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NOMENCLATURE

AP ratio of total window area to total wall area.

ARATIO cost per unit protected total area in building.

AREACL required enclosed area - square feet.

AREAQP required open area - square feet.

AREAPF protected floor area of an individual floor - square feet.

AVGPF average protection factor for all adequately protected
areas.

BEO barrier reduction factor for glass from Chart 2.

BEXE wall barrier reduction factor from Chart 2.

BFXF wall barrier reduction factor from Chart 2.

BIXI interior partition reduction factor for the wall at the

detector story from Chart 1.

Bl XIPR interior partition reduction factor for the roof on the
next floor above the detector story from Chart I.

BLDGLH length of building - feet.

BLDGWD width of building - feet.

BOXOPR ceiling barrier reduction factor from Chart 7.

CAPARA capacity as limited by area requirements - people
CAPVOL capacity as limited by volume requirements - people

CG ground contribution from detector story

CGA ground contribution from story above detector

CGALL total ground contribution from adjacent stories and the

detector story

CGB ground contribution from story below detector



CONTRF

CONTTL

COTOTL

DLRFDN
DLROOF

DLRPTN

DLRWAL
DOLLAR
EHALLL
EWDLTH
E8

FLOORS
FLORNO
FLRMAS

GAAS

GAPR5
GA5

GDPR6

GD6

GSLPR5

GSL5

GSUA5S

roof contribution reduction factor for floor under the top

floor and roof area within interior partition area
from Chart 4.

roof contribution for the top story when the detector is
is there.

roof contribution for the floor under the top story when
detector is at that floor.

total cost of site and foundation = dollars.
total cost of roof - dollars.

total cost of partitions surrounding core of building
protected area - dollars.

total cost of exterior wall - dollars.

summation of DLRFDN, DLROOF, DLRPTN, and DLRWAL.
width-to-length ratio of interior core area.
width-to-length ratio of building.

shape factor from Chart 8.

number of floors in the building being considered.
number of the floor being processed.

mass of the individual floors.

skyshine response on a window strip of detector plane

from Chart 5.
skyshine response for floor above from Chart 5.

skyshine response for detector floor from Chart 5.

ground direct response for various heights due to story
below from Chart 6.

ground direct response for various heights from Chart 6.

wall scattered response for lower angle of wall base of
the floor below from Chart 5.

wall scattered response for lower angle of detector floor
from Chart 5.

wall scattered response for upper angle along a windowstrip

from Chart 5.



GSUPR5
GSU5

HALNTH
HEIGHT

HTLNTHl

HTLNTH2

HTLNTH3

HTLNTHh

HTLNTH5

HTLNTH6

HTLNTH7

PA

PERFAC

PFAREA

PFCOST
PRFMIN
PROTCN
PRTARA
PRTOCS
PRTMAS

RATIO

wall scattered response for upper angle of wall top of the
floor above from Chart 5.

wall scattered response of detector floor for upper angle
from Chart 5.

length of interior core protected area - feet.
detector height from contaminated plane - feet.

ratio of distance from detector to roof through one floor
to the length of building.

ratio of distance from detector to roof at top story to
the length of building.

ratio of distance from detector to the ground at the ground
floor to building length.

ratio of distance from detector to the ground at the second
floor to building length.

ratio of window height above detector to building length.

ratio of distance from detector to roof at the top story
limited to the partition walls to the building length.

ratio of distance from detector to roof at floor under the
top story limited to the partition walls to building
length.

percentage of glass area within a building-encircling
horizontal strip with a width equal to the average
individual opening heights.

perimeter factor as derived in Chapter 11.

floor area protected to minimum protection specifications =
square feet.

cost per average protection factor.

minimum specified protection factor.

people capacity times average protection factor.

surface area of partitions = square feet.

unit cost of partitions - dollars/square foot. -
unit mass of partitions - pounds per square foot.

cost per specified protection factor.

xi



RFCO

RFCONT

RFMASS

RFWCO

ROFCOS
SITCOS
SITLTH
SITWTH
STORHT
SUMPF
SW7

TRYPF

VACUUM

WA

WALARA

WALCOS

WALMAS

WC

WL

WLPR

WNDWHT

wu

roof contribution reduction factor for top floor and total
roof area from Chart L.

roof contribution reduction factor for floor under the top
floor and the total roof area from Chart L.

uni t mass of roof - pounds per square foot.

roof contribution reduction factor for top floor and roof
area within interior partition area from Chart L.

unit cost of roof - dollars per square foot.

unit cost of site - dollars per square foot.

site length - feet.

site width - feet.

height of individual story - feet.

sum of PF.

fraction of gamma radiation scattered from Chart 7.

highest value of PF to pass this point thus far in the
course of program execution.

volume of the protected core space.

upper solid angle fraction on detector story to window
tops.

total exterior wall area of building = square feet.

one of fifty wall cost values inserted into the main pro=-
gram as data - dollars per square foot.

unit wall mass - pounds per square foot.

upper solid angle fraction on top detector story to exte-
rior wall edges.

lower solid angle fraction on detector story to the exte-
rior walls.

lower solid angle fraction on floor below the detector
story to the exterior wall bottoms.

height from sill to head of windows - feet.

upper solid angle fraction on detector story to exterior
walls.



WUPR

WIiC

X0

Note:

upper solid angle fraction on floor above detector story
to the exterior wall tops.

upper solid angle fraction on top detector story as limited
by interior partition wall tops.

combined wall and floor masses.

As the computer recognizes no bracket signs, and as program
readings were taken directly from computer cards, double

parentheses are substituted for brackets and parentheses

normally used, This applies to all chapters which follow.
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CHAPTER |
I NTRODUCTI.ON

The purpose of this investigation is to introduce a method of
optimizing radiation shielding protection factors in differently con-
structed types of multistory buildings with regard to the respective
skin costs of proposed buildings.

A regional or urban area planner who must consider feasibility of
fallout protection, will find this study to be a significant aid in
determining the types of muitistory construction to be used within
his particular geographical area of influence.

A digital computer combines the variables of building heights,

wall and floor areas, length-to-width'floq{ ratios, and protection
factors of buildings comprised of interior partitions and exteriof
walls with apertures.

The method is based on the assumption that the cosf-to-protec-
tion factor ratio for a certain building type can be found from an
accurate history of building costs of that particular region aé sup-
plied by local product manufacturers, architeéts, and city or regional
planners. The proposed method shows how to provide the ratio of skin
construction cost-to-protection factor of a bqilding covered with a
certain type of skin when a minimum protection factor is specified énd
when the building construction cost data of the skin is supplied to the

computer program by estimaters on retainer or by manufacturers and



CHAPTER 1
THE FEASIBILITY METHOD

The main computer program first fits the required areas within
the given available rectangular dimensiohs of the site, forcing the.
building height to increase until fhe individual floor area of thé
building is able to be contained by the site. whén a minimum building
heiéht has been achieVed,‘the program begins its calculation of the
pfqtection faﬁtor at the top floor of the first trial building. The
.Cyéling operation conﬁihues downward to the bottom floor. |f the
minimum prescribed protection factor fs'not reached for any floor in.
the building, another floor is added to the building. This added floor
will fill some of the area requirements formerly satisfied by the
other floors. Hence the areas of the other‘floors wfll be redu;ed.
" This reduction fn individual floor areas increases the amount ofiwéll
area required to enclose a given floor areg by a quantity discgs;ed in
a later chapter. Also if the site restricts the building from }oFﬁfng
a squére one;level plan, the building'width-to-length ratio will
change whenever another floor is added to.the multistory structure. A

wall enclosing a rectangular ‘floor plan will:require more surface per

'square foot of floor area than will a walf which encloses a square plan

: of the same -floor area,

: /

Therefore a perimeter factor has been provided in the main prag}ém -

which converts required floor areas and site restrictions into required-



wall areas. Finally, the total cost of constructing these walls is com-
puted as the wall area times the unit wall cost. The unit wall cost
exists in the form of height-influenced data expressed in terms of
percentage cost gain per square foot of wall surface.

The relationship between the wall areas of different floor heights
will be expressed in terms of a perimeter factor. When the reference is
is assumed to be-a one-story square building, the perimeter factor, F,
is a value equal to the square root of the number of floors in the
building. In the case of the reference building, F is equal to oné.

The table of perimeter factors and the following explanation shows this
to be a valid and useful term in the main program. (See Table 2.1).

The table shows that for a constant given floor area, the unit
length of a wall increases by a factor equal to the square root of the
number of floors in the building. Ass;ming individual story wall height
to be equal, then one is able to apply the same factor to wall area
relationships when adding floors to a proposed building with constant
area requirements.

Because most bul ldings are not square, but are rectangular in
shape, it is desirable to include into the preceding perimeter factor
due to the number of floors, the effects on perimeter due to different
building width-to-length ratios. A square plan is used as a reference

shape, the factor for which is equal to a value of one. The following

figure will help to illustrate the derivation of the shape portion of
the perimeter factor:
périmeter = LS * FACTOR = 4VA * FACTOR
FACTOR = (2w + 2L) /4 VR = (W+ L)/ 2WiL



PERIMETER

UNIT

NUMBER’ AREA AREA LENGTH PERIMETER ‘UﬂlT '
OF PER OF PER PER BLDG . BLDG
FLOORS FLOOR - SIDE FLOOR . BLDG PERIMETER SIDE
A % s bs us b o
‘2‘ a2 st s/V2 us/ V2 8s/ V2 8/VI VI
3 a3 st3os/VvE o ws/VE o 12s/VE o 1V V3
I a/h sPmos/vE . us/VE 16s/VE 8 2
5 A5 s%/5 'sv\/§ 4s/ V5 208/ V5 20/V5 V5
N AN SEN s/ VR bs/ VN LNS/ VN VR

Table 2.1. Perimeter Factor due to Heights

4N/ VN



Combining these factors by multiplication will yield the perimeter
factor in terms of the number of floors in the building and in terms of
the width-to-length ratio of the floor plan. This factor is thus equal
to the following expression:

PERIMETER FACTOR = (VN * (W+¢ L) / (2VWL ) )

The final perimeter factor multiplied by individual story heights
times the required floor area read into the main program in the form of
data yields the total wall surface area of the building. The wall cost
is then obtained by multiplying this total wall area by the unit wall
cost, which is to be discussed in CHAPTER |V: (Figure 2.1. Plan
S L
A A

Dimensions) i

The following quantities are introduced to the main program as
data constants. One figure equivalent to the site cost in dollars per
square foot is inserted as input data of the main program. |In this
figure must be included the cost effects of taxes, insurances, foun=
dations, and excavation. This foundation cost is not directly
proportional to the basement floor area of the building although this
assumption has been made for the sake of simplicity.

For certain use functions and from existing buildings, a general
idea of a glass-to-wall area ratio and a glass percentage within a
building=encircling strip can be assumed to be an accurate enough
data input for most feasibility studies. Roof mass is assumed to be
a constant for any building height or area that uses a conventional
structural system and is expressed as a data input number. The roof

cost although assumed to be a constant bit of program data input, is



dependent upon the variables of building height, building area, and the
equipment to be placed on the finished roof.

Wall mass is assumed constant although minor variations due to
interior finishes and integral reinforcement can be considered in a
later design phase. The mass of load-bearing interior partitions will
be a much greater influence upon radiation shielding than will that
mass of stud framing or some other light-weight material. Partitions
are included because of their close relationship with load-bearing
walls. Floor masses should generally remain constant regardless of
building height or area whenever a type of floor construction is ini-
tially decide& upon. |f for a certain region of the country that an
alternate type of floor construction is more economical outside the
limits placed on the original floor construction, then the program may
be adjusted to compensate for these limits or else the program can be
run once for the floor mass of each construction type.

Window heights are needed to establish the solid angle fraction
of non-wall scattered contribution. These heights are assumed to begin
three feet from the floor and to extend upward. Every story height in
the proposed building is assumed to be equal. Not only are constant
story heights generally more economical due to mass quantity pro-
duction, but computation requirements for estimating purposes are

simplified.

Unit wall costs for a construction type from one story to a pre-

determined number of stories are introduced to the main program in as
many data bits as there are number of stories in a possible building
of this construction type. The appropriate unit wall cost will be used

while the computer is calculating for the corresponding building having



that number of floors. CHAPTER IV of this thesis will fell how the
relationships deriving actual wall cost data have been found in an
example for the Oklahoma City aéea.

Unit partition costs must be included because of the many instan-=
ces of integral strthure Qith exterior load-bearing walls. Other
types of construction do not necessarily require interior partitions
for structural support as do many load-bearing types, but thefr cost
and protection factor should, nevertheless, be included for comparison
purposes .

In computing the total wall cost, the unit wall cost, described
above, is multiplied by the total wall area. Total wall area is equal
to the perimeter factor multiplied by the length of wall for a one-
level square building having the required floor area times individual
story height.

Total partition cost is the product of the unit partition cost,
described above, and the surface area of partitions in the building.
Foundation and site costs are merely figured as the unit site cost
times the basement floor aréa of the building. Total roof cost is the
product of unit roof cost and roof area of the building.

Adding total wall, partition, FoundatiOﬂ; énd roof costs and then
dividing this sum by the average protection factor yielded by this
building will provide the cost of each unit of pfotectEOﬁ factor for
that particular building which is derived from the previously-meﬁtioned
limiting conditions.

The total floor area providing the given required protection

factor is the sum of the individual floor areas within the interior



partitions of each protected floor. This the ''core concept"I of radia-
tion shielding and is utilized because the geometry variable of direct
unobstructed radiation does not exist inside of the core that is sur-

rounded by interior partitions as shown in figure 2.2:

I NTERIOR
PARTITION

Figure 2.2. Assumed Floor Plan

The cost per square foot of shielded area represents the total
skin cost of the building divided by that protected floor area within
the interior partitions. The cost per unit minimum protection factor
is the index showing the skin cost to provide this minimum required
protection factor.

Next is the number of people which can be accommodated in this
building from OCD volume and floor area restrictions per person agsuming
that equipment and supplies ére stored outside the interior partitions.
The capacity based on no ventilation (% cfm or less of fresh air per
person) ‘and 500 cubic feet of space per person!is expressed by the

by the following formula:

INational School Fallout Shelter Competition (1963), p. 11.




Capacity = Volume/500

The capacity based upon adequate ventilation (3 cfm or more of
fresh air per person) is limited by requirements of 10 square feet of
floor area per person, and 65 cubic feet of space per person. These
formulas are shown below:

Capacity due to area = Floor Area/l10
Capacity due to"volume_ofvéir_: Volume/65

The finalrratio of cost to protection is cdmﬁutéd as the total
skin cost divided by the product of the number of people accommodéted
by the shelter core and the average protection factor given by the
structure's adequately-shielded areas. This term is used for comparing
the differeht construction types. A high degree of protection is 
useless if there is inadequate spacé to care for a large number of
people and in the opposite view, a low protection factor space which
can accommodate many people is also just as worthless. But combiﬁtng
the two féctors of people accqmmodated and pfotéction factor will Q}Vé‘

a useful relationship to the skin cost of that building.



CHAPTER 111
PROTECTION FACTOR PROGRAMMI NG

Charts in Shelter Design and AnalysisI were approximated by

dividing them into areas small enough to allow the chart curves to
approximate straight lines. The end points of eéch curve within a
chart division are fed into the program as data. Then by feeding the
known chart value into the equation of this particular curve segmenf,
the desired corresponding data is read from the chart.

Each chart is written in the form of a subprogram which can be
called either once or several times as needed by the main program
while it tests taller and taller buildings for the required minimum
protection factor. The main program, as previously discussed, approxi-
mates skin areas and their construction costs for each building that
successfully provides the minimum protection factor requirements. |t
it the purpose of this chapter to illustrate the assumptions and
procedures used to program each of the first eight charts in Shelter

Design and Analysis for the 7040 i1BM digital computer, and to illus-

trate where the results taken from these subprograms are inserted into

the roof and ground contribution equations.

hocD, p. 4-26 to b-32.
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CHARTS FOR THE DETAILED PROCEDURE

Barrier Shielding Effects (Plane Sources)
Wall Barrier Shielding Effects for Various Heights

Solid Angle Fraction

.~ Reduction Factors for Combined Shielding Effects,

Roof Contribution, Co

Directional Responses, Gréund Contribution, Gs and Ga
Directional Responses for Various Heights, Gd’

Fraction of Emergent Radiation“ScafLéred in Wall Barrier, SW

Shape Factor for Wall-Scattered Radiation, E
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Subprogram Chart 1

The first subprogram designated Chart 1 deals with converting
various mass thicknesses of interior partition barrier factor to
ground contribution, interior partition barrier factor to roof contri-
bution, floor barrier factor to ground contribution, and ceiling
barrier factor to ground contribution.

Two hundred forty-eight values of reduction factors have been
entered into common storage of the digital computer. The mass thick-
ness values read into this subprogram by the main program are tested
against the Chart 1 mass thicknesses until a Chart | mass thickness
value is reached that nearly equals the mass thickness supplied from
the main program. All four curves on this chart are handled in this

manner .
Subprogram Chart 2

The Chart 2 subprogram has been divided into four areas in which
the curve segments are short enough to be assumed as straight lines.
This subprogram tests the first degree equation of each curve segment
with values of height and wall mass thickness which are supplied in the
form of data from the main program. One hundred thirty-seven reduction
factor values corresponding to the endpoints of these curve segments
within the subareas of Chart 2 are read into common stiorage before
main program execution occurs.

For increasing masses, the decreasing barrier reduction factor
returned to the main program is found to represent a rising protection

value.
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Subprogram Chart 3

When the main program establishes building width-to-length ratios
and building height-to-length ratios, these ratios are interpreted as
solid angle fraction contours by the subprogram designated Chart 3.

One hundred forty-three values of height-to~length ratios are
inserted into common storage to represent the end points of curve
segments assumed to be straight lines due to each complete curve's
being segmented into fouf parts. The subprqgram next tests the height-
to-length ratio introduced by the main program against the Chart 3
height-to-length ratio until both ratios are most nearly equal. Then
the solid angle fraction corresponding to the chosen Chart 3 height-
to-length ratio is selected. As the length-to-width ratio and the

height-to-length ratio increase, the solid angle fraction decreases.
Subprogram Chart L4

Subprogram Chart 4 is also divided into four areas as is done in
approximating Chart 3. The curves passing through these four areas
are more easily approximated as straight lines when they are segmented
into the shorter lengths. One hundred forty segment‘Qnd point values
are entered into common storage before mafn program execution starts.

A straight line equation is utilized that wiii\Supply the Chart L
ordinate intercept value, known in this case as the reduction factor
for roof contribution. The main program supplies a value for roof mass
thickness and the Chart 3 solid angle fraction to this subprogram in
order to receive roof contribution In return.

Roof contribution has its greatest rate of change when roof mass

is increased from zero to twenty-fivé'pounds per square foot, and when
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5}the given solid éngle fraction is at a maximum value.
Subprogram Chart 5

Before the main program can compute the total ground contribution
equations, it must supply the previously called Chart 3 solid angle
fractions as data to the Chart 5 subprogram in order to receive from
Chart 5 the directional response for the skyshine case and the direc-
tional responses of wall scatter for upper and lower solid angle
fractions. Eighty-fqgr values of directional response are read into
common storage before main program execution begins. OQut of common
storage, three Chart 5 directional response values corresponding
nearest to those solid angle fractions supplied by the main program
will be returned to the main program for use in calculating total
ground contribution.

Both scatter and skyshine curves are assumed to be insensitive to
height, while the basic skyshine curve includes a factor to account for

radiation reflected from the ceiling.
Subprogram Chart 6

Subprogram Chart 6 is also divided into four parallel chart areas
that enable more accurate straight line simulations of the curve seg-
ments. One hundred twenty-nine values of curve segment end points
representing solid angle fractions are read into common storage and
are tested against the solid angle fractions and heights introduced
from the main program.

The most significant change in the directional response for direct

radiation at various heights occurs on the first floor because the .
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solid angle fraction is increasing while still in its smallest magnitude.
Chart 2 is assumed to consider height effects on skyshine, thereby

allowing Chart 6 to ignore this consideration.
Subprogram Chart 7

When the main program has need of the fraction of emergent
radiation scattered in a wall barrier, it will cali Subprogram Chart 7;
Due to the rapid initial rise in fraction scattered values, the first
eight mass thickness increments have been taken as.half the increment
values of the lastrtwenty mass thickness quantities. Up to forty
poinds per square foot, mass thickness increments are taken in five-
pounds-per-square-foot intervals. Ten-pounds-per-square-foot intervals
mark the mass thickness values from forty pounds per square foot to
two hundred forty pounds per square .foot.

For all practical purposes, some amount of emergent radiation
will always exist, no matter how thick the wéll is. However, the
initial rise of the fraction scattered curve is so rapid that over
50 per cent of the gamma radiation has been scattered in a wall of forty
pOQnds per square foot, and 75 per cent has been scattered fnla wall of
éne hundred pounds per square foot, Above one hundred pounds per square
foot the curve levels off so that little additional shielding affect

is achieved by adding more mass thickness to the barrier.
Subprogram Chart 8

When the main program has determined a building width-to-length
ratio for a particular cycle of operation, the main program calls for

Subprogram Chart 8. This program is a.collection of twenty shape
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factors, one of which is sent to the main,Program upon bein§ actiQated
by the chart.width-to-length ratio elosest in value fe that of the
building. The shape factor shows that for a ineh floor'area,:the
prbtection aéainst radiation decreases as a floor shape elongates or as
the'shape factorvdecreases.v | -

In other words, for a given fioor area, protection against radi-
‘ation decreases as a floor shape elongates or as the shape factor
decreases.‘ Also, for a given floor area, the mos t protectton can be: ;
gained from .a square plan, which is not always allowed, due to previ-‘
ously*mentioned area requiremenfs and site reStrictions. |

After callihg the appropriate chart subpregrams into the main
program, the PA and AP values as defined below are inserted into the
total ground contribution reductlon factor equatlons The'fhree ground
contribution equatlons are for the cases as follows |

1) The ground contribution is smeared from the floer aboyevthe
detector story. | o
| CGA = BEXE * BOXOPR * ((GAPRS - GAS) * (1. - SW7) *+ (GSUPRS = GSUS) *

7 % E8) (1. - AP) + (GAPRS'f GA5) * AP * BEO * BOXOPR

2) The ground contribution of the detector story considers the
percent of apertures'PA instead of the more general AP.
C6 = (BEXE * ((GD6 + GAS - PA % GAAS) % (1. - SW7) + (GSUS *+ GSL5 - PA
* GSUAS) * sw7 % EB) + PA * GAAS * BEO) * BIXI

3) The contribution is smeared from the floor below the detector
stery. _ |
CGB_% BEXE * BFXF * ((GDPR6 - GD6) * (1. - SW7) + (GSLPRS - GSLS) *

7 * E8) * (1. - AP) + (GDPR6 - GD6) * AP % BEO BFXF



.26

Totol éroond contribotion for a typfcal‘floor woold be the som of
B the contrnbutlon of the detector story and its two adJacent floors
. smeared accordlng to the follow:ng equatloh |
| CGALL = CGA.+'CG +VCGB
Two conditions of roof contribution exlst. dne is for the top L
story and the other case is for the story below the top story For‘ahy
more storles lylng below the two mentloned roors, roof contrlbutlon
is negligible, and is therefore neglected, The roof contrlbutlon
equation for the top story,_whose'terms-are later defined, is as -
follows: o
| CONTTL RFWCO + (RFCO = RFWCO) * BlePR
The roof-contrnbution equation for the next story be low ?s:as
follows: |

COTOTL = CONTRF + (RFCONT - CONTRF) * BIXIPR



CHAPTER 1V
EXAMPLE PROBLEM FOR OKLAHOMA CITY

interviews were conducted with Oklahoma City area manufacturers of
three construction types in order to verify cost data and their deter-
minants as derived by the author of this paper. These interviews were.
with Harold Adams and Mr. Rose of Acme Brick Company, Owen Donaldson of
Harter Concrete Products, and Bart Bemusdaffer of Sublett and Associates.
This chapter relates data and information from these interviews.

Because the main program assumes identical wall types for each
floor, only one wall material and percentage of apertufes is used at a
time. To illustrate this feasibility methodology for the Oklahoma City
area, three wall types are considered. They are load-bearing brick

masonry, precast concrete panels, and metal sandwich panels.
Load-Bearing Brick Masonry

Brick masonry for a multistory wall is the fifst building type to
be compared with others mentioned later. A base percentage of one
hundred corresponds to the price of a finished masonry wall for a one-
to twelve-story building. For stories above the twelfth floor, cost
percentages are added to the base pércentage as follows.

These unit masonry wall costs are entered into the program as data
along with the desired percentage of open wall area to total wall area.

The use of concrete block back-up is replacing red common back-up,

27
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althouch the brick provides a better fire stop. The following tables

allow three percent for breakage.

Table L.1. Common Brick with 3" Joints

1030 Common Brick delivered at $40 per M......vi i nnnnn.. $ 41.20

Mortar 16 C.F. (Material Only) @65¢ per C.F...vuvuvuneenennann. 10.40
Scaffold and HOTS ..t ittt i it it i e ti et i oo nnotsananns 3.75
Mason, 13 hours @5h.50. .. ... .. . et i cnaatonnonns 59.50
Helper, 9 hours @52.15 .. .. ittt ittt canseonsonanens 19.35
IN PLACE PER THOUSAND . ..o ittt it i et i et ansasescnnasoaasnons $133.20

for double wythe 12.67 brick per S.F,
79 S.F. equals 1000 brick

IN PLACE PER SQUARE FOOT. ... ivvttiiiiiiiiniiienrenonnocaonnans $ 1.90

]Adams
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Table 4.2. Select Common As Face Brick

This case has 3'' tooled concave joints and common bond.
1030 Brick delivered @352. per M.......c.riiieininnennnn.
Mortar Material 13 C.F., @65¢ ... vt ieiieienennnn.
Scaffold and Hoist................... e s
Mason, 13 hours @54 .50. .. ..ottt et i
Helper, 9 hours @52.15. ... ...t iiirieroeeennnnanns

IN PLACE PER THOUSAND ... . i i riri it iiiiieiiiieeieaannnnnos

for single wythe...6.33 brick per S,F.
158 S.F. equals 1000 brick

IN PLACE PER S . F ...ttt ittt iieiinnennooneasnsoooannss

Table 4.3. Brick Veneer3

29

$ .9

One thousand brick lay-up 150 S.F. with %' joints with waste

included.

1000 Brick (Select Cdmmon) delivered @60. per M.............
Mortar 13 CL.F. @65¢ .. e iti it eie e ineeeenenntannenenas
Scaffold and HOisSt.oovuvioroooacoosooococeoanooeeseonasoonnsos
70 Copper Ti@S @5¢ o vvrroroneoneaaconneoasananessssaaosasas
Labor on ties, 2 hours @L.50. ... .ottt
Mason, 15 hours @34 .50. ... it ittt ittt eiirrnnneennons
Helper, 9 hours @52.15 ..... e eeaees bee e R PP
IN PLACE PER THOUSAND ...t tiei it iitiiieneenonnnonaonannnns

IN PLACE PER SQUARE FOOT. ...ttt iiiiiiiiiiiitnnienonenonnnn

2.
“Rose

3

Rose

P
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Table h.h; Brick & Mortar Quantitiesh_

NUMBER

OF BRICK PER S.F. OF WALL - SINGLE WYTHE | MORTAR w/waste

TYPE ACTUAL SIZE 3/8" [:1/2" | CF _per M bricks
“[BRICK L . H W. 1 JOINT | JOINT |V WYTHE ]:2 WYTHE |}
COMMON *8 | 2-1/4  3-3/L '6.67 6.33 | 129 | 165
aoman | 12 1-1/2 & - 6. 15.0 9.2
sck | vi-i2 2-1/6 s-i2] | ws | s | _22,9_
NORMAN 1-1/2 - 2-1/% = 3-1/2| b5 ‘tsre 21k
JuMBo | 11-1/2 3-1/2 3-1/2) | 3{0'— 13.6 22.0
JUMBO N-1/2 3-1/2 7-1/2 3.0 7.3 | --
kinesize | 9-5/8  2-5/8 u-1/2 1 se | wo | 1805

The above quantitiesfare for running bond. For'othef bonds, add to

facevbri

ck: / /

f,COMMON,{FULL}HEADER EVERYVSth,COURSE add 20%
COMMON, FULL HEADER EVERY 6th COURSE add 16.7%
’ENGLISH, FULL HEADER EVERY 2nd COURSE add 50%
FLEMISH, FULL HEADER EVERY COURSE add 33.3%

FLEMISH, FULL HEADER EVERY 6th COURSE add 5.6%

oy '
‘Godfrey, p. 108.

5Rose
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Table 4.5. Concrete Panel Size Limits
and Hardware Costs

6 7 /

TH1CKNESS MAXi MUM MAXTMUM ™ MAXT MUM HARDWARE HARDWARE
LENGTHS WIDTH AREAS COST COSTS/sf
t X Yy Xy
z in. 6 ft. 610" 36 sf $ 3.00 $.083
2-1/2 8 816" 68 5.00 074
3 10 816 85 7.00 .073
3-1/2 13 816" 110 8.00 .073
L 15 816 127 9.00 .071
L-1/2 18 816" 153 10.00 - .066
5 23 816" 195 12.00 .062
5-1/2 25 816" 212 14.00 .066
6 27 86! 229 16.00 .07
6-1/2 30 g6 255 18.00 .07
7 35 8'6ﬁ 297 20.00 .068
7-1/2 38 gren 323 22.00 .068
8 Lo grém 340 24 .00 | .07

.
bMosai, p. H2

7Dona]dson
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The new ''King Size'" brick of dimensions 9-5/8 x 2-5/8'' x 3! can
be laid up much quicker than common brick with as good or better satis-
faction from the owner. This time savings is realised mainly by the
mason, but it is in effect a raise in his pay check because he can work
fewer hours for the same wall area covered, It is for this reason that
masons can continue to hold their prices to maintain a higher profit
while the other building trades must raise prices with the times.
Eventually, of course, the masons will raise their prices too, but their
price rises have been delayed by introduction of the king size brick.
The savings to the Oklahoma City area mason can be shown as follows:

88¢ per S.F. % L4L.8 brick per S.F. = $4.22
75¢ per S.F. % 7.0 brick per S.F, = $5.25

This is a 25% savings in cost to the mason which will aljow him to
be much more competitive to other building trades. For the computer
program example, a two-wythe 8' 'king size'' reinforced wall at 79psf
and a one-wythe 3' 'lking size'' partition at 30 psf at common brick
prices is utilized in the form of data input. ‘Standard wall sections

of the types referred to follow on the next page.



Figure k.1, Masonry Wall Section

EXTERIOR LOAD BEARING REINFORCED

WALL

INTERIOR LOAD BEARING PARTITION

3” 2II 3”

Grout:

3/16" wall ties
as.required to
prevent spreading
of the wythes.

N Gyp board

applied as per
mnfris specs.

Fasten in jt.

R ///Type S mortar with with conc.
o water added., 2 nail.
\ parts pea gravel -
to | part cement . _
may be added. "ox 2 fur
ring.
3“\
fg”ribir 2;rz wiEn ~Plaster direct
\\» Ll : et to brick.
r»h_ #4 rebar at L] et
A 18" c.c. vert. ’ Painted.
WEIGHT (psf) 79 30
BRICK PER S.F. 9.6 L.8
ALLOWABLE LOAD- 8 9
CONCENTRIC - k/ft 16.1 8.1
LATERAL SUPPORT 8 9
REQUIRED (feet) 17.7 7.0

8Un.iform Building Code, '6L ed.

9

Southern Stnd. Building Code, '65 ed.

33
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Precast Concrete Wall Panels

They are ejthér solid or insulated'and-ére covered with élain;
Co]oréd,iorftextured'finishés;.'Transportétion 1imi-tations hoid tﬁé
width to eight feet six inches. As shown Tn Figure 4.2 and‘Table 4,5’.
_maximum pahel'size for a given thickness iszlimitéd'by’the‘panél lehgtﬁ.
Hardware coéts range from $3.00 per set to abbut_$25.00 pér séf,'
depending upon theipanel si?e being,used and‘the number of adjusfmént
screws per pénél.'.These unit hardware costs are generally ﬁohsfant
as shown in Téble L.5. The hardware cost of $.07 per square foot is
 édded to Godfrey's figure of §.25 per squére foot, which mentions only

caulking and grouting.

Figure 4.2. Concrete Panel Dimensions
for Table 4.5
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I f maximum aggregate size is 1-1/2", use 3'' minimum thickness
panels. Large aggregate will increase required panel thickness.
Table 4.6 is based on panel sizes being fifty square feet with a gray

grouted and rubbed finish.io

Table 4.6. Concrete Panel Cost Factors.

3 - $2.00/§f 5t - §2.20 sf 7' - $2.65/sf
Lo - §2.15/sf 6 - $2.L40/sf 8" - §2.80/sf
ADD §.40/sf for white grout and rubbed finish.
ADD §1.25/sf for exposed local aggregate.
ADD §1.25 and up for exposed glass or exposed stone.
Sandwich Panels - ADD
1 1-1/2" yAL
Styrofoam $.13/sf §.20/sf §.26/sf

Urethane §.27/sf §$.40/sf §.54/sf

Erection is done by a crane and a seven-man crew that can place

five hundred square feet per eight-hour day.

SOLID 3" WHITE GROUT AND RUBBED FINISH ... vvnnnnemnnanennannnnnns $2.40

CAULKING , GROUT, BOLTS, ©C. -« -t e, .32

ERECT, PLUMB, ALIGN, etc.' oo, .85

IN PLACE PER SQUARE FOOT: - «t e vmnmne e e e et §3.57
‘OﬂonaldSOn

]EGodfrey, p. 130.
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Clip angle as required.
Minimum 2 per panel.

Tack weld nuts to
angle. , C
Threaded bolt

; : 3 min.)
0} Aald to plate.
\‘. ;. —— i ‘
'; L Weld plate to
angle.
DETALL '"AM
By DETAIL HAN Continuous angle
i _a¥ NN “cast in cﬁzy
N SO concrete.
| N\
] NN
] NN
' AN
: N
I
g
tJ..'
4
;{-‘ DETAIL ''B" ‘
: Adjustable insert
TvPchL VERTICAL SECTION N St concrete
- L.
L\ N
o f}?‘::::::.;‘i
DETAIL "B' S\ BT
N L engd
= R
(éﬁ'“\ (- L !:|
: Contlnuous
or clip angle
-as required.

-

-

e -
FRLd
-

R V. 4

with nuts and washers,

\\Galvanized strap anchor with
vertical slot. Min. 2 per panel.

Figure 4.3,

L) ,
Threaded bolt (3/8") min.

Concrete Panel Wall Section Utillzed
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No allowance has been made for supporting steel framework. On one
story buildings, panels may rest on grade beams and require only fast-
eners and wind bracingo. On upper floors, the panels are assumed to be
attached to the face of the building and not shoved into any cavities.
Glazed areas are assumed to cost.$5.00/sf.]2

Because metal sandwich-panel-installation labor rises from §.35
per square foot to §$.50 per square foot as a building grows in height,
it is assumed that the $.85 per square foot erecting labor For concrete
panels increases by a similar percentage to a value of $1.15 per square
foot on the higher buildings. This provides a total installed cost
range from §3.57 per square foot to $3.87 per square foot to be distri?
buted as shown in comparison with the metal panels in a table following
the next discussion on metal sandwich panels. Three-inch thick panels

weighing thirty-eight pounds per square foot are to be used in ten-foot

lengths for the example computer problem.

13

Metal Sandwich Panels’

Colored porcelain-enameled facing panels are available in sizes
up to 60' x 1", The insulated panels are 1-1/2" to 3-1/4' thick, and
come in a variety of colors and finishes. Panels (in-place) cost from
$1.85/sf for 8,000 to 10,000 squaré feet jobs, to an additional 20 per-
cent/sf on jobs of 5,000 square feet or less. A usual figure of about
$3.10 for porcelain exterior face to a $5.00 stainlesé finish exists

with a plant production cost facgor of one to 1.25 times the quoted

IzBemusdaFFer

]3ﬁb3d,



WALCON 'S' PANEL

38

20 gauge steel interior face
20 gauge steel exterior face

10" 3" span

]2“

Above values based on 20 psf
wind load and maximum deflection

of 1/180 span as suggested by

’ Walcoﬁ Corporation metal wall

systems.

Figure 4.4, Metal Sandwich Panel Wall Section Utilized
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prices. Weighing between four and five pounds per square foot, the
most-generally used corrugated aluminum of both faces is estimated to
cost §1.50/sf to §2.00/sf for jobs less than 2,000 square feet. Colored
or white baked enamel costs $.08 to $.35 per square foot more than mill
finishogu

The cost to field assemble and install these panels including
accessories, labor, and equipment runs from §.40 a square foot on one-
story buildings, to §.55 per square foot on multistory structures. New
patented connectors speed erection but overall cost in-place is about
the same due to the high cost of c0nnectors°]8 All of the above‘figures
include usual flashings but do not include any supporting framework:
Windows cost approximately $5.00/sf plus the cosf.of steel framing,
sills, and heads. Installation of metal panels ranges from $.35 to
$.50/sf. |

The panels can be erected with a crane on top of a building or with

mobi le cranes now in popular use. Height is less a cost factor in metal
{

sandwich panels than in masonry or precast concrete panels due to easier

i
|

handling ability and lighter weight. Ten-foot long panels are generally
the most economically installed panels and are used in the example
problem with a weight of five pounds per square foot.

A colored baked enamel finish adding §.35 per'square foot to the
basic §1.50 will bring the price to §1.85 per square foot. Adding §.35
per square foot for installation, the total installed panel price
varies from $2.20 per square foot to 52.35 per square foot on the tall

buildings; These costs are shown in Table 4.7.

EhBemusdafFer



Table 4.7. Skin Costs With Respect to Height

HEIGHT METAL '® concreTe '©
IN PANEL PANEL
STORIES COST/sf | COST/sf
-5 §2.20 $3.57
6-10 2.22 3.65
11-15 2.24 3.69
16-20 2.26 3.72
21-25 2.28 3.75
26-30 2.29 3.78
. 31=35 2.31 3.81
36-140 2.32 3.84
L1-L45 2.34 ' 3.86
146-50 2.35 3.87

15Bemusdaffer

Ve
‘“ponaldson



CHAPTER V
SUMMARY AND CONCLUSIONS

Problems and their results encoﬁntered in working with this thesis
are to be summarized in Chapter V and in Figure 5.1 along with sugges-
tions for using the feasibility method with a wider range of variables.
These problems are illustrated so that continuing work done in this
field may be boosted with the enclosed suggéstions.

A major problem to be met is deciding which of the vast number
of variables to assume constant so that a workable solution can be
obtained from those variables remainfng to be considered. One suggested
program would vary the wall mass thickness on the lower floors whiie
the building height increases and limit the building height by the
material's strength ard the structural system being used.

Other cost factors that can be considered are the projected main-
tenance costs over a specified building life span, a factor representing
multiple usé efficiencies during times of no emergency, and reduction
in useable floor area percentage as a building goes higher. The per-
centage of floor area reduétion is due to the increased sﬁace that must
be devoted to vertical circulation or mechanical equipment areas.
Further related studies should consider the many more variables in
erecting a building and in the costs of constructing a building.

One major problem is the providing of accurate input data for costs

of building construction. Cooperation by the manufacturers was found

L
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to be quite helpful on this thesis, but for commercial purposes, maybe
this information may not be so easily obtained. .In order for the cost
data to be fed into this program, it is suggested that a computer tape
containing the needed construction types cost data be used wi th updated
multiplication factors that represent various localities, fabfication
schedules, and transportation costs. More'éxtensive research can be
done to establish a reliable source list of‘construction cost data
for different locations of the country. This project would be a thesis
in itself.

 Results are shown for several site conditions in relation to the
three types of materiéls described in Chapter |V. Table 5.1 shows the
various site conditions used in the program input. The first condition,
line A, shown in Table 5.1 shows the effects of an available site area
which is smaller than the required floor area in the building at a very
high unit site cost. These conditions approximate a prime downtown
situation. -The program output in Figure 5.1A comes from the site con=
ditions in line A of Table 5.1. This output shows that the exterior
reinforced masonry is the most economical material with respect to
radiation shielding protection afforded. Although the cost per unit
minimum required protection factor is atba minimum for the tall building
with a metal sandwich skin, only seven people can be provided a minimum
safety factor of forty as compared to one hundred thirteen people in
an eight-inch masonry building and thirty-four people enclosed by three-
inch concrete panels. These figures are for fifty percent AP qnd fifty
percent PA. When the number of people facilitated is considered along
with the average protection factor provided by the shelter, both con-

crete and metal become more expensive than the reinforced masonry walls.
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Addi tional program runs are made while making variations in unit site
costs and available site areas. |

Figure 5.1B shows results from line B of Table 5.1 while all other
variables are the same as in the A program run. The B run assumes an
available site area larger than the required building areas. The site
cost is reduced to a low value of unit cost in the line with prices in
outlying areas of the central city.

Metal sandwich panels are found to be the most economical for the
condition 5.1D while brick is most economical in the other three con-
ditions. The concrete panels usually run second to brick, which is
generally most economical. The ratio of cost to protection for metal
panels relative to concrete and masonry varlies greatly in the four
cases mentioned in Figure 5.1.

Using the straight line method as shown in Appendix A can have ten
percent error, which is acceptable for proposed buildings. The largest
érrors occur where input values have a relatively small rate of change.
Thus, the overall error becomes negligible. These subprograms were
tested with ten values scattered throughout the chart limits and valid
answers corresponding to the real chart values were returned. This
procedure is used for all eight subprograms.

The computer, although a timesaver, can over=simplify a problem
because of its limited memory space, but computer accuracy is useful

for time projection purposes.
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NUMBER

REQ'D
OPEN -
AREA
st
10,000
10,000
10,000

10,000

Table 5.1.

REQ'D
CLOSED
AREA
sf
140,000
140,000
40,000

40,000

Four Site Conditions

LENGTH
OF
SITE
feet
150
1500
150

1500

WIDTH

OF
SITE
feet

50
500
50

500

CosT
OF
SITE
§/sf
25.
.25
.25

25.

Lk

MINI MUM
REQUIRED
PROTECTION
FACTOR
Lo
Lo
Lo

Lo
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t

EXTERIOR REINFORCED MASONRY —-- INTERIOR MASONRY PARTITIONS
, NUMBER . 'LENGTH  WIDTH  TOTAL - COST PER..COST PER COST PER
OF ,  OF oF PROTECTED  AVG. .. SHIELDED - UNIT
" FLOORS ~ BUILDING .BUILDING ~ AREA  PROT FAC  AREA  MIN« PF
7,00  142.86  50.00 = 0.00  0.00 0.00  6641.35
o NUMBER -~ LENGTH.. WIDTH TOTAL  COST PER . COST PER COST PER
OF  OF OF = ' PROTECTED ~AVG.  SHIELDED  UNIT
FLOORS  BUILDING BUILDING . AREA ~ PROT FAC.  AREA. . MIN. PF
8.00 = 125.00 "50.00  0.00 - 0.00 0.00 5973,07
e HEIGHTS PROVIDING  PROTECTION
: MINIMUM PROTECTION FACTOR
73.00 - 43.04
63.00 42421
. NUMBER  LENGTH  WIDTH  TOTAL  €OST PER COST PER COST PER
OF oF OF PROTECTED - AVG.  SHIELDED  UNIT
FLOORS  BUILDING BUILDING  AREA  PROT FAC  AREA MIN, PF .
9.00 111,11  50.00 1137.78 . 7650.71  191.08  5435.03
Ly CAPACITY OF PEOPLE " WITHOUT  COST FOR
| WITH VENTILATION VENTILATION  PROTECTION
\ :

113.78 2276 67.24

Figure 5;1Al



EXTERIOR CONCRETE PANELS---INTERIOR MASONRY PARTITIONS

L6

. NUMBER LENGTH WIDTH' TOTAL  COST PER COST PER COST PER
OF OF 0F PROTECTED  AVG. SHIELDED  UNIT
FLOORS  BUILDING  BUILDING AREA PROT FAC ARE A MIN, PF
7.00 142.86 50400 10,00 0.00 0.00  6946.00
» NUMBER LENGTH WIDTH - TOTAL COST PER COST PER COST PER
' OF 0F of PROTECTED  AVG.  SHIELDED UNET
FLOORS  RUILDING BUILDING AREA  PROT FAC AREA MIN. PF
8.00 125.00 50,00 0.00 0.00 0.00 6292.28
»  NUMBER LENGTH WIDTH TOTAL  COST PER COST PER COST PER
OF 0F OF  PROTECTED . AVG. SHIELDFD UNIT
FLOORS  BUILDING BUILDING AREA PROT FAC AREA MIN, PF
- - — - - e ———
9.00 111.11 50,00 0.00 0.00 0,00 5768425
+  NUMBER LENGTH WIDTH TOTAL  COST PER COST PER COST PER
OF OF 0F PROTECTED  AVG. SHIELDED UNTT
FLDORS  BUILDING BUILDING .  AREA PROT FAC AREA MIN. PF
— — - - e mm———— o ——————  —m—— ———
10.00 100,00 50,00 0.00 0.00 0.00 5335,01
, NUMBER .  LENGTH WIDTH TOTAL  CDST PER COST PER COST PER
oF OF aF PROTECTED  AVG. SHIELDED UNIT
FLODRS  BUILDING BUILDING AREA PROT FAC AREA MIN. PF
11.00 90.91 50.00 0.00 0.00 0.00 4975.18
. HEIGHTS PROVIDING PROTECTION
» . MINIMUM PROTECTION FACTOR
' 103.00 41.16
, NUMBER LENGTH WIDTH TOTAL  COST PER COST PER COST PER
OF 0F OF PROTECTED  AVG. SHIELDED UNIT
FLOORS = BUILDING BUILDING AREA PROT FAC AREA MIN. PF
12.00 83.33 50.00 346,67 2947.88 537.44  4657.77
v CAPACITY OF PEOPLE WITHQUT COST FOR
WITH VENTILATION VENTELATION PROTECTION
34.67 85.03

Figure 5.1A2

6.93



EXTERIOR METAL SANDWICH-——INTERIOR MASONRY PARYITIONS

WIDTH

TOTAL

COST. PER

L7

‘Figure 5.1A3

0.00

'+ NUMBER  LENGTH COST PER COST PER_
“©UOF . aF OF PROTECTED . AVG. . - SHIELDED - UNIT
FLOORS BUILDING .BUILDING  AREA  PROT FAC  AREA MIN. PF
7.00  142.86 50.00 0.00 .0.00 0.00 - 6722.59
¢+ NUMBER LENGTH WIDTH TOTAL COST PER COST PER ' COST PER’
OF  OF . OF PROTECTED  AVG. SHIELDED  UNIT
'FLOORS  BUILDING BUILDING  AREA  PROT FAC  AREA MIN. PF
8.00 125.00 50.00 0.00  0.00 0.00  6058.20
. NUMBER  LENGTH  WIDTH TOTAL  COST PER COST PER COSY PER
OF OF OF . PROTECTED  AVG. SHIELDED  UNIT
FLOORS BUILDING BUILDING  AREA  PROT FAC  AREA MIN.. PF
9.00 111.11 50,00 0.00 0.00 0,00 5523.88
, NUMBER  LENGTH  WIDTH . TOTAL  COST PER COST PER COST PER
OF OF - OF  PROTECTED  AVG. SHIELDED  UNIT
FLOORS  BUILDING BUILDING  AREA  PROT FAC  AREA MIN. PF
10.00  100.00 50400 0.00 0.00 0,00  5080.64
» NUMBER  LENGTH  WIDTH TOTAL  COST PER COST PER COST PER
- OF OF oF PROTECTED  AVG. SHIELDED  UNIT
FLOORS BUILDING BUILDING  AREA  PROT FAC  AREA MIN. PF
11.00 90.91 50.00 0.00 0.00 0.00  4707.32
. NUMBER  LENGTH  WIDTH TOTAL  COST PER <COST PER COST PER
. OF OF OF PROTECTED  AVG. SHIELDED  UNIT
FLOORS BUILDING BUILDING = AREA  PROT FAC  AREA. MIN. PF
12,00 83.33 50.00 0.00 0.00 0,00 . 4380.12
. NUMBER  LENGTH  WIDTH TOTAL  COST PER COST PER COST PER
OF OF OF PROTECTED  AVG. SHIELDED  UNIT
FLOORS BUILDING BUILDING  AREA  PROT FAC  AREA MIN. PF
13.00 76.92 50.00 0.00 0.00 0.00  4092.09
, NUMBER  LENGTH  WIDTH TOTAL  COST PER COST PER COST PER
OF OF OF PROTECTED  AVG. SHIELDED  UNIT
FLOORS BUILDING BUILDING  AREA  PROT FAC  AREA MIN. PF.
14.00 T1.43 50400 0.00 0.00 3833.92



+ NUMBER

LENGTH

WIDTH

COST PER

48

TOTAL TOST PER COST PER
OF . OF 0F PROTECTED  AVG. SHIELDED  UNIT .
FLOORS BUILDING ‘ BUILDING AREA PROT FAC AREA MIN. PF
15.00 66467 50.00 0.00 0.00 0.00 . 3599.62
» NUMBER LENGTH WIDTH TOTAL  COST PER COST PER COST PER
OF OF OF PROTECTED  AVG. ° SHIELDED UNIT
FLOORS  BUILDING BUILDING AREA PROT FAC AREA " MIN. PF
16.00 62450 50.00 0.00 0.00 o;oo 3391.19
» NUMBER LENGTH WIDTH TOTAL  COST PER COST PER COST PER
OF OF oF PROTECTED  AVG. SHIELDED UNIT
FLOORS  BUILDING BUILDING ARE A PROT FAC AREA MIN. PF
17.00 58.82 50.00 0.00 0.00 0.00 3191.40
» NUMBER LENGTH WIDTH TOTAL  COST PER  COST PER COST PER
OF OF of PROTECTED AVG. . SHIELDED UNTT
FLOORS BUILDING BUILDING AREA PROT - FAC AREA MIN, PF
18.00 55.56 50,00 0.00 0.00 0.00 3008.37
»  NUMBER LENGTH WIDTH TOTAL  COST PER COST PER COST PER
0F CoF OF PROTECTED  AVG. SHIELDED UNIT
FLOORS  BUILDING BUILDING = AREA PROT FAC AREA MIN. PF
19.00 52.63 50,00 0.00 '0.00 0.00 2832.77
s  NUMBER LENGTH WIDTH TOTAL  COST PER COST PER COST PER
OF 0f 0F PROTECTED  AVG. SHIELDED UNIT
FLOORS  BUILDING BUILDING AREA PROT FAC AREA MIN. PF
20.00 50.00 50,00 0.00 0.00 0.00 2669.57
. HEIGHTS PROVIDING PROTECTION
'MINIMUM PROTECTION FACTOR
‘ 183.00 40.40
» NUMBER LENGTH WIDTH TOTAL  COST PER COST PER COST PER
OF OF OF PROTECTED  AVG. SHIELDED UNIT
FLOORS BUILDING BUILDING AREA PROT FAC AREA MIN. PF
21.00 48.80 48,80 70.36  1234.69 1463.52  2574.33
' CAPACITY OF PEOPLE WITHOUT COST FOR
WITH VENTILATION VENTILATION PROTECTION
7.04 1.41 175.48

END-OF-DATA ENCOUNTERED ON SYSTEM INPUT FILE.

Figure 5.1AL
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Figure 5.1BI

EXTERIOR REINFORCED MASONRY =—— INTERIOR MASONRY PARTITIONS
"+ NUMBER - LENGTH WIDTH - TOTAL COST PER COST PER COST PER .
oF - OF OF PROTECTED  AVG. SHIELDED UNIT ~
FLOORS BUILDING BUILDING ARE A PROT FAC AREA MINe PF
1.00 223.61 223.61 0.00 0.00 0.00 2425,97
« NUMBER LENGTH  WIDTH TOTAL  COST PER COST PER COST PER
OF OF " OF PROTECTED  AVG. SHIELDED UNIT
FLOORS  BUILDING BUILDING AREA PROT FAC AREA MIN. PF
2.00 158.11 158.11 0.00 ‘000 0.00 1643.08
+  NUMBER LENGTH WIDTH TOTAL COSY PER COST PER COST PER
OF OF OF PROTECTED: AVG. SHIELDED UNIT
FLOORS  BUILDING BUILDING AREA PROT FAC - AREA MIN. PF
3.00 129.10 129.10 0.00 0.00 0.00 1421.20
« NUMBER LENGTH WIDTH - TOTAL  COST PER COST PER COST PER
OF OF OF PROTECTED - AVG. SHIELDED UNIT
FLOORS  BUILDING BUILDING - AREA PROT FAC AREA MIN. PF
4.00 111.80 111.80 0.00  0.00 0.00 1330.94%
» NUMBER LENGTH WIDTH TOTAL  COST PER COST PER COST PER
OF OF DF PROTECTED  AVG. SHIELDED  UNIT.
FLOORS  BUILDING BUILDING AREA PROT FAC AREA ~  MIN. PF
5.00 100.00 100.00 0.00 0.00 0.00 1286.07
, HEIGHTS PROVIDING PROTECTION
MINIMUM PROTECTION FACTOR
43,00 41.51
33,00 41.24
»  NUMBER LENGTH WIDTH TOTAL  COST PER COST PER COST PER
0F OF oF PROTECTED  AVG. SHIELDED UNIT
FLOORS BUILDING BUILDING AREA PROT FAC AREA MIN. PF
6.00 91,29 91.29 820.59 1826.89 61.41  1259.75
. CAPACITY OF PEOPLE WITHOUT COST FOR
WITH VENTILATION VENTILATION PROTECTION
82.06 1641 22.26



EXTERIOR CONCRETE PANELS--—INTERIOR MASONRY PARTITIONS

s NUMBER .

LENGTH

COST PER

50

COST PER

79.06

79.06

Figure 5.1B2.

WIDTH TOTAL COST PER
~ OF OF OF PROTECTED AVG." SHIELDED UNIT
FLOORS BUILDING BUILDING AREA PROT FAC AREA MIN. PF
1.00 223.61 223.61 0.00 0.00 0.00 2425.97
" NUMBER LENGTH WIDTH ,. TOTAL cosT PERE cosT PEﬁ COST PER
oF OF - OF PROTECTED AVG. SHIELDED UNIT
FLOORS BUILDING BUILDING AREA PROT FAC AREA MIN. PF
2.00 158.11 158.11 0.00 0.00 0.00 1747.62
+ NUMBER LENGTH WIDTH TOTAL COST PER COST PER COST PER
. OF . OF OF PROTECTED AVG. SHIELDED UNIT
FLOORS BUILDING BUILDING AREA PROT FAC AREA MINe PF
3.00 . 129.10 129.10 0.00 0,00 0.00 1569.03
+ NUMBER LENGTH WIDTH TOTAL COST PER COST PER COST PER
OF OF oF PROTECTED AVG. SHIELDED UNIY
FLOORS BUILDING BUILDING AREA PROT FAC AREA MIN. PF
4.00 111.80 111.80 0.00 0.00 0.00 1512.00
s NUMBER LENGTH WIDTH TOTAL COST PER COST PER COST PER
OF v OoF . OF PROTECTED AVG. SHIELDED UNIT '
VFLOORS BUILDING BUILDING AREA PROT FAC AREA MIN. PF
$.00 100.00 100.00 0.00 0.00 - 0.00 1495.14
+ NUMBER LENGTH WIDTH TOTAL COST PER COST PER COST PER .
OF OF OF PROYECTED AVG. SHIELDED UNIT
FLOORS BUILDING BUILDING , AREA PROT FAC AREA MIN. PF
6.00 91.29 91.29 - 0.00 0.00 0.00 1503.50
+ NUMBER LENGTH WIDTH TOoTAL COST PER COST PER COST PER
ofF oF ofF PROYECTED AVG. SHIELDED UNIT
FLOORS BUILDING BUILDING AREA PROT FAC AREA - MIN. PF
7.00 B4.52 84,52 0.00 0.00 0.00 1508.44
» NUMBER LENGTH WIDTH TOTAL COST PER COST PER COST PEﬁ.
OoF OF OF PROTECTED AVG. SHIELDED UNIT
FLOORS BUILDING BUILDING AREA PROT FAC AREA MIN. PF
8.00 0.00 0.00 0.00 1514.74



NUMBER<

51

LENGTH  WIDTH TOTAL  COST PER COST PER COST PER
oF oF OF PROTECTED AVG.  SHIELDED  UNIT
FLOORS BUILDING BUILDING AREA PROT_FAC AREA = MIN. PF
. 9.00 74.54 T4.54 0.00 0.00 0.00 1520044
HEIGHTS PROVIDING  PROTECTION

MINIMUM PROTECTION FAC TOR
| 83.00 40.07
NUMBER < LENGTH  WIDTH TOTAL  COST PER COST PER COST PER
oF OF OF = PROTECTED AVG.  SHIELDED  UNIT
FLOORS  BUILDING BUILDING = AREA  PROT FAC  AREA MIN. PF
10,00 70.71 7071  245.69 993,09  248.22 1524.61
CAPACITY OF PEOPLE WITHOUT - COST FOR
WITH VENTILATION VENTILATION PROTECTION
\. 24457 40.42

Figure 5.1B3

4«91 .



EXTERIOR METAL SANDWICH--—INTERIOR MASONRY PARTITIONS

*

NfDTH

COST PER

COST' PER

52

NUMBER LENGTH - TOTAL COST PER
Of OF oF PROTECTED  AVG. SHIELDED . UNIT
FLOORS - BUILDING BUILDING AREA PROT FAC AREA  MIN. PF

1.00 223.61  223.61 '0.00 0.00 0,00  2425,97
NUMBER LENGTH WIDTH TOTAL  COST PER COST PER COST PER
OF OF OF PROTECTED  AVG. SHIELDED UNIT
FLOORS  BUILDING BUILDING AREA PROT FAC AREA MIN., PE

2.00 158,11 158.11 0,00 0.00 0.00 1671.03
NUMBER LENGTH WIDTH TOTAL  COST PER COST PER COST PER
OF OF 0F PROTECTED  AVG. SHIELDED UNIT
FLOORS BUILDING BUILDING AREA  PROT FAC AREA MIN. PF
3.00 129.10 129.10 0.00 0.00 0.00 1460.72
NUMBER LENGTH =~ WIDTH TOTAL  COST PER COST PER COST PER
OF of . OF PROTECTED = AVG. SHIELDED UNIT
FLOORS -BUILDING BUILDING AREA PROT FAC  AREA _MIN. PF
4.00 111.80 111.80 0.00 0.00 0.00 1379.35
NUMBER LENGTH WIDTH TOTAL  COST PER COST PER COST PER
OF OF OF PROTECTED  AVG. SHIELDED UNIT
FLOORS  BUILDING BUILDING AREA PROT FAC AREA MIN. PF
5.00 100,00  100.00 0.00 0,00 0.00 1341.97
NUMBER LENGTH . WIDTH TOTAL  COST PER COST PER COST PER
OFfF oF - 0OfF PROTECTED AVG. SHIELDED UNIT
FLOORS BUILDING BUILDING  AREA PROT FAC AREA MIN. PF
6.00 91,29 91.29 0.00 0.00 0.00 1324.75
NUMBER LENGTH WIDTH " TOTAL COST PER COST PER COST PER
OF OF OF PROTECTED  AVG. SHIELDED UNIT
FLOORS  BUILDING BUILDING AREA PROT FAC AREA MIN. PF
7.00 84.52 84,52 0.00 0.00 0.00 1312.63
NUMBER LENGTH WIDTH TOTAL  COST PER COST PER COST PER
Of OF Of PROTECTED  AVG. SHIELDED UNIT
FLOORS BUILDING BUILDING AREA PROT FAC AREA MIN. PF
8.00 0.00 0.00 0.00 1303.24

79.06

79.06

Figure 5.1B4
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END-OF-DATA ENCOUNTERED ON SYSTEM INPUT FILE.

Figure 5.1B5

‘NUMBER WIDTH TOTAL COST PER COST PER
OF 0F 0f PROTECTED  AVG. SHI ELDED UNIT
FLOORS  BUILDING BUILDING AREA PROT FAC AREA MIN. PF
9.00 74.54 T4.54 0.00 0.00 0.00 1294.34
NUMBER LENGTH WIDTH TOYAL  COST PER COST PER COST PER
oF OF oF PROTECTED  AVG. SHIELDED UNIT
FLOORS  BUILDING BUILDING AREA PROT FAC AREA MIN. PF
10.00 70.71 70471 0.00 0.00 0.00 1284.79
NUMBER LENGTH WIDTH TOTAL  COST PER COST PER COST PER
0F OF 0E PROTECTED  AVG. SHIELDED UNIT
FLOORS  BUILDING BUILDING ARE A PROT FAC AREA MIN. PF
11.00 67,42 6742 0.00 0,00 0,00 1277.56
NUMBER LENGTH WIDTH TOTAL  COST PER COST PER CDST PER
OF OF OF . PROTECTED AVG., SHIELDED UNET
FLOORS  BUILDING BUILDING AREA PROT FAC AREA MIN. PF
12.00 64,55 64 .55 0.00 0.00 0.00 1265.44
HEIGHTS PROVIDING PROTECTION
MINIMUM PROTECTION FACTOR
103.00 40,03
NUMBER LENGTH WIDTH TOTAL  COST PER COST PER COST PER
0F ]z nF PROTECTED  AVG. SHIELDED UNIT
FLOORS  BUILDING BUILDING AREA PROT FAC AREA MIN. PF
13.00 62.02 62.02 176.14 615.17 284.37 1252,24
CAPACITY OF PEOPLE WITHOUT COST FOR
WITH VENTILATION VENTILATION PROTECTION
17.61 3.52 34,93
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Figure 5.1Cl

22,

EXTERIOR REINFORCED MASONRY —-- INTERIOR MASONRY PARTITIONS
s NUMBER ~ LENGTH . WIDTH TOTAL  COST PER COST PER COST PER
OF . . OF OF - PROTECTED  AVG. SHIELDED = UNIT
FLOORS . BUILDING BUILDING ~ AREA  PROT FAC  AREA . MIN. PF
7.00  142.86 . - 50.00 0.00 0.00 - 0.00 2221.71
, NUMBER ~ LENGTH  WIDTH TOTAL  COST PER COST PER COST PER

OF OF . = OF 'PROTECTED-  AVG. SHIELDED = UNIT
FLOORS ' BUILDING BUILDING  AREA  PROT FAC  AREA MIN. PF
8.00 - 125.00 50.00 0.00 " 0,00 0.00  2105.89
HEIGHTS PROVIDING  PROTECTION
MINIMUM -PROTECT ION FACTOR
73.00 43,04
63.00 42,21
s+ NUMBER  LENGTH  WIDTH TOTAL  COST PER COST PER COST PER
OF .. OF  OF . PROTECTED  AVG. SHIELDED  UNIT

FLOORS * ~ BUILDING BUILDING  AREA  PROT FAC -  AREA MIN. PF
9.00 111.11 50.00 1137.78 2811.85 70.23  1997.53

' CAPACITY OF PEOPLE WITHOUT COST FOR

WITH VENTILATION VENTILATION PROTECTION

i '113.78 76 24,71



EXTERIOR CONCRETE PANELS-——-INTERIOR MASONRY PARTEITIODNS

.

s NMUMBER LENGTH WIDTH TOTAL COST PER (CDOST PER CO0OST PER
ofF OF OF PROTECTED AVG. SHIELDED UNTT
FLOODRS BUILDING BUILDING AREA PROT FAC ARE A MIN. PF
7.00 142,86 50.00 0.00 0,00 0.00 2526636
s NUMBER {LENGTH WIDTH TOTAL CasT PER ‘ﬁOST PER COSY PER
OF OF OF PROTYECTYED AVG. SHIELDED UNIT
FLOORS BUILDING BUILDING AREA PROT FAC AREA MIN, PF
8,00 125.00 50.00 0.00 0,00 0,00 2425,10
¢ NUMBER LENGTH WIDTH TOTAL COST PER COST PER (COSYT PER
OF . OF oF PROYECTED AVGe SHIELDED UNIY
FLOORS BUILDING BUILDING AREA PROT FAC AREA MIN. PF
9.00 111.11 50,00 0.00 0.00 0.00 233075
v NUMBER LENGTH WIDTH TOTAL COST PER COSY PER (COSY PER
OF OF OF PROTECTED AVG. SHIELDED UNLIT
FLOORS BUILDING BUILDING AREA PROT FAC AREA MIN. PF
10,00 100.00 50,00 0.00 0,00 0,00 224126
+ NUMBER LENGTH KIDTH TOTAL COSY PER COST PER C€OST PER
OF OF OF PROTECTED AVG, SHIELDED . UNET
FLOORS BUILDING BUILDING AREA PROY FAC AREA MIN. PF
11.00 90,91 50.00 0.00 0,00 0,00 2162.68
¥ HEIGHYS PROVIDING PROYECTION
MINIMUM PROYTECTION FACTOR
103,00 41l.16
s NUMBER LENGTH WIDTH TOTAL £0OSY PER COSY PER COSY BER
OF OfF OF PROTECTED AVG. SHIFELDED UNET
FLODRS BUILDING BUILDING AREA PROT FAC AREA MiN. PF
12,00 B3,33 50.00 346.6T 1316, 20 239,96 2079, 85
’ CAPACITY OF PEOPLE WITHOUY COST FOR
WITH VENTILATION VENTILATION PROTECTION
34,67 6.923 37.97
Figure 5.1C2



EXTERTOR METAL SANDWICH---INTERIOR MASONRY PARTETIONS

?

COST PER

MUMBER LENGTH WIDTH YOTAL COSY PER COST PER
oF OF OF PROTECTED AVG. SHIELOED UNIT
FLOORS BUILDING BUILDING AREA PROT FAC AREA MIN. PF
7.00 142.86 50,00 0,00 0.00 0.00 2302.95
NUMBER LENGTH WIDTH TOTAL COST PER COST PER COST PER
OF OF QaF PROTECTED AVG. SHIELDED UNIT
FLOORS BUILDING . BUILDING AREA PROT FAC AREA MIN. PF
8.00 125,00 50,00 0.00 0.00 0,00 2191.01
NUMBER LENGTH WIDTH TOTAL COST PER COSYT PER COST PER
0OF OF oF PROVECTED AVG. SHYELDED UNET
FLOORS BUILDING BUILDING AREA PROT FAC AREA MIN. PF
9.00 111.11 50,00 0.00 0.00 0.00 2086.38
NUMBER LENGTH WIOTH TOTAL CGST PER  COSY PER COSY PER
OF DF OF PROTECTED AVG. SHIELDED UNIT
FLODRS BUILDING BUILDING AREA PRDY FAC AREA MIN. PF
10,00 100,00 50,00 0.00 0.00 0,00 1986.89
NUMBER LENGTH WIDTH TOTAL COST PER COST PER COST PER
OF OfF oF PROYECTED AVG, SHIELDED UNI¥
FLOORS BUILDING BUILDING AREA PROT FAC AREA MiN. PF
11.00 90.91 50,00 0.00 0.00 0.00 1894.82
. NUMBER LENGTH WIDTH TOTAL €057 PER  COST PER COSV PER
aF OF aOF PROTECTED AYG. SHIELDED UNETY
FLOORS BUILDING BUILDING AREA PROT FAC AREA MIN. PF
12.00 83.33 50,00 0,00 0.00 0,00 1801.99
NUMBER LENGTH QIDTH TOTAL CasST PER L£OST PER COSYT PER
OF OoF oF PROYECTED AVG. SHIELDED UNIT
FLOOAS BUILDING BUILDING AREA PROT FAaC AREA MIiN, PF
13,00 T6.92 50,00 0.00 0,00 0,00 i712,28
HUMBER LENGTH WIDTH TOTAL COSY PER COST PER (LOST PER
OF oF OF PROTECTED AYG, SHIELDED UNIT
FLOORS BUTLDING BUILDING AREA PROT FAC ARE & MIN. PF
14.00 T1.43 50.00 0.00 0.00 0.00 1624, 10



WIDTH

o
[y
o /

s NUMBER LENGTH TOTAL  COST PER (COSY PER COST PER
oF oF OF PROTECTED: AVG. SHYELDED URIY
FLOORS  BUILDING BUILDING AREA PROT FAC . AREA HIN. PF
15,00 6667 50,00 0400 0.00 0.00 1537,12
+ NUMBER LENGTH WIDTH TOTAL  COST PER COST PER COST PER
OF OF oF PROTECTED  AVG. SHIELDED UNET
FLOORS  BUILDING BUILDING AREA PROT FAC ARE A MIN. PF
16.00 6250 50,00 0.00 0.00 .00 1457.59
o NUMBER LENGTH WIDTH TOTAL  CDOST PER COST PER COST PER
oF ofF OF PROTECTED  AVG. SHIELDED UNIT
FLOORS  BUILDING BUILDING AREA PROT FAC AREA MIN. PF
17.00 58,82 50.00 0.00 0.00 0,00 1371.55
o NUMBER LENGTH WIDTH TOTAL  COST PER COST PER €OST PER
OF OF oF PROTECTED  AVG. SHIELDED UNET
FLOORS BUILDING BUILDING AREA PROT FAC AREA MIN. PF
18000 55,56 50000 0.00 0.00 0.00 1289.62
v  NUMBER LENGTH WIDTH TOTAL  COST PER COST PER COST PER
0F OF oF - PROTECTED  AVG. SHIELDED UNIT
FLOORS  BUILDING BUILDING AREA . PROT FAC AREA MIN. PF
19,00 52.63 50.00 0.00 0.00 0.00 1204.49
s NUMBER LENGTH WIDTH TOTAL  COST PER COST PER COST PER
OF oF OF PROTECTED  AVG. SHIELDED UNIT
FLOORS  BUILDING BUILDING AREA PROT FAC AREA MIN. PF
20,00 50,00 50.00 0.00 0.00 0.00 1122, 69
v HEIGHTS PROVIDING PROTECTION
MINIMUM PROTECTION FACTOR
183,00 40,40
¢+ NUMBER LENGTH WIDTH TOTAL COST PER COST PER COST PER
OF OF OF PROTECTED  AVG. SHIELDED UNIT
FLOORS  BUILDING BUILDING AREA PROT FAC AREA MIN. PF
21.00 48,80 48,80 70.36 528,11 625,99 1101.12
0 CAPACITY OF PEOPLE WITHOUT COST FOR
WITH VENTILATION. VENTILATION PROTECTEON
lo41 15.06

END~-OF--DATA ENCOUNTERED ON SYSTEM

T.04

Figure 5.1Ch

INPUT FILE.



EXTERIOR REINFORCED MASONRY ——- INTERIOR MASUNRY-PARTITIGNS

s+ NUMBER

TOTAL

Ut

: LENGTH  WIDTH COST PER COST PER COST PER
OF OF OF PROTECTED  AVG. SHIELDED  UNIT
FLOORS  BUILDING BUILDING  AREA  PROT FAC  AREA MIN. PF
1.00  223.61  223.61 0.00 10,00 0.00 33363.47
» NUMBER  LENGTH  WIDTH TOTAL  COST PER COST PER COST PER
OF OF OF PROTECTED  AVG. SHIELDED  UNIT
FLOORS  BUILDING BUILDING  AREA  PROT FAC  AREA MIN. PF
2.00  158.11  158.11 0.00 0.00 0.00 17111.83
» NUMBER  LENGTH  WIDTH TOTAL  COST PER COST PER COST PER
OF OF OF PROTECTED  AVG.  SHIELDED  UNIT
FLOORS BUILDING BUILDING  AREA  PROT FAC  AREA MIN. PF
" 3,00 129,10  129.10 0.00 © 0.00 0.00 11733.70
. NUMBER  LENGTH  WIDTH TOTAL  COST PER COST PER COST PER
OF oF OF PROTECTED  AVG. SHIELDED  UNIT
FLODORS BUILDING BUILDING  AREA  PROT FAC  AREA MIN. PF
4,00  111.80  111.80  0.00 0.00 0,00 9065.31
s NUMBER  LENGTH  WIDTH TOTAL  COST PER COST PER COST PER
OF OF OF PROTECTED  AVG. SHIELDED  UNIT
FLOORS BUILDING BUILDING  AREA  PROT FAC  AREA MIN. PF
5.00  100.00  100.00 0.00 0,00 0.00  7473.57
; HEIGHTS PROVIDING  PROTECTION
MINIMUM PROTECTION FACTOR
43.00 41.51
33,00 41.24
, NUMBER  LENGTH  WIDTH ' TOTAL  COST PER  COST PER COST PER
OF OF oF PROTECTED  AVG. SHIELDED  UNIT
FLOORS BUILDING BUILDING  AREA  PROT FAC  AREA MIN. PE
6.00 91.29 91.29  820.59 9304.46  312.75  6416.00
‘ CAPACITY OF PEDPLE WITHOUT COST FOR
WITH VENTILATION VENTILATION PROTECT ION
82.06 16.41 113.39

Figure 5.101



EXTERIOR CONCRETE PANELS—-—-INTERIOR MASONRY PARTITIONS

« NUMBER

59

LENGTH WIDTH YOTAL COST PER COST PER COSY PER
OF: OF 0OF PROTECTED AVG. SHIELDED UNIT

FLOORS BUILDING - BUILDING AREA . PROT FAC AREA MIN. PF

1.00 223461 223.61 "0.00 0.00 0.00 33363.47

¢+ NUMBER LENGTH WIDTH TOTAL COST PER COST PER COST PER
oF OF 0OF PROTECTED . AVG. SHIELDED “UNIT

FLOORS BUILDING BUILDING AREA PROT FAC AREA MIN. PF

2.00 158.11 . 158.11 0.00 0.00 0.00 17216.37

s NUMBER LENGTH WIDTH TOTAL COST PER COST PER COST PER
OF OF DF PROTECTED © AVG. SHIELDED UNIT

FLOGRS BUILDING BUILDING AREA PROT FAC AREA MIN. PF

3.00 129.10 129.10 0.00 0.00 0.00 11881.53

» NUMBER LENGTH WEDTH TOTAL COST PER COST PER COST PER
OF oF . OF PROTECTED AVG. SHIELDED UNITY

FLOORS BUILDING BUILDING AREA PROT FAC AREA MIN. PF

4,00 i11.80 111.80 0.00 0,00 0.00 9246.37

» NUMBER LENGTH WIDTH TOTAL COST PER COST PER COST PER
OF OF OF PROTECTED AVG. SHIELDED UNIT

FLOORS BUILDING BUILDING AREA PROT FAC AREA MIN. PF

5,00 100.00 100.00 0.00 0.00 0.00 7682.64

» NUMBER LENGTH WIDTH TOTAL COST PER COST PER COSTY PER
oF OF oF PROTECTED AVG. SHIELDED UNIT

FLOORS BUILDING BUILDING AREA PROT FAC AREA MIN. PF

6.00 91.29 91.29 0.00 0.00 0.00 6659,75

¢+ NUMBER LENGTH WIDTH TOTAL COST PER COST PER COST PER
OF OF OF PROTECTED AVG. SHIELDED UNIT

FLOORS BUILDING BUILDING AREA PROT FAC AREA MIN. PF

7.00 84.52 84.52 0.00 0.00 0,00 5928.08

¢ NUMBER LENGTH WIDTH TOTAL COST PER COSYT PER (COSV PER
OF OF OF PROTECTED AVG. SHIELDED UNIT

FLOORS BUILDING BUILDING AREA PROT FAC AREA MIN. PF

8.00 79.06 79.06 0.00 0.00 5381.93

0.00

Figure 5.1D2



COST PER

60

NUMBER  'LENGTH WIDTH TOTAL © COST PER . COST PER
OF OF OF PROTECTED  AVG. SHIELDED UNIT
FLOORS BUILDING BUILDING -~ AREA PROT FAC ARE A MIN. PF

9.00 7454 74,54 0.00 0,00 0.00 4957.94
HEIGHTS. PROVIDING PROTEGTION.
MINIMUM PROTECTION FACTOR
83.00 - 40.07
NUMBER  LENGTH WIDTH TOTAL  COST PER COST PER COST PER
OF OF OF PROTECTED  AVG. SHIELDED UNLT

FLOORS BUILDING BUILDING AREA PROT FAC - AREA MIN. PF
10.00 170.71 © 70.71.°  245.69  3008.27 751.91  4618.36

CAPACITY OF PEOPLE WITHOUT COST FOR

WITH VENTILATION VENTILATION PROTECTION

24,57 4,91 122.44

Figure 5.1D3



EXTERIOR METAL SANDWICH--—INTERIOR MASONRY PARTITIONS

COST PER

61

8.00

Figure 5.10kL

0.00

NUMBER LENGTH WIDTH TOTAL COSY PER COST PER
OF . OF oF PROTECTED  AVG. SHIELDED - -UNIT I
FLOORS  BUILDING BUILDING AREA PROT FAC AREA MIN. PF .
1.00 223.61 223.61 0.00 0.00 0.00 33363.47
NUMBER LENGTH WIDTH TOTAL  COST PER  COST PER COST PER
OF OF OF PROTECTED  AVG. SHIELDED UNTT
FLOORS  BUILDING BUILDING AREA - PROT FAC AREA MIN. PF
2.00 158.11 158.11 0.00 0,00 0.00 17139.78
NUMBER LENGTH WIDTH TOTAL -COST PER COST PER COST PER
oF . OF Of PROTECTED . AVG. SHIELDED UNIY
FLOORS  BUILDING BUILDING AREA PROT FAC AREA MIN. PF
3.00 129.10 129,10 0.00 0.00 0.00 11773.22
NUMBER LENGTH WIDTH TOTAL = COST PER COST PER COST PER
OF Of of PROTECTED  AVG. SHIELDED UNIT
FLOORS  BUILDING BUILDING AREA PROT FAC AREA MIN. PF
4.00 111.80 111.80 0.00 0.00 0.00 9113.72
NUMBER LENGTH WIDTH TOTAL  COST PER COST PER COST PER -
OF OF of PROTECTED  AVG.. SHIELDED - UNIT
-FLOORS  BUILDING BUILDING AREA PROT FAC AREA MIN. PF
5.00 100.00 100.00 0.00 0.00 0.00 7529.47
NUMBER =~ LENGTH WIDTH TOTAL  COST PER COST PER COST PER
OF OF OF PROTECTED  AVG. SHIELDED UNTT
FLOORS  BUILDING BUILDING ARE A PROT FAC AREA MIN. PF
6.00 91.29 91.29 0.00 0.00 0.00 6481.00
NUMBER ~  LENGTH WIDTH TOTAL  COST PER COST PER COST PER
OF OF OF PROTECTED  AVG. SHIELDED UNIT
FLOORS  BUILDING BUILDING AREA PROT FAC AREA MIN. PF
7.00 84.52 84.52 0.00 0.00 0.00 5732.27
NUMBER LENGTH.  WIDTH TOTAL  COST PER COST PER COST PER
OF OF OF PROTECTED  AVG. SHIELDED UNIT
FLOORS  BUILDING BUILDING AREA PROT FAC AREA MIN. PF
79.06 79.06 0.00 0.00

5170.43



» NUMBER °~ LENGTH

COST PER .

62

COST PER

WIDTH. TOTAL  COST PER
OF OF OF PROTECTED  AVG. SHIELDED - UNIT
FLOORS  BUILDING BUILDING AREA PROT FAC AREA MIN. PF
9.00 14.54 74.54 0.00 0.00 0.00 4731.84
. NUMBER LENGTH  WIDTH TOTAL  COST PER COST PER COST PER
OF oF OF PROTECTED  AVG. SHIELDED UNIT
FLOORS  BUILDING BUILDING AREA PROT FAC AREA MIN. PF
10.00 70.71 70.71 0.00 0.00 0.00 4378.54
. NUMBER LENGTH  WIDTH TOTAL  COST PER COST PER COST PER
oF OF OF PROTECTED  AVG. SHIELDED  UNIT
FLOORS BUILDING BUILDING AREA  PROT FAC AREA MIN. PF
11.00 67.42 67.42 0.00 0.00 0.00  4090.06
+ NUMBER LENGTH  WIDTH TOTAL  COST PER COST PER COST PER
oF OF OF PROTECTED  AVG. SHIELDED UNIT
FLOORS  BUILDING BUILDING AKE A PROT FAC AREA MIN. PF
12.00 64.55  64.55 0.00 0.00 0.00  3843.56
. HEIGHTS PROVIDING PROTECTION
MINIMUM PROTECTION FACTOR
103.00 40.03
+  NUMBER LENGTH  WIDTH TOTAL COST PER COST PER COST PER
OF oF OF PROTECTED  AVG. SHIELDED UNIT .
FLOORS BUILDING BUILDING  AREA PROT FAC AREA MIN. PF
13.00 62.02 62.02 176.14  1784.28 824.81  3632.04
’ CAPACITY OF PEOPLE WITHOUT COST FOR
WITH VENTILATION VENTILATION PROTECTION
17.61 3.52 © 101.30

END-OF-DATA ENCOUNTERED ON SYSTEM INPUT FILE.

Figure 5.1D5
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APPENDIX A,

CHART LINE EQUATION DEVELOPMENT

Given: Log Scale Charts in OCD Manual TR-20, Volume 1.

Required to Formulate: X value for any given Y value of the chart

curves.
For the figures A.l through A.5, a straight lire equation format is used

so that m is the value of slope and b is the Y-intercept value.

6L
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100,000
10,000

1000

100 ] 1 L

Y
>

Y=mX+b, m= (10,000 - 1000) /(10 - 1) = 1000, b = 1000

= 1 =X = (Y - 1000)/1000

Figure A.l



100,000L

10.000|

5000}/

1000,

100

‘oﬂa

1Y

1000

Y

66

yzmx+b, m= (50,000 - 5000)/(10 = 1) = 5000, b = 5000

-1-X

Figure A.2

(Y - 5000)/5000



)
] dP //
e
/
/s
X/
o _
/
/
/7
/s
/
ol J
- | P
.00001 .000} .00} ) .01 .1

Y=mX+b, m= (.1~ .01)/(.0001 - .00001) = 1000, b = .0}
- .00001 -~ X = (y - .01)/1000

Figure A§3



(1)
[y /
. 7/
;’
1. { —f-
/
/
/
/
I L e
Ve
v 7/
05 ,
. /(2)
.0] T ‘/‘
7
7
/
.001 . p— AR } -4 4
.00001 A001 .001 .0 .
7
a
| /
.0001 ¢
.00001 ] 4 t -
line one:
Y=m+b, m= (.5-.05)/(.0001 -~ .00001) = 5000, b = .05
-.00001 - X = (Y - .05)/5000 = .00009
line two:
Y=mX+b, m= (.00 - .0001)/(.0001 - .00001) = .1, b = .000]
X = .00001 = (Y - .0001)/.1 = (.001 - .0001)/.1 = .009

Figure A.L4



Y =

.01 4

001 +

.0001

.00001

Solid Angle Fraction

.00001

YzmK+b, mz (.001 - .0001)/(.0001 - .0000]) = 10, b

- .00001 + X

.0001 .00} .0}

Roof Contribution

v

.0001

= (Y - ,0001)/10 = (.001 - .0001)/10 = .00009

Figure A.5 Chart Four
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APPENDIX B
PROCESSING SEQUENCE OF BUILDINGS AND FLOORS

Referring to Figure B.I,vbuilding’l is first préceséed. Then
floor 1 followed by floor 2 of building 2Vi§‘processed. Next floor I;
foilowed by floor 2; which is followed'by'floor 3, is processed in a
three-story building. ,anally, invbuildfng N, floor 1 is followed by
floor-Z;vwhich is followed by floor 3, and so on until floor N is reached
in an N=story building. _Thé floors are numbered from the top, starting
with the number one, down to the bottom floor, whiﬁh is numbered N fdr

a building with N number of stories.

} 2
BUILDING 1 BUILDING 2
|
1 2
2 . ¥V 3 174
3 1 _ N
~BUILDING 3 BULLDI NG N

Figure B.1
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APPENDIX C
SUBPROGRAM FLOW CHARTS

Figures C.1 to C.8 are the computer flow charts for Chart 1 to

Chart 8 in Shelter Design and Analysis as described in Chapter (11.

Because .computer programming techniques frequently change, the flow -

chart is considered to be more useful than the program itself.
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_Introduce Partition and Floor Masses from Main Program .

4

yes v /7|s partition mass greater than 3507

no

A

- /I's partition mass less than 57

no
J =
j= i1
) - 2
BIXl = .0004 4 BIXI = 1. | BiIXi = A.
. ¥ ¥ ' 2 =
BIXIPR = .0001 BIXIPR = 1. - leu;ﬁ = A(i + 70)
¥ ¥ -
| Is floor mass greater than 3307 . \\‘yes
no
yes  /Is floor mass Tess than 57 B
no
4
[k=k+1 |
) Y : _ \
BFXF = 1 BFXF = Ar , 1n0). BFXF = .0001
Y
///' Is floor mass greater than 2107
yes | no
BOX%FR = 1 BO?OPR =z .0001 BOXOPR = A{k + 206)

Return BIXL, BIXIPR, BFXF, BOXOPR to Main Program

-

(1) Do next block - partition mass/5 times.

(2) Do next block - floor mass/5 times.

Figure C.1. Flow Chart for Subprogram Chart 1|
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Introduce Wall mass, Height of Detector Plane from Madin Program

[ is Height less than 207 '\
no
‘ o
l Is Height less than 1007 \\\. yes
no
Y
[ Is Height less than 3007
no y;:\\
s} ,
k = 95 k = 66 k = 33 k=0
kk = 0 kk = 0 kk = 0,

2% 1 4] ]
k=k+ 1 K=k« k=zkasi k=k+i
kk = kk + 1 kk = kk + 1]]kk = kk + 1 kk = kk + |

” ¥ ¥ — T
[i =210 - 1oky i = 250 - 1okilj = 290 - tokk]| | [i = 310 - 10Kk
¥ ¥ 3 '
Lo/ yes N Il / AT
‘pO no no
| gzj | L] [ W] (5)
¥ ¥

LAReturn Reduction Factor to Main Program

(1)

Is wall mass less than j?

=3By - By 3))/17

-‘20)(Bk -

(2) Reduction Factor = B - (Height
(3) ' " =B - (Height
(4) " " 2By - (Height -
(5) 11 [} - Bk - (Height -
Figure C.2. Flow

loo)(Bk -

Bk + 25
300) (B, = By , 5,))/700

B(k ' 29))/80
))/200

Chart for Subprogram Chart 2



0y

(2)
- (3)
(4)
(5)
(6)
(7)

8)

(9)
(10)
(1)
(12)
(13)
(14)

_ .

Legend for Figure C.3

Is e larger than Y

i{s e larger than ;1?

Is € larger than .04?

X 2RO v 20) - (08 - e)lA , 50y - A)/-03
X = A(| +28) " (.1 - e)(A(| .+ 28) " AI)/'06

X = A(I'+ 29) " (.4 - e)(A(I +29) " A'Y/.B :
X =Ry 32) " (. - e)(A(l ‘32) " A')(°61

Is X larger than 27

Angle = F * .00l

Angle = (2F - 2) * .00l

Angie = (2F - 12) * .0l

Angle = (5F - 45) * .0l

Angle = (10F - 110) * .01

Angle = (5F - 20) * .0l

(15) Angle = (2F + 40) * .0l
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Introduce Plan Width-to-Length Ratio, e, from Main Program

I I ntroduce Height-to-Length Ratio, z, from Main Program

HORN

yes
no |
L@\ yes
no
l (3%\ yes
no 1 y
Tiz0 | [ 1:0 1| D=t | [1:79 |
F——; 4 , 3 R A
=i +1 Pal o+ 1 =1+ 1 Pz et |
{ Y r
I¢<s>l R&L]
NIEH ®) & N0V
yes | tno* yes_ no ' ‘
lis F less tqig 27 AN yes \T—zaﬂ
[ts F less than 67 L yes TS '
Fe 1)
{Is F less tzig 117 '?‘\\ yes '{ZEEE]
[Is F less ttlar:g 137 N yes J’E
lls F less than 187 \\L ves . 1(13)
“Jno —
lis F less t?;g 207 AN yes r—TZE]
l]s F less tj;; 25?7 74\\\yes'{zzgz]
[ Angle = (F + 65) * .01 |
R ¥ N L

Figure C.3.

A
| Return Angle to Main Program

Flow Chart for Subprogram Chart

3




(1)
(2)
(3)

. ()

(5)
©
(7)

Legend for Figure C.4

Does Roof Mass equal 07
Is Roof Mass less than 257

Is Roof Mass larger than j?

Roof Contribution = .00001 - (Angle - Bk)/((IOBk - Bk)/.ooog)

Roof Contribution = B, * (Angle - 'l)/(’]/(B(k + 28) " Bk))

Roof Contribution = B, + (Angle - .2)/(.3/(8(k + 28) -_Bk))

Roof Contribution = Bk + (Angle -4'5)/(‘5/(B(k o 28) " Bk))
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| ntroduce Roof Mass

and Solid Angle Fraction from Main Program

¥

] 1s Angle less than

J7

yes

no
Y

Is Angle less than

27\

yes

no
A

TT# Angle less than .

no

Y

85

k =
¥
LM

e

ye;\\
I k=.57l
[

yes no yes no
y 4 Y
k = k + 1 k= k+1 k = k + 1 k = k + 1
¥ Y ¥
L@ @ [ __( O
no yes ///fi no yes
Y f—_ y 1
=3 +10 j=j+r10llj=j+10
k= k+1 k =1+ k= k+ 1
¥ Y Y
L& @ @ S
no | lL yes ' i no i yes no
(1) (5) (6) (7)
Y Y Y
[ Return Roof Contribution to Main Program A1

Figure C.h4.

Flow Chart for Subprogram Chart b
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Introduce high and Low Solid Angle Fractions from Main Program

CT=01

Oz« |
] I} 1 | /

I Is High Angle Greater than A 7 yes

no

A
L_Ekyshine‘: Aty o 28) I
l Upper Scatter = A , gy 4]

=g | V4

!s Low Angle Greater than A.7? yes
no |
Low Scatter = A(i v 56)
Ivgéturn Skyshine, Upper and Lower Scatter to Main Program ,

Figure C.5. Flow Chart for Subprogram Chart 5



I's A' -

Is AI -

Is Al

Is A! -

(Height
(Height
(Height

(Height

i

Lege

3) (A
10) (Al

30)(A|

100) (A

Ground Direct Response =

Ground Direct Response =

nd for Figure C.6

- A(! . 25))/7 less than Angle?

- A(‘ . 26))/20,1ess“:than Angle?
- A(I . 26))/70 less than Angle?
P A(| ' 26))/200 less. than Angle

1= (.15 - .05 (k - 1))

1 - (.90 = 01 (k = 17))
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Introduce Detector Plane Height, Low Solid Angle Fraction from Main

T Program
.[A]S Height less than 107 _\\\ yes
no ’
['Is Height less than 30 \\\ yes
no
A
is Height less than loo
no yes
) ‘, h 4
N7 [ =51 | [ 1 =25 | tzo0 |
,'V l l | l »‘lA'

L=t e

P =1+ 1.

l___iﬁ) » /’yesgji\\i (;3 4]

"oy y ™ 4 i
lk:l+{1—| [k=|151l Ik=;+251 L=t |
| Is k larger than 16 ' ]
no yes
i ZSEI (6)

Return Ground Direct Response to Main Program

Figure C.6.

Flow Chart for Subprogram Chart 6
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Introduce Wall Mass, XE; from Main Program

!

Is wall mass less than 57 \\\> yes
“ no
, 3 E
ils wall mass larger than 407 \\\yes
; o ’
Y
j =17 j =0
t = 30 , t=20
X L 4 4 v
j=jt1 j=3jt1
t=t+ 10 t=t+5
v 4
E m__/ yes AN
no no
Y ¥ 3
(2) | (3)

lReturn Sw to Main Program

Figure €.7. Flow Chart for Subprogram Chart 7

Legend for Figure C.7.

(1) 1s wall mass larger than t?

(2) Radiation fraction scattered Sw

[0}
>

1]
o

(3) Radiation fraction scattered Sw
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Figure C.8. Flow Chart for Subprogram Chart 8

!Introduced Plan Width-to-Length‘Ratio, e, from main'program J

4
is e less than .057 \\; yes

no

\ 4

(1) (2)

\ Y

) Return Shape Factor to Main Program

(1) Shape Factor

A20e

11
—

(2) Sshape Factor



APPENDIX D

MAIN PROGRAM FLOW CHARTS

Figure D.1 illustrates the logic used in programming the feasibility
methodology by the use of a computer flow chart. The computer program
itself is not listed because of today's rapidly advancing computer

techniques in programming.
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8L

introduce AREAOP, AREACL, SITLTH, SITWTH SITCOS, PRFMIN,
PA, AP, RF MASS, WALMAS, PRTMAS, FLRMAS, WNDWHT,
STORHT, ROFCOS, WALCOS, PRTCOS in main
program.

X0 = RFMASS + FLRMASS PFAREA = 0, FF = 0, T =0, | = 0, FLORNO = -1

Use PRTMAS, FLRMAS to call Chart 1 for BIXI, BIXIPR, BFXF, BOXOPR
Use WALMAS to call Chart 7 for SW7

Y Y
[FLORNO = FLORNO + 1,

=1+ 1 J

I
Y
HEIGHTl = 3 + (STORHT) ( FLORNO)

1
BLDGWD = ((AREAOP + AREACL)/ (FLORNO + 1))?

[is BLDGWD larger than SITWTH? '\ yes BLDGND = SITWTH
Vno {
BLDGLH = (AREAOP + AREACL)/(BLDGWD (FLORNO + 1)) |
Y :
[is BLDGWD less than BLDGLH? N\ ves
Y no :
Swi tch BLDGWD with BLDGLH |
Y : \

¥eS N\ s (BLDGWD) (BLDGLH) larger than (SITLTH) (SITWTH)?

no

A 4

RN 1
(FLORNOZ) (BLDGWD + BLDGLH)/ (2(BLDGLH * BLDGWD)?)

PERFAC =
EWDLTH = BLDGWD/BLDGLH

HTLNTH, = 2 (2STORHT - 3)/BLDGLH
HTLNTH, - 2 (STORHT - 3)/BLDGLH
HTLNTH3 - 6/BLDGHT

HTLNTH;, = 2 (STORHT + 3)/BLDGLH
HTLNTHS = 2WNDWHT/BLDGLH
HALNTH”z BLDGLH - LO

“Figure D.IA. Flow Chart for Main Program



\

" I's 8 larger than HALNTH? | N\ yes HALNTH = 8

. no : ;
HTLNTH, = 2(STORHT - 3)/HALNTH
HTLNTH, = 2(2STORHT - 3)/HALNTH
kk = 0,  jj = FLORNO # 1,  EHALLL = 8/HALNTH

Use EWDLTH, HTLNTH] to Call Chart 3 for WUPR
1" " HTLNTH L1} " n n 1] WU
" " HTLNTH2 T 1" Wwooonoi WL
" (1] HTLNTH3 [A] (R t " 11 wLPR

n " HTLNTHL} t 1" " "o WA
"OEHALLL, HTLNTHZ 0 ooy
"- [} HTLNTH7 t it 1 (R 11} wc

v

Use
Use
Use
Use

WU, WL to Call Chart 5 for GA5, GSU5, GSL5
WUPR, WLPR to Call Chart 5 for GAPR5, GSUPR5, GSLPR5
WA, WL to Call Chart 5 for GAA5, GSUAS5, GSLS .

EWDLTH to Call Chart 8 for E8

Y ¥

kk = kk ¢ 1, mm = 1 + jj - kk
Y

Use WALMAS, HE!GHTmm to Call Chart 2 for BEXE

Use T, HEIGHTmm to Call Chart 2 for BEO

Use HEIGHT . WLPR to Call Chart 6 for GDPR6

Use HElGHTmm,WL to Call Chart 6 for GD6

85

¢ - (BEXE)(BIXI) ((GD6 + GA5 - PA * GAA5) (1 - SW7) + (GSU5
+ GSL5 - PA * GSUA5) (SW7 * E8) + PA * GAA5 * BEO)

CGB = BEXE * BFXF (1 - AP) ((GDPR6 - GD6) (1 - SW7) + (GSLPRS
- GSL5) * SW7 * E8) + BEO * BFXF * AP (GDPR6 - GD6)

CGA = BEXE * BOXOPR (1 - AP) ((GAPR5 - GA5) (1 - SWJ) + GSUPR5

- GSU5) * SW7 * E8) + BEO * BOXOPR * AP (GAPR5 - GA5)

J

Figure D.1B. Flow Chart for Main Program



l

CGALL = CG + CGA + CGB

Y

I's kk larger than 27 ° L

yes

86

no
\

I's kk larger than 17 \\\\

yes

no
4

Use RFMASS, WU to Call Chart 4 for RFCO

Use RFMASS, WIC, to Call Chart 4 for RFWCO

v

CONTTL = RFWCO + (RFCO - RFWCO) * BIXIPR
¥

[ PF = 1/(CONTTL + CGALL)

¥

| TRYPF = PF

e

Y \

yes '’ \\\ Is jj larger than 17

no&

Use X0, WUPR to Call Chart &4 for RFCONT
Use X0, WC to Call Chart 4 for CONTRF

Y

PF = 1/(COTOTL + CGALL

¥

[ Is PF larger than TRYPF? ‘\\\yes

TRYPF = PF

no

N

] A

W

yes \\\ Is jj larger than 27

no

E—

PF_= 1/CGALL
Y

I |

[Ts PF larger than TRYPF?  \_ vyes

no

TRYPF

= PF

K

Y

Is PF larger than PRFMIN?

yes

l

A

" Figure D.1C. Flow Chart for Main Program



‘ lL' . ‘r ) .
no . I. !

8HALNTH

AREAPF =
CAPVOL = PFAREA * STORHT/65
FF = FF + |

CAPARA = PFAREA/10
VACUUM = PFAREA * STORHT/500
SUMPF = SUMPF + PF

| Dboes ji equal kk? AN Jes
\\ no : ' \*
, oyes \\\ s kk larger than 17 I
o o

yes ‘\\LDoes kk equal 17

no

' T
WALARA = PERFAC (AREAOP + AREACL)Z * STORHT
PRTARA - S8(FLORNO + 1)HALNTH * STORHT

¥
DLRWAL = WALCOS.. (WALARA),
DLRPTN = PRTCOS?J (PRTARA)
DLRFDN = $1TCOS'* BLDGWD * BLDGLH
DLROOF‘: ROFE08 * BLDGWD * BLDGLH
{ DOLLAR = DLRWAL ¢ DLRPTN *+ DLRFDN *+ DLROOF}
,& R
RATIO = DOLLAR/PREMIN, FLOORS = FLORNO * 1
AVGPF = SUMPF/FF
¥
PFCOST = DOLLAR/AVGPF, ARATIO = DOLLAR/PFAREA |
ye:\\\ Y
\_!s TRYPF less than PRFMIN? ]

no,

- ,
[ s cAPVOL less than cAPARA? N\ YeS | PROTCN = DOLLAR/(AVGPF % CAPVOL)

no

[ PROTCN = DOLLAR/(AVGPF * CAPARA) |
¥

I Write out necessary information l

Figure D.ID. Flow Chart for Main Program
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