type of analysis would be difficult due to lack of NFSS
Phase 1 output data in NFSS ccmputer files.
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4)  Procedures have been established whereby NFSS Phase 1 and 2 input data
collected nrior to February 1967 can be processed by the PF-COMP Computer
Program now used in the NFSS. However, because of input discrepancies noted

in NFSS data when compared to RTI collected data, this method of estimating
revised values for shelter stories is not recommended. This procedure would
give PF's for each story of a building, but would not be reliable.

5) A comparison of NFSS Phase 2 data with EM-RTI data indicated that (a) each
procedure iden:ified shelter on the same story for 327 stories; (b) there are 41
stories identified as shelter stories by the NFSS that were not found *o have
shelter by PF-COMP; and (c¢) PF-COMP identified 133 shelter stories that are not
contained in NFSS files. The conclusion is that the current use of PF-COMP

will substantially increase the number of shelter stories in the NFSS.
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Appendix A

Contractual Scope of Work

Subcontract Number: 11213(4949A-72)

The Subcontractor shall furnish all facilities, personnel, and services required to
perform the following Statement of Work:

1)

(2)

(3)

(6)

Make a preliminary examination of data on approximately 309 buildings,
ccllected under OCD Subtask 1159C "“Structural Characteristics of NFSS
Buildings," for adequacy related to the present task.

Make a statistical analysis of the data, providing comparisons of the
following separate estimates of the protection factor (PF) of each
building:

(a) PF reported under NFSS Phase 1;
() PF reported under NFSS Phase 2;

(c) PF's calculated by NFSS Phase 1 and 2 procedures, using Subcon-
tractor's building data;

(d) PF calculated by Subcontractor's computer program, (PF-COMP,
CDC-3600) using building data obtaired in NFSS Phase 1 and 2;

(e) PF calculated by Subcontractor's computer program, using building
data obtained in NFSS Phase 1 and 2, supplemented by Subcontractor's
data on inputs not required under NFSS procedures; and,

(£) PF calculated by Subcontractor's computsr program, using Subcon-
tractor's building data.

Provide mathematical relationships useful in grossly estimating revised
PF values for NFSS structures, by various building categories.

Provide a fina' report covering all work, including a tabulation of the

PF values prescribed in paragraph (2), by building, buiiding type, city,
etc,

Develop graphic displays to depict the mathematical relationships provided
under Task (3).

Investigate alternative means of examining NFSS Phase 2 results due to the
availability of only PF Cate;uries on NFSS computer tapes.

Illustrate the variation in the statistical analysis of reduction factors
instead of protection factors.
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Appendix B

Sample Building Data

I. INTRODUCTION

This appendix contains data for each story of the buildings surveyed under
OCD Work Unit 1159C that were determined to be adequate for analysis in this project.
Included are the seven estimates of PF, reduction factors, structural classification,
tUse Class Code, number of shelter spaces determined in the Phase 2-NFSS and Engineering
Manual-RTI calculations, and selected building characteristics.

The data for each building story were prepared on three punch cards and are
presented herein in a printout format. A description of the column headings is
contained in Section I1 and data for Providence, Detroit, New Orleans, Albuquerque,
and San Jose are contained in Sections III through VII. When an element of data is
not applicable or not obtainable, the column is left blank. For example, structural
classification and Use Class Codes are given only for stories that were reported in

Phase 2 of the NFSS, i.e., those of at least PF 40.
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Card Column
Number Heading

1 0BS
NO

STANDARD
LOCATION

FACILITY
NUMBER

PART
NO.

STORY
NO.

PV
CODE

USE
CODE
RUN 1

ROOF
CONT

TOTAL
RF

RUN 2

TOTAL
RF

RUN 3

RCOOF
CONT

TOTAL

II. KEY TO DATA ON CARDS

Description

The "Observation Number' is a number assigned in ascending
sequence to identify each individual story analyzed and is
the first column of data on each punch card.

The National Location Code (NLC) assigned in the NFSS
Phase 1 to define the geographic zrea in which the building
is located.

A five-digit number assigned in the MFSS Phase 1 to
identify each building.

Building part number assigned in the NFSS Phase 1.

Story number of the shelter story for which data are
reported.

Structural Classification (PV Code) for the building assigned
in NFSS Phase 1 and reported herein for only those stories
of buildings contained in NFSS Phase 2 files.

Use Class Code for the building assigned in the NFSS Phase 1
and reported herein for only those stories of buildings
contained in NFSS Phase 2 files.

Data from NFSS Phase 1 calculations (P1l-NFSS).

Roef contribution to the detector in the center of the
story analyzed.

Total reduction factor (roof and ground contributions)
for the detector.

Data from NFSS Phase 2 calculations (P2-NFSS).

Total reduction factor (roof and ground contributiocns)
for the detector location. Siunce only PF categories were
reported in the NFSS Phase 2, the RF's were obtained as
described in Table I.

Data from calculations using NFSS Phase 1 methods and RTI
input data (P1-RTI).

Reof contribution to the detector in the center of the
story analyzed.

Total reduction factor (roof and ground contributions) for
the detector.
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Card
Number

Column
Heading

1
(cont'd.)

RUN 4

TOTAL

RF

RUN S5

TOTAL

RUN 6

TOTAL
RF

RUN 7

ROOF

CONT

TOTAL
RF

OBS

NO

SPACES

RUN 2

PF-100

SPACES
RUN 7

PF-100

Description

Data from calculations using NFSS Phase 2 methods and
RTI input data (P2-RTI}.

Total reduction factor (roof and ground contributions)
for the detector location. Calculated RF's are reported.

Data from PF-COMP calculations using NFSS Phase 1 and
Phase 2 building input data (EM-NFSS).

Total reduction factor (roof and ground contributions)
for the detector.

D: ta froa Pr-COMP calculations using NFSS input dats plus
additional building data collected by RTI survey teacs
(EM-NFSS & RTI).

Total rcduction factor (roof and ground contributions)
for the detector.

Data from PF-COMP calculations using building iaput data
collected by RTI survey teams (EM-RTI).

Roof contribution to the detector ia the center of the
story analyzed.

Total reduction factor (roof and ground contributions)
for the detector.

The "Observation Number" is 2 number assigned in ascending
sequence to identify each individual s:iory anaiyzed and is
the first column of data on each punch card

Shelter spaces determined by Architect-Engineers in the
NFSS Phase 2 (P2-NFSS).

Number of spaces with a PF of at least 40 cn the detector
story.

Xupber of spaces with a PF of at least 100 on the detector
story.

Shelter spaces determined by the PF-COMP Co=puter Prograxm
using RTI input data (EM-RTI). 1t is noted that these are
only sachine estimstes and were not verified by a return
visit to the building or a review of buildiag plans.

RXucber of spaces with a PF of at least 40 on the derecror
story.

Number of spaces with a PF of at least 169 on the detector
story.
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Crzd Column
Number Heading Description
2 AVG Averuge of the aperture sill heighte reported in NFSS
(cont'd,) APER Phase 2 for the detector story.

SILL
HT.
MIN Minimum value of the aperture sill height reported in
APEK NFSS Phase 2 for the detector story.
SILL
HT.
AVG Average of the percent apertures reported in NFSS Phase 2
% for the detector story.
LPER
MAX. Maxinmum percent apertures reported in NFSS Phase 2 for
% detector story.
APER
HT Height of the detector above cr below the first story floor
or level as determined from NFSS Phase 1 data.
DET
TOTAL Total overhead weight in pounds per square foot (gsf)
OVER- as Jetermined from NFSS Phase 1 data.
HEAD
WT,
FLOOR Mass thickness (psf) of the detector story floor as
WT. deternined from NFSS rhase 1 data.
CEILING Mass thickness (psf) of the floor above the detector as
WT. determined from NFSS Phase 1 data.
AVG Average exterior wall mass thickness (psf) for t _ detector
EXT story as determined Z.om NFSS Phase 1 data.
WALL
MASS

3 OBS The "Observation Number" is a number assigned in ascending

NO sequence to identify each individual story analyzed and iz
the first column of data on each punch card.

AVG 7, Average percent wall exposure for the detector story (for
BSMT basements only) as determined from NFSS Phase 1 data.
EXPO

AVG INT Average irterior partition mass thickness (psf) for the
PARTITION detector story as determined from NFSS Phase 1 data.
WEIGHT

STORY ABOVE

AVG %
APER

Average of the percent apertures for the story above the
detector story as determined from NFSS Phase 1 data.
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Card
Number

Column
leading

3
(cont'd.)

AVG EXT
WALL MASS
STORY BELOW

AVG %
APER

AVG EXT
WALL MASS

RUN 1

prl/

RUX 2
PF

RUN 2
PF

RUN 4
PF

RUN 5
PF

RUN 6
PF

RUN 7
PF

1/

Average exterinr wall mass thickness (psf) for the story

above the detector story ss determined {rom NFSS Phase 1
data.

Average of the percent apertures for the story below the
detector story as determined fron NFSS Phase 1 data.

Average exterior wall mass thickness (psf) for story

below the detector story as determined from NFSS Phase 1
data.

PF reported under NFSS Phase 1 {P1-NFSS).
PF reported under NFSS Phasza 2 (P2-NFSS).
PF by NFSS Phase 1 methods using RTI input data (P1-RTI).
PF by NFSS Phase 2 methods using RTI input data (P2-RT1}.
PF from PF-COMP us.ng NFSS bpuilding input data (EM-NFSS).

PF from PF-COMP using NFSS input data plus additional

building data collected by RTI survey teams (EM-NFSS &
RTI).

PF from PF-COMP using building input data collected by
RTI survey teams (EM-RTI).

Reduction factors (RF) for each of the seven PF estimates were reported to three

decimal places; therefore, those RF's reported as 0.G00 were arbitrarily assigned a
PF of 1009 (the reciprocal of the RF).
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