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gmanufactur1ng fac111ty to produce the hod51ng pane]s

' ABSTRACT
Th]S thes1s has deve]oped and”des1gned a functwona]
_‘housmnq system referred to as the FLEXI-GRON hous1ng system that
s pFICEd to meet the demand of the Tow- to-medium 1ncome ﬁam11y

The resu]ts of the study show that the funct1on of the

'FLEXI GROW hous1nq system can be accomp11shed by u51ng prefabr1cated

- ]oad bearwng pane]s wh1ch are assemb]ed us1ng a special]y des1gned

;1ock1nq mechan1sm
4
Spec1a1 emphas1s has been p1aced on the design of a

v;i.gs 4 a i . Doy . ’ : -
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= I . CHAPTER I R TR
o | *iNTRoouchON ‘ I
Bv the year 2000, the total numper of res1dedt1a1 dwe1]1ngs
‘1n the world witl' likely beedouble that of today This will resu]t
from the growth of the world's nopu]at1on from the oresent f1gure of
'4 b11110n to f 5 b1111on over thee next 30 vears. [1]
4 ‘. Canadac1s faced with bu1]d1nq approx1mate1v 2, 500 000 new
' dwelllngs 1n the com1ng “decade to eet our ﬁbus1ng needs There is
a need w1th1n the bu11d1ng 1ndustrv and the government to deve]op R
| ; modern techn1qdes and new materlals 1r|£;:er to overcome the h1gh
cost and shortage of hous1ng The probtem is becom1ng serious due
to the fact that the rwsxng cost of. res1dent1a1 dwe111ngs in the
_ co:ntry has reached the po1nt where the cost of a res1dent1a1 dwe]?ﬁng
may soon be out of the ‘reach of the average 1ncome fam11y

Sr o AN phases of the hous1ng prob]em shou]d be fully stud1ed

from the standpoint ofap]annlpg,‘programm1ng, deSIgn,~product10n and

) struction’fn‘order»to meet'the increasing demand'andvcontr“
the welfare of societv | | ‘
| This studv is-an extens1on of the work conducted 'n'the'v
'department (see foot note) and a1med at.deve10p1nq a ho ing}system
to he]p a]]ev1ate the housing prob]em for ]ow to-med1u inc

o income families.
R o , ) .

~ CHOE, J., "The Design of FLEXI-GROW Housing System”, The

of Mechanical,Engineerinb, University of A]berta,“1973.';=v




The approach pursued is to design homes with enough f1ef1b1]1ty to

expand and change w1th the fam111es requlremenls It 15 referred te
{

as the FLEXI-GROW hou51ng svstem This svsten a]lous the family to
start N]th a sma11 house and expand it economlcallv as des1red The
. house has been de51oned to meet the changlng denands of the owner

s and to keep the 1n1t1al investment and monthlv pavments to.a minlmum '
Co . wr
{ . ] © In thls studv, these obJectlves have. been accomplrshed through -@”
app1v1ng the. tot~1 svstems pproach to the design and pnoduct1on . e

in order to recuc: the materla] and manufacturrng cost ahd to,

o shorten the erectton time on-site to a major degree. T"S des gn

e o utilizes p]ast1cs and steel, relatiVe]y new materla]siﬁg the hogglng R
‘,;nanstryéé These materla]s and the dwe]lﬁpg,p]ans uh1jh are deve]oped

and designed -in this studz}/flou much closer to]erances than can ’

f economlcallv be malntalned with uood making factorv productlon a realwty., f
Comb1n1ng these factors w1th louer wage rates than convent10na] constructxon,
additional sav1ngs in large ouant1tv purchases of the materla]s and - |

‘»_eff\c1ent manpower utj]Izat1on a]]ou a SIng]e fam1]y dye]]1ng to bek
constructed with reasonable flexibility at a lower cost than most -
present nethods'of construction, | o o ﬁ‘

.

Rl



CHAPTER 11 |
FLUOR' PLAN DEVELOI;HENT' o o ¥
The deve]opment of the FLEXI-GROH hous1nq system is ‘
dependent on a basic floor p]an that can,be read11y expanded to
- accommodate any size faml]y. | | . | _ / ' ; y

2.1 An Acceptable Module for Design |
“he modu]e detenmInes the measurement upon wh1éh an.
,archltectura] desian: is based A ‘
Z,l The module determlnes the exact d1men510ns of each bu11d;ng component
3.} The module determines the,posxt1on of the bur1d1no components
. within the system and Hlth]n the building itself.
Due to its COHVEDIEHCG the modular concept accepted by most
countries in the uor]d is either in cent1meters or inches. In 1959,-
&'the Hous1ng Committee of the European Econom1c EE@m1ssaon agreed'on
the basic modu]e of 10 centimeters . Th1s was a decision of”fundaméntai
11nportance. wh1ch also corresponded to the Ang]o American measurement
of q 1nches approx1mate]y ]0 centimeters, and 1 foot approx1mhtely :

30 centImeters. The uuv1e Un10n had prev1ously 1ntroduced the

basic modu]e of 10 cent1meters 1954. ,

- Canada ul]] llkely eventually change to the metric system
Therefore, the chosen basic module for the FLEXI-GROM fouSIng ‘
"‘system s four inches, whlch can eas1ly be COnwérted to 10 centlmeters. .
2. 2 Lot SIze
The standard resrdent1al lot sizes are usually detenmined by |

' ]ocal and prov1nc1al regu]atlons. “For examp]e,-1nvA]berta-they;are



A

Ve

determined by Alberta Regulation 21567, The Subdivision and Transfer
Regulation. . | ~
- - Accordlnq to this, the Province has defined ]ots for s1ng]e
family homes as being a m1n1mum of 5, 000 square feit w1th 2 mean o
length of at least 100 feet and a mean w1dth of at ]east 40 feet : g
In those subd1v1s1ons where no roadway and ut111ty r1ght of—way |
»(1 .e. 1anfs) exlst,_1ots must be a minimum of 5,500 sqgfre feet with
- a mean width of at least 55 feet and a length of not léss ‘than -100
feet. ',\' B
| o Thgatyp1cal res1dent1a1 Tot s1ze prov1ded by the City of - ~
Edmonton 1s 50 feet to 60 feet by 110 feet The city is gowng to

change the regu]at1on on m1n1mum lot s1ze requirement to obtain more

Pl
7/ .

“flexibility in planning. However the short s1de of the Tot will
rema1n at 50 feet to’ 60 feet | ‘
| ‘ Therefore a lot size of 50 feet by 110 feet was used in
th1s .design prOJect to deve]op the floor plans for the FLEXI -GROW ,
hous1ng system
2.3 The Ba51c Floor P]an and Its Expans1on %
_ Average ages of br1des and br1degrooms for fvrst marriages
are 22: and 25 respectwvely [2]. The average age oq_the NHA,
(NatJonal Hous1ng Act), borrower 1s 33 years, and the borrower has,
on- the average two chﬂdren [3]. Usmg §:h1s data as a bas1s the .,

initial floor p]an was deve]oped to prov1 e two bedrooms, a living .

room, a dinette. ‘a kitchen and a.bathroom.




s The initial floor plan has 720 squaré feet, (24 feet by 30.

/

feet). This_ﬁrovides the following areas:

Room s | Square Feet.
. (1) Master bedroom “:v_‘ ” . N 144.
(2) Second bedroom - P ; 9
(3) Living room B b/
o (4) Dinette. ’*ﬂw s , 48
(5) Kitchen E _ '.:  ’ : IR
"(6) Three closets . ;‘. o 34
(7) .Bathroom' R o B : ‘  , ; 48
(8) -Hallway L 98
e Total Afea' . o - : R 720 gquare‘feet

. The details of the initial floor plan and some possible -
| expansions are shown in Figure 2.1, 2.2 and 2.3. Other alternative

floor plans are included in Appendix A.
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3.0 The Mobile Home Market ‘ B ¢

L CHAPTER 111

DEVELOPING A PANELJSYSTEM'FOR THE
FLEXI-GROH HOUSING SYSTEM

At present home construct1on 1s predom1nant1y on-s1tev
and lnvo]ves many small bu]]ders.

To reduce the total cost of a home, materlals wh1ch are

_less cost]y than presently used are des1rab1e and new techn1ques

to produce dwel]mng components need to be developed.

-~ I 4

In the present market + the ]owest pr1ce dwe111nqs ava11ab]e ’
are mob11e hdmes | | |
Productlon of mob1]e homes in the United States in 1968

- reached 280 000 unlts at an averaqe cost of . $8 30/sq ft. as

compared to $13 Olsq ft. for convent10na1 hous1ng exc]ud1ng land

(approx1mate]y $3 00/sq. ft of this dlfference can be accounted

: for by a basement) The average mobile home un1t has a kitchen,

]1v1ng room, d1nette, one or two baths, three bedrooms, with a
tota] ]1v1ng space of six hundred and e1ghty Square feet [4]
The mob11e home 1ndustry 1s a]so cap1ta11z]ng on the use

"

of plast1cs to reduce the total cost of a dwe]]ing. In 1971

-approx1mate1y two dred and forty pounds of plast1‘44yent into

each of an est1mated four hundred -and elghty five. thousand comp]eted'“
homes -placing the moblle home~1ndustry in first p]ace for p]ast\cs
N

consumptlon in: the s1ng]e-fam1]y houSInq market. Total consgmntloﬂ\\, :
‘was posted at about f1fty f1ve thousand tons (one hundred twenty '



: %
mi]llon pounds) ~§ 7
In 1970, moblle hames accounted for 45% of all s1ng1e fam]]y -
'dwelllngs for 72% of the homes selling for less than twenty thousand
dol]ars, and for 95% of the homes selling for less than f1fteen |
vthousand dollars’, | ';
~ The reta1] prices for moblle homes in the United States 1n
197Q;averaqe six thousand one hundred and ten do]]ars or about ‘
$8.3 /sq ft., comp]ete]y furnished. On the other hand a site- bu1]t
SIng]e fam1ly home costs an averaqe of $16. 0/sq ft. and 1s
-unfurn1shed In ]970 the median pr1ce of a site-buiit s1ng]e~‘”
'fam11y home was twenty 51x thousand and two hundred do]]ars 1nc1ud1ng
land. _ , : o
| | The mobile home 1ndustry pioneered in. 1ndustr1a]1zed bu11d1ng '
and has been 1nstrumenta] in 1ntroduc1ng a number of plastic
components 1nto ‘the moblle home 1ndustry N
The key would appear to be 1ndustr1a]1zat10n whereby the
work 1s performed in a factory using re]at1ve1y low cost labor
under contro]led often automated condltlons r:plac1ng on-s1te
high rate ]abor trades [51061[7] _
| _ There are some d1sadvantages to mob11e homes. One problem t
1s findlng a place to locate them. They are not we]come add1t1ons
"’to the hous1ng scene in many urban and suburban%areas Many

‘Canadrans wouldn' t want the1r neighbors to Tive 1n Q. mob1]e -

‘home [8].
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~1=3.é Structural Sandwich Pane]s’

| Sandwxch pane]s have, rece1;ed ‘much attention as bu11d1ng

| components [4][5][6] in recent years Sandwich panels as building
components have advantages in terms of total cost reduction through:

1. _Mass production;‘ -

2. ,Less'material.hand]ing;

3. Mass-buy1ng of raw—materlals, and ) | | )

4; Lower. rate labor.

Two fundamenta] approaches w1th respect to the erection of
the FLEXI GRON hous1ng system can be used from a factory productlon
standpo1nt ‘

1. Bu11d the ent1re home 1n sect1ons (large modules) and

assemb]e these sect1ons on—s1te
2. Produce panels as components in the factory that can
be readily assemb]ed on location.’ o (!»-‘;

Sandw1ch panels as components sat1sfy the requ1rement of |
the FLEXI GROW hous1ng system partlcularly with respect to the
fo]]ow1ng po1nts | |

| . Interchangeab1]1ty of components, _
S 2. _F]ex1b111ty in expanSJon;‘ | |
3. High quality; and
4. lSatisfactOry du‘rabﬂity.- |
H Therefore sandw1ch pane]s produced as compqnents in the
~ factory and read11y assembled on. ldtat1on have been se]ected as

TN

the product1on method

>

. 4#“'
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3. 3- Load Bearing _Panels Versus Non-Load Bearing Panels

The s1mp1est type of sandwich panel is a three layered
laminated structune consisting of a th1ck, low density core wh1ch
is bounded by a fac1ng 1ayer on e1ther side. Each facing 1ayer‘is_

a thin, stiff, strong sheet of h]%h density materla] Based on

A'equal overa]] weights of~mater1a1 used, the sandwich panel is a

'vmuch stronger structure w1th respect to bend1ng, than a homogeneous

N

‘ plate constructed from the same fac1ng mater1a1

The pane] core has several v1ta1-funct1ons It should be

stiff- enough in the d1rect1on perpend1cu1ar to the faces to ensure

. A\ .
: that they rema1n a f1xed distance apart It shou]d be stwff enough

o in shear to ensure that when the panel is bent the faces do not

s]1de over each other .If th1s ]ast cond1t1on is not fu1f1]1ed the
faces merely behave as two 1ndependent beams or pane]s and the

sandw1ch effect is 1ost The core shou]d a]so be stiff enough to

" keep the faces nearly f]at 0therW1se 1t is poss1b1e for a face

to- buck]e 1oca11y (wrinkle). under the 1nf1uence o£~compress1ve'
stress 1n its own p]ane

The core should sat1sfy all these requ1rements It is
also important that the adhe51ve used does not perm1t substant1a1
reTat1ve movements of the faces and the core. '

hi& From the v1ewp01nt of the design of the FLEXI-GROW - hous1ng

_systemta load bearing panel haS“advantages whenvc0mpared with a |

' non-load bearing panel in terms of total cost reduction:



mn

Pt

1., Less erectwon t1me is required; | Q/
2. vNo extra cost is necessarv to set up the frame of.the
_ dwel?\nq, and ‘ ; |
f 3. ,The/panel svstem‘makes 1t easv to chanqe and expand the
o f]oLr p]an ‘ .
, The dec1510n was, therefore made to de519n the system us1ng
logd bearrng panels. '
3.4 The Panel Core »
The core of bu11d1ng panels are made from such materials as
' perforated ch1pboard ba]sa wood, severa] kinds of expanded p]astlcs
~and foamed g]ass Research [10] has shown that one of the mos t des1rable
) mater1a]s as the core of a load bear1nq bu1ld1ng pane], is- honeycomb
1kraft paper 1mpregnated with resin. | ‘ "
Urethane foam is used to 1mprove the therma1 conductivityff
- of the panel to meet the: requ1rements of the Canad1an Code for
Res1dent1a1 Construct1on [11] |
A typ1ca1 cross sect10n of tqe panel 1s 111ustrated in ‘))
F1gure 3.1. ' | ) _ _ B
Res1n treatment of paper is one of the first prob]ems to
‘be" cons1dered 1n paper core manufactur1ng Slnce panels are 11kely
| to@e subJected to damp or wet condi twns the presence of resm
1n the paper is necessaky to y1e1d a product that is permanently
»strong and st1ff under wet cond1t1ons Re51n-1mpregnatéd papers []0]
“have been shown to retaln 75 percent of thelr dry strength after _ |
water soaking. ,Hater soaking capses untreated paper . to ]ose

/
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almost all its strengtht ,/5. o ..'$" "_ | ‘Jt‘&;-]3/
" Research [10] has found that a resin tréatment with 15
percent water so]ub]e res1n was found to be adequate for providing
paper of good Jtrength when wet, decav res1stance and hand]1ng
,character1st1cs durlng corrugat10n and subsequent ﬁgbrlcat1on A
res1n content in exgess of 15 percent does not seem to produce a
.'ga1n an strength commensurate ‘with the 1ncreased quantityv of res1n
.used In one ser1es of %ﬁ;ts‘_paper conta1n1ng as little as 5
percent water solub]e reSIn ‘was sat1sfactory in strength but. showed
less resistance. to decay organ1sms than paper with a 15 percent resin,
3.5-aDuter Face Material of the, Panel ' ‘ |
S~ ‘ . L
*A]mosttgny struatura] materia] which Ads available in the
form of a th1n sheet may be used tp form the faces of a sandw1ch
-pane] In the building 1ndustry the cho1ce of face mater1a]s is "
wide, 1nc1ud1ng p]ywood hardboard plaster, p]ast1cs, asbestos
.cement and a great number of compb%ite\mate[lals
R The basic requirements of the outer and inner face materials are
1 To be su1tab]e for a. cont1nuous product1on process |
in order to. obta1n high product1og&eff1c1encv and reduce |
the panel manufactur1ng cost;

. 8 ' -
‘ 2. To obtalh less mater1a] hand11ng;-

/.

3. To prov1de a going- system, wh1ch w1]1 g1ve suff1c1ent |
| .'tst1ffned<rand strength to the panels, B |
4. ;To el1m1nate v1s1b1e 11nes at the Jo1nts, and ' :"s“iﬁ:{:
5. ,To obta1n Jo1nts wh1ch may ea511y be manufacturéd.

}It is, therefore des1rabf_}¥6 have the face materlalsfsupplied}x“c

in c01ls , ' :
Co ls-%-;;:‘ : = T

S TR
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A

the crieria’ &Eed as aQbaS1s in se]ect1on of the outer face

mater1a1 are as 1uu10ws

1. Cost ($/sq. ft.);

Weight (1bs/s

q. ft.)?° B SN .

. Weatherability; . T .

2

3
"4, Durab1]1ty,

5. App11cab111ty
is preferred)
Ava11ab1]1ty

. Horkab111tv,

O P N o

1. Apbearénce;

13. Thermal expan

. Paintability;

10. Water absorption:'

to the product10n ]1Le (ro]]ed mater1a1

of. qlue,

Impact reggstance;

12. C]eanab1l1ty,

sion (]00° F temperature drfference may

. '»e}ISt-between the inside and the outs1de of the dwet]1n§ff.3ﬁ
w ) ‘The determ1nat1on of the optimal face thlckness from a |
theoretrca] v1eWpo1nt is d1scussed in [15]. o .;fff”'
v Nhen the bend1nq strenuth'1s specified, '  , f{»d//
» t!?f—ﬁ-‘-’- - R
f
) ' = the oot1mum face thwckness‘ ‘

the den51tv of the core mater1a1\ honevcomb

papef core ~0 00071 1bs/1n

LA N - "—' :
A ;v,..J‘ l\‘l‘



Mg = the densjty of the face material,
steel = 0.2829 Tbs/in’.

Qo
"

the pane] thickness HEEEN

(three 1nches ‘when the thickness of face
material iS‘Very thin).
L 0.00071 X 3 anas i

Also, if it is known or suspected that failure of the face
will occur as a result of -1ocal instabiTjty (elg; by buekling ihto
the cells of honeycomb of fixed cell dimensian); then,

3ueq

vtv% 2ug

| : _ 3x0.00071 x 3
| | | " T Z2x0.2829

g 0.01129 in.

This th1ckness 1s approx1mate1y equ1va1ent to a th1rty

~

g gauge steel sheet

- The-determination of the optima]'face,thickne5> from a_'
practical viewpoint is interrelated to:
sl The modulus of elasticity of the face materiaT;

. .Comb1ned we1ght of the faces and the core,v
y

3. The bend1ng moment which the beam must carry at fai]ure,

, ’
4;]fThe u1t1mate strength of the face material or the

‘ wr1nk11ng stress (wh]chever is the lower),«

8-

15



- 16

5. The iﬁpact resistance of the faee“nateria]; wad

6. sTberma].expansion of the face materiai,

Some expefimen;ai anaiysis would be desirab]e:to
solve the Optima]fjaceethickness based on the desianed load
bearing structhral panels. (This ana]ysis uas.not dOhe as part of this

'_study).‘ | 5 o ? I

: o The'outer‘fece'hbteriais uhich’yere ceqsidered'are as
follows: - Cii o B |

1., Aluminum v  . I | ' /
ALCOA 2024-T3 ALCLAD sheet SPEC. 0Q-A-362 COND. T
';gauge 22 (0.025 in. fhick)‘;' |
2. iSteel Sheet |
- STELCO STELCOLOUR pref1nlshed sheet steel or equ1va]ent
; 5qauqe 22 (0. 0299 in. th1ck) 'Hallclad“ manufactured 6; :
///'Haflclad Products Ltd. uses 20 gauge precoat stee] face
end au.sS. f1rm‘3§:duc1no similar pane]s uses a 22
-.qauoe Steel face; ,.f- R ) i?'."

3. Plywod S ey

. 1/4 1n thlck avavlab]e from HacHl]]an Bloedel Bu1ld1ng ’

‘ v_Matertals, | | '
"4, plC 9polyv1ny] chlor1de),

% Asbestos cement; and "

v6 Medlum denSIty hardboard
One—quarter inch p]yuood asbestos cement anq&medlum
density hardboard are not avallable in coils. PVC doesn't have

s

- suitable‘propérties’to suppo}twthe l0ad. , Therefore these materials{™

. * See’[13] w S o
R . EE



_ LY
have been ellmﬁnated as the outer face materlal “
Aluminum is not recommen?gd for use as the fac1ng mater1a1

_because 1t is anodIc to most heavy metals and e]ectro chemlcal -m\

LW

~ corrosion from bimetallic contacts may occur. Th1s d1rect contact 'i}
- of aluminum.with more noble metaTsvsuch‘as‘cpppek\?nd c0ppersr1ch ‘

iron and steel can be a/ source
' &

a]loys, R‘d to a ]esser:extent ]ead;

"

of corros1on troub]e [4]. | - : " B K
Table 3. 1 gives a summary of steel, aluminum and plywood -

based on the dESIQN cr1ter{% selected.
\

1 4

Table 3.1 A Sumnary of the Tvp\ca] Outer Face Materlals .

,I-

3

—

Aluminum -

P1ywood

Criteria - o . Steel Sheet
' - 0.025 in.* 0.0299 in. 1/4 in.*
R , RS | |
1. Cost $/sa.ft. 0.483 go 255 0.20 )
2. Height']bslsq;ft, ' -'0.574 z] 5N 0.79 R
3. Weatherability *strong Paint coat1ng_ " acceptable
L o o : is required if painted
4. Durability ‘adequate adequate adequate’
5. Applicability to 0K oK no cofled
- the production line : o v material avallab]e )
6. Availability of glue 3 EC1828 ~ 3M EC1828 ~ 3M EC1828
7. Workability i-ExceT]ent 6ood :;:E' ' Excellend
.8.,Impact res1stance vadeQuate ) adhquat .;' adequéteﬁ‘ g
9. Paintability S . Excellent Excellentt - :Eiceileht o
“10.Water absorptlon Excelient~, - Excellent ~ *Good
- n -Appearance ‘ Acceptable ACCeptablef‘ Acceptablg
~12.Cleanability . Easily * Easily cleaned_ _ Reasonably.
R L cleaned - . easy to clean
13.Thermal expansion  0.091 in.  .0.179 in. - |
| N n
* See [13] |
R . %



The chosen outer face material is prefgnished steel sheet, )
22 gauge (0.0299 in.) based on the des1gn*’r1ter1a . -
Prepafnted steel was se]ected 1n1t1a11y because 4' Y
':,], No initial cap1ta1 1nvestment is requ1red for surface
f1n1sh1nq, and | -

2. A ‘wide range of co]ors is ava11ab]e with brepa1nted

mater1als.

3.6 Inner Face Mater1a1 of the Pane]
4

'5fThe cr1ter1a requ1red for the -inner. sk1 1 be as fo]]ows

1; Appearance;

' '2.' Cost $/sq. ft.;
3. jFlex1b1]1ty to re-decorate,
4. He1ght lbs/sq ft
5. Impact resistance,
6. Dent proof; R ,>i /
7. Sound'proofég |
;8. DurabiTity;
9. Applicability to produc:ion lines |
10. Norkabi]atyﬁ and | | )

11. C]eanab111ty B |
}"-, Any th1n sheet fonn may be used as an 1nher face mater1a1
The select1on of ‘the mater1a]s and the detenn1nation of the th1ckness_
’_ of the mater1a1 are the same as ‘3.5, i. | !
Although the outer face and the inner face may be d1fferent

: materia]s, the pane] as-a who]e shou]d be in balance w1th reSpect

o
'“.,?3"5

2



4

3.7 Wall ConneCtion Method .

19

to strength and panel stiffness [16]. For these reasons and the

' ab111ty to meet the design criteria 22 gauge steel sheet1ng was

se]ected as the inner face material (Note tab]e 3.2).
Tab]e 3.2 A Sunmary of the Effectiveness of the Inner Face

Mater1a1 Accord1nq to the Se]ected Des1qn Cr1ter1a
[l

Material ‘[ o N ;tee]~Sheet,

Criteria : S - 22 gauge (0.0299 in.)
1. MAppearance < . acceptable

2. Cost $/sq. ft. 0255

3 .F]exibi]ity to're;decorate | :“ ;excellenti

a. /Ne1ght bs/sq. ftgé s |

5 ’Impact res1stance ' N LT lstrong enough

6. Dent proof S ﬁt" | 'eXCellent

7. SOund proof o » :; ' o ‘ good

8 Durab111ty | i. : ST Nr-, exce]lent

9 'Appllcab111ty to Qroduct1on line =~ 0K

10. Horkab111ty o _ "": ' _'good.

1. Cleanabi]tty : NS ‘excellent

<

¥

In order to‘hui]d dwel]ings'using prefabrfcated paneis,

“the wa]l connect1on method requ1res thorough study ~ The connection.

method affects ‘the erect1on t1me, the ease of expans1on of the

Ll

dwe1]1ng, the cost of the pane]s the 1nit1a] 1nvestment of the -
p]ant facullty and the appearance of the total wa]] and dwelling



o

The floor plan is des1qned SO that the vertical Tine which
appears at the connect1on of the panels 1 usua]]y hldden by an
inside wall connection or in a closet.

- 3.7.1 Connection of the Pane]s '
The following connections wére deve]oped prov1d1ng

connect1on blocks : | ?\‘ w D

(1) Corner connecticn |
(2) "1 connection

(3) Straight coonection

The exterior wall panel wi]l be fastened"by aochor bolts on

.the bottom (see Figure 3.3) and also secured flrm1y to the trusses '

us1ng brackets

The lnteriorfwa]1 panel will be fixed to the subfloor by

T

fastening_and the top portion of the panel will also be fastenad to.

. o/
the:trusses

The connect10n schedu]e is shown in F1qure 3.2.. n?i )

Corﬂer Connect1on

Th]S 1s the connect1on method to join two exter1or wall

,."

>""«'pane15 or two 1nterioé:hall pane]s at n1nety degrees at a corner

e detail of the corner c0nnect1on method 1s shown in

Figure 3.3. R

“T" Connection -~ - e s

Figure 3;4fi]1ustrates‘%Pe'detail of the "T" connection to

Yoo ‘ : o ‘ : _ /
/connect either exterior wall panels or interior wall panels. -
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LEGEND

1 : CORNER MNECTION A
2 ORIKR coMeCTon 8
3:°Y casrcNion) A

., 41T couECTOL B

5: STRAIGHT CoMseCTon)
A extreuson

4

)

Fisure 3.2 CONMECTION SCHEPULE FOR THE DWELLING
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CORNER COMMECTION EXTEWSION DETAIL .

EXISTING PANE

B

9 E)(PAusio\M one
o — : _ CORNER CONNECLTION A
b - - — ’ CAN BE CHAWGED BY Takg
: 1. ~ e S ' OUT THE CONNECTION fRLock
L . s N v TNPE A § B . AND INSERY

1 T : S - NEW CONNECTION glLock
‘ R ! .. TNPE-C IN ORDER b MAKE
: . : SO : A STRAG AT CONNECTION

ONINTCTION BLOUS
3 Wre C

(COVER PLATE (TP . '
R » LTASTEN (TYR)
. R L ‘1’ _NEW PARNEL. VoR EATENSION

. : CONNECTION  BLock
— R . S YNPE O

= CORNER CONNECTION B
: (A BE CHANGETD BY TAxG
: OUT THE CONVECTION BLocK’
N T™PE B |, AuD INSERT

. : NEW CONNECTION BLOCK

PE C N ORPER  To MAKE
T COMNECHI0N

!

*— NEW PANEL TOR . EXTEMSION

NEW. mANEL

CONNCTION BLOCK -TNPE A
EXISTIVS PADEL -

4

: _ EXPANSION “TWO.

! : . CORNER CONNECTION A

! R . CAN BE CHANGED BY PyYTTING
2 _ A CONNECTION BLoCK —TYPE A

' AR : N DRDER To. MAKE "T°
CONNECTION

X :ms.-nucq comECTON ’
" e\_oc.

C.\

l% PAHEL.
,/

Fnau«e 33 ton‘nuven ff sl

R W

EXPANS ION  ONE

b=y



Stra1qht Connection

This connect1on method is used to Jo1n two exter1or wall

pane]Scor two~1nter1or_wa]1 panels as shown in Figure 3.4.

3.7. 2 Panel Connect1on to the Roof System
| The. roof structure of the dwe]]1ng w111 be bu11t
usqng the trusses which: ;re prefabr1cated and@?ead1ly available 1n
the market ‘A typical truss to suit the dwe111ng is shown in
F1gure 3.5. The estimated‘materiei and installation cost comparison
- of the roof structure as we]]\as.the roof ‘and the floor is'given
in Téb]e 3.3. The toteT'cost_tq echieve the roof structure and the
roof of the_dwe]]ﬁhg will be.iess>eXbensive'when the-conventioha]v
methbd is used'rether than using the panels designed‘for this
dwelling. TR P
fThe trusses and the triangu]ér sfde'wal1 panels will be
p]acedvon-the}exterior and interibrnwalf panels_and fastened by
the brackets prov1ded |
- The connection method for these pane]s and the brackets
are shown jn‘F1gure.3.5.

R
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3.8 The Pane] Des1gn Ca1cu1at1ons ‘
The -chosen pane]s are. load bear1ng The panels are designed
‘to sat1sfy the f]oor p]an requirements out11ned61n section 2.3. The
following materla]s are used as components of the pane]s designed.
1. Urethane foam |
2. Kraft honeycomb paper
3. Steel sheet, 22 gauge
3.8.] Determ1nat1on of. the Core Thlckness of Interior and
Exterlor Wall Pane]s
Based on the design load of 873 1bs, /ft (see
Appendix G for the deta11s) the core th1ckness of the interior and
the exterlor wall panels is ca]cu]ated [15].
" The equat1ons to be used are app]1cab]e based on the
;{k;follow1ng assumpt1ons r _
| (1) Panel isvconsjdered asfa:co]umn, both,ends free;
(2) Load is uniformiy distributed;' '
~ (3) Load is vertically‘applied |
(4)V,The skins of the sandW1ch panel are separated bv |
| | an equa] d1stance and f1rm]y bonded to the core. and//
| /-j(S){ The mater1a] of the sP1ns of the sandw1ch panel is
f much stwffer than the core mater1a1 “
L It is necessaru to make sure that the chosen thtckness of
- the facing material (t), 22 gauqe stee], is adequate to support the i
| axial load p, 873 lbs/ft .y w1thout wr1nk11ng The}wr1nk11ng stress

f'1s ca]cu]ated by the following equat1on.

R F V3 _ 23
o =By E /g ¢

wrinkling stress -

where ’ o
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| 3.8 The Panel Design Calculations (coﬁtinued) 

vB]= constant factor, in this case 0.5*

E¢= the modulus of elasticity of the facing

R matéria],v3 x'107

pis.i.
E = the modulus of elasticitv of the core
c : L F e :

m@terial.11,900‘p;s;i.ﬂ**' ’

.
. e
_* . See page 238'bf [s1

**-Thi§ is obtained f;om Union Camp's technical informétion{:»



=)

o =075 (3 x 10")1/3(11,900)%/3
= 0.5 x 30'/3 x 10% x 11.9%/3 4 102
‘ K *kk
= 80,968 > 60,000 p.s.i. "
This factor is largé enough to prevent wrink]ihg
The necessary th1ckness of the core can be determined by

the fo]]owlng equat1on[15]

€ > G [l + //; + —z-x-———-x E—b) ]

where ) | c = Thlckness of core (in)
p= The axial ]oad (1bs)
b = Width of panel:(fn)
G = The modulus of rigidity
~ of the core (psi)
L - Height of pane] (1n)
o "t = Thlckness of the fac1ng material (in)
£ =

£ The modulus of e1a§t1c1ty of the

- facing material (psi)

Given:
p = 873»]bsi
-.b = 12 in.
S _ » * s
6 = 2,800 psi” T
L = 96 in. (interio%'pane1 he{ght)"
t=0.0299 in" (22 gauge steel) |
o ; " B
Ef = 3 X 10 p51 - S _ .

o See page- 251 of f15] -

- ** See page 451 of [19]

¥+t See page 430 of [19]
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| e | ~ _ :
873 e drs B 962x12 8800
“Z Txmzxmmw U AV g x S

0.012991 [1.+ /T + BBT3BT T .
0.012991 [1"+ ./BBYZ BT ]

L1}

0.012991 (1 + 94.206)
v1.23§;{nf .

The thenna] conduct1v1ty of the panel is another cr1t1ca1

4

factor to be cons1dered - The formu]a for the coeff1c1ent of
transmission of a compound wa]] of several materla]s hav1ng 1nd1v1dua]
‘thicknesses in 1nches of x], x2, 3> etc and conduct1v1t1es of

N

k], k2"k3’ etc. is given as follows [20]. :

The assumptions. are:
(1) _Eech material is homogeneous: and

(2) Air:Spaces arevconsidered to be "dead" air spaces.

u = _ = 1
: - R
1,0, %2, %3, 0 s
+ - + + + -
Tk ik K %
" where fi:’= ihsfde'gytface coeffitieht for still air = 1.46
| fo ° outSIde surface coeff1c1ent
‘R_ = thermal res1stance |

‘Based on the tvplca] cross sect1on of the pane] descr1bed
‘ in Flgure 3. ]. severa] comblnatlons of erethane and air space were
trled to arrlve at an.acceptab]e panel thlckness which sat1sf1es

7“the Bu11d1nq Code

- 3x10”x873



The thickness of urethane and air space arrived at are as

follows:
. 1. Urethane foam, rigid o 0.6 in. .

2. Air space, foam sandwiched by urethane 1.8 in.

730 Urethané‘foam, rigid 0.6 in.
- The total panel thickness, théréfore,,is threé inches .
" The value of this combination of material will be:
U —y—oos, 06, T, 056 ,0.05, 1
1.46  T18 0.15 1.03 0.15  "Ti8 * T#a6
= - '. | o 1 - - . -
0.68 + 0.0004 + 4 + 0.97 + 4 +0.0004 + 0.68
: 10.33 R

Hence, R = 10.33'>’10*._-This R Va]ue~isblarge.enough to satisfy
the Building Code. ' | |

From the viewpoint df the strén@th required bf-thé panel,

1.236 inches of panel thickhgss are sufficient. However, the;‘
thermal conduétivity,_ﬁﬁﬁch the.panél.éhodid héve, fequires a

threevinc# Phickness to satisfy'thetféquirements of the Building

{

Code. Therefore, the final thickness of the panel is determined

| as threeginches.

* Canadiah'Code for Residentia] Construction 1970, page at 82.

oo
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, CHAPTER 1V -
SERVICE FACILITIES OF THE SYSTEM
Thegservice facilities studied fef'the‘dwellingbwere'
, cons1dered and selected on the basis of the criteria be]ow
(1) ’Etonom1ca11y optimal w1th respect to the final cost
.+ (2) Applicability to the FLEXI-GROW housing system;
.'(3)_ Satisfactory'performahCe‘of the system; and

f;(4)ﬁuAcceptab1e by the home owner.

S
o

‘The serv1ce fac111t1es d1scussed here are p1umb1ng, heatwng

' and vent11at1on and eﬁectr1ca1 w1r1nq

- 4.1 P1umb1nq

Home extensions requ1re no extens1on of the p]umblnd system. .§'¥
The required p]umb1ng for the 3/4 bathroom in.the f1rst extens1on - \
is 1nc1uded in the 1n1t1a1 p]umb1ng »
. The k1tchen and bathroom use a cbﬁnon'plumbing wall (see“
-floor p]an, F1gure 2. 1) because: | |
”1. The - p]umb1ng wall is ready to 1nsta11 in the requ1red
p]ace, | | o N J, .. o f.

2. The'pipes are pre-assembled, pressure-tested and .
1nspected in the. manufactur1ng p]ant and
3;} The plumb1ng wa]] prov1des the necessary 0ut1ets for
| the bathtqb, washba51n, kitchen s1nk,_etc., ready to
install. o |
- ThevWa11 to separate the kftchen'and the béthroom (see

- Figure 4.1)'is'a"sandwich panei constrUction'uti1izing'a ufethane

.38
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' foam core with 22 gauge prefinished steel sheet. Honeycomb kraft
paper is not used in this core for ease of p1p1ng 1nsta1]at1on

The comp1et10n of the bathroom is illustrated 1n F1gure 4.2,
r
8.2 Heating and Ventilation

. The system chosen for heating and ventilating is & "warm air"

system, whieh}is the standard system.in most homes, with a centrally.
blpcated SOurce.efhsupp]y. The air ducts are located directly be]ow'
‘the-floor. The subfloor is designed with a knock.out panel to
| accommodate floor diffusers Hhen ‘the home is expanded the a1r

o ducting w1]1 be e;t ed to the new area and connected to the

*
s

floor dlffusers
The mechanical sjstem as'well as being adaptable to the
FLEXI-GRON housing system isvvery;versatile. Cooling, humidification
and air'éieaning or any~COmbination of the three, can b ncorporated
| in the ba51c heatlng system as” opt10ns w1th no maJor phys1ca1
: R

a]terat1ons

The genera] design and ]ayout are shown in F1gure 4.3.

_'4 3 E]ectr1ca] Wiring - v }'_ e
Most conventlona] res1dent1a] homes have electrIca] wiring
. ]ocated inside the wal]s, In the FLEXI GRON h0us1ng system, the
‘ualls are not equ1pped wlth any condu1t pupes for cables due to
the . cont1nuous pane] productxon method used.

A typIcal;electrical wiring for the’dwei]ing\is_deve1opedf;

=~

and.shown intFiﬁﬁfe 4.4,

40
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The ceiling Outlets and cab]es above the ce111ng to connect
these outlets 'to the llghtlng pane] are 1nsta]1ed in the conventlonal
manner. | | : )
The rest of the e]ectr1ca1 wiring can be accomplished uslng

-

sklrt1ng wiring. Th]S method was chosen due to: . L

1. :App]1cab1]1ty to the dweIIIng,

h2. Cost compat1b1l1ty to the convent1ona1 .method (see the

estjmate cost jn Table_4.]); and

3;54F1exibi1ityhfor expansidn' | |

 An examp]e of skirtlng w1r1ng is 111ustrated in F1gure 4. 5
This sk1rt1ng w1r1nq prov1des ducts in wh1ch cables are 1nsta]1ed
The ducts are ]ocated on the floor aga1nst the wa]]

As shown in F]gure 4 5 e]ectr1ca] branch1ng is accompllshed
| by means of swltches and receptacles at conven1ent 1ocat10ns a]ong
memwcwhaﬁ_ . :\ ’

The connect:on between the sklrtlng wiring system and the

5 .
11ght1ng panel can be done %n the convent1ona1 manner, that is,

the cab]es are 1nsta1]ed under the f]oor through the f]oor JOIStS.

4. 4 tost Est1mates for the System and the Re]ated Fac1]1t1es
" The cost of plumbing, heatlnq and ventllatlon, and e]ectrlcal
w1r1ng are based on a floor area of 720 square feet ‘

The cost of w1r1ng ls estimated based on Figure 4.4 and

shuun in Table 4 ]

Bl
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- 2140

TOTAL

Diréc£'1ab0r

Overhead

;.$6.35/hr;.x.20'man?houfs_,

Table 4.1 The Wiring Cost Estimates
DESCRIPTION MATERIAL. § FOB LABOR™ MAN-HOURS
: COST . = EDMONTON o .
Fixtures 50.00 0.73MH x 8  =.5.84
Pane | 3270 1.5Mix1 . = 1.5
24 circuit : :
Westinghouse
6LC-24
Boxes & Receptac]es . ’ o . o
Wiremold (B2.16+@3. 77) 0.40 MH x 14 = 5.6
2141 & 2.27 GA x14 25,02 -
Wall outlet S500 1.0 x1- =1
Weather proof - 10.00 1.0 ~ x1- =1
convenience . 3 S .
outlet .
Single pQ]e' : - S S L -
switches - 84.83 x 5 24.15 0.4 x5 =2.0
‘Wiremold : : - S . _ 2
" Double pole .50 x 3 - 19.50 1.0 x3. =3.0
switches - B B S IV
’ 4
Cable , : . o :
100 A service : _ N .
Hestinghouse g0 ft. * s0.40 . Ochers "
2-12 Aluminum - T o T |
MO] d ) : : ‘ ‘{._»‘
Wiremold . . 035.40/100" Fi, .+ +Included 1in
21008(1- 1/4"x7/8") x-90 ft. - 31.86- Others
S 30663 R ) 94
_ APPROX . . $307.00_ APPROX 20 00
" Direct Material | | $307.00

$127.00

Total Cost

50% x direct 1abor>cost;‘

$64.00 -

ol .

oAy



: Tab}e 4.2 Cost Estimates for.the Service Faci]ities and Associated

Materials
Description .. o ‘ @g : Estimated Cost,
- ' : ‘ ~ $ FOB Edmonton
Plumbing (material and labor) 500
Bathroom unit, Crane, FUTURA model 200 = |
CSA is not obtained ye; , - . - 760
: K1tchen unit, wa]] and base cabinets comp1ete -
~ with steel 51nk and faucet, 72" ensemb]e . 200
% .

~Heating and vent1]at1on -
A furnace, necessary duct1ng and 1nsta]1at1on - 800

E]ectr1ca1 wiring . (See Table 4.1 for deta1])

.;'--”

- Wire Mold produced by Conduits National Co. _Ltd.v_.  498
Total. . T o 82,758
* 0pt1on L . ‘,, - o ' $1,310

A1r condition equ1pment

LENNOX HS261. includina an

outs1de conden51ng unit, hum1d1f1er
and air cTeaner, 1nsta11at1on cost
exc]uded ‘

J‘%, g

s

”
4
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" CHAPTER V
THE MANUFACTURING FACILITY

~

The layout of the' manufacturwng facility bas1ca11y requ1res
the fo]]ow1nq steps: ‘ | | '
) Product_desjhn end b]ueprdnt deve]opmeniﬁ
(2): The development of a material list;‘”
(3) The development of process flow eharts;‘ ‘
(8) Equipment,selection§ g;v | :
(5) Fac111ty 1ayout _
- (6) Equipment 1nsta11at1on and
.(7)v Start-up | |
Product des1gn has been d1scussed in Chapter YI The bluef
pr1nts are developed and shown in F1gure 2. 1, 2.2, andp2.3.

The panel is composed of steelrsk1ns-and‘a honeycomb kraft ‘paper

_core impregnated with‘urethane ~ Table 5.1 represents the mater1a1

llst for one square foot. of this pane]

5 1 .The Production ProceSs ' ‘v . - 5

. The tota] product1on process requ1res lggkefonn1ng of the 1nner _

" and outer sk1ns to produce sheets 7 10" 1n w1dth Urethane foam is

inJected between these skwns and the expanded paper honeycomb core
R4

f‘Just prlor to theg@pmponents being s1mu1taneous]y passed thr0ugh

a steel conveyor system to prqpuce the f1n1shed pane]

an
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A deta11ed1descr1ptlon of this process involves:

(1) - The deve]opment of process Flow charts," L

‘ (2) A descr1pt1on of the chemwca] reactions ;/yb]Ved in the -

product10n of rigid urethane,
(3) Lock-form1nq of the steel skins;
(4) Expanding the honeycomb paper core; and
(ﬁ) The foaming of the f1nlshed panel.
- 5.1.1 The Development of Process Flow Charts
N . The operation process chart is. defined as "a graph1ca1
| representat1on of the po1nts at which’ mater1a]s are 1ntroduced 1nto
the process. and of the sequence of. 1nspect10ns and all operat1ons
except ‘those 1nvo]ved in materials handl1nq It may include
informat1on considered des1rab1e for ana]ys1s such as time requ1red
and location" [21]. | T

v

- The operat1on process chart for the pane] manufacture was

r

deve]oped and is shown in F1gure 5.1.

~5.1.2 R1g1d Urethane Foam Product1on ‘ | 2
| Urethane foam is essentlally a comb1natlon of polyol
catalysts and surfactant B T -
To foam r1g1d 2. 0 pounds per cubwc foot denSIty urethane,
‘the component A and B of “POLYLITE" manufactured by Re1chho]d Chem1cals,
Inc. w11] be m1xed at the m1x rat1o 1:1 by werqht '
The manufactur1ng process must cons1der three bas1c twmes

.'They are. referred to as:

(1) Cream time (from the start of mixing; requires 25 sec.-35 sec.

50



(2) R1se tlme (from the “tart of m1x1ng) requires 2 min. 30 sec.-
3 min.-30 sec.’ A | |
(3) Tack-free time (frdm the start of mlxlng) requlres 2 min. 45 sec.-
3 min. 45 sec. | ‘L |
Observed at 77° F R . : l‘ BN
Cream t1me fs the start of exotherm1c reaction manlfested by
~the milky appearance of the foam1nq mass. | “
Rise t1me is the comp]etIOn of foam1ng expans1on

N

TacK free time is the c0mp1et1on of harden1ng of the mass. g

5.1.3 Lock -Forming the Stee] Sklns
Steel coils are not avaIIab]e in ninety four inch
jwldths, therefore, two co1ls of forty elght inch width have to be
lock-formed to produce,a final n1dth;of 94 inches.
: Tﬁo steel roils, t22/gauge'materfa] are placed on the uncoilers.

The stee] sheets are fed into a lock former in order toclock form
the edges of the stee] sheetg | ’

The pebb]e pattern is requvred on the outsxde surface of the
bottom ha1f of the exterlor wall pane] This 1s formed by a.

“roll former pr1or to. the Jock- fqrmer Hhen the Interugr wa]]ﬁﬁbn-"
% @—“‘j

aye produced the pebbling process is omltted
éﬁ

5.1.4 . Expand1nq the Honeycomb Paper Core

N Y . ot
& g } . -

Unexpanded s]1ces of honeycomb paper are fed 1nto a
v . 5 o
honeycomb expander and curer. ThlS process 1s lllustrated in ‘ym_‘
F1gyre 5.2.° Because'the_honeycomb expander and curer’ can handle~

a maximum width of only four”feet,'the sheet of expanded and cured
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honeycomb paper is Cut into sheets 7' - 10" x 4' -0". These sheets are
fed onto a conveyor-'so ‘that adjacent sheets are’ put together a]ong

Athe 7! #10" side, I

5.1.5. The Foaming of the Finished Panel

“The foaming of the finished panel involves three

“procEsseS'

e
£
-

&

1

5(]) App]wcat1on of glue to the steel skins; A;
(2) Dlspensxng urethane foam to the honevcomb papar core, and
(3) Lam1nat1ng of the stee] skins and core materla]
| vAfter the stee] sheets compr1s1ng the two SP]"S are lock-
. vformed a- laver of g]ue IS appl1ed in order to fac1]1tate bond1ng
| with the honeycomb paper core ‘bv a g]ue app11cator

In the f1na1 ana]ys1s, an experlmenta] study(cou]d be necessary '
to determine the type of g]ue to be used to give opt1na] bond1ng
qua]1t1es between the urethane core .and stee] Skln?

The glue appllcator cons1sts of a roll a glue depositor and
‘an air pressured g]ue tank. -G]ue 1stst0red in the air pressured191Ue
tank and i: rynsferred bv air pressure to the glue depositor thrOugh
a tube The gluewdepos?tor ‘has many sma]] ho]es Iong1tud1na]1v
aadJacent -to the rjl] snaoed at one s1xteenth of an 1nch so that g]ue "

is easm]v depos1ted oh the ro]]

The ]ocP forr' *eel sheets are running on the roll so as to
applv glue orlthe sur. or bonding to the'honeyCOMb paper core._
 The schemati§ of the glue,app]icator is shown in Figure 5.3. 8

The honeycomb paper core is. conveyed from the honeycomb

‘expander and curer. Two nozz]eshtorAfoam dispensing are. provided
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- to dispense urethane foam to both sfdes of the honeycomb paper~core

The nozzTes undergoaan oscillatory sweepIng ‘motion. across the fuTT

w1dth of. both s1des ‘of the core in order to dep031t a uniform layer

of urethane foam oh each core\face (See F1qure 5.3 for detalls)

| The stee] skins with olue applied and the honeycomb paper

" core with urethane foam dGDOSTted on both sides are. fed into the foam
’curinq<conveyor The urefhane at “his staoe, has not yet hardened . |
Therefore when the steeT sk1ns ars the c0re are sandwiched, or Tam1nated
in the foam curing conveyor the urethane foam 1s pressed by the conveyor
and squeezed into the ceTTs of the honeycomb paper core (see F1gure 5.2
’for the deta1Ts) The foam cur1ng conveyor is des1gned w1th sufficient
.Tength to aTTow the urethane to harden 1nto a r191d mass and form a
compTeted paneT of the requ1red th1ckness "The f1n1shed panel i: then
-cut into any desired Tength These paneTs are. conveyed to work-jr. -
process to ihstall w1ndows -and doors: and for final f1n1sh1ng The

final f1n1shed pane]s are then packaged and stored in ‘the warehouse

for sh1pment to Tocat1on

5.2 Normal Time éa]cu]atio'ns |
~In order to complete the factory Tayout arranqements, normaT
. time values have been caTcuTated Norma] t1me vaTues make it

: poss1b1efto determine the cur1nq conveyor Tength equlpment se]ect1on l/{

., for the product1on Tine and manpower requ??ements o : .

ar

Norma] tlme 1s def1ned asﬁthe time requlred by a qua]1f1ed
" ‘workman, work1nq at a pace wh1ph is ord1nar1]y used by workmen,'
.when capab]y supervwsed to comp]ete an e]ement cycTe or operatlon [22].

‘( e



~ - 8 hours x 60 min.

\ ':;,.'
s
y - o '
The fo]]ow1ng assumptlons were made: ;ﬁ”,
(1) ‘There are 250 work1ng days pew xgar
;(2);:Norma1 shift < 8 hours. 1_*ﬁ
: > lQ‘,iié;3§;¥Scrap a]]owance = 5%',5W%%:
e :125:;k({if‘Shop eff1c1ency = 802.
;i ui;;-jig (5)‘"Rat1ng factor = 100%
:;Jf Jﬁf R %3‘7(6)T Number of channe]s =j1;-
Afzi 5;@2: i vf(i)_;Personal a]]owances/= 48 minuteg[day.h
-iéfu‘ eif . A(g) Fat1gue a]lﬂwance = SZ. |
‘..', g 5}f\"'(9)?‘Annua] ptqﬂJ;tIOn rate = 500 homes
" f.vfy R (10) Add1t1ona1 pane]s for extension = ZOp of"netepfdduetian.j
| E : rate per day. |  u B
Wy o Net product1on rate per day = ]9§']inear feet/hoee*: 
! e - 500 homes’ . |
T X250 uork1nq days per year
. X ,; . Product1on rate per day
: o  * = (396 + 396 x 0.2) x 1.06
;;iﬁ Eﬁm ojﬁ%.v 504 llnear fee%};f.;ane] |
xg&?lx Total allowance | ﬂ{? )
D s o MBmin a0, 6y - 18y

Shdp planning time -

- 8 hf“;34xfg? Wif- = 0.9524 min./linear foot
" = 57.14 sec./linear foot

396 linear feet of panel.

* See Table 6.1 -

P
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Standard time

I

Shop planning time x shop efficiency

0.9524 x 80%

0.762 mihutesﬁ]inear foot _
' ' ~ allowance % )

~ Normal time = standard time (1 - 00—
= 0.762 (1 - '}ga) C
= 0.762 (1 - 0. 18) |
= 0.648 m1nutes/11near foot o e _7> ‘ ? r

(— 1.543 ft /min. ) P

: 4( Normal t1me to produce one 11near foot of panel which is. f?;.f

7' - 10" in he1ght is. determ1ned as 0.648 m1nutes (38 88 seconds)

5.3 Determ1nat1on of Foam Curing Conveyor Length for the
| 'Prdduction Line | |
The 1ength of the foam curfng conveyor depends upon two |
‘factors, the urethane foam chem1ca] react1on t1me and the speed of
the foam cur1ng conveyors. . o : A oy
The c0nveyor speed was ca]cu]ated to %e 0.648 gén /11qﬁ§ar
ft. of panel = 1.543 ft./m1n in Section 5. 2 Th1s enab1es one to
calculate the necessary conveyor Tength because one of two factors
is known. and fixed. - o -
The chem1ca1'reacti0n time,'crean'time,‘ndse time and
tack- free t1me descr1bed in Sect1on 5.1. 2 the time to comp]ete
a]] chemica] react1ons, is two m1nutes and forty five seconds to

- ,three mjnutes forty- f1ve seconds based on d/temperature of 77° F..

Some a]]owance needs to be 1nc1uded
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| |

~ Final chemical reaction time

i

Chemical reaction time + Allowance

3 min. 45 sec. + 30 sec.

4 min. ]Sssec.

The future-production inehease is estimated to.be 50%.
‘Therefore the. conveyor ]ength is: : ’

150% x 1 éﬂ3 ft. /m1n x 4-15/60 min,

1. 5 x 1.543 x 4. 25

9.8 ft = = 10 ft.

4

5. 4 The Chosen Equ1pment for the P1ant

- The equ1pment to manufacture the panel is chosen to meet
‘the requ1rement wh1ch has been d1scussed in the proceed1ng sect1on
and is’ summar1zed 1n Table 5. 2 The 1nsta]1at1on cost est1mates for

the chosen equ1pment are g1ven in Tab]e 5.3. The-deta1]ed descr1pt1on

-of the equ1pment is prov1ded 1n Ap?end1x D



O

L - 4 .
Table 5.2 A Summary Table of the Chosen ‘Fquipment on the Production Line

62

7 ‘f.fslbtf Straight Line Depreci&tioh 

A

. Equipment No. Unit cost Initial Life Salvagé Maintenance SLD*  Remarks
' Required FOB Edmonton Cost: &' :: Yr. Value o Cost $/yr. $/yr. !
: e in 5 yrs.
Honeycomb expander 1 18,765 18,765 10 9,000 500 1,953
and curer, Union '
X . Az
Uncoiler, model- ' & 6,225 24,900 15. 8,300 1,000 3,320
J 481 o 5 .
‘E1khart Weldina - " |
8 Boiler Works - ) \
" Lock-former. L2 2,000 - 4,000 15 3,000 © 500 1200
General Metal N v - . :
. ) _ : , »
Foam Curing 1 set 1,000 1,000 10 500 .25 . 100
Conveyor : ' : :
_ Foaming machine 116,000 16,000 10 8,000 2,000 1,600
‘ Slitter 1 3,000 3,000 10 1,500 300 300
Pebble Pattern 2 2,000 4,000 15 3,000 500 250 '
= . Rol1l Former '
~ General Metal - ,
‘ _ y ) : .
Roller conveyor 1 = 2,600 2,600 10 1,308 200 - 260
with 2 kick-off s ' s :
device hydraulic
operated -
‘Kick-off device 2 1,000 2,000 10 1,000 100 200 v
hydraulic : wi 2 :
operated ) , § o
Roller'conveyor 182 ft. 9,100 9,100 10 - 4,500 . 100 1,020
partially - S : ' :
motorized o - ’
6lue applicator 2 11,000 2,000 5 1,000 200 200
_ Working table 1 2,000 2,000 10 1,000 100 200
Circular saws - 2 7% 1,800 S 0o 200 280°
_.with a jig~ = . ’ ' _
Overhead crane 1 13,000 . 16,000 10 . 8,000 500 ° ,1,600 . Installation $3000
5 ton 35 ft. span ‘ a R - o - . . .. Sales tax ‘inclyded.
Canadian Monorail FOB Edmonton _
: Hoist bridge elevtric
. control device -
* Qverhead crane 1 7,500 8,700 . 10 " 4,350 - 300 870  Installation $1200
2 ton, 35 ft. span ‘ > s . . Sales tax included
Canadian Monorail ~ FOB Edmonton ‘
. : " Electric control
‘ s ‘ . . device: o
Storage bins % lset. 500 50 5. 0 00 100
Nl ) W ‘ : . L
"0ffice furniture - T - e
* & Equipment 10,000 10,000 0 < 3,000 200 1,400
Miscellaneous 10,000 . 10,000 . 5 - 0 500 2,000
135,965 - $7,450 - © 7,550 15,853 _



Table 5.3 The Insta]]atjon'cést Estimates
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Equipment . - No Requ1red Unit. - Total
o - . Weight  Weight

‘ Man-hour
40¢MH/Ton

Honeycomb expande N ) 7,800 7,800
and curer /// : e _
Uncoiler » -~ . - .4 1,000 4,000

Lock-former - 500 1,000

Foanm curfﬁg éonVéyor“ﬂ‘v "1,500( 1,500
Foaming machine 1,000 1,000

Stitter -

~ Pebble .pattern

500 1,000
- roll. former : : '

Roller conveyor w1th -,n', 1. ~'”’* '3,000 3,000 -
. a k1ck off S e L

‘Kick off device - 22000 400
hydraullc operated S ST R

Roller conveyor et 27,000 27,000 .
'Part1a1]y mortor1zed-3 : SN -

f Hork1ng table 1 1,000 1,000

Circular saws with a jig = 2 250 500

~ Overhead crane, 5 tdhs‘ -1,

1000 100

5

20
30
20

L 20

60

540
0"

¢

11,2000

:'overhead crane, 2 }ons

(1) Dlrect labor 966 M/H X @54 §b/hr 4,347
_ 4,200

Totas man hour 966 }”’

o~

VQ;?OQ¥;;T$‘5

F

‘(2)--Djrect'materia1 10% of m

= ,(3) Overhead - 50% of (1) + (2)

- (a) Profit 20% of (1) + (2).+ (3)

854

8,547 .

<2820 0

‘1

Tota] 1nsta11at10n cost

, §16,921'”1V;n ;



CHAPTER VI

\ "INNTORY FOR RAW MATERIALS AND FINISHED 600DS

b sic prob]em with respect”to inventory is:
,'(1) To. dec1de when and how much to order,land
t (2) To dec1de when and how much to manufacture
S The optimal inventory quant1ty has to be determ1ned to give
| sat1sfactory serv1ce to customers, to reduce costs and to maintain
»jfa m1n1mum of cap1ta1 tled -up in 1nventory Inventory cost can

apprec1ab1y affect the profltab1]1ty of the organlzat1on

6>1 The Inventory for Finished Goods
o S1n¢e the assumptlon is made that the product1on fac1T1ty
'produces f1ve hundred homes per year, the p]ant needs to have enough
space for f1nlshed goods to meet this reqd1rement
It is est1mated that this particular dwe111ng design w111
'need@thre— to f1ve days to erect and comp]ete]y f1n1sh Therefore,
: assum1ng constant 1nventory usage, f1ve days of f1nwshed goods
*lten dwe1]1ngs. shou]d be kept 1n the warehouse and readily ava1]ab1e
.,;”for the customer | d RO | |
- | Tab]e 6 ] g1ves the total pane] requlrements per home in

Jv?~'fJﬂlinear feet,,v;l

K




'Tab]e'6;]‘ The Panel Requirement per Home in Linear Foot
Panel Length - . No. Req'd ~ Length Req'd (ft)cv -
“Exterior  14'78-1/2" 4 - 58.83
Exterior - negr 4 - 86.67"
Interior 12'-0" 3 36.00
Interior 8'-6" . 8.50
Intehjor‘ 7'-9-1/2" 1 7.79
Interior st 1 5.50 |
Interior 40" 4 B 1s.od;;_;__________\\‘,\\;~
Interior Caror 3 iis.oq R
side Triangular 12'-3" T 2.5

‘Total Panel Length Required

197.54 ft. P

% 198 linear feet home
See i o

The necessary warehouse space 1s est1mated as fo]]ow ‘wlth

7

the assumption. that the pane]s for two homes can be vert1ca1]y stacked 7

Base The largest panel sgze 15' 0" x 7'-

Space requ1red for the stack:

o

o7

=[(14-8'1/2") + aisle] x [(7'-10") + aisle] ":‘j -

=[(14"-8-1/2") + (2'-6")] x [(7' ]0") + (2' 6")]

—(]7' 2- ]/2") "X (10'-4“)

—178 square feet

The space'for ten dwellings '

=178 sq. ft. x 5 = 890 sq. ft.



o \\\\assumpt1ons

’The f1na1 space requ1rement equa]s

The space for ten dwe111ngs-+a 50% future product1on increase

890 sq ft. + 890 sq. ft x 0.5

1,335 square feet.

6.2 The Raw Materia]s Inventory
| In order to determ1ne the opttma] Tot size for raw materials -
and est1mate the warehouse space requ1rements, the elementary
economic lot s1ze model was used. Us¥ng the production rate of five
hundred homes per year and constantvdemand for homes thr0ughout the
year,.tne use of elementary economic lot size model seems reasonable.

The e]ementary economlc lot s1ze model makes the following

—

. o .
~\\\y\"ltem5»ate assumed to be w1thdra$n cont1nuous]y and at

a known constant rate,_w” :5g~f
'(2) Items are ordered in equal numoer at a time;
R (3) Material shortaQes are;not;allokéﬂ
| | v(4) Unit cost is constant per item;_‘ |
(5) Inventory ho]d1ng costs are constan g%ﬁ ? nit of times
o and include tota] holding costs, 1nter; ~ ‘
warehouse costs, ete. s . O f?
(6) Preparat1on costs (cost of placing an order or gett1ng
an order) are constant per order, and .
(7)- Zero lead t1me is required. i

Under these assumptions the opt1ma1 Tot size 1s glven by

the fo]]ow1ng equat1on
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0 P "H
where QO = Or imal lot size
Cp = -eparing cost per order, assumed to be $7

R innual requirements in units

y = Inventory holding cost per unit per year,

assumed to be 20% of -the unit cost.

A1l raw materials needed for production are 11sted and the

optimal lot size is computed in Table 6.2 and 6.3.

A
W
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Tabié 6.2 Anﬁua] Requifement of Digecf.Material ,~¥5$
Item Unit ﬁ Material per ﬁAhﬁua]’ Annual
Cost home with Requirement - Material
scrap | ' ~, Cost $
. allowance
r"“
Polylite é?ﬁ'10/]bs ¢ 369 Tbs. 184,500 Tbs. 202,950
Component A g o
Component B~
Pre-finished SO,Z/]bS. 4710 1bs. 2,355,000 1bs. 471,000
steel, 22 gauge ' ’ :
Kraft honeycomb $0.0306/Ft° 1845 ft? 922,500 ft2 28,229
paper, . o
Union Camp
Adhesive $32:25/Ft3  9.50 ft3 4,795 ft3 154,639
3M EC-1828 o R T
) R . ) . : ) . o ‘
Aluminum door,  °  $2.25/ft2 169 ft2 84,500 ftZ 190,125
‘window T : , _ .
| Hlsce]laneous 1,046,943 x 0.01 10,469
1% of the ' - ‘
annual mat%ﬁ?gl
cost : YV -
Total annual materia1>co§t & $1,057,412

¥

68
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CHAPTER VII
CASH FLOW CALCULATION g

Cash flow calcu]atlons are necessary in order to come up
w1th the cost,per home and determ1ne the monthly payment for the
home-. These ca]cu]atlons, 1n the f1na] ana]ys1s will determ]ne
'whe{%er or not this partitular dwelling can meet the demands for
fhous1nq of the 1ow-to-medium income fam11y | |

The revenue requ1rements approach has been used in this
study which requ1re ca]cu]at1ons to determ1ne the tota] annua]
vequlva]ent costs (AEC) necessary to: | |
(1) Repay the 1nvestors original cap1ta1 1nvestment at

: somevacceptable 1nterest rate (referred to aspthe
after-tax cash fiow requirement - ATCFR);

4(2) Meet annual income tax payments; and

“

(3) Meet a1] operat1ng costs

Not. cion:

('a/p),i,

Annua] equ1va1ent of a present sum (p) at 1nterest

rate (1) for the next (n)- years

_(a/f); =‘Annua1 equ1va]ent of a future sum (f) at interest
’ rate'(i) for the_next (n).years. ' :

ATCFR = After-tax cash low required for the year;.

IT \ = Income tax o l, 'f | |

jAEDE"‘="Annua1 equ1va1ent deprec1at1on expense‘

_CCA 2 Cap1ta] Cost A]lowance |

'MARR © = Minimum Attract1ve Rate of Return

70




-

) Tﬁd“ = Interest rate paid® on the<debt cap1ta]
Ty = i;ie, £ Interest rate paid on the equ1ty cap1ta1
ro = Debt rat1o N
J‘Eﬂ = Cost of the c0mpos1te capita]
o ' = Income tax factor
- 7.]} Cébita] Cost Estimdtes . \ 'f; ". T '.u R
| The tota] cap1ta1 requ1rements for 2 new manufactur]ng o
p]ant can be broken down 1nto the fo]]ow1ng components for est1mattng
purposes . o | o ; B ’
‘79‘  ‘(Ji;‘DepreCiabte';nvesthent
| (a) Bu11d1ng and: ut111t1es
(b) Equ1pment, 1nc1ud1ng 1nsta11at1on cost
. }(c) Others . f ‘ |
| -(2) Other 1nvestments- _ K .
’(5* kesearch and development
| u‘kb)~Enqineehing. ‘ .
(c) Startup gosts"'
BNC) Otheéé — |
‘f(3) Non- deprec1ab]e chpata] requ1rements
o (a) Land | : 7 |
' (b)_Working Capita] i Lo “i  " S ,?b
‘ - Cash,_rece1vables and 1nventory | .p )
‘,. The estlmates are niade based on the p]ant 1ayout 1n » - ': ;,_

il ol
‘,., £,

Appendlx E v:uo R S

n-
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Building

Office "$15/ft? x (88 ft x 40-ft) = 52,800

~ Plant '$10/£t% x (80 ft x 212 ft)  =169,600

eLand,

- $222,400

Life = 20 years T

Salvage valué in 20 years (estimated) 530 000

Salvage value in 5 years = Book value (assumed)

222,400 - 30, 000 .
( 55 —x5)

222 400 - (9 620.x 5)

= 222‘400

1

222,400 - 48,100 = 174,300 -

\
o ee e A $15,000/acre _..' ‘
. (200 ft xv300_ft).x 43 560 = 520,660
> & 1
vThe sa]vage value in 5 years rema1ns the same.
working Capital’ Requ1rements for Panel Manufactur1ng

Nork1ng capital is def]ned as the excess of current assets

over current ]1ab111t1es

.

Nhen the dwellings are f\nanced by Alberta Hous1nq

4

Corporat1on, the payments are fu]]y made to bu]]dlng contractors

w"‘1;0 contractors w111 be decreased

if the dwe1]1nqs are c0mp]eted w1th1n th1rty flve days

+

It is est1mated that the constructlon takes seven days

:days for the dwe¥£1ng erect1on)

ﬂffl (three days for the excavat1on and concrete foundat1on and f0ur

Therefore the capltal t1ed up w1th respect to the payments o

N

Thlsﬁsystem requ1res ]ess ,
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.working capital than is presently Eéquired for conventional

housing.
‘_{In order to determine the working capita]-requirements for
gneéémanufactur1ng the assumpt1ons are made:
(1) Twenty workina days per month; ,
v“» ;5% Th1rty days outstand\hqs on accounts req@1vab1e, and

vxi3) Twenty percent profit

i

Profit’ = 20% (Direct Material + Direct Labor +

Overhead) L o

L¥4

0.2 x (1,057,412 +-64,848 + 144,310)

S = 253,314

" Therefore, the estimated panel selling price per home:

Cost + Profit _ 1,266,570 + 253,314
No. of homes\ s 500

=' $3,040/home

Direct material and direct labor'cost:per-home:. ' N

‘Direct material +.Direct labor _ 1,057,412 + 64,848
- No. of homes ' , 500

= $2,245/home.;

P

oA twenty perceng ma‘H(up on manufactured cost js assumed to ‘
arr1ve at workIng cap1ta1 . ,

»

- - T -



.Current Assets

1. Account Receivables $3,040 x 20 homes

2; Inventor1es

(a)

(b)

(c)

(6) 30 days sa]es “tax

Finished goods (0 homes in stock)

$2,245 x 10 . g

wdrk-in—process (2 homes on Tine)
$2,245 x 2 |
Raw materials

(1) 40 days steel supb]y

N

{2) One month chemical- components supply-

(3) One month Honeycomb' paper supply

(4) One month adhesive supply

N

(5) One month a]um1num door ‘and window sugp]y
Hv

12% x account receivables = 0.12 x 60,800

(7) Packaging materials (see Table 7.2)

(8)_‘0ffiée supplies.

Total

Current Liabilities

1. Accounts payable ' R

- (a)

(b

(o)

. Working

cdpital

v _ o : oo
One month purchases (excluding steel) .

~

CHémicaT‘componehté, honey comb paper,

adhes1ve a]um1num door and w1ndow supp]ya

Packag1ng mater1a]s
0ff1ce,supp]1es

L4

Current assetSECerenféiib_ f;
'$189,542 - $42,666 =

n

60,800 .

22,450

4,490

51,880

4,039
. 1,406
12,371
15,210

7,296
6,475

© 3,165

© $189,542

33,026
6,475

3,165 -
$42.666 -

-
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~Table 7.1 The Summary of the First Cost,

- Salvage Values andvDepreoiatiohf

Assets - Capif%] | Salvage values S{raight line

o T costs$ . inyear five,$ depreciation -
‘}. Equipment including 152,886 57,450 - 19,088
JnSta]]at1on cost ‘ o s ‘ o
(2 Building .. 222,400 174,300 - 9,620
B .,,/2; Land . 20,660 20,660 N _

4. Working capital 146,876 - 146,876 '
pLo
7 Total '$542,822  $399,286  $28,708/yr.

7.2 vCash Operatihg Cost Estimatés
The %? h operat1ng cost cons1sts of:
_j, (1)-%8§2ect material cost;
(2) Direct labor cost; and
(35 AOVerhead

The cash -operating costs are est1mated and summarized in

Table 7.2. R | N
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Tab]é’7.2" A Summary Table of Cash Operating Costs

. ‘ _ - ‘ o I8 R R
Item ' Wage Total annual cost, $ Remarks -
Direct R ' . - S :
material 1,057,412 C s *See Table 6:3
- ‘ o ' 1,057,472 for details
", Direct | o
= Labor o _
(1) 4-Machine $4.50/hr. - 37,400 Based on
"~ operators _ , 40 hrs/week
: _ *k - ) ‘ S !
(2) 4-Plant $571/Mon. .. 27,408 S . ** Obtained.
workers o from sixteenth
: 64,848 annual report i
_  salary- and wage
. . survey, A]berta
v # . Bureau of Statistics
Ist Auq 1972
* Overhead
Payroll , R .
o)1= $20,000/yr. 20,000 - | /
- President ‘ ST s - L
(2) 1-Plant 1,400/Mon. 16,800 ’
eng1neer r ' £
- T 3 . .
(3) 1 Plant - 910/Mon.. "10,920
foreman :
N S 'S -
(4) l-Accountant 860/Mon. 10,100
*k o . ‘ - s .
(5) 1 Secretary 480/Mon., - 5,800 f . ’ Co
@ (6) 1 0ff1ce c]erk 562/MJP 450 Do
(7) ares '510/Mox )
f houseman ST - N e
(g) b -Mechanic . 4.95/hr.is 10,205 - . “
(9) 1-danftor - S46/mon. eik00 g
. bR

[



- Office supp]ieﬁ6'

~Others

3,168

12,658 .

“'i;"'/:,$20/1ooo ft.

2% of payro]]ﬂ

i assumed

77

- Table 7.2 (continued) S
Item Wage Total annual cost, $ Remarks :
Insurance v
(a) Fire 54630 * (Equipment. + . -
' RN ' Building)x 0.015
(b) Public liability 5,000 - E .] ,000, OOO X 0 5%
‘Compensation , | 4,747 -3 of payro1]
. : | oy = 158,233 x 0. 03
- Power. ? 2,500 See Tab]e 7.3
E o ‘ ;, for details .
Maintenance R 7,150 * ~ See’'Table. 5.2 .
' - P S . ’.for details .
" Building Operat1ng -3,600 ,ﬁ$300/mon X ]2 ’
: & ma1ntenance ‘ .
- Packag1ng , W
. materials o AT
S A v S
(a)plastic film - ' '
<$25/2000: ft2 - 2,475 02 x 198 ft o
i . | - x $25/2000 ftz-'
(b)plastic str1p . ) ;, S
: SZO/]OOO ft 4,000 @‘400 ft x

8% of payro]] |

- assumed

Y

v

184,310

~Total “cash Operatingvcost

1,266,570 -
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jiable 7/3 The Estlmates for Power Requlrements_

Note Th1s ca]cu]at]on 1s descr1bed 1n [21]

'fiﬁLf

:])‘dPowgr_load |
‘.HOnéyCombdékpandd}’&Add}er
":'GUnco11er @ 1 5 Kw x 4, .

.»Lock former @ 0 75 KN X 2

Foam Cur1ng Conveyor @ 1 5 Kw X 2
‘f'v-Foam1ng machlne @ 0. 5 Kw X. 1 .

"S]1tter 8 0. S Kw x l o

18

000

: Pebb]e Pattern Ro11 Former @ 0 75 Kw X 2 ii{d : e o

K1ck off dev1ce @ 0 5 Kw x 2 |

o Crane esHxO075 - -
@3 HP x 0750

- WL
. T

e - MﬁSEgi]éneOusj 1bigqf’th§#§bdvéf35'i

B 2)" quht Load

;

"{;gAssumpt1Qn_.;: Type of flxture

"L. Recommended ]1qht1ng levels »

off1ce 2 208 ft
' lunch room 2080 ftZ

‘ _ >//’J o : ;- warehOuse 6 400 ft2

in§pect1on area e

800 ft2 .

Foller conveyor @05 K x 20 motors SN 0

| L3’757 .
225

130

B 13f-,ff“'r ‘

. ¢

Total - lazd

' T oot
. SN .
S,

= semidirect fluorescent
f1xtures consuming 100 watts.

"

'isoa

,joofJ

50

[ AP

:ksﬁiff . | . 2

‘~j§n
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Table 7.3 (continued)

Recommended 1ighting levels .

. - work-in- process R
_area 4320 ft2 e =100
e : produttion 1ine '
tj;& : : 4,6 ftl S =30
v Footcandles forbeach watt per square‘?oot for
_ " / semidirect fixture‘>.=v 14
Area . 7 Watts per ;. | -Tota] 11ght1ng ‘
square foot - load, watts
office 150714 =10.71  10.71 « 2,208 = 23,608 A
Tynchroom 100,14 = 7.15- . 1.15x 2,080 = 14,872 o
warehouse  ° 50/14 = 3.57 , 3.57 x 6,400 = 22,848 e
inspection area ~  50/14 = 3.57  3.57°x 800 = 2,856
work-in-process . ,v e . o o
area S 100714 = 7.15 _ - 7.15 x 4,320 = 27,975
production Tine  30/14= 2340 544 4672 19,998

- 102,197. watts
\ ’ t . y,”< L . “ ™ ) . I . . .
Total annué] power reduihement‘r‘*‘ !

x, .
Power toad .= 143 KW x 8 Hrs x 250 days = 286 000 KuH
L1ght load f 103 KH X 8 Hrs x 250 days = 206 ooo kit

Car D1u9 Tn_for w1nter 'season '; Ce '”f

1

0. 3\5w X 18 cars X 8 Hrs X 60.days<f

K

3, 456 KWH

Annua] est1mated consumpt1on

]

= 286,000 + 206,000.+ 3,456. 495;456 KﬁH




."According to the Edmonton Power rate scheduTg
495,456 KWH
12 mon.

5000
2675 + 47,288 * 0.5 =

495,456.KNH x 0.005. $/KWH = 2477 = $2,500/Yr.

= 41,288 KWH/Month

>

0.05 < 0.5

7. 3 The Se]]]ng Pr1ce per Home and .the Month]y Payment A
The Revenue requwrements approach is used in order to .
determ1ne the se]11ng pricé per home. The fo]]ow1ng ca]cu]at1ons
deal w1th the\Eroduct1on operation for the plant.
Assumpt1ons are made:
(1) PrOJectﬁ11fev1s assumed toioe tivehyears;
- (2) Straight line denrec1at1on is used as CCA (Cap1ta1
| Cost A]]owance) or deprec1at1on 7
(3) MARR (M1n1mum Attract1ve Rate of Return) is assumed t;
. "be twenty percent after tax, _
rr(d) Income'taX'is assumed to be fifty percent;'ano
* (5) The project is financed: by one hundred percent equ;ty
cap1ta1{ The income tax factor ¢, therefore, is

calcu]ateg as follows: ' -
T———(] -‘r—— ) = L3 s (0 - 0x 1§.)~
. . c
Tota] f1rst cost cons1sts of the cost of the equ1pment
5, 1nc1ud1nq the 1n?;a4]at1on cost, the bu11d1nq, the 1and and the
work1nq cap1ta1 The summary-of first costs, sa]vaqe va]ues -and

'.\

deprec1at1on are q1ven 1n Table 7. 1.

o

#
-—
o~

80



Revenue Requirements

20%

5 years ~
20%

5 years

ATCFR = (Total First Cost) (a/p)

(Net Salvage Value) (a/f)

542,822 x 0.33438 - 399,286 x 0.13438

]

181,509 - - 53,656

127,853
IT

¢ (ATCFR - AEDE)

1 (127,853 - 28,708)

99,145
" Operating Cost = 1,?66,570

]

Revenue Required = 127,853 + 99,145 + 1,266,570

1]

1,493,568 - .-
‘Selling ptice per home (panels only, excluding floor. t11es, carpet

roof1ng, ce111ng, serv1c1ng facilities)

- e

$1.925/sq. ft. |

It is assumed that these dwe]11ngs are so]d through real
estate .companies pay1ng seven percent of the selling price of ‘the
'dwe111nqs as the commission. It is,” therefore est1mated that ten
) percent of se111ng pr1ce of the dwe]]wnqs is needed to take care
of the tota1 sales. costs for the dwe]]1nqs
| N The tota] dwelling cost to determine the monthly payment of’

this part1cu1ar dwe]]1ng is estlmated as fo]iows so_that an

evaluat1on can be made as to the su1tab111ty of th1s dwe]]1ng for .

the 1ow-to med1um income fam1]1es

81"



Description I o T Cost, $

(a) Panels . S | 12,987

(b) MateriéTs:
(])'Flodr system
" Floor tiles, vinyl asbestos 12" x 12"
Kitchen 36 sq. ft. S «
‘.'Bedroom —96‘sq. ft.
Hal]way, 112 sq. ft.
Bathroom 36 sq. fti

Dinette 48 sq. ft. '
' 328 sq. ft. @ $0. 32/sq ft. o 105

(1nsta]lat10n cost 1nc1uded)

Carpet nylon pile

Master s be;rfom 144 sq. ft.

B vF]oor

172 sq. ft.
' 3}6 sa. ft. @ §1.00/sq. ft

Living raom

.

(1nsta]]at1on cost 1nc]uded)

‘tr p]ywood - S 611
) 0}(} lm;ﬂ " B . ‘ . 4 v N .

,\}_L

(2) Roof System

Trusses = o , 7 35
Roof, plywood sheathing ”. o 465

‘Roofing. (1nsta]1ed) @ S]7/100 sq. ft. x. 720 sq ft. 123
\_ -

(3) Ce1]1ng system
- Ceiling (1nsta1]ed) @ 527/100 sq. f& x 720 sq.ft. 195

W
-
b

AL

&
1.
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Description Cost; $
(4) Servicing faeilities system’ L . !
Servicing facilities (See Table 4.2) 2,758
5) Foundation system ' 4 |
__(5) Fou fon sy Ly
Concrete_basement with joist . , )
@ $3/sq. ft. x 720 sq. ft. - © 2,160
(c) 'Connect1on b]ocks for locking mechan1sms
(8' - 0") x l-?s—x @ 2. 25/sq ft. 158
- (d) Erection' ' - S i‘:---» o 1;000
(e) Land 50' x 110° average land cost ' S 6,000
‘ﬁ(obtained‘frOm Statistits,of;canada)
| | » Total $17,203
: Sa]es cost  10% of the total - o R 1,720 °
Grand Total ' 418,923

Assuming that present pr1cevtrends will cont1nue over the
- next three years the comparat1ve cost of‘a FLEXI- GROW home purchased
.1n ]974 by a low-to- med1um income fam11y versus . a convent1ona] home
purchased in the same year is 0ut11ned 1n Tab]e 7. 4 based on the -
fo]]ow1nq assumpt1ons |
(M) The bas1c f]oor plan of 720 square feet will be
:vexpanded to 9Fn square feet 1n three years time;
(2) The est1mated cost of the expan51on will be $11.58 per
| square foot based on a_ 5 perceht growth 1n bu11d1ng

. v VA"

'__costs,



—

(3) The building and ‘land cost -for conventional building

e ' were estimated as'fo1]0w3°

Bu1]d1ng *$20/sq.ft. x 960 sa.ft. = $19,200
Land, 50 ft. xM110 ft. , " '-f*§'6,000
Profit for contractors and . N

real estate firms (estiméted) $ 5,000

‘IOTAL $30,200

(4) Mortgage rates are 10 percent:
(5) Payment term is 25 years; and
(6) The same Tow 1n1t1a] down payment is used: under

each p]an for conparat1ve purposes

* 520/sq ft for bu1]d1na cost 1n Januarv 1974, obta1ned
from A]berta Hous1ng Cornorat1on |

oAk Accord1ng to statlst1cs of Canada.
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Tab]e 7.4 in 1cates that the month]y payment for a -

‘i, ‘a»,

FLEXI GRON home is mor; reasonab]e than that of a

the Tow-to-medium_income fam1]1es . w o B

| | 4 bt :';}! . . ) "
Yeah : Payment
‘ % fFLEXIiGROw o Convent1ona1
) 7w, Home «, ' Home //
L' ) ‘ ; :l\ «_. N $‘4
W o ¥ Af N . L s N
t s
, | -'>In1t1a1 cost \\v 18 923. 00_ 30,200.00, -
1974 ADown payment 1,000.00' *1,000.00 {(
' Montth\payment at f _ S
N 10%: 1nterest over . - ’
25 years » 143.39 233.60
1977 ’ :%240 square feet | i
3 addition 0 $11. 58/50 ft
o ?,(96 Souare feet of ]1v1ng
a#ea) ST 2,m9.20 :
. 1977 "’Add1t1ona1amonth¢v 5 o 8
: paynent ., 22546 .
T Iotal monthlw v B o '
? payment - “q( 168.85 ¢ .
< WL .

-

'convent1ona1 .home..

Thls approach offersxone fea51ble so]ut10n “to prbduce dwe]11ngs to - -

L



< o ~ CHAPTER VIII .
, \& - D .
" @ C - SumARY AND CONCLUSION « ~ . "
", The obJect1ve of th]S study was to deve]op and des:gn a
4
system of produc1ng a funct1ona1 home that is marketab]e and

reasonab]e in pr1ce for the Tow- toqned1um 1ncome fam1]y | The FLEXI- ‘
GRON hous1ng system was se]ected -as the chosen systen for 1ts'

f]ex1b111ty to change the f]oor p]an as des1red and the m1n1mum

’
o

1n1t1a] 1nvestment requ1red

For the 1ow to-med1um income fam111es, a low down payment
and re]at1ve1y Tow month]y payments in the 1n1t1a1 years are
, norma]]y essential when purchasing a home The dwelling being studied
. can be purchased w1th monthly payments of approx1mate1y one hundred
\ and seventy do]]ars based on a one thousand do]]ar down payment.
The cost da%a used is based on: the spec1f1ed items or
materlals requ1red in order to come up with reasonably accurate
cost est1mates "
The on-site erect1on t1me shou]d not take more than seven

days and requires a m1n1mum number of exper1enced tradesmen The f ‘\‘
,//expans1on of the-dwellinq may be accomp]wshed as easy as the .

original erection. = o | ///\ | |
; The manufactur1ng system has the f]ex1b111ty to produce
" panels of vary1ng Tength where des1red and to increase the

product10n rate whenqdemanded cA specia] effort was made to keep

§$ var1at1ons in pane] sizes to a minimum in order to reduce

86
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,

u,manufactur1ng and erectlon costs The,chosen system utilizes panels

that ‘are Toad bear1ng L ' e N

Angin depth study has not been conducted at this stage with
.’resuect to the market demand for th1“hous1ng system. . However,'.

r1$1ng costs of qpnvent1ona1 materials and on-site manpower should
bl :
: Ibe in favor of factory product]on becom1ng more Viab]e in future

4

years

‘ i
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APPENDIX A .

L

i

~_POSSTBLE A

LTERNATIVE FLOOR PLAN -

P

Thé'ffédfe‘is provided'in‘the pOCket5 LA o

at the bgck'0f~the boqnd fhesis o - _ C
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Coding
——T

manner:

oot

~

\\

i fh'e"pve] mE;a?* rumhe

’

P

:-.w~_.«_DooW DI:

D2:

used ~re csded in the following

2N

: exterior wall panel
: intéribr wall bane1~ 
, ]

: exterior side

triangular wall panel

- &_ X L' . :
e Approximate wall panel length:
. . U
'r.' (
/. :
7

door (2 ' _6|v")(6 ' _gu)
dOOY' (21,'6")(6"-8")
The door location°ﬁs -

d1fferent than Dl. .

. f\ e SD:.s11d1nq door
\\uindow Wi 6'x4!
| W2: 4'x4°

W3:

2'-6"x4"



Taele Bl Synma

‘

RN TABLE

=

0F PANELS | _‘ "

. a Q
. Lo i ’ . A
T . - : * RO Rwar Tew woRE ]
PANEL CLENGTH WINDO W | bPoo R ~ Rea’o 4 e® vio .
. MoDEL ND. - | SIZE Size | T20 SAFT | 960 <a Y | 1200 %@ FT
. . [ ’ 4 - e » ST / . ) '
CE-'S-wil-Dt | 4% 8/, 6% 4 =6 r otg : 1 .
. - . . . i . . s« ‘
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/’LkaThe foll equ1pment may be 1nsta11ed in the dwe]]1ng.
. °"‘ﬂ§

‘ 43) Carrter Stahdard Heathermaker (option) -

) Model moc N\ | f’ e
 (2) Carrlef Hum1d;fier, évaporative'f}péi(opfibn)
. Model 498A0011 | e

20 1bs.

"anratihg weight |
N _Supp]y'uater line - 1/4" 0D copper tubing, -

‘ maximum'length 20 ft.

. Jet pump capac1ty (ga]/hr) -
| Pr1mary flow R ; : " 3.45
M1n1mum tota14flow L o 12.0
| D1Ten510ns . . o |
Height ‘ .1' B B .1'-7-7/%}\
Length . C1rea-1y2e
Witk g
(3) Cafri r Evabérato;_coi]s‘(dption) -
o rnbde1<28A5004 i o
"Co11 ace area (sq ft) ;: T 21
Co1l rous (f1ns/1n)' L o a 3/12
~Air quantity, (cfm) | é‘
| ‘ 1200
90015007 -
é:l;/;/’ o r=3-7/87) % (10-7%)
ST x (1'-2-1/8") o
R | | N




j
(4) Carrier Air Cleaners (option)
“Model 3IMAQT2 ¥ | | g | o /
Operating Tweight ,(Tbs) . | 50 | )"
Air quantity (cfm) . 600-1200
Gimensions ~ °  29.5/g" x g-9/16" "
(VR - Ty 24-5/16"
(5) Crane FUTURA,. prefabricated bathroom {option)
o Model- 200
~_ Shipping weight (1bs) " R 500 |
. Crate size | | ', | :'(5'—’2‘")x(5"-9"')."
| ) - oy .
‘ Lavéfory ‘Supply Rt Y { -
Céﬁiers’ - ! . o . 1-1/8"
Waste and (_)v'erﬂoW',_ o | g R S V7T
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-

"anéyédmb expander and curer . o 7

' .,“Manufactﬁrér o . Union CampyCorpbration ;
- ) 1600 Valley Road, Wayne,
' : - N.J. U.S.A.-

ThickneSs_of'core capabie" . B V7L 4:

Width 6f‘c0re capable | ‘ Qp to 56"

Weight | o 7,800 1bs.

Operation speed o 6 ft: ~ 10 ft/minUte‘

. [ - ‘ ’ \_
Uncoiler | '
Manufacturer - o Elkhart Welding & Boiler Works, Inc.

2132 South Main Street,
- _Elkhart, Indiana U.S.A.

“Model - S N 7| N |
Capacity o 100,000 bs.
Drive . ,‘ ' o ,' Motor driven, 1.5 KW s
Weight =~  _ el 'l,opdqlbs; -
Height o s
Width | T o
Length . :,. 4'-0" N
Lock-former . |
' Manufacturer = General Mefa1.Machihery Ltd.
' - , 10820 - 119 Street,
- Edmonton, Alberta
" Capacity g  Maximum 20 gauge steel
_.Neight R B : 500 ]bs; |
Height  -'_ 3 :
Width O gege =
Length : o - -v’:f.aﬁfp" »
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Lock-former (continued)

—

Motor. N | _ 0.75 KW
Foam curing conveyor , f//,’ ' - |
Supplier T Coutts Machinery’Compahy Ltd.
; 9119 Stadium Road,
_ Edmonton, Alberta
R = ' : '
v Weight . (1,500 1bs.
' Height e 6'-0" | |
~ Length K e - 10'-0" | ‘ N
R - R e | R :
Y Width - 9'-0"
‘Motor R TN VR
Foaming machine.
Manufacturer o "Unifoam Incorporated
— S : P.0. Box 2721 Station B,
‘ Toledo, Ohio U.S.A.
Distributor - : B ‘APf Sys tems |
T . R : ‘ - 11034 Sutter Avenue
N . | ~ Pacoima, California, U.S.A,
Model number - 510 - .
Output per minute '3 42 pounds |
Weight 1,000 1bs.
hefght - gige
Length - . 4’-0"
C o Width | EE L L

A»-q&
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Equipped with: . T

(1) Ffoth package assembl - -
'.(2) Pump speed<tachomet

(3) Automatlc purge .

(4) Add1t1ona1 hose, 50 ft

(5) Pressure Tank assemb]y

(6) :Heat1ng and c0011ng system
. - (7) ’So]venf'drum pump - h

:(8) Material drum pumps - two.

' S11tter
Fr1catlon saw, heavy duty, 1ndustr1aa use accompanled bg a
jig. | | | -
Motor o 0.5 W |
_ Pebb]e_pettefﬁ roll former )
f Manﬁfacturer: o .  General Metal Mach]neny Ltd._
: 10820 - 119 Street, )
(Ei : o Edmonten, A]berta
. Capaciti' " " S . sMé*imuﬁ 20'gauge steel, |
Weight . 00 Tbs. - ;/>
" Meight © 3-or -
Length | L }: ‘ 8'-0"
Width T g B
' 1ﬁ%ter B 075 K

/

Y

_—
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Roller conveyor partially motor1zed

Supp11er\

Weight

Height:
Length

CoWidth o
Motor |

G]ue.épp]icator )

Supp]ier.

Tank capacity
Glue dep051tor

.-Ro1l '

)’1>Cfrcn1ar'saw.
_Hénvy dnty; industrial saw

'Mofor i .

"Hanufacturér

DfStributor'v

| TS v

Type . ‘ |

Capacity : 5.tons

»

35'feet

Hotors

'Eleotrio_contro]'device- equipped .. -

<

- 10441 -'123 Streee ' ro

~ Overhead

- Coutts Mach1nery Company Ltd.

9119 Stadium Road,

| - Edmonton, Alberta
- 27,000 1bs.

HX:. in total

o.s,xw- 20 motors required

-4

" Coutts Mach1nery Company Ltd

9119 Stadium Roady -~
Edmonton A]ba(ta

50 gallon

1-1/2" dia. x 8'-6"

3" dia. x 8'-6"

3y

v

0.5 KW

Canadlan Monora11 Company -
Farw11 Corporat1on .
Edmonton, Alberta R ,4,)‘_

A Overhead

v 3‘ton§!

V35 feet

3 H.P.
equwpped
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¥ APPENDIX F ~£\\
”'TER TIVE WALL' CONNECTIONS STUDIES #

? -
A ww1n§ connect1ons were developed as th aTter

OI'\S

»

Corner connection “for exterior wall paneld;

Corner COnnection‘for interior wall panels;

"T" COnnect1on for exterlor wall panels;

"T" connect1on for 1mter10r waﬂ] pane]s-_

3Stra1ght connect1on for exterior wall panels; and

Stralght connection for interior wall pane]s

. F.1 -~ The Corner Connect1on for Exter1or Ha]l Panels

The: corner. connect1on for exter1or wall pane]s is shown

~in Figure F.1.

' wa]] pane1s at a corner.

2

Th1s is the connectlon method‘to Jo1nt two exter10r :

F.2  The Corner Connection for Interwor Na]] Pane]s

quure F. 2 shows the ‘corner connectwon for lnterlor wa]]

. panels. Th1s connect]on mthod is used to connect two 1nter1or

.'_wal] pane]s at r1ght ang]es

F.3 .*T"-Connection for Exterior Wall Panels

3

N

o _‘EXterion'wall

like } letter.'

" Figuce F.3 describes the detail of the "T* COnnectionlfOE%/

panels. As it is se]f exp]anatory, fhree wal]s,.

two exter1or ‘wall pane]s and one 1nter10r wa]] panel, are connected

b

m

[y

N

-

x;\-
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_ F.4.  "T" Connection for Interior Wall Panels ,
This connection method is shown in Fiqure F.4. ThlS method \J/////
K'\
1s used to joint two 1nter10r wa]] pane]s or three interior wal]

Ty

ZzpaneTS like T letter.. L S

F.51 The-Straight'COnneetion for Exterior'uali Panels
F1gure F.5 shows: two exter10r wall pane]s to be connected
‘_stra1ght. Th1s connectIon method u111 be used in the extens1on

" of the master s bedroom in expans1on one.

F.6 The Straight Connection fof Interior Wall Panels

Th1$ connect1on method w11] be used to connect two 1nterlor
; wa]l pane]s stralght ' The deta11 of the connection is shown in

F1gure_F.61



o B S 113

. D o o | . '
CORNER. PLAN. VIEW P
v S |

L4

CORNER COVER | FASTEN

To TME PANEL ‘ .
4," ’ - FOUNDATION (omCRETE
2, (< a _EXTERIOR WALl
G -

- WD FLOOR

>/ T
< |

A

SEE CORNER :
\c_uwccmuu DETAIL
\\
NJ A
b’

. " ‘ v
b A T EXTERIOR WA bt

" g"‘n‘)
N

)'T
:%W

%

| _
L CEILING.

.

[} o ‘
& g C ‘
2 o2 /-'J © EXTERIOR wALL P B
« 3 g ,
\ \ N |
) \ ] - jeasseoaro
SLIGHT SL0PE Tg— JY o . ,5uB TiooR 7
: (0 SR - o ’ :
» 4 "' ° i . - i r. : L .
~ | - . o
L .
- T UFlrooR JoastT . e .
e meemer T
‘ AR - RPN NS
SECTION A~A - - . | - |
\“\'f_.. o .
_ e
 Fiaure F.| Tue coRnER COMNECTION FOR EXTERIOR WALL PANELS

-



114 -

. CORNER CONNECTION DETAIL
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- APPENDIX G
THE LOAD CALCULATION
G.1 ‘Load.Calculation .
‘. In order to design the panel wh1ch is the ma1n component
of this dwe]]1ng, the load app]y]ng to the panel has to be
detenn1ned , . L ‘“ = -
The following ce1cu1ations'ere based on 720 square feet,
(30' x 24') home. |
o v
9igf§ﬁ2 " Roof Load
”";Y‘.’. (1) Dead load of the roof
- - Roof sheathing . » |
B 1.1 1bs/sq. ft. x (34'x14.5') x 2 . 1,085 1bs.
Trdss | _ o 4n o , .
© 2.65 Wbs/board feet x (24 S 69 ft. reqia
' : x 14 ea. 1,707 1bs.
Roof material -
: 2.5 lbs/sq;,ft; x (34'x14.5") x 2 . 2,120 1bs.

Total SR 4,912 1bs.

(2)"Snow,10ad,and'wind load
T
S CS X q . )
“where ~S: design snow load -
-q:ygrouﬁd snow Toad
- Edmonton 27 psf

| R '-;v'-, S  " Calgary 19 psf
- . :a ) | %\A

27 psf is chosen for ca]cu]atwon
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P

CS: snow load coefficient

iy . 18.5 - 30
N . C, = 1.25(0.8 - I E— ) ‘
=1.25 (0.8 + 0.23) = -
=1.3 |
S=1.3x 27 psf =351 psf. s

6.3 Total Snow Load

Total snow 16a6 35.1 psf X 986 fiy (roof area)

3, 609 1bs. E v>' o
If the roofs are exposed to the wind, the value of C |

reduced by 25%, that 1s, tota] snow load would be 34 609 Tbs. x 0 75

= 25,957 1bs. | |

6.4 Wind Load o g
I -
where p: design external pressure
q:‘reference velocity pressure
1ocatiop; Edmonton 10. 7'psf
. . R . Ca]gary 1.3 psf

C : exposure factOr, 1.0.

e
‘Cg: gust effect factor, 2.5.
‘Cp: externa] pressure coeff1c1ent 0. 7

P = 1] -3 psf x 1.0.x 2.5 x 0.7 = 19.78 psf (on the

vertical surface).



-

The pressure on the roof which has the s]opé 2/]2:' .(

. 14 psf* _ ‘ o
p' = 19.78 psf x 30 pst - 6.92 psf. _

Total wind effect on the roof: o | |
' 2 o { ' ‘
6.92 psf x 286 T - 3 492 1ps. S \\ |

6.5 Total Load of Snow nd Wind

A

Total load. of snow and wind '
= Snow Toad + Wind load L - (/”
= 25,957 1bs. + 3,412 1bs. = 29,369 1bs.

This is léss than the maximum snow load,

34,609 1bs., therefore 34,809 1bs. is chosen.

Roof Load

Total load of roof

Dead load + Snow and.Nind'Loaav

4,912 + 34,609

3
~)
!

CLTFN =39,512 Tbs. L
ST 39,512 _ ' | ’

-  W = ]7.96 tons.

PR e "
** See page 310 of [18].

RS-

g. , S 123
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Load Distribut%on on the Center fnterior.wa]1 and Exterior Wall

39,512 1bs/28 ft = 1,411 Ibs/ft

R B
':'w_,'.. o ) .
- ' 3 ‘ T 12’ 2' -
o la
iy A
. ]
of =i R‘Sg
o - - - ¢
= _
- v L -
%3 £z £2
' 2B 43

x
|

ok CL e
) = (§~+ g), x 1,411 bs/ft x 12 ft.
- (2 x 1 x 1.41 1bs/ft)L13 = 20,948 1bs.

©
T

| (28 x 1,411 1bs/f€ . éb 948 lbs) x L= 9,280 1bs,
1 / 3" -
Load on the Center Interior Na]] S o = )

20,948 1bs/34 ft = 616 Tbs/ft.-

N
i - e
;2‘3;-3')‘- q e 3 b 2 » 2 -
. > “"‘" | ) = s s
q»‘ '\ . ‘j(."’_(/ » . |
A __CENTER_INTERIOR WALL

/ 8

Force apprlng on the center 1nterlor wall

20 948 1bsj(12 +°9 + 3)ft 873 lbs/ft, ’

. QE §ee the paqe at 442 of Mechan1ca1 Eng1neers “Handbook" fifth .

ed1t1on 1952, by L. s Marks o ‘ q"\



125

G.9  Load on the Exterior Wall

9,280 1bs/30 ft = 309 1bs/ft.

4

EXTERIOR
WALL PAMNEL

The load of 873 1bs/ft. is choseh as the design 'load.> '
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