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-~ This study was undertaken to develop a manufacturing process
for the production -of wall pane]s for mu]tip]e-fami ly dwe'lhngs, within
~the 1r$come of low,r{\-medwm 1ncome fami 'ly Factory manufactured pre-
fimsht!d sandw1ch panel construction was’ de51gned as an economic .
substitute for on-51te construction usmg conventiona] buﬂding mat(eriais.
. An efficient and economic locking mechamsm inc’luding ]oad bearing o
‘ studs was developed for the sandwich pane] Jomts ”

o : * To determine (the economic feasibi'lity of the chosen system. '

de51qn of a%anufacmrinq faci ‘lity for the sandwich pane] was inc'luded»

- ! 1

. —_—

- in thlS study.
| The manufacturi nq cost of the sandwich panel has been found
Tower than prevailing costs of the conventional materia‘l Besides

" the materia] costs, s1gnifipant savmgs towards erection costs of <

homes are ant1c1pated by implementing the designed system ' S
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_ INTRODUCTION
. 'Pu-rpose | ' ﬁ _

X The purpose of th:s study 1s, "To develop a manufacturing
’process for the productjon of wall panels for multiple family dwelling
system, that is appealing. structurally strong and within the 1ncome
of the Tow- to-medium income family" o o é‘ A
» The average dwellinq cost 1ncreased from $15, 229 to
‘$22 553 over the period 1965(1972 [l] The index for the cost of
)building material (100 for the base year 196l) rose to 159.6 dUringv.,
theﬁperiod 1961-l972‘"‘The index for the wage rate'offconstr0ction
~ workers . 1ncreased to 233 3 and ‘the composite 1ndex for the const,uction

cost increased to 194 6. over the period 1961- 1972'> ¢

In spite of increases in the cost of dwellings, in the year

| '1972 housing construction reached - record h gh leveﬂs. Hou51ng starts =

cincreased by 7 percent to approximately 250 000 units and. completions g

rose to apprcximately 232 OQp units Market gemand for the 232 000‘

“,fcompleted Jwellings was. considered high Single family and duplex

/units wera highest in demand Completion in this category in

’

| metropolitan areas totalled 64,888 units .and the number of unoccupied f.

units at the end of the year was 4 644 Out of the unoccupied -

‘ ~g;dwellings the maJority were in the‘price range of - $20, 000 tb $40 000.

i This indicates a strong need for more low cost dwellings. The demand
for the newly completed row~and apartment dwellings was alsp high

The high demand for the housinq can be attributed to risinq 1ncomes |
and the’increase in the population in the 25-34 age grOup L



s

To offset the effect of continuous]y rising costs of
construction manpower, the trend in the housing industry is to-
'develop factory built hou51ng systems “

0 With the deveIOpment of a wide range of light weight foam
.'-p]astics at comparativeiy Tow prices and iow maintenance sheet
,,materiais, the app]ication of prefabricated 1ight weight
‘structuraily stronq sandwich panels seems to be very promising for
factory built hou51ng systems to” repiace the high cost
conventiona1 bu11d1ng materia]s Lo | - Y ‘“l\‘
® In this study an attempt has been made' - |

1.1 To. deve]op a system that will prov1de factory bu11t

prefinished component paekages for homes o

2. To bui]d Tow cost houses by reducing the construction
_ costs through ass - production of homes as compared with .
d the 1ndiv1dua] construction. | -

3. To substitute economical sandwich panels for the

conventionai building materials

Methodology and Scope ‘ o ;

To achieve the purpose this study expands on other studies
in the department [2,3] into mu]tip]e-fami]y dwe]ling units.
_ The feasibiiity of substitution of structura] sandwich
paneis for the conventiona] bui]ding materia]s has been studied

‘ in this report ‘ . _
" The sandwich panels are manufactured in the factory to '

R be direct]y erected On the construction site with a suitab]e °}f% Y

¥ : ‘ : _ . LRI



/ | ) 3.

llocking mechanism A wood and steel structure has been deslgned
- to support the 1oads.
" A structural sandwich panel is ba51cai]y a stressed sk1n
structure. The sanduich construction pane] is comprised of strong,
comparatively thin sheet material bonded to a thick Iight ueight
core material. The stressed skin action 1s achieved with the
skins taking the direct tensi]e and compressive stresses and the
core taking shear stresses and preventing local buckling of the
thin skins The maJor contributipn of the Tight thick core:
material IS to keep the skins awa& from the neutral axis prov1d1ng

a high section modu]us with a comparative]y light structure. This
property of the sandwich structure offers the highest efflciency

‘1’obtained from the thin skins 1n either beam or column ]oading..

The fo]low1ng parameters have been checked theoretically

"with reSpect ‘to the skins the core materials -and the»sanduich

. construction ,
1. nStructura]'stabiTity

. Thermalninsu]atiOn
nst .

2
3. Fire resistance S E s

v4‘;hHater'and.vapour'absorption and'transmission'

5. Sound insulation | 4“, ,} :
'~6;"Adaptability with respect to appealing and acceptable i¥:
finishes. ' | .
| 7{ 'Span'Capabilities -

8. EaSe'in'tranSportation over long distances'h



. fac111ty

t9. Ease of'warehousing-and site.erection o
10. Overall.economy in panel manufacturing. | ,i.'
‘Several‘thin'sheet;materiaisvnere sfhdied for use as skin
materiai‘for'the‘sandwich construction Some of these materia]s
are p]yuood q]ass-fibre-reinforced piastic, paper plastic, oil -
treated hardboard, particle board rigid poiyviny] ch]orfde (P v.C.), .

steel and aTuminum sheets. e R )

- Similarly several materials such as paper honeycomb
-extruded particle board hardboard extruded foam po]ystyrene,
'bead~foam polystyrene, foamed rigid polyv1nyl chloride, rigid

' polyurethane anm were studied as prosp ive oore materiais'for;'
o the sanduich construction S \;/” | |
' 5 The se]ection of optimum core and skin materials was made .
_"uith respect to the hou51ng requirements prevaiiing in. Northern
. Canada..;_ o !' S ' o 4#

_ A manufacturing facility has been designed for the |

K manufacture of the. sandwich panel based on a yearly requ1rement |
for 500 homes of the chosen two storey quadruplex multipie
idweiling mode] The se]iing price of the sandwich pane] is

fdetermined by the annua1 equiva]ent cost of the msnufacturing

5
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CHAPTER I_

THE HULTIPLE-FAMILY DHELLING SYSTEM

T;l " Problem Statement ‘
| The increa51ng need for urban housing has encouraged the
trend to multlple fam11y dwelling. complexes . In the wake of the >
surge in multl-family hou51ng in Canada and 1nterest of some _
large producers in full systems, the Division of Bu11d1ng Research -
arranged a f1e]d and factory study w1th(Tead1ng system contractOrs

| in Northern Europe (September 1966 to Septenber 1967, [4])..
| to 25% direct savings ga1ned through mass product1on, reduced
manpouer nr_\irlment and shortened construction flnanc1ng has

"n ,been reported -

: The system reported in [4] uses Targe precast concrete
‘panels for the maJor components of the bu11ding such as crosswal]s
and gabTes, fT ors, stairs,_]andlngs and, sometlmes unlt bath- :

‘arooms. partia k1tchens, precast foundat1ons and basements .-

The pr_ ast pane]s are fin1shed at the site. The interior .

' _and services are included in advanced subsystems. Tota] factory
and site work is reported to involve 500 to 800 man hours for a N

. three bed 00 dwelling unit. The trad1t1ona1 home,construct1on ’

! erwca'generaljy reouires:from TTOQ to 1400 man hours of



family .requirv-es study into the feasi‘bility of using other
: construction materials than conventional matenals.

In this study an attempt was made to build multiple-family
duellings us*mg light weight prefimshed sandvnch construction .
| panels for the walls and the n%if systems. As a part of the
' "total system a su1table lanufacmring facility for the sandmch
panel has been dengned in Chapter IvV.

1.2 Hodels of the Hultiple-Famly Duelling Umts
lhe models of mltiple-famly dwelling systems studied

~include two, three and four bedroan umts

" l2l TwoBedroanUmt .

The two bedroom unit shown in figures l l and 1. 2 has a

' floor area of 384 square feet per floor. The kitchen, livmg and
dimng rooms are located on the main floor and the bedrooms and

. ,bathroan on the second floor. The unit should meet the requi -

ments of a married couple vnth no or one child The dwelli

has two bedrooms: of l32 and 126 square: feet in area. The livin? :

room and the dining room area are l32 and l26 square feet ¢ |

. respectively. The kitchen area ‘is about 54 square feet.

0
1. 2 2 Three Bedroun Umt J

Figures 1.3 and 1.4 show the floor plans for the main and
fthe second floors of a three bedroom dwelling Jhe main floor :
~area is 528 scmare feet and contains living and dining rodus. .
',kitchen and a l/2 baﬂnroan The second floor area including
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Dwelling No. 2°

L _

—— —— ——

- 1/2
“bath

Kitchen

1
;%7 Dinina
| =4
=3 S
[« 8 B
= g
= o ©
| ¥ i
N
| YL
® - fﬁ N .
.8 : L"ving room
O SOy,
S | .
— 18— -
e -
ﬁ,“ . ?
~ Fiqure 1.3 | 1056 square feet three bedroom tﬁ% storev dweJﬂmq

_unit f]oor plan (ma1n floor) '

© scale: 1/48 (1"=4')
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b
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~ Balcony

Closet

120 — -
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Fioure 1.4 1056 square feet three bedroom two storey dwel]inq un1t
f]oor olan (second floor)

Scale: 1/48 (1"=4")
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11,

- balcony lS 528 square feet and contains three bedrooms and a main
bathroom Area of mas ter bedroom is 115 square feet and other two
bedroom areas are 82 and 76 square feet The balcony area is 32

x

square feet The duelling unit should meet the requ1rements of a

. family with tuo to. three children

1.2.3 Four Bedroom Unlt o o . _ 1:‘ 'r o,
FTBUres 1.5 and 1. 6 ‘show the floor plans for the main and

N ivsecond floors of a’ four bedroom dwell1ng. Each floor area is

576. square feet. The main floor conta1ns a l1v1ng or fam1ly

room, 192 square feet in area, a kltchen, 64 square feet i area |

together Hlth 80 square feet area for the dining room and a half
'.bath 24 square feet in area. The second floor contains four T
U'.bedroomS'and a full bathroom The area of the master bedroom is.

"123 square feet and the other three bedroom areas are 96, 80 and

: 102 square feet. The main bathroom has ‘an area of 48 square foot.
The dwelling unit should be of 1ntérest to a fam1ly with two to

three children

. 4

1.3 The Chosen Model for Detailed Design ";“ —

The: chosen model for deta!led design is a. two storey
'»quadruplex unit ‘The unit is comprlsed of tuo bedroom dwelllngs
"The floor area per floor for each dwelling lS 384 square foot
Each duel}i:g has a living room. a dining room, a k1tchen,

; .
bathroom a two bedrooms The l1v1ng and dinlng rooms together

s ulth the kitchen/are located on the ma1n floor and bedrooms to- -
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a qether with the. bathrmr are located on the second f]oor ~ Each |
dwelling has separate main entrances located in the front and the :
;_rear. The f'loor p‘lans of the dwe]lmgs of the chosen -ode] are
shown in flgures 1 l.gnd 1 2

1.3.1 Lot Areas
Lot areas (for each dwe]hng unit) shal] not be less than

-2 000 square. feet [5]

1.3.2 Yard S'IZES

_The spec1f1ed yard s1zes ares o
173.2.1 Rear Yard |
o : The rear yard shal] not be less than 25 feet from the

" nearest pomt of the&m wall of the dwel‘ling to the rear \
Tot Tine. In addition uhere the reqoired window of a |
o ‘hvinq rom faces the rear, dlstance from the window to
| ‘-the rear lot Tine shall be not 'less than 35 feet clear of
| any obstruction On a corner lot the rear yard may be ,
measured on elther of the tuo s1des of the housé furthest
-"removed from the two mtersecting streets.
1322 smeVards' I
o . Slde yards clear of aﬂ proJections except a 2 ’
"feet eave pmJection and a one foot chilmey PFOJectlon, | /
, sha]l be not less than 4 feet for a one-storey bu'ilding
‘plus 2 feet for each additmna‘l storey or. partial storey

_ except as pronded in the fonowing'”



1.3.3 Width of Subdivis‘ion Lots

o 15.
1. where a bu11d1ng wa]l adjacent to a side Tot 11ne
contains windows the side yard shall be 1ncreased if
necessary to meet the Fire Protection requirements of

. ..

‘Residential Standards,

2. a side yard may be ]ess than requ1red above where the

bui1d1ng wa]] complies with the F1re Protection requlrements ’

of Residentia] Standards, prov1ded that a regIStered
easement on the adJacent property perm1ts ma1ntenance access
along the side of the building for a w1dth of 4 feet for ;

~ one storey bu11d1ngs p]us 2 feet for each add1t1ona1 storey

or partia] storey

j- Lot widths wi]] norma]]y be ca]cu]ated from the yard s1zes

"of 1nd1vidua1 houses In app11cations for subdiv1s1on acceptance,

where the house type s not known a minimum average 1nterlor Tot

width of 50 feet for detached and 35 feet for each half of a sem1-

o :detached house should be prov1ded On corner: lots where house

%

"types are . not known the m1n1mum Tot width- for detached hous1ng

X
should be 55 feet agg for each outside half of a sem1-detached
house 40 feet. |

In accordance with the above mentioned regu]at1ons the,_

lot size chosen for the quadrupIex unit is 112 feet x 72 feet

;i shown in figure 1.7.

(area 8,064 square feet) The 1ayout’of the-chosen.unit is

. [

|
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Rear Yard

J— o | »u, o Lt J}
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two storey, quadruplex unit on:8064
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CHAPTER 1T
THE SANDWICH PANEL DESIGN

2.1 . Selection of the Panel Skins, Core and Bonding Materials .

' A sandwich panel essentially is a stressed skin structure.
'High structural strength is obtained from thin skin material by
bonding to a relatively thick and soft core material ( |

. The skins carry the direct stresses ‘when the sandwich is

loaded as a beam. column or diaphragm, whereas the core keeps the
skins away from the neutral axis to pr0v1de higher section :
modulus, stabilizes the skins against local buckling and wrinklingJ
and carries shear stress. The core material chosen for this

‘ study will also prov1de thermal insulation.

2 l l Skin Materials

ffé_' .

Table 2.1 lists the tentative properties of some of the
skin'haterials ‘for the purpose of a comparative study ‘
’ A brief study of some of the skin and core materials was |
completed in this chapter. " B ‘
',2llleteel I |
~ Steel 1is one of the most prospective materials
.",'for use as skins in sandwich panel construction It-offers
the following advantages , _
l; High stiffness factor (EI) permits use of longer spans
for limited allowable deflections
-2f',Good~dimen51onal stability.v-'
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»'. steel

of expOSedvportion

stee] are

1. Lou stiffness factor limits span requirements

3. L ' 19.

3. Adaptability towards a va?iety of piastic and organic

coatings and decorating materiais for 1nterna1 as weii as.

"externai uses. . . {

/
Some of the disadvantages in u51ng steel as a

sKin material are:

~.

1: ‘Accidental scratches'may cause stains due to rusting

N v

2. Heavier panel as compared to those with a]uminum skins

may increase handiing and construction cq:ts

2.1.1.2 Aluminum -

T

A]uminum has an obvious advantage in weight over :

steel for use in- sandwich pane] construction A.durab]e E

'wide range of piastic coatings can be appiied and

accidenta] scratches do not ‘cause stains as in the case of

Ly

b ' . ‘
Some of the disadvantages 1n u51ng a]uminum over

2. Low dent resistance requires comparatively stiff core.

<i%3. Dimen51onal changes due to temperature variation are
h

4. Aluminum reacts with stee] thus needs the use of _
“special plastic coated naiis Use of aluminum as. an
inside skin in sandwich paneis for dwei]ings may cause

difficulties in supporting common meta]lic fixtures



2. High reSIStance agalnst dentmg.

2.1.1.3 Plywod o | .
Use of p]v_ywood'as a construction'material-is

: perhaps the wost common. Some of the advantages of using
| p]yaood as a slun naterial in the sandvnch construction
-are: o ' .

1. -High'di-iensionai’sta’bﬂity‘ R c g

)

3. Use of a. cmparatwe]_y thick cross-section at moderate '

cost and ueight can achieve same span capabﬂity as in the y

case of stee] or a'lumnun

Sme of the disadvantages in ustng p'lywood as a skin
material are: -

1. Difficu]ty in app'lying palnt base’, but this can be -

‘overcune by app]ying Kraft ph_enolic o_verlays as a pai nt

base.

2. High fire spread rating as camared to metalhc skins,

core materials discussed below

| strength thelr use is very Timited.
212 |

but use. of canon over]ays can reduce it to 100 or less

Other fea51ble §k1n materials -are:

G'Iass-fibre-reinforced plastic (FRP), Particle board
 Paper plas‘tic'-, Hardboard, Asbestos cement and Rigid
vPoly\nny] chlorides but due to high cost and hmited .,

Core Hateri al 0

'Table 2. 2 lists the approxmate properties of the various

¢
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‘honeycomb as a core niaterial are. S .' B

© 1. Low thermal insulation requiring additional layers of
insulation material uhich can be successfully overcome by
,foaming in place polyurethane layers on both sides of the
honeycomb

2. Open cells provide comparatively Tow dent reSistance

2.1.2. 2 Extruded Particle Board .
In EurOpe, extruded particle ‘board cores have
been used as: core material together with treated hardboard

skins as exterior walls. and door panels. Its lengthwise

K

strength and dimenSional stability are reported to be very :

:poor. In addition the core needs additional insulation
material which makes it expensive and unsuitable for

_Canadian houSing construction

| 2.1.2. 3 Extruded Foam Polystyrene

: Hoderate strength lightueight good insulation ‘

and vapour barrier properties are the najor advantages in

usinq extruded foan polystyrene. Low -odulus of rigidity

}limits the longer spannino requirenents Dent resistance |

’ ] T
. b ) .- !
B ) \
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is poor. Light weight and ease in panei fabrication offers -
additional advantages in factory boi]tlhousing systens,‘ \ g
The fire hazard are low as compared to other similar ”

;_produets Lower thermal conductivity of styrofoal permits
‘finsu]ation savings Meta]]ic and p]yuood faCings can
.-easily be bonded to the core ‘material.

"2.1,2.4 Foamed Po]yuréthane-

The major advantages in us1ng po]yurethane as a

core material in sandwich pane] construction are:

‘1. Polyurethane can be foamed in p]ace.

2. It is self binding to most skin materials thus

e]iminates the need of adhesives.

3. Poiyurethanes extremely low therma] coeff1c1ent offers |

'additional advantage of savings in insu]ation

Some of the disadvantages are:

1. ~Low strength spec1a1]y creep va]ues. :

-2y Emission of tox1c gases when exposed to fire.

Other fe\sible core materials are deformed

-eiparticle board and‘hardboard Bead foam po]ystyrene~ Foamed

203

'rcore bV a bondfnq material whichkisuvpcannerc1ally knoun adhes1ve%*a

rigid po]yviny] ch]oride
Bonding Materials

-In sandwich constructio' pa v]sjskins are bonded to the

{

'_The selection of a suitable adhesive requires conSideration of the

_'fonovnng factors' O &

D -
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Materials to be bonded.
Type of bond desired.
Bond strength.

.. Surface preparation.

Method of application.

"
M

0vera11 cost based on per square foot of pane] area.

2. 1 3. 1 Materialéﬁto be Bonded

Foamed Po]ystyrene (Dow_ Chem1ca1 Product Styrofoam‘ h{} ;

- 8I) has been chosen as the core. materia] and stee] as outer and-.

“1nner skins materia] for the sandw1ch pane]s under study The '
L»adhesive chosen should be su1tab1e to produce a durable bond

‘ between the sk1ns and the core materwa]s
2 1.3.2, Type of Bond
| The adhes1ve chosen for thé sandwich pane1
construction should provide a structura]ly rigid bond

‘between the sk1ns and the core mater1als

2.0 3 3 Bond Strength

Bond strength between the skins and the core

"~ materials of the sandg:ch construct1on pane] depends on

the character1st1cs of the adhesive, thickness of the |

adhes1ve 1ayer, the mechanica] and physicaT pr0pert1es of |
‘ _the core and skin materIals surface preparat1on for the 3:

‘constituent materia)s and the method of bonding [6]

A structural adhesive should be resistant - water and



water vapours, temperature variations biologica] inf]uences '

-and chemicals in the environment

Tests conducted by the Forest Product Laboratory,
Forest Service U.S. ‘Department of AgricuIture, Hadison,
Hisconsin [7] show that the pane]s using certain v1ny1-

pheno]ic and epoxy- phenolic adhes1ve gave satisfactory

‘ perfonmance The resu]ts were based on test specwmen e

taken from the pane]s exposed over periods of 6, 12, 24

and 36 months, under stressed and non- stressed conditions

2 1 -3.4 -Surface Preparation

3y

Surface preparation with respect to the core and’ -

©

Sk1n materials should be done in accordance w1th the<i

. adhesive manufacturer s recommendations.

. 2 l .35 Hethod of App]ication

: Method of appiication primarily depends on the -
manufacturer (3 recammendations and the production vo]umes
involved For the purpose of th1S study the rol]er coating-

'method has been chosen. baied on the advantages mentioned

P

_ bg}ou o

1. Rol]er coating is more suitab]e for continuous K _;
production as compared to spraying or manual applications
‘2. Roller coating does not produce fumes thus, no-
enviromental hazards are invo]ved as compared to spraying

'methods

~oy



|t

' 65 Coverage per gal]on approxmate]y 1100 sqﬁare feet

o . . L

-
1%

3. Roller coating results in more economical use of

L

adhesive., - .
. AN

.2%3.6 Chosen Adhesive{) |

Adnesive No XLC-7175 manufactured by the 3
Coupany of Canada has been Chosen for the sandvrich |
constructlon pane'ls in th1s study.v ‘The fonomng factors
are conSIdered for the selectmn of the adhesive.-

1.‘ Su}tabihty towards bondinq stee'l sk1ns to Styrofoam

ST core materia'l

2. Suitability towar'ds roller c\oating'method of appi'i_cation '

enab'hng continuous production of the pane]s

\

3. Hater base, non-toxic and non-f‘ramnab]e

_4. “Low drying time.

5.. Higher bonding strength

.-"surface. area mth a g]ue 11ne thickness of 5 to 6 mils.

)



_Parameters to be Checked' . o

2.2 _ _ ‘
The following parameters*needfto be checked in accordance
with the "Canadian Bui]ding Code"; with respect t the- mater1a1 B .

'selected for the sandw1ch construction,

1. Thermal 1nsu1ation propertiesr

2. Fire resisting propenties. .

3. M01sture absorption properties .,

4. Vapour transmisswn propert‘ .
'vsgr'Sound ioss and sound transmission class rating |
>6. Dimensional response with respect to change in temperature and

‘ humidity. o . . ’ 4
7. Span capabi]ggg . | | (\ o .
2.2.1 Therma1 Insu]ation | o e P -

The Canadian Building Code [8] spec1 jes minimum thermal

: resistance (“R" vafoe) for other than electrical heating; 10.00 units

for wa]]s and floors, and 12 50 units for roofs for the areas where

. mean annual totd degree days xceed 11,000.

ALsuming othe#ith:nee]ectric heati:L and minimum thermal

= reSIStance 12. 50 units for the roof and walls:

R

L}

.20 xnIZ.SD{ﬁtZQS inches.

\

12. 50 - Insu]ation thickness in. 1nches , ‘ ' ’
CoeffiCient of therma! conduct1v1ty 1h B.T. U /hr/sq ft/°F/in

M
t
-k

20 for Styrofoam SI .

]



2.‘_2.‘2' : Fire Reswtmg Propert1es i

As specified in [8] Part 3 subsechon 3.1.4.5 (l)d

| themal and sound insulation should not have flue spread ratmg

more than 75 when the 1nsulatlon is placed betreen two layers of

: noncombushble -atenals vnthout an mtervemng air space,;jj Flane

2.2.4 '- \Iapour Transmsswn Propertres

spread ratmg for all walls and ceilings of assed:ly halls,

'mstltutional and residential btnldings, or any GXlt or corridor

leading 1o an exit should not exceed 150. .
Surface fire spread ratmg for sandmch construction w1th

_"_steel and alunmn slnns is zero and mth plywood can be lulnted to :

Thus, a sandrich construct’lon using Styrofoan SI and

‘metalhc or plywood facmgs vnll fall withm the spec1fied lmnts

o 2.‘_2.37‘ lblsture Absorption Properties

Mater absorptlon (z by volme) for Styrofoan SI self

'extingmshing type is limted to a ‘maximum of .25z.

s

The Canad1an Bulldlng, Code spec1f1es that lIghtweight

~

cellular plastic-type 1nsul -"'ion pay be used unthout add'ltmnal

‘.»,ratmg of not more than 4 per-—inches and is installed in cont'lnuous

contact vnth nasonry or f!threte

-
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2.2.5A Sound Loss and Sound Transm1551on C]ass Rating
. Lightweight stiff and continuous sandwich pane]
. construction is a poor sound barrier As specified in Canadian
' Bui]ding Code. |
‘1. A construction shall prov1de .a sound transmiSSIOn c]ass rating
of not less than 45 between dwe111ng units in the same building
and between a dweﬂinq unit and any space common to two or more‘
dwelling units, el |
-2. every serv1ce room or: space such as storage rooms laundry,
é,workshop, bu11d1ng maintenance room or garage serVing more than
one dwe]ling unit, sha]] be separated from dwelling units by a
construction prov1d1ng a sound transmission class- rating of not-
1ess than 45 . S ’ |
N01se 1n mu]tiple dwe]ling systems con51sts of airborne :
i; and impact sounds Hhen a source radiates its sound energy into
the surrounding air. it is termed airborne SOund Typical examples
of . airborne noises are human voice radio or’ other 1nstruments
being p]ayed in adJacent dwe]lings [9] and street NOISe produced
by traffic |
Nhen a sound source, not only radiates sound energy 1nto
the air, but a]so causes v1brations in the soiid bodies such as

| fioors, wa]]s etc s, it is termed structura] borne sound vibratinq

- water pipes secured to the walls, steps and piano or other music=1

instruments are a few examples of’ structura] borne sound
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To provide minimum STC 45 rating in a muitip]e dwelling
system, for critica] areas such as bedrooms and living rooms , the }
fo]]ow1ng areas need con51deration |
1. Layout of Dwe]ling Units

Dwe]iing units. should be Tocated as far from externa]

' sourceS'of nOise as possib]e. Windows and doors shouid be Tocated :
_away from the noisy side .
| Internai iayout of the dweiling unit in a mu]tip]e dweliing‘,
".buiidinq is aiso very important Bedrooms and ]iVing rooms of one R
.dwe]]ing should not be piaced adjacent to the kitchen or bathroom :
‘of other units Service pipes should be padded at Joints and
,p]aced in the walls adjacent to non criticai areas. Yo
| 2. Sound Insu]ation of walls S
| _ The.sound insu]ation property of a Sing]e wa]l depends

_main]y on its superficial denSity (weight per square foot area)

<1Other things being equa] doubling the weight of the partition wall

o resu]ts 1n sound transmisSion ioss of 5 db To achieve a S T C. 50

or higher rating a sing]e wa]] must weigh 80 Tbs. per square foot.
| A heavy sing]e sandwich partition wal] of good mechanical
'_ properties and weighing 4 ]bs per square foot will roughly yield
a sTC 30 rating. . B R
Experiment]y it is determined that [10] average sound -
reduction 1ndex, in the frequency ranqe of 100 3150 cyc]es per ;
second,  is given by the expression:

14.5~iog]0 m+ 21 db



where: | o
m lS the superfiCia] density in ]bs per square foot for
fthe partition | “ } ,

- Thus for a partition weighing a4 1bs, per‘square foot._

‘:_' Sound insulation 1nﬁex " :'_ .

14.5 log]0 (4) + 21 db

29 7 db = 30 db ‘ _ » _
Thinner and ]iqhter panels when tuinned to create a doubie

"<;¥leaf wail system, may yieid a satisfactory S.T.C. rating. The air gap

: betueen the ]eaves must have a minimum va]ue depending upon the
superfic1a] density of the- Teaves. Rough]y the air gap between
ileaves should be 4 inches for 3 Tbs per square foot - perficial

| f,density panel and 3 inches for 4 lbs per, 'square foot panels.

Good sound 1nsu1ation can be achieved [10] from a twin
'gleaf wa]] if o ' _v; | : b", | a. ; ‘??;"' 4 ‘
“'d >;']'T f75 " ?,‘" BRI

RS

f 5where. - oom superfiCiaT den51ty of each leaf in lbs pervg'
ORI S square ﬁoot ' | |

air gap in inches between the ]eaves

, ,énd? R 4

o Therefore higher sound insulation properties can’ be
obtained by increasing the air gap between tuo leaves of comparable
{vk_lioht weiqht per’ square foot. ,.e.5'- B vg ":-_"; o B \fi;)
| The effectiveness of twin ]eaf wall construction against )

fsound transmission may reduce. speciaTTy at hiqh freguencies due ,
to the transmission of vibration through the supporting members,_\f o



.such as studs and rafters etc. This can be overcome by us1ng a
separate frameuork for each Ieaf reducing the number of ‘studs to
: the m1n1mum p0551b1e by prov1d1ng resilient mater1a] between the
stud and*the leaves or by stagger1ng the studs (F1gure 2.1). Screw
fasteners do not effect apprec1ab1y

A stud]ess tw1n leaf wa11 supported at the top and bottom

'edges on]y may prov1de a h1gh1y effect1ve sound barrler

‘-,2.2-6 D1men510na1 Response w1th Respect to Change 1n
t Temperature and Hum1d1ty » :
Steel: ‘d d | |
~ Thermal coeff1cient of expan51on of steel is
comparat1ve1y lou. as shown in. Table I the percentage change over
100°F temperature var1atlon is .065% of the 11near dimens1on 'A ,
.sandw1ch construction skin 1s continuous]y bonded over the core;

'thus d1fferent1a] expans1on or contract1on of the sk1ns resu]ts in

bou1ng of,the panel.v Thls 11m1ts the max1mum al]owab]e deflect10n=-

. under loads

Haxlmum def]ect10ns from the p]ane due to d1fferentia]
: expans1on of sk1ns t1ght1y bonded over the core and restrained

| at the ends can be approx1mate1y eva]uated from

5= kzz -
. 800 h
ruhere: f:‘ % 8 = maximum deflection at the centre _
| .k = percentage change of one skinxcompared to‘_
the other | e
- h = thickness of the core g
- * See page 19 [22]. P A o~

“i\'f
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, /\ stud
b

| #———8 in. air gap

AN

_ Panel — ———Panel 1.5 Tb/square
' ' | foot superficial
density -

- Fioure 2.1 Party wall for S.T.C. 45

Sourid Insulation Rating



4.
For a sandwich panel with s_teel skins and a span"of 10 ¢
feet. . _ . _ § |

5 = 065 x 100 x 144 in® ?'.468 in o
Aluminum: | B |
‘ | For a 's}anduic_h panel with alm.irun skins and span of 10
feet. : . - v .

.5 < =13 x 100 x 184 in®
T 800 x 2.5

_ Plywood:" - _
: For plywood s‘lnns the problem of dlmensmna] changes due R

936 in.

_ to temerature d1fferent1al is neghg]ble but change due to the
: re'latwe hm1dity need consmeratlon '

| In the vnnter due to heating. interna] skin may be _ _
exposed to 20 percent relatwe hundity whereas the outer skin to
80 relatwe hm]dlty Tms d1fferential in Relatlve Humidi ty
-causes a percentage dmensmna] change by about 'l% and thus |
_ ‘def'lectmns due to- botnng can be evaluated as 1n the case of
meta]hc sluns. ' |

For a sandunch panel with' plywood slnns and a span of
:10 feet..
L1 x 100 x 144 in%  _ .
‘5='°_mx2_51n — = .72 1in.

%
Bounng of the pane’ls ‘can be reduced considerab'ly if

the pane] ends are not-thht]y secured to the supports




227 Span Capabilities j
- vTab]e 2.3 lists the poss1b1e spans under d1fferent loads
.and def]ectlons, with respeet_te the sandu1ch pane1

Maximum def]ection at the center of the span for the ]
sandwich panel 10aded'as a beam is g1ven by - the fo]]ow1nq re]at1on [22];‘
swgd Wy

+

o
o

where:
&= maximum deflection o |
,H.e'total uniformly di;trﬁbhted.1oad
2= Spah‘in -incheS : / »
EI = stiffness factor v
'?b-=‘u1dth of the sandwich pane]
.c = core thickness |
: Gv= shear modu1us of r191d1ty of core mater1a] re]at1ng
: to span direction. )
_ The above relation is based en the fol]ow1ng assumpt1ons
1; “The sandwwch panel is s1mp]y supported at’ the ends.
2. The sandwich. pane] is d1v1ded in strlps to act as

a beam.
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\
'

Stiffness factor EI for a normal sandwich with identical

thin skins can be obtained from

where: | | | | - :
E = modulus of elasticity of skin’materia]‘inithe
| direction of the span. |
~ t = thickness of the skin
d = distance betueen centrOides of the skins ' 3

IS

For sandwich pane]s with skins of different materia]s and’

different thicknesses, the stiffness factor can be obtained from 'f

(Bt X Eatp)q?

el = |
g1ty * by

where: ‘ = -
- Ey and E, are modu]us of e]astiCities of the skin ‘
'materials and | _' ,
;"t]=and fé.are theirAthicknesseS“reSpecfiVely.
" The. core stiffness does not contribute Significantly, |
therefore above formulas do not include the core stiffness factor
©If the skin thicknesses are conSiderab]e, the above

T

'stiffness factor can be modified as shown be]ow.

I for thick skins ‘.»ka - S

_ bty X Eptpyq?

_ b(E1ty * Eptyy.

+

ES
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2.3 The Chosen Materials for the Sandw1ch Panel =
Table 2.3 Iists span capabi]ities of the sandw1ch panel,
using 2.5 inch thick styrofoam SI as a core material with various
skin materiaisg Span ca]cu]atithfare based on 40, 30 and 20 psf .
uniformly distributed loads and 2/180, £/240 and i/360 maximum
allowable deflection. Neight and cost of the pane1 per square foot
is based on cogts of the skins and the core materials. on]y _
The sandwich pane]-u51ng_2669auge steel sheet for inner‘
and outer skins.represents the hiohest'span capabi]ities, heaviest
pane1 and Tow cost per square foot of the panel area, whereas the
sandwich panel using 0. 0253 in. thick aluminum skins represents
lowest span capabilities with Towest weight and highest cost per
square foot-pane] area. Othen combinations of outer and inner
skin materials fall in between'with respect to the span capabiiities, _:
weight and the cost. _ | _ |
; The fo]]ow1ng materials are chosen for the sandwich panel
;construction.-;- | ”v. !: ” ‘i, | |
: iSkin Material: Both skins 30 gauge gaivanized steel
_ . sheet _ - o
| ‘-CorevM,ateriaI: 2.5 inches /thick Styrot‘oam S1
' 2.2 lb/cu ft. den51ty ‘: "_:
The chosen materia1 is se]ected as optimai w1£h reg .

to. . f,-‘ . . ‘-.
. N a7t . .
x - . . g .

L Structural soundness, .

B v o

2.‘=*-~Aesthétic attractiveness - |
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Ease in production and handling ‘
. :
Adaptability of the skin materials toward a wide

range of fi nishes

Low cost and weight per square fogt of panel area.

AY
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CHAPTER IIT

THE STRUCTURAL DESIGN FOR THE MULTIPtE;FAMILY DHELLIN§«§YSTEM

3.1 The Wall System |

The wall system is des1qned to sat1sfy the requ1rements
of. the mu1t1p1e-fam11y dwelling system. A
| The chosen wall system uses factory manufactured pre- ”
f1n1shed sandwlch construct1on panels to be d1rect]y erected at -
the construction site with the lockIng mechan1sm prov1ded The‘
ual] pane]s are non- load bear1ng. The structura] and live loads
will be supported by load bearlng studs p]aced in the 1ock1ng
mechanism.

‘Q : . . . .
The wa]] system provides:

1; Easy 1nsta]]atlon on the site w1th a minimum number of JOlnts'

]

and site f1n15h1ng

2. Troub]e free to]erance and ruggedness to w1thstand sh1pment o

: over lonq dlstances
3. Pane1.1nterchanqeabi1ityl

4. Low Pane] 1nventory.

k-3;1,1 _ Thlrty two Feet Exterlor and Party Ha]ls :

Term party wa]] appl1es to the wa]ls separat1ng dwe]11ng>

o

"unlts, Irrespective of the 0wnersh1p or tenancy The 32 feet

' exterlor and party wa]ls are comprised of four trapazoida] pane]s

. Load bearlng studs u111 be pTaced at 8 feet on centre, 1ns1de the‘

-locklng mechan1sm. The panel arrangement 1n the exterior and

' party ua]]s is shiown in: flgure 3. ]
40

\\:

8}
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3.1.2  Twelve 'Feet Exterior Walls

_ The 12 feet extenor walls of the main f]oor wﬂ'l have a
'_vnndow and a door as shown in figures 3. 2 to 3.5. A
Each of the 12 feet exterior walls for the second floor

_wﬂ'l have a \nndou as shown in flgures 3.6 and 3 7.

3.1.3 “Interior Hal]s |
: ' The main floor lntenor wall syste- of the bas1c two
‘ storey due'lhng unit with 768 square feet of floor area is comprised
-of two 11 feet 9 inches by 7 feet n lnches wal]s separa(tmg the .
kitchen and sta1ruays frm the hvmg and d1mng rooms. Each wall
) contams 2 feet 8 inches by 6 feet 6 mches interior door.

o X The second ﬂoor mtenor wa]] system is cmpnsed of
- two H feet 9 inches by 7 feet 11 inches ual]s separatmg the _
bathroom and stairways from the begrooms. A 12 feet.by 7 feet

" 'H mches wa'l] contalnino ‘a 2 feet x 6 feet 6 inches door is used

_‘ for separa’hnoi the bathroal from the main passaqeway.v

The chosen 1nterlor wall syste- a]]ows _

- 1. Tow pane'l mventory mth respect to the types and s1zes of - I
‘-panels, | ‘ _ . : Pox | .
| 2. flex1brhty towa s the adaptab1hty of the panels for various :
| ‘floor plans, _ ‘ ‘ |
_ 3. use of panels -anufactured in the sa-e p]ant and vnth the same.

- material as exterior wall pane]s, L |

4 Structurally sound econmu:a] and aesthetically attractlve

' constructlon
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66"

Overall Width
67-3/4"
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_Fioure 3.5 .

" Side jamb

Frame widtﬁzvl
65-1/4"

Insect screen
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Exterlor wall sectlon "C C" show1nq

' window cross sect1on . ' x;t“
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Figure 3.7 lz_feet exterior a]J»(seé6ndvf100r)
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A n} A-A showing window Cross-section.
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3.1.4 ThePaheP‘i_&Ehng Mechanism
| A smp"le ]ochng mechanism has been desu;ned for the wall
pane]s of the m'ltiple-famﬂy dwelling system It a]'lows qu1ck and‘ |
| efficient 1nsta]lat10n at the site and prov1deS'

< T Structural stablhty,

2. seahng agamst air leakage. vapour and frost transmlssmn,

3. thermal 1nsu1atlon at the Jjoint, "

a. -accamodatlon for 1n1t1a'l pane] lrregu]antles and d1mens1ona1
‘change in the skin material due to tenperature var1at1on, )

5. qu1ck and smp]e assembly. - '. L% | |

| ) The loclnng mechanism is bas1ca1]y a sphne Joint. The |
| spline will be manufactured by bondlng 3/16 inch plywood skins to

g a2 inches th1ck Styrofoul SI core.. The sphne contams a 3 1nches

by 2 inches box section steel" stud with a wall tmckness of 3/16
1nch (desmned in Append1x A) The overa'l'l tlnckness of the sp'hne
will be 2-3/8 inches. / | | o
Bas1cal]y there are four connections 1nvo]ved in the

dwelhng constructmn They are: .

(1) MWall pane] connectlon, (2) Corner connectwn,

: (3) T-connectmn and (4) Roof pane] connectlon.\ . |
' The panels will be pm\nded with skin material: extendmg
over the core by 3 lnches ~along: the edges to be Jomed The
v,extended portion of the skins wi]l have elhptlcal holes to
accmmodate fasteners E]liptical holes uﬂl allow expansion and

contraction of the shns. thereby reducing the bowing of the panels




o , and at the: same time wi]i a]iow expans1on and,

A , : ' : ‘ 49.

under temperature variations. The pane].edqes and the spiine surface oy

will be coated with a semi-rigid'structural adhe51ve, which will -

act as a sealant aqainst air ]eakaqe and w,tﬁ.’/nd vapour transm1551on -

By

d éontraction of the

:,skins due to temperature variatiqp 'n
| The connections will be manufactured fran three: ba51c
i pieces shown in figures 3. 8 A, B and C. (with or without studs)

Piece A wiii)constitute wall pane1 to panel connection, B and A
~when Jmned ‘together wﬂ@‘owde a T-connection ‘and B and C will
'~imake a corner connection Hhere simp]y an 1nter10r wall is required
‘to be connected to the exterior or- other lnterior waiT piece C
'.Nlll be used (containing no stud if wall 1s not supporting any
: structura] load and panei span is ]ess than the maximum ai]owabie
iunder the loads as shown in Table 2. 3). :
| Figures 3 9, 3.10 and 3.11 show the wa]] pane] connection,
corner and T—connection respective]y.

| | The pane] joint can be readi]y covered with a plastic
;cap or wooden flashings at the site for an acceptable f1nlsh

‘The chosen de51gn has been selected w1th respect to the vﬂl

following advantages | o N
vt.']; The ]ocking mechanism offers ease in 1nstailation iight e .
.'weight and structurai]y sound construction |
42} The locking mechanism can be manufactured in the same plant

_using the same equipment that is used for the panel manufacturing

' 3. Studs are enc]osed inside the locking mechanism
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Figure 3.8f Detailsfof ]ocking mechanism pieCes.A
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Locking piece 'A‘'

- 30 qauqe stee] sk1n
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~wall panel
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s

Adhesive coating

3“22"#3/16" steel stud

Fiaure 3.9 Wall panel connection top view
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. 3/16" plywood skin
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1 F“‘;3/16“ plywood skin
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> “ -
. Panel skin
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~Figure 3.10 Corner Connection top view
S 0 -
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A4.~ The locking mechanism involves low inventory, as many
combinaf$bns can be obtained from three basic pieces
5. The lockinq mechanism offers a]most the same insulation water and
vapour transmission re51st1no properties as the wa]] panels;
v6 Any extension in the construction can be ea511y achieved.
7. Similar panel -ends throughout the sysaem allows panel
interchangeability . ‘ o
N 8. Ho]low stud section can be used to contain e]ectric wiring and
filled with Styrofoam chips at the site to 1mprove therma]
' efficiency of the JOint | »g
:g.ﬁ‘diigs - The Ha]] Pane]s

A sandw1ch construction pane] was dESIQned for the wa]i

Tsystem of the mu]tip]e—family dwellino system. The sandw1ch panel
will be manufactured from 30 dauge stee] sheets bonded to 2. 5
'1nches thick Styrofoam SI (Dow Chemica1 s product) core.:

]

S

- v; 2 5 1nches thick Styrofoam provides the required

rewrags ity
; .J-u.,{’, i

1nsu1at10n and vapour barrier Continuous bond between the skins
and the core materials will prevent any p0551b111ty of vapour
condensation 1nside the panel. The structura] and other properties

”of the sandWich pane] are dea]t with in Chapter IT.

3. i 5 1prhirty~two Feet Exterior and Party Wall Pane]s _

1

'Two trape201da] panels 7 feet 11 1nches in |

S wldth and 21 féet 8 inches and 19 feet 8 inches in
' 1enqth a]ong the two sides a]ong with two. paneis 7 feet
' 11 inches in width and 19 feet 8 inches and 17 feet 8 inches |

-
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in Tenqth aTonq the two sides w1TT constitute 32 feet
exter1or and party walls. £ ’ -

The vé@tIcaT edqes of the pane]s will have the

SanS extending over the core by 3 1nches to lock- the

\ panel with the Tocking mechanism. The paneT arrangement

for -the exter10r and party walls is shown in f1gure 3.1.
"_3.-1.5.2 “Twelve Feet Exterior Wall Panels
3.1.5.2.1 The Window Panel -

The paneT will be prOV1ded w1th an open1ng

%, . 66 . 1nches by 43- T/Z inches. for the main fToor window and

/
72 1nches x'57?3/4 inches open1ng for the second.fToor

window. ;The panel skins will extendvover the core by'_c
3 tniches along the 17 feet edqes for 10cking the pane] B

wlth the Tock1nq mechan1sm

‘A horizonta] slider type window w1TT be

,instalTed 1n the 66 inches x 43 1/2 inches open1ng in the

e

. d1n1ng room and a f1xed window -in the T1v1ng room paneT
" .The w1ndows will prov1de als square feet gTass area for

‘"each of the d1n1ng and the 11v1ng rooms The w1ndows

w1T] be of doub]e glazing type. with 1nsect screen for

the d1ning room window shown in f1gure 3.5. ng

The w1ndow for the bedrooms wiTT be a vert1ca1 sT1der

" type with a 27 square feet glass area for each bedroom

The‘details of the.wtndow paneT are shown in fﬁgore 3.12.f

el
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Figure 3.12 7°-11" x 17* window panel
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'._ shown in f1gure 3. 13

‘ ')',

3.1.5.2.2. i The Door Panel

~The doorgpane] will be prov1ded w1th a 42

1nches by 83 1nches open1ng for the door and 27- ]/2 1nches

by 57- 3/4 inches open1ng for ‘the .second f]]or window, as

-3.1.5. 3 The Inter1or Na]] Pane]s

The 1nter10r wall panels chosen for the mu]t1p1e

-dwe1]1ng system are. ldentaca] to the exter1or wa]] pane.
fln construction.’ The pref1n1shed 1nter1or wall panels
~will use the same locklng mechan1sm as the exterior wal]

- panels .

Two 11 feet 9 1nches X 7 feet 1] 1nches pane]s

Cowill be used for the main floor to- separate the k1tchen
iand the stairways from the 11v1ng and d1n1ng rooms The L
'paneqs will have a 38 1nches by 83 1nches open1ng for the

?Hhinter1or door frame

.For the 'second floor 1nter10r wal]s two SR

IV?ffeet 9 1nches x 7 feet n 1nches panels will be used to
’separate the bathroom and stairways from the bedrooms and

- one 8 feet by 7 feet 1] 1nches pane] w111 be used to. R qg

separate ‘the bathroom from the maln passageway. Bedroom

c]osets wa]] w111 use two 2 feet by 7 feet IT 1nches

panels
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3.2 The'Roof System
| The desrgned roof system for the mu]t]p]e-famlly due]]1ng
units will use similar panels as those used in the wall system.. |
The basic quadruplex unit of the multiple- fam1Ty dweTT1ng system '
“will have a common roof but 1nd1v1dua]g\e$}1ngs for_each dwelling.
't. The roof wi]] have a 3/12 s]ope The panels will overhang by qne
foot over the exter1or waTTs The‘50 feetﬁlong roof will use only
.two SlzeS of the panels They are. 17 feet 1n Tength and 7 feet
11 inches and 2 feet 6 inches in uidth .

The chosen roof system prov1des the foTTowtng advantages.
' ]. The pane]s w111 be pref1n§shed and manufactured 1n ‘the. same |

-plant from the same skins and the core‘naterlals as the waTT panels. -

This wil] result in Tow material inventgry and e11m1nate roof
g , . . .

» .» .

EORRI . ]
‘Zf The: same basic Tock1ng mechanism will be used for lockxng the
roof panels together, as. used for the wall pane]s

A 3/ ‘
‘ a3t The 1nsulat10n, watér and vapour transm1ss1on reSIStIng

' propertIes of the paneTs w1]T resuTt in qu1ck anu econom1cal

construct1on e o

: _4. The metal]ic sk1ns of the panels w111 not need shlngles but the

| top skin will have a sim11ar prof1]e as the exter1or wall paneTs
to prevent slipping | ) | _ .
.5, Only two sizes of pane]s requ1red for the roof system w11]

' result 1n low pane] 1nventory. L

'6. Use of wooden rafters N11] e]iminate studding in the roof

pane]s or’lockikg mechanism.

A

B
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fgvf s ofathe sandw1ch panel. act as flanges and the core as the web of

7. The closed ce1l1ng system will provile opt1mum aesthetic

attractlveness to the- buyer. . f ’ - -

3.2.] - The Roof Pane]s

?jf 37‘ - The roof panels are designed as I- beams, where the skins.

the beam Under a 40 pound per square foot. -Snow and w1nd Toad and ‘

- 60.

 maximum al]ouab]e‘deflect1on 1/240>the span capabi]ity of the‘pane] :

3

is 96 inches (refer to table 2.3). . E
The details of the paneT are shown in figure 3 14,
| F1gures 3.15 and 3. 16 show the pane] Tayout for the goof
system. In fiqure 3.17 the ‘panel to paneT lock1ng is shown The

locking is bas1ca]ly a spline Joint The spline will be na1 ed to

the rafters and the panels w111 be secured to the spTIne in he

. sangg'ay_as in the wal] system.

3 2 2 ; The Celllng .
e Insulatlon is built 1nto the roof system hence the
ce111ng w1lT not requ1re any 1nsu1atton,‘water or vapour barnier
No structural loads w1]] be supported by the ceiling, hence " a

]lght ueIght ce111ng can be used The ceiTing materiaT can be o

seTected from a var1ety of materials available ‘The chosen ‘system

prov1des an 1nd1v1dual ceiling 1n each dwe]]inq of the multip]e-

fanITy dwelllng unit The ce11ing boards will be attached to the

joists uhich are secured to the roof beams A simiTar cei]ing
nill be used for the first floor cei]inq where the ce111nq boards

. uill be.directly nailed to the f100r joists of the second fToor. -

#:

N



7'-11"

Fighfe 3;14“ 7' X 17'-6“,?60( panel

‘1/24(1u=2{) AR

" Scale:



N 7':""]‘]_" . |
Standard.rOOf panel

3% 6" end panel

I

D

;r_

L3 oo,
. rafters

ad

‘-*rigure 3.15 The roof pane] uyout .
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©  roof panel . -

: po
Panel lockina spline -

/
/

“sealina cap

roof panel

P |

' Panel skin

" bonded over

locking .

.~ mechanism by |

semi-rigid -
adhesive

¢

} ‘ StyrofoamvSI
. 3/18" plyuood_

 T2"x6" rafter .

© Figure 3.17 The roof section "B:B* -
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!
|
,ili eliminate the[need for separate ceiling joists.

The.F]oor,System | . v
The floor design is basica]ly a stressed skin structure,}
where 1/2 inch thick plyuood'sub-floor wi]i be directly nailed to
the‘fioor Joists. The deSigned floor will Support on]y dead and |
live floor loads, no structural load will be transmitted to the

: floors. The designed floor'loads are 40 psf. The'chosen Joist
section of 2 inches by 8 inches (nomina]) is based on the fo]]owing
requirements and specifications [13]. |
1. Minimum: span capabi]ity 12 feet |
2. ,Maximum a]]owab]e def]ection 2/360
3. 'Modu]us of e]asticity of the ‘Tumber to be used 1 600 000 psi.
4. Live Ioad of 60 psf with p]astered ceiling. exc]uding the |
dead load due to~the i]ooring materia] and weight of the joists.

5, Spacing of the joists on 12 inch centres

| The floor Joists will be supporteéfat “the ends on
wooden beams The deSigned cross section of the beams is 6 inches
- x 8 inches (see Appendix A). The chosen system has been se]ected .
'vw1th resbect to the foilowing advantages
1 l Simp]icity in handling. transportation and erection )
">2 Joists and beams can be cut to the required size and nai]ed

,«toqether at ‘the site

3. Various f]oor finishes can be adapted economically to meet the -

'aesthetic needs of the buyer
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3. Floors can be assembled on-site by semi-sk111ed‘personne1. .
: ' , i
5. The chosen system will meet the ecc “mic as wellhas aesthetic

sjrement of the buyer- -
requtzsment of the uyer- |
-4
3.3.1 -The Floor Supporting Structure

3.3.1.1 Main Floor - N
The joists will be supported at the ends on the

sill plates of the. 32 feet exterior.ahd pahty walls.

Floor Joist headers wi11 be bolted to the exterior or

party wa]] pane]s Kf)
O ' "
The details of the ma1n floor supporting structure

are shown in figure 3.18.

3.3.1.2 Second Floor
- The second f]oor joists w111 be supported at
- the ends by the beams . The designed cross-section of
‘the beams 1516*1nches x 8 inches (Appendix A). The
joistshwi]] be secured to the side of the beanm.

- The beams'shppphting the joists wf]] be
"supported on 3 inch x-2 1nch X 3/16 inch box section'
| steel studs p1aced -inside the locking mechanism at the
'_1nterior and exterior or party wall connections. ’The_

, deta115 of the second f1oor are shown 1in. figure 3. 19.
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, R
(-
’ { ! Wall panel )
:‘ : Corner flashing
- l' : 172" p]ywood‘sﬁbfloor
N L | = 4 :
7 7
| : 5
. Cj;’/// 2"x8" floor joists
el ) 12" 0.C.
| R (- -
Gasket I ]
| 2 . /
‘ ‘ M ! < / Ps
P\
26T wall | cross'bridging. - .
plate ' : : )

Concrete foundation
wall

. Figure 3.18 Main floor supporting structure.



Dwetling unit n+ 1 - Exterior
- ' _ ‘ wall panel
~Party wall panel - _’-'\\\\\\
/ /#
7\
R | % 3
fo
3"x2"g /16" , L | -
steel stud ' - ¥
' ’ N Bridging® L

6'x8" joist supporting:
beam - S

_ sS\\\§\ ; “. "\ Floor joists
R o Interior . : 12" 0.C. .

"’wall.paqe].

-

)

v

Dwe]iing unit n

ﬁ‘
ANy

- Figure 3.19 .Top'vieﬁ of second floor supporting strup_ufe.

Scale 1/10(1"=10")
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| CHAPTER IV e

- THE DESIGN OF THE MANUFACTURING FACILITY
FOR THE SANDWICH PANELS

. 4.1 ‘The Hanufacturing Facility ,
| The design of the sandwich pane] manufactur1ng facility
should meet the fo]]owing requirements

-:ctlon of 1,Q70 000 square feet of .the pane1 to o

-uirements of 500 homes (see Appendix C).
f-ref1n1shed sandwich ‘panels for the wall and the
roof sysfems designed in Chapter III

3. Manufacture the sandw1ch pane]s up to 24 feet in 1ength and

. feet 11 inches in width

\‘4.‘ Manufacture the sandwich pane]s from 30.9auge steel sheet co1]s‘
and 2- 1/2 inch thick 2 feet by 8 fee%,Styrofoam boards

'5. Manufacture locking mechaniSm fromniQywood sk1ns and Styrofoam

- core materials with or without steel studs. ?} SR
The desianed manufactur1ng faci]ity has 1n1t1a1 installed
- capacity to manufacture l ,100, 000 square feet of the panel area
”per ‘year.’ The p]ant is assumed to work 8 hours per day and 250
days per year o | *"5" |
Tab]e 4 1 1ists the size, type and quantity of the panels
5requ1red per day based on the 125 quadruplex-units (500 homes)

~ per year.

69.
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t2 2l x 7
3 19'-gv x 7

4 19tgr g 7y

6 176 X 7'-11%

3 71.

Manufactur1ng of the severa] s1zes can be qrouped together

<+

’For example pane]s at S.No

S. No. 7.. Tab1e 4.2 Vists

be manufactured per day.

.BaéieJBanel.SiZeE’and

8 and 9 can be cut from the pane] at

the bas1c pane] sizes and quant1t1es to

TaB]e 4.2

&

Quantities Manufactured Per Day

S.No. .Panel‘Size .

R

. 'T§pe. - Quantity - Apbroximate
' ' required ‘surface area
per day _ '

1 2108t x 7 T

S5 A x ey

(.‘ /\f/."/‘

-

Tt T s . .'I'.
T g x 7 A

. proffled‘

~ plain = " . _ ‘ {Eﬁy o o
‘One skin . . 315
~profiled ' ' R

“One skin : .».;,‘_]{8 57 e
‘prof11ed S R

One skin .‘j. 2. — 346 -

Both skins . . 3 o 520

Both skins . - /3 - 472
Avplaln S /f T

- One sk1n o 6. - ;~,";816

profiled” .

[
g

Both skins - 11 1034

/ , n .
N _ lain .' L St
;

- ; .
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4.2 Production P]anninq‘ '

The sandwich panel manufacturing process con51sts of the
'foilow1ng operations

Uncoiiino of the steel coils. B

L2, Lock—ﬁorming to join two 48 inch wide sheets into one 95 lnch

- wide sheet

3. Profile generating on the shéets required for the: sandwich paneis
listéd in table 4. 2 ‘

4, Shearing of steel sheet in accordance with’ the requ1red pane] ) f,

S1Z€S

&

5. Surface c&eaning for both the skins and the core materials.

6. Adhe51ve appiication to the two sides of the core materia] and'

one Side of each of the skins !

7. Drying, to enabie instant assemh&y of the skins to the core
”-.materiai - o . S - i- C
8. Bondinq the skins to the core material

' A9. Pinch roliing the sandw1ch to secure a structura] bond_between ; .

'the skihs and the core materials

10. Painting, to provide prefinished pane]s ‘to be dirgct]y erected
iat the construction site. .- o iz*iﬂf'i i ) -

// : : ) - : ’
*11 Paint curing, to enable panei manufacturing on a continuous

'. basis

- 12. Cutting the pane]s in the required size

a -

13. warehousing N o R -



: uneven contour\ An
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v .

b -

The detai]ed desion ‘of the manufacturing facility, and

-equipment seTection primarily depends on operation No. 6, that is,
.. the method of adhesive app]ication The fo]lowing two methods were

,studied in deta11 and the roll coating method was chosen
1. Spray Loating Method of Adhe51ve‘ﬂpp11cation

’ The adhe51ve is appTied to the skins and the core materials
by dispen51ng the adhesive through spray guns More than one spray.
gun can be used simu]taneousiy depending upon the surface width of

e-stock to be coated and traveTTing speed‘bf the stock. Th1$

;ﬁhethod is most suited tbgthe coverage of large surfac areas of

esive Tayer thicknggs,ean75”produced _‘?t;-"

- throuqh strict control of adhesive gpn51stency This method of

- adhesive aopiication may cause hea]th and fire hazards due to -(4

o

i’f”so]vent spray mists‘ ‘unless adequate ventilation is prov1ded

>

KX . B 13 ’

2. Roll Coating Method of Adhe51ve App]ication

The ro]] coatiné’methpd of adhesive application uses the

| ;technique of adhesive spreading over the surface of the stock by a

g transfer roTTer suitab]y grooved depending upon the de51red 'i:’
' ‘,L"adhesive }ayer thickness Adhesive is transfenred‘to the transﬁer

_'roller by a pickup ro]]er par y:ammersed in the adhe51ve or
','?adhesive can. be stored between the transfer roT]er and the- doctor

: roller forming a crotcb type reservoir

This fhethod is exce]]ent for adhesive app]ication to large
’;‘3’“ -

surface areas«of fiat sheets on a continuous basis | The rolT coating

’method provides the fastest production rate and most unifonm

. 4
;b



: hazards a the adhesive 1ayer thickness can be. ea511y contro]]ed

* by. adJust1ng the pressure of the ro]]s

\ 74.

\,‘

vadhesive .coverage-.. It is more economica] then spray1ng and both

surfaces of the stock can be coated at the same t1me, wh1ch cuts

the drying jme needed Th1s method does not cause health or f1re

42,1 Equ1pment Se]ect]on C - f a

' The eqnibment se]ection is based'on the operations described*J ®

‘ abovefin'Section 4.2. For the sandwich pane] manufactur1ng fac111ty

. Rol]er conveyors and work table (air tab]e)

6;~_Surface cleane
8. ,Dry1ng oven - f;

10, P1nch rolis ?:

h;lll~:Pane1 hanger w1th overhead conw:yor 5

the bas1c equ1pmeht requ1rement is 11sted below.

Rl

1. Uncoller PR T e
2. Lock-former | :
o o _ B
3. Profile generator . - L
. . < .’ 3 N o A M ‘\
4. Shear , L Te L e .

;5.' Suct1on cups w1th overhead conveyor

7. Ro]] coaters o ‘, in ; o .'v‘ ;

r.h

'7312;' Vertlcal type spray pa1nt1ng equipment/—*ég“

¢f13;L'Pa1nttcur1ng oven ,‘ "c,sw~[

' ]4;’ Sawlng machines

. 152 Pallets .
16. Forklift truck

,-'n(/ ‘ -

CMEY

L
4
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4.2.2 ° Flow Process Charts . . o

Havxng decided with respect to the manufacturing process

e and equlpment needed ,the. flow process charts were deve]oped{’ The

xre]event flow process charts are descrlbed be]ow

e 4.2.2.1'“?0peration Process Charts .

economica] processes and sequence of processes 0perat1on'

process charts are the summary - of "how to make the product".

ﬂés1des the operat1on sequence 1nformat1on w1th respect to
_ the raw material and time required for the operat1ons v
:ii1nvo]ved can be shown‘on the operation process charts [14]

.7Figure 4.] shows-the operat1on process chart for the

3

Vmanufactur1ng of the sandw1ch construct1on panel.

s

372 2 2. Product F]ow Process'Charts

The roduct flow process chart is bas ca]]y ‘

‘; - sim1lar to the 0 erat10n f]ow process chart except it adds L

‘more 1nformat10n Thw;product f1ow process Chart adds
’ transportat1on and storage act1v1t1es to the 1nfonnat1on ;b

' recorded in the operat1on process chart Thus product

. X
f]ow process chart also’ 1nc1udes the nonproduct1ve
act1v1t1es such as transport&%ion and storaqe. bes1des

the productive activ1t1es Figure 4 2 represents the

cr . . . R

‘product.f}ow chart for the manufactureiof the sandchhvpane1s.“

P
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.Steel sheets - ¢ Styrofoam , '76?
“48?_wide coils . : 2- l(f»—thlck 2'x8" boards _
p .. ' ° -
o - | ‘Surface
uncoil B "079083 ) cleaning .
" N z . 3
0-0156 Lock-form Roll coating
“ o : o Generate Drying -
ST ..0.004] profile 5 o
| Shear /' Store,
*"\' | . »Stor'e '
‘0 0.0191 Panel
) 0.0083 Surface assembling
‘ . / cleanIng S
’ S 'ﬁ »;, ',‘ — , N Ang -Pinch -
0.0083 Ro]]’coatinq S 0.0083 rolling
‘ ’ ) ’ Co “ . -
. R S 0.0208 Painting
R Dryind - B B
’ ’:5 : 5 - :,/z Dry 1"9\/

| Cuttipg
L K 4 . o
- R 1 f| Final
Lo ' 3 . . Inspection

N .Figure 4;] Operation process chart for~ the manufacture
o RT of the~sandw1ch pane]

Operation tﬁne in minutes per square foot
of the panel. .



ﬁ\ o . N To pallet

|

storage
To.uncollers by fork lift 20° Yo surface cleaner on
- ’ ‘ wheeled pallets
Uncot ¥ - Clean” ¢
To lock-former by roller 10° To roll coaters by ro”er
:ombyor conveyor
Lock-form Roll coat
"To profiler by.roller 1 -6" To g through drying
" conveyor . oven on conveyor

B B ‘ .
.To assembly table by

P [
Sheet coils in storage ‘Styrofosm in

Generate profile : " Dry

’AS' To work-in-process
storage on wheeled pall.
ets, near assembly table

To shear by roller convevor

. Shear

To work-in-process ttorage

by suction cups operatea e
by an overhesd convevor B
i . To assembly table
a“p v % : marually
A ‘ T
3 .
'& . Store '
To surfice cleaner by Ao Assemble the skins
suctton cups & roller jwith the core
conveyor :
: Clean ' To pinch roll
To roll coaters by roller és' . . Pinchoron
- conveyor o :
i . . '
M - 8n11 cnae Q i Ta hanrmar
“To g through drying aven (N22' Attsch hanger |
on roller conveyor . ' )
ory . 7o and ‘through pathting,
. and dryina by -Querhesd

ot conveyor . -

Suction Cups operated.by . .

overhead conveyor Paine. §nd gry -
oo .

i ‘-

1

To saw machines bv.

roller conveyor -

s tut inta sizes requir
. and door and -vndo-
‘ R open'nqs

Place on pallet

To finish product
. ’ _ " storage by forklify

‘Slom

%; ;

165°

Flaure 4.2 “Procuct flow process charz for the umucture -

of ‘the sandwich wnels

&
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43 Manufacturing Process. -
The sandwich panel manufacturing 1nc1udes 16 ba51c

operations (see figure 4.1 operation process chart), starting from

'the sheet unc011§pg ending at finished panels to be transported to

the home: constru) ﬁpn site
The uncof%er uncoils. two 48 inch.wide sheets 51multaneously
' Sheets are fed by a roller conveyor to the Tock-former ~ The lock-

- former joins the two sheets intorone 95-inch wide sheet. The 95 .,}

through the profiler The shj.,J?s cut in the required sizes by a

N

| shear piaced next - to the profiler The sheets are stored in a .
) ‘:work in-process storage til] such time as the roll coating operation
| '“vffi to be performed ‘The sheets are picked up by suction cups
attached to a grid 0perated by an overhead conveyor Two 95 inch |
“w1de sheets are fed together to the roll coaters through the
surface c]eaner The gap between the coating ro]]s 1s automatically,.,
‘radJusted by a contro] switch in accordance wnth the thickness of
‘~vthe stock Both the sheets.are coated at “the. < same time an the i
_outer srdes " The sheets ane taken throuqh the drying oven over a |
Jpowered endless - conveyorw The dried sheets come_ out of the oven -
B onto a ro]]er conveyor The top adhesive coated sheet is picked
up by Y second suction cup tvpeaﬂiftinq mechanism and moved over

- {" . . - .“)r;“:’,: ‘
the assembly or work tab]e.k . Co SR
Previousiy adhesive coated Sterfoam boards are’p]aced“



des1red for the two sides of ‘the pane] Afte pa1nt1ng the

. it
_*._conveyor where the hanger is. detached and returned back to ltsW"” “’.
R ,startiﬂg point The sandwich is "then cut 1n to the required pane%s

are plcked wp by & forklift and D1aced over whee?ed pa]lets fTﬁe,QJ e

Wpa11ets are moved to ‘the fin1shed product warehouse by the fork]1ft

A | & - 79.

, T o ,
over the steel sheet'in‘accordance*hith thé panel size. The

< -
% «
LY

- Styrofoam boards are stacked near the work tab]e on whee]ed pallets.

Two sem1-sk111ed personnel do the work of p]ac1ng and pos1tlon1na
the Styrofoam over the steel sheet -at the work table. After covertng

the stee] sheet w1th suff1c1ent Styrofoam a second sheet is p1cked

up w1th the suct1on cups and placed over the Styrofoam The sandw1ch

ithus formed is 11ght1y tapped ‘manually before runn1ng it throuqh -

-the p1nch rolls for final bond1nq The sandwich comes out of Jthe

pinch rolls onto a ro]]er conveyor A nqer 1s moved by an over-_

‘head conveyor and the sandwich in the hanger is moved through the ;

- pa1nt1ng booth Both swdes of the sandw1ch are patnted at the

same t1me by two spray guns mov1ng up and . down 1n a reciprocat1ng

| motion The spray pattern width is contro]]ed in accordance with “ ¥

the pa1nt thickness required and sandwich speed through the spray
booth. The two gun system-allows the use of d1fferent pa1nts. 1f;§%“

sandwich 1s moved through the pawnt curin and ovef 2 ro]lera)

b SR

. FES N
b o P : .
LR P
: Y

' sizes and door and w1ndow openings are cut The preftnlshed pan}'* $

z'truck -

The detai]s of each process 1nvoTved in the sandwvch pane]

vfumanufactur1nq, along with the equipment spec1f1cations and cost
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~ are described in the following sections.

4.3.1  Uncoiling
 Two 48 inch wide 30 gauge, galvanised steel cbi]s are
uncoiled on a continuous basis by a yariabie speed uncoiler.
| The speCifications and the cost of the chosen uncoi]er

4

are given beiow

1. coil width g,

2, Weiqht capacity . 10,000 1bs.

3. Maximum outer diameter . ¢ 28 inches -

4. Maximum inner diameter ' - 6.24 inches

5. Motor - o I
Number of units nequiren'., , 2 - | _
Cost S [“.a' . $3000 per unit

- " Total . - $6000 :

Supp]ier; Generai Metai Machineny, Edmonton
4.3.2 ‘, Lock- forming :
) Modified “Reeves Type Snap Lock fOrming" machine supp11ed by
’HBrown Boggs Eoundary and - Machine Co Ltdlq-Hamilton Ontario has
ajbeen chosen Seven station machine to form both receiver 1ock and ]
f"offset lock fcr Reeves type snap’ iocks (figure 4. 3), w111 be '

/
- modified to meet the requirements of continuous production

The spec1fications of the lock forming machine are:

1. Capacity , - S 24 to 30 gauge steel sheet i
2. ;Forming speed U 38 feet .per minute |
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. .* . ____‘ 5{32.. '_‘_ _.._’ 3/16" ’_J_

3/32" f

T

e e L — 11/32"-—-1' |

v

« " Fiqure 4.3 Mbdiv-fied Re'ebves type snap Tock

e
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3. Motor  4HP., 3600 RPM.
'4.-_side‘r01]er Conyeyers'(tho) . 4' x 4 | )
Estimated cost: | N ’
| u].j Loékbforming machine . $4000
' §. Roller ccnveyers | _ $ 200
- | Total © sa200
433 Profiling SN | .
The 95 inch w1de sheet is fed to’ the profi]e ermgr csk . ﬁgi

.‘ shown/1n the schemat1c dlagram in f1gure 4.4, The chosen prof11e
'/ s shown in ﬁgure 4 5. | .

~ The profw]e is generated along the 95 1nch w1dth of the
sheet, while the sheet is in motion. The perlferal 11near_speed

‘ of the pkofi]e forming rollers will‘be“keﬁt the same as that of’}f

v/

.the sheet"so'th;t no kinks are formed. The teeth on the prof111ng

‘ffirollers are spaced in such a way that the desired prof11e is™

obta1ned on a-continuous basis. Both the upper and lower roller ..

‘move.at:the same speed.
. - o ——



1
&
v
{
’

v

'Séction'QA-A"na

Fiaure 4.4 Schematicfdiaqram'df profiler.
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Figure 4.5 Profiled section of steel sheet

]
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Capac1ty of the press requxred

w1dth of - the sheet 1n 1nches x-th1ckness of the sﬁeet

-

‘in inches x ‘yield strength of the sheet mateH]a] :

N

A

95 in x 012 in. x 33000 ps1

_ 95 x 012 x 33090 1bS . 20 tons. C o
© 2240 1bs/ton b )

¢
\

’ The specification and est1mated cost of the chosen prof11er'

1. hNidth | - S 100 inches
'2.j Cah;city - | AX. S .20 tons o
3. RoT]ervspeed . "_' o 8 r.p.m. : o .
i. “Rol11 diametet ’; \\\\v“ y 7.63 inches |
5. Number of teeth required -6 9“ |
6. Motor : "lv - 2 HP:‘ .
‘Estimated cost: ~-.,;4000

< . ~

g “
.

4.3.4 _'Shearing’

Capac1ty of the shear1ng press \ can‘be app ximatelyv'

.ca]cu]ated by mu1t1p1y1nq th1ckness of the stock to be cut (1n ‘

" inches) by ohe.thlrdvof_its 1ength.(t§ inches)=and then mu]t1p]y1ng‘ _

tthe-resu]tinq figure by 80.  The hesqit will_giye thelpress capacity

in tons [15] o ."_' o B )

7

uCapac1ty for the requ1red press to shear 95 1nch wide

30 gauge ‘steel sheet

012 in X 95 1n/3 X 80 ton/1n

L4

32 tons



\
! . ‘
. The specrf1cat1on of the shearjng machihe are:

Nldth of thé blade. . \100>inches;,‘
":2. Capac]ty' L T " 30 to 40 tons .
3. wobor 3 H;ﬁ;;- )
)'Estimated cost: . 418,000 7

-

'4.3.5  surface c1§ahinq' e

4

I4

Minute. fore1qn partic]es embedded ln the surface of the

core materlal or dust padtlcles on the sheet metal should be

d, "

h_removed before adhesive app11cat1on N 5
N - Model No 410 supplied by Black Brothers Company, Hendota,
I Il]lno1s w1th the automat1c two posxtion brush ro]] will be mod1f1ed
| to suit 100 inch wide stock cleanIng. The cleaner is- p]aeed Just

before the coat1ng ro]]s.' Both 51des of the stock is €1eaned ~
SImultaneouSIy by this equ1pment Two tough Tampico flber brushes, .
‘each 8~1/2 inches in diameter. rotatIng in the 0pp0$1te d1rect1on
of stock trave] sweep\foreigh parttcles or.dust . Into the exhaust

o jducts system Schematic diagram of the clean1ng system is shown 1n‘,

~ figure 4.6. T .
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8-1/2" Tampico fibre brushes

) -

kS

Dust exhaust system

Top and bottom scrapers

Figure 4.6 Two.sides_stock surface?cleaning system.

£
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,épecifications’df the chosen equipment afg;‘
1. Width 110 inches
é.' Tampico“brush roll . DR ,l | B |
: 'outéf dia | ~\\\\ | 8;1/2 inches.
3. -Diameter of suct1on outlet - 7'ipche51 _
4. Var1ab1e drive feed 'n; .25-1é5 FPM 1
5. Top and botitom stripper-wﬁres '
- 6. Top‘and bpttoﬁuscraper L . : ‘f B .
7. Automatic stock feed ey
8 Automatjc two position brush
9 'Variable’drtye brush | e o
'10. Motors | | _# o | One 2 H.P., and one 1;]/2‘H;P‘”.i_
' Estimated cost | | |
1. _Base machir~ _ - $5,800 -
2. Variable drive feed s 590
3. Variabledirive brush s 580';)
4. Top g;ﬁ bottom stripper wires ‘ $1 200 |
u"tSi Top and bottom scraper e $_ 860‘

',6; :Automatic two position
'thickness adjustment

”

| $1,00000 0 o
=TT fotal  $10,130 |

4.3.6 . Roll Coating. | o
-~ The stock: (core or skin materia]) is fed between the
coatinq ro]]s by a power rol]er A contro] switch automatica]]y

,adjusts the position of the top coatina ro]] 1n accordance with i
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) the thickness vof the stock \The position of the bottom roll remains

fixed The autonatic posniomng of the thp roll enables the coating
] of thle core material as well as thin skin material fed‘in a 3/r '
sequence wi thout any manual adJustment for the stock thickness

A continuous supply of the adheswe to the coating rolls is maintai ned

i by doctor rolls. The adheswe layer thickness can- be controlled by

-

. +
Accorqu to the adheswe manufacturer S reconlnendation

the canswtancy of the adhesive or by the roll adJustme }
:ﬁ)t’imm

bond results are achieved usmg a dry adhesive weiqht of 2.5 to 3

| lnqs per square foot of ‘bond area. Top and bottom coating rolls

. allow the coatmg of both Sides of ‘the thick core material or two

| -'sheets of the skin material at the same time._ - :

The spec1fication and the cost of the cho_,en model aref-

' as d?;wen below o | - |

- Hodel No. ZZD Series ll75 supplied by Black Brother<

Coman,y, Hendota, Illinms

Haximun stock vndth-*-:--" 110 1inches

Coatmg roll diameter ’ 1;‘ wﬁf ; 11-3/8 'inthes '
Doctor roil dianeter .\"-' 8‘-l/2, inchesip‘ .
Variable speed drive - : - "30, to_ 150 fﬂp.m..
: Daily workload capacitv o 1 to 2 shifts
‘Maximum stock thickness B B - 4-1/2 inches‘ -
notoru P. - 0 s o

B U Features selected two position upper roll }for two different

' stock thicknesses max imum stock thickness difference 4 inches

~,
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f%Ro]]er arrangement : top and bottom coat1ng ro]ltha% % ii

; '1i251des of the stock at the same time. .. . ‘;; s
% Cadm‘"m P]ated critical parts. : o a e L

fWJ4

E]ectrica] interlock on roll nip guard | . _;g "

v _2 ; adhesive directly from 55 qa]lon drum to the ro]] r‘ese|'~vo1r~§35

| with automatic liquid ]eve] control dev1ce

Power driven outfeed rolls. - | ;;. 3 ; ::
. ';55‘“” Cdst of the equ1pment and accessories: . - ?;J/ : :
‘t 15' Top and hpttom Spreader - $14,260 f§7#7¥
5A 2.5 Roid opening indlcator o ; ,i:>$‘ 152 _3"“M;§%,Vl”
74 3. Cadmium plated critica] parts . § 20 o0
év ivkgfvfgingle hand wheel doctor ro]] u : .g;. iﬂ
o adJustment (two numbers) 1. o :_$ i 660_“ . 3;%
* s, Electrical interlock on'ro]i?nip guard § 309
6. BB-085 pump .. . n
—~ ncludihq e]evator and S S. aqltator) $ 1,499
4 ?. Ai;;;;;§2 two position upper r011 o L L %\ 8
| adjustment - ; : Co $, 1;000~1 1f?.‘

B

| Total s, 150

Schematic arranQEment of the r011 coating system is.

L

shown in fiqure 4. 7 =
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: : .y Top doctor._roll - -
Tgo po%jt10n5322:;0] : Crotch.type_adhesiygrressriqir
1 : ;lii3/4“‘t0p'cogting.roll
' o i Co ,
N ‘ v . Top s;tfaéé coating
_ Core material
‘Bottqm surface cbating; ™
4 .%:'Bottom doctor roli ‘

L N ; Th1ck core materia] coating arranoement

“.

¥

A\
v

Thin skin material (two.sheets)Acoatiﬁﬁgerahgemeht;
. 4 . . % - K

SN o o )
; .o . «
(Q]

\\<;) ’Figure 4.7 Two pos1t10n ro]l coatlnq arranqement for Styrofoam-

' 2
and stee1 sheets

11-3/4“ dla bottom coating ro]]
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437 oOrying o o |
Ouick drying'is;an essentiai process in the continuous

production of 1aminated products:' Drying of adhe51ves is achieved

" by moving the stock through baking ovens o

‘_ ~ Basically, two t&pes of ovens are uti]ized * They are-" R o

(1) Convection ovens which are,most]y qas heated and (2). Infra red \

’ovens uhich can be electric or gas heated, depending on the ch01ce

of the user, ‘but common]y e1ectr1c infra red ovens are used. At

_:]ow drying temperature required drying time 1s much lower in case

of the infra red oven as compared to the convectlon type oven, as - .

shown beiou S | IR o .
: f Temperature . eprying time'for o . Drying time‘for
L -, infrared oven o conyection(type‘oven
© 250°F | 10-12 minutes ki:- ' }"-' 45 minutes'
2715°F- . 8 minuteshfi 30 minutes

' _306°F-A . e .5 minutes¢ R ' ’15 minutes

- The limiting factor in case‘of the pane] manufacturino is . |
fthe core materia]. Styrofoam will lose its strenqth if exposed to . {fﬁr
:5bta temperature above 175°F. Therefore for quick drying 1nfra red -
| ovens with quartz tubes was se]ected ‘The length of the oven -
;depends on’ the speed of the. ‘stock going through the oven. According
to the adhesive manufacturers recommendations a 20 feet long oven
_?wi]l permit stock’ speeds up to 30 feet per minute with the use of "‘ ; te
'_water:base XLC 7175 adhesive (3H product) The drying time can '

be reduced by an efficient air exhaust system to remove vapours.
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:from the Tonq1tudina1 ed!kz is Teft uncovered. A j1q as shown in

‘pipes and Tocks

PO "

)

o

- The chosen equ1pment w111 prov1de variab]e temperature control.

Spec1f1cat1on of the chosen equ1pment are:

T;‘_Ouartz tube infra.red drying system ’ ‘tf ¥ - ; x
. Maximum width . %“fréw 10 feet | :
. ‘Length of the oven o 'a " 20 feet-

Variab]e temperature controT - ‘
- Var1ab1e speed exhaust fan / )

The estimated pr1ce of the equ1pment

S

1. ‘Infra red quartz tube heatlng system  $8,000

1nc1ud1ng controTs and 1nsta11at1on v

2. Exhaust fans . $2,000

3. Shroud : : ’ | © o $2,000 .
Total  $12,000

4.3.8 PaneT AssembTy

¢

The pane] is assembTed manua]]y The assembTy 1s dLne

-on an airi table After a steel sheet is p]aced onto’ the~a1r - _
'.table by the suctTon cup mechan1sm, the’ Styrofoam boards are placed

_onto the’ steeT sheet by two: semi sk111ed personne] “The: styrofoam

boards are placec 1. such way that three inches of the steel sheet, :

figure 4.8 is dsed to position the Styrofoam boards on the steel

.'7] sheet The Jig jfnsists of two 26 feet Tong 2" diameter stecT

xed to. the air table The pipes are ro]]ed over

fthe air tab]e and. are locked at a distance of /2 1nches 1n between

" The Styrofoam boards are placed in- such a-way that Jo1nts between

two boards does not faTT under the joint in the stee] sheets |
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aMIn&\1n the panel width’ are staggered After p]acmg

“sufficient Styrofoam boards; the Styrofoam is covered w’ith ‘the ]
"seoond steel sheet The sandwich is 11ght]y tapped before 1t Is ' .
 fed to the pinch rolls. = .
' The specifications of the chosen equipment are.given below: O
Air tab]e:’ PR J T
1. length S 25 ft.. - -
2. Width S1eft.
i . *\’ . L ' . . A .‘r‘ »
Four whee]ed pallets: L = 8 ft. x 8 ft.
> . ‘ . i oo f"; ~
J]g- - o ’ . ) / ; . N .;: o v é\’
Pipe Tength / .‘ ) o | - 26 ft.
. { . - ) N ‘\\" ]
Pipe diameter . . R S %»j 2 in.

1. Airtable 34,ooq\~‘_§\\\\ -
”2crwrm&mdmnasnsm0am © s a000 N 7
& S

- 3. JIg p1pes and gu1des vnth i $ 200 ' R

N

>

-

'Estima'ted costs:

. Total  $4.600

439 - Pinch;Ro]Iinq o IR TN

Fast@tack adheswe dranati cal ]y reduces bondmg time -

W and perunts urmediate panel fabricati on. To secure proper

’ .bond Ingh pressure is required to be applied on the bonding

surfaces Th1s can be achieved in severa] ways, such as applymg

: pressure thmugh hydraulic or pneunatic presses or passing the

«;-lami\lh‘ged product through pressure ro]ler The latter lnethod 1s

'mst sulted to contmuous productwn ' The chosen process uses a

. > : L : K - . .
. - o : - v B ’ ' o seoooo
’ = » B A . . Fg :;ﬁ :
) . . N .
. . g . .

, .
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pneumatic pinch rol1 sistem The chosen model 1s a heavy duty01101 '
4inche rotary press pneumaggc mode] RPP- serles 1}75 supplied by '
Blaey/Brothers Company, Mendota I]]in01s -+ The spech1cat1ons;g%

//“ghe chosen equ1pment are:" V" J | ,? - -'1" _  4 l.‘ ;;
1. ,Maximum f“ inated, product width - . 110 inches. Qéf
2. Variab]égspeed drive . 30 to ]So»f.p;mfi:"
3. yDjameter of combining’ £L11s,-’ - | “,]]"3/4 inches -+ H
- 4. Explosion proof électnicrsysteﬁ \ o ;j |
5. Quick open-close. roll action ' / s ; -
6. Ro]] open1ng lnd1cator (d1gltal ;eaq(guf7‘ ‘{‘v :’ o o
7. Idle study rolts - .+ 2nos. T
8. H?gnet]c brake : ) - Q‘ N
9. Elevator opening' | - 4- ]/2 1nches ~
10. Maximun conbining pr ssure /12 ,000 Tbs.
| (based on 80 p.6.i. alr\supply) o o | .
T1. Motor o ‘.ﬁ | 3 H.P. \,\ ’
ﬂ~‘1ne te ts of the. chosen pincggrol1 equipment and accessor1es
| -are given be]ou. - .Xﬁ m d._‘ T /
1. Bas price ;: L ',' : o }58;307 o i a
_21‘ Var able speed attechment' o ' §$I,436_‘ . C oy
, ;5; Explosion proof electrlc system ‘ - ?‘5810
) 4. RdN opening indicator f ' '_A» -; o .152 ) | “: ~
ii”'t:f 5. Study rolls (2- numbe‘rs) B ) r";sl,]gvz_ R
6. Hagnetic brakeﬂﬁ; | ' ) 902 - : "=i;
S K 812,799 T
i . - oY .
S - . o
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4.3.10 Painting = L
§
‘The panel mll cme out of the plnch ro‘lls over onto a “
roller conveyor. The hanger (descnbed in detaﬂ under materlal ‘

handling system) vn'll plck up the panel for pamtmg. : Pamtmg

- will be done by a spray process The chosen system uses two vert1ca1 (

_ type au tic spray machines. Each spray machine cons1sts of a ‘\

- vert'lcal yunted bea that supports the raﬂs on wh1ch the sprqy

’ gun carner moves ‘up and down. The verttca’l’ﬁpe of spray system %,

| al]ous spraymg frm both s1des of the conveyor. The process

| ‘provndes h‘lgh productlon speeds as only one drymg penod is requlred

for both s1des thereby resu]tmg in sa\nngs in time, handhng,_
spa_ce and -oney. The .chosen systau 1s capable of handling var_mus
sizes of pa'nel's._ 'lhe systen prond variable gun Speeds and spray .

vn\dths The chosen pamtmg ent has the fo]]owing specifications
peed of pa'lnt\ng guns o C varlab’le |
,2. “Spray -quns operatmg air pressure . 40 psi.
‘ (-imn-) o |
. 3. Air conswption "v-d" 12.9 cubic_geet per

minute at 60 psi

4 Spray patte , width with gqun’ - : ‘54_4ilnc_hes'

at 24 lnches fron the panel , _
5. "Pamtm capacity = 7000 to 14,000 square

) iy . feet per hour ]
6. Alr coq)ressor pressure oL 175 p.s.i. Ch
7. Alr cmressor capacity o 18 cuhwc feet per |

minute -

8. Wotor . . sHP.



Estimated cost' | , ,
L Two quns . ' ,l; o '$ - 400°

2. Air cdnpressors an& accessor1es : : $ 2,000
3. 'HOSes and‘accessories | $ 400
4.;uPa1ntjng énclosure’ R $ 2,000

. ‘ Total : $ 4,800

' 4.3.]1 Paint Curing
An infra red quartz tube oven s1m1]ar to that descr1bed in

4.3.7 for adhes1ve drying {; chosen for the pa1nt cur1ng._ The

estimated cost of the oven and accessor1es 1s as g1ven below.

- ]; Infra red quartz tube oven 8 8,000

2. B]ouer o . -~ $2,000
- o 5 - . o e .
3. Shroud - T $.2;000
P ) - Total . $12,000 i

. P
(/\‘
: . L

'4.3.12 _Panel Cuttinq | N
| | " The panel is cut to the requ1red s1ze by a s1ng]e circular -
1Saw; The 1oors and window openlngs are cut 6} four adJustable |
'circula* saws operating simultaneous]y to prov1de a square or.
| rectangt ar cut. To shave the pane] edges in true sqd/re cut two
';grinders move along the panel edges over a gu1ded path ,The chosen».‘
- _system has the fo]]owing equipment and accessories. o i\ i _-
<1, A vertical circular saw with a one H.P. motor. . L '
2. Four vertical c1rcu1ar saws uith the arrangement to adJust the

height and distance between saws each operated by a one H. P

motor

"‘C«'



3. Two grinders with soft stones.

Estimated cost:

o)

1;”\ﬁiue circular saws ' ) $ 2:006 ‘ - ?‘
2. Grinder with guide rails S '$‘];000 o

| d o o Total '$ 3,000
4.4 Materia] Handling

Yh R The mater1a1 handling system is a non product1ve system,

but nevertheless very fmportant. Matérwa] hand11ng system may
represent 15 to 25 percent of total product1on costs An eff1c1ent
materia] hand11ng system can reduce the overa]] production’ t1me S

' and labour 1nvo]ved thereby, overa]] product1on costs

-

[

The materia] nd]wng system designed for the pane]
manufactur1nq fac111ty tarts at un]oad1nq of raw mater1a1 and

,.ends at 1oad1ng of the fi ‘shed panels on to the transport un1ts;_' .

‘4.4;1 ' PhToading of Raw Materta]
| . kThe.designed system uses a’fork]ift‘truck to unload steel
E COi1s'and-Styrofoan into storage The same fork]ift w1]1 be -
ff?; used to load the stee] coils onto the uncoi]er and the Styrofoam
F : -i on to the whee]ed carts The specif1cat1ons and the cost of the

chosen mode] 1s as 11sted below.

1. Capacity o o '; : 8, 000 lbs at 24 1nch
: S . N load center

- 2. Turning radius R 100 inches

.~ U3 Maximm height . 120 inches

. © % The chosen high capacity forklift truck will be used to handle -~ =
.‘R{\\-- pa]]ets w1th panels weighinq up to 4000 lbs at a 54 inch load center.



Mast elevated -(maximum height) 144 inches

4,
5. Travel speed (maximum) N . 9.2m.p.h. -
6. Eifting speed : L 95 f.p.m.-
7. Lowering speed | -'] E 4 ‘70,f;p;m.-
8. Fuel’ e L B - ‘Diesel
| Est1mated cost o : $ 21.000

’

4.4.2 - Mater1a1 Hand11ng System for. the Skin Hater1a1 -

95 1nch wide stee] sheets come from the shear onto a ro]]er
ionveyor The length of the sheet varies from 11 feet to 22 feet.
The des1gned system consasts of suct1on cups to pick up the sheets
from the roller conveyor ‘move them to the work-vn-process storage
or to another conveyor, which feeds the sheets. to the rol] coaters .
vxthrough the surface c1eaner , y

~ The suct10n cups are attachqd to a gr1d. The suction cups,
. which are not requ1red are cut. off hy c]os1ng ‘the va]ves as shoun
bin figure 4.9. This- arrangement allows the hand11ng of sheets of

various sizes ‘The grid is attached to the hook of an overhead
electr1ca]1y operated ho1st. The ho1st carrier moves over the |
_ guide ra115 a]ong three a]ternate paths as shown in figure 4 10
r‘A two way- connect1ng arrangement (shown in flgure 4. 1]) of " the
hOISt gu1de ralls a]]ows the ho1st carrier to trave] a10ng the -
three alternat1ve routes They are: '5 h , ’ ‘
: () Moving the sheets from the ro]]er conveyor No. 1 to work-in-
'iprocess storaqe . T ' |

(2) Moving the sheets directly from conveyor No l to conveyor No._Z. o
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, ~1/2" diameter grid pipe / | Grid hanger
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.
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~ Valve in
the suction Tine -

Suqtion cup

‘Sheet’matéria]-L\;

Figure 4.9 Skin material handling mechanism with suction cups.

A
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A)

(3) Hevingvthe sheets from the work-in-process storage to the
conveyor No. 2. :
] The specificatlons and -the estimated costs of the equ1pment °,

and accessories are given be]ov

Spec1fications. )
L. ‘Length of conveyors Nos. 1 and‘Z. ) 22 feet
2. Hidih‘of conveyors Nos. 1 and 2 | 8 feeg_;
3. Suctlon cup _ 30 npmbere‘
4 Suctlon cup diameter o o 5 inches
5. Suction pressure (vacuum) . : 5 psi -
6. Hoi;t capecity ' - : ' Sod.pOUnds
7. Grid pipe i.- B _ | .~ . 1/2 inch diameter
' R g steei pipe
8. jI..engt»h of grid pipe | ' : 62 feet .
9. Metr - qup
| Estimated cost:. | o
BRI -Conveyors R $ 1,000 -
2;1'Suction cups at the rate of $10 each ':‘$. '600
3. Grid pipes and Ya]ves | o ! K1 460.
4. Hoist mechanismi ‘ . o $ 4,000 -
| _Totai . $ 6,000

~

 The- hoist carrier guide rails are prov1ded w1th three
Timit switches. At each end of the h015t carrier trave1 a cam type
',lock is provided to prevent the bouncing of the carrier The cam

.]ocks are opened by the Timit switches As the Iimit switch



N

closes, the Tock at starting.releases the grid carriér. At the end

4

- of travel, due to impact, another lock holds the carrier till the

suction is released and the sheets are placed in a predetermined .

place. The second limit switch reverses the travel direction as &

~well as opens the carrier lock. ThevchOSen system works .automatically

except that the path-of the carrier has to be set upnmanually.

" The stock at conveyor No. 2 is positioned cprrectly and -

- fed to the surface c]eaner'manua1ly.~f?he power rollers on the

surface"cleaner will feed the stock automatically’to the coating
ro]]s. As described ear]1er, the gap between the upper al the
Tower coat1no ro]]s is automat1ca]1y adjusted in accord&h uith

the thickness of the stock to be coated, by a two pos1t1on'

7arrangement of the upper ro]]

The stee] sheets come out of the dry1ng oven onto a roller -

'COnvejor No. 3 similar to the'roller conveyors No. 1 and 2. ~'The

'-vsheets come out. in pa1rs each sheet coated with adhesive on the :

outer 51de A s1m1lar §uct1on cup mechan1sm as descr1bed above is
used to p1ck up- the stee] sheets one by one. The. first sheet p1cked‘
up is. moved to the work table (air table) and pos1tloned manua]ly.

A team of two workers place Styrofoam (a]ready coated and stored
T~

<y

. in work in-process storaoe No 2) onto the steel sheet on the

work tab]e After p]ac1nq suffic1ent Styrofoam boards onto the

. steel sheet a second stee] sheet 1s moved to the work tab]e.

(the_bottom surface. of second sheet is coated with the adhesive

'hence‘the'shéet“canfhe p]aced_directiy onto the Styrofoam)»aqdfg

. -~
0 .

_

v
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" positioned manually.

4t4.3' 'ﬁaterial Hanoling Systemlfor the‘Styrofoam
| - The chosen system consists of'three stages.
Stage 1: Styrofoam received in the receiving sect1on is
stored in the warehouse by the fork11ft truck.
| | Stage 2: Styrofoam boards  are stacked onto the eight feet
by eight feet wheeled pallets and moved to the conveyor No. 2.
Each layer of Styrofoam consists of four 2 feet X 8 feet boards

placed side by s1de

;7

: A simple overhead frame grabs four boards at a t1me and
p]aces them on to the conveyor No 2. - Every time the hanger returns.
it is 1owered automat1ca]1y t1]1 the a1r cy11nderftouches the b
Styrofoam surface of the stack Another controﬂ sw1tch operates
the ho1st in such a manner that the he1ght e@vthe hanger over the

»_vconveyor is automat1ca1]y adJusted One 'enn—sk111ed person

. the surface c]eaner.

Schemat1c d1agram of s?.fa;:'
~in flgure 4.12.

The equ1pment requ1red and-the est1mated cost of the

- equipment for the Styrofoam hand11ng system is aiven below. 2
- Overhead monorail hoast. E o R L g
1. Capacity - : . \\\ . 250 1bs.

2. Motor . qwWp.

I
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. s N .
' 3f Two_air operated te]escopic cylinders o
with end thrust plates as shewn in the figure 4.12.

-Estimated costs:

. 1. Hoist and accessories - . : $ 750 E
2. Air cylinders and frame v . $ 250 N
' ~ N Total $1,000
AN ' ‘
o/

Staqe 3: The Styrofoam boards come out of the oven onto

! W
s

‘the rol]er conveyor No. 3 and are p1cked up manually and stored

;1n the work-in-process storage No. 2. TWo semf-sk111ed personnel;'

(perform the job. At a coat1nq speed of 30 ft. per m1nute the ‘total -
t1me required to coat one day's requ1rement of the Styrofoam is
18.33. m1nutes sTherefore “the rema1n1ngft1me of the above _
'referred sem1—sk11]ed personne1 is ut111zed in pane] fabr1cat1on e

to p]ace the Styrofoam boards onto the stee] sheet and feed the ~

'*»ﬁsandw1ch assembly to the p1nch ro]]s

4;4,4, Mater1al Handllnq System for the Panel

The pane] comes out of the p1nch ro]]s onto a roller
conveyor No. 3, where a hanger is attached to 1t as shown in _
'f1gure 4 13 and the pane] is picked up vert1ca]1y. The pane] is
s moved through the palnting booth, where two spray guns moving _.;'
\up and down on quide rai]s pa1nt the panel. while the pane] is in ’ .
. mot1on ~Both - sides of the pane1 are painted at ‘the same time

Aft r paintinq the panel 1s moved throuqh tﬁ“\paint curina oven

andvfina11§ placed ont0-the-ro]1er conveyor-No. 4. iThe hanger is



hoist = V¥

~Telescopic 2ir cylinders
AN

\.4’ .

tyrofoam
“stack

Pa]]et

o~ Fiqure 4.12 2 x 8' Styrofoam boards hénd]inq,mechahism.'

4

'

v

Scale: 1/24(1"=2")
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| — - 23°

2% fliameter

. ] steel rod

N

- ST . * sandwich panel
- 2-1/2"x2-1/2"x2-1/2" .
"channel‘frame'arm v

L}

Fiqure 4.13 Hanger for handling the sandwich:panels.

i
-
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-detached and refﬁrned back to roller conveyor No. 3.

After the panel is cut to the requ1red size and the

openlngs for door and wundow are cyt an 51des “shaved the panel

. sl1des into the guide chanels and mo 6yer the hydraulic table.

Hhen full length of the panel sl1des into the gu1de rails, the
gu1de rails open and a]low the pane] to chop onto §/wooden pa]]et

placed on the hydraullc tab]e The dropp1nq of the panel will not
N

_'cause any damace stnce a very small space ex1sts between pane]

e

- and the pa]let and also there 1s a sma]] a1r em1ss1on between the

: ‘panel and the pallet due to larqe cross sect1on of the panel. Theh

panel does not scratch with other panel or the pa]]et wh11e-slid1ng

2

_into the guide ils. o

To move the pane]s through the gu1de channels smpoth]y,

‘fa ball and‘socket system is used The pane] sl1des-over the balls

smoothly without scratching (figure 4.14).

cA

The hydraulic table is automatlcally lowered by the amount

equal to the th1ckness of the pane] sp that it is level w1th the

'roller conveyor No. 5. o ST s,

After c%;Ject1ng suff1c1entfpanels based on a unit 1oad
iR

- of approxtmately 4000 1bs - the fork11ft truck removes the 1oaded ‘

pallet, p]aces At on a fifth wheel cart and p1aces an empty pa]]et
on- the hydraulic table This system allows suff1c1ent free t1me.
?or the forklift to’ attend to other_ JObS such as. handllng stee]
cowlsp Styrofoam boards and loadrng tranSport units for sh1pment;

o S - . g < - ‘ ¢
7 ; )
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The specifications of the equipment required and the S

. estimated costs are given below:

" 'Roller Conveyor Nos. 3, 4 and,5

TN

1. Length 24 feet

2;.‘Nidth - o 8 feet
3. >OVerhead conveyofﬁ mono:eil; variaﬂﬁe.speed‘

4. Load capacity = | T : . 1000 1bs.

5. Mdtqr R _ . L2H.P.

rHanaer Frame: _
| 1; 2- 1/2 1nch x 2 1/2 1nch X 2 1/2 inch x ]/8 1nch two channe]s X
v each 23 feet long. _
2. Two steel rods each 2 inches in diameter and 9 feet in leegth,
- threaded along a one foot length; 4 threads per inch
3. Two 6 fnch'diameter whee]s,'wheel bosslﬁith‘internéi thfeads
' '4'th§gggs per tnch,fQ |
Hydraulic table: | |
1. Capacity SR 16000 1bs:
R Guide channels: - | .
'vlgv Two 3 1nch x 6 1nch x 1/8 1nch35;annels each 25 feet 1onq

.
w1thi%gll and sockets 6 inches on centre

Estimated cost S N | ,
| 1. Ro]ler convevors at $500 each $1,500_
‘Overhead convevor system = ‘ $5;000
Hancer i _]fﬁ o c .'; $ 200

W N

Hydraulic table =~ - %8000 . -,

v
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‘5. Guide ra1]es ‘with accessor1es ';v $5,000

| Tota] sw,ﬂﬂ :

4.5 Packaging"
4.5.1 The Pallet o

The pallet used for the_packaging will have a width of 8 feet
and»a‘stahdard fenqthbof 8 feet with'increoents ofvone fOot
For smaﬂer panels more than one panel will be accomnodated on .
~ the pa]]et 1engthw1se The panel 51;es above 8 feet in ]ength w111
be accommodated by joining more than one standard pa]]et This
method will al]ow low pallet inventory and ease in pallet storage

dand handling.

4.5.2 Packaqlnq Process o »

_ After p]aclng the pane] onto\the;pallet it is covered with
a polyethelene sheet or kraft paper. This prov1des protect10n
‘ agaihst damage thle-p]aCing the next panel. 'Tﬁe oanels are tied
awith plastic straps to'avoid nobbihg against each-other dociog
trahSportatioh.. N S o
f 4,6' : Time Ca]cu]at1ons to Determ1ne Equ1pment Ut111zat1on

- The time ca1cu1at1ons are based on the da1]y production

requ1rements of 4,400 square feet of ‘the sandwlch pane] and the -

fo]10w1no assumptions

-30 minutes per
8 hours shift

1]? Set up_t1me-

30]minutes;pef

2. ,PersOnal allowance
: o 8 hours shift .
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Fatigue . a]]owance ]O%

3. =
4.',pat1ng factor = 1002
5.  Number of channels | uf = 1

= 80%

6. Shop efficiency
 Table 4.3 Tists normal times available and required for
: variouS'dperations involved in the sandwich pénél'manufacturing.

b

The norma1 t1me is actua] t1me requ1red for an Operat10n

" . The normal t1me requ1red for var1ous operatIOns is ca]cu]ated from

the product10n rate of the equ1pment and the unvversa] standard
times obtalned from MTM (Hethods-T1me-Measurement) techn1que-
The norma] t1me ava11abe is detenn1ned fr0m the fo]]ow1ng

’relat1on

Normal time (1 - 2_21%8522599 é Standard timé

‘By deflnitlon standard time is ‘the sum of the normal. time,
allowance for persona] time, fat1gue and de]ays norma] to the JOb :
[14] and 1s obtained from the shop p]annlng t1me, uSIng the
, fo]]ow1ng re]at1onsh1p

o Standard time = Shop planning time x shop.efficiency

The shor p]ahninq time is the total time available for
a job baSedbon the pfoduction voiume. The shop planning time -
per square " foot of pane] manufacture is obtalned from:

” B

. See. Section 4.6.5 for descrlption of the Methods-T1me~
Heashrement techn1que o .

. ‘l(v‘
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'NOrma]_time'

,Shdp planning time -

per square feet of panel

| N T
'Standard time _ - =

S
Normal time g =
Personal allowance

per 8 hours - =

Fatigue aT]owahce o=

Total allowance . s

Lock- form1ng Process T1mes

Speed

_Lenqth of the. sheet meta]

'0.1090 mihﬁte-

4400 ft° )
“ITt .

' 115,

8x 60 minutes - set up t1me
4400 ft° ‘

480 minutes - 30 m1nutes Vo
4400 ft2 |

v f
0. 1090 x shop eff1c1ency i
0.1090 x 80/100

0.0872 minute/ft2

0.0872 x (1 - 2 2ligwance,
30'minutes._e

30 x 100, _ . |

8 x60° - 0-25% .

10%

10% + 6.25% .

16.25% |

0. 0872 (1 - 1?652 y

- 0.0730 m1nute/square foot of panel

!

= 16 ft/m1nute
processed-per,shift
, R ;
! _
]100 ft
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_ 1100 ft

~Normal time | ~ 716 fi/minute

68.75 minutes

Normal time per square foot of panel

o B _ 68.75 minutes
o a . 4400 ft?

/<
"

0.0156 minute TN
\‘:\. ’ , o

4.6.2  Profiling Process Times

Speed 16 ft/minute
tength ofasheet metaT'pr0cessed‘per shift -
o

' o 8 ft
292 ft.

292 ft :
16 ?t7m1nute

18.25 m1nutes

. Nprmalutime _

A
3
P

Norma] time per square foot of pane] .

=»18.25 minute -
“2400ft°

0.0041. minute/ft2 |

1 4:6.3 /{ face Cleaning Process Times S :
c"_r Speed {;"’ _ - 30 ft/minute yo

Surface area to ‘be cleaned per Shlft |
| = 4400 square feef of Styrofoam
'f + 4400 square feet of steel sheet
vg 8800 square feet

Cd
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Length of stock o= §§g9r%£—' - . o

4

1100 ft

» . L _ 1100 ft
J Normal time o = 30 ft/minute

36.67 m1nutes

S

Normal time per square foot of pane] :

o 7
- 36.67 m‘"gtes = .0083 minute/ft2
| 4400 ft |
4.6.4° Roll Coat1nq Process T1mes '
Speed ”Wuewm' . . =30 ft/m1nute

Length of stock to be coated

- ¥

8800 2
EEian

1100 ft

- 1100 ft
30 ft/minute

Normal time

36 67 m1nutes

"Norma] time.per square foot of pane]

- 36.67 minutes
4400 ft°

i

0.0083 minute/ft2

4.6.5 Pane] Assemb]y Tlmes \
‘ Tlme requlred for assemb]y of the skins and the core
nater1als is- cr1t1ca] as" the assembly work is performed manually, |

Tb determlne the standard time MTM (Metbods-T1me-
Heasurenent) technique has been used in. this study Tnd supp]emented

I
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with estimated time for non-standard operations. -

MTM is aASystem Of'predetennined”time values whith analyzes

. any manual. operatlon 1nto the basic motions requ1red to perform

the . operat1on and ass1qns a time va]ue to each mot1on wh1ch is
determ1ned by the nature of the mot1on and the cond1t1ons under

' wh1ch it is performed [21]. : |

| The standard t1me va]ues, however prov1de est1mates for(
‘the work t1me on]y. To detérmlne total cycle t1me for a job rest
t1me de]ay allowances, and a]]owance for persona] t1me are added
to the standard work time []4]

Breakdown of the t1me requ1red for the pane] assemb]y 1s ?

alven be]ow

1. ‘Walk to the control sw1tch to operate suction cup mechan1sm -

(averaqe walk1na d1stance 10 feet) = .0568 min.
2. 'bReach the contro] switch = 14.2 MU* -
- = .0085 min.

3. _H01st Iowerlnu time at a speed of 6 feet per m1nute through;’>

%7 6-— .0833 min>

a dlstance of 6 inches,

s

0833 m1n

]

4. Hoist rai¥ing time

5. ’Ho1st travelling time at a speed- of 60 feet per m1nute,

through a dlstance of 20 feet =..3333 min. ,"
116' Hoist ]ower1ng time to re]ease | ‘ é,v
" the sheet B ' ‘= .b833imin.,'
7. .Ho1st rals1ng time after. re]eas1ng
the sheet ’ = .0833 min.

b*; 1T .0006 minute ,.} - _— S
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2.

13.

©

Walk to Styrofoam stacked on paﬁ¥ets' )

(averaqe distance 10 feet)

Reach to pick up Styrofoam board
Grasp Styrofoam :

Walk to the work table with the boards

- of Styrofoam approximately weighing

14.

15.
16.

17.

1 to 9

12 1bs.

Position StYrofoam»bbards'onto the
steel sheet |

Walk to open jig Tock, -

(average distance 25 feet) 

Reach jig ]ock;

Disengage jig lock

Sum of ‘the Un1versa1 Standard t1mes requ1red

uooao min. U
- =-.0568 min. .
=95 MU Y e

= 0057 min.

4 ™MU
= .0024 min.

& -

=*.0568 min.

2 x 48.5 MU

= .0582 min.’

= .142 min.

9.5 MU

= .0057 min.

7.5 ™M -

=.0045 min.
fOr-the'Operatiohs

= .7435 min.
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Number of times operations 1 to 9 performed
Total standard time required for the operations 1to9
| N = 2 x .7435 min.
= 1.4870 min.
Sum of the standard times required for operations 10 to 14
] O = .1799 min.

Number of Styrofoam boards required per 22 feet by

8 feet panel =11
Number of channels . 2 |
R 'Numbér‘of times opefatfbns'10 to 14 performed
; o  =367 .
- Toté]:Univers?lSténdard time requiked for o?eratfbnsllo.po 14
. o -6 x 1799

_ 1.0794 min. .
Sum of the.Unfversai sténdard‘times'reqUired for the operations |
15 to 17 g . = .as2amin.
Number of times the operations 15 to 17 performed
. . ' - 2 :

Total time for the operations 15 to 17

"

2 x .1522 min.

_ = .3084 min.
:Estimated tapping time - = .5 min. -
Total panel .assemblv. time = ].48'.-# 1.0794 -~

‘ - .v ' . . . ) . + ‘ .'~.»': + --92'-:;.:;"‘

s 1: o 2GS, O
! 4%}%&
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4.6.7

121,

3.3708 minutes -

Normal time per square foot'of panel

3.3708 minutes
22 ft x 8 ft

0.0191 minute/ft

Pinch Rolling Times -

Speed , : =~ = 15 ft/minute
Length of paﬁel to be proces'sed per shift - ' L

, ' 2

* Normal time © 550 ft

~ 15 ft/minute

'36.67 minutes ’

_NormaT time per square foot of panel .

- . 36.67 minutes

' 4400 ft°

0.0083 minute/ft?

1]

Painting Times
.-

-Cbnveyor speed - o -6 ft/minute
.Paihting gﬁhs;speed S - 16 ft/minute
~Length of panel to be g@ﬁnted
Bl AL I , PRl . .

_ 8800 ft2 -

16 ft
= 550 ft
_ 550 ft

‘ NOr‘mal time . = me = 97.67 minutes



-
& Y 2.
Normal time per square foot of panef T)
= 2167 minutes . o 4508 minute/ft2
) 4400 fF co o
Table 4.3 0 ;
Summary of Time'Avai]ablé aﬁd )
Time'Required, Based bn Per Squake Foot ) X
b 'of thefSandwich Panel Manhfacturing‘Opérations
Operation Time Available Time Required = Percentage
: 3 in Minutes in Minutes Idle Time
Lock-forming 0.0730 - 0.0156 ¢ -78.63
 PrOfi1ing 0.0730 0.0041 »<:  -94.38
Surficeicleaning - 0.0730 70.0083  88.63
Ro11-coating 0.0730 0.0083 88.63
Panel assembly ~  0.0730 1 0.0191 73.83
Pinch .ro1ling 0.0730 0.0083 - 88.63
Painting | 0.0730 £ 0.0208 L7150

L

4.7  -Thg Plant Layout

following:

1. Styrofoam boards - one month's supply.

& W N

.. Steel coils - two month's sqpp]y.'.

. Fiﬁished prddu¢t - one week's production. -

. Office spébé’- within»the same building.

) S : N ) . \ |
The designed plant layout provides storage space for the
Lo ] L . S -



N

5. Two work- 1n-process storage areas for temporary stdrage of steel

sheets and Styrofoam‘bgards o : | o
. The. pla;t layout has been de51gned with reSpect to the
) : ¢ . .

fo]]owwno s

LAt

- 1. Mater1a1 f]ow in a straight I1ne till 1nter re]ated processes end.
2. Autamation where econom1ca11y feas1b1e

- 3. Econom1ca] use of space for -the equ1pment Iayout

‘ivd, Personne] safety-

4.2). o e

The manufactur1nq fac1]1ty w1]1 be located on a one acre Tot.

Total bu1ld1ng area is ?5 250 square feet, 1nc]ud1ng 1]75
square feet for the off1ces and 6075 square feet of area for the
lndoor storage of the f1n1shed product An open area of 18, 310
square: feet, 1nclud1ng 2400 square feet of pav1ng is left for

park1ng, sh1pp1n? and future expans1on
N .\Q_;_: .

Ty

The overa]] minrimum lenqth and Hldth of the~]ot #equ1red

' 1s 2?% feet by 150 feet respectlver

The equ1pment Tayout is des1qned in acc»rdance u1th the

| f]ow process charts deve]oped in section 4.2.2 (figures 4. 1 and

Ao

-
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4. Estlmated life of the 1nvestment 5 years.

"equlpment Sl "'\ S

CHAPTER V

ECOMHIC STUDY OF THE SANDHICH PANEL
HANUFACTURING FACILITY - —

To determme the manufacturmg cost of the desmned sand- _

vnch panel. the "Annua] Equwa]ent Cost" method is applied m- this

’ study

5.1 . The Panel Hanufacturmg Cost

The manufacturmg cost of ‘the pane] is determmed on. the

 basis of the following assunptlons

»l; Annua] productlon' 1,100,000 square feet of the pane] area to

" meet requlrements of 500 homes (125 quadrup]ex umts) per year o
‘"(reference Appendix C) o
2. 250 working days per year.

3 Acceptab]e mmmun rate of return on the mvestment after :

‘taxes (HARR) .

.

S\

- 5. Stramht ]me method of deprecuj:lon for the buﬂdmo and

- ,~J

6. Camta] structure ]00% eq;gltx caplta]

7. Rate of mcune taxes: 501:{ e

The panel manufacturmg cost cons1sts of the cap1 tal costs,

-dlrect materla] costs, dlreﬁt labour costs and factory overhead

R
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5.1.1 lCab%taT Costs N
ﬁ The eapital costs are the.sum of the fo]Towing costs.
‘1. Cost of the land.
‘Cbst of the buildina
Cost of the plant and equ1pment

.. Startup costs.

N AWM

Working cap1ta}.costs:

5.1.1.1  The Land .
The manufactur1ng fac111ty needs a bu1]d1ng area
of 25 250 square feet (figure 4. 15) ‘and 8500 square feet

of open area for park1ng, and pavement for sh1pp1ng

Land area taken 1 acre

43,560 square feet

Cost of ‘the land $10,000

~

5.1.1.2  The Building

Total building area.

25,250 square'feet

Cost of the building at

$10 per sauare foot = $252,500
Cost of ‘paving at $2 per square
- feet (2400 ft?) = $4.,800

Total o . $257,300
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5.1.1.3  The Plant and Equipment

Table 5.1 1ists the eouipmentvrequired for the
sandwich panel manufacturing faci]ity; inc]udinoﬁlife,
- estimated sa]vaqe in year 5, ‘thevannua] estimated cost of
maintenance and annual depreciation (ca]culated on a -
straight 1ine bas1s) | ‘ »
Total cost of p]ant and'equipment | = $174,780
Estimated saivage falue in the year S = *79,035‘
5.1.1.4 Startup Costs

The startup costs 1nclude the transportat1on,
1nsta11at1on and test1ng of the equ1pment pr1or to the
regular production starts. The startup costs are estimated
at 10% of the total plant and equ1pment cost and cap1ta11zed
for the purpose of the economic study The startup costs
are deprec1ated over the 1ife span of the 1nvestment
by’ the same method as the equ1pment
! $16,500

3,300

Est1mated startup costs

@Annua] equ1va]ent deprec1ationd_
5.1.1.5 Norkino.CapitaI'

| '. - By def1n1t1on work1ng cap1ta1 is the d1fference

'between the current assets and the current ]1ab1]1t1es

,The work1ng capital turns over contInually and the sa]vage

vva]ue for the purpose of the econom1c study equa]s the initial -

value.
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v

‘Calcu]ations for the working cap{tai are based_onb
a turn around period of two months. The two ‘months period -
is. chosen on the basis of ‘the information reteived from
the Centra] Mortgage and Hou51nq Corporat1on ~ According
to the information after submitting the report, of
comp]et1on and inspect1on of homes. to the Central Mortgage
and Hou51ng Corporat1on normally in a couplevof weeks time
payment ts received ‘To arrive at‘the'current assets
va]ue a se1]1ng pr1ce of S] 20 per square foot. of pane] is
. assumed The selling pr1ce 1nc1udes»the Minimum Attractlve
- Rate of Return (MARR) on the 1nvestment in the pane]

-manufactur1ng fac1]1ty.

vffCurrent Assets
' - ]."AccountS-receivab1e (60 days outstanding),'equivalent
to two months (42 workinq days) sales Sr‘prOduction

5 vo]ume, at $1.20 per square foot of pane] (184 880 square

T

~ foot) i
“ = § 227,760

é; Inventories | ‘ ' |

 Finished product one week's i.e. 5 work1ng days product1on‘
| = (22,000 square feet of the panel) X ($] 00 per square L
foot manufacturlng cost)

= $ 22,000




Raw Material: ; _f | o
Two months steel supp]y at $.15 per pound (30 gauge steel
weighing 0.5 lbs/square foot) (8800 square foot per day
requ1remeﬂ¢) x (42-working days: at 21 daysper month)

8800 ft2 x .5 1bs (ft? x $.15/1b

X 42 days)

327 720

One month Styrofoam supply .

(21 worklng days) x (2- ]/2 1nches thlck 4400 square foot

per day requ1rement) x ($.75 per board foot)

(21 days) X (2 51in x 4400 ft /day) X ($ 15/1n/ft )

- $34, 650

One month paint supply

(21 days)x(8800 square feet surface to be palnted)
x ($.05/¢t2) |

[}

21 “days x 8800 ft /day x S 05/ft
$9, 240

"One month packaging material = . ' N

f:(ZI days) x (4400 square feet pahe1 area per day) X

($. 0]8 per square foot of panel area)

21 days X 4400 ft /day X $ 018/ft = $1,663

;Tota] raw material inventory

= $27,720 + $34,650 + $9,240 + $1,663 = $73,273 .

*

From Sections 5.1.2.3

132,
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Tota]'inventory | = $73,273 + $22,000
| | =$93,273

30 days sales tax at 12% . .='526;611

-Total current assets 4 . B = $343,644

Current I1ab1]1t1es

'Accounts.Payab]e Outstanding

- One month's purchaéq; (excluding steel)

i}

$34,650 + $9,240 +$1,663

$45,553
343,644 - 45,553

Working capita]

- say

$298,091

$300,000
 Table 5.2 11sts the sunnwry of the cap1ta1 costs, the
sa]vage va]ues of the assets and annual ma1ntenance costs

with respect to the land, building and equ1pment.
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Table 5.2

Summary of the CapIta] Costs, the Salvage

- Values and the Annua] Malntenance Costs

o

‘Assets : Cap1ta] Cost Sa]vage‘Va1ue ' Anhua]
R in'$ - in Year Five -  Maintenance
— : - ' . Costs
land - 10,000 10,000 500
Building 257,300 205,880 2,000
Manufacturfng ’ :

Equipment ' 164,780 - 77,085 8,290
Office equiﬁhent _ o : ; ; o
and furniture 10,000 \ 2,000 ' 500

_Workina Capital 300,000 ' _ 300,000 o
_Startup Costs. 16,500 0 } 0
» . ‘- ' . . \ .

S ' : _ L

-Total : $758,580 : ;5594,925 : $11,290

5.1.2 Operating Costs
4
The .operating costs include the fb110w1ng costs

1. Direct mater1a] costs ’

2.' Direct labour costs

3. Packag1ng costs -,

4. Factory overhead costs‘ including superv1sor s sa]any, ‘

ut1]1t1es, lnspectlon selllng, adm1n15trat1ve, lnsurance and

' property taxes.



135.
5.1.2.1 D1reqt Mater1a1 Cost
- Direct mater1a] cost 1nc1udes the cost of the - !
mater1a1 consumed in the sandw1ch panel manufactur1ng Fbr
the designed pane] direct materva]s are:
‘]. _30 gauge steel sheet: $k1ns,
2. J2-1/2-inches thick Styfbfoam S.I.; and
3. XLC 7375 (3M product) water base adhesive.
a Cost of. stée]-Sheet per squaré foot of panel area L

2 x 1 ft2 x .5 1b/ft2 x $0.15/1b.

$0 15

-

Cost of Styrofoam per square foot of panel area

2- 1/2 in. x 1 ft X $ 15 per board’ ft

2.5 board ft x $.15 per board ft.
\\ay\,k

$.375 : . S

Cost of thé'adhesive per‘squére foot of panel area (based

. - ona 2.5 to 3'mgs. per-square'foot of bond.area)'
='$.04
Total direct mater1a1 cost per square foot of the pane]

_area

$0.15 + $0.3750 + $0.04

$0.565 | v

o | Vg g
Direct material cost per year = $O;5657ft2 X 1,100§QOO-ftﬁh
= $621,500 v I

* TbsardFeet = 1in. x 1 ft. x 1 ft. .0
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5.1.2.2° Direct Labour Costs
Tab]e 5.3 1lsts the manpower requirement a]ong

w1th the respect1ve hour]y wage rate for the sandw1ch pane]f
manufactur1ng fac1]1ty g%
The tradesmen work*under the supervtsion of a, supervfsor
who. ass1qns and 1nSpects the1r work The wage rates repre-
sent we1ahted average rates [16] preva1]1nq in Alberta in

the year 1973.
- At hour]y tota] wages of $33 14 |

D1rect Iabour payro1l per year : S

}33,14 x 8 hours/day x 250 days/year
$ 66,280 |

Fr1nge benef1ts (1nc1ud1ng pens1on p]an and hea]th

1nsurance contr1but1ons)

30% of payro11 - . o .

]

$. 30 x 66,280 = $19, 884 '

: Tota] d1rect labour costs per year = $86,164

» 5.1.2.3 Packaging Costs
.Cost of an 8 feet x 8 feet woodeh'pa]let =.$30 each.
- Quantity of pallets required (based on a unit load -f

2’

’ 4,pOO.Ibs per. pé]]ét)vper'year

~ 1,100,000 £t2.x i .5 lha/ftz
- ~ 4000 1 S -

4125
420

Say
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/ Assumlng returnable pa]lets and 1n1t1a] prov1s1on for one
month requ1rement,

Pallet 1nven§ory 420/12 = 35

S .
: Cost of the pallets at $30 each $30 x 35 = $] 050 ,
_ Polyethelene Cover1ng Mater1a] Cost
| ’.f‘ - Annual requ1rement 125% x 1,100,000 ftz‘ -
| ' C o= a75000 f£2

_ Cost of ﬁo]yethelene Sheet per-Year .

1 375 000 ft x $. 0125/ft

n

$17, 200

.’
1

" Plastic Straps: = ' , |
Annua] requirement (approXimately.SO feet per unié\]oad
, ‘ 2° 2
]00 ft X 1‘]00‘090 fte x 1.5 1bs/ft

4000

52,soo'f£

‘say . 55,000 ft - g

"Annual gost (approxlmately $30/]000 ft)

'$30 x 55 000/1000

¥

$1, 650

Totéi anral cost of the packag1n3/mater1a1

519 900 {
. "/Cost of'backaoing per square foot of the panel area

2 1V s ) »
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5.1.2.4  Factory Overhead Costs |
| fhe .overhead costs include salary of_the |
supervisor, coSi of equipment mafntenance; power and
:;utllltIes adm1nlstratlon, se]]1ng. fringe benef1§\\to the
'staff, jnsurance and property taxes.
ISuperv1sor 3 salary
The supervisor ls responSible for preduction p]ahhing,
.’ass1qn1nq and lnspecting the work of the personne] 11sted
. in tab]e 5. 3.
‘ ,Superv1$or s salary $l450'per month
Annual cost = 31450 X 12 = $17, 400
Fringe benefits = $17,400 x 30% - $5,220
| | - $22,620
= $11,200

Tbta] H P required for equlpment operation

3

fl

37.5  say 40

40°H.P. x 786 KH/H P.
29.88 W |

'A ‘Pouer requ1red “for the drylng ovens
: ?ouer‘requ'*f for the bu11d1ng ]1ght1nq K
K =B
r Pouer required fbr the building heatlno
QB Tbta] area reuulred to be heated (based on 10 000 degree

-
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days below 65°F for Edmonton area).
Ba51c fOrmu]a for the heat loss: by transm1551on through any

' surface is given below.

Hy = AUE; - t)  B.T.U./hr

z
>
13
-3
(1
o
[}

t = Heat Toss due to transmission

!

« U = Heat loss coefficient BTU/hr/ft2/°F temp

~difference = .1 fpr the insulated building

p- 3
n

‘ area of the wa]]s, f]oor, roof and other
exposed surfaces

2 x 16 ft x 150 ft + 2 X 16 ft x 175 ft

.

A 150 ft x 175 ft (for the des1qned bu1ld1ng
: for pane] manufacthr1ng fac1]1ty)

= 36 650 square feet

» v”t..

;= inside temperature to be maintained

to = outside temperature

Yearly heat Toad = 36,650 ftz’x a1 x 10 000 BTU

J; 3 665 x 10 B.T.U.

Average hour]y heatlng load

_ 3665 x 10% B.7.0. fyear .
250 x'8 hour/year LR

18,325 BTU/hr S

) ' Fiay
: Assuming building ‘heating in" working hours only.




" Total
18,325 + 1832

- = 20,157 B T U/hour

‘;’20,157’x 778
33000 x 60

o

6‘KN- :

';

e.'Tota1 nower requ1red

29.84 + 48 + 25 + 6

108.84

'say ) 110 KW

Month]y power consumpt1on =

]8 480 KNH

heating Toad per hoUr,,

- 141.

: ProvidinQ'a 102 allowance for inte}mittent heating [17]

x .746 KW

170 x 8 x 21 KWH -

ik } Cost of e]ectr1c1ty at $0. 0125/KHH per month

ol

$23]

~'Il.

Annua] cost of e]ectr1c1ty

o 'k_ Annualw;ost of ‘water at 525 per month

"_/' e:» : Tota1 power and water costs'

. A-'“/"
')", 4

Emf@dministration ‘Costs:

PR

P General Manager's salary
& Secretary (stenographer)-

Reeeptionist salary

Account1nq clerk or sen1or

= Bookkeeper sa]ary

o

18 480 KNH x 0. 0]25/KHH

5231 X. 12

$2,772 |
$300

1)
]

$25 x 12

$3,072 -

. $24,000 per year
- $ 6,000 per year
~ $ 5,000 per year.

$ 6,684 ber year



vJahjtors (two part time 4 hours ~$ 4,840 per year _,
" a day) at $2.42 per hour per "
"+ janitor

Total .‘"‘546,524 per.year _

'Fr1nge benefIts at 30% of 46 524 '$13,95 957 o

460, 481

Tota1

'Se]]ﬁnq tosts‘

R
o

] Sales ‘Manager sa]ary and benef1ts ; 'SZ0,000'per year ..

'Miscellaneous or unforseen o : _g;;
costs at $10 per day C ' qf'3 2,500 per year

_Insurance Costs:

Fire and'acC1dent at T'S%'of - T
building and equ:pment costs S 65506 ) ?‘i ‘ .:‘: v,ﬂ
' Property taxes , ' | j |

'Property.xax 54 m11]s of assessed va]ue of the property ¢

,'EStimatee phopekty taxes

18, 622 |

10% of the annual equ1va1ent qross est1mated

- Business tax-
rent

$.15/Ft2 x 26,500 ft2

]

=1$3975

* Infonmatlon obtalned from Clty of Edmonton F1nance Department |

** Subject to changes ' : :

@ 1 mill = $1 per $1,000
K - : ] & ‘ "‘.
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—

Total taxes = $12,597
- say | = $12,600,  o : o g

Total factory overhead costs

22,620 + 11,290 + 3,072 + 60,481 +,20.000

+2, ,500 + 6,500 + 12,600

$139 063

\ .'_

‘Total.operating costs per year

Direct material costs + Direct labour costs’
+ Packagfng material costs +. Factory
overhead costs

$621 500 + sse 164 + $19, 900 + $139 063

$866, 527

say = $870,000'
- \ | | ‘ .
5.2 ﬁevenue Requirements

The Annua] Equ1va1ent Costs (A E.C. ) or Revenue Requ1rements

~is the sum of the -After-Tax Cash F]ow Requ1rements (ATCFR), Income
Taxes and Annua] 0perat1ng Costs

: Revenue Requirement (Annua] Equ1va1ent Costs)
= ATCFR + I.T. + Operating Costs

where: | |

I.T.

Income Taxes  «

ey _ o AfCFR 'First“Cost‘+ Return on investment - Salvage

B Value - _
20% .. X 20%

F1rst Cost (a/p) - Salvage Value (a/f)



'where

s o : o © 144,

(gptal First Costs = $758,580 (from Table 5.2)
Total Salvage Values = $594,925 (from Ta51ev5.2) |
'(a/D)ZO% = Annual equivalent of presént sum (p) at 20%
interest rate and 5 years ]Ife of investment = 33438
(a/f)20% AnnuaI equivalent of future sum (f) at 1nterest
rate of 20% and 5 years 11fe of 1nvestment ]3438 '
' ATCFR

-758, 580 X 33438 - 594 925 13438
253 654 - 79 946

$173;708
Incomé Taxes:

= 6(ATCFR - AEDE)

where: . s - B
¢ = Income Tax Fac@of PR ' ‘ \\
=t (- 29719.
-t ' ~ 7 L
t = Income Tax rate = 50% = 0.50
rd = Débt Capital'ratio =0 s

-ds
fl

d Intérest.on debt capital’

. wde
"

Interest on composite capital = 20%

c
A S - RURORE 2T
AEDE =

Annuat Equ1va]ent Deprec1at1on Expenses

$19, 138 (from TabIe 5. 1)

' * - See Intereét.TabTes page 604 [20].
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o
V..o

1173,708,5549,138)
3%54,570/year |

IT

e

Operating Costs | ,
= $870,000/year (from 5.1.2)

Re&enue Requirements or AEC

173,708 + ]54 570 + 870 000
$1,198, 278

5.3 The SeTling Price of the Panel

Revenue Requirements = Revenue from sales

Annua] productlon (annua] siﬂes vo]ume) in sq'
. feet of the panel area x selling pr1ce per square

' foot

1 mo 000 ft2 X senmq pmce/ £42

or ' _Se]]ing price/ft - ‘$1 .]98.278 fr2

u*

$1.09 _ _
Se]]1nq price 51 .09 per couare foot of the sandw1ch pane]

1ncludes the cost of manufactur1ng and se]11ng the panel with atﬁf@ |

fafter.tax return of 20% on the 1nvestnent It does not 1nc1ude

-\cost of transportatIon erect1on and hardware v



CONCLUSIONf

The purpose of thls study was to deve]op a system to provide

low cost homes within the 1ncome of the Tow- t&%ﬁ§d1um fam11y

‘ "To ach1eve the purpose feas%b111ty of subst1tut1on of pre- |
fanlshed sandwich panels for convenﬁhona] bu11d1ng mater1a] was
studied The feas1b1]1ty study 1nc1udes the propert1es of the chosen
materla] for the sandw1ch panel and des1qn of an economical manu- |
.facturvnq facility for the sandw1ch panel manufactur1ng
| - The sandwich panel égg%factur1ng facility can meet the
annua]‘demand of more than 500 homes The Sandw1ch pane1 product1on
'_ can be doub]ed w1thout 1ncurr1ng any cap1ta1 expend1ture on one |
shift operat10n ba51s and can be ralsed to four t1mes by 0perat1ng

the p]ant in- two shifts wlth m1nor changes .- Therefore manufactur1ng

cost of sandwich. panel can be conSIderably reduced by increasing

© the product1on vo]ume

Besides the cost of the sandwich pane] other costs such as
transportation, erection, cost of hardware w1r1ng, p]umb1ng and
ut1]1t1es need to. be determ1ned for arr1v1ng at the overall cost
of homes under the des1qned svstem - O ‘_

» | quure 5.1 shows the pr1ce indexes variation for the

N period ]969 1973 w1th respect to Iumber and Tumber products wa]]
board and 1nSu]at10n steel sheet, and(po1ystyrene p]ast1c foam

| (data taken from cata]ogue No. 62- 002, pr1ces and pr1ce indexes

.Statlst1cs Canada, The 1ncreases in the prices of ]umber and

146.
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V

subst1tut10n of sandw1ch pane]s seems to be m-fgnprospective‘now
‘as compared with the past.
| The manufactur1%‘/c05t of $1.09 per square: foot of the
sandwich panel designed. 1n'th1s study compares favourab]y with the
?manufactur1ng cost of $1. 25 per squarb foot of pref1n15hed sandwich
pane] using the same sk1ns mater1a1 and po]yurathane foam as the
~ core mater1a1 [3]. e

"~ Adding to the manufacturlng cost, the costs of transportat1on
‘and erection ($0.38 per square foot of the pane] [3]),nges the
‘_1nstalled cost of 31.47 per square foot of the sandwlch pane]~
cbnstruction This _compares favourab]y with the 1nsta11ed cost of
$1.85 per square foot of on-s1te construct1on. - . ;f/ |

.~ The above compar1son shows that the rising costs of the
convent1ona1 on- s1te constructlon with uood as a maJor construct1on,_

: mater1a1 can be offset by factory manufactured sandwich pane]s,

us1ng stee] sheet as the Sklns and Styrofoam as the core mater1a]s.
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» . APPENDIX A n
- CALCULATIONS FOR THE STRUCTURE
OF THE MULTIPLE DWELLING SYSTEM

The calculatIOns are based on a- four- p]ex unit with basic .

floor plan of 32 feet x. 12 feet (384.square feet) per floor per
dwe]l1ng init of two - stor1es ) '

| _ Roof Loads

10 pead Toad of roof | o
' Weight of“&bof pane]s : " 2625 1bs/unit
fes0t x 350) C.
Weight of r@ftefs - . 1146 Tbs/unit’
(26 pcs., q2;x6"_x 16.5 ft) - s -

. Total - 3771 1bs/unit

'],2 | . Snow loads

< v
9

R ’ *
- S —.Cs-g

where s = desiqn srow Toad in psf

9 _AQFOU::/}ﬁS;Aibad»in’pgf ‘
. e 2},0 for Edmonton :

"

[

.Cs_=-snow Toad coefficient B
. . ¢
= (.8 - 25530
= (.8 = Bz 30" _ g 5y
** Page 616 [18] g o o

151
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]02x27psf—2754psf ‘ N
'fbtal snow load = 27.54 psf x 50 feet x 35 feet
& . = 48,200 1bs.
If the roofs are exposed to the wind, the value of the

ki«

Snow ]oad coeffiment is reduced by 25%, that is the effectlve snow

1oad v
= .75 x 48,200 Tbs
= 36,150 1bs.
1.3 - Wind loads K
: P % 1 Ce Cg Cp .
where  p = designed wind pressure in psf-

q = hourly wi‘n& prj_e'sdsure inpsf O e
= 10.7 psf for Ednonfon,i |

Ce = exposure factor

‘e
<10 o
| : Ca- = qust effect factor
=25
IR ?'extem‘a‘] pressure coe'f‘fi'cie?nt' _
e s 7 v | | “
h'.p.=]07psfx10x25x07
=187psf
p'=18.7x 45 | |

- 8.415 psf



'roof

Total wind loadﬂbn the roof»

8.415 psf x. 50 ft x 17. §‘feet -

7363 1bs

TotaW snow and wind load on the roof

vll

36 150 1bs + 7363 Ibs
43, 513 Tbs

_Des1gned 1oad on the roof is the max1mum of the snow load

w1thout cons1der1ng the effect of w1nd and cons1der1ng w1nd effect ‘

&
that is 48v200 Tbs .

1.4 -Total ]oad on the roof

"

Dead ]oad + Max1mum of the snow or snow p]us w1nd ]oad

3, 77 + 48, 200
52,000 1bs

R

Roof load per runnwng foot = 5539925%95- 1530 ]b/ft.

1.5 Design of" beam cross- sect1on

LﬁTota]‘roof Toad ‘is supported by f1ve beams , React1on or

10ad on each beam can be ca1cu]ated from per 11near foot . 1oad on the

o

W = 1530 1b/ft

React1on on a support depends on the tota] number bf supports

and the support Aumber. from Ieft or r1ght
o .

o o 17 15 :
R_2 Eg-wz + ?ﬁ'”‘



where: :
ner 17

28 represents the load factor on the Teft s1de

support R2 (between two consecut1ve supports) and

Lk
15

'support-R2 (between two consecutive supports).

- 154,

E{ the

V?§- represents the load factor on the right side of the

s

4 140 1b- ft

49,680 Tb-in -

125 x 230 1b/ft x (12 ft)2

* See [19] -

o A7 415y |
Thus R, c—-jgrfo x 1530 1b/ft x 8 ft -
32, S .
Ry = > x 8 xv1530 = 14,000 .
Ry = (513 8 X 1530 = 11,365 Tbs.
Ry = (1530 x 34 - 2R, - R )/2
1 2 -
-
; = (52 020 - 2 x 14,000 - 11,365)/2 |
. . =63301bs.
' 1.5.7 Top centr {R,) A )
) b W= 11365750 = 230 b8t
e R e e 12! .3J2ﬂff"]ﬁkf"r
Max1mum Bending Moment - ’
o 2
Mmax = 125 wa



Required sectiom modulus for the steel beam
Mmax _ 49,680 1b-in
Allowable stress\ 16000 Tb/in

3.1_1n3'

Required section modulus~for the wooden beam

3 .

= 42880 1b-1n - 45, 4,
1500 1b/in? | :

154, a.
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“Section of possible algernatives:
- Steel beam§ Light WF junior beams.*
S, = 3.5, weight 5.5 1b/ft, depth 7 in, flange width

2.078 in. and flange thickness .180 in.

- L *% . _ . 3
~Douglas fir beam; 4" x 8" Sx = 33.98 inY,

weight .= 7.5 1bs per linear foot.

Max imum deflectiqh (Allowable deflection = £/240)
Steel beam: _ i
5L 5wl &

384 x E x»Ix

(5 X230 Mb/ftx 12 frx (a4 imd
384 x 30 X1106 1b/in? x 12.1 in® v o

= .31n.

‘yﬁmaximum allowable deflection

o :£§6,=’144 in, e

Jo o ' , v ‘

++'Calculated value is within allowable 1imits
4" x 8"-Douglas fir beamf ' |

_ 5 x 230 1b/ft x 12 ft x (144 in)3 . -

i
384 x 1,760,000 1b/in° x 127.44 in®

v . .48‘in. |
- v whjch;i$‘1es$ than .6 in a]]owab]eumaximumﬁdef}éctibn.
 Steel beam: |
wéiqht>:'5.5 1b/ft x 50 ft =275 1bs.

 Cost =275 Tbs x $0.20/Tb. = $55

-

“*. Ppage 73 [18]
** “Page 82 [18]



1.5.2

< © 156.

- Wooden beam:

Weight = 7.5 13}35 x 50 ft = 375 1bs.
Cost = ﬂgg-FBM x $ 36/ B |
| ¢
= $48 '

Chosen materiai:

4

Douglas fir beam_4" x 8" Section 50 ft. long.
IntermediatevBeams‘(Rz)

W =.14,000 1b/50 ft = 280 1b/ft -

$. i

' ) T= ] :
~1— 12— 12! = 12— 12— e
. ’ I ) ' . ) ) .
¥ _ . 2
Mrax = +125 W2 | |
=125 x 280 b/ft x (12 ft)2 B
= 5040 Tb-ft | )
= 60,480 1b-in AR S

'Required section modulus for‘WoOdéﬁ{beam
Moax 60‘4éov]b-fh ‘3
= : = 22 5— = 40.32 in
A]]owab]e stress v 150051b/in ' o

v'Sect1s? modu]us of 4"‘"’105 beam

S = 54.52 inS T

X . R N
MaximUm deflection B c .

_Wed 5 x 280 x 12 x (144)3
384XEXI, 384 x 1,760,000 x 258.99

1]

.2865 in.



157.
~ Allowable msxwmum deflectlon ’1”4; 1#4,;' 615 ,s}[
?IQ:. 280 T+ ‘ ”‘

L

,hence des1gned section 1s safe

(o

N

'"e‘ght 9.6 Tb/Ft x 50 Ft ' 480 1q¢ e

Cost - il%yﬁﬂmmx$%NWW4kﬁﬂ@‘ﬁ£

].5;3.' 'ExteriorfwaTl'ﬁpper béaﬁs.(R1)\
R o S T
o SR ARV
. : _ 'Nvf_6330v1b/50fft‘=-13Q'1b[ft~;xf' N -
Se ‘ —
T | - 5
i ne LN mel EAER e PYJS 408 L e R antl

Muax

1}

125 x 130 1b/ft x (12 ft)2 |

2,340 Th- ft
- . 28, 080 Tb-in -

[Requ1red sect1on modu]us for wooden beam 3 o

: Mmax B 28080 1b- 1n

A]]owab]e stress 1500 ]b/jn

=19 1n3.
s Section modu Tus ofv3" x 8" beam .
S, = 24.60 in® |
. Hax1mum deflectlon '
 .$a= 5 x H X 23
384 x E x I

_5x130 x 12 x (144)3 -
384 x 1,760,000 x 92.28 *.

.3734 in.

i}

f\ . “.~ k ' »./‘-. %



1.6
1.6.1

—.—H‘lf’

Maximum a]]pwab]g deflection = 220 - 745 -

2 1

Hence designed section is safe.

Weig

Cost

Centre load bearing studs

ht =

5.7 ]b/ft x 50 ft;= 285 Tbs.

3 x 8 x 50

W—T?——FBMX$36FBM $

Design of Stud Cross-section

(230 + 7. 5)1b/ft

+ 237.5 ]b/ft

44 in

.6 in

.

36.00

158.

Ry

T

| IR
Rs

S PYN
R2 ,

MaximUm'reaction will be at the support R,

]

'u

R, _v_(llfgﬁ?)fx 12 x 237.5 1bs

ggginZ x 237.5 Tbs -

3260 1bs

Requ1red area of cross- sectlon for steel column

:A.; _

R

2

3260 1bs

2037 1n

LA .

2

Al]owab]e stress'

2

-TRegupred moméht of inertla

safety factor

T """1?"“"‘
noxiwtox ‘
'.wgere,xn = 4 for both ends f1xed E

16,000 1b/in?

T

f’-\A .
»



R '/' ) ’ ’ './ .
o o X «.i
, “ . 159.

i}

3260 1bs x. (252 in)2 x 5
4 x (3 14) X 30 X ]0 Ib/ln

“875 1n

‘FOr

3 in. x- "2 1n rectangu]ar ho]low sect1on with 1875 inch

v,/

wa]l th1ckness (N11k1nson Company Ltd)

e 1.06 1n4 e ~? o o ‘

—
"

1 73 1n2 - g

>.
It

x
[1°]
- )
Q
(o
II

=5, 59 1b/ft X. 105 ft/un1t

L4

587 Tbs/un1t

© Cost = 587 lbs x $ 20 /1b

$117/un1t o > , »

1.6.2 'Intermedia¢e 1oad Béaring studs

RN o : o
W =" (280 + 9.6)1b/ft = 289.6 1bs/ft
R e e S
R R Ry Ry R e
Max1mum reaction will occur at the support R2
Ry = (1125_159 12 x 289. 6
9, = 3970 1bs. | | |
" " Required area of cross-section for steel column
al R . 3970 1bs 248 in2
A= = = .248 in°

\ J:Ajlowable stress ,- 16,000 lb/inz

! ——
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- v

nxm x E

_ 3970 1bs x (228 in)? x 5
4 x (3.18)% x 30 x 108 1bsin?

8721
Chosen section:
3 in x 2 in rectangular hollow seﬁtion with .1875 inch

wall thickness | _

| I =1.06in*

A = 1.73 in

Weight and cost: ‘

‘ '5.59 1b/ft x 190 Ft/unit

Weight =
= 1062 Tbs/unit
Cost = 1062 bs x $.20/1b - //
= $212/unit. 7 v , ) a .
1.6.3  Exterior wall studs

W =130 1b/ft + 5.7 b/ft-= 135.7 -Ib/ft- - - - -

.

N ’ _ { . ) ‘\ .
i I SN YIIN SUINE Moy (E

_. Chosen cross-section: .

Load per feet run is less than that in1.6.1 and 1.6.2
hencé'cross-Section already designed in the above sub-sections

will be safe for the exterior wall studs a]So.'_.



2.1
2.1.

2.1

1

2

161.

we1qht and cost:
Weight = 5.59 Ib/ft X 170 ft/un

COT L 2 950 Tbs/unit

Cost = 950 Tbs/unit x $.20 /1b

= $190/unit. - i

Floor Loads

, *.Second Floor

Dead 16ads
Weight of the f1oor pane1(= 1/2 x 1/12 ft x 32 ft X 12 ft
| x 34 1b/ft3 “
= 544 lbs/dwelling.

Weight of f]oor Joists

2 x 8 x 1175
12 x 12 '
1336 1bs/dwelling

(2" x 8" x 11,75, 32 pes.) = x 32 Tbs/ft3

weiqht of the interior walls

12 ft x 8 ft X 3 x 1 5 ]b/ft

432 ]bs/ft

Weight of carpet for two bedrooms
' = 288 ft% x 4 1bs/sq. .

\

-*1150 1bs/dwe1]1ng

Live Loads

 Live loads f1oor area x 40 ]bs/ft

384 ft2 x 40 1bs/ft

]5 ,360 1bs.

* See page 145 [18] S ', o

&
<9

%

o %y‘k'_

S
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2.1.3

r

. R

‘152,

Total floor loads

544 + 1336 + 432 + 1150 + 15,360

it

18,830 Tbs/dwelling.
Required cross-sectibn for secqnd/fibor‘supporting beams °

Total distributed Toad = 18,830 1bs.

~—— 11'-9"“—';-;22

n

Ry = R, = 18,830/2 = 9415 1bs.

W =_9415/1bs/32 ft = 295 1bs/ft

I 8 : 4

—.__._—,'.-4__-_ ——

'Mmax

. - . 3
Sy = 51.56 in

11.25° 9.375' r*—]].ZS'
R, R, Ry 0 Ry
Maximum bending moment 4

125 We? = 125 x 295 x (11.25)2

4667 1b-ft

Py

56,004 Tb-in

" Required ;;Etjon modulus for wooden beams

M

o Cmax . 56,004
Allowable stress ~ 1500

= 37.33 in3

Doug]as fir. beam 6" x 8"

<

~ Maximum deflection (A110wab1é‘def1ection

= /240 = l%i%éfx 12 = .56 in.)



S - 163.
_ 5wl
384 x EL, ) S
_'5 x 295 1b/ft x 11.25 ft x (11.25 x 12 in.)3
384 x 1,760,000 1b/1n x 193.35

-.3124 in.

wh1ch is’ less than allowable Timit hence sect10n is.

atceptab]e. » j C u{,f-t> e -
E HeIthAénd Cost: ' > ’

Weight = 11.4 Tb/ft x 32 ft x 2 pcs.
= 730 lbs/dwelling -

Cost = SXBX3IZX2 ppy, g 3e/mm
= $92/dwelling

- 5368/uhit.“

& "

2.1.4 . Second floor load beartnq studs._,

H 295 + ]] 4 = 306 4 lbs/ft

_ i’;—_j]_.ZS'ﬁ;—-‘_ .375~~—-{-41.25'——-R1,

R] = TE-HE Tﬁ-x 306.4 ]bs/ft b 8 ]1 25 ft

N .

]380 Tbs.

f ':“

9 :m-x 306.4 ]bs/ftx 11.25 ft+-m-x 3054 ]bs/ft '

=
1]

x 9.375 ft.
= 2068 1bs + 1436 Tbs = 3504 Tbs.

Max imum reaction is at the gﬁpporf Rz

. + . . T ’ . AN
i s 2
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N
\

\\.
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164.

Required area of cross-section for stee] column

_ 350 __ ___ 3504 Tbs

= .22

' Requ1red moment of inertia for stee] co]umn

Allowable stress 16,000 1bs/in2

$Quare inch.

2
[ =Pr28 .S
' E

bibs x (102)2

£(3.14)2 x 30 x 10°

Chosen section:

x

3"

.x‘
A

Weight

1.06 in?
1.73 in2 -

Weight

Cost

2" steel box $ection w1th wall thlckness of 1875 in.

°

and cost:

5. 59 lb/ft X 68 ft/dwe111ng
380 - 1bs/dwe]]1ng
]520 ]bs/unIt

]

1520.1bs.x $£.20/1b

$304/unit -



APPENDIX B.
SPAN CALCULATIONS FOR THE
SANDHICH PANEL HITH VARIOQUS- SKIN MATERIALS

. 1. L | Span. Ca]cu]pti‘oqs e s
1.1 'fLoad W = 40 pst \
. » 'Maxmun def]ectwn e
',-_6;'8}:9.3 . Hp. T
o o v R
where: £ = span in inch s AT
o  EL=stiffness factér i lb/in® L
' c = core th1ckness in 1nch ﬂ -
w o . E<
%,“» 6 = modu]us of ng1d1ty of core in ]bs/in . ' ‘
12 sandwich‘Material: . S
.21 Skins: 'InSide 1/4'{?\ plywood; outside 26 gauge steel
o sheet. T '
'. ’ V } . O N
Lﬂore_' 2 5 m th1ck Stymfoam SI o A -
- b lt’IEZZ)d R T
- El T t t : T _— I
v s T 1t GeR s T )
. where: © -7 b= sdndm&t{ width = 12 inch 7 - '_ e
| E1"= modulus of e]ast1c1ty ’for p]ywood o -
o 512x1061b/1n%* .
Ez = modu]us of e'last1c1ty “for stee] L
=30 x 108 17in? |
= th%ckness 6f p]ywood skm '
. _:0251n »-
L e e 7 -

IR P [
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= thickness of steel skin = .0179 in.

- »

-+
a N
noo

distance between centroids of the skins

2.625 in.

.

6 « .0179) x 6.29

ep = 1201.2 x 10% x .25 530 x 10
®x-.0179.

1.2 x 10% x .26°% 30'x 10

= 16.03 x 108 1p-in

) . ” i
3§§ ET: 85eG. . Co T

. o5xa0x2¥ - g )

! ‘ : 24_ o ',‘12- T

i L2
S 3s9zx 10 BEROD .
For 8= yhy o S

v N .
1-8_0- ' ! ’ F s v

BN

4 - 2 .

A —&EIUU;': L ./;b 7 ﬁ
- C.369.2 x-10° ,8 )5 T80
S R I L T N
. . ‘I e 24 'wla..“ . ‘+ 2'2;4 . 2 ¥ ‘1
T 3692 % 10° 7o Bed00 T 20
2 =102 dn.
. \-. - ‘—. 2.\‘ N v .
e ftme
| S L
D0 369.2 x 10° fﬁszbﬁ' 335 : ,

Cesin. T N\



- 1.2.2 .

For

;For

167.

Skins: Inside 1/4 in. plywood; outside 30 gauge steel sheet.
Core: 2.5 in. thick styrofoam SI.

6 6

'x .25 x 30 x 10% x .0120)6.90
x .25+ 30 x 10° x .0120

12(1.2 x 10
1.2 x 10°

EI =

='13.53 x 106 --

5 x 40 x 24’ -4022

B +
384 x ]2-3'13.53 x 106 8x I2x12x25

‘x 1200

$= 180 |
' 14 . 2 .2'-

‘ ) S :
+ m = TB’O‘ .
3]].73.x'10E _ ; ' ’ ‘ *
2 L L : |

% = 108 in.

°= 20
R AR L
ST + g =
311,73 x 100 86400 LI

2 = 96 in.

5= % l T RO va' .
3173y 10° ] m O

4 . 0
20 . . - . . - N
N [ . RN 18 . o

J

<)A

2 = 84 in.

EY



1.2.3 - Skins:

Core:
- LEI

' - where E]

- ) . i ‘;"» -A;'_
\ A 3. oo
} Max1mum def]ect1on = -ggﬁ_FT' '§E: ‘;y
- 5x ) 24 40 12
LI AT ”22 o .
261.5 x 106 85???/-
T S o
- o .
.,,.. 24 ) 2 :
. 261.5 x 706 33350—' 1?ﬂ5 )

!

LG

Inside 1/4" plywpod; outside .0253 ihch thick

a]uminu@ sheet.

2.5 inch thick Styrofoam ST.

1.2 x 105'1b/in2

10 x 10°% 1b/in?
0.25 in.’

0.0253 in+ "

12 in.  ., \

2.625 in. i

]

168.

) 12(1 2 x 109 x 0. 25 x10.x 108 x 0. 253); 6.89

12 x 105 x 025+ 10%x 106 x .0253.

A

n s‘.as xd‘OG 1b 1n2 .

'\\9\

'l,z' 102 in.



\ﬁ
For
)
For
P
C1.2.4 0
¥ ' \:;
-
{

o v 169.
5= ~ !
T 240
ot )
_ p61.5 x 105 86400 240
. A @ l <
S
2 90 in
(S = 2’ .
360"
' oA . % _ L
261.5 x 106 - 86400." 360
. I
S% = 78 in. :
Skins: Both 26*gaUge steel sheet
Core: 2.5 in. thick styrofoam SI.
‘ . \u 'ﬁj
'EI Ebtd? e -
‘ 2 ‘
E = 30 x@&gs 1b/in2
b 12 in. .- ’ L .
t = .0179 in. . !
| ﬂ 2 5 in. f‘ 5
\: ” 30 xe 105 %12 x 0179 X 5 25 .
- E1 = 3
"’:'29.115 X io§ 1;?>n2 ;?3 |
s . 5xa029% R 2042
| 384 x 12 x 20.11 x 105 8 x 12 x 2 x 2. 5 x 1200
- Ji4 - g8 o
N ) . 6' B ‘.‘
463.33 x 10 86400 J



1.2.8 "‘Sk‘ins_: Both 3h£ géu;_;e steé]'s'heet'\» v

170.

For . cs=gbs o,

v : : o ~
24 L 2 e
463.33 x.10° . ggsop 180 ;

* ,: 2';126‘

For =~ &% S N ' .
. Wi 360 | -

— + - .

463.33 x 106 : v-gﬁ‘q(‘)o_ : 3—6-0_‘ o

c T g eg e

-

{core: 2.5 in,'thicﬁ&ityrofoam 3
PN : :

: O § oL S
. = 30°x 107 x \2 x .012 x 6.2 R -

. =13.48 x 10%1b-in?
4 2.
ANNSEE

86400

‘_S s

_ 310.57 x 10°
u . ) ) 2 . n

‘FOP.. 8. = 1-8—0-

EAN R TR

o o 1‘  ‘ % + — =
4 | o “_3]0}57 x']O 86400 . 180'u

p=108



.
. 86400 180
© 2=9in.

For

6-.

.2t

. 177.
. N4
280 (jﬁf .
22 M ~\'-:.
J tt
310.57 x 10

_ %
86400« 240

2 ~96 in.

+ 22
3
;>310.57 x 10
1.2.6

86400
2 =~ 84 in.

o L

~ 360 ,
Skins: Both .0253 in-thick aluminum sheet. .

‘ ,
, 2
g - Ebtd

==

Core : 2.5 in. thick Styrofoam SI.
3

.10 x 10%x 12 x .0253 x 6.25

="9.48 x.105.

N ‘ .
.

- Sxsoxsety
| ot

\;
| - 40 x 22
e ’/}L

= 6+

: 218.4 x 107~

x 12 x 12 x 2.5 x 1200,
Ll

* 384 x 12 x 9.48 x 10

86400
PR

-
g

L

, g2
: e ¢
218.4 x. 10°




. For 8= e

2.

N
£
(=]

— =
218.4 x 10° gea00 230

= 90 in.

e )
FOF _ | § = 360 |
2'4 + 9‘2 = E' ‘ o
218.4 x 10° 86400 360

= 75 in. SR -

1.3 ‘Load: W = 30 psf
- o P .

Sandwich materiél
1.3.1 Skins- Ihside 1/4 in. p]ywood outside 26 gauge steel sheet
' Core: 2.5 in. th1ck Styrofoam SI. '

6 2

]b-]n

EI = 16.03 x-10
;_‘ - Id .

SO
5o SMLT L wWe

384 EI  8beG . . “ﬂ; o ;£J

. . - .' ‘ 4 : . - 2 ' . . » ‘ ' ‘4. ‘ . -
. o y 2 SRR % e ‘ R

492 .889 X 106 . 115,200 - ¢

“NFOfl ' - G = Tgﬁ“ ‘l w e . " ’ e : u,-‘ 4‘:‘_
e
492.889 x 10° " 115,200 180

= 126 in.



173.

For 5 = 510 .

4 2 :
9« ' +2 =2

492,889 % 10°- 115,200 240

.

S Iy
A
B

: | o
For $ =360

24

492,889 x 10°

=96 in.

1.3.2 , Skins: Inside 1/4 1np1ywod utside 30 gauge steel sheet/)//

: ) . ST . N

{ Core: 2.5 in. thick Styrofoam SI. -

S | 6 o | ) B

.7 - El =13.83x 100 .. . ﬂ

s Y‘A:‘:'-,’ m‘ ] B -
& 4 Y

115,200

s = 2 +

415.5 x 10° °

For 8 ='T%6

O
° 2'4 l-.+, 9'2'- — L

. 415.5 x 10° 115,200 180
o a=1200 S "

For o eegbe
A R

_ —+ : - .
415.5 x 10 115,200 240 - _ &

~

2 = 108 in.

© . . 1}



For

1.3.3

For

R <o

A -
| P o
% R |
6§ = 3-60- z o . vsrg-ﬁ.?.v
©T '.':: 9«4 + 22 - 2. "
T - 2
415.5 x 10 115,200 360

L=93 .

Skins: Inside 1/4 in. plywood; outside .0253 in thick
aluminum sheet. " ’ | |

Core: 2.5 in. thick Styrofoam SI.

11.35 x 10% w-idd

El
5. 5x30x8t 302° |
- 384 x 12 x79.35 x 10° 8 x 12 x 12 x 2.5 x 1200

e

———F+ =
348.7 x 10° 115,200

e _ R
S (-

Y I U
N M gt -4 ' 2
348.7 x 10 ]]5:,200' :

L = 118 in. S e e - R &. :

g e I N

N .A': Ll
. ) B RN "
Pian S ' e

4. T2

2 : R° _p

+

3487 x 10° 115,200 ' 230

=102 in.

s Bl



For .

1.3.4

For -

For

S
= %0
ot . 22 _x
1348.7 x 10° 115,200 360 .

£ =90 in.

- Skins: Bdth-26 gauge‘siee] sheetl CL

Core: 2.5 in. thicﬁ'Styrofoam SI.
/BT = 20.115 x 10% 1b-in2

H 4 e
§ = .2 + 2

61766 x 16° | 115,200

8 = _2'__

80

Pa 92 "2

o & - RS
- 617.66 x 10° 115,200 180

L = f38 in.

e £ .
$ =z

£
¢

4 ' 2 . g

L U S )

% =126 in. ®

o 9
5o L
' ©*360

LR S

24 . 22 I3

‘ = + — =
1 617.66 x 10° 115,200 360

2 = 108 in. BT

. 617.66x-10° 115,200 280\ . .

e,
T
B,
;Ir“" o2 Lt

175.



ERTCeN

R )

S SEeeRt
S

1.3.5

R

- LFor

For

- For

1.3.6 -

S

176..

Skins: Both: 30 gauge steel sheet. .
Core: 2.5 in. thick Styrofoam SI
ET = 13.48 x 10 1p-in?
5§ = .9,4 . 2,2 -
= 6+
. 414.03 x 10° 115,200
5= 180 | ,
, o 2y
412.03 x 10° 115,200 180 o .
Lw=T20l S {
o, e ™\
| o4 )
8414.03'% 10° 115,200 240
2 = 108 in.
: - L
%= 380
ot . 12‘ )
41403 x 10° 115,200 360
L =93 in.
Skins: Both .0253 in thick aluminum sheet:
Core: 2.5 in. thick Styrofoam SM. °
EI = 9.48 x 10% 1b-in.2 ~ i
- 6 + o . ¢
291 x 10° 115,200
‘ . . \

—



" For

Fbr.

For

1.4

1.4.1

ik
- 180

24

2

2

—€ *+
291 x 10° 115,200

2~ 108 in.

"7

4
+

\\\2?

177.

180

2
291 x 1657

% =99 in.

£

0
N

« W

P

22

* 115,200

240

x5,

291 x 10 115,200

2 =84 in.

Load: W.= 20 p.s.f.

Sandwich material:

ET

Skins: gnside 1/4 in. plywood;

360

Outside 26 gauge steel sheet. ;X

5 x 20

X 24

16.03 x 10° 1b-in?

‘Core: 2.5 in. thick styrofoam SI.

ya

o4

L

2

s - - + v
384 x 12 x 16.03 x ]46» 8x 12 x 12 x 2.5 x 1200

., " 739.76 x 10°

~

.
172

800

1

4



} ‘/;// - - 78
: T ' :
For ‘ 6= T80 4 .
ot + 22 S
o 739.16 x 10° 172,800 ‘180
2.~184 in. . . _, -
’ | o | -
. L. . : . L
For § = 330
' '24_ . % o2
739.16 x 10° 172,800 240
. . ' L b -
L = ]32 ;1". C-\
, N :
. For 8 = 3_60_
24 e 22 T
_ N — =
739.16 x10 172,800 360

£ = 120 in.

"1.4.2 Skins: Inside 1/4 in. p]ywood;'outside'3olgauge?steeﬁ

sheet. S -
a . 3 J
Core: 2.5 in. thick Styrofoam sx.(

EI = 13.583 x 10% 1zin ~
: 9,4 + N 2,2 .
623.1 x 10% 172,800 o

For 5= T%ﬁ'i'»' ) . ' .
: v . . ,ffk ,
R L -2
; 6 + B [t
623.1 x 10° 172,800 180 : N

4 2

\.

e~ 1410, :



. ’ :

el

S . ' 4 V2 -
DR T .8 S g

o7 623.1 x 105 ‘172,800 240
Lo 2 =126 in. %

| 6230 x 100 172,800 360
-y 2=108in. -
' 1..4.3 Skms lnswe 1/4 in. plyuood- outSIde .0253 in. thick

a]um num . sheet

Core: 2.5 in. thick Styrofoam SI. BRE

~EI = 11.35 x 108 3p-4n?
Y A 42
6-‘#. 6 + = s .
" 523x 10° 172,800 .

i ., 22 _ ' (/ﬂ
T ” =. . .
523 x'10° 172,800 180
=132 in. |

- 'For . 6 = 2{-'0. | R ' '. < o
S A ;« A
o et
523 x 10 172,800 200

»



=] : . . . ' . ’ ' v ]80-
. . . W - i . .» ) ’ 3
N \ : . RN :
FOF . 6 = m “I I' _ . , , o . ‘
'24 e 12 ) J :
,  s23x10® 172,800 360" .
. : s \
(4108 in. ¢ R
1.4.4 ~ Skins: Both 26 gauge steel sheet.! | - . 1 “
| Core: 2.5 in. thich Styrofoam SI.
EI = 20.11 x 10° 1b-4n? -
: O 22
6\= 6 +
- 926.66 x 10° 172,800
. - c
. . . - 2 N
For § = TEU -
_ 4t . 2 |
926.66 x 10° 172,800 180 - ?
T e =162, |
_For : §d = 240 : | - / | 4
: 2.4' 4 !.2: S
926.66-% 10® 172,800 240 |
2 = 144 in. v
= A ‘ i,
.‘FO;Y‘ o | 6_ -. 360
S AR L )
. 926.66.x 10° 172,800  360-

2 =126 in. .



2 " a ’ ,
7\ | 1
X ; . L X
1.4.5 (> Skins: Both 30 Qauge steel shee:.
"2 A - ,“
N Core: 2.5 in. thick Styrofoam SI. -
o : IR R
EI = 13.48 x 10° 1b24n?
- > R
§ = z
: \ . 621.15 x,10° 172,800
. . } . . ] : A : v , ‘ ‘ 3
For - _L o g
or . § = m . . i «
4 2

L L L

——de

. +. : :
621.15,;@05 172,800 180 ¥

£ =~ 144 in. "

 For $ = »xp
4 2

, ) P S |
~ 3 - T T
- 621.15 x 107 172,800 240

-

2 =126 in.

Fdr' | 6=m . 3 - N .Q‘./.
A L

621.15 x 10% 172,800 360

€
% = 108 in. -

&

"1.4.6  Skins: Both sides .0253 in. thick aluminum sheet.

Core: 2.5 in. thick Styrofoam SI.
: !

EI = 9.48 x 10° 1b-in

8 . s _2 K
172,800

436.8 x 10°

- 181,



For - hEwmy s o e

2. , }Height and Cost Per Square Foot of Panel
2.1 Skins: Inside 1/4 in. plywood A

“lnriy

" .

[ N . . i . . .

. . > s .

. d B . X - N

e T : :

hF g . Ad A .

L~ S .
. . - .

. )

\2._"‘:1" "%« v

' N 9 il

A I
£ . % A

436.8 x 10° 172,800 180

o~ 2=az6in

,For : 6 = m ’

4

+ N

| g
*436.8 x 10°

Q %‘]14 in.

AFO?‘ i 6=m ' ‘1‘

4
6

. g2
v 436.8 »10°

+ = =2
172,800 360

L = 99 in.

Outside 26 gauge steel sheet.

Core: 2.5 in. thick Styrofoam SI..

182.

. 172,800 240 o

~Wefght = 1x 1 x £x Jyx 38 Ibs/cu. foot plywood

o +.75 per square foot steeweeet |

+

o+ 1 x 1 x 585 2.2 1b/cu. foot Styrofoam SI'

%%‘* .75 + .4583 = .7083 + .75 + .4563

1.9166 Ibs/sq. ft. panel



5~

183. .

yw>

»
Cost SO ZOISq foot p]yuood +40.1125 per square foot
_ steel ¥ $0 3750 per square foot styrofoam sI

-

$0 6875 per square foot panel

22 . —Skms . ide 1/4 in. p]ywood
| fax' Outside 30 gauge steel sheet
Core: 2.5 in. thick Styrofoan s1

7083 + .5+ .4583 = 1.67 1bs/sq. foot panel

Weight

Cost 0 20 + 0. 075 + 0.3750 = $0.65/sq. ‘foot panel.

k-

2_.3) Skins: Inside 174 in. plywood - J
~ k Outside..0253 in. aluminum sheet » -

. Core: . Same asabove

7083 + .3671 '+ .4583

Weight =
=1, 53 'Ibs/sq foot panel
Cost = .20 +_.483 + .3750 $1. 06/sq ft. pane]
2.4 ; Skins: Both sides 26 qqgae steel sheet

| Core Same as above |

~ Weight = 1.5+ '4533 1 9583 1bs/sq. ft. panel
;'Cos't 225 +.375 = so 600/sq ft.- panel -

2.5 Sklns Both sides 30 gauqe steel sheet
Core' - Same. as. above
Weight = 1.0 + 4583 = 1.4583 1bs/sq. ft pay N
Cost 150 + 3750 $0. 525/sq ft.pamel °

1
i

¢



Weight

- I3

" Skins: Both ::;idesvah,mjimm sheet

‘.Cor‘i.g;' Same as ab?\é} She

7382 + .4583 = 1.1925 Tbs/sq. ft.
.966 + .375 = $1.341/sq. ft.




Panel area required to .meet anhuaT ioduptien of 500 gome§\

o s based on the basic two. storey quadruplex unjm ﬁﬁth f?oor area of .
768 square feet per floor per home : i ;ff " f{§q
1. Wall System R SR . R
B yl ) . \')} %\f o s q PR o . . ‘/.
1.1 Thirty two feet exterior and party walls yjpji*'*:; IR

Required panel area = [32 ft. x (22 ft + 18 ft)/Z] X

5 walls per unit x 125 units per year “«Ab

.Q‘

32 ft x 20 ft x 525 = 400, 000 square feet per year

B}
-

JIQZ, Twelve feet exterior_nalls, p . >.,,‘3 .

Requ1red panel area = 17 ft X 48—ft X- 2 wa]ls per unit x .

E ]25 units per year ‘ 5 ; a ,
= 204,000 square feet per year R TR ,jﬂ\‘y
’ ) O S e T A
1.3 Interior Walls - . R oy R

=12 ft x 8 ft x 5 wal]s per unit x 125.units per year

Required panel area -

= 60,000 square feet per year
2._ Roof System o Y

ife, :

_Required panel area s
=17.5 ft x 50 ft x 2 3 125 units per year
%\218 750 square feet per year o
Total panel area required. - | o
' -aooooo+204,ooo+soooo+2187so
= 882.750 square feet

185



~186.
: : ‘ ' i, o

- Plus 20% to meet the fluctuation in demand and wastage total

area required. ‘

=.1,059,300 squarq\@et

. A . ‘
Designéd production per year = 1,100,000 square feet



