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INTRODUCTION 

The advantages of continuing construction operations throughout 

the winter period are many. The owner can obtain use of his completed 

project sooner. The contractor can enjoy smaller overhead costs, 

reduced fluctuation in level of personnel and more efficient managerial 

responsibilities. In addition, some operations, such as transport of 

equipment over frozen tundra, cannot be carried out except under winter

time conditions, and others, such as carpentry and finishing work, may 

be more effici~nt when done in heated enclosures rather than in 
11 exposed 11 areas in warmer weather. The trend toward more wintertime 

construction work will no doubt continue, as the pace of development 

of Alaska and other northern areas quickens. 

The purposes of the study reported in this paper were twofold--

1) To document the temperatures and other conditions that cause shut

down of winter construction operations and 2) To develop and validate 

a computer program to assist contractors in estimating heat loss from 

buildings under construction and the costs of temporary enclosures and 

heating for such buildings. 

To fulfill the first purpose stated above, two approaches are 

described. The first was a review of the literature of construction to 

find descriptions of projects that have been carried out in cold weather. 

Over fifty porjects are described for which extreme temperature in

formation is ~iven. The lowest reported temperature was -70°F, on a 

bridge construction project. The other approach was to conduct a survey 

of Alaskan contractors to find their 11 CUtoff temperatures 11 for vat·ious 



types of construction work and to document other factors that are 

important in deciding whether to suspend operations in winter. This 

report summarizes replies to the survey and concludes that many con-

2 

! tractors are willing to work at ~xtremely low temperatures, if suffi-

1 cient economic reward is present. 

After a description of 11 batch 11 and 11 interactive 11 computer pro-

gramming, the report describes the heat .loss and cost estimat·ing 

computer program in detail.· It then presents the complete output from 

a computer processing session for a sample building project. Next, it 

reports on an effort to validate the program by comparing actual heat 

losses for the University of Alaska's Laboratory Building Addition 

project, constructed in 1973-74, with those estimated for that project 

by the program. ·Following this comparison, it is concluded that the 

program does a relatively good job of estimating heat losses and that 

it can be of assistance to the construction estimator. 

I 
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RESEARCH ON "CUTOFF TEMPERATURES" 

The cold-weather conditions which may make it difficult or 

impossible to conduct construction operations are many. Certainly one 

of the most important of these factors is low temperature. In order 

to document those temperatures at which various types of construction 

activities can and cannot be carried out, two different efforts v1ere 

made. First~ the literature of construction was searched for reports 

of projects conducted under wintertime conditions; several of these 

reports containing dat~ on temperatures occurfing during the construc

tion process have been summarized and are included in this report. 

Second, a questionnaire survey was made of Alaskan contractors to 

determine what temperatures would result in shutdown of various types 

of construction activities. Summaries of these responses are reported. 

The following section deals with the literature search, and the summary 

of the contractor survey is given next. 

Literature Search 

Nearly ~ne hundred articles on cold-weather construction projects 

were researched for information on temperatures occurring during the 

progress of construction. Of these, fifty-six sources gave temperature 

data on a total of fifty-nine projects. Table I summarizes information 

for these fifty-nine projects in chronological order beginning with the 

1924-25 winter, and a list of the referenced projects is given as 

Exhibit A, entitled "Reference List--Lowest Wintertime Temperatures for 

Selected Construction Projects." 

3 



TABLE I. Lowest Wintertime Temperatures for Selected Projects, 
as Reported in the Literature 

Location 

St. Louis, 
Missouri 

Madison, 
Hisconsin 

Vermont 

Project 
Date Description 

1924-25 4 story garage 
winter & 4 story mar

ket building 

1927-28 hote 1 
winter 

1928-29 several bridges 
winter 

Lower Fox 1932-33, river lock 
River, Wise. 1933-34 

winter 

Activities 

concrete 
placement 

conc.rete 
placement 

concrete deck 
placement 

concrete 
placement 

Lowest 
Temp. Other Data Reference* 

Concrete entered forms 48 
at 70? F due to heating. 
During setup and curing 
concrete protected with 
tarpauling and heated 
with salamanders. Out-
side temperatures gener-
ally +10 to +20° F. 

Canvas enclosure heated 49 
with salamanders. Jem
peratures ranged from 
11 a little above freezing 11 

to -30 F. 

Protected with .44 
tarpaulins between 
bridge floor and ice in 
river, plus hay and 
paper on top of slab. 
After removal of curing 
heat, strength increased 
despite temperatures as 
low as -26° F. 

Cutoff temperature 50 
determined by 11 dis-
comfi ture to the workmen 11

• 

*References are in Exhibit A. Reference List--Lowest Wintertime Temperatures for Selected Construction Projects. 
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Project Lowest 
Location Date Descriotion Activities TemE. Other Data Reference 

Sand and gravel piles 
covered with tarpaulins 
and heated with steam 
pipes. 

Indianapolis Dec., resurfacing concrete +l7°F Protected with burlap 47 
Indiana 1933 street; paving pavement and straw. High early 

new highway placement strength cement. 

Southwestern Dec., highway grading; con- -7°F After final grading, 7 
Ohio 1933 construction crete pavement (concr- subgrade protected from 

placement eting) freezing with burlap 
and straw. New slab also 
protected with burlap and 
straw. 

Wyoming 1935-36 earth dam spillway -32°F Protected under 11 0ld 20 
winter concreting canvas and tentage 11 

with lumber frame. 
Heat supplied to water 
and aggregate and under 
housing by steam coils 
and wood-burning stoves. 
Average temperature during 
concreting = 0°F to +l0°F. 

Toronto, 1936 industrial concrete +l5°F Enclosure of framinq and 52 
Canada plant placement canvas. Roof raised as 

work moved upward. 
Steam heaters inside. 

Q 
Inside temperature = 60 -
70°F. Aggregate heated 

<--• to 50°F, water to 80°F. 
Delivered in mixer trucks 
from l/2 mile away. 



Project Lowest 
Location Date DescriQtion Activities TemQ. Other Data Reference_ -~ . - .. ·~ 

Nazareth, 1936 cement plant concreting of +l0°F Lowest temperature in 21 
Penn. arch roof enclosure ~ 36°F. 

Kennebec 1937-38 dam concrete -20°F Form area enclosed. 12 
River, ME winter placement Batch plant enclosed 

and heated. Concrete 
delivered through 
exposed uninsulated 
pipe 280 ft. long. 
At -l2°F concrete tern-
perature dropped 6°F. 

Northern 1940-41 large army camp frame -34°F Heavy snow. 8000 men 36 
NYS winter barracks; at peak. Rush 

utilities schedule. Frozen 
ground removed after 
erection of building 
shells; replaced with 
unfrozen material prior 
to placing floor 
concrete. 

B.C. , Yukon, 1942 highway clearing, -40°F 1600 miles, Dawson 32 
Alaska rough Creek, B.C. to 

grading, Fairbanks, Ak, plus 
bridges short sections to 

Carcross, Y.T.~ and 
Slana, Ak. 

Excursion 1942-43 barqe terminal oilina, <1ocks, -l2°F 2800 men on project; 16 
Inlet, Ak. buildings, 1 million C.Y. of 

power houses, Riprap; 50 million 
bridges, riprap Bd-Ft of 1 umber, 

20,000 piles. 
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Project Lowest 
Location Date DescriEtion Activities TemE. Other Data Reference 

Fairbanks, 1943 military excavating, -50°F Painting inside en- 17 
Alaska buildings clearing, closures; some drilling 

blasting, and blasting of perma-
steam thawing, frost. 
painting 

Sault Ste. 1944-45 lock approach concrete.wall -24°F Total snowfall - 90 11
• 54 

Marie, Mich. winter canal construction Enclosure of insulation 
board on tubular steel 
scaffolding, placed 
around complete wall 
878' 1 ong, 39' high. 

Saco River, 1947-48 power dam concrete -20°F "Snow and howling winds. II 46 
Biddeford, winter placement 
r{a i ne 

Sault Ste. 1947-48 repair of canal guniting -23°F Old wall heated prior 55 
Marie, r·,1i ch. \'linter lock wall to guniting. Enclosure 

of tubular steel scaf-
folding and canvas. 

Minneapolis/ 1950-51 house building block masonry -28°F Inside "tents"; inte- 5 
St. Paul winter rior temperature = 65°F. 
Minnesota block masonry, -l0°F No enclosure; used warm 5 

house framing mortar and dry blocks. 
No wind. 

Ontonagon, 1952-53 130 houses excavation, -30 to Average snow = 3 feet. 22 
Michigan winter concret'"IJ~ -40°F Much work inside 

carpentry, "shelters. 11 

masonry, 
plumbing 



Location 

Fairbanks, 
Alaska 

Nechako, 
B.C. 

Anchorage, 
Alaska 

Kansas 

~~yomi ng 

Yanktown, 
S. Dakota 

North 
Slope, Ak. 

Project 
Date Description 

1952-53 Air Force base 
0inter building 

1952 earth dam 

1953-54 hospital 
winter 

1953-54 dam 
winter 

1954-55 highway 
vii nter 

1954-55 dam construction 
winter 

1955 
Apri 1 

baSP Ct'H!1D 

construction 

Activities 

permafrost 
thawing; floor 
slab const. 

placement of 
clay core 

concrete 
placement 

mass con
creting 

rock exca
vation 

mass con
creting 

Lowest 
Temp. Other Data 

"far be- Used circus tent for 
lov1 011 protection. Tempera

ture in tent= 45°F. 

0°F 2% calcium chloride 
mixed with clay at· 
0°F; l~s at +l0°F. 

-2°F 11 Bi g top 11 canvas tent 
for protection, plus 
portable heaters. 

sub- l 1
i thick fiberglass 

zero insulation for pro
tection. 

-40°F Light to moderately 
heavy snow. Jack
ha~ners kept operable 
by placing liquid qas 
in air lines. 

-32°F Enclosure = 1.9 
million cubic feet. 
Withstood· 55 mph wind. 
4 locomotive type 
boilers for heat. 

tractor trains +20°F 30 mph wind. Route 
was ciuu miles from 
Barter Island to 7 DEW 
Line sites. 

carrying bldgs. 
& supplies 

·-

Reference 

2 

56 

18 

25 

53 

51 

11 

co 
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Project Lowest 
Location Date DescriQtion Activities TemQ. Other Data Reference 

Kotzebue, Oct.- piling placement drilling in sub- 858 24 inch holes, 13 
Alaska Dec. for building permafrost; zero avg. depth 20 feet. 

1955 project placing piling 

Bethel, 1955-56 drilling holes dri 11 ing -30°F Auger drill used 42 
Alaska winter for piling continuously to.avoid 

freezing; 915 18 inch 
holes, 32 l/2 .ft. deep. 

Ft. Pierre, 1955-56 bridge concrete deck -l0°F -20°F during curing. 13 
S. Dakota winter construction paving Heated enclosure over 

deck; insulation 
under slab form. 

St. Lawrence 1955-56 seaway steam cleaning -5°F Weekly average temper- 43 
River, winter rock, placing (ave. ature was below 
Canada & concrete; weekly) freezing for 3 l/2 
u.s. excavating & months. Concrete 

hauling placed under tarpaulins 
or paperboard. Other 
work outside. 

St. Lawrence 1956-57 power dam on concrete -40°F American contractors 19 
River, winter seaway project placement shut down for winter. 

- Canada Canadia~ coritractors 
worked to .;.40°F. 

La Tuque, 1956-57 power dam concrete -A5°F Heated surfaces to 40 10 
Quebec winter placement to 50°F; heated sand, 

coarse aggregate, and 
water; tarp-covered 
wood frame enclosures; '.0 

steam-fed unit heaters. 



Project Lowest 
Location Date Description Activities Temp. Other Data Reference 

Oshkosh, 1956-57 building foundation +5°F Used insulated forms 23 
.Wisconsin winter concreting of balsam wood in-

sulation and pljn .. !00d 
panels. 

Illinois 1957-58 bridge pier & deck 0°F Polyethylene film used 3,9 
winter construction concreting over sides during pier 

construction. Large 
canvas tent placed over 
top to protect deck work. 

Buffalo, 1957-58 Thruway concrete zero Balsam wool insulation 24 
New York winter retaining walls placement range placed between forms 

and walers. 

Hunts vi 11 e, 1957-58 brid9e pier con- -30°F Pipes under water 1 
Ontario winter struction surface kept river 

from freezing by bub-
bling, allowing floating 
barges to move. 

Chicago, 1958 bridge bituminous near Hot mix transported in 30 
Illinois concrete paving zero insulated trucks with 

tarpaulin covers. Sur-
face rolled and left 
exposed. 

Bratsk, s. 1 ate hydroelectric concrete -50°F 26, 40 
Centra 1 1950's project placement 
Siberia 

0 
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Project L.ov1es t 

Location Date DescriEtion Activities TemE. Other Data Reference 

Niagara Jan. power project concrete 26°F 90,000 CY placed in 41 
Falls, N.Y. 1960 placement (monthly January. "Winterized" 

mean) forms for concrete 
conduits. 

Montreal, 1960-61 600,000 SF welding near 0 Joints heated with 35 
Canada winter office building concrete wk. +l0°F propane torches. Used 

insulating blankets 
during curing but no 
additional enclosures 
or heating. 

Rockford, 1961-62 prestressed concrete +11 °F Concrete heated to 39 
Illinois winter concrete water placement 70°F. 

storage 
reservoir 

Revere, 1962-63 department store fi 11 placement 0°F 56 
~~ass . l·'i nter 

LaPlume, 1962-63 3 dormitories various, incl. -l5°F Enclosures--walls: 33 
Penn. winter concrete work scaffolding towers & 

polyethylene sheeting; 
roof: trusses and 
tarpaulins. No 1 ost 
time during winter. 

Barrow, 1963-64 water supply dam placing -30°F 4 
Alaska winter ice core, 

i nsta 11 i ng 
oil drum 
"riprap" 



---

Project Lm'les t 
Location Date DescriEtion Activities TemE. Other Data Reference 

Baie Comeau, 1963-64 dam construction concrete -25°F Be fore winter, every 27 
Quebec winter placement other monolith com-

pleted. During winter, 
remaining monoliths 
placed, under wood-
framed plastic and 
canvas enclosures. 

Regina, 1964-65 campus buildings concrete -l5°F Most above-ground 15 
Saskatchewan w.inter placement concrete was placed at 

average winter temper-
atures of -5°F, using 
enc]osures. 

Forty t,1ile 1965-66 bridge coffercams, -70°F 34 days in which tern- 14 
River, Y.T. winter excavation, perature did not rise 

tremie above -60°F. Cofferdam 
concrete, driven through ice. 
piers, steel, 
deck 

Fairbanks, 1966 department store concrete batch- -55°F 29 
Alaska Nov. ing & placing 

Ithaca, 1969-70 dormitories concreting, -l8°F Temporary 11 roof 11 raised 38 
New York winter masonry as construction pro-

ceeded. Adjustable 
exterior enclosure for 
masonry wall construe-
tion. 

_, 
N 

,_ 11. 
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Project Lowest 
Location Date Descrietion Activities Teme. ·other Data Reference 

Bethlehem, 1969-70 bridge deck con- below Inflated plastic dome 31 
Pennsylvania winter creting zero for protection. 

Labrador, late hydroelectric transmission -55°F 8 
Canada 1960's & project towers, above 

early & below ground 
1970 IS buildings 

South 1970-71 operation & Concrete p 1 ace- · -30°F 38 days with tempera- 28 
Dakota winter maint. shop ment for found- tures below 0°F. Work 

building at ion & wa 11 s . performed under 
shelters of wood, 
polyethylene and 
tarpaulins. 

Ontario, various power dams concrete -30°F Short aggregate con- 34 
Canada placement veyors operate to 

-30°F, if pulleys are 
orotected. Concrete 
hauled in open trucks 
if temperature is not 
11We 11 be 1 ow zero .. and 
haul is not greater 
than one mile. 

Michigan various highway compaction of +20°F Material placed un- 56 
construction cohesive & frozen; froze after 

granular fill compaction. 

Soviet various silo construction concreting -29°F Sliding formwork and 6 
Union infared radiation. 

w 

West various building +23°F Open sites, with no 45 
Germany construction protection. 
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Referring to Table I, one notes that the coldest temperature 

reported for a building construction project was -55°F. Also, dam 

constru~tion at a hydroelectric project was carried out at temperatures 

as low as -50°F, while, at another similar project, transmission lines 

and buildings were installed during -55°F temperatures. Canal lock 

construction has continued in temperatures down to -24°F, and operations 

on a barge terminal project withstood -.l2°F weather. Temperatures as 

low as -40°F were recorded during two highway construction projects. 

Fu1rthermore, auger drilling for piling has been carried out at -30°F. 

The coldest temperature found during the literature search was -70°F, 

on a bridge construction project on the Forty Mile River, Yukon Terri tory. 
I • 

Some tremie concrete for th~s bridge was placed during -60°F tempera

tures, but most other pours took place at relatively mild temperatures 

of -40°F to -45°F. On this project, which was built during the winter. 

of 1965-66, there were 34 days on which the temperature did not rise 

Contractor Survey 

To ascertain "cutoff" temperatures for various activities below 

which work is suspended, a survey was taken of contractors'doing 

business in Alaska. Questionnaires were mailed on March 8, 1975, and 

the last response was received on April 7, 1975. A copy of the 

questionnaire is included as Exhibit B. The response percentage was 

40%, as indicated in Table II. A listing of those companies responding 

to the survey is attached, as Exhibit C. 

Table III summarizes responses to the principal question asked by 

the survey, "What is the lowest temperature at which the following 

1 
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Gentlemen: 

EXHIBIT B. Contractor Survey Questionnaire 

F. LAWRENCE BENNETT, P.E. 

CONSULTING ENGINEER 

P. 0. BOX 110848 

CQI..LEGE, ALASIIC:A 88701 

!'larch 8, 1975 

The u.s. Army Cold Regions Research and Engineering Laboratory has engagod me 
to conduct a modest survey of Alaskan construction contractors. The purpose of 
the sunray is to determine temperature ranges in which various types of construc
tion activities can be performed. Your assistance by completing as much of the 
following brief questionnaire as possible would be greatly appreciated: 

1. What is the lowest temperature at which the following types of activities 
can be performed? 

}lachine excavation 

Hand excavation 

Earth moving &·grading 

Paving 

Concrete formwork, resteel, pJ.acement., et.c. 

Concrete.olacement & 
r·~n~sn~ng . 

Steel erection 

Block and stone masonry 

Roofing 

Finish carpentry 

Painting 

Electrical installation 

Pioin~ & mechanical 
sys~em 1nsta.1..1.at.~on 

Pipe welding 

Erection o~ pre-built 
comgonln~s sucn ~s Qre as tco~cret.e oanels~ pre u1 met.aJ. OU1J.01ng::s, 

Layout, surveying, etc. 

Loading, unloading 

other 

etc. 

2. For those activities for which you have indicated "cut-off" temperatures, 
what determines that temperature (effect on people, effect onmachinery, 
soil conditions, etc.)? 

J. Admittedly, the designation of temperature as the only determinant of 
activity shutdown is too simple an approach. What other factors besides 
temperatu1•e are important in a decision to suspend work in the winter? 

4. other comments? 

Thank you for your help. A stamped, self-addressed envelop is enclosed 
for your reply. 

. _ ~r~urs, /J ~ 
~ l"Jk-(1-h-eif~.l>&l 
· F. Lawrence Bennett, P.E. · . 
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TABLE II. Questionnaire Survey Response 

Total sent 87 

Returned undeliverable 

Replies received 

3 

84 

34 

100% 

40.5% 

20 

., 
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EXHIBIT C. Companies Responding to Survey Ouestionnaire 

A & A Roofing Company, Inc. 
P. 0. Box 314 
Fairbanks, Alaska 99701 

Acme Electric Co. Inc. 
P. 0. Box 532 
Fairbanks, Alaska 99701 

Alaska Pacific Ventures 
4624 Seward Highway 
Anchorage, Alaska 99501 
Mr. James Wong 

Alyeska Electrical & Engineering 
P. 0 .' Box 4-FF 
Anchorage, Alaska 99509 

Arctic Constructors 
4600 Dale Road 
Fairbanks, Alaska 
Mr. Eugene Kulawik 

Arctic General, Inc. 
Box 80122 
Co 11 ege, A 1 as ka 
Mr. Richard D. Karr 

Aurora Plumbing and Heating 
3027 E. Tudor Road 
Anchorage, Alaska 99501 

Baugh Construction Co. 
922 Poplar Place South 
Seattle, Washington 98144 
Mr. L. fv1. Baugh 

B-E-C-K Constructors 
Taku Apartments 
4001 Seward Highway 
Anchorage, Alaska 99503 
t·1r. \~. D. Parker 

Chandler Plumbing & Heating 
129 Minnie Street 
Fairbanks, Alaska 99701 

Earthmovers of Fairbanks 
925 Aurora Drive 
Fairbanks, Alaska 99701 
Mr. Fred Walters 

Electrical Contractors of 
Alaska Inc. 

1705 Ship Avenue 
Anchorage, Alaska 99501 

W. R. Grasle Company 
P. 0. Box 1187 
Fairbanks, Alaska 99701 

Green Associated J.V. 
Pouch 85 
Fairbanks, Alaska 99707 

Interior Masonry 
Box 2311 
Fairbanks, Al~ska 99701 

Johnson Plumbing & Heating, Inc. 
P. 0. Box 8-9034 
Anchorage, Alaska 99508 

Locher Company 
Drawer 4-JJ 
Anchorage, Alaska ?9509 
Mr. Herbert J. Frensley 

Lundgren's Pacific Construction Co. 
P. 0. Box 2752 
Fairbanks, Alaska 99701 
Mr. D. J. Martsolf 

Manson-Osberq Co. 
1132 North 1~8th Street 
Seattle, Washington 98133 
Mr. Clyde Hovik 

M,i c h a e 1 13 a k e r J r , I r. c . 
P. 0. Box 3109 
Fairbanks, Alaska 99701 
t1r. William 8. rk~~ullen 



Michael Baker Jr, Inc. 
Fort Wainwright, Alaska 
Mr. Cecil Palmer 

Modern Construction, Inc. 
P. 0. Box 965 
Fairbanks, Alaska 99701 
Mr. Ross Adkins 

Office of Planning & 
Construction 

University of Alaska 
Providence Avenue 
Anchorage, Alaska 99501 

Peter Kiewit Sons• Co. 
Box 848 
Fairbanks, Alaska 99707 
Mr. S. C. Stephens 

Regan Steel & Supply, Inc. 
P. 0. Box 1176 
Fairbanks, Alaska 99701 

Sandland Construction Co. Inc. 
3800 Arctic Blvd. 
P. 0. Box 4-193. 
Anchorage, Alaska 99509 
Mr. Henry Sandland 

Sandstrom Inc. 
P. 0. Box 1993 
Fairbanks, Alaska 99701 

Sta-Con, Inc. 
3177 19th Street 
Fairbanks, Alaska 99701 
Mr. Robert S. Morton 

Sunrise Electric Inc. 
3707 Arctic Blvd. 
Anchorage, Alaska 99501. 

Swalling Construction Co. Inc. 
Box 1039 
Anchorage, Alaska 99510 
Mr. A. C. Swalling 

Western & Associates, Inc. 
1642 Dowling Road 
Anchorage, Alaska 99502 

Wick Construction Co. 
720 North 35th Street 
Seattle, Washington 98103 
Mr. Andrew P. Wick 

Woodruff Construction Co. Ire. 
P. 0. Box 4-2-7-
Anchorage, Alaska·. 99509 

Yutan Construction Company 
P. 0. Box 1775 
Fairbanks, Alaska 99707 
Mr. James A. Carroll 
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TABLE III. Summary of Responses to the Question, 
11 What is the lowest temperature at which the 

following types of activities can be performed? 11 

Activity Absolute Low, OF Lowest for Efficient Operation 
or Within Enclosure, oF 

Responses Range Average Responses Range Average 
Lo Hi Lo Hi 

Machine Excavation 15 -70° -20° -37° 10 -30° +32° - 1 0 

Hand Excavation 11 -70° +32° -22° 12 -30° +33° +18<:) 

Earth t·1oving & Grading 11 -4S0 -20° -3S0 9 -20° +32° +130 

Paving 14 +15° +4S0 +32° 4 +25° +6a 0 +41° 

Concrete Formwork 11 -sao -1 ao -25° 7 -1 ao +33° +lao 

Concrete Placement 6 -sao -2S 0 -31° 12 +2a 0 +40° +32° 

Steel Erection 10 -S0° -20° -32° 8 -3a 0 +30° - 1 0 

Block & Stone Masonry 5 -sao oo -2S 0 12 oo +40° +31° 

Roofing 7 -3a 0 +15° -130 8 oo +60° +24° 

Finish Carpentry 5 -soo -lao -2]0 9 +lS0 +Sao +36° 

Paintinq 7 -50° +4no +130 10 +32° +60° +42° 

Electrical 14 -7ao -lao -31° 7 +2ao +4a 0 +28° N 
w 



Activity Absolute Low, OF Lowast for Efficient Operation 
or Within Enclosure, OF 

Responses Range Average Responses Range Average 
Lo Hi Lo Hi 

Piping & Mechanical 10 -50° -i0° -27° h +20° +40° +29° ,J 

Pipe Welding 9 -50° oo -21° 3 -30° +33° + go 

Pre-Built Components 13 -50° -10° -28° 6 -30° +33° + go 

Layout & Surveying 17 -50° oo -33° 4 -30° +20° + 20 

Loa4ing & Unloading 14 -60° -10° -39° 4 -35° +20° - 1 0 

Subsurface Exploration -40° 
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activities can be performed?" It is noted that responses to that 

quest~on fell into two categories. Some respondents gave the absolute 

lowest temperature, while others gave the lowest temperature that would 

allow efficient operation or the lowest temperature that would be 

permitted inside an enclosure where the work was being performed. For 

example, the average response for the question related to machine 

excavation was -37°F as the absolute low; those who reported on the 

lowest temperature for "efficient" machine excavation gave an average 

answer of -l°F. Another example is the question on concrete placement. 

Here, the 11 absolute low" answer averages -3l°F; in this case the 

respondent is suggesting that the outside temperature can be this low, 

provided proper enclosures and heating are provided. The averagr 

response for the case of concrete placement inside enclosures suqqests 

that the lowest permissible inside temperature is +32°F. 

Table III reveals widely differing responses to the question of 

cutoff temperatures for each,of the various categories, as would be 

expected from so diverse a group as Alaskan contractors. Note, for 

example, that one contractor believes that layout and surveying work 

can be done at temperatures as low as -50°F, while another feels that 

the absOltite lowest possibie temperatUre fo~ this ~ort of activity is 

0°F. The average of the responses in each category are probably as 

expected, ranging from +32°F for paving to -39°F for loading and 

unloading (neglecting the one -40°F entry for subsurface exploration) 

in the 11 absolute low'' classification. In the "lowest for efficiE''lt 

operation or within enclosure" column, the average ranges from +t2°F 

for painting to -l°F for machine excavation, steel erection and loadinq 

and unloading. 
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As indicated by the questionnaire form in Exhibit B, respondents 

were also asked to indicate what factors determined the cutoff temper

atures they had given and what other factors, besides temperature, were 

important in decidihg whether to shut down their operations~ Also, an 

opportunity for other commerlts was provided. 

Appendix) contains unedited and unsummarized responses to these 

three questions. From these listings, it can be seen that the effect 

on people is one of the primary reasons that cold temperatures cause 

winter shutdowns. Also, equipment is adversely affected by such 

problems as hydraulic system and metal failure. Further, low tempera

tures affect such materials as electrical cable· (insulation cracking) 

and soil (freezing). While such answers may seem "obvious," the 

writer believes that it is important to document these opinions from 

the contractors themselves. 

In answer to the question, "What other factors besides temperature 

are important in a decision to suspend work in the winter?'', the 

respondents listed such factors as wind, snow, lack of daylight, 

soil moisture, and icing conditions. In addition to these "physical," 

or "environmental," factors, they also cited cost of transportation, 

type of work, size of job, availability of personnel, effect on other 

phases of the project, uniori attitude and quality control as consider

ations that might keep one job operating and shut another down, even 

under similar temperature conditions. Money was the important "other 

factor" in several responses. One contractor said, " ... in other 

words economics. There is no temperature cutoff unless coupled with 

costs. It just costs more money at lower temperatures. The impossible 

just costs more." 
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The "other comments" question resulted in several interestinq 

ideas. One suggested that work on the Trans-Alaska Pipeline had 

brought about approaches to cold weather construction that were con

sidered impossible ten years ago. Another made a suggestion that 

seems especially important in interpreting the numbers and comments 

included in this section; he said, "Every situation is different--as 

reflected by unit bid price variation, area work load, etc. No hard 

and fast rules have been revealed to me, ever!" 
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11 HEATCOST 11 --A PROGRAM FOR ESTIMATING THE COST 
OF TEMPORARY HEATING AND ENCLOSURES DURING CONSTRUCTION 

General Description 

The major effort undertaken in this project has been to develop a 

computer program that the construction estimator can use to estimate 

the costs of temporary heating and enclosures for buildings under 

construction in cold regions. Desirable characteristics of such a pro-

gram should include ease of use, ability to consider all relevant 

variables, accuracy in predicting actual heat loss and costs, and 

compatability with other computer systems. It is believed that these 

goals h~ve been achieved with the present project. The work accom-

plished included the design and coding of the program in FORTRAN; the 

debugging of the program, first on the IBM 360/40 computer at the 

University of Alaska 1 S Fairbanks campus and later on the Honeywel i 

6040 Computer ~t Honeywell 1 S Portlandj Ore~6n, nata Center, Using data 

from a hypothetical sample project; and the validation of the program 

using data from the construction of the Laboratory Building Arldition 

project at the University of Alaska. 

The program operates in a timesharing mode, allowing input data to 

be entered by means of a remote keyboard terminal. The program 

11 prompts 11 the user by printing commands indi'cating what data are r-e

quired, and in what order, at various locations throughout the program. 

The version of FORTRAN used makes the program fully compatible with any 

Honeywell computer in the 600, 6000 or 66/00 series, plus computing 

equipment produced by Control Data Corporation and Digital Equipm~nt 

Corporation. In particular it should operate 11 as is, 11 with no 
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changes, on the Honeywell time-sharing computer system at Dartmouth 

College. With minor modifications, the program will operate on other 

computer machinery. 

In preparing to enter jata for the program, the user segments the 

building•s various structural elements into walls~ roof and floor. For 

each wall, he must prepare information on various types of windows and 

doors (up to three types of each are permitted for each wall), in

cluding number, dimensions, U factor, crack infiltration factor, solar. 

radiation transmission ratio and labor and material costs. For the 

roof, dimensions and U factor must be supplied. If the roof has en

closed openings, data similar to that given for windows and doors must 

be developed. A U factor must also be determined for the floor. The 

unit cost of heating and the monthly cost of maintaining enclosures 

(as a percentage of the enclosures installation cost) must be es~imated. 

Finally, for each month during which the structure will be enclo~ed 

and heated while under construction, the average inside and outside air 

temperatures, the average soil temperature, and heating effects ~ue to 

solar radiation must be developed for input to the program. 

With the program stored at the central computer facility, the 

analyst first connects the remote keyboard terminal to the central 

processor and communicates with the central facility, through the 

keyboard, using a few commands to make the program available. Then, 

he follows instructions printed by the program on the keyboard, to 

place· data into the computer. All data for one wall, including that 

for it~ windows and doors, if any, are given together, followed by data 

for the next wall. When all wall data have been supplied, roof and 

roof enclosure ·data are requested. Then, information on the floor is 
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given. Hea~ing system and maintenance cost data are given next, followed 

by the data for each month, as described above. After data for a month 

are typed in, the program prints estimates of the heat loss and the 

costs of heating and enclosure maintenance for that month. After the 

last month, a grand summary of heat losses and costs is printed. 

Since the estimator may desire to analyze the effect on costs of 

alternate enclosures methods, the program is written so that, after the 

grand summary is printed, revised data may be entered. These revisions 

are typed in, and the revised heat losses and costs are typed out by 

the program. This process may continue for as many alternatives as 

desired. 

The following section gives some general information on the .con

cepts of timesharing, or interactive, computer systems. Ftillowinq that 

section the program is described in detail, typewriter output from a 

sample timesharing session is discussed and the results of the valid

ation effort are presented. 

Batch vs. Interactive Computing 

Today, the usual method of operating a computer system is through 

a technique known as "batch processing." Typically, under such a 

system, the compu~er operations staff assembles a stack of several 

computer program decks into a single "batch." These programs are then 

read into the computer one at a time, each is executed, and the output 

is produced. The user prepares his input on cards, has these data read 

and processed, and then examines the r~sulting output. If changes are 

desired, he then revises the input, and the process is repeated. 

Modifications of the above operating procedure have allowed increased 

.. 
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efficiencies in batch processing, such as a system that allows reading, 

computing and printing to b~ done simultaneously. For example, while 

the fifth job in the stack is being read, the computer might be per

forming calculations on job_four and printing results from job three. 

For large computer jobs with many time-consuming calculations, 

batch processing is likely to be the most efficient of available 

techniques, because it is necessary to dedicate the entire processing 

unit to one program for relatively long periods. However, under some 

conditions it may be desirable to use a different approach, that of 

interactive "time-sharing." 

~1assey (7)* has written, "The goal of time-sharing is to prClvide 

a number of people working independently with direct on-line access to 

the full power of the computer." With such a system, the user supplies 

data from a remote terminal, the data are processed at a centrally-

1 ocat·~d computer, and the results are returned to the termi na 1. Thus, 

the user ''shares time" with other users, using the central processing 

unit in short spurts when needed. 

A sigriificant feature of time-sharing systems is the lack of a 

need for a complete card file of input data. The input is enterrd, one 

piece of data at a time, through the re~ote terminal, which consists of 

a keyboard similar to that an a typewriter. Also, rather than waiting 

for the computer operations personnel to obtain the printed outpLt from 

each processing run, the user has results available at the termiral 

almost immediately. Thus, he can revise some data and continue the 

analysis, without having to "get in line" with another complete pro-

*Numbers in parentheses refer to entries in Exhibit D. Reference List-
HEATCOST Computer Program. 
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cessing run, as would be the case under batch processing. 

Four words sometimes used interchangeably for the technique i)eing 

described ~ctually designate various characteristics of the total 

approach. The word "time-sharing" has already been discussed as 

indicating that the user shares processor time with other users. The 

term "remote computing" suggests that terminals remote from the computer 

center are used to transmit and receive information. Important to this 

concept is the idea that the user need not invest in a complete com

puter facility; he needs a terminal, and he must also, of course, share 

in the cost of the central processing unit. 

Remote terminals of many types, both portable and non-portable, are 

available. One of the earliest \'las the familiar Teletype unit. The 

terminal used to process data for the program described in the following 

section is shown in Figures 1 and 2. A recent paper (8) lists fifty

eight different remote terminal models currently available, of which 

twenty-five are portab 1 e. Twenty-eight manufacturers are represent1=d 

in the list. Rental rates range from $40 to $200 per month for portable 

terminals and $40 to $250 per month for non-portable units, depending 

on the features included. 

Data are normally transmitted over voice-grade telephone lines. 

To convert digitized data at the terminal to and from audio frequency 

signals for transmitting over telephone lines, a "modem," standing for 

11modulate and demodulate," is used. The author can testify that, 

despite a communications system that is sometimes considered less than 

ideal, transmission of data between Fairbanks, Alaska and Portla~d, 

Oregon, worked remarkably well during thr. process of developing and 

validating the program described below! 



Figure 1. Texas Instruments 11 Silent 700 11 Terminal, Showing Output 
from HEATCOST Program 
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Figure 2. Texas Instruments "Silent 700" Terminal in Use, Showing 
Telephone and Modem Connection 

35 
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In addition to the terms "time-sharing" and "r·emote", the words 

11 interactive 11 and "conversational'' describe the characteristic that 

allows the user and the computer to interact with each other in a 

manner simil~r to a conversation. Seely, Tarnoff and Holstein (9) have 

written the following: 

11A significant feature of such systems is their 
'conversational' ability. Conversational computing, 
a unique mode of operation created by a combination 
of special operating systems and standard data pro
cessing equipment, actually permits man and the 
computer to communicate in a conversational manner-
giving and receiving new information, correcting each 
other, and making suggestions. The user and the 
computer carry on question and answer conversation 
in English, statement by statement. The computer 
immediately notifies the user if it does not 'under
stand' or cannot accept a statement. At the same 
time the user has the ability to interrupt the com
puter while it is running its program, modify his 
position, and then resume the job. 11 

The computer program described in the following sections, used to 

estimate the costs of enclosures and heating for buildings under 

construction in cold regions, is an interactive, or conversational, 

program. Throughout the program, it prompts the user with certain 

questions or commands. Depending on the response, the program asks 

further questions, gives further instructions, performs certain cal-
l 

culations or terminates. 

Description of Program Procedure 

This section describes the various steps through which the 

HEATCOST computer program progresses in developing estimates of heat 

loss and heating and enclosures costs for a buildir·g project. The next 

section contains both a listing of the entire keyboard output for a 

typical timesharing session, as well as an exp1.anation of various parts 

" 
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, of the input and output. 

Reference should be made to Appendix II, which contains a listing 

of all statements in the FORTRAN program. Included in the program, 

as comments, are definitions of each variable used in the program, plus 

several statements explaini~g the steps which the program follows. 

The interactive feature of the program allows the user to input 

changes to initial data after those data have been processed, using the 

keyboard, in order to analyze the effects of various enclosure alterna

tives on estimated heat loss and total cost. The first part of the 

discussion which follows describes the operation of the program during 

the stage when initial data are being read and processed; later, a 

description of the data revision process is given. 

, After printing the program description, "HEATCOST --A PROGRAt-1 FOR 

ESTIMATING THE COST OF TEMPORARY HEATING AND ENCLOSURES DURING 

CONSTRUCTION," the program asks that a project identification 1, con

taining up to 60 characters, be typed. After this information is typed 

on the keyboard, the program then repeats the identification that was 

typed. Quantitative data input follows, with information first for 

each wall, then for the roof, then for the floor, then heating method 

and cost, together with average expected insid~ temperature and monthly 

maintenance cost, and finally data for each month during which the 

heating and enclosures methods are expected to be employed. 

For each wall, the program asks that the basic wall dimensions be 

given in feet, followed by the overall U factor (coefficient of heat 

transmission) for the wall, including any expected average wind effect. 

Dimensions of the U factor are BTU's- per hour per square foot per 

Fahrenheit degree temperature difference. For each wall, it is.also 
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required that a designator be specified which indicates whether the 

wall is below or above grade. If above grade, the estimated heat loss 

will be calculated based upon the temperature difference between the 

inside air and outside air, whereas if the wall is below grade, the 

heat loss will be based upon the difference between inside air and soil 

temperature. Finally, for each wall a "wall orientation designator" 

will be supplied. This designator will indicate whether the wal- is 

south~facing, east- or west-facing, or north-facing. This last 

information will be used with solar radiation data to be supplied later 

for each month. 

After the basic data have been supplied for a wall, the program 

allows data to be input for up to three different types of windows for 

that wall. Information supplied concerning windows includes the number 

of the given type of window, its height arid width in i~ches, its U 

factor (coefficient of heat transmission in BTU 1 S per hour per square 

foot per Fahrenheit degree temperature difference between inside and 

outside air), a crack infilration factor which indicates the estimated 

infiltration of air through the perimeter of the window in cubic feet 

per hour per foot of perimeter, a solar radiation transmission factor 

between zero and one, where 0.0 indicates no transmission of radiation 

and 1.0 indicates complete transmission of solar radiation, and the 

cost of installing the window per square foot for both labor and 

material. It is assumed that the windows are covered with temporary 

enclosures during the cold weather period and that, therefore, the 

cost of installing these "windows•• is part of the temporary enclosures 
' 

costs. If the windows are a permanent installation, the costs per 

square foot of labor and materials should be omitted. 

.... 

. 

' . 
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After data for up to three window types have been input for the 

wall, the program asks that similar information be input for up to 

three door types. These data are to be of the same type and in the 

same order as those given for windows. After the door data have been 

input, the program asks whether the wall whose data have been input is 

tre last wall. If this is not the case, the program-then asks for data 

for the next wall, beginning with basic wall data, followed by data 

for up to three window types and then for up to three door types. 

This process continues until the question, "IS WALL N THE LAST WALL," 

is answered with a ''YES," at which time the program begins ca 1 cul ati ng 

and printing information about each wall. 

Wall calculations for each wall include the following: 

1. Total area for all windows and for all doors, 

2. Total perimeter for all windows and for all doors, 

3. Labor and material costs for installation of all window 
temporary enclosures and all door temporary enclosures, 

4. The sum of the products of area times U factor for each 
window type, and the sum of the products of area times U 
factor for all door types, 

5. The sum of the products of window perimeter times crack 
infiltration factor times 0.018 for all window types, and 
the sum of the products of perimeter times crack infiltration 
factor times 0.018 for all door types (this calculatio~ will 
be explained in more detail below), 

6. The sum of the products of window area times solar radiation 
transmission factor for all above-grade windows in this wall, 
and the sum of the products of door area times solar radiation 
transmission factor for all above-grade doors in this wall. 

7. The net area of the wall, and 

8. The product of the net wall area times the U factor for this 
wa 11. 

After completing the above calculations, the program prints gross, 

window, door, and net wall areas; labor and material costs for doors 
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and windows; U facto~ times ~rea products for wall, windows, and doors; 

crack infiltration product for windows and doors; and solar. radiation 

products for windows and doors. It performs the above input, calcula

tions and printing ~rocedures for each wall, adding to appropriate 

totals as it proceeds. 

After completion of all wall calculations, the program next asks 

for data on the roof, including length and width in feet and heat 

transmission factor (U factor). It then asks for data on any temporary 

enclosures that may be anticipated in the roof structure. These data 

are identical to those for the window and doors; two different types 

of roof temporary enclosures may be included, and, for each, the 

number, length and width in inches, U facto~, crack infiltratio~ 

factor, solar radiation transmission f~ctor, and installation labor 

and material costs are to be given. If there are.permanent penetra

tions through the roof, such as skylights with permanent glazing 

already in place, data for these should be included, but, since they 

are permanent installations, no labor or material costs should be in

cluded, as the program is intended to accumulate only those costs 

associated with temporary enclosures and heating. Roof calculations 

are similar to those for each wall, including ca1tulations for gross, 

enclosures and net area; perimeter of enclosures; sum of the products 

of enclosure U factor times area; sum of the products of crack 

infiltration factor times perimeter times 0.018; sum of the products 

of the solar radiation transmission factor times the area for ea~h roof 

en.closure type; and labor and material costs for any temporary roof 

enclosures. 
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Data on the floor are of two types only, using the assumption that 

the floor area is the same as that nf the roof. Data supplied for the 

floor are the heat transmission factor (U factor), and a designator 

which indicates whether the U factor is based on soil temperature or 

on outside air temperature. As noted in (3), coefficients of heat 

transmission through floors are usually determined experimentally, and 

it is, therefore, necessary to know whether the factor was based on 

the difference between inside and outside air temperatures or the 

difference between inside air and soil temperatures. After reading 

floor data, the program prints the gross area of the floor and the 

product of U factor times area for the floor. 

Next, the program asks for the description of the heating method 

and, following that, the cost per thousand BTU's of heating, the 

average inside temperature (which may be later modified for any 

particular month), and the monthly cost of maintaining the temporary 

enclosures, given as a percentage of the total installation cost 

(which may also be modified for any particular month). 

After printing the information on heating method, unit heating 

cost and inside temperature, the program proceeds to work through each 

month during which the temporary heating and enclosures system will be 

in operation. For each month, it asks for the following information: 

name of the month, number of days in the month, average outside tem

perature during the month, average soil temperature during the month, 

average insideotemperature (if this temperature is different fro~ that 

given initially as the "average inside temperature"), maintenance cost 

percent (if this percent is different from that originally given as 

that "maintenance -cost percent"), and average daily solar radiation, in 
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BTU's per square foo,t, for hori zonta 1 surfaces, verti ca 1 south-facing 
I ' 

surfaces and vertical east- or west-facing surfaces. 

Solar radiation data will vary with location as well as with time 

of year and are based on climatic records for the location being 

studied. Reference (6) gives solar radiation data for several locations 

in Alaska. Table IV gives the data for Fairbanks from Reference (6). 

Heat loss and cost calculations are then performed for the month 

urider study. For those walls above grade, the calculations of heat 

loss through the wall is as follows: 

BTU loss = (Inside temperature - outside air 

temperature) x (24 hours per day) x (number of days) x 

(sum of all U factor times wall area products) 
i 

For below-grade walls, the calculation is similar, with soil 

temperature substituted for outside air temperature. For windows and 

doors, the calculation is similar to that for above-grade walls, except 

" that the sum of the U factor times window areas and door areas, 

respectively, is used in place of the sum of the U factor times wall 

areas. 

The calculation of crack infiltration losses is based on a method 

suggested by Jennings (5). The basic heat loss is expressed as 

Crack Infiltration Loss (BTU's per hour) = 0.018 x Q x 6T, 

where Q is the air entering by infiltration, ~n cubic feet per hour, 

and 6T is the difference between the inside and outside air temperatures. 

As noted, this calculation results in the heat loss by infiltra-

tion in BTU's per hour. Thus, since a total of all crack infiltration 

factors for each window times their respective perimeters has already 

·w 
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VERT S 

VERT E-W 

Month 

End January 
1974 

February 
1974 

March 1974 

1st Ha 1 f 
April 1974 

TABLE IV. Average Daily Solar Radiation 
by Month for Fairbanks, Alaska, BTU/SF (from 6.) 

J F M A M J J A s 0 N D 

63 272 806 1390 1820 1955 1755 1242 730 313 118 22 

718 1452 2095 1721 1310 1112 1052 1192 1380 1190 507 404 

112 342 822 1238 1310 1465 1230 993 715 348 175 49 

TABLE V. Monthly Data for Input 
to Validation Run 

Average Tern- . 
peratures, °F Solar Radiation, BTU/SF 

No. of Inside Outside Vertical 
Da~s Air Air Soil Horizontal Verticals E or \~ 

6 40 -32 35 12 139 22 

28 47 -18 35 272 1452 342 

31 55.5 8 3S 806 2095 822 

15 49 27 35 695 860 619 

43 
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been calculated, it is now necessary to multiply this sum by the 

difference between inside and outside air temperatures, by 24 hours 

per day and by the numbet of days in the month. A similar calculation 

is then made for infiltration through all cracks around doors. The 

Jennings book (5) contains, on page 152, a table of suggested values 

of infiltration factors, in cubic feet per hour per foot of crack, for 

permanent doors and windows. 

After the total crack infiltration has been estimated by the 

method explained above, the result is divided by tv·o, to reflect the 

assumption that one-half of the air that passes through the cracks 

will be entering the building, while the other half will be leavi~g 

the building. Thus, only one-half of the total air moving thtough 

. window and door cracks must be heated to the inside air temperature. 

Roof enclosure cracks are handled in a similar fashion. 

The heat gained by solar radiation is calculated by multiplying 

the solar radiation for the month, in BTUs per square foot, on 

horizontal, vertical .south-facing and vertical east- or west-facing 
' 

surfaces, by their respective products of area times solar radiation 

transmission factor for enclosures located on these surfaces. 

Following completion of the above calculations, the sum of all 

BTU losses is calculated for the month, and the solar heat gain is 

deducted. Then, heating costs and enclosures maintenance costs are 

found, and all calculated information for the month is printed. 

The program then asks whether the month being processed is the 

1 ast month, and, if the answer is "N0 11
, it asks for data on the 

following month, after \vhich calculations identical to those described 

above are performed. When t\he answer to the question, "IS THIS THE 



LAST MONTH" .is 11 YES 11
, the program then calculates and prints grand 

summaries of heat loss and costs. 
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After completing the grand summary calculations and printing, the 

program asks 11 00 YOU WISH TO REVISE SOME INPUT DATA 11
• If the answer 

is 11 N0 11
, the program terminates. If the answer is 11 YES 11

, the program 

r~turns to the beginning and prints the project identification that 

Wets input earlier .. It then proceeds in the same order as previously, 

asking whether there are revisions to the various sections of data. If 

so, the requests for these sections of input are printed, and the 

analyst would then type in the required data. If no revisions are 

desired for a certain section, the program branches over the command 

to read data, assuming that the data previously input will be used for 

the revised analysis. 

If revisions are to be made for the basic wall data for the first 

wall, this information is then typed in as input. If these rev~~ions 

a~e not required, the program then asks whether revisions are required 

for each of the three types of \>Jindows in this wall. In each case, if 

any element of data for a window is to be changed, then all elements 

of data for that window type must be re-entered as data. Similarly, 

ahy revisions for door data for this wall are input through the key

board. Following·input of any revisions for the first wall, the 

program asks whether this is the last wall, and if so, transfers to 

readirig any revisions for the roof data. If it is not the last wall, 

then the program requests any revisions for wall two and its associated 

windows and doors. In a similar fashion the program proceeds until all 

walls have been revised. Following the input of all revised wall data, 

the program calculates all wall information, in a fashion identical to 



that which it did for the first run of·the analysis. 

Then it asks whether there are revisions to roof data. If any 
; 

roof data are to be changed~ a message requesting the input of all 

roof data is then typed, after which the analyst would input the 
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required data. Next, if any revisions to roof enclosure data arA re-

quired, they will be requested and are typed in. Then, the program 

performs roof calculations as it did on the initial pass through the 

program. If revisions to the floor U factor or below grade designator 

are required, these would be input next, followed by any changes in 

heating description or costs or the average inside temperature or 

monthly maintenance cost. 

The program then turns to a consideration of each month during 

which the temporary enclosures and heating will be used. It asks, in 

turn, whether any month is to have its data revised. If the data for 

·a particular month are to be changed, the program will ask that t.he 

month name, number df day~, average oUtside te~p~ratUre, ~vera~e Sbil 

temperature, average inside ~emperature (if different from the original 

input), maintenance cost percent (if different from original input), 

and three solar radiation values be input. After these data have been 

typed in, or after a "NO" answer to the question "ARE THERE REVISIONS 

TO THIS MONTH'S DATA'', the program performs heat loss calculations for 

the month, and prints the results, in a fashion identical to that em-

played during the initial pass through the program. After printing 

information for the month, it asks whether this is the last month and, 

if it is not, it then asks whether there are revisions for the next 

month. The process is repeated until the answer to the question "IS 

THIS THE LAST f·10NTH" is "YES", at which point the program pr·oceeds as 
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before~ calculating and printing grand summaries of heat loss and 

costs. 

Once again, the program asks whether any revisions of the input 

are desired. If the answer is 11 YES", then the program recycles in the 

manner described above. If the answer is "NO", the progrnm terminates 
( 

with a termination !:.tatement. 

Sample Program Run 

The operation of the HEATCOST Computer program is probably best 

understood by the reference to the typewriter output from a typical 

timesharing session. Figure 3 gives a plan view of a hypothetical two 

story building whose basic dimensions are 60 feet by 100 feet. Figure 

4 gives wall elevation views for the building's three exposed walls. 

In addition to the assumed information shown on Fi9ures 3 and 4, it is 

assumed, for the initial run, that the basement floor would have a 

U factor of 0.045, based on the temperature difference between the 

inside and outside air temperatures, but that this factor will be re-

duced by 20 percent, to 0.036, due to insulation of the slab and 

foundation wall. 

Exhibit E gives the complete listing from the run that analyzed 

the sample building depicted in Figures 3 and 4. The first eleven 

lines are used to sign onto the system and to call for the program 

which has been stored in the computer's memory. These statements will 

depend somewhat on the particular computer installation being used. 

After printing the program identification, the program asks for identi

fication of the project, which the analyst has then typed after the 11 =" 

si.gn; this information is then typed immediately thereafter by the 
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N 

t 
- ------

Existing Building 

Slab Roof--Metal deck + 411 concrete 
No insulation u = 0.18 

I Polyethylene 
3 Skylights covered with tarps~ 

11 Roof 11 

10' X 15' u = 0.40 U=l.l5 

D D 60' 

Retaining 
( Wall -

30' 
f 

ra 100 I 
J 
~. 

Figure 3. Hypothetical Two-Story Building--Plan View 
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3' x 3' Access 
Door (typ.) covered 
with polyethylene 

(1) 8" concrete 
wa 11 no ·interior 
finish U = 0.67 , ..... ......_. -- 60 I -----~..;...t 

o o·o o o 
6' x 6' window~ 
covered with 
plywood (typ.) 

.--- ODD 
16' x 7.5' door 
covered with 
tarp 

permanent 
window (typ.) 

WEST WALL 

2. 5• x 6 , (2) "window" of polyethylene T 
window over entire wall. 30 mph 15' 
covered with wind. U = 1 ·18 l 
P0 1 ye thy 1 en'="e---C-on_c_r_e_t_e _b_e_l_o-w--g-r_a_d_e __ w_a_l_l_-.,..j t 
(typ.) (3) 12" poured concrete with 15' 

l/2" insulation board. 1 
~--~U~=-0_._2_4 ______________ ~ 

door covered EAST VIALL 
with polyethylene 

(4) 3" block wall U = 0.52 

Polyethylene 
"window" 

4' x 7' door covered with polyethylene 

(5) Concrete below-grade wall 12'' poured concrete. 
u = 0.55 

SOUTH \~ALL 

Figure 4. Hypothetical Two-:-5tory Building--Elevation Views 



EXHIBIT E. Keyboa•.d Listing for Sample Program Run 

o:::: 1 04 (I (I 
HONEYWELL PORTLAND DATA CENTER 
ON 08/0/75 AT 12.083 CHANNEL 2430 
USER ID -SEA431-;b 
IJNIISABI!IIitHF"'il~ 

>~~98 FLOCkS FILE SPACE AVAILABLE 
g~: ' . 
~I 
~~SYSTEM ?YFORT 0 /LBENNElT/HEATCOST 
li>PA:~::~:!_,JOF:D - :~:EA4J 1 0 ·? 
;~ IIINSISABFI(i'lftfit't!~r:tiH 
· .. iREAD·,,.. 

~ .. t·-~~:.RIJti . . · t. 
\j"l; '"""'- .'' ·,; .. 

k.~.~ ' / 
· HEAlCDST -- A PROGRAM FOR ESTIMATING THE COST OF TEMPORARY HEATING• 
:!/I A!• r, El:i.SLO:~:UF·E:S DUf': I r-113 Cot-i:~,:TFUC T I O!i 

':f~~: .. · . 

TYPE P~OJECT IDENTIFICAliON --UP TO 6U CHPRACTER~ 
. =SAt·lPLE f:U I Lit H1t;:i 6 0>::1 0 0 2 ~: TOFd ES BEt-1t·1ET! AUG 19?5 

Srit·1F'LE BUILDING E.Ct><lOO ;::· :~:TOFIE~. F:Ft-if·;fTT Ai.tt:J 19?'".'; 

TYPE WALL DAlA FOP WALL 1 --HEIGHT IN ~EET~WIDTH IN ~EET,U ~AClOR~ 
BEi_[l!d ,~;~-:-·ADE [if_;5·1(::;t4AT[lr;:·.: 1. TF .EEUJI_,, (::,p;:::,p[, 0. IF HhO\'~- r:;F>=ii,E> 
iotALL. O~·JEtHATIOt-i Df~:~:lt:3~<;:.;T[P!l. 1~ S'CJUTri FAClht:.,;~:. IF E>-=~:~T 

T\'F'E l,iJ:t·{[!Qi.o.l [IH,TH FOP T'r'Pf.: 1 l .• tlri:P::::;~,t: FO~· THI:~ !.!ALL~ 1::: Ah\ 
rwr·: f~f..j;•, HE. I t3H T I t·1 I t·WH;::: :: ~ i.ot I DT H I r·i I r·1CI-!E:: • LJ FACTiJ~' ~ 

CRACK INFIL!RATION FACTOR(CF/HP/FT D~ PERIMETfFj~ 

-~!JL.Ah-: F:AI:lftT IOH TF:Ar-r~r'1I:~::~ IOt·! ,:;:·ATJ':::i O:I:tTioii:::Er·• 0. Rt·H• 1. o:o ~ 

INSTALLATIO~ LA80P COST/SF•MATEPIAL CDST/~F. 

T'r'PE lo!lt·Ht!]l.o! [tH.TH FOP T\F'E 2 i.o.llr'H<OI,< t:r;~· TI-lT< !.oiFiLL~ IF Ari\' 
t·itJt·!F'~F'~ HE!I:?.+1T Hi H~CI-+:·~-~t •. IITtTH H1 H~~~:H€5, !_i FPCTiJF~ 

CRACK INFILTRATION FACTOR(CF/~~-FT OF PEPIMFTEP), 
:~:OL8P R'AD l AT I Of"j rr;::At·<: p:! S::s·l Ot-1 F'PT I (3.: t';::.:TioiEt:;h 0. t=tr;:t_; 1. (I .1 • 

IN~fALLATION LABOR COSf/SF,MRTEPTAL CD2T/SF. 

T\'PE !·i!t'H)rJiol I!!=iTA FCiF:' T\PF ~: i.o.iJr'l'[i[li.t:: F[l.;· THL !.JAU_, IF Af·i\ 
f'1i_i;·!f'Ef.=', Hf.l(3HT It~ Ir·i'~HE~-~Ioi!fiTH II'-~ Ir·VI-JES~ i_i FH(TCif;• 
CRACK INFJLTFATIDN FACTOR(CF/HP/FT OF PERIMETER), 
:~ OLAP F:Aft 1 AT I m~ TRAh ~:t·' J;S:{I Ot·i F'14 T I Ci I f;~:TI,:Ef:J··l U. Ati i': 1 • 0:0 ~ 
I. r<:: 1· t=1 ' - I I 0 ti L ... E:: c··; t.::· ,-. [1 :~: T ) \;... • t•l -:- ·1· c -, 1 ~1l r 0 :~.: T . ...- ::· J=: .... LLti .. H ...... J ..... r .. Hcci-o' ............ . 

TYPE DOOR D~TA FOP TYPE 1 DOORS FOP THIS 
S0ME DATA AND DPDER AS FOR WINDOWS. 

T\'F'E 1 iiDLlF' DA'!A FOP T''t'F'E E [I[![]F':~. f=[J;:;:· rH I::. 
':>.:tf·iE DATA Af·Ht o;:;:· DEF:: f<:: FOR i.oi I h[IQt,i '~. 

= 1 ~ 9 0 ' 1 9 =~ • . :::: ~ :3 (II) , • 1 5 • • :;:: ' • I) 4 
TYPE DOOR DATA FOR lYPE ~ DOORS ~DR THIS 

S~M~ DATA A~D ORDER AS FOR WlNDOWS. 
=1, :=::o~ 4c> 1. o9. 4':;o~. ;:: •. 96,. oc:: 

n: i.IH i_ 1 THE LAST !,JHLL. 

1,1~<,_ L. ~ 

'i.o.'AU ... ~ 

loiALL ~ 

l F hlj 'f . 

I F H,r-1'/ . 

J ~ Ai·i\ . 

. ,;.· 

.; 
:·;' 

.:'. 
·~·. 



T~'F'E tiJALL. DATA FOR' li.iAlL : 2 ~;.;;:.:::f!E-fGH'r'' ff.t<F.EEl'!>:ljflfifH i!'N'"F·EET,;i'l)::;=:prc;T:tl~, 
BELOW GRADE DESIGNATbRC1. IF BE~OW GRR6E,:D. IF ABOVE GRADE) 
WALL ORIENTATION DESIGNATOR(l. IF SOUtH FACING,2. IF EAST. 
OR WEST FACING, 3. IF NORTH FACING). 

=15,60, ',2 
T'lPE l.ollNDDM DATA FOR TYPE 1 l•JH-lDQI..I:~ FOR THIS: ,_,JALL, IF AWe' -

NUMBER, HEIGHT I~ INCHES,WIDTH IN INCHES, U FACTO~, 
CRACK INFILTRATION FACTORCCF/HR/FT OF PE~IMET~R), 
SOLAR RADIATION TRANSMISSION RATIOcBETWEEN 0. AND 1.0)~ 

.INSTALLATION LABOR COST/SF,MATERIAL COST/SF • 
. =1' 180,720, 1. 18,220,. 85,. 45!1. 02 

TYPE WINDOW DATA FOR TYPE 2 WINDOWS FOR THIS WALL, IF ANY -~ 
NUMBER, HEIGHT IN INCHES,WIDTH IN INtHES, U FACTOR~ 
CRACK 1 INFILTRATION FACTORcCF/HR/FT OF PERIMETER), 
SOLAR RAil I AT I ON TRA~'iSt·l I S:S I Ot-i RA'T I.0 O:BETio.IEEN {1.- AND 1 • 0) ' 
HE:TALLATION LABOR con /:S:F, ~1ATERIAL COST/SF~· 

.·=''''''' TYPE WINDOM DATA FOR TYPE 3 WINDOWS FOR THIS MALL,· IF ~NY -
~UMBER, HEIGHT IN INCHES,~IDTH IN INCHES, U FACTOR, 
CRACK INFILTRATION FACTDR<CF/HR/FT OF PERIMETER), 
SOLAR RADIATION TRANSMISjiON RATIOcBEiWEEN 0. AND 1.0), 
It·ETALLAT I ON LABOR C~OS:T/SF, t·1ATERIAL C08T /SF. 

:,,,~,,, 

TYPE DOOR DATA FOR TYPE 1 DOORS FOR THIS WALL, IF ANY. 
SAME DATA AND ORDER AS FO~ WINDOWS. 

:=' ' ' ' ' ' ' 
TYPE DOOR DATA FOR TYPE 2 DOORS ~DR THiS WALL, IF ANY. 

SAME DATA AND ORDER AS FOR WINDOWS. 
:,,,,,,, 

_TYPE ~OOR DATA FOR TYPE 3 DOORS FOR THIS WALL, IF ANY~ 
:S:At•1E DATA At-m ORDEJ;: AS FOJ;• l .. i HHIDiiLS. 

<=-~.~' ' ~ ' ' ' 
IS WALL 2 THE LAST WALL 

=tiD·--·· 
·.TYPE ~ALL DATA FOR WALL~ 3 --rlEIGHT IN FEET,WIDT~ IN FEET,U FACTOR, 

, BELOW GRADE DESIGNATOR<!. IF BELOW GRADE, 0. IF ABOVE GRADE) 
WALL,DPIENTATIDN DESIGN~TOR-<1. IF SDUT~ FACING~2. IF EAST 
OR WEST FACING~ 3~ IF NORTH FACING). 

''=15, 60,. 24, 1' 2 
TYPE l.ollt"HICH.•t -DATA FOR TYPE 1 l.otH1DOI.iJS FOP Ti-H:S: lo.IAL.b IF At-f·( -

NUMBER, HEIGHT IN INCHES.WIDTH IN INCHES• U FACTOR• 
CF.'ACK It-iF I L H:ATI or-~ FACT OF.: O::CF . ...-HF'--·-"FT OF F'ER HiETEF.:::O ~ 
SOLAR RADIATfON TRANSMISSION PATJO(BETWEEN 0. AND· 1.0), 
INSTALLATION LABOR ·CDST/SF,MATERIAL COST/SF. 

T\'PE l.t.IIt-HIOt,; DATFt FOR T\'PE 2 I.•.IIt-lDOt_.!:~: FOR .THI:S: l.o.IALL', IF At·i'-c" -
NUMBER, HEIGHT IN INCHES,WIDTH IN INCHES, U FACTOR, 
CRACK INFILTRATION FACTDR<CF/HR.--'FT OF PERIMETER), 
SOLAR RADIATION TRANSMISSION RATIO(BETWEEN 0. AND 1.0), 
INSTALLATION LABOR COST/SF,MATERIAL COST/SF. 

T\'PE t_._t HWOI.ol DATA FOP T\'PE :3 lo.l HHIDI.ol:~ FOR TH I:~: l.o.IHLL, 1 F At·f·(. -
NUMBER, rlEIGHT IN INCHES,WIDTH IN INCHES, U FACTOR, 
CRACK INFILTRATION FACTORO::CF/HR/FT OF PERIMETER), 
SOLAR RADIATION TRANSMISSION RATIO(PETWEEN 0. AND 1.0), 
INSTALLATION LABOR COST/SF,MATERIAL COST/SF. 

TYPE DOOR DATA FOR TYPE 1 DOORS FOR THIS WALL, IF ANY. 
S:At·1E DATA At·HI OF::DER A:~ FOP '-'' HHIO!.oJ:~:. 

=' ' ' ' ·' ' ' 
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TYPE DOOR DATA ~DR TYPE 2 DOORS ~OR THIS WALL~ IF A~Y. 
:~:Rr·iE DATA At·HI ORDER:- A:~: FOF.: 1 .• 1It·i[i[1i,J~:. 

TY~E DOOR DATA FOR TYPE 3 DOORS FOR THIS WALL~ IF ANY. 
SAME DATA A~D ORDER AS FOR WINDOWS. 

IS WALL 3 THE LAST WALL 
=t·m 

T"r'PE l.o.IALL DATA. FO~' ~o_JF1LL 4 ---+n::II::OHT IN FEET~Io!IDTI-t IN FE.ET~U FACTOR~ 

BELOW GRADE DfSIGNAT0R(1. IF BELOW GRADE, 0. IF ABOVE GRADE) 
i•JALL ORIEt·1TATIDr-1 ItE:~IGt·HHO~·d. IF S:OUTH FACitH:;~c:·. IF !:.A:s-T 
OF WEST FACING• 3. IF NORTH FACING). 

T'r'PE I . .J F-H•Ol•i DATA FOR T\'F'E 1 l.o.i l t-Jf,OI.i::; FOR TH I:'; l.oiFiLL • 1 F A!"1\' 
NUMBER• HEIGHT IN INCHES~WIDTH IN INCHES• U cACTOP; 
CRACK INFILTRATION FACTOR(CF/HR/FT OF PERIMETER)~ 
SOLAR RADIATION TRANSMISSION RATJO(BETWEEN 0. AND 1 •. 0J~ 
INSTALLATION LABOR COST<SF~MATEPIAL COST/SF. 

T._,.'PE l.oJH1D01 .•. ! Df1TA FOR: T...-·pE- 2 lo.IUiD(Jf,IS FOP THE ! .. !ALL~ IF Ar·f/ 
NUMEER. HEIGHT IN INCHESoWIDT~ !N INCHES~ U FACTOR. 
CRACK INFILTRATION FACTOR(CF/HR/FT OF PERIMETERl, 
SOLAR RADIATION 1RANSMISSION RATIO(BFT~iEEN 0. hND 1.0l, 
INSTALLATION LABOR COST/SF.MRTEPIAL COST/SF. 

=1 ~ 1::::o~ ::.:t.o.l. o·3, :=:2o~. ::::~. 45,. 02 
T...-'PE l.oJHlD!JI,J liATFl FOP T\'F'E ::;:: I.,JH1li01•1:~ !=OJ;:: TI-<E: l·.iALL~ I!= fH"fl 

NUMBER, HEIGHT IN INCHES.WIDTH IN INCHES, U FACTOR. 
CRACk INFILTRATION FACTOR(CF/HP/FT OF PERIMETER), 
SOLAR RADIATION TPAN~MJSS10N ?ATIO(BETWEEN 0. AND l.U), 
INSTALLATION LABOR COST/SFoMATEPIAL COST/SF. 

T'lPE DOOR I•ATA FO~: T._,.'PE 1 DOOR:~: FOR THE i.o!ALL, l F t=~r·1\. 

=1· ::::4.4::::, 1. 09.450 •. ::::~. '36·. 02 
T\'PE Dot1R !lATA j:."OR T'"o'PE E.: DCiOP:S FOR THE i.iALL ~ IF At·ft'. 

SAME DATA AND DPDER AS FOP WINDOwS. 

TYPE DOOR DATA FOR TYPE 3 DOORS FOP THIS WALL' IF ANY. 
:~:At·1E DATA Ahf:! OPDER AS FD!=: 1.1 It-H·lJI..!:~ .• 

IS WALL 4 THE LAST WALL 
=t-10 

TYPE WALL DATA FOR WALL 5 --HEIGHT IN FEET·WIDTH IN FEEToU FACTOR, 
BELCII_,_i ;:;FADE DE:~ I Gf·iAT OF.· ;:·1. IF F:EU:llo.i 1-=.;RAf:E ~ I). IF APD'•/E t:3PA DE :o 

l.oiALL DR I EtHRT I[Jr··i DE:n C~nATOP 0. IF SOUTH FAC HH::;, c:. IF EA:~:T 

DR WEST FACING• 3. IF NORTH FACING). 
= 15. 1 0 0 ~ • ~i'5 ~ ~ .j)l ~ 1 

T._,.'F'E l.ol I t·1DO!.oi DATA FOP T'r'PE 1 i.ol J r·1D[]l.!:~ FOR TH I:~: i.o.!ALL ~ IF A1"·1'y' 
NUMBER~ HEIGHT IN I~CHES.WIDTH IN INCHES~ U FACTOR, 
CRACK INFILTRATION FACTORCCF/HR/FT OF PERIMETER)~ 

~OLAR RADJATIDt-1 Tf<:At·Et'il:~::~:Imi PATIO •FEH!EH1 0. At-H.• 1. (l:o, 
INSTALLATION LAFOP COST/SFoMATERIAL COST/SF. 

TYPE WINDOW DATA FOR TYPE 2 WINDOWS i=OR THIS WALL• IF ANY 
NUMBER~ HEIGHT IN INCHES.WIDTH Ih INCHES~ U ~ACTOR• 
CRACK INFILTRPTIDN FACTCR(CF/HR/FT OF PfRIMFTERl~ 

SOLAR RADIATION TRANSMISSION PATIO(PETWEEN 0. AND 1.0)~ 

INSTALLATION LABOR COST/SF~MATERIAL COST/SF. 
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T\'PE l.o.IHlDOI.oi DATA FOR T'"f'PE ::.=: I!.IHHIQI..J:~: FOP THIS I.~JALL, IF Ai1\' -
t·it.it·lF.EP, I-IF H3H T Hi I hCHE.:~:, loi I D T H It-1 HiCHE:S:, U F8CTIJF:, 
CRA~K INFILTRATION FACTOR!CF/HR/FT OF PERIMETER), 
:~OLAR RADJATIOt-~ TRAt·<:~·t·iLSIDr-i PATIO IF:EFo1EEt·1 0. At"ii! 1. C1) • 

INSTALLATION LABOR CDSf/SF,MATERIAL COST/SF. 

T\'PE DO OF' Dh TA FOR T\PE 1 DOCJR:: FOR Hi 1 :~ I .•. IALL' 1 F At·rr'. 

T\'PE DOOR DATA FOR T\'F'E 2 DOOR::~: FOR THE i_.iALL' IF AH -r. 

T\'F'E DOOP DATA FOJ::~ T'r'F-'E ? DO[oP ::: FOR THE I.! ALL.' IF AWl'. 
:~:At·1E DATA Ar-m tJRDER A:'~ FOR 1.1.1 I t·ifi[ii,_I.S:. 

IS WALL 5 THE LAST WALL 
=\'E:~: 

l.~.iALL tKit·~ E:ER 1 
GROSS AREA= 1800.0 SF ,WINDOW AREA= 266.0 SF 
DOD~ AREA= 161.3 SF NET AREA= 1372.7 SF 

t.~JrriT.tO!.d co:s:T:S:--L.ABOF.: = $ 110. 10 r·1HTEPJAL:S: = ~~~ :::. ::::::;:: 
DOOR COSTS--LABQR = $ 14~.40 MATERIALS = $ 5.63 

U•A PRODUCT2~-w~LL = 919.7 WINDOWS= 164.5 DOORS= 141.1 
CRACY I t·1F I L TRAT I or-j PfWI1UCT:::--I,I I t·i.[l[:lti:S: = 6 o:::. 0 DtJr.W:~· = ::=ic:6. ~. 

:~:OU=tf;;~ RAD I AT I Ot-i F'PODI.JCT:~:--I,_i I tfDQI..i:5 = '::j3 • .:. · DOiJR::,: = ':•1. l 

I·.IALL t·1Ut·lf:ER 2 
•3RO:~:~: AJ::~EA = ':<00. 0 :~.F , I..JHHIOI.~i Ah=~EA = '7100. 0 :~:F 

DOOR AREA = 0. SF NET APEA = 0. SF 
WINDOW COSTS--LABOR= 1 40~.00 MATERIALS=$ 18.00 

DOOR COSTS--LAFCR = 1 0. MATERIALS = $ U. 
U•A PF.~OIJI_!CT:~:--I,lf1L L = 0. 1.•.! I r-HIDI.•.I:~. = 1 Ot-,;:;~. 0 DOOV~ 1). 
C~ACK INFILTRATION PRDDUCTS--~INDOWS = 594.6 DOORS= 
SOLA~ RADIATION PRODUCTS--IJINDOWS = 765.0 DOORS= 

t.~IALL . t·jUt·1 BE F.' :::: 
GROSS AREA= 900.0 SF ~WINDOW AREA= 0. SF 

DOOR AREA= 0. SF NET ·AREA= 900.0 SF 
WINDOW COSTS--LABOR = t 0. MATERIALS = $ 0. 

DOOR COSTS--LABOR = $ 0. MATERIALS = $ 0. 

0. 
I) • 

IJ•A P~:ODUCT:~:--I,_IALL = 216. 0 I,JJt-HiC'I.~J".~ = 0. DOD~·:~; = 0. 
CRACK INFILTRATION PRODUCTS--WINDOWS = 0. DOORS 0. 
S:OLAk~ PAll I AT I Ot·< FF.DDUCT:~:--1.~1 HHiQI..I:~: 0. IJC:[IR:S: = 0. 

I·.IALL r·1Ut·H:EF: 4 
,::;po~:S: APEA = l::iOf·.O :~·F ,i.JHHiOI.I AREP. =. 6(•0.0 :~,:t= 

DOOR A~EA = 28.0 SF NET A~EA = 872.0 SF 
I .. JHiDUI·J co:~:T:~:--LAf.UF:~ = :±: ·:::oo. oo t·1F!TE.-:: !AL:~ = :J:. 1c.~. oo 

DOOR COSTS-~LABDR = $ 26.88 MATERIALS = $ 0.56 
U•A F'F~ODI_iC:T:~:--hiALL = 45::::. 4 bJ I t·WOI.d:S: = 

CRACK INFILTRATION PRODUCTS--WINDCWS. 
654.0 DOORS= 30.5 
896.4 DOORS = 178.2 

480.0 DOORS = 22.4 SOLAR RADIATION PRODUCTS--WINDOWS = 

I.~.IALL ti1Jt·1f:ER 
GROSS AREA= 1500.0 SF 

DOOR RREA = 0. SF 
WINDOW COSTS--LABOR = £ 

DOOR COSTS--LABOR ~ $ 

"' ·-' 
, 1.~.1 I t"ii)Oit.! AREA = 0. :~:P 

NET AREA= 1500.0 SF 
0. MATERIALS = $ 

0. MATERIALS = $ 
0. 

0. 
U•A p·i:;:~ODI_ICT:~:--I ... II:::!LL = :::?'5. 0 1.\tHWOI .•. I:: = 0. DUEJ;;:·,s: = 0. 

CF.:ACf:: Hi>= I L TPA TI IJh PF:fJDUC T:~ --1,_1 I h DOJ .• I::: = U. [I;J[Ij;,~:~:· = U. 
SOLAR RADIATION PRODUCTS--WINDOWS = 0. DOORS = 8. 
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TYPE ROOF LENGTH I~ FEET~ WIDTH IN ~EET AND U FACTOR. 
=1 oo~ 6o~. 1:::: 

TYPE ROOF TEMPORARY ENCLOSURE DATA FOP TYPE 1 ENCLOSURES~ IF ANY-
NUMBER~LENGTH IN INCHES~WIDTH IN INCHES~U FACTOR~ 
CRACK INFILTRATION FACTDP(CF/HR/FT OF PERIMETER)~ 
:S:OLAR PAD I AT I Dr'i Ti:;::fit·~:~t'1I ::::::: HJt·i PAT I 0 o:.Bf-.TI.oiEFt-1 0. fir·HI l. 0:0 ~. 

INSTALLATION LABOR COST/SF~MATERIAL COST/SF. 
=3 ~ 1 ::: 0 ~ 12 0 ~ • 4 ~ E:3 0 ~ • 1 ~ . 5 ~ . 15 

TYPE ROOF TEMPORARY ENCLOSURE DATA FOR TYPE 2 ENCLOSURES~ IF ANY-
NUMBER~LENGTH IN INCHES~W.IDTH IN INCHES~U FACTOR~ 
CRACK INFILTRATION FACTORCCF/HR/FT OF PERIMETER)~ 
:S:OLAF.: f;::fiD I ATI Dr'i TPAr"f:~:rH :ss I Dr'~ RATI 0 G:EHIEEt·1 0. At·JL< L (I) ~ 

INSTALLATION LABOR COST/SF~MATERIAL COST/SF. 

G~OS~~OOF AREA·= 6000.0 2F TEMPORARY ENCLOSURES AREA(POOF) = 
2250.0 SF NET ROOF AREA= 3750.0 SF 
ROOF TEMPORARY .ENCLOSURES COSTS--LABOR= 11035.00 MATERIALS 
= 'I; 1 03. 50 

U+A PRODUCT:S:--ROOF = 6?5. 0 TEr1POPAF:\' Et-1CL.D'~:URE:S:= 2E:5o. 0 
CRACK INFILTRAT1DN PRODUCT= 126~.0 

SOLAR RADIATION PRODUCT= 1575.0 
TYPE FLOOR U FACTOR~ FACTOR BASIS DESIGNATOP(l.=U BASED ON SOIL 

TEMPERATURE, O.=w BASED ON OUTSIDE AIR TEMPERAl'URE) 
=0. 036, 0 

FLOOR AREA= 6000.0 SF U+A PRODUCT FOR FLOOR= 216.0 

·, 
TYPE DESCRIPTION OF HEfiTING METHOD--UP TO 40 CHARACTERS 

=:S:E'•/ERAL "t·1A:~:TER" Tr'PE 1 0 OK BTU/HF.: HTF.:S 
TYPE HEATING COST/1000 BTUS,AVERAGE INSIDE TEMPERATURE,AND MONTHLY 

COST OF ~AINTAINING ENCLOSURES(AS PCT OF FIRST COST) 
=.0024,60,2.5 

TH1POF.~AF.''r' HEAT HiC~ lo.l ILL BE :S:E\ifRAL "t1A:~:TER" T'f'PE 1 0 0!< F.:Tt.L···HF.' .HTR:~: 

AT A COST OF $.00240 PER 1000 BTUS 
THE ASSUMED AVERAGE INSIDE TEMPERATURE IS 60.0 DEG F 

THE ASSUMED COST OF MAINTRINING TEMPORARY ENCLOSURES 
IS 2.5 PERCENT OF FIRST COST PER MONTH. 

TYPE NAME OF MONTH 1 
=SEPTEMBER 1985~4 

TYPE NUMBER OF DAYS IN MONTH,AVERAGE OUTSIDE TEMPERATURE, 
AVERAGE SOIL TEMPERATURE,AVERAGE INSIDE TEMPERATURE 
(IF DIFFERENT FROM ORIGINAL INPUT)~ 

SOLAR RADIATIONCBTU/SF)FOR THE MONTH ON HORIZDNTAL•VERTICAL 
SOUTH-FACING AND VERTICAL EAST- DR WEST-FACING SURFACES, 
MAINTENANCE COST PERCENT(IF DIFFERENT FROM ORIGINAL INPUT) . 

. =3th 45, 40. ~ 7::::o~ 1:.::::::o, 71~;, 1. 3 
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=r-iO 

FOR SEPTEMBER 1984 , WHICH HAS 30. DAYS, AND AVERAGE TEMPERATURES 
OF 45.0 (OUTSIDE), 

40.0 (SOIL), AND 
6 0. 0 0: I t·i·~: I DE) ' 

THE TOTAL HEAT LOSS IS 105401443. BTUS, 
THE ESTIMATED HEATING COST IS $ 252.96 
AND THE ESTIMAT~D ENCLOSURES MAINTENANCE COST IS $ 28.22 
<BASED ON 1.30 PCT OF INITIAL INSTALLATION COST) 

IS MONTH 1 TH~ LAST MONTH 

TYPE NAME OF MONTH 2 
=OCTOBER 1'3:?.4 

TYPE NUMBER OF DRYS IN MDNTH,AVERAGE OUTSIDE TEMPERATURE, 
AVERAGE SOIL TEMPERATUREJAV~RAGE INSIDE TEMPERATURE 
(IF DIFFERENl. FROM ORIGINAL INPUT), 
SOLAR PADIATION<BTU/SF)FOR THE MONTH ON HORIZONTAL,VERTICAL 
:;:mJTH-FACH1(:, At·m '·..'ERTIC~L EA:ST- DP I.~.IE:~T-FACHiC~ :~·UJ:;;·~ACE::::. 
MAINTENANCE COST PERCENT<IF DIFFERENT FROM DRIGI~AL INPUT). 

= 3 1., :::: :3 • 5 ' ::.: 7 ' ' :::: 1 :::: ' 11 '3 0 ' 3 4 ::: ' 

FOR OCTOBER 1984 , WHICH HAS 31. DAYS, AND AVERAGE TEMPERATURES 
OF :33.5 O::OUT:i:IDE), 

37.0 <SOIL), AND 
f..O. 0 (INSIDE), 

THE TOTAL HEAT LOSS IS 186008552. BTUS, 
THE ESTIMATED HEATING COST IS $ 446.42 
AND THE ESTIMATED ENCLOSURES MAINTENANCE COST IS $ 54.27 
(BASED ON 2.50 PCT.OF INITIAL INSTALLATION COSTl 

I~ MONTH 2 THE LAST MONTH 
=r·m 

TYPE NAME OF MONTH 
=t·JO'·.IH1BE~: 1'384 

TYPE NUMBER OF DAYS IN MONTH,AVERAGE OUTSIDE TEMPERATURE, 
AVERAGE SOIL TEMPERATURE,AVERAGE INSIDE TEMPERATURE 
(IF DIFFERENT FROM ORIGINAL INPUT),. 
::;:OLAR RAD I AT I m~ CE:TU···SF) FOR THE t·1Dt"HH ot"l H[iF.' I ZDr"iTAL, \IERT ICAL 
SOUTH-FACING AND VERTICAL EAST- DR WEST-FACING SURFACES, 
t·1AINTEr·1Ar·1CE CD::;:T PERCHiT UF DIFFEPHiT FRDI'1 DRIGII'1AL WPUn. 

=3 0' 12.::::' ::::4. 6' ., 11 ::~' 5 07' 175' 

FOR NOVEMBER 1984 , WHICH HAS 30. DAYS, AND AVERAGE TEMPERATURES 
OF 12.:::: <OUT::;: IDE), 

:::4. 6 c:;:o I u , Ar·m 
60.0 <HEIDE), 

THE TOTAL HEAT LOSS IS 313874412. BTUS, 
THE ESTIMATED HEATING COST IS $ 753.30 
AND THE ESTIMATED ENCLOSURES MAINTENRNCE COST IS $ 54.27 
<BASED ON 2.50 PtT OF INITIAL INSTALLATION COST) 

IS MONTH 3 THE ~AST MONTH 
=t·m 

TYPE NAME OF MONTH 4 
=DECEMBER 1984 .. 

T'/PE t"1Ltt·1BEP OF DFn'::;: I t·l t·1DtHH, A'·/E~:A(3E OUT:~: I DE TEt·1PEF.'ATURE, 
AVERAGE SOIL TEMPERATURE,AVERAGE INSIDE TEMPEPATURE 
<IF DIFFERENT FROM ORIGINAL INPUT), 
SOLAP RADIATION(BTU/SF)FOR THE MbNTH ON HORIZDNTALrVERTICAL 
SOUTH-FACING AND VERTICAL EAST- DR WEST-FRCING SURFAtES, 
MAINTENANCE COST PERCENT(IF D1FFERENT FROM ORIGIN~l INPUT). 

=:31 ':-1 ':31 ' ' 22' 4 04' 4'3' 
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FOR DECEMBER 1984 ' WHICH HAS 31. DAYS, AND AVEPAGE TEMPEPATUP~S 
OF -1.0 (OUTSIDE>, 

31.0 (SOIL), AND 
t.O.O <HEIDE>, 

THE TOTAL HEAT LOSS IS 412583844. BTUS, 
THE ESTIMATED HEATING COST IS 1 996.20 
AND THE ESTIMATED ENCLOSURES MAINTEN~NCE COST IS $ 54.27 
<BASED ON 2.50 PCT OF INITIAL INSTALLATION COST) 

IS MONTH 4 THE LAST MONTH . . ' ' 
=t·m 

TYPE NAME OF MONTH "' ·-' 
=.JAtKIAR\' 1·::.,:::4;j)5 

TYPE NUMBER OF DAYS IN.MDNTH~AVERAGE duTSIDE TEMPERATURE, 
AVERAGE SDIL.TEMPERATURE,AVERAGE I~SIDE TEMPERATURE 
(JF DIFFERENT FROM ORIGINAL INPUT>• 
SOLAR RADIATION<BTU/SF>FOR THE MONT~ ON HDRIZONTAL,VERTICAL 
SOUTH-FACING AND VERTICAL EAST- OR WEST-FACING SURFACES, 
MAINTENANCE COST PEPCENTCIF DIFFERENT FROM ORIGINAL INPUT). 

FOR JAr·11_1AR\' 1·;::.::=:5 ' WHICH HAS 31. DAYS, AND AVERAGE TEMPERATURES 
OF -12.7 (OUTSibE),. 

30.0 ~SOIL), AND 
56.0 ~Ir·EIDE>• 

THE TOTAL HEAT LO::;::~ I~: 4'5·~261:::::::0. E:\1_1::;:, 
THE E:~:TH1ATED HEATHi1::; CO:~T I:~: $1102.\23 
AND THE ESTIMATED ENCLOSURES MAINTENANCE COST IS$ 115.06 
<BASED ON 5.30 PCT OF INITIAL INSTA~LATION COST) 

IS MONTH 5 THE LAST MONTH 
-=no 

TYPE NAME OF MONTH 6 
=FEBRUAF:\' 19::::5 

TYPE NUMBER OF DAYS IN MDNlH,AVERAGE OUTSIDE TEMPERATliRE, 
AVERAGE SOIL TEMPERATURE,AVERAGE INSIDE TEMPERRTU~E 
<IF DIFFERENT FROM ORIGI~AL INPUf), 
SOLAR RADIATION(BTU/SF)FOR THE MONTH ON HDRIZONTAL.~EPTICAL 
:~:OUTH-FAC I t·16 i=H·iJ:i '·/Ef;;•T I CAL Ef1:~.-T- OR ir.IE:S:T -FAC I t·Jf:; ·s:URFAC£:S: • 
MAINTENANCE COST PERCENT(IF DIFFEREnT FROM ORlEINRL InPUT). 

FOR FEBPUAP'/ 1':;.:;:::::; , lriH ICH HR:S 2::=:. DA'{~:, Ar·m A'·/t.FA6t?. TEt·1F'EPATU~·E:::::: 
OF -5.0 ~OUTSIDE), 

29.2 rsOIL), AND 
60. 0 r:.Jt·i:~:IDE>, 

THE TOTAL HEAT LOSS IS 395824364~ BTUS, 
THE ESTIMATED HERTING COST IS 1 ~49.98 
AND THE ESTIMATED ENCLOSURES MAiriTENRNCE COST IS $ 86.84 
<BASED ON 4.00 FCT OF IniTIAL INSTALLATIOn COST> 

IS MOnTH 6 THE LAST MONTH 
=t·m 

TYPE nAME OF MONTH 7 
=t·1ARCH t·::.:::S 

TYPE nUMBER OF DAYS IN MDNTH,AV£RAGE DUTSIDE,TEMPERATURE, 
AVERAGE SOIL TEMPEPATURE,AVERAGE InSIDE TEMPERATURE 
(IF DIFFEREnT FRdM O~IGinAL INPUT), 
SOLAR RADIATIONrBTU/S~)FOR THE MONTH ON HOPIZDNTAL,VERTICAL 
SOUTH-FACING AnD VERTICAL EAST- DP blEST-FACING SURFACES• 
MAINTENANCE COST PEPCEnT~IF DIFFEREnT FROM ORIGINAL INPUT>. 
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FOR MARCH 19~5 ~ WHICH HAS·31. DAYS~ AND AVERAGE TEMPERATURES 
OF 15.5 <OUTSIDE)~ 

-60.0 <HCIDE)~ 
THE. TOTAL HEAT LOSS IS 306518360. BTUS~ 

THE ESTIMATED-HEATING COST IS$ 735.64 
AND THE ESTIMATED ENCLOSURES MAINTENANCE COST IS$ 65.13 
CEASED ON 3.00· PCT OF INITIAL INSTALLAl.IOM COST) 

IS MONTH 7 THE LAST MONTH 
=t-iD 

TYPE t-iAME OF MONTH 8 
=APRIL 19::::5 

TYPE NUMBER OF DAYS IN MOt-iT~~AVERAGE OUTSIDE TEMPERATURE~ 

A'•,•'EPAt::iE :~:0 I L TH1F'EPATURE, A'·iERAI:iE I t·F I DE TEt·lPEPATUF-:E 
CIF DIFFER~t-iT FROM ORIGINAL INPUT~, 

SOLAR RADIATION(BTU/SF)~OP THE MONTH ON HORIZDNTAL~VERTICAL 
SOUTH-FACING AND VERTICAL EAST~ DR WEST-FACING SUPFACES~ 
MAINTENANCE COST PERCENT(IF DIFFERENT FROM ORIGINAL INPUT). 

=::::o, 40,31 ~, 1::::90~ 1721; 122::::~ 

FOR APRIL 1985 ·~ WHICH HAS 30. DAYS~ AND AVERAGE TEMPERATURES 
OF 40.0 (OUTSIDE)~ 

3i. 0 (:~:OIL_:.~ Ar·Ht 
60. 0 Ot·EIDE·:· ~ 

THE TOTAL HEAT LOS~ IS 141428720. PTUS~ 

THE ESTIMATED HEATING COST IS ~ 339.43 
AND THE ESTIMATED ENCLOSURES MAINTENANCE COST IS $ 54.27 
<BASED ON 2.50 PCT OF INITIAL INSTALLATION COST) 

IS MONTH 8 THE LAST MONTH 
=t·ID 

TYPE NAME OF MONTH 9 
=t·1A'r' 19::::'5 

TYPE NUMBER OF DAYS IN MONTH~AVERAGE OUTSIDE TEMPERATURE~ 

AVERAGE SOIL TEMPEPATURE~AVERAGE INSIDE TEMPERATURE 
(IF DIFFERENT FROM ORIGINAL INPUT)~ 

SOLAR RADIATION(BTU/SF)FOR THE MONTH ON HOPIZONTAL,VERTlCAL 
SOUTH-FACING AND VERTICAL EAST- OR WEST-FACING SURFACES~ 

MAINTENANCE COST PERCENT(IF DIFFERENT FROM ORIGINAL INPUT). 
=31 ~52~ 34 ~ 62 ~ 182 (I~ 131 0 ~ 1:::: 1 0 ~ 

FOR MAY 1985 WHICH HAS 31. DAYS~ AND AvERAGE TEMPERATURES 
OF 52.0 (OUTSIDE)~ 

34.0 ~SOIL), AND 
t:.c::. o (rr·EID£), 

THE TOTAL HEAT LOSS IS 80970694. BTUS~ 

THE ESTIMATED HEATING COST IS t 194.33 
AND THE ESTIMATED ENCLbSURES MAINTENANCE COST IS $ 54.27 
CBASED ON 2.50 PCT OF INITIAL INSTALLATION COST~ 

IS MONTH 9 THE LAST MONTH 
='/E:~: 
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TOTAL :BTIJS: LO:~:T APE A:~. FOLLDI.rJS·..:..-. 
t .• JALLS: 
t.o.t r r·mmJ:~· 
DOOF':~: 

FLODP 
POOF 
POOF EtKLD:~:u~·E:~: 

1.•.1 I t·iDOI.•J CF:ACK:~: 

DODP CPACK:s· 
POOF ENCLOSURES CPACKS 
:~:OLAF' HEAT GF! Hi 1}1 I t"iU:S:> 

TOTAL 

541U::4112. 
4:::::::·:::. o t4E: o. 
4460~.459. 

56156?1?. 
1 ?54:~:'?741J. 
5:::4'?E.5:::: 0 0. 

'316 05644. 
164'36 o::.:s.;: .• 

240U::?1 ??6. 

TOTAL ESTIMATED COSTS ARE H~ FOLLOWS-
TEMPORARY ENCLO~URES INSTALLATION 
HEAT I r·it:; 
tEM~OF:A~Y ENCLOSURES MAINTENANCE 

TOTAL 

DO YOU ~ISH TO REVISE SOME INPUT DATA 

$ 21 ?0. ·~'5 
:I. 5764. 4'? 
$ s.:.f. .. E·2 

$ 8':· 02. 06 

=t'E:~: 

SAMPLE BUILDING 60XI00 2 STORIES BEN~ETT RUG 1975 

A~:E THEF.:E At·i'-f" I.•.IHLL DATA RE\11 :~:I [It·~:~ FOP t.~Jf!LL 1 
=r·m 

ARE THERE At·i\' j;·E··i I:~ 1 [!t·E TO f...lli·j(l[]i . .l T\'PE DATA Hi 1.dALL l. 
=r·m 

APE THEPE Ar·~\' P E '•,•' I :~: I [I t·J :~: TO l.r.llhDDi.~; T\'F'E ;~~ DATP Hi t,_;..;L..L 
=t·m 

A~:E THEPE Ar·~\' PE'•/I :~·I Oh.S. HJ '·'·' I t-i D Di..t T'r'PE 3 .nATA Hi l.o.IP.LL 
=r·m 

APE THERE At·i'r' f':E'·/ I:~ I Ot·i:~. TQ DOC! F.' T\'<=·E IIATA Iii I .• JALL 1 
=r·iD 

A~:E THER:E At·i\' RE'v' I:~: I mE TO LID OR T'r'F'E 2 DATA Hi l.o.IPLI_ 1 
=NO 

ARE THEF:E Ar·i'/ F::E'•/ I :s· I mE TO. DOOR T\'F'E ·::: DATA Hi l.rJ>=-iLL 1 
=t·m 

I:~: ! .•. I ALL 1 THE LA:S:T l.r.'ALL 
=r·m 

ARE THERE At·i'r I_,_IALL DATA RE'•/ I~: I Ct·i:~: FOR ii.IAL.L 2 
=r-10 

RF:E THEPE At·J\' PE'•.." I:~: I Dt·i:S: TO i,l} h [l[ll,.i T'r'PE 1 DATFt H1 t..IAL.L =· '-

=\'E:~: 

T\'F'E 1 . ..1! t·HiQI..i DATA FOP T\"F'E 1 1_,1 Hff;iJtli:~ F"OP Tl-ii :~: ,_,_lA!. L ~ I;:: Ah\. 
t·~Uf'1BE"'~ HEIGHT H~ H~CHE:S~t.~iJ.rTH Hi HlCHE:~~ U FA•:TOF~ 
CPI4cv HiFIL TPATIDr"i FA,:::'rop .:cF.····Hp ... ·,::r oF F'~PH1ETEF> ~ 
::OLAj;:: PADIATIDt·1 TF:AN~t'1I ~::~ I[lt·i PATIIJ ··f:ETt.~IFEi"·j 0. Ahl"l 1. O.r, 
INSTALLATION LABOR COST/SF~MATEF'IAL COST/SF. 

=1, 1::::o, 720,. 75,_220,. ::::5, . .::.s,. 11 
AF:E THEPE At-1'·( F· E '·.·' I ::: I 0 r·~ :: TO t .. JJt·Jii[Jj.i T\'FE .-, DATA Hi t . .JHLL 2 -=-

=tiD 
fWE THEPE Ar·i·( RE:.'·/ I:~: I Ot·E TO !.r.i In cot.d T\'F'E 3 NHA IH h18LL 2 

=r·m 
APE THEPE Ar-1\' FE'·/ I:~: I Oh:::;; TO fi[J[!P 1)\'FE 1 fif;TF! Hi '·iALl_ ~~ 

=t-10 
) 

APE THH'E At·j'"f· ,:;::E'·/ Is: I Dt< TO [IIJOP T'·,'PE 2 DATA Iti i.riALL 2 
;=t·m 
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ARE THERE ANY REVISIONS TO DOOR TYPE 3 DATA IN WALL 2 
=N.O 

IS WALL 2 THE ~AST WALL 
=r-10 

='/E:~: 

TYPE WALL DATA ~OR WALL 3 --HEIGHT IN FEET~WIDTH IN FEET~U FACTOR~ 
BELOW GRADE DESIGNATOR(!. IF BELOW' GRADE~ 0. IF ABOVE GRADE) 
WALL ORIENTATION DESIGNATOR(J. IF SOUTH FACING•2. IF EAST 
DR l.oiE:~:T FACH1C~· :3. IF t·ifJF;'TH FACHKi). 

=ls~.:.o~ .4::::~ 1~2 

ARE THERE ANY REVISIONS TO WINDOW TYPE DATA IN WALL 3 
=t-iD 

AF.:E THERE At·f/ PE'•,·' I:~: I on·~ TO l.ol I t·1 D!J11.1 TYPE 2 DATA Hl t .• JALL .3 
=r-iO 

AF.:E THERE At·;\' RE\·' I:~: I on:~: TO t .. .t I r·m 01.o.1 T'/PE :::: f•ATA Hi l.o.IHLL :~: 

=t·m 
APE THERE At-1\' RE '·/I :s: I Or-J:~: TO DOOR T\'PE 1 DATA I t-• !,t,:.;LL .;: 

=NO 
ARE THEF.'E Af·f/ P E •.,.• I :s: I or·;:~. TO DiJDP T\'PE :=, DATA It-1 I.·.! ALL .-, ,_ ._ .... 

=t·m 
A~'E THEt:;::E At·;\· PE'·/I :~:I Ot·lS TO DOOR T\'PE .-, DATA IJj I·IALL 3 ·=· 

=r·m 
r:s: !.oiALL ·:: THE LA:ST l.o.IALL 

=t-10 
ARE THERE At·1\' t.o.IALL DATA RE\·'1 :~:I mE FOR i.oiALL 4 

=r·m 
APE THERE ffti.''l RE'·/ I:~: I or·;:~: TO I.•J I r·m Ol.·.i T'y'PE 1 DATA w 1.o.IALL 4 

=r-m 
ARE THERE At·1\' F::E\.' I :s: I me TO i.o.l I rtD 1J 1.•.1 T\'PE 2 DATA Hi I,_! ALL 4 

=t·m 
APE THERE Ar·;''( RE'·/ I:~: I Ot·;:~ TO l.o.! I r·w 01..: T\'PE :;: DATA w l_,_lf1L 1_ 4 

=r·m 
ARE THER:E At-i'{ RE\.' I:~· I Dr'1S TO DClDR T'lPE 1 DATA I t·1 I•.IALL 4 

=\'.E:S: 
T\'PE DOOR DATt=1 FOR T\'PE 1 DOOR:~ -FOF: THE I.·.IALL~ It= Ah·,-'. 

~-At·1E DATA fl[·;f, Qj;:'I1EF.' A:~. FOP l.ol I t·1 DCi l.o.l :~: • 
=1, :::4,4:::,. :::s~ c=:oc'~. 4~. ":.~.:.~. u:: 

ARE THERE ANY REVISIONS TO DOOR TYPE 2 DATA It-i ~ALL 4 
=r-iO 

AF:E THEF:E At·1Y ~:E'•.·' I :s: I Dt·1S TO DO!JF T'·iPE 3 DATA Hi I.,JAL.L 4 
=t·m 

E: I.,JALL 4 THE LA}T l.o.IALL 
=t·m 

APE THEPE At·i\' l.oiALL DATA j;:: E '•,•' I :s: I 0 t·i :s: FGP l.o.iALL C' 

·-' 
=t-iD 

APE THEPE At·i''( PE'·i l:~: I mE TO i.o.l I t·!DOI.o.l T'/PE. 1 DATA Hi l.o.IALL "' ·-' 
=r-10 

A~:E THEPE At-~\· PE\·'I:SIDt-E TO loJ HJDQI.,_I T\'PE 2 DATA H1 1 .• 1t-4LL 5 
=t·m 

APE THEPE At·J'·r' F.:E'·i I :s: I mrs: TO l.o.l I t-l[IOI.ol T\'PE :::: DATA Hi !_,tALL c:; 
·-' 

=NO 
Aj;:'E THEPE At·;'r' PE'·i I :S: I Ot·;:s: TO DO OF: T'/PE 1 DATA Hi l.o.IALL 5 

=r-iO 
A~·E THEF.:E AWl' PE\.' I :S I Dt·i:~ TO DDDF: T'/PE .-, DAT8 lt'1 lo_IAL. L "' c ·-' 

=r·m 
APE THEPE At·n··, F.:E '•/ I:~: I 0~1:~ TO DDOP T'lPE .-. DATA HJ I.•.! ALL o:::; -:.· -

=r·m 
I:S: loiALL s· THE LF6T i.o.IALL 

,_ ='·f'E.S 
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=r·m 

=f·lO 

I.•JALL t·iUt·lBER 1 
GROSS AREA= 1800.0 SF ,WINDOW AREA= 266.0 SF 

DOOR AREA= 161.3 SF NET AREA.= 1372.7 SF 
i.oJHWO! .• l CO:~:T:~--LA.t;OR = $ 110. 10 t·lFiTERIAL:~: = :f; :;:::. :::::::: 
DOD~ COSTS~-LABOR = $ 145.40 MATERIALS = 1 5.63 

U+A PRODUCTS--WALL.~ .919.7 WINDOWS= . 164.5 DOORS= 141.1 
CRACK INFILTRATION PRODUCTS--WINDOWS= 608.0. DOORS= 526.5 

SOLAR RADIATION PRODUCTS--WINDOWS= 93.6 DOORS= 51.1 

l.o.IALL t·1Ut·1EER 2 
GROSS AREA= 900.0 SF ,WINDOW AREA~ 900.0 SF 

DOOR AREA = 0. SF NET AREA = 0. SF 
WINDOW CQSTS--LABCR = $ 58~.00 MATERIALS= 1 99.00 

DOOR COSTS--LABOR = $ 0. MATERIALS = $ 0. 
U+A PRODUCTS--WALL= 0. WINDOWS= 675.0 DOORS= 0. 

(RACK INFILTRATION PRODUCTS--WINDOWS 594.0 DOORS= 0. 
SOLAR RADIATION PRODUCTS--WI~DDWS = 765.0 DOORS= 0. 

l.o.l ALL fKit·lB E F.: . :;: 
GROSS AREA = 900;0 S~ ,i.oJit·iDOI.ol AREA = 0. :~F 

DOOR AREA = 0~ SF NET AREA= 900.0 SF 
l.o.iHHtOt .• t CQ:~:T:~:--LA:BOR = $ 

DOOR COSTS--LABOR = $ 

0. MATERIALS = $ 

0. MATERIALS = $ 

U+A PF:ODUCT:~:--t.oiALL = 3E:7. 0 i.o:HHtOioi~. = 0. 
CRACK INFILTRATION PRODUCTS--WINDOWS = 0. 

SOLAR RADIATIOM PRODUCTS--WINDOWS 0. 

l.oiALL t·iUP1.BER 4 

0. 
u. 
DOG~::s: = 

DIJOR:5: = 
I'iJOF.::S: = 

0. 
0. 

0. 

GRO:~S AREA = 15 0 0. 0 :~:F , t.ol HWOI,J AREA = 6 0 0. 1) ~:F 
DOOR AREA= 28.0 SF ~ET AREA= 872.0 SF 

I.IHiDOI•I CO:~.T:~--Lft.f::Df:-: = $ :3ft(!. 00 t·1ATERIAL.:~: = $ 12. 00 
DOOR COSTS-~LABDR = $ 26.88 MATERIALS = $ 3.36 

U+A PPDDUCT:~--I.oiALL = 453.4 l.o.IHlD!Ji.ol::: = 6:54. 0 DOOP:~: 

CPACK HiF IL TPATIDti· PPODUCT:~:--I.o.IHiDGj.oLS = :::::·::;o::.. 4 DDOt::S = 
:~:OL.AP PAT) I AT Ipr-1 PPODUCTS--I•i I t·WOI.ot:~. = 4.::=.: 0. 0 Dom=:s = 

·:.•·J ·== L·-• • '~·' 

?·~. 2 
11. 2 

GFW~::~: FiP'EA = 1500.0 ~F- ., t.•.IIt·1£101.o.l APEA = 0. ~:F 

DOOP AREA = 0. SF NET AREA = 1500,0 SF 
WINDOW COSTS--LA.BOP = $ 0. MATERIALS = $ 0. 

DOOR COSTS--LABO~ = $ 0. MATERIALS = $ 0. 
U+A PRODUCTS--~ALL = 825.0 WINDOWS = 0. DOORS = 0. 

CRACK INFILTRATION PRODUCTS--WINDOWS = 0. DOORS = 0. 
SOLAR RADIATION PRODUCTS--WINDOWS = 0. DOORS = 0. 

ARE THEPE At·1\' RE\1 IS: I Ot·i:~:· TO ROOF DATA 

ARE THEPE Af·l\' PE'•,•' I:~: I Or·i:S TO POOF HiCLO~:UPE T'lPE 1 DATA 

APE THEF.:E Rr·1·-r:_ PE'·/ IS I ot·l:S TO POOF Et"iCLD·~:UPE T'lPE ·=· DATH ~-

='r'E:~: 

TYPE ROOF-TEMPORARY ENCLOSURE DATA FOR TYPE 2 ENCLOSURES, IF ANY-
NUMBER,LENGTH IN INCHES,WIDTH IN INCHEs,u FACTOR, 
CPAU=: I rw I L TPAif I Oti. FACTOR O:CF.····Hp ...-FT DF PEP I t·1ETEP) , 
SOLAR RADIATION TRANSMISSION RRTIO(BETWEEN 0. AM[ l.Oj, 
INSTALLATION LABOR rDST/SF,MATERIAL COST/SF. 

=1, 720,360,. 63, 125,. 05,. 45,. C'2 
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GROSS ROOF AREA= 6000.0 SF TEMPORARY ENCLOSUPES ARER(ROOF) = 
2250.0 SF NET ROOF AREA= 3750.0 SF 
ROOF TEMPORARY ENCLOSURES COSTS--LABOR= 11035.00 MRrERIALS 

= •f; 46:3. 5 (I 
U+A PRODUCTS--ROOF= 675.0 TEMPORARY ENCLOSURES= 1314.0 

CRACK INFILTRATION PRODUCT= 1026.0 
SOLAR RADIATION PRODUCT= 135.0 

ARE THERE ANY REVISIONS TO FLOOR DATA 
=\'E:~: 

TYPE FLOOR U FACTOR & FACTOR BASIS DESIGNATOP(l.=U BA~ED ON SOIL 
TEMPERATURE~ O.=U BASED ON OUTSIDE AIR TEMPERATURE> 

=0. 0:36~ 1 

FLOOR AREA= 6000.0 SF U+A PRODUCT FOP FLOOR= 216.0 

ARE THERE REVISIONS TO HEATING METHOD DESCRIPTION 
=r·m 

=t·m 

ARE THERE ANY REVISIONS TO HEATING COST~ INSIDE TEMPERATURE 
DR MAINTENANCE COST 

TEt·1F'OPARY HEATH1G l . .iiLL f:E :~:E'·iEP:AL "t·1FrSIEP" T'-!'FE 1 O(if: BTU.-··Hf;:: HTf::::S: 
AT A COST OF $.00240 PER 1000 BTUS 

THE ASSUMED AVERAGE INSIDE TEMPERATURE IS 60.0 DEG F 
THE ASSUMED COST OF MAINTPINING TEMPORARY ENCLOSuRES 

IS 2.5 PERCENT OF FIRST COST PEP MONTH. 
ARE THEPE ANY P~VISIDNS fo MONTH 1 DATA 

=r·m 

FdR SEPTEMBER 1984 ~ ~HICH HAS 30. DAYS~ AND AVERAGE TEMPERATURES 
OF 45.0 (OUTSIDE)~ 

60. 0 (.HEII11::) ~ 

THE TOTAL HEAT LOSS IS 93500323. BTUS~ 

THE ESTIMATED HEATING,CDST IS $ 224.40 
AND TH~ ESTIMATED ENCLOSURES MAINTENANCE COST IS $ 36.33 
(BASED ON 1.30 PCT OF INITIAL I~STALLAtiON COST) 

IS MONTH 1 THE LAST MONTH 
=no 

ARE THERE ANY REVISIONS TO MONTH 2 DATA 
=t·m 

FOR OCTOBER 1984 ~ WHICH HAS 31. DAYS~ AND AVERAGE TEMPERATURES 
OF 33.5 (OUTSIDE>~ 

37.0 (SOIL)~ AND 
t. u. u (I t·E I DE) ~ 

THE TOTAL HEAT LOSS IS 159248092. PTUS~ 

THE ESTIMATED HEATING COST IS $ 382.20 
AND THE ESTIMATED ENCLOSURES MAINTENANCE COST IS i 69.87 
(BASED ON 2.50 PCT OF .INITIAL INSTALLATION COST) 

I~ MONTH 2 THE LAST MONTH 
=t·m 

ARE THERE ANY REVISIONS TO MONTH ,3 D~TA 
=NO 
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=t·m 

FOR NgVEMBER 1984 ~ WHICH HAS 30. DAYS~ AND AVERAGE TEMPERATURES 
OF 12. :3 O::OUT::: I DE::. ~ 

:34.6 O::SOIL)~ AND 
60.0 o:.In:::IDE) ~ 

THE TOTAL HEAT LO::s I :S: c:6216:::4:::A. BTU::· • 
THE ESTIMATED HEATING COSTLIS ~ 629.20 
AND THE ESTIMATED ENCLOSURES MAINTENANCE COST IS$ 69.87 
(BASED ON 2.50 PCT OF INITIAL INSTALLATION COST) 

IS MONTH :3 THE LAST MONTH 

ARE THERE ANY REVISIONS TO MONTH 4 DATR 
=NO 

=t·m 

FOR DECEMBER 1984 ~ WHICH HAS :31. DAYS, AND AVERAGE TEMPERATURES 
OF -1.0 rouTSIDE), 

::::1. 0 c::o I L) , At·Hi 
60. 0 nr·cipD • 

THE TOTAL HEAT LOSS IS 343058340. STUS, 
~~E ESTIMATED HEATING COST I~$ 82:3.:34 
AND THE ESTIMATED ENCLOSURES ~AINTENPNCE COST IS $ 6?.87 
O::BASED ON 2.5~ PCT OF INITIAL INSTALLATION COST) 

IS MONTH 4 THE LAST MONTH 

ARE THERE ANY REVISIONS TO MONlH 5 DATA 
='r'E::: 

TYPE NAME OF MONTH 5 
=.JAtiUAP'l 19::0:5 

TYPE NUMBER OF DAYS IN MONTH,AVERAGE OUTSIDE TEMPERATURE, 
AVERAGE SOIL TEMPERATURE,AVER~GE INSIDE ~EMPERATURE 
(IF DIFFERENT FROM ORIGINAL INPUT), 
SOLAR RADIATIONo:BTU/SF::.FOR THE MONTH ON HORIZDNTAL,VERTICAL 
SOUTH-FACING AND VERTICAL EAST- DR WEST-FACING SURFACES, 
MAINTENANCE COST PERCENTCIF DIFFERENT FROM ORIGINAL INPUTl. 

FOR JANUARY 1985 , WHICH HAS 31. DRYS~ AND AVERAGE TEMPERATURES 
OF -12.7 (OUTSIDE)• 

:30.0 (SOIL), AND 
56.0 o:.lt'i.S:IDE) • 

THE TOTAL HEAT LOS~ IS :379099904. BTUS• 
THE ESTIMATED HEATING COST IS $ 90~.84 
RND THE ESTIMATED ENCLOSURES MAINTENANCE COST IS $ 97.82 
<BASED 0~ 3.50 PCT OF INITIAL INSTALLATION COST) 

IS MONTH 5 THE LAST MONTH 
=t·m 

ARE THERE ANY REVISIONS TO MONTH 6 DATA 
=\'E:S: 

TYPE NAME OF MONTH 6 
=FEBPUAP\' 19::0:5 

TYPE NUMBER OF DAYS IN MONTH.AVERAGE OUTSIDE TEMPERATURE~ 

AVERAGE SOIL TEMPEPATURE~AVERAGE INSIDE TEMPERATURE 
<IF DIFFEPENT FROM ORIGINAL INPUT::.~ 

SOLAR RADIATJON0BTU/SF)FOR THE MONTH ON HDP!ZONTAL·VERTICAL 
SOUTH~FACING AND VERTICAL EAST- OR WEST-F~CING SURFACES. 
MAINTENANCE COST PERCENT<IF DIFFERENT FROM ORIGINAL INPUT). 
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FOR FEBRUARY 1985 , WHICH HAS 28. D8YS, AND AVERAGE lEMPERATURES 
OF -5.0 (OUTSIDE), 

29.2 (SOIL), AND 
45. 0 O:HEIDE::o, 

THE TOTAL HEAT LOSS IS 2454553f4. BTUS, 
THE ESTIMATED HEATING COST IS 1 589.09 
AND THE ESTIMATED ENCLOSURES MAINTENANCE COST IS $ 111.79 
<BASED ON 4.00 PCT OF INITIAL INSTALLATION COST) 

IS t·10tHH 6 THE Lt1:~:.J t·10t"1TH 
=r·m 

=no 
ARE THERE ANY REVISIONS TO MONTH 7 DATA 

FOR MARCH 1985 , WHICH HAS 31. DAYS, ~ND AVERRGE TEMPERATURES 
OF 15.5 <OUTSIDE), 

28.0 (SOIL), AND 
6 0 • 0 ( I H S. I [• E) • 

THE TOTAL HEAT LOSS IS 260078994. BTuS, 
THE ESTIMATED HEATING COST IS I 624.19 
AND THE ESTIMATED ENCLOSURES MAINTENANCE COST IS $ 83.84 
<BASED ON 3.00 PCT OF IHITIAL INSTALLATION COSTl 

IS MONTH 7 THE LAST MONtH 
=r·m 

ARE THERE ANY REVISIONS TO MONTH 8 DATA 
=t-iD 

=t-iD 

FOR APRIL 1985 , WHICH HAS 30. DAYS, AND AVERAGE TEMPERATURES 
OF 40.0 (OUTSIDE), 

::::1.0 <:~:oiu, wm 
60.0 o:Ir·1:~;IDE), 

THE TOTAL HEAT LOSS IS 126809388. BTUS, 
THE ESTIMATED HEATING COST IS $ 304.34 
AND THE ESTIMATED ENCLOSURES MAINTENANCE COST IS $ 69.87 
(E:A:~:ED Dt-i .:::.50 PCT OF WITIAL HCTALLFtTIDt-1 co::n 

IS MONTH 8 THE LAST MONTH 

ARE THERE ANY REVISION$ TO MONTH 9 DATA 
=t-10 

FOR MAY 1985 , WHICH HAS DAYS, AND AVERAGE TEMPERRTUPES 
OF 52.0 (OUTSIDE), 

34.0 tSOILJ• AND 
t·2. 0 o: I r·E I Dt:> , 

THE TOTAL HEAT LOSS IS 78895?53. BTUS• 
.THE ESTIMATED HERTING COST IS $ 189.35 
AND THE ESTIMATED ENCLOSURES MAINTENANCE COST IS $ 69.87 
<BASED ON 2.50 PCT OF INITIAL INSTALLATION COST) 

IS MONTH 9 THE LAST MONTH 
='r'E:~: 
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TOTAL BTUS LOST ARE AS FOLLOWS--
l.oiALL:~: 

l.o.llttDOI.o.!:S: 
DODj;:::~: 

FLOOR 
F.:ODF 
ROOF EtKLO:~UF'E:~· 

l.o.l I tHI Ol.o.! C F.: AC:f::S 
DDDR CF.'ACI<:~: 

ROOF ENCLOSURES CRACKS 
SOLAR HEAT GAIN (MINUS) 

TOTAL 

5453~:::2.~:f, 0. 

41197tAO. 
3t=:. 04l ;:::4;::. 

1 f.::::t:.::=:5 74 0. 
::::2:::::::::74'3 o::::. 
262205114. 

75E.:~::;:,:,:,f,·~. 

12S20i1f.2. 
1 06'3 0 OO:i·~. 

TOTAL ESTIMATED COSTS ARE AS FOLLOWS-
TEMPORARY ENCLOSURES INSTALLATION 
HEAT Hi(:; 
TEMPORARY ENCLOSURES MAINTENANCE 

TOTAL 

DO YOU WISH TO REVISE SOME INPUT DATA 
=NO 

VERY WELL. THE ANALYSIS TERMINATES HERE. ++ 

+B'r'E 

CHANNEL 2570 
USER STATUS ON AUG 8~1975 AT 14:14:43 LOG-ON AT 12:56:32 
PROC TIME USEq 9.68 SEC.~ 42 DISC I/O 
LIST OF OPEN FILES: HEATCOST 

~~; 2794. ?5 
$ 4f.75. '36 

. $ 679. 12 
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program. It should be noted that an "=" sign is always typed in the 

first column of the page when the program is expecting the user to 

provide some input data. 

The command requesting wall data for wall one is followed by 

the analyst•s response \'lith 30, 60,0.67,2. The 30 is the heig!1t of 

wall one in feet, and the 60 is its length in feet. The 0.67 is the 

U factor for this concrete wall, and the 2 indicates that this wall 

faces east or west. Note that all numeric input data are separated 

with commas, and that if a particular piece of data is to be omitted 

two commas are given in succession with no data between. fhus for 

wall data for wall one the below grade designator is equal to·zero; 

since a zero value need not be supplied, the space following the U 

factor value of 0.67 is occupied by two successive commas. 

The program then asks for window data for typ~ one windows for 

this wall, if any, and the information is supplied, as follows: 2, 

72, 30, 1.09, 150, .8, .55, .20. In order, these data elements indicate 

the number of type one windows (2), the height in inches (72) '·the 

width in inches (30), the U factor (1 .09), the crack infiltration 

factor (150), the solar radiation transmission ratio (.8), and the 

installation labor cost and material cost per square foot (.55 and .20). 

The program then asks for window data for the second type of windows 

for this wall, if any, and the data are supplied, as are those pieces 

of data for type three windows for this wall . 

Following input of window data for the first wall, the program 

requests information for doors of type 6ne, two and three, if any, and 

these data are supplied for this particular example. For example, the 

third type of doors has data values of 1, 80, 42, 1 .09, 450, .8~ .96 

and .02. 
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The program then asks whether wall one is the last wall, and the 

analyst responds with 11 N0 11
• The program then counters by requesting 

wall data for wall two, and the response is the following: 15, 60,,, 2. 

These data mean that wall bJO is 15 by 60 feet in area; that a value of 

zero is being supplied for the U factor, since the entire wall will be 

considered as a window because it is assumed to be completely covered 

with a polyethylene sheet; the wall is located above grade; and the 

wall is east- or west-facing. For information on window type one for 

this wall, the data indicate that there is one window of size 180 

inches by 720 inches, thus corresponding to the total dimension of the 

wall itself. In response to the request for window data for type two 

and three windows for this wall, the analyst has typed seven commas 

after each 11=11 sign, thus separating the eight pieces of blank data 

for each. Requests for the three types of door data for this wall are 

similarly met with seven commas each. Sirice wall two is hot the iast 

wa 11, the answer to the question is 11 NO, I' and the program requests 

wall data for wall three plus window and door information. In this 

case, there are neither windows nor doors in this wall since it is 

below grade; thus each request results in a series of seven comm<.!S. 

The process is repeated for walls four and five as indicated in . 
the typewriter listing, unt_il the question 11 IS WALL 5 THE LAST l~ALL". 

Since the .answer is 11 YES, 11 the program then responds by calculating and 

typing output for each of the five walls. Note, for example, the 

output for wall two. This is a special case in which the window area 

is equal to the gross area, since the entire wall is covered by a 

single polyethylene sheet. Thus the net area of the wall is calculated 

as zero. Costs are given for both 1 abor and materia 1 s for wi nd01·1s as 

·'! 
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are the (U factor) x (area product) for windows, the crack infiltration 

product for windows and the solar radiation product for windows. 

Following completion of wall calculations, the program asks the 

analyst to type roof dimensions and roof U factor. In the example, a 

length of 100 feet, a width of 60 feet, and aU factor of 0.18 are 

used. The program then asks for the roof temporary enclosure data for 

each of two types of enclosures, if any. It is noted that the sample 

bu~lding has three roof enclosures of dimensions 180 by 120 inches 

whose U factor is taken as 0.4, whose crack infiltration factor is 230, 

whose solar radiation transmission ratio is 0.1 and whose installation 

labor cost and material cost are $.50/sf and $.15/sf, respectively, and 

one temporary enclosure in the roof whose dimensions are 720 by 360 

inches, whose U factor is 1 .15, whose crack infiltration factor is 

200, whose solar radiation transmission ratio is 0.85 and whose labor 

and material cost per square foot are $.45 and $.02, respectively. 

After receiving input on roof and roof enclosures, the program prints 

gross roof area, temporary enclosures area for the roof, and net roof 

area. It also prints roof temporary enclosures cost for labor and 

materials, U factor times a\ea products for the roof and roof 

temporary enci osures, crack i nfi 1 tration product for roof tempora ~~y 

enclosures and solar radiation product for roof temporary enclosures. 

The program then asks that the U factor and the U factor basis 

designator be given for the floor. In this example, the floor U factor 

is taken as 0.036; since this factor is based on outside air temperature, 
\ 

a zero, rather than a one, is used for the factor basis designator. 

Following input of floor data, the program calculates and prints floor 

area and the U factor times area product for the floor. 
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The program then requests that a description of the heating 1nethod 

be typed, and the analyst has responded with the description "SEVERAL 

'MASTER' TYPE lOOK BTU/HR HEATERS." Then, the program asks for the 

heating costs per 1000 BTUs, the average inside temperature and the 
\ 

monthly cost of maintaining enclosures. The analyst has supplied 

values of $.0024 per 1000 BTUs heating cost, 60°F for inside tempera-

ture and 2.5% as the monthly cost of maintaining enclosures. The 

program-then prints out the information that has just been supplied. 

The program then asks that the name of the first month be typed 

and the analyst responds with "SEPTEMBER 1985. 11 Since the date should 

have been 1984, a single 11 @" sign is placed directly after the ''5 11 and 

a "4" is typed .. (In general, one "@ 11 sign is used for each preceding 

character that the analyst wishes to change.) The program then requests 

the number of days in the month~ th~ average outside t~mperature, the 

average soil temperature, the average inside temperature if it is 

different from that supplied with the original input, solar radiation 
I 

values for the month and maintenance cost percentage if it is different 

from the origina] input. In the example for September, the values given 

are 30 for the number of days, 45°F for the average outside temperature, 

40°F for the average soil temperature, nothing for the average inside 

temperature (note the two commas appearing adjacent to each other 

indicating no data or that the average inside temperature is taken as 

60°F from the original input), solar radiation values for this location 

of 730 BTU's per square foot on horizontal surfaces, 1380 BTU's per 

square foot on vertical south-facing and 715 BTU's per square foot_ on 

vertical east- or west-facing surfaces, and a monthly maintenance cost 

of 1.3% of initial installation cost, rather than the 2.5% given 
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originally. After receiving input data for September 1984, the program 

repeats some of the input and then calculates and prints estimated heat 

loss and estimated costs of heating and enclosures maintenance. Note 

that in September 1984 for the sample project, the estimated heat loss 

is 105,401,443 BTU's, and the estimated costs of heating and enclosures 

maintenance are $252.96 and $28.22, respectively. 

The program then asks whether the first month is the last one and, 

receiving the response "N0, 11 asks for data on the second month. Note 

that for October 1984, the average inside temperature of 60°F will be 

used (thus, 2 commas are given between the data values 37 and 313), 

and the "standard" value of 2.5% for maintenance cost percentage will 

be used (thus, there is a blank following the last corrma). Th,~ program 

performs calculations for October 1984 and prints the results; it then 

continues in a similar fashion for each of a total of nine months, 

through May, 1985. Note that the input data indicate that it is ex

pected that the inside temperature in January will be 56°F, rather than 

the standard 60°F, and that inside temperature in May is estimated to 

be 62°F. Note also the typing error in the name of January, 1985, 

which was corrected by the use of the 11 @11 sign. 

Following the "YES" response to the "IS MONTH 9 THE LAST MOUTH" 

question, the program calculates and prints summaries of heat losses 

through the various building elements and the gain due to solar 

radiation, with a total heat loss over the nine months of 2,401,871,776 

BTU's for this sample project. It also prints the estimated costs of 
I 

enclosure installation, heating and enclosure maintenance, and the 

total estimated cost, which is $8502.06 for this example. 
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In response to the question regarding the desire to revise some 

input data, the analyst has typed 11 YES ... This indicates that revised 

data will be supplied, and the revision procedure begins with the 

typing out of the original project description. A review of the type

writer listing for the revision process indicates that no changes were 

desired for wall, window or door data for wall number one. 

For wall number two, revisions were desired for type one window 

data. Thus, all eight data elements must be supplied, even though not 

all represent changes to the input given during the initial pass. A 

comparison with the original input indicates that the analyst wished to 

change the U factor from 1.17 to 0.75, the labor cost from $0.45 to 

$0.65 per square foot, and the material cost from $0.02 to $0.11 per 

square foot. This change is representative of the type v1hich can 

analyze the overall effect on costs of a more exp~nsive covering 

material that has more favorable heat loss characteristics. 

For wall three, the wall data were changed, with th·! U factor now 

0.43 instead of 0.24. In this case, the analyst could study the 

effect of delaying installation of insulation on the below grade wall 

until after the cold weather period or of using a different quality 

temporary insulation during this period. 

For wall four, it is noted that some data for the first type of 

doors were changed. And for wall five, none of the data was revised. 

It should be emphasized that, in the absence of revision data, the 

program utilizes data origi~ally input during the initial pass through 

the program. 

After receiving the 11 YES 11 response to the query 11 IS WALL 5 THE 

LAST WALL," the program calculates and prints revised information on 

each wall, its windows and its doors. 
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Followi~g this, revisions to data on the roof and its temporary 

enclosures are considered. For the sample project~ revisions were not 

desired for t.he roof itself or the first type of enclosures. Ho\>Jever, 

some revision to typ~ 2 temporary enclosures were supplied. Output 

r,elated to the roof was then printed, as shown. 

It was decided to revise the floor data when it was realized that 

the U factor should be based on the difference between inside tempera-

ture and soil temperature rather than on the difference between inside 

temperature and outside air temperature. Thus, the revised input reads 

0.036, 1 rather than 0.036,. The floor area and its (U factor) x (area) 

product are then printed. 

Neither the description of the heating method nor the data on 

heating cost, inside temperature or maintenance cost are to be revised, 

and thus the program prints out, and uses, the data as originally 

supplied. 

Next, the program steps through each month in turn, asking 

whether there are revisions to the originally-supplied data. If there 

are not, it uses the initial data, calculates pertinent information 

and prints a summary for the· month. If some data are .to be revi_;~d, all 

the data for the month must be given, the calculation and printing then 

proceed. In the sample, revisions are supplied to data for the months 

of January and February 1985. For January, a maintenance cost percent 

of 3.5% replaces the 5.3% value given incorrectly in the original 

analysis. For February, the new assumption is that the inside tempera

ture will average 45°F, rather than 60°F as originally i 1put. 
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Following the printing of output for May 1985 and the response 

that this is the last month, the program calculates and prints summary 

information on heat loss and costs for the en~ire period under study, 

as it had done after the first pass. It is interesting to note that, 

although the proposed alternate scheme represented by the revised data 

is expected to have higher installation and maintenance costs 

($2794.75 vs. $2179.95 for installation; $679.12 vs. $566.62 for 

maintenance) the heat loss and its associated costs will be reduced 

sufficiently ($4675.96 vs. $5764.49) to give an overall cost that is 

about $350 less than the original arrangement ($8149.83 vs. $8502.06). 

If any further revisions to the input were desired, the analyst 

could respond in that manner, and the process would be repeated &gain. 

However, in the sample case, it was decided to terminate the run by. 

, typing 11 N0 11 in response to the final question. 

Following the typing of 11 BYE 11 to disconnect the terminal frc·m 

central processing unit. the terminal prints summary time use data and 

then the final message, 11 CP DISCONNECTS. 11 

The complete run described in this section required approximately 

43 minutes of time at the terminal, while the terminal was connected 

to the central processing unit. However, only 9.68 seconds of actual 

processing time were used. At a rate of $0.45 per second of processing 

time, the total computer cost for this analysis was approximately $4.50. 

Program Validation 

To determine how closely the HEATCOST program might estimate 

actual heat loss in a building under construction, the program was 

applied to an already compl~ted project, the Laboratory Building 
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Addition at the University of Alaska, Fairbanks, Alaska. Temporary 

enclosures and heating of this project during its construction had 

previously been studied during the winter of 1973-74, under grant no . 

. DA-ENG-27021-3-G45 from the U.S. Army Cold Regions Research and 

Engineering Laboratory. The final report, published as CRREL Special 

Report , is entitled 11 Temporary Enclosures and Heating During 

Construction: A Case Study of the Laboratory Building Addition, 

University of Alaska ... (1) Figure 5 shows the Laboratory Building 

Addition after completion. 

As part of that research project, a complete record of temperatures 

both inside the first floor and outside the building was maintained 

during that portion of the construction period between mid-January and 

the end of April 1974. In iddition, a record of heating required to 

maintain the recorded inside temperature was kept from January 26 

through April 15, 1974. During the winter period, only the first 

floor of the three story building was maintained at a warm enough 

temperature that work could proceed. Work did go on at this level at 

low outside temperatures, even when outside temperature reached as low 

as -44°F, on January 28, 1974. 

To validate the program, then, it was necessary to determine heat 

loss and gain characteristics of the various building elements and to 

supply these to the program, together with temperature data, in a 

fashion explained in previous sections of this report. The result was 

an estimate of BTU 1
S used during each of the four months when the 

heating record was maintain~d; this estimate could then be compared 

with actua 1 data to determine how we 11 the program determines estimated 

total heat loss. 
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Figure 5. Laboratory Building Addition Project, After Completion 
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Figure 6' gives a first floor plan view of the Labontory Building 

Addition project, with the four different·wall segments, as input to 

the program, designated. In the discussion below, insulation values 

are taken from the ASHRAE guide (2),. crack infiltration factors are 

based on the approach suggested by Jennings (5), floor insulation is 

based on tables from Down (3), and solar radiation transmissions are 

based on date given in Mirth (6). 

Wall Number One 

Location - south, below grade 
Basic dimensions: length= 134.91 ft; height = 18.0 ft; 

width = 12.5 11 average 
For R value use .96 for concrete wall, 14.8 fo)' 411 thick 

rigid insulation, and .68 for inside air fi~m. 
Combined R = .96 +' 14.8 + .68 = 16.44; therefo,·e 

1 . 
u = 16.44 = .061. 

Hall Number Two 

Location - east, below grade 
Basic dimensions: length = 30.67 ft; height = 18.0 ft; 

width = 12.5" average 
U factor= 0.061, similar to wall number one above. 

Wall Number Three· 

Location - above grade, east 
Basic dimensions: length = 41.00 ft; height = 18.0 ft; 

precast panel thickness = 4" + 411 rigid insulation. 
For R factor use 0.17 for outside air film, 0.32 for 

precast panel, 14.8 for 411 insulation and 0.68 for 
inside air film. 

Combined R = 0.17 + 0.32 + 14.8 + 0.68 = 15.97; therefore 
1 u = 15.97 = 0.063. 

Assume a 5 mph wind, but the wind correction is negligible. 
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\~all No. 2 

Wall No. 1 

Figure 6. Laboratory Building Addition--First Floor Plan View 



There are three windows, each with dimensions 48 in. 

by 75 in. covered with polyethylene sheeting. For 

windows use a basic ll factor of 1 .09, reduced to 0.93 

to include the effect of a 5 mph wind. For·these 

windows assume a crack infiltration factor of 750 

cubic ft./hr/ft. of crack. There is one "window" 

of dimensions 120 in. by 216 in. a large polyethylene 

sheet placed over the entire height of the wall for 

a ten foot length. For this window, use a U factor 

of 0.93, a crack infiltration factor of 1,000 cubic 

feet per hr/ft. of crack (this "window" was ripped 

part of the time), and a solar radiation transmission 

factor of 0.85. There is one door of dimensions 

36" by 84", covered with polyethylene sheeting. Use 

a U factor of 0.93, a crack infiltration factor of 

1500, to include the effect of opening the door, and 

a solar radiation transmission factor of 0.85 . 

. Wall Number Four 

Location - above grade, north side 
Basic dimensions: length = 84.0 ft; height ~ 18.0 ft; 

this wall consists of 4" thick precast concrete 
panelS with 4'' thick rigid insulation, similar to 
wall number three. · 

Use wall U factor of 0.063, as for wall number three. 

There are six windows of dimensions 48 in. by 75 in, 
\ 

covered with the same materials as those in wall number 

three. Therefore, use U factor, crack infiltration 
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factor and solar radiation transmission ratio values 

similar to those for the three windows of identical 

dimensions in wall number three. There is one door 

of dimensions 72 in. by 84 in., covered with 

polyethylene sheeting. Use U factor, crack in

filtration factor and solar radiation transmission 

radiation values identical to those given for the 

door in wall number three. 

Roof 

Basic dimensions: 108.25 ft. by 71.67 ft. 
Roof for the first floor is the second floor slab, 

which consists of a four inch thick uninsulated 
concrete slab. 

For the roof R factor use 0.17 for outside air, 
0.32 for the concrete slab·and 0.61 for the 
inside air film. Therefore, the combined R 
factor is 0.17 + 0.32 + 0.61 = 1 .1; 
U factor = rt = 0.909 

The western portion of the roof contained an 
11 enclosure, 11 consisting of metal decking with 

approximately one inch of fiber glass insulation, 

covered with a plywood sheet. Basic dimensions of 

the enclosure were 26.91 ft. by 75.0 'ft. For the 

R factor, use 0.17 for outside air, 0.63 for,the 

plywood sheet, 2.62 for .the fiberglass, 0 for the 

deck, and 0.61 for the inside air film. Therefore 

the combined R = .17 + .162 + 2.62 + 0.61 = 4.03; 

U factor= 4 .~ 3 = .242. Use a crack infiltration 

factor of 1000, and a solar radiation transmission 

factor of 0. 
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Floor 

The floor is a four inch thick concrete slab on 
grade of dimensions 108.25 ft. by 71 .67 ft. A 
two inch thick sheet of vertical rigid insulation 
was installed on the foundation wall from the floor 
slab down to the top of the footing. For the U 
factor based on difference between inside and 
outside air temperature, use the average of 0.055, 
the suggested factor for a slab with four edges 
exposed and 0.032, the suggested facto~ for a 
slab with two edges exposed, or 0. 044. (3) 
This factor should be reduced by 19% for 
insulation extending to 40 inches. Therefore 
the U factor is 0.036, based on the difference 
between inside and outside air temperatures. 

Costs 

79 

For all temporary enclosures, it is desirable to supply the program 

with an estimate of the cost per square fqot of each type of enclosure. 

Beginning early in the Laboratory Building Addition project, large 

portions of the building were enclosed with polyethylene sheetinr and 

other types of enclosures. Later, as wall panels were erected, these 

temporary enclosures were removed, and smaller enclosures were fitted 

over window openings. During the period for which temperature and 

heating information is available, most of the walls had been enclosed 

with precast panels; the wall data given previously represent these 

later conditions. Thus, a great deal of the cost involved in 

supplying and erecting temporary enclosures had already been spent 

prior to the time for which this validation study is being made. There

fore, any cost estimated by the computer program based on unit costs 

of enclosures, will be much less than the actual costs for the total 

construction period, as reported in the final report on the case st~dy 

project. 



NonetheJess, to provide some representative cost input, the 

following elements have been developed; 

For materials: Total material cost = $570.00 
Total area of materials = 17,555 sq. ft. 
Unit cost = $0.0325/sq. ft. 

For labor: Total installation cost= $4,000~ 
·· Total area = 17,555 sq. ft. 

Unit cost = $0.2278/sq. ft. 

~ ior maintenance: Assume the $190 for removal is 
· the maintenance cost. Therefore, since the 

total installation cost is $4,570 the maintenance 
cost will be 4~j~ x 100 = 4.157% for 4 months, 
or 1 .04% per month. 

For heating costs: 
Space heater costs--charge one month 

@ $260 
For steam heaters, the equivalent cost 
For space heater fuel 

18 days @ 18 hr/day x 
3.5 gal/hr = 1134 gallons 
17 days @ 10 hr/day x 
2.6 gal/hr. = 442 gallons 
Total gallons = 1576 @ $0.40 

For wiring and starters, 
For steam, 
For electricity, 

Total BTU's lost during the period from 
January 26 to Apri~ 15, 1974 was . 
1,251,291,000 x 10 BTU's. Therefore 
an estimate of the heating cost is 

$5 440 _ 1 

1, 251 ,2§l,OOO- $0.00434/1000 BTU s. 

Other Data 

= $ 260 
640 

= 630 
= 150 
= 3660 

100 
$5440 
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In Table V, the balance of the required data used as input to the 

HEATCOST program, to validate the program, is given. Inside and out

side air temperatures are based on the previous Laboratory Building 

Addition study, soil temperatures are estimated, and solar radiation 
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values are for the number of ·days included in the period, based on the 

Mirth paper (6). 

Results of Validation Computer Run 

Appendix III contains the complete keyboard listing from the time

sharing session that analyzed the expected heat loss from the 

Laboratory Building Addition project, based upon the input values 

discussed above. The last section from that output is repeated as 

-Table VI. 

A comparison of heat loss per month predicted by the program with 

that actually recorded on the project is given in Table VII. Although 

the heat loss estimated by the program for the total time being studied 

is somewhat less than that actually recorded (83.9%), it is believed 
I 

that the program has actually done a good job of predicting actual heat 

loss. For the end of January and the total month of Feb·uary, thr~ 

predictions are remarkably close to the amounts actually recorded and 

are well within any estimating accuracy that would be ex>ected for a 

construction project. (In fact, they may be questioned as being too 

accurate to be legitimate!) 

The rather low estimates in March and April, and especially the 

estimate that is 38.8% of actual for the first half of April, can be 

explained rather easily. Toward the end of Ma~ch and especially in 

April, with the coming of warmer weather, some enclosures were re·· 

moved and doors were frequently left open even though heat continued to 

be supplied within the building. The project diary shows several 

occasions when various openings were not covered, at least during the 
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TABLE VI. Grand Summary from Validation Run-

Total BTU's Lost Are As Follows--

Walls 
Windows 
Doors 
Floor 
Roof 
Roof Enclosures 
Window Cracks 

. Door Cracks 
Roof Enclosure Cracks 
Solar Heat Gain (Minus) 

Total 

15.9 X 106 
36.7 
5.7 

27.2 
507.4 
48.7 

170.2 
60.4 

178.5 
0.4 

1050.3 X 106 

TABLE VII. Estimated and Actual Heat 
_Loss By Month 

Heat Loss, BTU x 106 

Estimated Actual As 
Month By Program Recorded 

End January 1974 111.51 109.96 

February 1974 470.66 461.87 

March 1974 382.26 457".91 

1st Half April 1974 . 85.86 221.56 

Total 1 ,050.29 1 ,251 .30 

Estimated as 
% of Actual 

98.G% 

101 . 9% 

83. 11% 

83.!)% 
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daytime when construction was in progress. Therefore, although the 

program assumes that the building•s various heat flow characteristics 

remained constant over the period analyzed, in truth, these character-

istics were changed during late March and early April. Thus, the pro

gram tends to underestimate the actual heat required, if a large 

amount of this heat is being lost to the outside. 

In summary, then, based on a comparison of estimated and actual 

heat losses, it appears that the program does a good job of estimating 

such losses when conditions at the project are as represented by program 

input. 

Another approach to the matter of program validity would be to 
. 

compare the indicated air changes per hour with those that normally 

would be expected. Unfortunately, the author knows of no studies of 

air changes per hour of buildings under construction! For buildings 

whose construction has been completed and which are in operation, 

Jennings (5) indicates 11 For almost any type of room or space, a volume 

of air per hour equivalent to one-half to three times the volume of the 

room or space enters by infiltration and an equivalent volume leaves.•• 

Typical values give one and one-half changes of air per hour for a 

room with two sides exposed, one to three changes per hour for stores 

and one to two changes for living rooms. 

To obtain an estimate for total air infiltration per hour, one 

must sum the values given by the program as ••crack infiltration pro

ducts, .. and divide the result by 0.018. Then, since it is assumed that 

one-half of this total enters the building and one-half leaves it, one 

should divide the result by two to determine that amount of air which 

must be heated to the inside air temperature each hour. 
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For the project under study, the sum is developed as follows: 

Wall No. 3 windows 1838.3 
Wall No. 3 doors 450.0 

Wall No. 4 windows 1660.5 
Wall No. 4 doors 702.0 

Roof enclosures 3669.0 

Total 8309.8 

Dividing this total by 0.018 and ~hen by two, the result is 

233,606 cubic feet of air entering per hour. The total volume of the 

space whose dimensions are 108.2 feet by 71.67 feet by 18 feet is 

139,585 cubic feet. Thus, the indicated air changes per hour are 

233,606 139,585 = 1 .67 air changes per hour 

Lacking any data with which to compare this result, one can only 

say that it seems to fall within the range expected, for a building 

which is under construction and has relatively few windows but so~e 

large enclosures and about half of whose walls are below grade. 

A final approach to the comparison of results determined by the 

program with those which would be expected in actual practice will be 

to look at the percentage that the various types of indicated hea·: 

losses are of the total heat loss. 

A study by Konzo, as reported in Canadian National Research 

Council Better Building Bulletin #2 (2), gives the percentage hea'~ loss 

of various types of houses in the United States that were of wood 

frame construction with basements, were uriinsulated and had no st:•rm 

windows, storm doors or weatherstripping. Konzo's study obviously did 

not focus on concrete frame buildings under construction, some of whose 
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walls are below grade, but the comparison, nonetheless, may shed some 

light on how well the program is predicting actual tiJtal heat loss. 

Table VIII lists heat losses of four categories: walls and 

ceilings, windows and doors, cracks around windows and doors, and 

floors, as broken down in the Konzo study. Heat loss predicted by the 

program for the Laboratory Building Addition project is given, both in 

BTU's and in percentage of the total BTU loss. In addition, the 

percentages developed from the Konzo study are listed in Table VITI. 

Since the Konzo study was based on uninsulated houses, the percentage 

losses through walls and ceilings compared to windows and doors in his 

study would be considerably higher than modern day houses. For the 

laboratory addition project, the comparison of walls and ceiling5 

losses to windows and doors losses shows that losses from walls and 

ceilings are predicted to be about six times those from windows and 

doors. An explanation is that the roof area of the laboratory adiitior1 

first floor was a large, uninsulated expanse and the walls contained 

relatively few windows and doors, including none on the two portions 

of wall that were below grade. 

Compari·ng the predfcted ·"cracks around windows and doors" percent

age with that from the Konzo report one notes tt)at the· predicted percent

age is considerably higher, as would be expected with a building under 

construction .. Finally, it is noted that the floor loss percentage~ is 

essentially the same as that developed in the Konzo report. Thus 

although the buildings compared are strikingly dissimilar, the re·:ults 

of the comparison discussed above seem to indicate that the progrJm is 

developing reasonable results. 
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TABLE VII I. Percentage Heat Loss of Various Types 

Predicted By Program 

BTu•s x 106 % Given in 
T~Ee of Heat Loss % of Total Konzo ReEort 

Walls and Ceilings 523.3 49.8% 43% 

Windows and Doors 90.7 8.6 30% 

Cracks around Windows 409.1 39.0 25% 
and Doors 

Floors 27.2 2.6 2% 

1050.3 100.0% 100% 
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The results of the discussion in this section tend to indicate 

that the approach taken by this program can be expected to give 

reasonably valid results, results that generally will be well within 

the estimating accuracy employed in building construction estimating. 



CONCLUSIONS 

The process of construction is a year-round activity, even in the 

coldest of region~. As the literature search portion of this report 

has revealed, contractors have been building things in the winter for 

a long time. The coldest temperature reported at an on-going construc

tion project was -70°F, at a bridge over the Forty-Mile River in the 

Yukon Territory. The 1 iterature review found many other bui 1 ding~ 

highway, dam, canal, and bridge projects that were constructed at 

temperatures that sometimes reached far below 10°F. 

Another portion of this project asked contractors, who are 

currently doing business in Alaska, how cold it must be before they 

shut down various types of construction operations. and what other 

factors are important in deciding to shut down in the winter. Interes~-

-
ingly, the lowest temperature given by any respondent·was also -70°F, 

by a contractor who felt that machine and hand excavation and some 

types of electrical work can be carried out at this temperature. Other 

factors mentioned as important in a decision to suspend winter work 

included the following: wind, snow, lack of daylight, soil moisture, 

icing conditions, transportation cost~ type of work, size of job, 

avail abi 1 i ty of personne 1 , effect on other phases of the project, union 

attitude and qual'ity control. With rapid development of Alaska and 

other northern areas, construction during cold weather is assuming a 

more important role than in the past, and this trend is likely to 

continue for some time. 
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To assist construction ~ontractors in estimating the costs of 

using temporary enclosures in buildings under construction and pro

viding temporary heating for such buildings, th"is project•s major 

effort has been to develop a heating and enclosures cost estimati :g 

computer program. The program is interactive, in the sense that .he 

user communicates with the computer by medns of a' remote keyboard 

terminal in a 11 conversational 11 manner which allows different enclosures 

schemes to be evaluated by changing input data. Data on heat flow 

characteristics and cost of each exterior building element are supplied 

to the program, as are monthly climatic data. The program calculate~ 

total estimated heat loss for each month and for the total winter 

period and the costs of installing and maintaining enclosures and pro

viding heating. 

To determine how well the program estimates actual heat loss, it 

was used to calculate heat loss for the University of Alaska Lab( ratory 

Building Addition project, whose actual heat loss during construction 

had been docu~ented during the 1973-74 winter. Results of this \alida

tion run in~icate that the program does an acceptable job of estimating 

heat 1 oss, well within the norma 1 accuracy of building constr~cti on 

estimating. It is suggested that futher validation be carried out by 

applying the program to other building construction projects whose 

actual heat. loss can be determined . 

The study revea 1 ed the need for further study of the air 1 o~:, s 

characteristics around temporary windows and doors such as those in 

buildings under construction. An important data element for the 

HEATCOST computer program is the 11 Crack infiltration factor 11 for each 
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window and door, which depends on the type of i nsta 11 ati on~ its 

weatherstrip.ping, etc. Although fairly accurate factors have been 

published for pennanent-type doors and windows, no such data are ava:il

able for such typical construction-project windows as those made of 

polyethylene sheeting and lumber framing. A modest research effort 

to detennine such factoors would be appropriate at this time. 

. .. 
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Unedited Responses to 
Questionnaire Questions 2, 3 and 4 
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APPENDIX I. Unedited Responses 
to Questionnaire Questions 2, 3 and 4. 

2. 11 What determines the cutoff temperatures you have indicated? 

Activities generally limited by the effect on people except 
where the physical characteristics of the material govern 
(concrete placement and curing, painting, etc.) 

Handwork items are controlled by effect on people - wind 
chill factor. Equipment availability remains fairly good 
to -35°. Any drop below this destroys availability with 
-50° being impossible to work. 

Elect. installation - human factor. 

Effect on people and machinery. 

Mostly productivity of people. Also product such as concret~ 
and mortar may become very expensive to place because of plant 
protection, heating aggregates and water and jobsite protection 
during placing and curing. 

All effect 
on heating 
equipment. 
all of the 

the working range - work can be performed depending 
costs involved with protecting men, materials and~ 

Wind chill factor plays the largest variable on 
above. 

See above listing. 

Metal failure on scrapers starts at approximately -35° (gdose-. 
necks). Dozers no problem till past -50°. 

The above is based on temperature that can be worked 
efficiently - below that production drops way down and costs 
are prohibitive. 

Considering usual compaction requirements of thin layers. 
Moisture content of materials and shrinkage considered. 
Building construction. 

On equipment at that temperature it usually can 1 t be started 
period, no matter what precautions. Work can be performed at 
these low temperatures.- but you have no productivity to 
speak of. 

+20° you can pull Romex, anything colder than that the 
insulation will crack. It 1 s just a matter of how cold the 
man will work- could up to -30°. 
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Primarily soil and material norms. Some materials just cannot 
be worked without temporary heat and enclosures. Effect on 
people and machinery can be overcome but is expensive. 

Can be performed at lower temperatures but effect on 
machinery offsets ability to work. 

-30° is cutoff for both human performance and machine per
formance. About +20° is the cutoff for economical per
formance. 

Motor and water freezing. 

Hard to keep machines bperational below 0° - hard to work 
dirt below 25°- hard to work people outside below 0°. 

Soil, cut off without thawing, other d~aft with weather 
effecting, materials. 

Freezing of materials. 

Hydraulic machinery. 

Excavation - soil conditions; painting, masonry, roofing, 
concrete- effect on material; carpentry, electrical, 
plumbing - effect on personnel. 

A combination of all factors. 

Temperatures below the 10 above - asphalt does not penetrate 
_ efficiently into the layers of felt. Shorter work hours and 

less production. ' 

Not as good performing work when cold, not too much trouble 
with equipment, when serviced right, soil conditions are OK 
~xcept for underground work, in that case we put in temporary 
until the ground thaws. 

Effect on p~ople, machinery. 

Machine work- below-35° there is a severe 11 brittleness 11 

effect on hoses, seals, etc. Very high machinery main
tenance, surveying and other work with exposed persnnnel -
effect on people. 

Effect on people. 

How much money is available. Alyeska has demonstrated 
that anything is possible. Most activities continued thru 
winter this year at greatly increased cost. 
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With adequately protected operator on machine, damage 
to machine components determines 11Cutoff 11 for work where 
men are exposed, loss of efficiency. 
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3. 11 What other factors besides temperature are important in a decision 
to suspend work in the winter? 11 

Urgency of the work and the money available to complete the 
job in Spite of the cold temperature. 

The effect of wind chill factor definitely controls the wor~. 
A wind chill factor of -40° to -sao or colder eliminates all 
hand work. Machinery can continue to operate, however, with 
-60° to -70° chill. 

None. 

Wind (chill factor). Snow, daylight (cost and safety of 
working under lights). Cost of transporation of supplies 
under adverse weather conditions, individual and machine 
productivity. 

Chill factor, type of work involved, ie mass concrete vs 
thin wall, etc. Size of job, is money value involved for 
winter work a large% or small %of overall project. 

Cost is high, efficiency is low, quality is reduced in the 
winter. 

We must work two shifts or equipment cools out -moisture 
content of soil is also a factor - with proper lighting we 
have been able to sustain adequate grade. 

We have done steel erection at 40 below with no wind - but 
that is about the maximum. Wind is to be considered regard
less of temperature. 

Logistics or material available - temporary heat available 
and costs involved - availability of good workers at that time 
of year, etc. 

Also consider company situation - ie. is equipment needed 
elsewhere? Availability of personnel, consequential effect 
on other phases of work, chill factor, precipitation, 
geographic location. 

Wind factor. 

Cost, wind and precipitation, board and room conditions, 
work shift required. 
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Physical activity of individuals, haul lengths as far as 
concrete placement is concerned, proper preventative 
maintenance program, visibility, timing and goal of 
project. 

Excessive snow (more than 3-4 inches), icing conditions, 
long darkness also affect road construction or site develop
ment (any outside work). 

If a cover of visqueen or other suitable material is provided, 
work could go on all winter. 
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Chill factor due to wind, snow, sleet, ice fog create stoppages. 

Snow covering material, time lost in men getting to work, s~ckness. 

Lack of production. 

We attempt to construct as much as possible indoors (prefab 
building modules, etc.) so we can do many things at lower 
temperatures. At this time our toughest hurdle is the 
effect of cold temperatures on heavy machinery and we feel 
-30 is the limit. 

Lack of daylight - material storage - higher labor cost to 
prepare body for work. 

Temperature has the dominant effect on other factors - pro
duction for the money spent is my chief concern. 

Snow, frost. 

Our work consists of inside wiring, mostly except for putting 
the power service in. The weather never stops us, you cann0t 
get help in the winter months, the electricians don't want 
to quit drawing their welfare checks, unless you promise 
them steady work. That is one big problem. Another one 
is they are pricing themselves out of work $14~35/hr + 
2.60 benefits. 

Money to spend coupled with need is the real criteria - in 
other words, economics. There is no temperature cutoff 
unless coupled with costs. It just costs more money at 
lower temperatures. The impossible just costs more. 

Cost to run equipment. 

Survey - deep, soft snow and limited amount of daylight. 

Efficiency. 

Money, quality cont}~ol, union attitude. 



Trade-offs between loss of efficiency and higher cbsts against 
completion (less financing cost, etc.) and spread of fixed 
costs over more hours worked per year. 

4. 11 0ther comments!'" 

Higher winds cause white-outs or ground blizzard~ that make 
work on hauling or grading impossible. 

Construction should be programmed to do outside tasks i~ 
the summer and interior work in winter. 

With the heat of machines and vi~queen and heaters, mechani!:S 
and operators are able to perform satisfactory work. 

There are many considerations which affect the decision to 
undertake an operation. For example, heavy excavation in 
the fall tends to extend into colder temperatures than 
that same operation might be undertaken in the spring, 
because in the fall the ground is not frozen so deeply 
as it is in the spring. There may be six inches of frost 
at 20°F below in the fall (no problem for a ripper) and 
six feet of frozen ground when that temperature occurs in 
the spririg. Conversely, ironworkers work better at 30°F 
below in the spring than in the fall, a function of 
psychology and daylight. 

Roofing tends to be done deeper into the fall cold than 
might be considered prilctical in the spring because of need 
(the effect on other work). Also some operations, ie. 
masonry, are "easy" to provide temperature control for; 
thus the cost is not severely adversely affected by temporary 
enclosure. Obviously, it cannot be done below freezing. 
Similarly concrete forming is easy well beyond freezing 
whereas the concrete must be poured against unfrozen (and/or 
insulated) surfaces. Therefore, my temperatures are those at 
which no extended considerations are involved or at which the 
state of the art is so well founded that the considerations 
cannot be regarded as extraordinary. 

New methods being devised for work on the Alaska Pipeline 
should be of great interest. We are doing things now that 
seemed impossible 10 years ago. 

Many of the activities indicated ca•; be performed at lower 
temperatures than those shown - efficiency of personnel and 
equipment and job requirements may require working at lower 
temperatures which will undoubtedly have an adverse effect 
on personnel, equipment and production. 

Wind and freezing weather are v~ry difficult to wo.rk with. 
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l 
Importance of completion sometimes negates hardship in which 
case work can be accomplished at great expense regardless. 

Men do not work as efficiently when they are not comfortable, 
much time is spent thawing equipment, warming up trucks and 
extra costs would be ~ecessary for lost time . 

Many activities better done in winter with frozen ground, 
streams, etc. Soils investigation with surface borne drill 
rigs an excellent example. 

We placed 150 c.y. concrete at airport for Mukluk in 
January at -30°. Even Fairbanks Sand and Gravel is already 
making concrete this year~ Lots of money around - we paid 
$75 for concrete and glad to get it. 

Every situation is different - as reflected by unit bid 
price variations, area work load, etc. No hard and fast 
rules have been revealed to me, ever! 
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&WINUC20•3> ,WININ'I20,3l •WINNUM{2Q,3J,WINC5Lf20j~),WINCSMC20,3t, 00001790 
&DHI2Q,3l ,DWI20,3l ,DUI20,3JiDINI20•31jDNUMC20~3),DCOSL(20~3l. - 00001800 
· DH1ENSION DC051,1120.3l •vJAI3J,DA13l •WPI3l ;DPI3l .RENUM!2) .RELC2l, - -- __ 00001810 

... &REWJ2 l , REU I 2 l •REI N C2L.RECL12:L1RECHL2L.RE/liZl_, _ _REP_L2L,_8.GJZOJ_L__________ - - O.O_Oll82..0_ 
&hEATYPilOl, r-AONM,Eil2,4> •DAYS112l .ouTD~Pil2l •SOILTEC12l' 00001830 
&TINMOI12J •PCTMOI12l _ 00001840 

DH1FNSION irJINTAUIZOdl .OTAUI20.3l ,\'iODIZOl •RETAUC2l .SOLHC12l, 00001850 
---&SOLS.( L2 l ;soLE W U 2 >--------------- __________ - --------------------,------------~-------·----. _0!)00 1 BML c <00001.870 

DATA ANSNO/\NO\/ :00001880 
c . . . ·. . ·. ·-· ·.- __ ·. .· .· _.· 00001890 

NREAD. L 5 .. _ ----------- ------------------------------'-'------___________ _:_ __ -_________ , __________ ~~-----.::_ ____ :~--~0.0.00.19.0Q. 
NPRINT I 6 00001910 
MOR~ [ 0 00001920 
WRifE<NPRINT,500) 00001930 

. · 500 F.ORr~AT (_\ L\, T 5, \HEATC05L~::-_ . .A __ f":R_O_GEA~L£.DELE.STlMAIJNG. __ lHE._CO.ST..DE _ _T_EO_OO.Oll!:UL 
&:V1PORARY HEATING\,/,T8,\ AI\JD ENCLOSURES DURING CONSTRUCTION\•//• - 00001950 
&T5,\TYPE PROJECT IDENTIFICATION:..,.,. UP TO 60 CHARACTERS\) . 00001960 
C INPUT PROJECT IDENTIFICATION - - . - . - _ OOb01970 
C READ INREAD~ 101 I~ENf-- -- ·----------·- -- -----····-····--C·-··------ ----- - ------ --- ···-·- ----L-82-88H~-g--

l0 FOR~ATI15A4l 00002000 
7 3 0 viR IT E ( 1\l P R I NT , 2 0 l I D H!T 0 0 0 0 2 0 1 0 

2 0 FORMAT I Tl O.d 5A~ __ ,J/.L___________ .... ___ . _ _________ ____ _ _ _____________ _ ___________________ Q.Q_Q_020_ZJ) __ 
DO 30 I£1,20 -00002030 
IF U-WRE • EO. 0 l GO TO 810 000020.40 
lvRITECNPRINT,800l I --. - -- • 00002050 

B 00 .FORMAT I T.5 •.\.ARE T_HERL_l\,"lY ... WALL _ _D]I_J)\_ REV_! 5 IONS ..... FOR WALL:.._\ ,_1 2_)_ ______ ~ _:.__~Q_Q_Q_Q2QQ.O.:': 
READINREAD.550lANS 00002070 
IFCANS.EO.AMSNOlGO TO RZO 00002080 

810 WRITEINPRINT,510ll . 00002090 
___ 510 FO.RHATJT5 '\ LY.J?.E _ 'd A.LLDAIA.fDE .. \1:11\.L..l, __ .\,_I.Z.• \_ ~-:HELG.I::f.L.I N_ . .f.EET __ t..\'tlDJJ:L.LQO_Q_Q2LOJL 
&N FEET•U~FACTOR,\• /,J8, _ .-. _ ._ .--- _ . . . ----- 00002110 
& - \SELOW GKADE DESIGNATOR:<l• IF .BELOW GRAD.E• O. IF AB 00002120 
&O~E GRADEl\•/•TB.\WALL ORIENTATION .DESI~NATOR<1• IF ~O~H FACING,z 000002130 

-t• _IE EAS.L~tf~-~~~sf FAtH-i~~-~---3~-TF'-Hb'KTHFAcTffGl~\f- ----~--::-~~-- ------------ -- ______ , __ ::__~8-S§~~g-
c 00002160 
C INPUT WALL DATA -- HEIGHT, WIDTH, U FACTOR, BELOW GRADE DESIGNATOR, 00002170 

--~ __ ..... '('. ___ :---ltJALL.ORLE.l':lThl.LON .. QES.IGNAJOR.-------------------- -----g-g-ggg~g-

REA:_!, WH<Il ,·\'11~·1(1) ,I}JlJ(Il ,BG<Il ,_vlODIIl 00002200 
c . . " . 00002210 
C .. _ lNE.UT vJI.NDOI'~ DAT.A __ f.QP. __ II:U5_WAU ... :-:-- .NU.MB.ER• ___ HEJ.GHT..• .. .W.I.D_1H.L_U __ E~CTQR, __ Q_00..0_2_2_2_Q __ 
C INFILTRATION FACTOR, SCLAR RADIATION TRANSMISSION FACTOR• LABOR COST,2230 
C MATERIAL COST <3 CARDS -- ONE FOR EACH WINDOW TYPE> . 00002240 
c I 00002250 

.. ___ 82_0_ .DO .. 5.0. .. J I l ,_3 ___________________________ ------------------------·· ------------------------····- _________ , _________________________ Q_QQQ2_2_Q_Q 
· IFCMORE.EO.OlGO TO 830 ·- 00002270 

WRITE<NP~INT,840lJ,Y j - - . . __ 00002280 
340 FOR~~ATIT5,\ARE THERE Af,:y REVISIONS TO WINDOW TYPE \dh\·.DATA IN W00002290 

.. &ALL \R-~~-,_~-(NREA·b-~-5-')'oi :t~~Js- .. ---··------· -- ·------------------ . ..:: .. ~----'-- _:___:_ ___ _:_ - - ____ _:_, __ _:_ ___ :_g-g-g.g~-~-g~ 
IFIANS.EQ.ANSNOlGO TO SO 00002320 

830 WRITEINPRINT,520lJ 00002330 
..... 520 ____ fORJvJA.U.I5_'!.".T.YPL .W.IL!IliDL.D.AJA. __ EQR_LY.EE_li_llil..W.lND.OWS_ fOR THI 5 WALL t0000_2_3~ 
& IF ANY --\'I' TS • . .- ·- . -__ / . -- .'\- -·--·_- __ . --- · .- · \\< ·:: C00002350 
& \NU~"GER, HEIGHT. In lNCHES,W.IDTH.IN' INCHE59 U FACTQR;j.\.'i/9- ''00002360 
&T8•\CRACK INFILTRATION FACTOR(CF/HR/FTOF PERIMETERJ,\,/ .• Ta;, > __ - ·:: ;00002370 

__ & ___ . -------------. ____ . __ ----- ____ : ________ ---- ____________ :·, ______ :__· --_-_. ---------~--~---~----~:---~-- . _\SOLAR RAD.lAI_l - ' ·-o0002:3..SQ 
&ON TRANS\HSSrm-: RATIOIBET\A/EEN o. AND 1.01 ,\,/,T8,\INSTALLAiiON LAB 00002.39"ci 
&OR COST/SF•MATERIAL COST/SF.\) - 00002400 

READ• WIIJNU~qi,Jl •itJlNH(l,Jl ,WIN\~(I,Jl ,WINUihJl ,WININCI.Jl00002410 
__ &___,_\tl_l N.I AU_ c I • JL ... iillK 5L1J..hil. . .o.lil.NL5l:iil_,__J.l. _________ Q.Q.Q.Q2.__42.Q_ 

50 CONTINUE - - - -- - ~~00002430 

c . '00002440. 
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READ • RL, RtoJ •RU 00003660 
_89_Q___QQ ___ _D_L . ..L QOQ036 7JL 

91 o ~§i~~+~~ir~x~l~~~~~~~-~r.!:Y RC:vil~~~;~~~;~ :r~ ~6()F ·••-~-- N.·-·._c __ iz_•.1._••_s_·••.-_:u_-_:_·-•-~---E_ •. ·_··~•·-··_·• •. .r_-.-_ ••• __ v_· __ .••.• _P_ •. __ ._._-.E_-•. -_._-_-_._._c_•_•·• R;~;~JJ.;~ ti8888l~l8 
-~-All_ ---···-·- . . ·· ... ·. ' . · . ~-: -- • < . OOOQ37_10_ 

READINREAD,550lANS 00003720 
IFIANS.EQ.ANSNOlGO TO 131 00003730 

900 WRITEINPRINTo570lJ 00003740 
___ .5_7_Q_EORMAIJ..T.5..LUYPE ROnF TEMPORARY FNC! OSLJRF DATA EDR TYPE.\, I 1·, \ ENCI 00003750 
&OSURES, IF ANY--\ ,J,JB <t\NUN6ER:~LENGT:.H lN.iClNCHES,W·IOTH•lN/'lNCHESoiU:·<: • "00003-7600 
& FACTOR,\, I 'T 8, •. . ·_._·_·:.•:-.· :· .. · .·.·-···•••·-··_ .•.••••.•.. /• .)!;<{C2(i)<''i. f < < ;···· ..•. _.:··. ·_·.·····: .• :.:·_····,•; ;····,.c{.·::··· ·.···.;···.:.;;._'(:">>0000377Q: 
& \CRACK INF.I LTRAT lONFACTciRfCF/.HR/FT- OF: PERIMETER).,, /9T8~ \5 :> 'i'> 0000378Q,• 

..&O.LAH ... BADlAli.Ot::L~RANSMISSTOWRATIOCBETWEEN-· O. -AND .l.D.~£6.l:8', -·· .··... ·: . 00003790';: 
& \INSTALLATION 00003800 
& LABOR COST/SF,MATERIAL COST/SF.\l 00003810 

READ• RENUrHJl ,RELIJl .RE\.<JIJl .REUIJl ,REINCJl ,RETAUIJ), 00003820 
£RE.CLUl•RE.Ct1J I 00003830 

I ~~~o~o:;~ ~~~AT! a•s tik'"c,>c>:z '~~~' , cc<,\~'i'/f: • " ''\~ ~~~;!~Uiffm~ 
REPERI I o. 00003880 
REAREA I o. 00003890 
CRINRE I O. 00003900 

_UAR L.L.Q. 0000391 0 
TRECL I O. .(' <t · . ' ... 00.003920 
TRECM I O. • ··' .<J · • •• • • . •·· · ·• -·· · · · ·· ··.· · .....•...•...... · ·· ···· ··. ::><•/.:( .(; .. ·:·•._.·.·_._.•••oo0.03930. 
G A T A U H [ 0 ·:·. · .. ,. : ·< · ... :; ,,, · ::: :_. .. <. :·:·:-~·.:_:,:> .. ··: ........ : ... : .. <~ .. ··::., .. ~·S·\/').:·;;~· .. '<::.: : .. : .. : ... _., .;::·:·::: ·~:_'~_·;_·::_;:_· .. ~ .. -_._::_· .• __ .·_._·.•_•·-.:·:_ .. _;·;_,: .. _·:.· .. ·_-_·._·._:.:._. __ ·.·_·.·.•_•·_._·.·_·:_,.•.·_•_•.•_·.·_•_.·_: ___ ·.•_.·.·_ .• -.•. -_.·_·_._· __ ;: __ •. • ..• _::_·.~--··.·.~-• . .Y:._·<.'··~ ·::·.. · · · · · · · ·· ·· ·· · ··· ··· · .. o·o· o o 3 9 4·o · 

. • · '· ·· .:- > . . . · '\U'•f<' i· . ' ···.>·_,;•. ii()i' >\j ' · ·. · ._ ..... · ,·-· 
_GAR .. L.RL*_Rk.. < ; 00 00 3 9 50~ 
DO 140 Jl1•2 00003960 
REA<Jl I RENUMIJl*RELIJl*REWIJl/144. 00003970 
REPCJl I RENUMIJl*2•*<RELIJl-REW(J)J/12. 00003980 

JJARE.__L_U.ARL- REU l.ll *REA! J l . . 00003990 
CRREPINRREI· I CRINRE - REPtJl-*RETNtJl'ltO.oOLB· · :;;};- .· •.->· .•.. ;_.•·:,.;,•.· ,;•;t;;{_}\_·_:_: •· ii· .,,\.00004000·· 

E .[ REPERI ;-:REPCJJ ... ··. ':;\i_ <'. ·<' . <r).<000:040l0 
REAREA .J REAREA.:.;;; REAUl···.• .... _,,.. · ........ :;'.'C:.';i ... ''()~Q-04(}20 

.. i .:· .. :::::~:;~::::_::·:·:.' -:.:: 
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-fRECL r·-fRE-ci-:-REATT> *RECLUT -·oooci4lr3_o __ 
TRECM [ TRECM • REA!Jl*RECM(Jl 00004040 
GATAUH [ GATAUH • REA(Jl*RETAU(J) 00004050 

-·-·~41L-~2~1P1~~R--=--R"EAREA -------------.. , .. ------~£-SSt-8-~&-
UARoOF [ RNA*RU 00004080 

c 00004090 
-- (__ -·---------·--- -···------------------------------- . ----------------------------- - - QQ_Q_Q_4_l_Q__Q__ .. 

WRITE !NPRINT.l50JGAR.REAREA.RNA.TRECL,TRECM,UAROOF,UARE,CRINRE, 00004110 
&GATAUH 00004120 

150 FORMAT!III•T7,\GROSS ROOF AREA [ \tF7el•\ SF TEMPORARY ENCLOSURE00004130 
__ &s_AR£ AJ.RQ__Q_fl __ _L __ \_, I~--- ' ______________________ __:__ 0 0 0 o~·l~CL 

& F7el•\ SF NET ROOF AREA [ \•F7.1•\ SF\•I•T9•\RO 00004150 
&OF TEMPORARY ENCLOSURES COSTS-~LABOR [$\,F7.2•\ MATERIALS\• 00004160 
&I,T10•\[ $\, ·_·, , •· - - . 00004170 

_&F1.2,L,IU,_\U_*.A .. ERQD_UCTS--POOE l \•F6el!\· TEMPQRARLEN___CL.Q_SURE·.Sl , .. - .OOOQ_It_HHL 
&,F6.l•I•Tl2• 00004190 
& \CRACK INFILTRATION PRODUCT [ \•F6.l,I•Tl3•\SOLAR RADIATION 00004200 
& PRODUCT [ \,F7.ll 00004210 ___ (. ___ - __ ,. ___ -... --- _____________________________________________________________ __QQ_OQ!t.220 __ _ 
C READ FLOOR DATA.-- U FACTOR• BELOW'GRADE DESIGNATOR 00004230 c ' .. . .. . .. . ' . 00004240 

IF!MORE.EQ.OJGO TO 920 .. . 00004250 
WRilEJNPRLNT!.93_Q_L _____________ . ---------'-----··_·· ___ ." . OQ.O.OA26.Q __ 

930 FOR~AT!T5•\ARE THERE ANY REVISIONS TO FLOOR DATA\) 00004270 
READ!NPEAD,550JANS 00004280 
IF!ANS.[Q.ANSNOJGO TO 940 00004290 

____ 920 WRITE LNRRINJ _,_5___8__Q__L_ . _____________________________ -· __ _ ___________ _____ _ _________ QQO_Q~3JllL _ 
580 FORt1AT(T5,\TYPE FLOOR U FACTOR & FACTOR BASIS DESIGNATORClelU BASE00004310 

&D ON SOIL\•I,T8• . . 00004320 
& \TEfv':PERATURE, O.[t_! BASED ON OUTSJDE AIR TEMPERATURE)\) 00004330 

----------- REA[)_.___ _____ o _____ __:_ __ ~FJ3G_ ______ :__ __ · ____ ._ .. -·---------- - . - -·--·---'----'----__o_o_o_o~~--
940 FUA [ GAR*FU - 00004350 

c 00004360 
c 00004370 

-------WRITE ( NPR lNTd.7Dl.GAR-t-El-JA-----------------------------------.. ----------·------------------· ___ Q_Q_Q04380 _ 
170 FORMAT<III,T7,\FLOOR AREA [ \•F7~1•\ SF U*A PRODUCT FOR FLOOR ( 00004390 

&\•F7.l•llll . . . 00004400 
c 00004410 

_L ___ READ .. DA T.A QN_ HEJH1 NG___'1[_IHOI~..COST I 1 00(LJ3.IlJS__,__A_'ILG_ .. lNSl__D_E __ IEM£LMONTHLYQQ004420 
C MAINTENANCE COST (PCT OF TOTAL INSTALLATION COST) 00004430 
c 00004440 

IF<MORE.EO.OJGO TO 950 00004450 
--------·-··-----. ..WRITECNPRINJ,%0J ---------------------- ............. _______ .. ______________ 0_0004_4_6_Q__ 

960 FORMATCJ5,\ARE THERE REVISIONS TO HEATING METHOD DESCRIPTION\) 00004470 
REAn!NRfAD.550lANS 00004480 
IF<ANS.tQ.ANSNOlGO TO 970 _ 00004490 

____ 950 __ WR I TEJ NF R INT, 5 9.0 L .. ·-----~--------------- ____ .. . __ . ___ _ ..... _ -------- _ .. _ _ _____ ___;_Q__QQQ~S_Q_Q __ _ 
59Q FORMAT!T5,\TYPE DESCRIPTIO~ OF HEATING METHOD--UP TO 40 CHARACTERS00004510 

&\) 00004520 
REA0CNREAD,600lHEATYP 0000:530 

. 600- -FORMAl-! lOA!tJ_ ------------------------------------------------- ---------- ______________ QQOO_S(ill__ __ 
970 IF<MORE.EQ.OlGO TO 980 00004550 

WRITE!NPRINT,990l . 00004560 
990 FORMATCT5•\ARE THERE ANY REVISIONS TO HEATING COST., INSIDE TEMPERA00004570 

& TURE\, I, T8, \OR MAIN.IENANCE-'-COS.T\L-------------------------------------·· ---- _____________ __Q_QQQ!t.S.B.O .. 
READ!NREAD,550lANS 00004590 
IF<ANS.EQeANSNOlGO TO 1000 00004600 

980 WRIIE<NPRINT,610l 00004610 
_ 610 .. FO~!M T <IS !.\JYRLJ:lU.TlNGLOSl/LQllD_ BTU_5__,_A\lERA.GE ___ lliSlDE_TEMPERAIUREillOO_Q_~_62Q_ 

&AND MONTHLY\, I' T8 • . .. 00004630 
& \COST OF MAINTAINING ENCLOSURESCAS PCT OF FIRST COST)\) 00004640 

READ• HEATCO~TEMPJN,PCTMAI 00004650 
(_ --- __ ____:_ ______ -------- -----------------------· ------------------------------------ ----- Q_Q_Q_Q_4_6__Q_Q_ c . 00004670 

1000 WRITE!NPRINT,l90JHEATYP .HEATCO •TEMPIN,PCTMAI 00004680 
190 FORMATIT5•\TEMPOqAPY HEATING WILL BE \•l0A41Tl0•\ AT A COST OF $\~00004690 

---&F6.5,.\.. P-ER .LCOO-BlUS~ t-I.J--l5, \THE A 551 lMElL .. A1'ERAG.E. .. lNSLDE-T£MEERAIUR_ 000047_QQ_ 
&E IS \•F4~l•\ DEG F\•I•T20•\THE ASSUMED COST OF MAINTAINING TEMPOR 00004710 
&ARY ENCLOSURES\•I•T25, .. . .· 00004720 
& \IS \,F4.1,\ PERCEf.jl OF FIRST COST PER MONTH.\) 00004730 

__ ( ___ . --- ------ --- ·--- -------------------- --------- .... ------------'--------·-------------------- 0000~--c READ DATA CN EACH ~ONTH !NAME, NUMBER OF DAYS, AVG OUTSIDE TEMPERATUR£,004750 
C AVG SOIL TEMPERATURE, AVG !~SIDE TEMPERATURE <IF DIFFERENT FROM ORIGINAL60 
C INPUT>• MAINTENANCE COST PERCENT !IF DIFFERENT FROM ORIGINAL INPUT), AND70 

__ c_. _____ ,_LASL.MQNUL.ll'illl.\ ATOP l. ·------- . OOQQ478_Q__ __ 
C PERFORM CALCULATIONS AND PRINT RESULTS. 00004790 c . 00004800 

TW9TU [ o. 0000~810 
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TWlf:llB_L __ _r ___ Q_. -~---------·--·------------------------ _____ QOO.O!t.B2..0.. 
TDBTU [ 0. 00004830 
TFBTU [ 0. 00004840 
TRBTU [ o. 00004850 

___ TREH.lU _ _[___n_._ __________ ,_____ _____________ __Q_Q_QQ48.60 __ 

+~~~§ ~ [ [ o? • · · --_ •\>\;r;5.s-:t:{\ A.·,:\.; ___ · ·- 88884g ~8 
TRECRU [ 0 • . . . . . ·_·.. . 00004890 

___ THIG(Q ____ J__o__ . ----------~--' ____ 000049.00_ 
H1NTCO [ o. 00004910 
TSOLHT [ o. 00004920 
ENCLCO [ TWCL - TWCM - TDCM - TRECL - TRECM - TDCL 00004930 

______ QQ __ £.QQ __ J(.LL.U2.__ . · ___________________ .QQOO!.t9A.O_ 

~~ ~ y~~~P~?N~! ~826? K 19:1P'i:· . · ·f~·-··.'0#-H'!} ,, .. _ .. · ·· ·· · .· -.·\ .••.•. _. __ << ;/ 88884~~8 
1020 FORMAT(T5.\ARE THERE 'ANY•REV-ISlON5'.l0,M9NTH\d2•\0AtA\):· ·•.·it··.:.-·.··.·_.·· 00004970 

___________ R.EAQ_lliREAfh.5...5_0 l AN S .. - ·. :c-:-.(·.::_-:.:.- ...... ~-:·;:·._·:._-_ QJl0.0.~..2_80 __ 
IF<ANS.fQ.ANSNClGO TO 1030 00004990 

1010 WRITE<NPRINT,630lK 00005000 
630 FORr·1AT(T5,\TYPE NM~E OF t'-1ClNTH \d2l 00005010 
-----REAJ)J.NRt:AD.t2.LO.l.J.MO~IM-1E ( K • I l , I I 1 • 4 l . .Q0.0.05...D2..0. 

-• t~ ~;J~l~~i ~J§!~ t Y ~~ '~0MBER. o~ n•Ys 'rif~g~j~;:AVERX&E p,u.':s_~':_EJf(~~~~~*~~Uru!l 
&\AVERAGE SOIL TEMPERATUPE,AVERAGE INSIDE TEMPERATURE\•/•T8• 00005070 
& \ (IF DIFFERENT 00005080 
& FROM ORIGINAL INPUT> ,\,/,T8,\SOLAR RADIATION<BTU/SF>FOR·THE MONTH 00005090 
.& ON .HOR lZ.ON.lAL•-'.LERI I CAl \ •l • I8 • · ---. --. ______________________ __Q_Q_Q_Q.5.1.0.0. 
& . . . \SOUTH~FAClNG AND VERTICAL.EAST.'"' .. 'OR.WEST~FAC . 00005110 
&ING SURFACES,\,/.T8,\MAINTENANCE COST PERCENT<IfDJF.FERENT. FROM OR.·-·· 00005120 
&IGINAL INPUT> .\l . •- . · .... ·- .. ·. . . ····· ·· .. ·· .. •-. , <:.· ..• _-.·. , ··.·.· 00005130 

. . R EAO tDAYS.UU~QUI.EMR.JKl 'SO I LIE I KJ _ _,_T_l.fiM.D_{.Kl..!..S.OU:UK.L.!..5.0L5.1.KLL ............ · ...... ·-----~Q.Oll5.l!t0 
&SOLEW<Kl ,PCTMO<Kl 00005150 

IF<TINMO<Kl;EQ.O.lTINMO<Kl [ TEMPIN 00005160 
IF!PCTMO!Kl.EQ.O.lPCTMO<Kl [ PCTMAI 00005170 

- .1.03.0 HR L. [. _(TJ.N.M_Q_lK..l_____=._QUTF~~p ( K) ) * 2 4 I *MY..S.l.K..l.. ____ ------------------------·- -------~----Q_QQ_05..1..8l1. 
WBTU [ HRT*TUAWAL .., <TJNMQ!Kl'- SOILTE!Kl l*TUABG*24e*DAYSCKl '.00005190 
TWBTU [ TWBTU - WBTU .. ··:. ._ ·-· .. . / 000052.00 
WINSTU I. HRT * TUAWIN . > · .. ·.· ./ '.00005210 

.. TW I NBT ___ L. IWI.NB.L_~ HI NEill . ____________ : .. -·---~~------...:_- ----~~-'--.0.0.0.0.52.2..0. 
DBTU [ HRT * TUAD 00005230 
TDBTU [ TDBTU .., DBTU 00005240 
FBT!J [ FUA*<<THH~O<Kl-SOILTE !Kll*FBG.., <TINMO<Kl-OUTEMP!Kl>*ll·-00005250 

.&FBGl l ~24.*DAYS..(K.L__________ _ ________ --------~------Q.QQ05.2..6..0.. 

~~~Gull ~~~~G~Roo~sru .--·· >_;_:•; __ ;,;:.:: ·i-\• ·_· .. · .· · . . ·.. . . 8888~~~8 

~~~J~ J . .8~-~:-~-G~:u · ; < . . --~~----~ _ ------~--~-----~-"------8_8_8_~~62_: 
TRESTU [ TREBTU .., ~EBTLJ 00005310 
WINCRB [ HRT*TCRINW/2. 00005320 
TWNCRB [ TWNCRB- .., WIMCRP 00005330 

.. _.OCR RilL( ... .J:!ELLtl..CE.l1lD../.2_._ .. ---------·---- _____ QJlQ0.5.3_4_Q 
TDCRBT [ TDCRBT ·. - DCRBJU •< ;·:;·•. . . . 00005350 
RECRBT [ HRT*CRINRE/2~ .· .· •< , ·· .. · · . 00005360 
TRECRB [ TRECRB ... ·· .. .., RECRBT > . .. . -. ·. 00005370 

... SOLHT.G L S.DLtliJD::ltGA.IAUl:l-S.OL.SJ.r..J..~J..AU.S__., ___ SQLEW..LKt~GATAUE .... ___ , ___ : __ .000_0.5 .. 3 .. 8 .. 0 ... 
TSOLHT [ TSOLHT - SOLHTG . 00005390 

c 00005400 
c . . 00005410 

______________ SUMBI.UJ___j{BJ_u___.,___\il.NB.llL ....... DBilJ ., FBTU - R9_I1!...._.,___RE£I.U __ ..,_.Wlt!C:RB. ___ ___., _ _Q_QQ_Q2.it.ZJL 
&DCRBTU - RECRBT - SOLHTG ; ':; -< . · . _-........ < · · ' . ·.·:. 00005430 

HTGCOS [ · SUMBTU * HEATCO < /1 000~.·... . . ., C: . .. 00005440 
COSMNT · [ < PCTMO <K l ll 00 • l *ENCLCO. . ·• . . · , · 00005450 

. ________________ .THJ..G.(Q __ ... L .. IHJ.GCQ: ____ .....,. HTGCOS . . . ···· ... ·· ______ h ____ .. __________ QQJ).0.5!t.6.0. 
TMNTCO I TMNTCO - COSMNT 00005470 c . 00005480 
WRITE<NPRINT.218l 00005490 

___ _2liL_.EORMALLL/..J __ _______ 0 0 OQ 55 QQ.. 
_WRITE< NPR INT ~ 2 20 l < MONAME-<K9-ll•llt~ 4 l ~DAYS <KJ •OUTEMP (K l •:SOlLTE !Kl.t ·. 00005510 

& TINMO <K l, SUMBTU.·HTGCOS 'COS~1NT !P.CTMO<K L ._ .. _·· ... __ ... · ._· .•. _ ...... __ · ... · .. · . . .·· .. · . < < .. ··. ·., 00005520 
220 FORMAT< TS' \FOR. \ '4A4•\.9-W~ICH• HAS \9F3.o•·VDAYS, AND'.AVERAGE .TEMP.E00005530 

tRAJJlREs~-o-f-'f!;--F--5 .1., <ouT sr 6~\ ~ ,-~f:'l" 11'~ F's :-r;, ·.<so rcT;AND,, /, -r·tr\F~ · 8888§~~8 
&.1•\ <INSIDE> •\~/•T10•\THE TOTAL HEAT LOSS IS \•F10.0•\ BTUSt\•/• 00005560· 
&Tl·O, \THE 00005570 

_& __ £.STIMATED .BE~_ It G_c__ofT IS$.j,F7.2•/•Tl9•\AND THE_ESTIMAT_I;D ENCLOSU ··_· 00005580 
&RES MAINTENANCETDST 5 $\~F .2.J,T1Q, .. , ...... __ .• _._· · . -... · . · ...•.. ···· · .. 00005590 
& ... ·.· ... · ... ·.. ... .. .. ··\.<i?A;~E:P''QJII \tF5•2•\ PCT OF IN!Tl, < 0000~6Q() 
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S:AL --11\fSlALLA TTON COST l \ l ---------- ---------···---·- ·----------··------ooo-crs-oro 
WRITE!NPRINT,640lK 00005620 

640 FORMAT!T5,\IS MONTH \•12,\ THE LAST MONTH\l 00005630 
___________ R.E8DJ N.REA£2..!25..QlANS 00005640 

· IF (.1\NS. 1\!E. ANSNO l GO TO 2 30 ---------- - -----o1Hf0"56~ 
200 CONTINUE . 00005660 

WRITE!NPRINT,240l . . . 00005670 
_ ·-- 2~0 ... EORMA.LlT.2.2 .. t.'\._*::*:.~P..RQGRAM HANDLES ONLY 12 MUI'·n HS.:..~@TE BOSSIBLE ERROR00005680 
&***\) . 0000569"0 

230 TCOST [ ENCLCO A THTGCO A TMNTCO 00005700 
NUMMO I K 00005710 

________ __IS_l)[-r1JH ___ _l __ IW6.I!J_~ __ jj'[l_NFH .... IC•GTU A TFBTU A t.RB.EJ~LREBTU - _____ QOOQ_5720 
& TWNCRB A TDCRBT . - TRECRB ~ TSOLHT · .. . 00005730 

WRITE!NPRINT•250lTWBTU,TWINBT ,JOBTU~TFBTU,TRBTUtTREBTU,TWNCRB , 0000~740 
&TDCRBT•TRECRB,TSOLHT,TSUMBT,ENCLCO•THTGCQ~TMNTCO,TCOST , . ~00005750 

250 FORtt,.AT!\1\•TlD•\TOI:AL B.I!JS~LOST ARE AS FOLLOWS"':'-\•I•Tl5•\WALLS\9'00005760 
m&-14 0 ; F il ~ b ; T, n 59\WTfifoc:rws \ , T41);T[I-;o;-r.ns , \ DOORSY9 T4·o-;nr;-o-9-T9TT~ 000 0 5 170" 
&\FLOOR\•T40•FlleO,/,Tl5,\ROOF\,J40•FlleO,/,Tl5•\ROOF ENCLOSURES\, 00005780 
&T40,flleO•I•Tl5,\WINDOW CRACKS\,T40,Fll.O,/,Tl5,\DOOR CRACKS\,T40• 00005790 
&Fl.l • 0 •I, U 5 __ , \RODL£N .. C.L.O..SURE5.....CB. A Ck S \ ' T 4 0 ' F l.L_(U__. ______________________________ Q..o..Q..Q28.Q_Q_ 
&/tTl5•\SOLAR HEAT GAIN !MINUSJ\,T40,Fll.O, .. 00005810 
& . ~/,T20~\TOTAL\•T45, 00005820 
&Fl2.o,///•Tl0•\TOTAL ESTHIATED COSTS .ARE AS FOLLOWS--\•/•T20t\TEMP- . 00005830 
&ORARY. ENC.L.OS.L'RES. I.NSIALLAI.l.Oll.\ • I60 t.\$\ • F8 tLLL . ..tT2.Q_,\HEAil.NG\,_T6Q.~_\$ _______ Q.O..o.o.5..8!t.Q_ 
&\,f8.2,/,T20,\TEMPORARY ENCLOSURES MAINTENANCE\,T60•\$\,f8.2,//, 00005850 
&T25,\TOTAL\•T62•\$\,FB.z,/,\l\l 00005860 c 00005870 
c - .. -- ··- .... ---·- -. -- ---------- ------- -- -- ·--- . ·-- ---- ----- ---· -- _QQQQ5.8J!.Q_ 

WRlTElNP·fnNT~700) . - - ---·----- -· . 00005890 
700 FORMATIT5•\DO YOU WISH TO REVISE SOME INPUT DATA\) 00005900 

READ!NREAD,550lANS 00005910 
_________ lfJ.ANS_.£Q..A.N.5J'illlGO TO ______ ---------·----- _ __ _ _____ j)_QQQ5.2.2.Q 

MORE I l 00005930 
GO TO 730 00005940 

710 WRIIE!NPRINT,720l 00005950 
__ 12.0 .EORh~.ALU5_,_.)._V£R.Y_IliE! I • THE ANAL.Y.s.L:i __ TERMINA_1£..5_1:1.ERE._ _ _!_!t_ll_ ______ __Q_QQ_Q_5_9_6_0_ 
c 00005970 c 00005980 

STOP 
. END. ... 

00005990 
··--------··· ---·. ···------ - .................. -- -- - -- --·- __________ QQQ_Q.6..0_0_Q 

• 

• 
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. HEATCO:n '.--· A· ~u'i::;PFH·l FOP E:~:T H1ATI tit~ THE ton OF TH1Pn~f1P'·r' HEATI N•:; 
AND ENCLOSU~ES DUPING CONSTRUCTION. 

T~PE PPOJ~CT IDENTIFICATION -- UP TO 60 CHAPACT~PS 
. ~LABOPATOPY BUILDING ADDITION UNIV OF ALASKA VALIDATION DATA 

LABORATORY BUILDING ADDITION UNIV OF ALAS~A VALIDATION DAT 

TYPE WALL DATA FOR WALL 1 --HEIGHT IN FE~T,WIDTH IN FEET,U FACTOR• · 
BELQI..J GRADE DESit:;it·1ATOR 0:1.. IF BELOit.! c;PADE, 0. IF Af:D\.'E GF:A£1E) 
i.~.IAI_L OF' I £tHAT I Ot-1 DE:~ !(:;~1ATOF.; 0:1.. IF :~:OUTH FAC Hil::;, 2. IF EA:~:T .. 
DR WEST FACING, 3. ·I~ NORTH FACING). 

=1:3, 1::::4.91'. 061' 1 d 
~YPE WINDOW DATA FOR TYPE 1 WINDOWS FOR THIS WALL, IF ANY -

tKit'1f:EP, HEIC:.HT H1 IrKHE5:,1 . .!IliTf-j H1 H1Cf-4E:S:, l_i FACTOR, 
CPACK I t·iF I L TPAT I Dt-1 FACTCP O:CF ... ·'HR .. ·:'FT OF F'ER I t·1E TEF.:) , 
SOLAR RADIATION TRANSMISSION RATID(B~TWEEN 0. AND 1.0),. 
INSTALLATION LABOR CDST/SF,MATERIAL COST/SF. 

T'r'PE l.tJ I t·mm.J DATA FOR T\'PE E: l.ot I t1DOioiS FOR TH I:~: l.oJALL, IF Ar·1\' 
NUMBER, HEIGHT IN INCHES,WIDTH IN INCHES, U FACTOP, 
CPACI< H1F I L TRfiTIOt·1 FACHJP O:CF.··'HP ..... FT OF PEP H1ETER), 
:~:OLAf;,· F:ADIATIPN TF.'At·f~t·1L:SIDr-i PATIOO:BETio1EH1 (t, Ahi• 1.1)), 
INSTALLATION LABOP COST/SF,MATERIAL COST/SF. 

T'lPE 1.~.1 H1DOI.ol DATA FOP T\'PE ::=: '"' HHIOioJ:~: FOF.: TH I:~: i .•. IALL, IF A~fl --
NUMBEP, HEIGHT IN INCHES,WIDTH IN INCHESi U FACTOP, 
CRACK INFILTRATION FACTDP<tF/HR/FT OF PERIMETER), 
SOLAR RADIATION TRANSMISSION RATIO(BETWEEN fr. AND 1.0), 
INSTALLATION LABOR CDSTiSF,MATEPIAL COS~/SF. 

T'r'PE DDOP DATA FOP T\'PE 1. DOORS FOP THE. l.tiAL.L, IF At'f'f'. 
S:At·1E DHTA Ar·m OPDEI': A5: FOP 1.oiH1Dot..C •. 

TYPE DOOR DATA FOR TYPE 2 DDOPS FOR THIS WALL~ IF ANY. 
:SAt·1E DATA At·•D DPDEF<: FrS FOP 1 .• 1 HHIOI.o!~. 

=' ' !I ' ' ' ' TYPE DDOP DATA FOR TYPt 3 DOORS FOR ThiS WALL, IF ANY. 
SAME DATA AND ORDER AS FOR WINDOWS. 

'IS WALL 1 THE LAST WALL 
=t·m 

TYPE WALL DATA FOR WALL 2 --HEIGHT IN FEET,WIDTH IN FEET~u FACTOR, 
BELOW GRADE DESIGNATOR<1.· IF BELOW GRADE, 0. IF ABOVE GRADE) 
:.~JALL ORIEtHATIDr-1 DE:~IGr·iAT0f;;(l, IF :~:IJUTH FACHit;;,;:·. IF EA:~T 

OR I.,JE:S:T FAC:It-H3, 3. IF NUPTH FACH1G). 
=Hh::::o.a=:.?,. 061,1,2 

TYPE WINDOW DATA FOP TYPE 1 ~INDOWS FOP THIS WALL, IF ANY 
NUMBER, ~EIGHT IN INCHES,WIDTH IN INCHES, U FACTOR, 
CRACK INFILTRATION FACTOPO:CF/~~/FT OF PERIMETER), 
SOLAR RADIATION TRANSMISSION RATIO(BETWEEN 0. AND 1.0), 
INSTALLATION LABOR COST/SF,MATERIAL COST/SF. 

T'r'PE l.o.ll t·HIOIJJ DATA FOR T\'PE 2 i.o.i HlDQi..l:~· FOR THE l.,iALL, IF At·f·r 
NUMBER, HEIGHT IN INCHES,WIDTH IN INCHES~ U FACTOR, 
CRACK INFILTRATION FACTOR(CF/HR/FT OF PERIMETER), 
SOLAR RADIATION TPANSMISSION •RATID<BETWEEN 0. AND 1.0J' 
INSTALLATION LABOR COST/SF~MATERIAL COST/SF. 

= '· !I '· !I ' '· ' 
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T'lPE l.ol I t·1DCil.o.l DATA fOR f""I·'PE :;: i,J I t·1f•t]l.oi:~ FOP TH I::;:: I•.'AL L ~ IF Ftrn· 
NUMBER~ HEIGHT IN INCHES~WIDTH IN INCHES~ U FACTOR~ 
CRACK. INFILTRATION FACTOP([F/HP/FT OF PERIMETE~)~ 
"S:OLAP ~·ADIATlot"i TPAr·;:St'llS:,Im~ f;::ATIOo:.E=ETI·.!f.Et-1 !). AI·;[• 1.0::0~ 

INSTALLATION LABOR CDST/$F~MATEPIAL COST/SF. 

T"lPE DO OF<' DATA FOR T\'F'E 1 Itom:·:s: FOR TH I:~: l,lftL L ~ IF Atl\'. 
SAME DATA AND ORDE~ AS FOR WINDOWS. 

TYPE DOOR DATA FOR TYPE 2 DOORS FOR THIS WALL~ IF ANY. 
SAME DATA AND ORDER AS FOR WINDOWS. 

TYPE DOOR DATA FOR TYPE 3 DOORS FOR THIS WALL~ IF ANY~ 
SAME DATA AND ORDER AS FOR WINDOWS. 

IS WALL 2 THE LAST WALL 
=tiD 

TYPE WALL DATA FOR WALL 3 --HEIGHT IN FEET~WIDTH IN FEET~U FACTOR~ 
BELOI .•. I ,:;RADE DE:~: I ,:.;r·Jfd OF.' 0: l. IF· BELOI.oJ t:.;RADE ~ 0. IF A:E:m·'E ,:.;~:t=if!D 

l.oJALL DRIEt·1TATIOt"i I•E5:IGt·;F;rDP 0. IF :::::DUTH FACit"lG~ c·. lF EA:':T 
DR WEST FACING~ 3. IF NORTH FACING). 

=1::::~"41~. 063~ ~2 

T'"i'PE lo.IHlDOI .• ) DATA FOF.' T\'PE 1 t .• IHHIOI .•. I:~: FOt::· THE I_,JALL~ IF At"f·( 
NUMBER, HEIGHT IN INCHES,~IDTH IN INCHES, U FACTOR~ 
CRACK INFILTRATIDN.FACTOR(CF/HR/FT OF PERIMETER)~· 
SOLAR RADIATION TRANSMISSION RATJD{BETWEEN (!. AND 1.0)~ 

INSTALLATION LABOP COST/SF~MATERIAL CdST/SF. 

T'"r'PE l·.iHHIDioi DATA FOR TYPE c: I .• IHHIOt .•. l:~ FOF.: THE I .• IALL~ IF Ftt·r·.-' 
NUMBER~ HEIGHT IN INCHES~WIDTH I~ INCHES~ U FACTOR, 
CRACK INFILTRATION FACTOR(CF/HR/FT OF PERIMETER)~ 
SOLAR RADIATION TRANSMISSION RATIO(BETWEEN 0. AND 1.0)~ 

INSTALLATION LABOR COST/SF,MATERIAL COST/SF. 

T\'PE l.o.l I t·WOI.ol DATA FOR T'/PE :;: i . .J I t·iDDhl:~: FOf<: TH I :s l.o.IALt.. ~ IF Ar·rr' 
NUMBER, HEIGHT IN INCHES,WIDTH IN INCHES~ U FACTOR~ 
CRACK INFILTRATION FACTORo:CF/HP/FT OF PERIMETER>, 
SOLAR RADIATION TRANSMISSION RATIO(BETWEEN 0. AND 1.0)~ 
INSTALLATION LABOR CDST/SF~MATERIAL COST/SF. 

TYPE DOOR DATA FOR TYPE 1 DdDRS FOR ~HIS WALL, IF ANY. 
:~:Af'lE DATA At·m DFWEF.: A:~: FOP l.ol HHIOI.o.i.~. 

TYPE DOOR DATA FOR TYPE 2 DDO~S FOR THIS WALL~ IF ANY. 
:~:At·lE DATA At·Ht DRttER fC FOR 1 •. 1 I t·HIIJI.•.IS. 

TYPE DOOR DATA FOR TYPE 3 DOORS FOR THIS WALL, IF ANY. 
S:At·lE IIATA At'!D ORDER AS . FOF.: 1 .•. 1 I t·HIQI..I·~:. 

IS WALL 3 THE LAST WALL 
~ =t·m 
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. .T'if:£ .. 1..JALL :r:•t=r'Ft=t··f"'OF:.!!:IHLL 4 --HEIGHT Hi FEET~' .. IIliTH It-1 FEET~u f=ACTor.::~ 
f:ELOI.o.l •:iPADE DES 16t-1F1TOF.' (1. IF BELDt.i 1:;r;:·RroE ~ 0. IF FtE•O\IE ;:.:;PADE::O 
I.•.IALL OF.'IEtHATIDr-1 DESH:;t·iATOF' 0. IF :~OI.IT!-1 FAC:HiG~ 2. IF EA:~T 
OF: I,JE:~:T FACHlG~ :;:. IF r·mF.:TH FACHl(~-:.. 

=U::~ :::4~. 061 ~ ~ ::;:: 
TYPE biiNDOW DATA FOR TYPE 1 WINDOWS FOR THIS WALL~ IF ANY 

NUMBER~ HEIGHT IN INCHES~WIDTH IN I~CHES~ U FACTOR~ 
CF.'ACK INFILTRATION FRCTOR(CF/HP/FT OF PERIMETER>~ 
SOLAR RADIATION TRANSMISSION RATIO(BETWEEN 0. AND 1.0)~ 

INSTALLATION LABDP·CDST/SF~MATERIAL .. CDST/SF. 
=6~75~48~.93~750 •• 85~~2278~.0375 

E· ~ 75 ~ 4::: ~ .·'3:::: ~ 7!:11) •. ::::5 ~ !t 227:::, . 037~i 

FILE CODE 41 ILLEGAL CHAP; CORRECTION = 

T''f'PE .. li.II t·WiJf;i' NitA FOF.· T-.'PE ;:;: t•i H1DO! .• I~ FOP THE I_,_IALL ~ IF Ar-1\' 
NUMBER~ HEIGHT IN INCHES~WIDTH IN INCHES~ U FAC:TOF~ 
CF:ACk INFILTRATION FACTDR(CF/HR/FT OF PERIMETERl~ 

SOLAR Rt=IDIATIDN TRA~SMISSIDN RATIO~BETWEEN 0. AND 1.Ul~ 
INSTALLATION LABOR COST/SF~MATERIAL COST/SF. 

T\'PE I . .Jlt·iiJOJ...I DATA FOP T'/PE 3 ,_.JIN.DOI . .i:S FOR THIS: I_.IALL~ IF At-1''1' 
NUMBEP~ HEIGHT IN INCHES~WIDTH IN INC~Es~ U FACTDP~ 
CRACK INFILTRATIO~ FRCTOR•CF/HR/FT OF PERIMETEPl~ 

:~:OLAF: PADIATIDr-l TF.'At·Et·iE::: Im; RATIO •:BEHIEHf 0. f!r·1D 1.. C•> ~ 

INSTALLATION LHBDR CDST/SF~MATERIAL COST/SF. 

T\'F'E DDOP DATA FOP T\'PE 1 DODF::s: FOP TH I:~: ! .• .!FILL~ IF Ar·r·.-. 
S8ME DATA AND ORDER AS FOR WINDOWS. 

T\'PE DDDP DATA FOR T\'FE c: ·r1C'CjFS FDF.: THI:S: '-''ALL~ IF Flf'1"f'. 
:5:At·1E DATA At-Hi OF: DE F.: FC FOF: h.l I r·mm.i.S. 

T\'PE DDO~· DATA HlF: T\'F'E :~: DiJOR:S F[]t:'' TH I :s: l.dALL ~ IF At·f-1'. 
SAME DATA AND ORDER AS FOR WINDOW~. 

IS WALL 4 THE LAST WALL 
='/E:S: 

i_._IALL r·1ut·1:E:E;:;:: 1 
GPOSS AREA = 2428.4 SF ~wiNDOW AREA = D. SF 

DOOR APEA = 0. SF NET AREA = 2428.4 SF 
WINDOW CDiTS--LABDR = t 0. MATERIFtLS = $ 

DOOR COSTS--LABOR = $ 0. MATERIALS = $ 
U+A F'PODUC T :~:--l_.iFtLL = 14::::•. 1 '-'.1 I t·1 [101,1:S: = 0. 

CRACK I t·iF I LTRAT I Dt-1 F'F.:ODUC T~:--i_., I t·H:J!Jh!S = 0. 
:~:OLAF' F.:ADIATIOt-1 PPDI'UCT~:--I . .Jit-iDC!I.·.IS: 0. 

0. 
0. 
DOD!':~: 

voor.;·:~· = 
DIJOP:S: = 

u. 
o. 

0. 
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l.o.IALL ·r·Wt'lBEP 2 
GROSS AREA= 552.1 S~ ~WINDOW AREA= 0. SF 

DOOR AREA= 0. S~ NET AREA= 552.1 SF 
WINDOW COSTS--LABOR = $ 0. MATERIALS = $ 0. 

DOOR COSTS--LABOR = $ 0. MATERIALS = $ 0. 
U+A. PF.:ODUC T:~:--i.oiHLL_ = ::;::::::. 7 !,ll t·lDOI.o.I:S: = 0. .DOO~:S = 0. 

CRACK INFILTRATION PRODUCTS--WINDOWS = 0. DOORS = 0. 
SOLAR RADIATIO~ PRdtl0CTS--WINDOWS 0. nODRS = 0 . 

I·.IALL t·1Uf'1f.:EF.: ::;:: 
GRO:s::~: RF.:EA = 7:38. 0 5.F 

DOOR AREA= 21.0 SF 
WINDOW COSTS--LABOR = $ 

DOOR COSTS--LABOR = $ 

~WINDOW AREA= 255.0 SF 
NET AREA= 462.0 SF 
58.09 MATERIALS= i 
4.78 MATERIALS = $ 0.7'3 

U+A PRODUCTS--WALL= 29.1 WINDOWS= 237.1 DOORS= 19.$ 
CRACK INFILTRATION PRODUCTS--WINDOWS= 1838.3 DOORS= 540.0 

:~:(]LAf<: RAI'lATIOr·; PF.:ODUCT:~:--I.o.IHHIO!..':~· 216.8 DOOF.::~: = 1 ?. ·;;. 

I . ..IALL tKif'lBER 4 

GROSi ARER = 1512.0 SF 
DOOR AREA= 42.0 SF 

WINDOW CDSTs-~LABOR = $ 

DOOR COSTS--LABOR = $ 

~WINDOW RREA = 150.0 SF 
·NET AREA= 1320.0 SF 

34.17 MATERIALS=$ 
9.57 MATERIALS = $ 

5.63 
1. 58 

U+A PRODI_iC r:~:--l.o.iALL = ::::0: 5 i .• l I r·mmr:::: = 1 ::;::·:=t. 5 DDDF:·:~: = :39.1 
CF.:AC:f;:. I t·W I L TRAT I Qr-1 F'RODUCTS:--i.d I t·1DOI .• I:~· = 1 E. E. 0. 5 IIOOP:s· = 

SOLAR RADIATION PRODUCTS--WINDOWS = 127.5 DOORS = 35.7 

TYPE ROOF LENGTH IN FEET~ WIDTH IN ~EET AND U FACTOR. 
= 1 o::::. 2 ~ 71 . E. 7, • ·;.to·~ 

TYPE ROOF TEMPORARY ENCLOSURE DATA FOR TYPE 1 ENCLOSUREs~ IF ANY-
NUMBER,LENGTH IN INCHES,bllDTH IN INCHES~u FACTOR~ 

CRACK INFILTRATION FACTORCCF/HP/FT OF PERIMETER), 
SOLAR RADIATION TRANSMISSION RATIOCBETWEEN 0. AND 1.0), 
INSTALLATION LABOR COST/SF~MATERIAL COST/SF. 

=1 !I ·3oo, ::::2::::,.248, 1 ooo, o,. 2C:?:::,. o::::?:i)25 
TYPE ROOF TEMPORARY ENCLOSURE DATA FOR TYPE 2 ENCLOSURES, IF ANY-T 

NUMBER~LENGTH IN INCHES~WIDTH IN INCHES·U FACTOR~ 
CRACK HlF I L TPATI Dt"l FACTOR ICF . ...-t-Jp_ .. · FT OF PER H1ETER) ~ 

SOLAR RADIATION TRANSM~S2IDN RATID(BETW~EN 0. AND 1.0), 
INSTALLATION LABOR CDSl/SF,MATERIAL COST/SF. 

GROSS ROOF AREA = 7754.7 SF TEMPORARY ENCLOSURES AREArROOF) = 
2018.8 SF NET ROOF AREA= 5735.9 SF 
ROOF TEMPORARY ENCLOSURES COST~--LABOR = $ 459.87 11ATERIALS 
= $ f.:.5.61 

U+A PRODUCTS--ROOF= 5214.0 TEMPORARY ENCLOSuRES= 500.6 
CRACK INFILTRATION PRODUCT= 3669.0 

SOLAR RADIATION PRODUCT = 0. 
TYPE FLOOR U FACTOR~ FACTOR BASIS DESIGNATOR(l.=U fASED ON SOIL 

TEMPERATURE~ O.=U BASED ON OUTSIDE AIR TEMPERATURE) 

FLOOR AREA = 7754.7 SF U+A PRODUCT FOP FLOOR = 279.2 



T\'f'E ItE:~CR I PT I Ot"i OF ~EAT I t16 r·1ETHDI•--UP TO. 4 0 CHA~:ACTEF.:S: 
=S:TEAM HEATitH~ S\':~:TEt·1 PLI_C "1'1A:S:TE~·" HEATEr;!::~: 112 

TYPE HEATING CDST/1000 BTUS,AVERAGE INSIDE TEMPERATURE,AND MONTHLY 
COST OF MAINTAINING ENCLOSURES(AS PCT OF FIRST COST) 

= . 0 04:34' 4 (I' 1 . (14 
TEt1POPAF.'\' HEATit·H~ l.otiLL BE :~:TEAt·l HEATitH;:i :~:'r':~TEt-1 F'Lt_r:;: "1'1Ai:TER" HEATE 

AT A COST OF $.00434 PER 1000 BTUS 
THE ASSUMED AVERAGE INSIDE TEMPERATURE IS 40.0 DEG F 

THE ASSOMED COST OF MAINTAINING TEMPORA~Y ENCLOSURES 
IS 1.0 PERCENT OF FIRST COST PER MONTH. 

TYPE NAME OF MONTH 1 
=END JANUARY 1974 

TYPE NUMBER OF DAYS IN MONTH·AVERAGE OUTSIDE TEMPERATURE, 
AVERAGE SOIL TEMPERATUPE,AVERAGE INSIDE TEMPERATURE 
(IF DIFFERENT FROM ORIGINAl INPUT>• 
SOLAR RADIATION(BTU/SFlFOR THE MONTH ON HORIZONTAL.VERTICAL 
SOUTH-FACING ANO VERTICAL EAST- OP WEST-FACING SURFACES, 
MAINTENANCE COST PERCENT~IF DIFFERENT FROM ORIGINAL INPUT>. 

FOR END JANUARY 1974, WHICH HAS 6. DAYS, AND AVERAGE TEMPERATURES 

=NO 
l ·=-· .::,. 

OF -32.0 <OuTSIDE>, 
35.0 (SOIL), AND 
40.0 <INSIDE>, . 

THE TOTAL HEAT LOSS IS 111514691. BTUS, 
THE ESTH1ATED HEATH11:1 CO:~:T E· $ 4:~::~;. ·::q 
AND THE ESTIMATED ENCLOSURES MAiNTENANCE COST IS $ 
<BASED ON 1.04 PCT OF INITIAL INSTALLATION COST> 

MONTH , 1 THE LAST MONTH 

TYPE NAME OF MONTH 2 

6.74 

=Ft;BRUAP'·t' 1974 
TYPE NUMBER OF DAYS IN MONTH,AVERAGE OUTSIDE TEMPEF.'ATURE, 

AVERAGE SOIL TEMPERATURE,RvERAGE INSIDE TEMPERATURE 
<IF DIFFERENT FROM ORIGINAL INPUT), 
SOLAR RADIATJONCBTU/SF)FOR THE MONTH ON HORIZONTAL,VERTICAL 
:~OUTH-FACHH::; At·m '·/EF":TICAL EFt:ST- OR i.oiE:~:T-f=ACHit::O :~:t_tt;;FACE:S:, 

MAINTENANCE COST PEPCENT(IF DIFFERENT FROM ORIGINAL INPUT>. 
;28,-18.35,47,272·11~452.342· 

FOR FEBRUARY 1974 , WHICH HAS 
OF -18.0 <OUTSIDE), 

35.0 (SOIL), AND 
4 7. 0 (HE I DE> , 

DAYS, AND AVERAGE TEMPERATU~ES 

THE TOTAL HEAT LOSS IS 470663380. BTUS, 
THE E:S:TH1ATED HEATHH.::. CO:~T I;~· $2042 . .::,::;:: 
AND THE ESTIMATED ENCLOSURES MAINTENANCE COST IS $ 6.74 
<BASED ON 1.04 PCT OF INITIAL INSTALLATION COST) 

IS MONTH 2 THE LAST MONTH 
;f'iQ 

TYPE NAME OF MONTH 3 
;t•1ARCH 1·~74 

T'.,.-PE tKtt·1BEP OF DA\':~ I l'i t·10tHH, A'·/EPFH3E OUT:~: I DE TH1PERATIJ~·E, 
AVERAGE SOIL TEMPERATURE,AVERAGE INSIDE TEMPERATURE 
<IF DIFFERENT FROM ORIGINAL INPUT>, 
SOLAR RADIATIONCBTU/SF)FOR THE MONTH ON HORIZONTRL,VERTICAL 
SOUTH-FACING AND VERTICAL EAST- OR WEST-FACING SURFACES, 
MAINTENANCE COST PERCENT<IF DIFFERENT FPOM OPIGINAL INPUT>. 

• 



•. 

• 
=t·1D 

FOR MARCH 1974 ~ WHICH HAS 31. DAYS~ AND AVERAGE TEMPERATURES 
OF a.o <OUTSIDE>~ 

35.0 (SOIL)~ AND 
55.5 <HEIDE) .• 

THE TOTAL HEAT LOSS IS 382256536. BTUS~ 
THE ESTIMATED HEATJN~ CQST IS $1658.9~ 
AND. THE ESTIMATED ENCLOSURES MAINTENANCE COST IS i 
(BASED ON 1.04 PCT OF INITIAL INSTALLATION COST) 

IS MONTH 3 THE LAST MONTH 

TYPE NAME OF MONTH 4 
=1ST HALF APR 74 

T'"r·'PE t·Wt·1BEF<: OF DA\':S: Hi t·10NTH.~ A\·'ERA.f5E DUT:S: I DE TEt'lPEF.'ATUPE~ 
AVERAGE SOIL TEMPERATURE~AVERAGE INSIDE TEMPERATURE 
(IF DIFFERENT FROM ORIGINAL INPUT>~ 

SOLAR RADIATION<BTU/SF>FOR THE MONTH ON HD~IZONTAL~VEPTICAL 
S[)UTH-'FAC I t·lG At·W VEfH I CAL EA:S:T- OR I_~.IES:.J -FAC I t·lG :S:URFAC:E:S: ~ 
MAINTENANCE COST PERCENT(IF DIFFERENT FROM ORIGINAL INPUT). 

FOR 1ST HALF APR 74 ~ WHICH HAS 15~ DAYS~ AND A0ERAGE TEMPERATURES 
OF 27.0 <OUTSIDE)~ 

35.0 CSOIL), AND 
4'3. 0 <HEIDE)~ 

THE TOTAL HEAT LOSS IS 85859871. BTUS~ 

THE ESTIMATED HEATING COST IS $ 372.63 
AND THE ESTIMATED ENCLOSURES MAINTENANCE COST IS $ 6~74 

<BASED ON 1.04 PCT OF INITIAL INSTALLATION COST) 
IS MONTH 4 THE LAST MONTH 

TOTAL BTUS LOST ARE AS FOLLOWS--
I . .JALL:S: 
b.IIt-lliOi .• J:S: 
DO OJ;(~: 
FLDOf'· 
ROOF 
f':OOF Et·iCLDSUPE:~: 
1_~1 I t-1DQI..I CRACI<:~; 

DOD~: CRACt::::s: 
ROOF ENCLOSURES CRACKS 
SOLAR HEAT GAIN <MINUS) 

TOTAL 

1595.3.7 o::::. 
:~:E,f-.51 05'3. 

5?01276. 
27165::.=:76. 

5 07:3612':.-2. 
4:::r?1 7C::51. 
17022818;~. 

6 04C::::=:26::::. 
17:3511526. 

4E:34'5:3. 

t 05 02'344:::: 0. 

TOTAL ESTIMATED COSTS ARE AS FDLLOWS-
TEMPDPAPY ENCLOSURES INSTALLATION 
HEATiit·lG 
TEMPORARY ENCLOSURES MAINTENANCE 

TOTAL 

DO YOU WISH TO REVISE SOME INPUT DATA 
·=r·m 

VERY WELL. THE ANALYSIS TERMINATES HERE. •• 

$ 64:::. 3"? 
$ 45~;:::. 2::: 
:1; 2E .• 97 
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