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De lete "shipping"/substitute "slipping"

-Delete "Necﬁessify"/subsfiTufe'"ﬁecessijy"
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Delete "then"/ substitute W?hgn"

Delete commas :
Delete "foundations"/ substitute "foundation"
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INTRODUCTION

In early times Mans demand for-shelter was very simple. As time progressed . |
~ and numbersgrew he was forced to leave thosé areas of This Earth where living 3
was sufficiently easy that shelter was unimportant, to areas where. satisfactory
shelter became a matter of the continudnce of life itself. ;

~ N

. . ’ - ) B
-The technology of providing satisfactory shelter is the technology of Buildipg, >
Construction. . . - o :

It is the intention of this device To demonstrate the principles of bullding
construction. ° = ' .
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.~ Frank Epp'eI |
Halitak, N.S.
. September 1973.
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The simplest function of a building is to provide shelter. -~ . ™

To provide shelter there must be elements=to enclose space at its most bg;lc
level, these elements are-horizontal and vertical. The horizontat elément- -
above the space is the roof.. This horizontal .element must exclude the:elaments

and carry loads in the formof snow or water as well as its own weight. -The S
self weight of the roof is called a dead ltoad.” . . . T

.

~ The imposed loads due to snow or water or’ any other-.force Iscalled the |ive

load. .

»

/

dead load
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The roof ‘Is a L = ' element. :
i : ) - o . ”
v It must-support (a) tive / (b) dead load. R .o .,
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If you checked (a) turn to page {3) s
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The ‘roof supports a live load. ' @

The déad load.is.that load which includes all the materials forming a roof.

For example a pitched roof might consist of wood ridge board rafters and _‘
ceiling joists, sheathing, roof finish and ceiling. T
. . 4

. ridge board
roof finish

rafter >
sheathing
_ceiling joists

——,ceiling

A flat roof mlghf cons:sf of wood roof JOlsfs boardlng tHit fidlet or.
canf sfgip, roof finish, cell:ng and fascia.

. : 3 -]
f - -

L i ycant strip, o —roof Finish

© e - lboar‘du«l
‘fisc.'a"l\yf — S e e AR
A= - s ——— "HE;///—rObf‘jois?




. . 4
The load bearing mmberﬁ In a w§ fla.f' roof .:iﬁ known as a (a) (rafter)
(b) (joist) (Check one) . v Y . '

I you chegked (a) 'Turn Tolp\aée 6) . .
If you checked (b) Turn to page 5) - )

. <
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* The carryirfg of a load on any member wlll cause it +o move downwards.
. This is known as deflection. . .

>

.
.
.
3 . .
Py - .
.
. . s
.
* 3
—
-
-
v
.
.
.
-
- - v
. ”
*
.
.
. i
®
.
.
. .
<
\
.
i
L]
¥ . '
’
- k4
. .
’
- -
.
.
.
.
.
.
~
L] d .
.
N k4
.
° ’ . e
[y
. 3 . M
. .
O . , . .
. ] .
ERIC - - -
) {
A ’ 1 9’ *
-
¢ B
« . 4
. . .




6
1]
The load bearing‘mehber Is a wood flat roof is known as a'joisf.
- The inclined member is known as a rafter. ' K
<
4 . - -~

T

”

«

Rafters are frequently used in conjunction with i-supporfjkﬁown as a truss.

A truss cbnsisfsﬁof a series of members braced to provide greater support
than s possible with the same materials covering greater spans.

2

’ The truss uses the principle of tri-

angulation, as well as shaqrtening ‘
the effective span of the members ’

N

#The joist Is a simple membe r to' span space. .

N

-

Typical Truss

A\




Movement
Deflection is important in itself, buf so far as practical construction

Is concerned it is just as important 10 consider the effect upon junctions
between similar and dissimilar’'materials caused by movement ..

Moveménf can be produced in many ways other than deflection. For example .
‘a reduction in temperature causes shrinkage, a rise in temperafure, ex-

. paAnsion. A change in humidity produces movement., And loading, be it

/ caused by natural .or artificial means, of course. affects the -dimensional

, stability of structure & materials.,

&
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The size of joists to span a given distance carrying a glven
load Is determinable from tables or by calculation.
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“1t can be seen that the Ioad carrying capacities of wood varles
with species. - .
. .
, In the Maritime provinces the most used Iumber is naturally that .
- produced Iocally that 15.}Eas1'ern Spruce, and White Pine.
. Cd
- Most other species can be obtained, but are more expensive. _In
articularpDouglas Fir is-a preferred alternative for longer spans
. . ?
as local lumber suffers from limitation uw available sizes:
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The effective span is the distance between supports, and not the actual
length of the member., )

s fhe ends of the joiéfs are supported at what is known as the bearing.
The Learing must not be less than 2", and preferably more. :

’

4t effectlve span — S
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The effective span (is) (is nof) the actual length of a joist.
a. is . \ ’ o .
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It you checked a. tufn to page 9

’If you checked b.- turn to page I3
I ) .

b
N ’
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The area of jolst support Is known as the. . .
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Jolists as well as 'deflecting with ’rhe Irrposlﬂon of load also have -a
tendency to overturn. . ) [ S
causes an apparen’r mcrease indeflection and resulfs In
To counteXact ’rhas effec’r members known as bridging are inserted be’rween
The Jjoists\y .
. \ . . $ .
' ., \,Brlidging may be diagonal or sollig. . L ) ) R

i —————y, ¢ ", B '
v ol - e . IS \
. L N
< —Joist- |
_— /e

‘. R ° ¢ “’ : ) '
. J: /. _
v | . R dlagonal bridging 2" X 2"
. \ " ) -‘ N . a
A ,
L - ! v .-—:...: i
’ / . — e .¢¢...., . T ! B 7 .
: - \—solid bridging - -

! . .- <« [(staggered)
S - S - ' - 1s 'reéufr'ed'-T’b“cc'?yn’rer"ac'fr_buckling
b) The two "EQLD.d\Sare known as / : - and S
i , A




a. Bridging

b. solid bridging, diagona} bridging =

~

Bridging s located at half span or -at 8'0" o.c. across the span, and at
ends of joists at”"their bearing.
| ‘2
3 ,_ N )

20
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The joist does not bear directly upon its final support. . In order to

provide a saTLsfacTorily level bearing which is nallable, a2 member

known as' a plate is infroduced beneath it mechanical ly connected
_to bearing surface.

o

i.‘1~ . . . | B
ERIC S 1 T
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a. Bridging is required at_- at '
. - and at ’
’ b. Between the joist and the bearing. surface &
is located. -
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Aruitoxt provided by Eic:
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a.- Bridging.is required at 8’ 0" o.c.. at_half span and. at ends of J0|s1s
at their bearing. = ,. "~ » “
e you d|d not get the answers above turn 7o p. II A
" b, Befween The J0|s+ and The bearing surface a Elafe is located.
. If you did not get this answer turn to page 3.
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Aruitoxt provided by Eic:
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In the case of a concrete wall, it Is neccessary either to embed the plate .
Jn cement mortar or'on a prepared surface, with the interface caulked.
. . . ) . ) Ry
' This is neccessary to ensure that: T . ‘
' \ 2. the plate is~-level. , - : C N s
> R A v -
: b. an airtight joint .is made. oo ‘ L
. 'h" o e . . ’
. i {Check corréct answer.) - {7\ \
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Both answers are correct!

L3 hY ~

The plaTé must be both !evel and must have as airTi‘ghT a connection as possig,le.

" In order to prevent roﬂ‘ivng' of pIaTes, they shodld be treated wiTh'Qres’ervafivea.

To ensure that the sTrucTure cannot be blown or moved from its location on the
foundation wall it ‘must be fasTened ‘down,with an anchor bolt. X
Anchor bolts must be provided at at leasi‘*B'O" 0.6. must be a mimimu:fv of /2"
dia., and embedded in concrete at least 4", hooked to.prevent with drawal.

-



o

For what purpose is an anchor bolt used? B
. ' a. To prevent structure from shipping off supports.
S o b. Tolocate structure to support ]
. /,f ¢. To'hold structute down . - ‘
T N . (Check one) _
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Aruitoxt provided by Eic:

I'f you checked c. turn to page 20

If you checked.a. or b. turn to page 16
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c. To hold stricture down, against the effects of wind, and in facf it

, - also fulfils the needs of b. .and c.

Preservafnve freafmenf of wood is essenflal where' |+ is, direcfly in

contact with concrete, due to the fact that moistute can be held

between the two maferlals *thereby providing ideal conditions for the

growfh of fungl.

Preservatives are ‘actual ly compounds palisonous to f'ungl.? (for a full’
" discussion of ‘fungi refer to appendix) ' ‘

)
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Obviously between rcof and supporTs, there must be a suggorT member
or plane To transmit The Ioad. .

This ~an take many forms. For our present purposes ¢e will consider
the 1ight wood framing system. There are generally two broad class~

Ifications of Fight wood frame. The Platform frame and the Balloon
. frame. '

. “The essential difference beTween the Two Ites in the meThod of
. locating floors.

| In Platform frame, the studs are sTorey henghf The floor Jjoists being:- QQ,V/1/
} located on Top of the joists supportedon the stud frame, to provide

a working plafform for the next construction sequence°

In Balloon frame the studs are carried the full height of the bu[lding,
andtfhe floors are connected fo them subsequently. . -

AT

Fla’f‘é —- A Fsu.b "P‘iom».
) . | —
firestop 4~ Jjoist £irestop 49\31-
' N N . ol
“&*"\"x‘%—"r\bbon ' a ‘P ate

Pl q‘\'{lp rm frame

o

« - : | : i ~6
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Studs are commonly nominal 2" X 4", that is, they are not the full size
stated. \Up until recently the actual size of a 2" X 4" was | 5/8" X 3 5/8",

as a result of setting the saw blades at the mill at.the nominal centres.

Now however sizing has been rationalized so that a 2" X 4" is ncw 1 1/2" X 3 |/2".
Remember that all lumber sizes are nominal e.g. 2" X 10" nominal is | 1/2" X 9 1/2"
actual; 3" X |2" nomlnal is 2 1/2" x 11 1/2" acfual, and so on.

The basic dlgference befween the two major fypes of lighf wood frame construction
is that in frame the studs are continous through the height
of the building whereas in b) frame, the sub flcor acts

as a surface upon which subsequent operation can be carrted ouf

-
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bal-loon
platform _

. Study the sketch below and try to visuallize the parts,

their purpose.

a
b.




Balloon Frame . . ’ ) !
—_— ) . .

Sill _Plate or Plate a horizontal member interposed between studs and the support.
. el ,

at

Jolst a'horizonjal;'load bearing member.
Sfud vertical load carrying member usual ly placed at 16" or 24" o.c.

Ribbon the horizonfa! member used as part locatior and parf support for second
: and above floors in balloon frame.

-

Brace a .iagonal member used io provide resistance to lateral movement.

Brldging member used to reduce effecfive length of supports &nd so rigld fy the
structure, \ ¢

t

.Flresfoppnng a member minimum 2" nominal thick.to reduce the rate of transfer of )
flame between floors. .

A

Sheathing a thin material applled to the'outside of a framed sfrucfure to make
: it rigid. ..~

- N )

. "Sub flooring +he rough (frequenfly diaaonal) floor laid immednafely.an tcp

- ¢ ~of joists, , . .

Girder or built up beam A composite member used to reduce span and +herero"e,
size of Joisfs.

Ledger a member attached +o the side of a builf up beam to enable the beam fo
’ be raised in relation to the floor beneath. .

’/Advanfages of Balloon frame: a) 'Rigidity over entire structure

b)) Eljminafioﬁ of settlement variafionst

. . N .
. . .
v o .-.—\ ¢
N ~ . IS * .
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From the preceding pages you should now undersfand The overall concept of jﬁ%
the Bal'loon frame. . .

s

Construct a model at a scale of 3/4" = ['0" of S kY
a corner of a typical balloon frame. '

Name all the parts. The model should be extensive enough that additional
aspects may be explored later, such as door & window openings and internal
partitions, etc. :

Produce a sketch of your model in axonomefrlc pro&écflor to a scale of
your own choosnng

Turn to page 27 before carrying out this task. '
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x o 7 B
You have no doubt reallzed that there are some apsects Wh!cp you do not -

understand. ) :
oy How do you construct the corners? = . Plan
L) o &
like this? : L /\ .
- - lke this? = ! l

A
£ . C oy ]
> . . . .
. . -

Iike this? .
!“ *

or like this?

Check one. -

.
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/ .
0! is the preferred method of consfrucflng the corner. |t provides the
.greatest rigidity with the minimum material, while providing full naillng

capabi|l+y ori both inside and outside corners.
Note that none of the ofher examp les provide Thlstadvanfage. Lo .

" Do you‘knpw how to place your diagona! bracing on.the frame?

Y - .
like this? ' ‘ -
5 ) ’ N
- E .
. - ’ I1ke this? . ' ES
—r -
)‘ -
" or like this? . _ \
.,
N X

*




\ 29
’ 4-\. 4 ’ . ) ' °
Of the alternatives presented only 'C' Is appropriate because otherwise
the sheathing or interior finish would have to be cut arcund the diagonal
brace, af the expense of much increased Iabour and wastage of material.

Somefimes permanent bracing Is not provided, the sheathing provlding

permaneht lateral restraint. In this case temporary studs are removed
Just prior to sheathing lnsfallafnon. This is not however, considered
to be best practice. : 1

&
*

€3
(W



) R : . floor joists’

""l

) <3— . — " X 4" Ribbon let Into studs .

In order to connect the rafters and celling Joists to the frame they must
be .cut to provide a good bearing. This Is known as notching or bird mouthing.:
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What are the advantages of Balloon Framing? . ‘
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The Ribbon is the member used to- support and locate 2nd floor Jolists
In Balioon frame consTruclen.

The advantages of Balloon frame construction are its rigidity and the
equallzation of settlement. As a. result,it Is the preferred form of

construction where brick or stone veneer is to be used.in the consTruchon
system. .o

-
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Study this sketch
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Platform Frame :

- . . * ,

_The Platform frame is easier & faster fO'consfrzé?/;;an the Balloon frame. .
It does not require lumber in the lengths essenfial for other.construction
methods, and it lends itself to a form of prefabrication.

As Balloon frame, the platform frame commences with a sill plate, but the

studs do not rise from this plate. All studs can be precut to a standard

length. Joists and firestopping are placed, and upon this Is constructed. .
the sub floor. This now acts as a working platform for the storey under )
construction. - - ‘

Walls are commonly prefabbed on the platform, and tilted up Into poslition.

*

_-H. | wall |\

SR - " wall 2.

The double'plafe is a neccessity because of thls form of construction
they must cross link at the corners. . !

o, .. ' o IN
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The load carrying components in framed constructions
a) studs b) joists

(check one)

are krown as

If you checked (a) turn to page 36. - -
If you checked (b) turn to page 6. S ,

35
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For Instance, Gypsum wall board, plywood , plastic Iamlnafes all come In. the
. standard size of 4' X 8! ‘

Solution a 2" X 6" @ 16" o.c.
4 - Solution b 2" X 8" @ I2" o.c.
' Solutiomc 2" X 6" @ 16" o
Soluiion d 2" X 8@ 12" o.c. 7
A board foot of wood of any given grade and specles will not vary significantiy
to-size of finished member. .

So a direct compar!son between choicé% can be made:.

A board foot is a piece of lumber 12" wide 12" long ang I" thick. So that
“ 12" X 12" X I" nominal board is 12 bd.” ft. and 12" X 2" X 4" nominal stud
is 8 bd. ft. For comparison anly solution a. would réquire 26 joists, each
; 20" X 2" x 6", 1.e., 520 bd. ft. for joists plus 30 X3X2" X8" =« 120 bd.ft.
for a fotal ‘of 640 bd.* . T : ‘

Solution b. would require 22 joists each 30'. X 2" X 8" i.e. 880 bd.ft; for
jolists plus 20 X 3 X 2" X 8" = 80 bd.ft. for a total 960 bd.*t. .
So it can be séen that quite obviously solution a is more economical than
solution b because it uses less material, However, this does not explore the - T
enfire situation as b. requires fewer posts, and leaves the area beneaih the
f1oor clearer, and depending upon what factors are of greatest Impor+ance, the
final decision may favour another solution. _ Y

Assuming that posts in a, and b. are 8'0" long, how many bd, ff. of lumberis

lnvo!ved?
" a. . ' bd. ft. : . - ]

b.” bd. tt.
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Studs are commonly placed‘lé" o.c. because d
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. -

One of the reasons that studs are placed 16"o.c. is because
of the standard sizes of sheet materials.

However, as well, it should be understood that loadling must
be taken into accounf when sizing and placnng studs within

a frame wall or partition. - .
s Loading can be.simply assessed by referring to the. appropriate )
‘. codes such as that reproduced frame the 1970 NBC below : e T
SIZC AND SPACING OF STUDS !
" Type Supportad Loads Minigmuwm | Masimumy  Maximem e
of (including dead Sud * Swud Unsupported .
a . Wwall ‘e lvads) - Sire Spacing, - ¢ Heigle*
*ip, in, ft. - .
v 3 —_ . ©
. Limited attic stofage orno 2by3 24 10 /
load or !
2Ly A o 12
R i
Full attic storaze, or roof- 2by4 24 12
load, or linited attic storage .
plu;.on" Hoos : : ’
¢ Interior | Pull attic sio:':\gc s owme 2byd 16 - 12 N
. flour @rroofload p e .
flodr, or finted attics  -age
plu; two floors ]
Full atiic siorage plus wo  20v4 12 12 ' -
flocs, or rool load p! u3 two Jby e 16 12 X
& _ fluois - 2by 6 16 14 ’
. Full attic storegs plus thice  2by 6 Lo 127 4
flooss, or rool load plus -
three floors.* .
. . Roof, with 0w 1:! ortattic  2bvd 24 19 =
- ) ; storage ;
o
’ . | Roof, with or withwstattic 2 by 4 16 10
N . storitge 'plus ond ticor Q
Exterior | Roof, with or without attic 2 by 4 ;"' 2 10 - N
° - 4 - storags pius two doors 30y 4 16 10
’ : ’ 2by6 16 12
- Rool, wih or withugtiitic  2by6 ¢ 12 6
M .| storuggplus three 1V ers ! -
i Col 1 ’ 2 3 1 & 5
3 T ! z
. T Or they may be calculated. .-

PAFullToxt Provided by ERIC
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T“ ‘ - gg.\r""wt -
Openings must be provided for both )ﬂexferna! and Internal wallsg;ifdr windows
and doors. ' ' ' ’
What ever the opening, “a means must be found to carry the leads so that the
area of support removed from the walls can be taken care of. |f one did not
transmit the load so that load was applied on the windows or doors, the
_ members would either deflect co that these components would be inoperable or
damaged, or in‘severe cases of overload, collapse ‘could occur. .
4 ) In order to spread the load over an openingja device known as a lintol Is used.
¢ EEme— .
- 2/2%6" — : B -
2'’%4"at 16"0.c.
-~
double stud
. ’ ,
2 - 5‘0" .’ "l;?
- r«plafe
WOO0D LINTEL SPANS ' — il = '
- Nominal | Maximum | The sketch illustrates a“typical opening for
Location Supported Loads Including . Depth Allowable . . &,
of Linzels |/ +Deud Loeds and Ceiling of Lintels, Spans, a dOOf‘. in an internal partition on fhe' lower
. e in. i.—in. | floor in a two storey structure. Again;use
Limited attic § s o |c@n be made of tables as here, or;»where the
Y 3 — . . J
imited autic storage Ve 6 o |requirements are outside;yhe table may be
. . "8 8§ —0 |calculated. .
o 10 10—0 : .
12 12—6 : .
An opening in a single storey building
Eull attic storage, or roof load, or 4 2—0 |interior stud wall is required. The opening
‘| timited attic storage plus onc floor 6 3—-0 will need to be 6'0" wide. What is the
. - , 8 4 ~0 ini . . " e ? )y 2 '2!!
R : 10 s_o [minimum size of lintol required? a /2" X
. N n n n n L1} n
Interior | R b 6—0 |b) 4" X6" c) 2" X 12" d) amrx 12" .
Walts Full atti storage plus one floot, of 4
3 s . - u n n " ] n - -
roof foad plus one floor, or limited 6 2—-6 2. 4" X 8" f 2/2 X8"g 2, X 6 7
attic storage plus two or three floors 8 3—0 . Check applicable 'size ]
10 4—0
i 12 §—0
Full attie storage plus twn or three 4 —
fioors, or roof load plus two or three .6 2—0
floors * 8 3—0
’ . 10 3—6
) 12 4 0 *
Roof, wiih or without attic storage . 4 4—0
. 6 6—0
8 §—0
. 10 10 —0
12 12—-0
Roof, mith or without attic storage 4 2—0
plus onc floor ' 6 $s—0
Exterior . 8 7—9
Walls - 10 8 0
: 12 9 0
\ Roof wilhr o without attic storage 4 2—-0
plus two or three foors 6 4 -0 .
’ 8 6 -~ 0}
10 7-~0
)
\[C‘. 2 S o 0
ST | 2 . 3 a! 43
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e ‘ v o,

If you checked a) or b) read on, if you checked any others, Turn back to
page 39 and see if you can -see where you, went wrong. .

Openings are not only required in walls. Frequently there is a need to

. provide openings in flocrs and roofs to permt+ the ‘penetration of stalrs,
- flues, elevators and so on. . .

As 1t"is obvlious that the provision of an opening greater in size than the
spacing of the structural members weakens the construction, steps must be

. taken to ‘restore adequaTe»sTréngTh to the areas affected.

This is acComplished by the introduction of headers’ across fhe span and
trimmers parallel with the span.

._“

For a span between 4'0 and 10' 8" headers>shou|d be dcubled. Trimmers, toz,
must be doubled when the IengTh of -header is between 2' 8" and 6'8" in length,

Below these spans, single headers and Trimmers can be ased Above these spang

" their size must be calculated. -

: L 44
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6'0"

.Jo st $pan 2lo"
: /
., !
L4 A l
o *

" The plan above indicates the extent of a-floor fo be sparred. Sketch on
the location and size of joists trimmers and headers required. Wcog spec:es

Douglas Fir Standard grade.

45
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JO'STS - 2" x 8"’ i6" O.C.
Headers - 2/2" X 8"
Trimmers - 2/2" X 8"

z

I¥ you did not get this result, turn back to p. 4}

Its fairly obvious that when connecting these members together it would

be advantageous if the tops of all members were level. To zchieve this

they can either be nailed together or, preferably, a joist hanger can be
used. The problem with nailing is that one Is forced o nail info end grain,
and doing so can cause the wood to split, resulting |n loss of strength,

and -additional ly, nails driven into end grain are too easily withdrawn,
resulting frequently in 'creaking' of the structure.

Jolst hangers are used for a variety of connections not only- for connecting
headers to frimmers. They can be used to connect joists to wood beams,
steel beams and concrete or masonry walls, to mention only a few of Their
applications. o

The joist hangers Is .usually constructed of galvanised sheet sfeél, bent
to shape . 5

¢

a. for wood to b. for brick,tile concrete
connect above, below, ' . -wall or steel beams.

or level with beam.

- ”

c. To carry two joists at same
position over steel beam, concrete walli
or masonry wall.




«

A Jo|§f hanger Is used to connect joists or..headers to

a. . - _ b.

~

Give three examples.

O

ERIC

R A v ext Provided by ERC
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Aruitoxt provided by Eic:
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Walls may be wood: stud, concrefe or masonry.

" | : _ 44

- A Joli'st 'hanger is ‘used to connect Joists or headers to ‘

a. wood or steel beams b. concrete or masonry walls

.

c. wood trimmers »

If you are not sure of your selection of answers to this question,
turn back to page 42. , 4

More~often than not it will” be found that floor joists will be
required to span distances in’ excess of their capacity. In
this event the effective span must be reduced by the provision
of additional bearing members. These may be either beams or

walls. '

Beams may be solid wood, built.up wood, !aminated wood or- steel
beams. . o
Deams. - . §

.

L]
The table reproduced below indicates, sizes of built up wood
beams to be used in various conditions.

BUILT-UP WOOD BEAMS IN BASEMENTS,
CELLARS AND CRAWL SPACES, TWO-STOREY DWELLINGS

\ v
Bup~ Size of built up beam, inches
poried P o
Bpecie Grade d::t“ - - .
@3 | 3230 | 4228 | 32210 | 42210 | 32313 | ¢2212°
! _ f poin im0 [ B i ine
. [ ] | 2N ] 10 11 12 0 13 10 1t 6 1 *
Cosstruction 10 s @ 9 9 109 12 § 13 0 15 0 .
12 7 8 3 11 9 8 1 4 n s 13 8 -
Deuglas Fir 14 s 9 s 3 8 6 0o 6 10 4 12 8
mn Larch 18 ¢ 0 717 7 8 9 6 9 3 n e
. Hemlock L] [ N } 9 9 10 9 12 5 13 0 15 0
10 7 8 s 9 9 4.1 1 1 11 ¢ 13 8
Standerd 12 s ¢ [ ] 8 1 10 1 9 9 12 3
- " 3 8§-7 1 7 2 9 0 s 6 10 10
16 s 1 s 4 [} 6 04 7 9 | 2O
L] 71 9 4 19 .Y 11 10 12 1 14 4
No.1 10 [ s 4 s 4 100 6 10 0 12 9
(Cotstruce 12 s ¢ 7 21 7°2) 9 0,8 si0n
. tico) 14 5 o) 6 3} 6 a6 0]’7 9] 98
Pucife Cosat 1} ¢ 17 5 6 5 9 7 2 J 0 [ N ]
Yellow Cedar
ro Larch L] s 4 7 4 [} | 2N ] 10 9 12 &
Jaek Pane No.2 10 85 6 e 71 1 & s 6 9 7 11
(Standasd) 12 s 2 [ ¢ 10 71 s @ 10
. 1" ¢ 10 s 6 [ I} 7 4 7 9 | 2]
16 ¢ 0 s 2 S 9 6 10 7 0 s 6
. . . s 7 8| 8 ¢/ 9 6| o 6134
Fir (Amabilie No.1 30 e 3| 1 9 71 9 10 9 17 11,11,
asd Grandus) {Construe- 12 s S 6 10 6 10 s 8 8 4 100 8
Fo tion)* 1{} 4 10 6 0 [ 3 | 7 6 1 8§ 9 3
Eastern Hemlock 18 ¢ 4 s § 5 ¢ 6 10 [ N ] 6 4
Fine (Lodpepole
sad Pooderass) [ ] S 1 8 10 79 9 0 10 0 11 6
Bpruce (all No.2 10 s 3 8 1 6 11 8 0 ¢ 11 100 4
species) (Standsrd) 12 4 10 s 17 6 4 7 4 s 2 9 5
14 4 0 s 2 S 10 6 9 7 5 s 9
16 4 2 4 10 5 ¢ 6 ¢ 6 8 s 2
No. 1 8 s ¢ 7 ¢ 8 6 9 10 10 6 ].32 @
Waters Red (Construe. ‘10 s 8 6 7 7 3 8 9 89 1o
. Cedw tion) 12 s 0 6 0 6 3 710 7 7 9 ¢
- Red Tine (No.1 1 ¢ 5} 5 8| 5 7| 7 0] 610f ¢35
Pioe (Eastera and | Dimension) 16 4 0 ¢ 11 s 1 s 3 6 2 71
Western White) | -
Poplar (Aspen, No.2 ’ [] 41 3 @ 6 9 7 9 8 6 9 10
Largetooth - (Standard) 10 4 ¢ s 1 6 0 [ 3] 7T 8 s 10
Aspio. s0d (No.2 . 13 ¢ 0f ¢ 7] 58]0 ¢] 272 0] 81 ,
Poplar) Dunensios) ™ , 1t 3 ¢ ¢ 3 5 1 s 11 s S 785
S { ) 3 ¢ 4 0 s 9 S 6 ¢ 0 70
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A floor consisting of 2" X 10" joists @ I6".c. is required to span
20'0". Is W possible-to span this disTaan without additional suppori?
a. Yes . No ¥ (Check 1) :

If no, Is_your answer, and you have decided that a beam Is required using
Table on p.44, what is its size? .

.

The beam span is IImITed to 12'0"c. c., and the lumber to be used Is
construction grade spruce.
a. 4-2" X 10" | beam required at mid span.
b, .4-2" X 12" | beam required at mid span.
c. 3-2" X- 12" 2 beams requiréd at 1/3 span.’
d. 3-2-j0" 2 beams required at I'/3 span.
: check your solution. ‘

. Sketch your solution.
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Unless the depth of the joist Is increased and the spacing reduced a beam
or some form of intermediate support is necgessary.

fhe choice Is between b and c, both of which solutions are adequate.

-
[

W %r_ —

3-2&&2}‘j | S 4-2%2

L% \ . 1 ) ' . E] 1
Solution ¢ : Solution b
If you checked any other solution review pages 44, 45,
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‘Now 1t becomes obvious ‘that the beams.éarrying the floor are limited In’

length, and it Is frequently necessary to provide space In excess of the.
beam spans available Again, use can be made cf point supports - that is.
columns of wood, steel, masonry or concrete, or of continuous supports at
right angles to rhe beams, that is Ioadbearing walls of wood masonry or

.-concrete.

In smalt scale construction (up to two stories) two types of columns
support are used most frequently. The solid or built up wocd post or

The steel iack post.

The size of columns should normally be calculafed but for small bulldings
there are minimum requirements. : '

* Wood posts 7 .

The diameter of a circular or width of a rectangular wood column must

always be as great as the width of the beam it supports. Unless calculations
prove otherwise, the minimum siz2 of wood columns are 8" diameter for round
columns, 6" X 6" for rectangula:- ones.” They can be solid, glued laminated

or built up.Glued laminated coiumns are subject to compliance with CSA

0177 which is a qualiiication-code for Manu¥ac+ures of this kina of assembly.
See appendix.

Bullt up columns consi¥t of a series of sTFips of wood the full length of
the final column, the same width as the finished column and 2" thick

Builfiup 8" X 8" cofumn

e AT

1/

Sfeel Columns cr;gisfs

Steel pipe columns may be used in locations as for wood in which case they
must be a minimum of 2 7/8" outside diameter with a wall thickness of 3/16"
and be provided with 1/4"=thick 4" X 4" steel plates at each end..

A now acceptable variation on the steel column, much favoured by contractors
Is the adjustable steel Jack post. This consists of a heavy gauge tube into

whic. s fitted a boss containing a heavy coarse pitchea threaded section cf

hardened steel which can be adjusted before and after installation fo:r fergth
It, too, has 4" X 4" X 1/4" plates welded to each end.

/
/

This provides a means to counter the effects of differenflpl

Whatever type of support Is used,, there must be secure fastenings provlded

_between all members to prevent lateral movement.

A5 |

.

* Consisting of 4-2" X 8" pleces 37

wood »
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A bullt up beam consisting of 3-2" X 8" constructicn grade Douglas Fir

carries a floor 20'0" X 30'.
How many wood posfé at what spacing are required?
Y posts at 7'6" 0.C. -
N
' X 6" posts at 6'8" o.c.
c. 2Z-6" X 6" posts at 10' 0" o.c.
d. [-6" X 6" post at mid span. -

Check | and sketch your solution.




Both a. 3-6" X 6" posts at 7'6" o.c..
- 9

- 7%
and b.-2-6" X 6" posts at 6'8" o.c.

— . - - =0 - P

.1 glz"i_ . 68" / ' -~ l ,
- . : ’ !
‘ ) ) 6‘8 - b e . o
l Tt l G' . P
Y-

/

N

‘Will serve. : i T
Note Thaf,fn each case, the actual span of the beam Is less than the o.c:
spacing of the posts. T Y

Solution c. exceeds the safe beam span, ;
and the beam would therefore have to be increased jn size to 4-2" X 8"

Solution D. Also exceeds the 'safe beam span“aﬁd would require a beam size
Increase to either 3-2" X 12"™or 4-2" X |O" - :

The decision to place the beam on the long.or short axis of the bullding

Is influenced by many factors - length, size and cost of available lumber,
space requirements of spaces at the lower level and so on. Very simply, -
the resultant floors could b« compared for quantity of wood. "

Estimate the sizes of jolst required in each of solutions a. b. c. abcve,
using construction grade Douglas Fir. ’ '




Al

a. -3 - 6" X 6" posts 8' long = 72 bd. 1,
b. 2 - &" X'6" posts 8' 'long = 48 bd. ft.
Al'l members which transmit loads to the ground require footings. These

are usually of concrete, often unreinforced, and simpiy spread the load
so that-the ground bearing pressure is not exceeded. ) 2

in fact, it is usually réquired that loads on the ground are limited to a

maximum of 1/3 the ultimaTe ground bearing pressure. Most comgefily, 3000 .

Ibs/in2 @ 28'days concrete is used for both strip and. pad footings.

The table below indicates minimum footing sizes. Wcod frame construction.

No. of floors Minimum strip focting widths | Minimum area of Column
supported Su - — footings spaced not more
o pporting Supporting ¥ . at
Exterior wallslInterior Walls Than 8'0" o.c. weod o
_ - N\ steel
. " ~ '
| Wood . N 8 in. 4 172 sgq. ft,
2 Wopd 14 in. 7 14 in, 8 sq. ft.
3 Yiood ’ Ié‘Th»;~ 20 in. 1 sq: tt.’
L Masonry' 12 ¢ 8"
Yeneer .
2 Masonry 10 /2" 14n ‘
Veneer ‘ | ‘
3 Masonry 20 /2" .- 20" *
Veneer
| Masonry 15" 3"
2 Masonry 197 19"
3 Masonry 23" 25" ‘




o

. : : ?2.
The continuous supporT bearing on ground and carrying a wall Is known
as a (strip) (pad) fooflng

)

The support member bearlng on ground and carrylng a column or post is
known ,as a (strip) (pad) foo.lng

The ulffmafe abil:fy of The ground to carry load 1s known -as
spread |oad

ground. bearing pressu.

ultimate .ground bearlng pressure e
footiigy |oad '

. allowable ground bearlngxeressure

(check approprlafe descrlp#lon) ‘ .
. [

1

v\\‘-‘-‘ .

k4

Q‘Q?

N

- 96
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A. Strip foo‘rfng . \ T .

.B. Pad footing

R3S

C. Ultimate ground bearing pressure.

The ground bearing pressure, or allowable ground bearing pressure Is the
load on the ground which should not be exceeded. This Is usually 1/3 of
the ultimate ground bearing pressure. .

The soil conditions are normally derived from a soils or foundation analysis,
carried out by specialists In this field. Testing normally conslsfs of
test pl‘rs, test borings and laboratory analysis.

Yo

__ 180'3
Overburden * .
0~0+Sorganic
O+ 3= 12:$ mixture of
Sih‘uJ sand, gravel

. occa'siona

Sketch of typica! boring log.

-]
)

=)

6'-\2 boulder Oojj; )
K | . =
‘ ' ‘bedrock ——
| ' —_ 33 =
end of hole

Drill hele No. |

S7
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The tables on page 51 are for use only where it is known that no problems
exist and the structure to be erected does, not exceed 3 floors and basemént.

The procedure outlined on Page 53 is recommended on all building projects

which do not fall within the categories above. Mention was previously made

of test pits. These are always of value as they allow visual interpretation

of bearing materials and, more importantly,can give a very clear approximation

of the ground water table. The ground water table which is never flat is

the uppermost level of water in the ground. . |t varies normally and significanly

from a maximum in late Winter/Early Spring to a minimum in late Summer/Fall.

The presence of water in the ground is ignored only at considerable risk. As

this water exerts pressure on sub structures, at the least it results in leaky

ard wet basements, and at the other end of the scale can actually float a .
building. As bui ldings are rarely designed as boats, the rise and fall can liter a||y
wreck the super structure. For this reason means-are used to drain.off water

and thereby reduce pressure on foundations.” This will usually consist of pipes,
either perforated or with open joints laid around the perimeter and sometimes

herring bone fashion under slabs. The pipes are then connected to a convenient
drain, sewer or water course. . )

.

4
-

A} 4 . . ' N .
f( . : . B

felt cover to s+op
ingress of soil.

Perforated pipe C . Plpe laid with open joints
. _ -

© .17 58 {




Footing drains are used to a)

b), Prevent leaks in basements

c) Frevenf Building from floating

d)

Check one

-t

ro——,

Draln off excess water

Lower ground water table

29




Lower ground water table.

~
If you chose any but this answer. refer back to page 54. Although footing drains
achieve all these things described it is o nsequence of lowering the
ground water table. Footings do not havefto be concrete, nor do they have to
be strips or pads. They can be of many mpterials. Wood, masonry and steel
have been used successfully for many yeark. Frequently Piles are used where
support is not available at a convenient/depth. Piles can be of precast
concrete, poured in place concrete, steefl, or wood. They may be end bearing
or friction piles, They may be driven or bored.

Then there are Caissons and rafts.

A raft foundation i~ essentially a series of pad footings' connected together
to form a single slab. The implication of the name is most revealing, for
in fact if the foundation is deep enough it can be designed to float - the
weight of the entire building being equal to the weight of displaced soil.

A caisson is actually an accessible shaft, usually belled at the bottom
pressurized to resist collapse which permits [nspection of the bearing surface
and when filled becomes a colegn through which building loads can be trans-
ferred to bedrock or other suifgble material.

T 60
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As These kinds of foundafions are beyond thé present scope it is sufflcienf
that you should be aware of the terms used to describe “these items, and to
know what each of them are.

A friction pile carries loads by transmitting imposed loads to the soil
through frictions between its sides and the surrounding soil.

An end bearing piie carries loads by acting as a siﬁple'column, transmitting
loads to the soil at its. end. .
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‘This Is a (floating) (pad)
(strip) ‘foupdation.
(Check_ one).

‘o

Fl

This is a (pad) (raft) (strip)
(floating) foundation (Check one)

4

This Is a (calsson) (bored pile)
(driven pile) (friction pile)’
(end bearing pile)

(Check ‘one)

62 -
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A, This is a raft founda+;:H1_ Note that the concrete is continuous across
the Slab but is Thickened whefe loads are supported. This type of footing
must be reinforced with steell - It could be called a floating foundation
.but in fact it is not until the.displaced soil Is equivalent in weight to
the total building. It is obviously not a pad or'strip foundation. See
page 51, 52, 53. '

B. ThlS is a strip foundation. Note that there are joints between footing,
wall™and slab. The joint -between footing and wall is for convenience. The
Joint between floor and wall Is essenflal

* C. This is a drlven pile. It ts not possible to say from such a skefch whefher
it I's a friction pile or an end bearing pile, as this is much more a matter
of design than of appearance. The appearance of borzd plles and caisson are
dlfferenf however, a caisson often looking like this.”

and a bared pile like this

.
4

" The bored pile does not need a shoe, or pointed end.




Although in small buildings of the kind discussed here there will not usually
be any need to be concerned with expansion joints, that is Jjoints which
permit horizontal movement without overstressing components; there is need

to consider movement as a result of settlement and differential expansior

and contraction, .

It 15 neccessary to understand and accébf{fhaf all materials move for many
reasons: moisture content and temperature are the root causes but com-
binations and consequences of these two plus the effects of mechanical
strength and aging result in a broad basis’for unwanted effects.

We will look at two types of movement only:in detail:

Settlement and Differential expansion and contraction

Settlement results from the fact that if a great weight is placed upon the

ground it will normally be compressed. Careful and thorough compaction of
ground can reduce the effects of settlement to an almost negligable amount,

but all buildings settle. Careful design can reduce the effects of seffle-
ment by ensuring that movement takes place at well deflned locations.

The sketch above shows a typical section through a, foundations wall and’
concrete floor slab. Both are unreinforced. Shrinkage of concrete tends
to retract the floor slab from the wall, the greater load on the foundation
wall has a tendency to cause a shearing or slipping action between the wall
-and floor. Details of the type above allow movement to take place without
. damaging either component. The sketches shown below do not permit move~
ment and should be avoided.




" Movement of a building takes place a.
b.
c.
d.

({check one)

vertically
horizontally
vertically and horizontally

in all direcfiéns

6l
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Movement takes place -In all directions, but through careful design they
can be taken care of with horizontal and vertical joint designs.

Inspect the basement of a typical residence. Prepare sketches of floors
and walls showing locations and size of cracks. Write a report describing
conditlons, the reasons for their occurence and the ways in which the
problems could have been prevented. Complete this assignment before pro-
ceeding further: L - '

e
°

)
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Cracks In unreinforced walls usual ly occur at openings and in a fairly regular

pattern about [5'0" o.c. These are usually quite narrow - no more. than (/8" =

greater size of cracks generally results from differential settlement, caused

usual ly by unequal compaction of the ground beneath the footings. The former

type of movement is caused by simple shrinkage of cqoncrete. |t can be

minimized by careful compaction and curing of concrg7é and by reinforcing

with steel. Despite these precautions, shrinkage wiil still occur. The

best that can be done is to control the locations of the crack, and to allow

for constant movement. This is done by constructing an expansion joint. The
““design of these joints can become very sophisticatedbut the principle is

always the same: to separate the components into sizes which.are stable, and

. To provide an impervious material between them which Is elastic:




as shown below. - . W

r”\

1
{
¢
i

. joining component.
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In floors it will be found that a fairly rectangular pattern of cracks at
about 15'0"o.c. is formed, except that diagonal cracks form around columns,

a

To controil “these cracks floors should be cast in bays between 10' and- §5¢,
square. The joints so formei are filled with a caulking compound. Around
columns floors are cast thus: . .

Y - ‘

So that each panel of concnéfe is free to move without affecting fhe\adr'
This system makes it essential to pour concrete in
checkerboard fashion, and this tends to be inconvenient. An alternative -
method of providing joints is to use a diamond saw. The engire slab js
poured, and'then, within seven days of the pour, the machine is used to

cuT it into bays. This cutting must go right through the slab. , Frequentiy.
one will see apparent saw cuts, but if fhey do not extend far enough into
the material they become useless decoraflon ! -

»
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Concrete is a very common building material for many reasons, but its
strength, durability and conven.erce gre those which have the greaTesT
appeal . ‘
Concrete is a mixture ot Portland cement, fine aggrega*: and coarse-
aggregafe and water.

PorTIand cement - so called because of the similarity of appearance in
colour and texture to Portland Stone - is made by heating a mixture of !
limestone and clay to a high témperature, and grinding this product to

a fine powder together with a small quantity of.gypsum.

.There are several types of Portland Cement manufactured for a varietv of

3
(4

purposes, all of which are described in detail in CSA A -5. Inge al
there is ordinary Portiand Cement for most general construction pursoses.
Sulphate resisting concrete for use in situations where detericration due

to sulphate attack must be guarded against, and high early strength cement
for use in situations where working loads must be applied before proper
curing of ‘'standard cement had proceeded to the point where load apollcafions
could be safely contemplated.

N
L)

FlPe aggregates are particles of rock, sand, slag or other inert materials
i g

_which will pass a 3/8" sieve, coarse aggregates are similar materials but

ranging in size up 2 |/2" - the actual size used depending upon location
and reQUIremenfs of The component being P roduced.




Concrefe is composed of (Sanc and CemenT)

Check one.

66

(aggregate and cement) .
(fine aggregete coarse aggregate and bemenf)

(cement water and aggregate)

70




67

Concrete is composed of cement, water, and aggregate. The fineness of the
aggregate will have direct affect upon the quantity of cement fto be used,

but the amount of water has been proved To be the major factor in determining
the final strength of The concrefte.

_\Cdncrefe does not set as a result of water drying out, although naturally
there is a large degree of evapcration of water. Concrete sets due to a

. chemical action known as 'hydrationi' Typically, even in a dry mix, much

more water is added to the ingredients than is required o hydrate, the
cement. The addition of water improves the wcrkability of the material but
seriously reduces its strength. The aim, therefore, is to produce a mix
which is sufficiently workable with the minimum water ‘content.

Visit ccnsfrucfuon Iab and perfOfm experiments under the guidance of the
technician.

The amount of water to cemenf is the water/cement ratio.
The site test prior to-placing is the slump test.

The more water, “he greater the slump and vice versa. As well as affecting
strength, the water cement ratio has an'affect upon d'mensiomal stability of
concrete. As all tie cement paste does is glue the particles of aggregate
+together, it shcuic be obvious that if excess water exists initially, its
evaporation wi it result in shrinkage and the developmeg. of voids, as hydration
is completed iong before evaporatior: has ceased.

In orae: to attain the ideal .f a minimum water/cement :ratio with an acceptable
degree of workability chemical additives have been developed. These additives
essentially effervesce, causing the formation of many air bubbles within The
concrete. This ig, also known as "air-entrained concrete". Concrete made in
this way is Iegs—izscepfible to frost action (the ceils formed do not inters
connect) and is far easier to place.




The following experiment must be undertaken in the Const%uction Lab.

kY

Intent

“To find the effect of water/cement ratio on bulk density, percentage porosity
and compressive strength of cement mortars. :
Theory :
Water is added to cement to produce chemical change which causes the cement to-
set, and also to lubricate the aggregate particles so that they will slide over
another and compact into a dense concrete. The water required for the chemical
change is determined by the nature and quantity of the cement and must be
sufficient for the chemical.change to proceed to completion; the water required
for workability depends upon' the nature. and grading of the aggregate and the N
method to be-used for compaction. The water not'chemically combined with the \
cement will evaporate as the concrete dries out, leaving voids, which reduce. \
the density and mechanical strength.Maximum density and strength should be given '
by the use of the minimum quantity of water to give the necessary workability.

Method

1. Weigh out 200g amounts of Portland cement and 600g quantities of sand and
measure mixing water to give water/cement ratios of (a) 0.45 (b) 0.55
(c) 0.65 (d? Lg?75 '

2. Mix dry and then with water.

Place in oiled moulds in two layers and consolidate each layer by 25 strokes
with rammer. : '

w

A

Identify each mix. \ , ‘ _
Store for 24 hours at 90 per cent R.H. ‘and then immerse in water for 7 days.
Weigh. .

Dry in oven at 105°C. .

Weigh, calculate bulk density and percentage porosity.

Determine compressive strength.

10. Plot graphs indicating relationship between W/C ratio and % Porosity,
. W/C ratio and strength. : :

O 00 ~N O 0 B,
. e e e s .

. Report -
Bulk % Porosity Compressive
Cube Ratio . Volume Density ) “Strength
A
B
C
D

FJE :bdr
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The hardenihg ¢t concrete is a result of

a.

_b.

the evaporation of water
the enfrépmenf of air within it

the combinmation of water with cement

(Check one)

w3
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The hardening o1 concrete is a result of the combination of water with
cement or hydration. This chemical action produces. heat which in large
components requires cceiing by special means This Is not a significant

problem in small buildings. in order 7o produce satisfactory concrete
it must be cured. Concrete is cured jn warm weather by simply ensuring
that there is Aot premature loss of water. In cold conditions, in addition

to preventing loss of water, the material is heated, both during placement
and for a period - usually seven days'- thereafter. Freezing must be
avoided at all costs. Frozen 3000# contrete has been known to reach

compressive strengths of less Than 6004 at 28 days and this quite obviously
spells danger.’

In common with natural stone, which mat terial it most.ciosely resembles,

concrete is a heavy material r‘haraCTe"ized by great compressive strength

but poor tensile strength.

-2
.

In order to improve its tensile strengTth metal is used as a reinforcement.
Fbrfunafely steel and concreie both exhibit almost the same coefficient of
expansnon and thus work extremely well Together. Thus' it is that steel

in ta2r and mesh form is universally used for *he purpose of ~einforcing

.concrete. For the Ar:uitec* one ot the greatest advantages of concrete |ie

in its ability tc 2s-ume practically any shape - it can be sgrayeu as well
as tlaced. This “s so much the case that i+ ;s sometimes referred to as a
"slastic" mate-.al. B

.
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Because conciete is (strong) (weak) in compression and (weak) (strong)
ih tension steel is used to increase The (tensile) (compressive) strength
of the composite material.

(deiete The inappropriate words)

e -
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purposes and in corrosive atmospheres or in extreme exposures. .

! ' ro 71

/.

Concrete is strong in conpression and weak in tension. Steel reinforcement

is used to increase the tensile strength of the composite material. i : .
*Tne design’ of reinforced concrete members is covered in structures courses,

‘and so this aspect is not discussed here. However, the production of steel

is a part of construction. Wher embedded in concrete, sufficient cover

must be provided over the reinforcement in order to protect it torm corrosion.
The amount of cover varies in accordance with the location and type of component.
In footings there must be a minimum of 3" of concrete between steel and ground.
Concrete exposed to the weather must have 2" cover for bars larger than #5

and | 1/2" for bars #5 or smaller. Walls and slats not exposed to weather
reguire 3/4" concrete cover over reinforcement and beams and girders require

I 1/2" cover in the same situation. Column reinforcement must have | /2"

of cover or not.less than | 1/2" times the maximum size of coarse aggregate.
The ' covers stated are minimum, they must be increased for fire protection.

[N
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Concrete cover is required over reinforcement To

a.

b.’

Ensure bénd

Protect

Protect

it from effects of fire

it from corrosion.

-

'Y

”
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Concrete cover is required around reinforcement to protect it from corrosion.
Prepare sketch sections through a typical 2 s#orey framed structure
. .a. platiorm frameg

b. balloon f-ramed.

d

Show foundation, foundation walls and drainage, floor slabs, roof and window
openings. ‘ :

~

[ 1

O ' .

ERIC i '8
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On page 28 the subject of sheathing was introduced.

Review pages 22-29 before reading on.

Sheathing provides lateral restraint for frame wall and roof consfruction.
It can take many forms. |t can bé diagonal or horizontal boarding, plywood,
or other nailable sheet material. .

The three most popular materials are wood boarding, plywood and particle
board. The blaster or plasterboard interior skin also acts in the same way
as sheathing applied to the outside of the frame, but it is rarely considered
as such. -

The sheathing must of neccessity be nalléblg in order that finishing materials
may be attached to 1+. ' '

‘The .fol lowing table indicates the minimum sheathing thickness for various
conditions in.walls. o . s

Minimum Thickness

Typé of sheathing ’ Sabporfs @ I6"o.c. |Supports @ 24".c,

Wood boarding /6" /16"

Insulating fibre- | 3/8" : 7/16" | o
board : -

Gypsum board 3/8" /2"

Exterior type /4" . _—|s/1e"

p ! ywood N

Particleboard 1/4" 5/16"

»

Although gypsum board and fibreboard are included, they cannot be used for

the attachment of siding materials as they will not refain fasteners, s.zh

as nalls or screws. They can be used in conjunction with weneer constiuction,

.where fasteners are connected to the structuiral system through +he sheathing. \

Sheathing is not essential In certain circumstances when exterior cladding
does not require fastening between supports such as is fthe case with hcrizontal
boarding or. plywood sheathing may be omitted; but only, if it does not afiegt
lateral stability.’ For instance a gable end wall must be sheathed because T
provides lateral stabiliiy. |f lateral stability is provided by other means,
such as bracing, the sheathing can be deléted,

[

Gable end wall-




An exterior wall :*nsisfiné‘of 2" X 6" studs at 16" o.c. is to be clad
with cedar shingles.

a. |t does not require sheathing \

b. It requires 11/16" boarding as sheathing

c. It requires 3/8" gypsum board as sheathing

d. |It.requires |15/16" exterior quality plywood as sheathing

" Check the appropriate solutions. ) . L
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An exferior wali consisfing of 2" X 6" studs at 168" o.c. clad with cedar
shingles requires backing and must be nalled between supports. It must
‘therefore be sheathed. Gypsum.board will not hold nails, and is there-
fore of no'use. 15/16" exterior quality plywood i5 thicker than neccessary,
though a good choice otherwise. 11/16" boarding fills the bill exactly,
and is easier to nail. . o

t

2

Sheathing must be adequafely nailed to studs. Boarding as above would require
2 two Inch nails into each support.if less than 8" wide and 3 two inch nails
Into each supporf if. more than 8" wide. .

The size and placing of nails is most imporfanf as foo few or too small witll
not be sufficient to'hold the structure together whereas too many or too
big in extreme cases can split and damage materials and confribufe to poor
building perfdrmance. .

Assum%ng that 5/16" plywood was used In the above example, how many and what
size nails would be required? .

See appendix for nailing tables.
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Sheathing in this case would require 2" nails driven into supports 12"o.c.
along infermediafe supports and 6" o.c. along edges.

Contractors frequently prefer to use sheet materizls for sheafhlng as it
reduces labour and thereby cost of construction.

-

Having satisfactorily prepared the frame to rece}ﬁr the cladding, the
.Ccladding - itself can be considered. Turn to page’ &
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The recof, too, must be sheathed, and for the same reasons as walls.. That .
is, to provide rigidity, to form a surface. for the installation of weather- ;
proofing, to provide a surface for fastening. Required thickness of

sheathing are shown beilow.

Spacing of qufer " Plywood thickness Particle Board Board}ng Lo
or Joist in o.c. Edges supported |, Edges Unsupported | thickness Edges | Less than 12"

o T&G Supported Wide
12".c. " 5/16" 5/16" 3/8" : 1/1s"
16"0.c. " 5/16" 3/g" | 3/8" : 1/16" N
20"o.c. 3/8" 1/2" /16" 7L
24", c. .| z/8" /2" 7/16" 3/4" -

. : \

Plywood is considered to be unsupported at edges-if one or more sides cannot
be n=§]eq to a support. See sketches under

Unsupy srted '4’?7¢ﬁ;a.

However support can be prcvided with 2" X 2" blogking nailed between joists
or rafters or metal 'H' clips can be provided.

P e m— e T 20 S
s — - ————
= ‘

Blocking TH' clip

3 P

Once again selection of roof sheathing will depend upon the final finish to be
applied to the roof. The nail holding capabilit; of particieboard is less
than either plywood or wood toarding and &c is 12! so desirable in terms ot

quality, but does perform adequately, and is cheaper than the other materials

e [
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’ ,
IT should always be remembered that all materials expand and contract wirth
tempetature and moisture variations. Therefore it is essential to leave
space for such movements to take place. Leave at least |/16" between panéls
t6 allow for-such movement. Boarding, as it is so much narrower, i~ rarely
specified to have any parflcular tolerance left in assembly. The assuﬁpTion,
which: is usually safe, is that wood will tend 4o dry out and shrink//There—
after movement will be of less significance. " However, it is othqﬁs that
the boarding should not be cramped.up tight, as any sweII|ng would result

in huckllng of #he sheathing.

All that is really achieved by Ieaviﬁg room for movement is’a recuction in
stress on the waferproof membrane.

Take an ordinary rubber band, hold i1 beTween‘V(nger aﬁg/féumb in both hends
so that about 1/8" sepafates both thumbs. ExtPod +He band to about 3/4"

and repeat several times. The rubber L .d rakes * is stress relatively well.
Now repeat, but with thumbs separated by about 1432 | f you held the rubber
band securely it probably broke. Most roofing aTeruaIs are elastic, but

far less so-than rubber. What are your concldsions?

8
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There are a vast.array o® materials cffered to the designer as the ultimate
answer to cladding buildings. Basically thése are natural or artlficiai.
The natural materlals include wood, stone and slate.

The artificial onesdbrick, concrete, asbestos, aluminum, steel, plastic,
clay tile and so on.

. In construction it is t{ar easier To look at these materials in terms of °
‘thickness, and the-efcre methcds of installation. Thesze materials are used
as cladding, thick materiais as veneer.

Wood

Wood Is produced in many forms for use as cladding. Some of the oldest and®
best are shirgles, shakes, and weatherboarding. Shingles a~2 shekez are
produced mziniy from cedar and redwood, as fhese'woods ha.e a greater re-
sistance to decay than most others, and are easily cut or split to formfthe
thin units known as shingles and shakes. Originally bdth shingles and ghares
were hand §p|i+: they are rnow most frequentiy machine cut. When cut, jhe
tendency is to shear *rrough the cells of The wood, wheread splittingaiiows
the wood to break w'znout cutting through the cellis. Splits, Then are known
to be less absorpt:.e than saw.ng shingles and shakes. *Unfg-tunateiy the
large-labour-ccrrent-makes them expensive. However,a hybrid is available
where the wood is machine cut on one face and hand split on the oThers,
providi~g the best of both worlds, The initial‘piece is spli* double Thick-
ness, x1a subsequently diagonally sawn. . .

hand split, machine cut

Shingies are usuz!ly manufactured in lengths of 16" 18" or 24", and are
approximately 8" wide.

Th§ amount of shingle or shake exposed aiter installation s known as ~he
'weather!, on walls the amount expcsed to the 'weather' ls us.allybe*wee”
6" - 8", although this varies witnh tne partizuler applizat.cn.

85 ’ - ) i&;
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The following materials as applied to wood frame construction are (claddings)
‘(veneers) wood, asbestos, steel, aluminum, plastic, slate, clay, tile. L

Check appropriate statement.

- ERJ!

Aruntoxt provided by Eic
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Wood, asbestds, steel, aluminum, plastic, slate and clay tile are all
cladding materials. The veneer materlials include stone, b ick and concrete
in small and large units. ( \ ’

L
A shingle is defined as a piece of wood thinner at one end thén the other,
produced by sawing. :

A shake is also thinner at one end than the other as butt, but is split,
not sawn, usually by hand. - Aesthetically shakes are preferred by many
archltects because of the texture and random appearance that. results from
their use. Shakes are usually thicke: than shingles; much rougher in
texture and variable in size and.thickness. :

?

4| sheathing

-
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. Wood siding,sometimes known as novelty siding or drop sidinggconsists -
‘ " of boarding usually 16' long and variable in wicdth usually befween .

' 4" - 8". This kind of siding can be used without sheathingshut this

Is not recommended except for temporary structures. The range of

profiles is shown below. .

T T T RaTTITT

o T X7 PT] T Js . | ~
—7 7 7 >~ g T L
T IT 31T 77 ‘

T T Ty 1 T 7

() Typical Profiles, Drop Siding

’

. Although It is possible to start at the top of the bullding and work
down to the bottom due to the tongue and groove of shiplap feature
of these boards, thereby avoiding scaffold .marring of the surfacegy.
the boards must be wedged up tightly to each ofheqi}f they are to
. perform satisfactorily. Nailing, at least two per support is through
the face, and Thereforazgven when puttied In, shows on the face.

-
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Lap siding or bevel siding is the same profile as shingles and Is applied
to the wall in a‘'similar way to shingles. * These boards should lap at least
I 1/2" preferably 2" to prevent water penetrations. |f the boards are narrow,
they can be nailed through the top, so hiding the. fdastening, otherwise
they must be nailed through the butt ar thick end so that, each succeedlng
. course is nailed Through the preceding one. ’

1

- -
J P
Wide boards C Narrow boards ’
nailed through heag & butt ., . nailed Thorugh head only.,
Note that in all cases the top of the foundations wall is covered by the

cladding. . , . ,

Slates and tiles, popular In Europe, are applied in a very similar way to
shingles and will not be enlarged upon here except to say that properly

used They are tremendously durable.

1n all cases where a claddnng is used, entire dependence for weatherproofing .
Is not left to the cladding, all are always fastened over @ waterproot membrané,
usually heavy asphalt coated paper, sometimes asphalt coated felts.

., Prepare sketches *to stow wall assemblies: clad with narrow boards, wide
boards, and shinglei/af a scale of | 1/2" = |'Q".




85

Vertical boardlng has no advanTages over horizontal boarding or shingles

In use, but frequently it is selected for its aesthetic value, Sheathing
and building paper musT be prc. ided over the frame,,and to this the vertical
boarding is nailed. “Boards should if possible run the entire height of the
wall. Two types of board are principally used - square edge boards and

_ tongued and grooved boards.

I f square edge boarding Is used.it s bedded In caulking compound at the
Jolnfs and driven up tight. The joints are then covered with a nailed on
wood batten. It is possible to produce a variety of effects by varying
the widths of boards, and battens and to place pattens under instead of
over the joints.

tuds ——
El M{}/:h;aihlng ,\b

o e 21 i e WA | W RtV Bldg. paper
=t I 24 ; ) = Boards :
. : ' Battens

Battens over J = ) Battens under

.

Tongued and grooved boarding is also applied over buildlng pap=r and
_sheathing. Unless special arrangemerts—are made to emphasise thejoint;
a plane unbroken--surface-results. However because movement takes: place
it is usual to emphasise the JUHCTIOHS of boards by making a vee joint
or chanrel jolnt in the boardl]g

%F%Wrﬁ

Vee joint ' l . . Channel joinf'
A Y
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'Patent' Cladding embraces aluminum & steel strip formed siding, asbestos
cenent siding, pressed bcard siding and plastic siding all of which are
usually supplied with a baked on enamel fnnish coat, thereby reducing

both flrsf cosgt. and maintenance.

But' they have—disadvanfages as well as advantages, steel can be dented,

will rustvif chipped or broken and can magnify the sounds of impact from
rain, hail etc. It can also hold an electrical charge, and should therefore
be grounded. : ’
Aluminum is easily torn, and dented, but Is-less susceptible fo oxidation
than steel.

Plastic (usually poly vinyl chloride or PVC) siding does not suifer from

the same difficulties as the metals, bui has problems of its own. it is too
early to be sure but fire resistance, resistance to weathering and coloury. ,
stability and resistance to paint soivenfs are likely to be a source of
dlfflculfles in servige. .

-

N
nail —

drainage & pressure °
equalization hole

Typical plastic siding

N




Cladding is used as/a)
b)
c)

d)

/S . 87
A protective flklsh to sfructure
An aesthetic skin
To waferproo% the structure
1
As a primary weather barrier
/

,1/'

/ p
]
e £

e ¢
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. Cladding is used as a primary weather barrier. |t should only be cons|dered
as part of a system. Theoretically the wall is composed of four elements.
. \ »

l. Structural element

2. Air barrier"

3. Thermalfbarrier

4. Molsture or weather basrier

In some’ materials, some of these functions can be combined. In others they
cannot. Broadly speaking Prefabricated techniques attempt to include as
‘many functions as possible in the same material, whereas on site technique
deal with each aspect separately. All elements are important, some,however
must be protected from mechanical injury, for example insulation is-usually
brittle, plastic vapour barriers‘are easily torn. This a typical wall
constructed on site consists of :

. . Internal finish (protects interior of wall)

) Air barrier .

Insulation
Structure
Secondary weather barriers .

Primary weather barriers.

.

Draw a series.of 4 wall sections namely the materials and their functions,
three of them using traditional means, and the fourth combining functioms”
with the minimum of materials. I|f you cannot do this, turn tc next page. -
I'f you can, turn to p. 90.
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insulation
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air space
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structure .
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Typical brick veneer wall

concrete
sandwich
panel -
insulation
cast in

concrete sandwich
panel °
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In order to reduce the |mpacT of thermal movement on componenfs and structure

it is desirable to keep the maJorITy of the, buildlng aT as even a Temperafure
as posstble .

Theoretically, if an insulation material could be found that was impervious

to moisture, was structural’ly strong enough to carry loads and was of low '
permeablllTy, walls cauld consist of a single element. However, no such

material presently exists. :

An attempt has been made in the development of concrete sandwich panels to
achieve a reduction in the number of materials. But this requires concréte
of extraordinary strength and quality, and demands a very high standard of
qual ity control and accuracy. Even so, difficulties develop at joints, and
these require extreme: care in design and execution. See .page 89, sketch 4.
This, Type of panel is economic only if made in-sufficien. quantity. \
Successful systems rer upon taking advantage of natural phenomena The

, greatest problem s rain leakage. This can only take place:

I. |f there is water present

2. There is a hole through which it. can move.

3. There is a force present to drive it through the hole.
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In order to keep thermal movement to a minimum shbuld one

-a) Keep the bullding warm /

b). insulate.the bulldlng,fho}oughly
c) Keep the bullding cool o
d) Malntaln the structure of the building at an even temperatura

Check one .
- .
< ~~ l\.
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I f you checked a),b) or c),furn to page 89, before reading on.

To maintain the structure of the building at an even temperature requires
placement of insulation

a) Within the external walls?

b) On the inside face of the external walls?

am%*?ﬁ” On the outside face of the external walls?

Check one
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On the outside face of the external wall, so that the majority of the
buflding is at an even temperature. Unfortunately.this is presently only

an ldea. A protective material must be placed over the-insulation to protect
it. But it is possible and desirable to insulate the major mass of the

wall and building.

This partly explains the success of shingle walls. The external protective
skin, made up of small overlapging units,is able to absorb movement, while
the majority of the mass of the wall is kept at an even temperature.

Additional to this success however is the-fact that air spaces are formed
between the shingles and the sheathing, thus permitting pressure equalization.
This is sought in many walls.

Typically, though, a continous air space is produced between the component
parts of the wall.

open joints —_— "7 o/ 4" brick
y v} I" air space
45, g1 -/ 0] I" rigid insertion
7. . vapour barrier

exterior 7/ B concrete block

plaster
open joints wm—muouuo
The interior wall is made as tight as possible the outer skin is assumed 1o
leak, but the cavity allows water to drain out, and for pressure to equalize.
Properly executed this wall will not leak. Buf mortar must not be dropped

on masonry ties, ties must be arranged to pjtch outward, and weep holes at
bottom of wall must be clear.

3 o

| For furth=r information on thisaspect see Canadian Building Digest 2I
"Cavity ! Is" T. Richie.

98




94

Simi lar considerations apply to roofs 4s to walls. Probably the most
successful roof form is the pitched type. They usually work well because
they take advantage ot natural phenomena. Their attributeswere originally
developed by tradition. Now we know why they work so well.

‘Overlapping shinglas
Sheathing

roof structure

o ——-vented attic

D insulation

NN . Vapour barrier

Ceiling finish
The attic space is ventilated so that pressure in the protected space is
equal to outside air.

The slope of the roof allows gravity to assist with draining the roof
surface. -

The small overlapping units (shingles) permit movement without rupT&re.

The insulation and vapour barrier are protected. . r%:"
T .. 2 —pl-
The slope of roof Is expressed either in inches per foot, e.g. 3 in 12

is 3" in I'0" or in degrees 3 in 12= |5°

This is the minimum pitch for wood shingles; for 210 Ib. asphalt shingles
the minimum pitch is 4 in 12. Lower pitches required different materials,
although frequently essentially flat roofing techniques are used.
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$

Installation of asphalt shingles (typlcal)

‘Underiayment
#15 felt

starter strip

Note that there is a mirimumQf two . - shikngle. Thicknesses at-anyrneg point, in-
cluding the rocof verge. A starter strip 12" wide is used, which is usually
a strip of 19" selvage roofing known as N.1.S., or a reversed shingle.

B i

e o o o o [ an'5

” n ! Tgpical 2101b shingle.

Shingles are nailed to roof, and, where conditions are windy or pitch is low,
glued as well. Therefore, the roof deck must be nailable, 6" X I" boardingor
1/2" plywoodare often used.

An underlayment is used for two reasons.
I. To act as a secondary moisture barrier

2. To act as a 'slip sheet', permitting the system to move without affecting
or being affected by the deck.




A pitched roof is satisfactory Qécause

a) |t uses overlapping units

b) It permits ventilation of the attic space
c) It uses gravity to advantage

d) It does not require to -be perfectly sealed.

Check one.
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The principle advantage of the pitched roof is +hat a perfect seal between
the units Is not neccessary. Flat or near flat roofs require- a perfect
imperm=able membrane to ensure adequate performance.

A flat roof is very like a tray. |f the tray is punctured most of the
moisture will penetrate through the hole.

Unfortunately holes must be made in flat roofs so that vent pipes, drains
ventilators and other items can be installed.
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a)

A pitched roof requires a perfect Impermeable membrane for successful
performance.

b) A flat roof requires a perfect impermeable membrane for successful performance.

Check | and turn to page 99.

Q 103




I you checked (A) turn to page 97

I'f you checked (B) turn to page 100
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cf materials.

Most common is the bituminous roof made of either coal tar pitch or natural
or refined asphalt,

B1tumin: is a viscous fluid which hardens to form a waterproof membrane.

In itself it is insufficiently strong to withstand temperature movement.
Therefore it must be reinforced with a material to which i+ must bond to provide
an acceptable tensile strength.

Usually this reinforcement is felt, impregnated with bitumen. Felts are
either made from organic or inorganic material. The most popular materials
are wood pulp, asbestos and glass fibre.

|
A flat roof Is provided with an impermeable membrane which may be of a number

Typically, a flat roof is builft up from a number of layers of felt interspersed
with moppings of bitumen. I+ is usually considered that the greater the number

of plies of felt and moppings of asphalt used, the longer the service life of
the roof will be.

Ehumen

+
Pe\ v men

ey
-'loet'\'um en

roof deck

3 ply roof
(expected life |5 years)
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In a built up roof the waterproofing Is provided by

a. the felt
b. the bitumen

Check one. |f you checked a. turn to page 102, of b. page 104.

o 106
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In a bullt up roof the waterproofing is provided by the bitumen. The felt
In itself is hygroscopic and will absorb water without forming a barrier
to water ingress.

The felt is a reinforcement for the bitumen. In special cases the felt

is coated with bitumen and chippings at the manufacturing plant so that

the composite product is in itself waterproof, but the felt is still only
reinforcement. Coated felts are used successfully as vapour barriers, and
as intermediate plies. They have advantages over impregnated felts in that
they are less likely to suffer from moisture pick up during construction,
but are stiffer and heavier to handle, and as less bitumen is used between
plies, lamination of plies is sometimes unsuccessful.

Felts are referred to by their weight based on an approximate area of
100 square feet or as it is known in the roofing trade "a square".

So No. I5 felt weighs I5 Ibs/100 sq. ft.

No. 40 felt weighs 40 Ibs/square
and so on.

1067




A bullt up roof is reinforced a.
b.

Check one.
I'f you checked a. +turn to page 104

I'f you checked b. turn to page (00

168

with felt
with bltumen
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In a built up roof the waterproofing Is provided by the bitumen, the
felt acts as a reinforcement. Bitumen is a generic term that covers
two basic materials I. Coal tar pitch

2. Oil based asphalt.

Coal tar pitch is a by product of cokirg coal.

Its softening point is 140° -~ 155° F

Application Temperz' 're 325° - 375° F

and [ts maximum heated temperature 450°F. Above thi  nt essential
oils boil off so that the material when it hardens, cracks. Coal tar
pitch remains softish in use and is self healing (due to flow when
heated by the sun). This advantage becomes a disadvantage, for it can
only be used on flat or near flat roofs.

Asphalt occurs naturally in the asphalt lakes of Trinidad (known as Lake
Asphalt), in rock in various parts of N. America (known as rock Asphalt’;
and as part of the distillation of Petroleum, simply known as asphalt.
The naturally occurring asphalts are claimed to be superior to those
produced by distillation but there is no evidence offered to support
this contention.

There are three types of asphalt, Type | for use on flat roofs, slopes

up to I" in 1'0"; Type 2 for use on roofs with slopes from I" to 2"in

I'0"; and Type 3 for use in roofs with slopes in excess of 2" in |'0Q".
Type | Type 2 Type 3

Softening Point is 0 - I50° F | 165 - 175° F | 190 - 205° F

Application Temperature {350 - 400° F | 375 - 425° F {375 - 425° F

Its maximum heated temperature is 500° F,

All bitumens creep, therefore a reinforcement must be used to complete
the built up roof system. Turn to page |02 for further information on
felts befcre proceeding to page |05.

169
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Pitch and asphalt are not compatible with one another and in addition,
pitch cannot be used successfully with some insulation materials.
The traditional flat roof is made up of
roof membrane

igsulation
vapour barrier.

) o,
e——————— . .
R STy, ‘..'.':ez-:-.".".;‘.-.z.?;‘.;%?..?:f'.e:'f."(.f.s* stone chippings

S I

Insulation can be of: Limitations Thermal conductivity K
Fibreboard susceptible to moisture pi:- up .35
Glass fibre .27
Polystyreme foam cannot be used with pitch must be .20

protected from solvents and temp-
eratures over 165° F

Polyurethane foam cannot be used with pitch, must be .15
protected from solvents and temp-!
eratures over 375° F

Cel lular glass .40
Straw fibre Susceptible to moisture pick up .33
Cane fibre Susceptible to moisture pick up .33
Wineral fibre .38
All insulation must be protected from the-elements.

Pitch (is) (is not) compatible with asphalt and (can) (cannot)
(a) (b) (a) (b)

be used with urethane insulations

Check appropriate words

110
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I f you checked a, turn to page 107.

If you checked b, turn to page 108.

111
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Pitch is not compatible with asphalt and cannot be used with
urethane insulation.

The effect of using them together is that a good bond cannot be
achieved, so that gaps remain between laminations permitting the
contained air to expand and contract with temperature changes,
leading via a progressive system to early membrane failure.

112
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In order to protect the bitumen from the harmful effects of the sun's
rays, and as protection from fire occuring outside the building, burning
brands, for(instance a layer of light coloured chippings)is applied to
the top surface of the roof.

Because wind can blow this gravel off the roof, it is normally applied

as a "double pour", if the roof is near flat. This consists of pouring
bitumen onto the roof, spreading gravel over it while still hot, brushing
off loose gravel when cool and repeating the operations. The single pour
method used on roofs with slopes greater than 1/2" in 1'0" simply consists
of pouring bitumen on the roof and embedding chippings in it.

113




Gravel surfacing on a roof is provided to:
a. Protect the bitumen from the sun's rays
b. Act as an aesthetic finish

c. Act as fire protection

d. Act as a traffic surface

Check the appropriate statements

114
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Gravel surfacing on a roof is provided to protect the bitumen from
sun, firebrands, and to provide an aesthetic finish. No gravel
surfaced roof can be safely trafficed. Special means must be used
to provide waterproof traffic surfaces.

Excessive traffic, i.e. traffic other than for maintenance access,

can quickly result in chippings being driven through the bituminous
membrane resulting in rapid failure of the roof system. Leaks in

flat roofs are difficult to locate and repair because of the gravel
surfacing. Thus attempts have been made to find substitute finishes.
Two methods are in use:

I. Mineral coating of felts at the factory
2. Application of a reflective coating to the roof surface.

-The first method employs the use of coated felts for the final roof
surface shown as NIS or nineteen inch selvage rool roofing. It is
quite satisfactory in use, but is difficult to install without
staining the mineral surface with bitumen while still maintaining

full adhesion between plies, consequently it is normally used on roofs
of minimum pitch 2" in 1'0", where occasional lack of perfect adhesion
is not a serious problem.

ihre second method does not have the problems of the first, but it is
in reality nothing more than an asphalt based paint, so that its
service life prior to recoating is normally no more than five years.



1l
NIS is (a) satisfactory (b) unsatisfactory as a finished surface
for a traffic free roof.

A roof coating is (a) superior (b) inferior to NIS as a roof
finish.

Check appropriate statements.
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NIS is satisfactory as a finished surface for a traffic free rcof, but

if It were to be used on a roof normally accessable to pecople, its mineral
coating would soon wear away leaving the felt itself exposed to the¢ elements.
In any case the roof would be uncomfortably steep. A roof coating is
generally inferior to NiS, but it can be used on roofs sloped less than 2"

in 1'0" which NIS cannot. The service life of NIS is normally in excess of
IS years.

Obviousiy there is no simple answer to these questions, as is the case with
many problems in architectural design and construction. Selection of solutions
depends upon factors contained in the specific problem.

The most important part of any roofing job is that is should keep moisture
out of the roof structure, both from above and below.

Moisture entry from beiow the roof structure is controlied by

a) The roofing membrane
b) The iInsulation
c) The structural deck

d) The vapour barrier

Check one
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Moisture entry from below the roof structure is controlled by the vapour
barrier.

It is not neccessarily stopped by the vapour barrier, because vapour pressure
is almost always present. The vapour barrier, which may be of tared paper,
polyvinyl chloride film, bituminous felt, bitumen or any other low permeability
material is best placed on the warm side of the insulation on top of a rigid
supporting deck or surface. |t must be continous. No breaks or tears can

be allowed. |f the vapour barrier is faulty, or does not exist, early failure
of the roof membrane will result.
“

JC:T__—roof membrane //—\condensafion

n IJ UL [ insuiation 7 m)_

g( ] ,
vapour [ essure ‘vapour pressur‘e

with good Vapour Barrier without Vapour Barrier

In order to relieve vapour pressures within roofs, insulation breathers are
sometimes used, usually one very 100 sq. ft.

This solution to the problem has rarely been
entirely satisfactory, and so coupled with
the problem of increasing usage of roofs as
pedestrain areas and as landscaped surfaces
new methods of roofing are gaining acceptance.

For much more detailed coverage of methods of coﬁé?ruc.nng
flat roofs see A/V presentation no.
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The conventional flat rooft is heir to a number of difficulties.

l. It requires perfect workmanship to perform satisfactorily.
Repair of flat roofs, particularly when gravelled, is ditficult.

The "sandwiching" of insulation between two impervious membranes can
cause trouble if moisture becomes trapped within.

4. 1t is a relatively fragile surface.

Thus a practical alternative has to be found. The most hcpeful roof type that
has yet been developed is known as the "protected membrane roof", and the
concept is extremely simple. The vapour barrier becomes the only waterproof
membrane, and the insulation is placed on top of it. There is rather more to
the system than this of course, but this is the essential difference.

The basic requirements of materials for protected membrane roofs are:
l. The membrane must be tough smooth and moisture resistant .

2. The insulation must be capable of withstanding direct exposure to the
elements, without losing its insulation vaiue.

The deck must be smooth, rigid and sloped to drains.
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Which of these insulation materials can be used exposed to the elements on

a roof?

a. Glass fibre b. Fibreboard c¢. Polystyreme foam

d. Polyurethane foam e. Cellular glass f. Straw fibre
g- Mineral fibre.

Check the appropriate materials and turn to p. |16.

120
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None of these materials can be used exposed to the elements on a roof. All
are adversely affected by one or more of the conditions experienced in the
open. As an experiment, obtain samples of at least four of these materials
and using the facilities of the Construction Lab subject them to immersion

in water (24 hours) freezing (24 hours) exposure to ultra violet radiation
(24 hours).

121



The following experiment must be undertaken in the Construction Lab

Intent
To observe the effect of freezing and thawing and ultra-violet light on various

types of insulation.

Theory

Water when reduce in temperature to freezing has the ability to expand with
great force. Materials that draw up water by capillary action retain this
water even when subjected to freezing. If the structure of the material does
not allow movement for the expansion, then that material must make room for

it by other means.

Method
1. Obtain samples of four different kinds of insulation.
2. Immerse samples in water in container for 24 hours.

After 24 hours, drain of most of the water (leaving about 1/2").

B ow

Place container of samples in freezer for 24 hours (using the ultra
violet 1ight).

5. After 24 hours, take container of samples out of freezer and immerse
in water which is at room temperature for 24 hours.

6. After 24 hours place container in freezer for 24 hours (not using ultra-
violet light).

Report

Note any changes in various types of insulation on a weekly basis.
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Your results will indicate that only some of these materials survive these
tests unscathed, and if you inspect samples exposed over long perious to the
outside environment, you will find that none of them are entirely satisfactory.

Therefore all insulation must be protected, although the kind of protection
needed will vary with the material. :

Thus the protected membrane roof will take the form as below.

,TTT\\\-Surface protection

e . . ‘ . : .
0 .o % e o .- J LER Structural deck
(sloped)

Insulation
Combined VB —

1723
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The surface protection provided for the insulation where it is not generally
accessable can be

a) a water resistant material

b) a material opaque to ultra violet

c) a reflective material
d) an elastic material

e) a heavy material

Check the appropriate choice.
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The surface protection provided for the insulation where it is not general ly
accessable can he a material opaque to ultra violet light.

There are two main classifications of protected membrane roof.

I. The roof which provides two waterproof membranes as the sketch below.

memb rane | . .
insulation

membrane 2

<ZSpeciaI drain

The special drain allows water vapour to evaporate from between the two
membranes and from the insulation, and also drain the lower membrane if
water should find its way down to that level.

2. The roof which provides one waterproof membrane as the sketch below.

;-;-CIEEZEgE?;{ﬁggﬂﬁééfigéggga:f§:====dﬁﬁ:~*—— open jonnfgd paving slabs.

s R LR L “ﬁf*ooﬂ - - gravel drainage layer.
— 3 . open joint insulaticn.

waterproof membrane.

The single membrane app;;g- to the deck surface can be installed early in

the project sequence, any leaks developing can be detected and repaired

prior to final completion. The rocfing system can he completed after all
work operations which might cause damage have been completed. The principles
involved in flat roofs are quite simple«Complications arise only when deal :ng
with flashings and at protrusions through the roof surface.
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Perincter of roofs are finished on variations of two basic themes
a) the overtanging roof

b) the parapet wall

Typical overhanging roof type
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Flashings are usually made from sheet metal - copper, lead, zinc,
galvanised steel, stainless steel, oraluminum, and sometimes from
NIS felt, copper coated fibreen, fibre glass reinforced plastic
and a number of other less usual materials.

The requirements of a flashing material arezl. That it should be
impervious to moisture, 2. Non corroding. 3. Compatible with
other materials used in system 4. Easily worked. 5. Low in cost.

The most commonly used material for average quality work is aluminum,
usually embossed to mask the inevitable wrinkles and buckles that
occur with temperature change and movement.

El{fC‘ 176

Aruitoxt provided by Eic:
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Oraw typical details of roof/wall connection and overhanging roof in wood
frame construction at | 1/2" - |'0" scale. Instead of the traditional flat
roof shown in the details on page 120, adapt the details to apply to a
protected membrane roof.




Flashings are
a) Provide a
b) Provide a
c) Provide a
d) Provide a

Check |.

122

used to

neat appearance where roof joints other elements.
robust finish at points susceptible to impact damage.
watertight connection at changes in materials

flexible watertight connection at changes in materials

178
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Flashings are used to provide a flexible watertight connection at changes
in materials. They should also fulfil the requirements of a. b. and ¢,
but the primary purpose is as stated above.

Because flashings are constructed of materials with finite dimensions,
methods of making water tight joints must be used.

" "

mastic compound

fasfene:?:)

Simple lap joint

fastener—

2. Cap strip joint

-

3. Interlocking joint

These connections are particular y applicable to sheet aluminum. Solde~ing ot
materials such as copper was frequently used in the pasT, but high labour and
material costs make this technique unusual at the present time.
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reglet

concrete walla;‘ Ve
. .-
C-R'O,'.
el . Bituminous roof
-t e,
‘o 9'4“-6.0“-°°. 'ov.:e
. d'
o |
o
£-3

Name the flashings at A, B and C above.

\ 13
v
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A is a cap flashing

B is a counter flashing

C is a base flashing

A & B are aluminum, C is bituminous.

Note that the cap flashing uses a galvanised strap to provide concealed
fastening for neatness of appearance and water tight connections. In this
case the flashing is snapped into position.

The top of a cap flashing should be

a. flat

b. sloped

c. sloped towards roof

d. sloped away from roof

Check |

. 131
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The top of a cap flashing shouid be sloped. The direction of slope is not
critical to the performance.of the flashing itself, but it is usually arranged
to slope towards a drained surface. The area of flashing is usually so little,
that there is no noticeabie increase in the amount of precipitation apparent
to persons standing below.

The design and detailing of roofs for satisfactory performance is no simple
matter, but it is basic knowledge that all architects are expected to be
conversant with.

Further information can be obtained by reviewing A/V presentation number

Oraw an anoonometric or isometric of the parapet and roof flashing details
as shown on page 124 at scale of I" - {'0", and with joints at 4'0"o.c.




127

The basic principles of moisture penetration are
I. There must be moisture present
2. There must be a hole through which it can move

3. There must be a force present to move it inward. To which building
elements do these statements apply?

a. Floors b. Wdalls c. roofs d. windows e. doors
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The basic principles of moisture penetration apply tc all building elements.
Floors, walls and roofs have been covered in the preceeding pages, together

with aspects peculiar to the element under consideration. Windows generally

are required to provide specific benefits. Although designers have been

known fo make use of the window, (then known as a 'void') as purely compositional
emphasis, the window has specific and straight forward functions to perform.

It must I.
2.
3.
4.

Admit light
Provide view

Provide ventilation (often but not always)

Act as a separator between inside and outside environments.
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With the current state of technology windows are

a) Neccessary to admit light
b) Neccessary to provide ventilation
c) Neccessary to provide a view

d) not neccessary

Check the appropriate statement.

3
*
GO
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With the current state of technology windows are not neccessary. This of
course is pureiy a technological view point, but, in fact, some buildings
have been completed without them. It is doubtful that windowless buildings,
except for very special purposes, will ever gain full acceptance. However,
it is generally accepted that an abundance of windows particulariy on South

East and West exposures is environmentally undesirable and excessively expensive
tn tferms of energy usage.

Refer to Canadian Building Digest No. 39 Solar Heat Gain through glass walls.

-
6
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Large areas of glass in the external walls of a building are undesirable
because
a) Excessive glare is produced

b) Excessive heat gairn results
c) Condensa*ion occurs on glass
d) Cold drafts occur

e) They are expensive

f) Excessive heat loss occurs
g) They leak

h) They are expensive to instal! and maintain

Check the applicable statements.
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Large areas of glass in the external walls of a building are undesirable
because excessive glare is produced, excessive heat gain results and
excessive heat loss occurs. These are the technical reasons for reducing
numbers and size of windows.

You would not have been wrong if you checked any or all of the other state-
ments, but These problems result in the main because of items a, b, and f.

All of these problems can be taken care of by careful sizing, orientation
and design of windows.

A windows parts are known as

.’r-'?'r——-'.,)
|

the head-- - .

the jamb .-

> -
the sill e . sil |f-~-\-%

where groups of windows are connected together to form larger windows the
vertical members are known as millions, and the horizontal members as
transoms subsidiary members within the window itself, reducing the sizes

of the glass panes are known as clazing bars.

All these parts have been related to fixed windows, that is, no part opens
for ventilation.




133

Th ~= are an almost bewildering variety of opening windows, and certain
cor tions are used on elevations drawings to indicate the method of

opening.

) [“ This is a double hung or verfical.slidg win?ow. .The arrow
! indicates which windows move and in which directions.

This is a horizontal sliding window.

This is a casement window, that is the ventilator opens hinged on

f
i

y {._._
e o
[ |

the side indicated by the dotted arrow head. Indication of whether
it opens in or out must be noted in the drawings or specifications,
. -; otherwise it is assumed to open ouf.

[ ey |

\ - | .. . . ..
‘v;-:iia‘ . This is a Tog.hung window or awning window, unless indicated
I i otherwise it is assumed to open out.

[ T This is a bottom hinged or hopper window. Jnless indicated
‘ otherwise it is assumed to open in.

This is a horizontally pivoted window. The short lines through
the jambs indicate the locetions of the pivots.

This is a vertically pivoted window. The short }ines through
the head and sill indicate the location of the pivots.

> e 1
This is a jalousie window iqégpifﬁ each glass blade pivots as
a louvre. e

- =

N

There are additional variations on these windows. HMechanisms which move the
pivot points away from the frame of the window are known as projected windows.
The addition of further systems ofsliders intfo sliding windows chanaes them to
become 'double double hung' and double horizontal slide windows.

Make perspective sketches of a 'double double hung' or a double horizontal
Q slide window, and a sketch section through each type, not to scale.

189
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The double horizontal slide window should look something |ike this.

Currently double horizontal slide aluminum windows are very popular, and
can work exiremely well in residential construction.

140
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A large number of materials are used for fabricating windows.

135

The traditional

material, and still excellent if carefully designed and manufactured is wood.

Windows are made as well from extruded aluminum pressed steel, hot rolled steel,
stainless steel, lead, bronze and plastic, with permutations of most of these

materials.
concrete structures.

Comprasion of Properties of the three most popular window materials.

It is also possible to glaze directly into masonry, wood, and

Material Coeff. of Thermal Expansion Thermal Transmission{ Moisture
per deg. F in/100'/100° Movement
Wood 1/100" °96 Btld./Mr/Ft°
1" thick per °F
Steel 7X10-6 3/4" 21 .60 Nit
Aluminum 14X10-6 | 1/2"+ 154.80 Nil
(anodised)

From these figures it can be seen that tnese materials are significantly

different in performance, the advantages of one material may be disadvantages

in others.

is faced in otherwise satisfactory windows.

The most obvious effects of high thermal transmission in window frames is

condensation, and when temperatures are very ‘low, icing.

Icing will occur a) When outside temperature falls to 32°F b)

For our purpcses at the moment the most important factor is thermal
transmission, for this is the most obvious and most annoying problem that

when inside

temperatures fall below 12°F c¢) When surface temperature falls below 32°F with

condensation present.
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Icing will occur when the surface temperature of the glass or frame at the
Inside surface falls below 32°F. with condensation present.

NA

2
INSIDE TEMPR. °F

SIMPLIFIED PHSYCHOMETRIC
CHART AFTER ASHRAE

From the chart above, it can be seen that air at 75°F with a relative humidity
of 60% (a reasonably comfortable level) will be at saturation level at 60°F

approx. .elow this temperature it will begin to be apparent on window glass
and frames as condensation.

Repeat this excerise with temperatures of 70°F and relative humidities of 30%
40% and 50%. Record your readings.

1412
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At 70°F and 30% R H Saturation is reached at 36°F
At 70°F and 40% R H Saturation is reached at 45°F
At 70°F and 50% R H Saturation is reached at S0°F

Between 40% and 50% R H is usually considered to be most comfortable, but the
average maintained in Canadian Homes is usually less than 30% R H and
frequently as low as 125. At these low levels discomfort is experienced in
several ways, not least of which is a feeling of chill, with consequent
raising of temperatures by artificial means to closer to 8)°F which compounds
the condensation problem.

The thermal conductivity of glass is the normal limiting factor for the window
So long as the frame has lower conductivity than the glass condensation is
assumed not to affect the materials around the frame.

Material Heat transmission per °F per hr. ner sq. ft. (U)

Sheet glass .10 (average)

Double glazed 3/16" air space .65

Double glazed I/4" air space .62

Double glazed 1/2" air space .57

Thus wood frames over 2" thick have as much or greater thermal resistance
than cven the best double glazed units. But the metals have obvious problems.
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In order to make metal frames perform satisfactorly it is neccessary to include
a thermal break in the frame. This takes the form of a material of high thermal
resistance, or low thermal conductivity,

The most commonly used materials are wood and plastic. Plastics are currently
highly favored because of their ability to accept extrusion: lars

IIIRGIN

outside

Ny

plastic extrusion in
atuminum frame

steel frame on wood
subframe

Research manufactures technical trade literature and perpare detailad plans
and sections through three types of window.

I. Wood casement

2. Steel awning type window

3, Aluminum hori ontal |liding

Draw these at the scale of 3" - I'0"; include thermal breaks where necessary.
All windows must be double glazed. Thermal breaks are required in windows
whuse frames are made of aluminum, steel, stainless steel, plastic, wood.

Check the appropriate materials.
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Thermal breaks are requirced in windows whose frames are of aluminum, steel
and stainless steel - and any other metal for that matter.

If you had included materials other than those above, review pages 135 through 138
befcre proceeding further.
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Most users wil! tolerate faults in window performance so long as they do not
leak water or air.

To achieve even this performance is not as easy as it would appear.

Two main aspects must be considered when evaluating window performance in
connection with air and water |eakage.

I. The window assembly itself

2. The connection between window and walls.

You will remember that in earlier discussions it was stated that in order
for leakage to occur there are three factors involved.

I. There must be water present
There must be a hole through which it can move

3. There must be a force present to move it inward.

The window in its simplest form consists of the frame - a head two joints
and a sill, the glass and a device to hold the glass in place.

head :‘/
If hp“mb
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The first point at which leakaae can occur is at the junction between horizontal
and vertical members. This joint is made either as a mortice and tenon joint
or as a mitre.

mortice & tenon mitre

In the case of wood windows, leakage at these points rarely occurs, as the
members are glued together and the whole assembly primed and painted.

The problem is usually at its worst in aluminum windows; in the cheaper
aluminum frames, the extrusions are accurately cut, mitred together, and
fastened in this position by a metal angle bracket. This allows tha possibility
_of leakage at the mitres.

Often to get over these problems, this type of ;Tﬁaéa\is caulked at the mitres,
but caulking compounds break down with use. This method is used because it

is cheap. In steel windows, and in better quality aluminum windows there
joints are welded producing not only better weather proofing but a frame with
superior rigidity. Leakage or condensation collecting in the hollow members
of aluminum sections will result in leakage at the sill, despife the location
of the water entry point.
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The next leakage point occurs at the junctions between glass and frame. Several
methods of making joints at this point are in common use.

The traditional method was to use putty - originally a mixture of white lead and
linseed cil. The frame is vack puttied, the glass bedded into this putty, sprigs
(small nails) were used ' ‘rold the glass in position and then putty was applied
at a 45° angle over these rastenings.

bock pudty-

Materials have improved, but this basic
method is still sometimes used.

Unforturarely, although the material is resilient and waterproof and workable
initially, even when protected by paint, as it must be, it rapidly dries out,
hardens and falls away. This permits leaks to deveiop, and could even result
in the glass falling out of its frame.

Currently methods can be categorized as sealanfs, tapes and gaskets in
combination with removable glaznng beads.

“~tled stee!l frames
-2 sealants eitner with 7))
or without pesads, as do 1.
WO 4 windows.

2

v/ thout bead W.th Screwed beac

o

ﬁ
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Aluminum and pressed steel windows usually use gaskets or butyl tape or a
combination of these with or without sealants, with spring in or screwed
In beads.

Snap in bead and gasket tape and gasket with snpap in bead.

The advantage of gaskets is that they are simply reused after glass replacement.
But they must be preformed and held in place under pressure. Tapes are very
satisfactory but must be replaced when windows are reglazed. They too must

be held in place under pressure. Consequentiy a combination of tapes and gasket
after installations of the window glass onto the tape and rhe bead provide the
required pressure on the tape, allows part of the system to be reused and
simplifies reglazing. Special purpose 'zipper!' gaskets are also available,
Gasket pressure in these installations is achieved by installing a spline.

Gaskets are generally expensive.
Zipper gaskets are very expensive
and are tolerable only on projects
where large quantities of ident:ca!
items are required.
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a)
b)
c)
d)
e)
f)

g)

The most likely place for a well designed window to leak is at

Check one.

The nead

The sill

The jamb

The glazing beads

The junctions of head and jamb
The junction of frame and glass

The junction of frame and wall
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The most iikely place for a well designed window to leak is at the junction
of frame and wall.

The window itself can and is manufactured to \very close tolerances under control led
conditions. The opening in the building is usually made of materials and under
conditions where 1/2" is considered to be a superbly accurate tolerance. Under
these circumstances the su2l procedure is to bung up the gaps between window
and wall with sealant. U tunately bunging up the holes rarely keeps wind and
water out of a building fo. .ong. Wevertheless once one is aware of the problem,

design ski!l can be exercisea to reduce the possibil.r; of leakage at this point
to an absolute minimum.

To depend upon a sealant alor .- a waterproofing seal is dangerous. The best
solution to the problem '. to ¢usign the junctions so that it is waterproof
without the use of seale : .nd to use the sealant as an air seal.

O

ERIC 151
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Based upon your understanding of the "rain screen" principle as previously
discussed when we examined walls .'d roofs can you sketch methods of making
the wall/window junctions proof to rain entry without the use of sealants?

Record your solutions below and on the back of the preceding page if necessary.
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. Steel fiamie in masonry veneer.

Aluriinum frame 11 ma.santy

-Fla.slnms .\,j—"'

steel frame in concrete

Q

The sketches above illustrate some ways of achieving the desired result.

However, each building design produces its own problems. The connection details
must be carefully considerad at the design stage so that the influence of differing
materials is adequately resolved. In fact in order to produce an entirely
satisfactory window, the use of sealants must be accepted. The stetch below
Indicates the essential principles of frame constructions for satlsfactory control

of air and water leakage. t JMK
Fille

water deterrent "‘/)r/ e L “é 1 alr deferrent

(fallure of seal does N !

not result in leakage) ' \K‘_____,{Pressure equalization

and drainage hole
©xamine manufacturers technical |iterature, and prepare sketches based on this

Mc"esearch.demonsfrafing effective use of the principle of pressure equalization

IText Provided by ERIC

'n frames as applied to two windows, ope, each of aluminum and steel.
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The opt:wum location for a sealant in a window component is
a) at the outside face of tne ccmoonent

D) at the inside face of the component

c) at both inside and outside faces of the component.

Crack | turn to page 149.

154
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The optimum location for a sealant in a window component is at the inside
face of the component.

The reasons for this are many, but the two essentials are:

I. The sealant is located in a position where temperature variation is at
a minimum, and therefore the material is not called upon to respond to extreme
temperatures or movement induced by these temperature changes.

2. Placing the seailant at the inside face prevents the movement of warm moist
inside air into the cold parts of the wall, and thereby reduces condensation
on the frame and in the wall.

Unfortunately it is not always possible to locate the sealant in its technically
optimum position, but even so satisfactory service can be obtained by careful
design based upon an understaiding of the material.




Satisfactory sealant joints are achieved by ﬁsing
a) as much sealant as possible

b) as little sealant as possible

c) an even bead of sealénf

d) a carefully controlled amount of sealant

e) a sealant bead of controlled shape

Check the appropriate statements

150
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Satisfactory sealant joints are achieved by using a sealant bead of controlled
shape.

This type of sealant is gun applied. It is a viscous liquid that curves to an
elastic material of high extensibility combined with good cohesive and adhesive
abilities. In designing joints to receive thic type of elastomeric sealant.

Certain basic principles must be auhered to in order to achieve satisfactory
performance,

I. Although the shape of the joint neccessarily changes, its volume remains
constant; which means that the geometry of the joint responds to movement.

2. Because the thicker the bead depth, the greater the force required to
extend it, deep beads have become prone to tearing away from the material to
which they are inte..ced to adhere.

3. Too shallow a bead will result in ruptire of the seal itself.

4. In order to pravent complication of stresses, a sealant should only
adhere at opposite surfaces.

The size of the joint is dependent upon the relative movement of the materials j
and components it connects but the sketches below embody the basic principles. |

)

al. min 4"
ec)llj i

)

compressible foam 5% expected
Filler joint movement
: extensible filler

Butt joint joint 5X expected movement Corner bead

Note that the fillers ensure that the crocss section depth is less than the
adhesive depth and that the joint depth is controlled by the placement of
the filler.

Q- 157
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An aluminum box section window frame is to be set in a cavity wall.
Prepare a detail of the window wall interface showing the location

and shape of the sealant joint a) on the outside face of the assembly
b) on the inside face.

Assume that the total movement to be accomodated is 1/8".

Q 158
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It should be apparent that components cannot be fitted together without
tolerance sufficient to permit movement without causing deformation of
the component itself. Where opening windows are used, a gun applied
sealant cannot be used to achieve air and water seals.

Resort must be made to weatherstripping.

Weatherstripping must permit easy opening of '..e window or door, but
must achieve a tight seal when closed. It is usual to rely upon com-
pressing the weatherstripping to achieve this.

Several materials are used for this purpose .’

I. Metals (thin bronze, copper, stainless steel
2. Fabrics (wool or acrylic pile) felt

3. Plastics (Vinyl polyethylene, poly urethane
4. Rubber

| a

DoorR

WEATHERSTRIP.

WEATHERSTRI A

TYPICAL METAL WEATHERSTRIP WOOL PILE

3 _ 4 O

WEATHERSTRIR \;

N

TYPICAL NEOPRENE RUBBER OR PLASTIC

159




154

Many more sophisticated weatherstripping details can be found in text-
books and in manufacturers literature but the principle is the same:
Compressing a gasket to form a weather tight seal. .
Doors use exactly the same principles. Usually,unless special purposes
dictate, weatherstripping is applied to outside~doors only. In order
to control passage of sound air or tight; however, inside doors may be
weatherstripped as well. The jambs and heads of doors are simply handled.

! 2 3

N S .

RuBeE FoamM Fo

HEAD ORJAMB HEAD OR JAMB HEAD ORJAMB

The cill, however, is another matter, as usually it Is desirable for
good clearance to be provided for floor finishes.etc. Some methods
of providing a weathertight seal are shown below/

A 8 C

‘r -FoaM 3 = RUBBER

Once agalin the same principles are used to provide satisfactory performance.
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The principles embodied in the sketches on p. 154 are
a) Use of gravity to promote drainage

b) Compression of gasket to provide air tightness

c) Use of tight fit to avoid capillarity.

Check appropriate statements
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(c) is incorrect. Close fit will not aveid but promote capil tarity.
For demonstration of the mechanism of capillarity, see experiment in
construction lab.

The use of gravity to assist in drainage comvined with a tight weather
seal al the inside face is sometimes known as "two stage weather-
tightening". The +technique is deceptively simple as it requires that
elements be designed specifically to handle one conditon at a time.

Draw at the scale of | 1/2" - 1'0" a detail through a solid external
door and frame, which ¢:bodies the principles of two stage weather-
tightening.

In order to undertake this task successfully you will need information
on types of doors and frames.

Docrs are classified as flush, panelled, or glazed, and may be constructed
of wood, steel or aluminum, as may be frames.

I 2 3

JAMB

’ .
0% [ B

fpd

pd

wo~d

Steel

—

I

|

Aluminum

The above are a) interior b) exterior door frames
If ycu checked a) turn to page 159

I f you checked b) turn to apge 157.




The following expsriment must be undertaken in the Construction Lab

Intent
To note the amount of rise of water relative to the spacer between twe
similar materials.

%%%%%%arity is a form of surface tension between the molecules of a

liquid and those of a solid. When the adhesive force is stronger {capillary
action) the liquid will tend to rise above mean level at the points of
contact with the solid.

Equipment
Tray, two pieces of pane glass, glass holder, thin spacer, thick spacer.

Method

1. Add water to the tray to about 1/2" on glass. {Observe rise between
the two pieces of glass).

Now take the two pieces of glass out and dry.
Place the two pieces of glass with the thin spacer back in tray.

Conclusion
Request report on methods of producing answer to problem.

3/156
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The trmes Lhoan could be used on internal doors but are usual ly used

on extericr doors. As always the major problem is to achieve a

satistactiry juncticn between frame and wall. |t is equally important

To ensure that the frame is firmly tastened to the structure. Doo-s
rrejuentl, reweize ons uereile ot ise and thus i f frames are not
Fasfened securely ro the structure nsightly damage can result which
<an feaa in turn fo unsatisfactory per-ormance and even failure.
iormally three frame anchors are used for each jamb (6 per frame) in
Tne case of frames to dissimilar materials. For example wood trames
a masonry wall (a) steel trames in & stud wall (b) or steel trames
a masonry wall (c)

in
in

a.

O

ERIC

Aruitoxt provided by Eic:

~aturally wood frames are simply fastened To studs with finisiing
n3ils, so that the head can be driven btelow the surtace ot the trame,
i tne hole left cin be filled. Doors are tastened to their frames

LUy Wy 07 hinges which are knrown as butis. These are screwed to trame

and decor in orde: to ease installation and removal .

‘nternal doors arc usually of light weight consiruction and therefore
vse only two hinges or, expressed in building trade terminology, one

cair of butts. For heavier ang exterior doors | 172 pairs (or 3 hings)
ser door or leaf are used. Urless speci fically requested, all nhinges,

Srooutts are supplied with o loose pivot pin, which simplities even

irtrer the vusiness of hanging doors, put equally results 1n making
Pite eusier tor the thict as well. Thus for exterior or secure-
interior doors fixed pivot pin ninges whould be used.

Hinges can be obtained in a wide variety of materials, qualitics ang

designs. The ordinary hinge uses plain bearings, more expens:ve
hinges are provided with roller bearings.
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A. This is 4

___nail
(commor) (spiral) (finishing)

B. This is a

nail
(common) (spiral) (finishing)

(Fill in appropriately)
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Aruitoxt provided by Eic:

ERIC

.59
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e e b e n gener dl rougn cure
@ 3Tromy ent, e fan Je Nead reduces the ok

Lie, ded

toy {
O pulling,

sb e s rame tmolies ov ois used o tnsnery
AT NeT a2 o ko TRt 15 visinle when the building is tin(shed

An i fernal Joo trame gues not requice a sill, s no attempt has to
22 temartae grffering Climates between rooms in normal cir-

: i* is also usual 1o arrange tor floor finishes to be

level, despite their thickness to «void the possibility

e
e 1 le.el causing danger. Interpal door trames ¢ an be
e

[ T2 T

i
I
ety b Steel frame vyprcat
the Lketcnes aoove, the head ot the frame is shown aniy, 43 the
amts arg scentical. Onty the rough framing, which is ac* 2 pa-t
A o oY

Ne Geor rrame vai.es. The rough open.ng .n the stud wail ¢, g
Pothe same cive 3% the door opening.
]
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The rough opening in the stud wall is not the same size as the door
opening, as the prepared space must not only provide room for the

door and frame, but must also allow room fto make final adjustments

to the locations and plumbness (or verticality) of the frame. The
amount of tolerance provided, varies with the type of frame, and in
fact metal door frames are often "built in"; that is, the frame is
erected first and the wall built around it. However the wood door
frame is rarely if ever constructed this way. A good rule for arriving
at rough opening size is fo take door width + 2X nominal frame thickness
+ 1/2", for the width, and door height + nominal frame thickness

+ /2" for the height. This is for a single leaf swing door, for
double doors the rule must be modified to take account of the extra
leat and additional cl:arance. This will usually amount to the door
width + |/4", Packing, or shims are inserted between studs and
finished frame to take up excess clearance. The most popular door

at the present time is the flush door. |t may have either a hollow

or solid core. A solid core dour costs between 3 and 4 times the

cost of a hollow core door. )

b — o g — .
if' { f s e Standard door sizes
Ty T T [ -
' 74 4 b0 Hollow core: 1'6" - 3'0" wide

in 2" increments X 6'8, 6'8",
7'0" high (interior)

__ml_-
!
AN
$
{ ¥
{
-~ [ I— .
1
J o
{

Sy &
I !!'T,b Solid core: 2'4"-3'6" wide in 2"
rr' increments X 6'8", 7'0" high
o (exterior}

e\

BiTAY
o T
Rz
~a
0 X
R

@)

~—

N

S ) i N §
b | Heeo o N 5
!{;{ R A H Ty iAvailable | 3/8" and | 3/4" thick
.’éi e 3 ! . .\ 4 e tr—— - g .
A i poon
fr “ i ;LJ I ’g\t~'
Solid core door hol low core door
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Aruitoxt provided by Eic:

Attaon b il w Lore door is (heavier) (lighter) than ¢ solid core
Joor and (sheuld) (should not) be used as an external door

delere inappropriote words.

168
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A flush hollow core door is lighter than a solid core and should not
be used as an external door. The hollow core door because of its
lighter construction deteriorates rapidly if exposed to the weather
and i< unable to stand as much abuse. In addition its security value
is limited, particularly due fo the method used to provide rein-
forcement for tne fock installation. See sketch on page 160. Locks,
bolts, door handles, door closer, latches, hinges kickplates and so
on all come under the heading of hardware. The subject of hardware
has become so compiex that it has given rise to a group of people
who offer a service to the building trade as hardware consultants.

in order that you have sore idea of hardware, and so that you can
extend your knowledge from a basis of understanding you should be
familiar the fterms used to describe the various items.

A latcr set has no provision for locking with a key.

A lcet set has provision for locking with a key, but does not
neccessarily have a bolt.

A ru~ latch, rim lock or rir dead lock are designed for surface
mounting on the door.

Aomertt oo batch, mortice lock or mortice dead lock is recessed into
the thickness of the door.

A knob set consists of two knobs and a spindle, usually square.
A lever set consists of two levers and a spindle, usually square.

A striker plate, or receiver, is a plate attached to the door frame (:>L
to receive the latch, polt or both. N

A nignt latch, which may be rim or mortice, is a lock operable by key
on the outside and knob on the inside. I+ is usual ly provided with 2
srib so that the latch can be held in the open or retracted position
during the day.

Kickplates are approximately 10" high, and protect bottom surface of
doors from damage.

Mop plates are used in the same location but are only 4" high.
Push plates and pull plates' function is obvious.

Door closer, usually hydraulic damped can be mounted on the surface or
concealed in the head frame or floor.

A dead lTock incorporates a sliding oolt in addition to a latch. S

Maxe~ sketches of each of the items mentioned ahove.
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As_well as flush doors, wood doors are often panelled, or glazed.

—— Y D

T
5'//./:.....’4/__4_(_
L LLN

R
———¥

iz

|

HI N

B secT
|

bzt - e ——
vood panel door glass panel door

Sizes: height 6'8", 7'0"
widths 2'4'" 2'e", 2'8"
2'10", 3'4n

thickness | 3/8", | 3/4",

=

«ors are not cnly avallable in wood, but in other materials as-well as
wombinations of these. Examples are steel doors:

v m—r— - ————

i

Styrene foam core Steel stiffened glazed panel
teel door Steel door steel door

h Kalamein door is a solid core wood door clad in steel. This type of
1oor, steel doors and some wood doors can be obtained certified as to

fire resistance. In certain locations fire doors must be used. Specific
rejutations will be found in the National Building code. Although doors
zre made in stainless steel, bronze and other expensive metals, these

are special doors, and the last metal type we will consider is the aluminum
deor,

Aluminum doors are used for appearance, and are almost inevitably glazed.
Sl T iy S P
e (%3_,—..::,

v

muli-on detail of aluminum door

Alaminum doors are most frequently used as exterior doors, and in
pubtic places in order to provicde fire ercape doors must be fi.ted with
panic hardware - these are devices whicn permit doors to be simply
opencd by pressing on a bar from the inside. A key is usually use

to gain access from outside. Doors may be glazed with ordinary or
wired glass.
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Glass Is available in tremendous variety. Once it was fairly simple
to understand glass types. However, the broad categories are:
I. Sheet glass

2. Plate glass a) polished
b) float

3. Cast glass

4, Toughened glass

5. Coated glass

6. Tinted glass

7. Wired glass

In doors, sheet and plate glass are used where a view through the door
Is required. Sometimes doors are made from toughened glass, in which
Case no frame is required around the glass. Where a door is used as a
fire escape, then any glass used must te wired. Wired glass is not

stronger than other glass, but if broken the wire prevents glass from
falling.

9%

toughened glass door wired glass.
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ERIC

Wired glass must be used in

a) All external doors

D) Doors used as fire ecscape doors
c) Internal doors

d) All doors in fire escape routes

Check appropriate statements
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Wired gluss must be used in all doors in fire escape routes whether
inside or outside.

Specttic requirements for doors and exits are described in Part 3 of
the Netional building Code.

Conventions for indicating the location and operations of doors
must be used on drawings.

double doors opening
one way only

i
mﬂXHm A2 __ s

double sliding doors

gl

sing]e swing door double swing

sl iding door

e able doors, double swing
in pocket

m@ amenll Bl — - -\ —

sliding/folding
door

surface sliding

revolving door
door
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In order fto travel from one level to another in a building stairs must
be used. Other devices such as elevators, escalators and ramps are
also used, but they do not obviate the use of stairs. Comfort and
safety in using stairs is very important. Several formulae have been
developed to assist in designing stair dimensions, but first you must
understand the terminology.

N ey
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Ir order to arrive at an acceptable tread the following rules

are used for interior stairs.

| Riser + | Tread = 17" - 18"

or 2 Riser + | Tread = 24 - 26"

or | Riser X | Tread = 70 - 75

The size of a tread is the size withoul the nosing. |In order to ease
the use of stairs it is best to inclued a nosing of I" - | {/2". The
minimum that should be used is 5" and the maximum 8". Between

6 1/2" and 7 /2" is most comfortable for the average person. Stairs
Gesigned exclusively for the very young should be sealed down in terms
of both treads and risers




A stair i required to connect two levels in a building.

J_F

T

e

A landing is required halfway between levels, approximately.

should pe the tread and viser dimensions?
ar e"R X I12"T b) 7"R X II"T ¢) 6 1/2"R X 10"T
d) 7 3/7" rise Il 1/2"T e) 8 2/3"R X 10"T

Check the appropriate selection.
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Only © and D are appropriate, as only these give the right proportions
of tread to riser and fit exactly between floors and landing. Each

rise and tread in a stair should be exactly the same size, otherwise

the user can *rip and fall in either direction. In providing directions

O J drawing as o rise and run, the information will be provided in a
different manner as shown below.
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Section Plan
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Aruitoxt provided by Eic:
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The getsil _onstruction of a traditional wood
whetner it iy of closed or open string type

stair depends upon

closed string open string

fn eirther case the basic stair is built up of carriages, uscally two
per stair, but sometimes three in a wide stair and strings, which are
the finished sides of the stair.

wa,“ S"‘"vmge-f

27

cw-riqjeL

/ , 5-(rm9€v’

typical stair long section cross section

In addition to a surface on which to walk, a device is required fo
prevent people falling off the stair - this is the balustrade - whizh
censists of the components shown on the sketch below.

handvail baluster

newe!

“ake an axonometric sketfch of | flight of an open string stair.
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The height of hand rails on a stair should be 2'8" tc .'|Q" measured
off the nose of the tread and at Iandnng should be 2'10" -~ 3'Q"., The
minimum width of a domestic stair is 2'8" clear. Clearance between
obstruction and stair should be not Iessjhun 68",
‘Zf../O” to
T‘— Y 3~0"

é-s(mm)_rl
Lg? A
<o 22'.?0" / J ‘S

The configurations a stair may take consist of

- t uP 3("(‘&(35"\‘ -rhcjlv\{'
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uP doj lej, with winders
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A spiral stair cannot be used as a primary means of escape, but it is
an attractive and economic stair in terms of space occupied.

Spirals can be constructed from aluminum, steel, cast iron and concrete.
All spiral stairs are built up from a central tube. The treads are
either cantilevered off the central tubes or use a combination of
cantilevering and s.paort from the previous tread, known as open riser
+re?ds.

k_kéé// "/7
ez |
ﬂ “/" N/

upen riser treads Cantilever treads
Stair Treads | Riser { Head | Platform] Well
L WELL OvENING | diameten in Size | Room} size opening
] o0 ] _ Circle
I.K__‘.._ l 316N |2 7im-gm grgn | on 3ign
|
II 'I 410" '2 7%!!_9': C\lgl‘ 25" 4!2"
| A
A 416" |12 or |79 |6'9"-| 28" 418"
{ (‘/' '6 7'0"
| |
| '/' l 5!0!! |6 7ll 7!0!! 3|n 5!2"
~>
I ;’ l 5tgh 16 AL 70" | 34" 5ign
N
I\ A % 610" 16 A 71011 37N 612"
A
| e
|
=T
L L
DN

ELCVAT
CANTILEVER TYPE
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I'f you refer back to p. which covered the matter of “raming
openings in floors, and combine that information with information on
stairs, you should how be able to produce a sketch showing the complete
assembly. Attempt to draw a section showing a single flight wood stair
connecting to a wood floor at top and onto a concrete slab at the bottom
Scale not less than I/2" = |'o",

Turn to page 174 after you have comp leted this task.
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The finished detail should look something like this

bol+t
Section through stair.

Stringer notched over
H tofloor

g o S, R, Vet ¥ S

Lo

Q douvble tvimer

S{wm)ev notched
over”’ |e dsev

Fl ate

Not only must framed openings be constructed for stairs but also
Although the use of electric heat is
increasing, it is still more economical to burn oil or solid fuel
for heating and most people enjoy an open fire in any case. Both
furnaces and fireplaces require well designed flues in order to

around fireplaces and flues.

operate satisfactorily.
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Headers and trimmers must be ket clear of chimneys and flues by a

minimum of 2" in order to avoid 1he possibility of combustion taking
place.

Chimneys are constructed of incombustitle materials such as brick,
concrete, stone or steel. Flue linings may be fire brick or hard
glazed flue lining in a variety of sizes and sometimes steel.

The fact that a flue works at all i< based
upon two simple facts.

I. Hot gases and air are lighter than cool

A R air.
7 (4 : 7
///3M~VSET : 2. Air pressure reduces the higher one goes.
|ﬁ/§-“ﬁ.‘§, ™ '
! ~f' f This second fact has implications beyond its

application to flue design as it is this that

is the cause of a number of otherwise unexplained
effects in multistorey buildings. For the

moment it is sufficient to know that if a +ite
open at two ends is suspended vertically, there
wiil be air flow from bottom to top. The longer
the tube the greater the draft. Flues shorter
than 15'0" frequently give unsatisfactory service.
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There is a positive relationship between fireplace
face opening and flue cross sectional area. F.ue
area should be approximately |/10th the area of the

fireplace opening area, and never less than 1/12th
at any time.

aTO 8
—

roa” AN 2 MAX
EXCEPT FON

SPEC. CONDITITMNG 1; l'l
LN The sketch on this page clearly indicates the
N relalionship and size of throat to fireplace.
APEROX 12 i
SAéoeNne - P
2 —i ;
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Vi 7 e Glibens ortnid
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QECTION
FIREPLACE WITH DAnru
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Flues should always be centered over the tfireplace.
8' AMIN 12 F 4'TO WOOD

EXTERIOR WALL . STUDS OR JOISTS 4 MINIMUM
FIFE STOD MFRE WITH 1= = e e —_,v.._.____...._.__.____._.___.._
INCO‘O\ABUST\BLE MATEFfuAL

:T// / %/7//////// s Y,
7 iy

6" X‘) CAST FIRE CLAY

RON aGH
- QUM BFRANE FLUE LINING
CRE'%5

WIDTH OF LOG + 6 /¢
BACK HEART O
BRICK SOAPSTONE . d
>
}‘ —USUALLVI *MAY BE LESS /

- 4 /

; v MINMUM LININGS  FIREBRICK
4 BRIGLET TES 8 CEMENT

4 MINIMUM B IF NO

|
FLLE LINING 1S USED*\!\

>

2 TO WOOD STLOS

on JOlSTS"\

I
|
|
!
}\.

l !
,\ s a | CEMENT BACKING 2
p oo AN

LAY FOR WOOD TRIMN_ v BACHING 2 ' SOAPSTONE
o

SE SPLAY WHERE

HEATING EFFECT

S DESRED

)]
?
2= -
- g

-0 WIOTH OF OPENING 2'* TO 7' SEE SHEET PRECEDING
SPLAY“SHQJK.O’BE_
VSR | esnsmmeswmenssewos | |
PLAN -
Fireplace opening sizes
WNidth | Height Depth Splay | req'd flue [flue size | fule size
area round rectangular
2'0" pITe"-1Ton] T4t e 4 min. 70 10" 8 /2" X 13" -
sq.in.
2'8" 119"-210" 1'6"-1"'8"] 4" 77 sq. in. [I2" 8 1/2" X 13"
3tot 2ot |'g" 6 1/2" | 86 sq. in. {I2" 12" x 12"
3t4n 2o |'a" 6 1.2" 196 sq. in. [I2" 12" X 1e"
410 2t /2" e 6" 120 sq.in. | I5" 3" X 13"
53'0" | 2'6"-2'9" 2'o"-212M ot 198 sq.in. Ié" 16" X 20"
g1o" [ 2'9"-310" 2t 2-214m o 260 sg.in, | 20" 20" x 20"
At the top of the chumney, cvaps should be provnded to reduce water
ingress and to aid in combating downdrafts
183




Prepare sketch plans and sections, elevation
building shown below
— .. .
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With the completion of the last assignment you have completed volumn |
of the programmed instruction construction program. By this time you
should be aware of most of the principles underlying modern methods of
construcing small buildings. These same principles apply to all
buildings, although complexity and systems change and increase.

Thank you for using this book.

Please take the book and assignment Jo the instructor and at the same
time request the test paper.

Following are a list of publications to which you may wish 1o refer for
further information..

Architecture - Drafting and Design - Hepler & Wallach

Architectural Technology - G.H. Anthony

Bu"Iding Construction - W.C. Huntington

Architectural Graphic Standards - Ramsey & Sieeper

National Building Code of Canada

Canadian Building Digest

Principles of Modern Building Vol. | & 2 - Building Research Station (U.K.)
Construction Materials & Processes - Don A. Watson

Construction Principles Materials & Methods ~ Schmidt, Lewis, Olin.
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Nailing for Framing, Sheating and Subflooring.

Canadian Building Digest (21, |
(Caviwy Walls)

Canadian Building Digest (39) I
(Solar Heat Gain Through Glass Walls)

Problems of Decay i

Canadian Building Digest (I11) v
(Decay of Wood)
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SHEATHING AND SUBFLOOE ATTACHMENT

Q

ERIC

] ) Element Min. Nail Min. Staple | Min. no. or
| . emen length, in. | Length, in, (3) | max. spacing
1 8, and % in. plywood or 20 1% 6in. o.c.
»  particleboard . along
— . edges and
" Y4 in. to % in. plywood or 2 2 12 in. o.c.
particleboard along inter-
' . mediate
: % in. plywood or particle- | 214, () N/A supports )
board |
. . ) i
%4 in.and V4 in. fibreboard 13, @ 14 !
sheathing i
34 in. gypsum sheathing 13 @ N/A
board lumber 8 in. or less 2 2 2per
wide support
board lumber more than 2 2 I per
8 in. wide support
Column 1 2 3 4
e s M ———
1 NAILING FOR FRAMING
Minimum
Minimum Number or
Constructioo Detail Length of Maximum
Nails (1) Spacing of Naits |
Floor joist to plate — toe nsil % 2 .
Woods or metal sirapping to undenice of Boo7 joists 2Y, 2 !
Cross bridgios o joists 2% Zeschend !
Doubled header or trimmer joists 3V 12in. 0.
Floot joist 0 atud (balloon construction) 3V 2
Ledger strip to wood beam 3V 2 per joist
Joist 10 joist aplice (sec also Table 9.23.33.A.) k1A 2 at eachend
Tais joist to adjacent header joist k1A s
(end pasicd) asound operungs 4 3
Each header joist t0 adjacent tnmmer joist 3% ]
{¢nd nasled) asound opcrungs 4 3
Stud to wall plate (cach end) toe aail 2}/’3 4
. oor eod nail 3Y, 2
| Doubled atuds at openings, of atuds itioo of wall
i D nteraccuons and oroers . iuds st partiioo orwe A Win. oc.
" Doubled top wall plates 3 M in. oc.
" Bottom wall plate or sole plate to joists or blocking
(exterior walis) 3Y, 16 in. o.c.
" lotesior partitions to framing or aubficoring 3% 24 io. 0.2,
Horizontal member over openings in non load dbeariog
parutions = cach end Y 2
Liatels to atuds k17 2 ot each eod
Cailing joist to plate—~ toe nail cach end . 3V, 2
Roof rafter, coof truss, or roof joist to plate = toe oail v, 3
Rafter pla‘e o cach ceiling joist 4 2
Rafler to joist (with nidge supported) 3 3
Rafter to Joist (with ridge unsupported) 3y, . ] eeeTabie9.2).13.A
Guaset plate 1o each rafter at peak 2% 4
Rafer ¢ ridge boasd — toc nasl 2% 4
. ~end nail 3 3
Collar e to rafter  — cach end ¢ 3 3
 Collar Us Iaterat support 1o each collar tis 2Y, . 2
Jack rafler o hip or valley rafter k1) 2
Roof atrut to rafter 3% 3
| Roof strut 10 beanng . artition — toe nail k1T 2
2 by 6cr Yess plank decking to support 3% 2
Plank deckiog wider than 2 by 6 to aupport Y% 3
24n. edge 16i4 plank decking to support (toe aail) - ) ]
3-a. sdge laid plank to each other 3 18ia.0.c.
' Columa } 2 3 '
- -- 187 -
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CANADIAN

CAVITY WALLS

by T. Ritchie

The term “cavity wall” is applied to a type
of masonry wall construction in which a con-
tinuous air space or cavity is provided inside
the wall. A cavity wall theretore is actually
two walls separated by an air space, but joined
by means of metal iies for structural strength.
They are extcnsively used in European coun-
tries, particularlv. Gient Britain, where they
have been developed as a means of obtaining
protection from penetration of ran through
masoury walls. In recent vears in North Amer-
ica many important buildings have been con-
structed with cavicy walls.

This type of construction is by no means
modem. Traditionally solid masonry was used
to enclose buildinas and supeort the leads of
vouf, flors, fumisking and occupaats, but s
long ;0 s the List century it was not un-
usual fer Cinzinn tuldders te use cavity walls
instead of u1:d massnry and many such bald-
ings are still in ase.

Advantages

The most obvious advantage of Lavity walls
over thos: of solid masonry is tle possible
reduction in the amount of mascary used in
constuction, but other advantages such as im-
proved thermal insulation are obtained from
them. If a 12-inch solid brick wail consisting
of three bricks side-by-side is compared with
a 10-inch cavity wall composed of two bricks
separated hv a 2-inch air space. it is found
that even thaiich the latter wall is 2 inches
thinner than the solid vl it has shzhtlv
treater resi.tunce to flow of heat through the
wall (i.e. it has greater insulating value)

The most important advantage of cavitv
aver solid masonry walls, however, is the posi-

BUILDING DIGEST

DIVISION OFf BUILDING RESEARCH e NATIONAL RESEARCH COUNCIL

CANADA

UDC 69.022.322

tive protection against rain penetration <. hich
cavity walls can provide. In many buildings
solid masonry walls have been used under se-
vere conditions of exposure to wind-driven
rain, and frequently under these conditions the
result has been penetration of moisture through
the masonry to the interior, producing “damp
wall” problems. Cavity walls, on the other
hand, do not permit rain penetration; by their
design, water cannot reach the inside surface
of the wall. When rain falls on a cavity wail it
may penetrate the outer wall, but the water
then trickles down the inner surface of the
outer wall and cannot traverse the cavity. The
base of the wall is provided with metal ilash-
ings that direct any water that has entered the
canvity outward througii openings ©weep holes)
provided for the purpose.

Ccnstruction of Cavitv Walls

Cavity walls do not require spezial musonry
units. Conventional ones are employed al-
though metal ties instead of bonding units tie
the masonrv together. The outer part of the
cavity wall is usually brick masonry. The inner
wall may also be of brickwork, but it is often
constructed of structural clay tile. concrete
blocks. or plain or reinforced concrete.

When a cavity wall is constructed on a foun-
dation wall it is essential that a properly-de-
signed gutter be installed between the foun-
dation and the wull. The inetal flashing which
forms the gutter is placed beneath the outer
part of the wall, and is shaped so that it tumns
up behind the outer wall ¢nd is carried into a
mortar joint of the inner wall. A typical ar-
rangement is shown in Fig. 1.

NRC DBR OTTAWA
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OUTER WALL —— *{—{

Fe——- INNER WALL

AR § CZ (27V———FfT="p

METAL TIE . 1

FLASHING TO

FORM CAVITY BRICK
GUTTER

— —MORTAR JOINT
WEEP MOLE — =L
(MORTAR OMITTED) fmst—

. v
FOUNDATION L e
WALL ",

—

Figure 1 Typical Flashing Inqallation at Bearing
Support of Cavity Wall.

The gutter collects water that moves down
the cavity and must be d:.amed. For this pur-
pose mortar may be onutted from the vertical
joints of the bottom course of bricks in the
outside wall; usually every third joint along
the course is left open.

During canstruction of a cavity wall the in-
ner and outer parts are anchored by metal ties
Lid in the hoizontal mort.a joints. They are
arzanged in a definte pattern. It is essential
that the air space be hept continuous and not
bridged by mortar or other matenal tha: will
allow water to pass acioss the cavity. To en-
sure this, wooden strips are usually used to
collect mortar that drops into the cavity as the
bricks are laid. They are placed on a row of
ties and as theyv are pulled up to allow instal-
ation of the next series of ues, the collected
mortar is removed fiom the cavity. ¢resh mor-
tar that 1nay have fallen into the gutter at the
base of the wall inay be removed by a hosed
stream of water.

Ties

It is the function of tics to anchor the two
parts of the cavity wull together so that ade-
quate strencth may be obtamed fom the wall
assembly. The tie must be stiong i atself, and
enough of it must be embedded in mortar ¢
rovide adequate anchorage. ft should ve at
cast 3716 wich in diameter and should be bent
at both ends to form 2-inch legs In addition,
it must be corrusion-resistant so that 1t is not

destioyed by rasting i service; for this reason
the use of non-fenous ties is desirable Copper
and bronze are smtable materials, as is steel
with copper welded to the surface or steel that
has been galvanized by hot dipping. Uncoated
steel ties or those coated with cement, tar o
paint are not considered swtable for cavit
walls. Coniugated metal stiips ot the type fre-
quently used to tie venewrr to a backing ma-
tetial should not be used in cavity wall con-
stiuction,

Ties of scveral shapes are available, but that
most commonly used is Z-shaped. Rectangular
and U-shaped ties me also common (Fig. 2).
Cavity wall ties are usually provided with a
“diip” featine so that any water passing
along the tie falls off at the drip into the ca-
vity. Thev should not slope downward to the
inner wall as this encourages passage ot water
across the cavity.

OUTER wALL
CAVITY
INNER WALL—————\

T —T AT | FE—y
< T E PN E AT
; - - - L A

[] . L] -'
o;- [ [— t:]:\i‘z_ !:-_m_-zg *
¥

Z- B4R v - BAR RECTANGULAR

Figure 2 Shapes of Cavity Wall Ties.

Spacing of Ties

Provisions for cavity walls in the National
Building Code of Canada require that ties be
spaced verhically rot more than 18 inches apait
and honzontally not more than 36 inches apait.
The ties must be stagguied from course to
camse and each tie must extend at least 2%
inches into the masonry. Additional ties are
requaed around openings in a cawity wall.
These arc installed not ore than 12 inches
fiom the openmg, and are spaced less than 3
feet apart aound at.

Structural Frame Buildings

A structural frame of steel or reinforced con-
crete members s usual in Noith America in
the construction of buitldings hicher than three
stones, and is often used for lower buildings as
well, In this type of constructton the frame
rather than the masonry walls is used to sup-
port the loads on the binlding Masonry mercly
shiclds the mterion from the weather and re-
sists the spread of fire.

1.2
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Cavity walls have been combined effectively
with stiuctural members of frame-type build-
ings to provide excellent protection from
weather. Frequently the outer surfaces of
spandrel beans and columns are placed in the
sume plane and the inuer part of the cavity
wall is constructed flush with the surfaces of
the beams and columns and anchored to them,
while the outer part 1s carnied on a shelf formed
by a steei angle attached to a beam, usually
at each ficar level. A typical arrangement 1s
shown in ¢i,,. 3. The outer wall is anchored
to the inner v1ll by metal ties. It is also an-
chored to the columns; in the case of concrete
columns this may be done by dove-tailed an-
chors that fit into anchor-slots provided in the
concrete inembers. Similar details are used
when the structural frame is of steel members.

A

lagn puy guia
)
OUTER waALL— PN P
. ’ o i
. - it
- .
AIR SPACE (27) 1. - - SPANDREL
af s . 3
WEEP HOLE — =} -~ e . Beawv
SHELF ANGLE, [ 4
GALVANIZED = =
.,
STEEL. BOLTED | _ | NNER wauL
TO JEAM \.\_‘,_/ wALL TiE
= r e

Figure 3 Typical Arrangement of Cavity Wall at a

Spandtel Beam.

The shelf ancle supporting the outer part of
the cavity wall acts as a flashing to form a
gutter. Where adjacent angles abut flashing
must be placed over the angles to cover the
joint. To drain the gutter. weep-holes are pro-
vided in the course of bricks resting on the
angle by the omission of vertical mortar joints.
The shelf angles should be galvamzed steel in
order to resint coirosion.

Door and Window Openings

\Where a door or window is fitted into a
cavity wall the continmty of the air space is
birohen, and care must be taken to prevent
water from passing along the door or window
frane to the mtenor. 1f a window 1s mnstalied
immechately beneath the shelf ancle attached
to a spandrel bearn the noumal flashing de-
taly £ the shelf angle me sufficient to pre-

serve the water-tichtness of the wall along the
top of the window If opemngs are made else-
\\'{nere. however, ¢ separate angle is provided
as the lintel, and over the angle proper flash-
ing must be installed to collect water mnoving
down the cavity and weep-holes provided for
drainage.

The sides of door- and window-frames must
be designed so that water cannot travel along
them to the interior. Diverter strips that pro-
ject from the sides of the fraine into the ca-
vity are usually provided for this purpose.

Control Joints

The outer part of a cavity wall forms a rela-
tively thin skin around a building and may be
subjected to appreciable changes in tempera-
ture and moisture content, producing stresses
which lead to cracking. In addition, the outer
part of the wall may be affected by move.
ments taking place in other components of the
building. Expenence in the design of cawvity
walls has indicated the value of providing ver-
tical control joints i the outer part of the
wall to accominodate these movement.. It has
been found that the corners of cavity walls are
particularly susceptible to cracking when a
structural frame has been used. Accordingly. a
vertical control joint is usually provided in the
outer part of the wall aubout 3 or 4 feet from
the corner. In addition. to reduce the -hance
of crackiug, the outer put of a cavity wall
should not be tied ‘o corner coluinns of con-
ciete.

There s an even greater tendency for move-
ment to take place in parapet walls than in the
nam walls of a building. and there is therefore
a special need for control jonts. Continuing
the cavity upwards from the main walls into
the parapet appears to be a desirable feature.

Cavity Insulation

In recent vears snecial insulating materials
have been deve:oped for filling the air space
of cavity walls in order to improve the theral
insulation value of the wall. The materials are
pour-type insulations treatedd to sender them
water-repellent.

Sice the main advantage of cavity walls —
resistance to ram penetration — depends on
Keepine the air space free of anvthing that
nueht form a "water badee”, it might be ex-
pected that filling the casity would destroy its

213
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resistance to rain penctration. Laboratory tests
have indicated, however, that this is not the
case if specially prepared insulating materials
treated to be water repellent are used.

Condensation

In the north-easten area of the United
States the performance of many cavity walls
has been studied for several years. No special
vapour barrier was installed in the buildings
to control movement of water vapour from the
inside to the outside, and there appeared to be
no harmful effects of condensation in the walls.
When high relative humudity 1s maintained in
a building, however, and the outside air tem-
perature is very low, as mav be the case in
many areas of Canada in the winter, there is
danger of condensation of water vapour in the
walls and of frost action. Under these condi-
tions it seems wise to provide vapour barrier
protection to cavity walls, particularly if the
cavity contains insulzting material.

Building Code Requirements

Special requirements for construction of ca-
vity walls, particularly limitations on height,
are contained in most building codes. The Na-
tional Building Code of Canada 1960, for ex-
ample, states that the maximum height to
which a cawvity wall may be built above its
bearing support is 36 feet. For builldings taller
than this 1t 1s necessary to provide intermedi-
ate bearing support so that the allowable
height above the support is not exceeded.

The minimum thickness of a cavity wall is
10 inches, the cavity being not less than 2 nor
more than 3 inches wide. For load-beanng ca-
vity walls the National Building Code requires
that the minimum thickness of the top 12 feet
be 10 inches, that of the portion more than 12
feet but not more than 24 feet from the top,

12 inches, while that part of the wall more
than 24 feet from the top must be at least 14
inches thick. As for solid masonry wails, lateral
support, either horizontal or vertical, must be
provided for cavity walls,

It is generally required by building codes
that mortars of relatively high strength be used
in cavity wall construction, probably because
resistance of the thin uuter part of the wall to
lateral force is important. A general rule secems
to be that mortar for cavity wall construction
should be at least as strong as a mortar con
taining equal proportions by volume of lime
and portland cement (1:1:5 or 1:1:6 by vol-
ume of portland cement : lime : sand). At the
same time it should possess good workability
and water-retention pro: erties.

Conclusion

Cavity walls provide an important advantage
over walls of solid masonry in that they can
afford complete protection against rain pene-
tration even when exposed to conditions of
severe wetting by wind-driven rain. Under
similar conditions rain leakage through solid
masonry walls is not uncommon. There are
three essential requirements for cawvity wall
construction: the cavity wall must have a gut-
ter at its base to collect leakage water and
drains t» direct water out of it; the two parts
of the wall must be anchored together with
metal ties that are corrosion resistant and ade-
quately strong; the wall must have a cavity
free of mortar or other material that may form
a water bridge across it.

Cavity walls have been used in many coun-
tries over a long period of time and have
established their excellent performance record
under widely varying conditions.
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SOLAR HEAT GAIN THROUGH GLASS WALLS

by D. G. Stephenson

If the 1adiant energy from the sun that is
constantly falling on the earth’s surface had
to be bought at %¢ per kilowatt hour the daily
bill would be the staggering sum of $10,000
billion. On a moe comprehensible scale, the
maximum mtensity of solar radiation falling
on a squate foot of horizontal surface in the
temperate latitudes is of the order of 100
watts; for vertical surfices it is about 75
watts. Thete is, therefore, a large amount of
energy falling on the outer surfaces of every
building at certain times of the year — energy
that can cause serious performance problems
if it has not been fully taken into account by
the dewigner. It is the purpose of this Digest
to show the magnitude of the solar heat gain
associated with glass areas in the different
facades of a building, ard to discuss the sev-
eral ways that it can be reduced.

Intensity of Sunshine

The intensity of the sun’s rays that pene-
trate to the bottom of the atmosphere depends
on the claritv of the atmosphere and on the
length of their path through it (ie. the angu-
lar elevation of the sun above the horizon).
The energy that is incident on a unit area of
a particular surface depends upon the inten-
sity of the sun's rays and the angle at which
they stiike the surface. The maxuumum inten-
sitv for a horizontal surface occurs at noon
at the time of t . :ummer solstice for all
latitudes outsidc of the tropics. For example,
the maximum insolation on one square foot
of honzontal surface 15 93 watts at Ottawa
(latitude 43°N) and 83 walts at Winnipeg
(latitude 50°N). At the winter solstice the
corresponding figures for noon on a clear day
are 39 watts and 29 watts respectivelv, (Mul-
tiply watts by 3.4 to obtain Btu/hr.)

The radiation that falls on vertical surfaces
is, however, often of mure importancc in build-
ing design (because of windows) than the
radiation on a honzontal surface. The orien-

UuDC 697.132.3:69.022.32

tation of a wall is an additional varable. A
wall facing south at Ottawa receives a daily
masimum of 43 watts, ft* at noon on June
29nd or thereabouts; but at the equinox the
dulv maximum has increased to 63 watts/ft¥;
and the yearly maximum may be as high as
100 watts/ft* in winter 1f there is snow on the
ground to reflect some sunshine onto the wall.
East and west facing walls, on the other hand,
receive their maxmum irradiation in the
morning and afternoon, respectively, when
the sun's rays are more nearly perpendicular
to the wall surface. The annual maximum for
east and west facing surfaces at Ottawa is
about 75 watts/ft>. It occurs at midsummer
approximately 4 hours before and after noon
respectively (as indicated by a sun-dial). The
magnitude of the daily maximum changes very
little between nudsumnmer and the equinox, so
that the value of 75 watts/ft? is representative
of the dailv maximum insolation on east and
west\facades during the period from April to
Oc¢ %ar.

Transparent Walls

When solar 1adiation falls on glass and other
partially tiansparent material some of the in-
cident eneigy is reflected, some is absorbed
v the material, and the rest is transmitted to
the mside of the buildineg. For ordinary win-
dows the absorption 15 quite a small fraction
and transimssion much the largest part. It is
not alwavs appreciated, however, that the
reflection from the surface of glass varies con-
siderably with the angle of incidence, i.e. the
angle between the licht ravs and a line per-
pendicular to the surface Figure 1 shows the
variation of the reflcction, absorption and
transmission of solar radiaton by a single
sheet of ordinarv glass. The noon values of
the incident angles for a south wall at Ot-
tawa are shown on Figure 1. They indicate
that transmission will have a daly maximum
value of 70 per cent of the incident radiation
at midsummer and that this wall increase to

¥

NRC oBer OTTAWA

MARCH 1963 CBD 29

192




Q

ERIC

Aruitoxt provided by Eic:

83 per cent at the equinoy and to a masinum
of 87 per cent at noon in midwinter.

It is easy to appreciate why a building de-
signer shoyld take great care to minimize solar
heat gain when one considers the cost of the
air-condlitioning plaut needed to 1cmove it It
has heen stated that the insolation on east and
west facing walls can be 73 watts ‘ft* at the
chaily mavimum dwing the whole paiiod fron
Apnl t October. The inadent angle for these
smfaces at the time of peak insolation is less
than 40 cdegrees so that transmission is about
87T per cent for a single sheet of glass. One
hunhed squase feet of ordinary gliss in a
west facade would, therefore. transmit 6.5
kilowatts to the intetior of the building. All
this energy must eventually be removed by
the ventilating and air-conditioning equipinent,

Fortmately all of the transmitted solar ra-
diation does not immediately act to increase
the cooling load: some is stored in the floor
el intesnal walls, which absorh the radiation
and are warmed by it. The masimuin cooling
load has been found® to be about 60 per cent
of the maximum iastantaneous heat gain for
a4 madern multi-starey office building with 80
per cent of the exterior wall made of glass.
Thus the maximum cooling load associated
with the solar transmission through 100 ft®
of ordinary single glazing in a west wall can
be taken us 60 per cent of 6.5 kilowatts, i.e.
abont 4 Lilowatts or just over 1 ton of re-
frigeration,

The cost of an zir-conditioning system de-
pends on the tvpe of building and the tvpe
ot system nsed, but it usually exceeds $1,000
per ton. This 1epresents about $300 per ton
for the central cooling plant with the other
$700 for the distribution svstem. The increase
in the cost of a building that can be attributed
to the solar heat gain through a window de-
rends, therefore. on whether or not the added
leat gain incieases the peak cooling load for
the building. If it does. the full $1,000 per
ton should be charged to the window; other-
wise. a figue approaching the $700 per ton
cost of the distribution system would be more
appropriate. If the added light provided will
result in a decieasr in the use of artificial 1l-
lumination, however, some credit inav be al-
lowed. Thus the initial cost of air-conditioning
eyuipinent redquited to remove solur heat ad-
mitted through an east or west facing window
may add about $7/ft° of window to the cost
of the huikling. There is in addition an annual
operating cost for this equipment. The heat

® Stephenson, D. G. and G. P. Mitslis. An analog
evaluation of methods for controlling solar heat
gain through windows. Joumal. American Society
of Heating, Refngerating and Air Condstioning En-
gineers, Vol. 4, No. 2, February 1962, p. 41-46.
(NRC 6GS560)

gain fiom heat conduction through an equal
area of insulated opaque wall is less than
5 per cent of the trunsmission through the
glass, so essentially all of the $7,ft* should be
added to the cost of the glass to give an
equivalent first cost of a window.

The corresponding figures for .a window

area w a south facing wall are:

at the summer solstice, a transmission of
70 per cent of the incident beam of 43 watts/ft,
which gives an instantancous heat gain of 31
watts/ft* at noon;

at the autumn equinox, a transmission of
85 per cent of the incident beam of 63 watts/ft*
for an iustantancous heat gain of 53 watts/ft=,
These figures show soine of the advantages of
orienting a building so that the windows are
facing south rather than east or west; the max-
imum heut gain due to solar radiation trans-
mitted through the glass is less and the
maximum ocuius at the end of the cooling
season so that it does not coincide with the
maximum cooling foad due to ventilation.
Noith windows, of course, have very small
solar heat gains.

Control of Solas Heat Gain through Windows

The real cost of removing the heat that
enters a building through the windows is so
gieat that it is economic to spend consider-
able sums of monev to reduce solar heat gain.
The most obvious method is to use some form
of shade to intercept the radiation before it
even reaches the window. This can be done
much more easily for sonth facing windows
than for those facing east or west, since for
the south facade the ungle of incidence is targe
in summer and projections from the wall con-
sequently cast long shadows.

Solur heat gain through a south facing win-
dow can be significantly reduced also by tilt-
ing the glass as shown in Figure 2. The energy
falling on the window in this configuration is
the same as would occnr if the window were
vertical and had a 1.4-foat projecting shade
along the lintel. The tilted glass reflects 45 per
cent of the radiation when the incident angle
is 78 degrees, compared with 23 per cent
when the glass is vertical. This difference in
reﬂectl\'it,\' decreases as the season progresses
toward the winter solstice, and in wmter the
tited and ve'‘ical windows transmit essenti-
ally the same umount of solar energy.

Reflectivity of glass can be increased by
coating the surface with either a very thin
metallie film or a filin of dielectric material that
has a high index of refruction. Sealed Jouhle
glazing units are now available with a reflective
coating on the inside surface of the outer pane.
Their reflectivity depends on the angle of in-
cidence just as for uncnated glass, but the
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Figure 1

Absorption, reflection and transmission for single
sheet ot ordinary glass.

value at all angles of incidence is higher than
for ordinary glass.

Blinds provide another incthod of solur con-
trol. A light colowed blind reflects some of
the solar radiation and absorbs the rest. This
canes the blind to heat until it is losing heat
at the same rate as it receives it fiom the sun.
If the Wind is in the voom, most of the energy
it absobs js added to the room’s cooling load.
If it is hetween the panes of a double window,
however, some of the absorbed energy is trans-
ferred to the outside air and the toom's cool-
ing load is reduced accordingly. It is desirable,
therefore, to use light colowed blinds and, if
possible. to place them between the panes of
a double window.

Heat absorhing glass is also widely used to
reduce so'  lieat gain. Glasses are available
that absc  over 70 per cent of the incident
radiation so that transinis<ion to the iuside of
abuilding is about 20 per cent when the angle
af incidence is small 1nd even less when it is
large. Absorbing glass is not as good as these
figures indicate, however, hecause the energs
that is absorbed Ly the glass is dissipated to
the surroundings on both sides of the windovr.
The proportion of absorbed enercy that is
transferred to the inside depends on the rela-
tive magnitudes of the heat transfer coclficients
at the inside and outside surfaces If cool ar
is introduced into the roomn through a gull
along the window sill moie than half the ab-
sorbed energy is tiansferred to the roon side.
Thus, the use of heat absorbing glass may
cause a higher maximum cooling load than
occurs with ordinary glass because patt of the
absorbed energy is transferred to the room arr

ery soon after it has been absorbed by the

gliss. Energy trausmitted through ordinary
glass is absmbed by the Hoor, walls and fur-
nishings and released much later. The heat
storage capacitv of these objects tends to
spread the cooling load over a considerable
period of time so that the peak value is re-
duced.

The effectiveness of heat absorbing glass
may be increased by using it as the outer pane
of a double glazed window so that absorbed
energy can he more readily dissipated to the
uvatside air than to the room air. An even
greater fraction of the absorbed energy can be
rejected to the outside atmosphere if there is
a fice circulation of outside aiv through the
space between the panes of the double win-
dow. The outer sheet of heat absorbing glass
is then jist o semi-tlansparent outside shading
device.

Heat absorbing glass can sometimes be used
to advautage for south windo.. s if shading or
tilting ave unacceptable for architectural rea-
sons. It has its best application, however, for
east and west facing windows where effective
outsidde shading becomes espensive and the
simple expedient ot tlting has no appreciable
effect.

Lurge areas of ghss in the outer walls of a

building can cause undesirable glare in the
space near the windows. Any method of re-
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Figure 2
Schiematie arrangement of a tilted window
in a4 sonth facade.
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ducing solar heat gain will also alleviate glare
since apprcximately half of the total radiant
energy from the sun 1s in the wavelength re-
gion of visible hght.

Heat Cain
through Class during Fall and Winter

The foregoing discussion has been concern-
ed with solai heat gain during the summer. It
is also important to consider heat transfer
through windows during the other seasons. Any
building that has 50 per cent or more of its
outside valls made of glass will have sufficient
solar heat gain during some hours of the day
in spring and fall to require cooling, even
though the outside air tempeiature is well be-
low the desired room temperature. During the
dark hours of these same days there will be a
substantial heating load because of the high
heat loss outwud through the glass. The need
for cooling during what is normally considered
the heating season means that the air-condi-
tioning distribution system must allow for the
simultaneous distribuuon of a heating and a
cooling medium; .and the building must be
carefully zoned so that each area can have the
heating or cooling that it requires. As this in-
crease in the complexity of an air-conditioning
system is mainlv a consequence of the use of
transparent walls its cost should be charged
against the glass walls,

Glass areas have higher values of over-all
heat conductance (U value) than do insulated
opaque walls; and large areas of glass in the
outer envelope of a building cause higher rates
of heat loss during the long winter nights. A
larger capacity heating plant is needed, there-
fore, for a building with extensive areas of
glass than for one with walls containing con-
ventional insulation. The net loss of energy
through a wall is the difference between the
loss by conduction to the outside air and the
gain by transmission of solar radiation. This
net loss during the winter months depends on
the average outside air temperature, or the
number of degree-days during the winter, as
well as on the amount of radiation that falls
on the glass. A double glazing of ordinary
glass in a south wall at Ottawa, for example,
has a slightly lower net heat loss for a whole
winter than has a similarly exposed insulated
wall. This small gain is probably offset in most
cases by the air leakage throuch the cracks
around a window. There is, therefore, practi-
cally no difference in Ottawa in the annual
energy requirements for heating when a part
of an insulated south wall is replaced by
double glazing of ordinary glass. There is a
higher net loss for other types of windows or for
any windows in other exposures, the maxi-

mum, of course, being for north facing win-
dows.

This simple analysis assumes that all solar
heat can be used to reduce heating require-
ments. If a glass area is large it may be ne-
cessary at certain times to waste soine of the
available solar heat; to dasotherwise would
make the building uncomfortably warm.

Summary

Significant ainounts of solar radiation are
incident on all surfaces of buildings except
the north wall. Solar radiation transmitted
through unprotected windows or transparent
walls causes a great increase in the cooling re-
quitemeits of an air-conditioned building or
high air temperatures in a building without
cooling. Shading and other methods of re-
ducing solar gain are beneficial for both cooled
and uncooled buildings. The initial cost of the
air-conditioning equipment necessitated by a
window of ordinary plate glass can be greater
than the cost of the window itself; and there
is, in addition. an annual cost of operating the
system to pump out the heat that the glass
lets in. Both these costs should be included as

art of the price that has to be paid when a
guilding designer decides to use lar%e areas of
transparent materiuls in the envelope of a
building.

Solar heat gain can be substantially reduced
by orienting a building so that there is a mini-
mum of glass in the east and west facades.
\Windows facing north have very little solar
1adiation incident on them; this is an advan-
tage in summer, but results in increased ener-
gy requirements during the heating season.
Solar heat gain through south facing windows
can be controlled during the summer by out-
side shades or by tilng; if they are double
glazed such windows do not increase the ener-
gy requirements for heating in the southem
parts of Canada.

Where windows are deemed necessary in
east or west facades the heat gain can be
reduced by using double glazing, with the
outside pane of heat absorbing glass; the ef-
fectiveness of such windows is increased by
allowing a free circulation of outside air
through the space between the panes. If seal-
ed double glazing units are used a reflective
coating on the inside of the outer pane is
more effective than a pane of heat absorbing
glass with the same light transmission. Finally,
blinds can be used to reduce solar healing.
They are more effective when located between
the panes of a double window than on the
room side of the window, . .

L]
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7) Hardware - In many homes thess items are completely neglected and after a
few years they jam or rust or otherwlse become defective.
A few minutes each month with a graphite spray or a can of
special lock oil may delay renewal indefinltely.

8) Electrical - Periodic checks should be made of lamps and fuses to check for
defects as lamp performance decreases raplidly immediately
prior to failure. Exposed wiring should be checked for frayed
Insulation, and fittings checked for burns which Indicate

an overioad probtem or short circuit. 1t is a good policy
to check the total house load every few years as, with the
passage of time, one tends to forget that the circuits may
originally have been loaded to maximum capaclty before
subsequent appliances were installed. If a house has more
then eignt light points or two power points per circult

than the system is overloaded and the circuits should be
reorganized or the house rewired.

2) General Construction

The following comments apply to construction in general and are not classified
according to either construction type or building type.

The order of presentation does not necessarily follow the proposed order of
inspection, but rather according to material and its effect on the general
maintenance.

WO0D

When selecting wood as a construction materiai, three main features must be
considered from the point of view of maintenance.

Problems of decay;
Froblems of finishing;
Problems of fire resistance.

This fleld, as can be seen, covers many sections of the inspection !ist but

the cause of most of the defects listed will be either improper use of material,
or incorrect installation of material.

Problems of decay

The word "decay" is used in its wide sense and Is intended to cover the following:-

Molds and stains In wood;
Viood-destroying fungi;
Vlood-destroying insects.

Moulds and Stains. Prior to installation in a bullding, molds and stains may
not be very significant. They normally affect sapwood.

Molds rarely stain the wood to any depth and can usually be brushed off and
fhelwood surfacad.
LS -
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Staining Is often caused through Improper drying conditions and usually occurs
In the sapwood soon after cutting. Main causes are bad molsfure and temperature
conditions, and sometimes improper stacking of lumber when air drying. The
discolouration is often of blue-black colour and is sometimes referred to as
"hiuing"; it penctrates the sapsood and cannot be removed by surfacing or oiher
treatment. Staining rarely affects the strength of the lumber for ncrmal
purposes, but it should not be used for work in which appearance is important.

When seen on inspection, it need not be noted unless the lumber is still in a
saturated condition - this may indicate that the lumber (in a new building)
was nct cured and that shrinkage may take place causing defects to other

¢ .aponents of the building.

Stained lumber should not be used in millwork externally because, if the wood
agaln beccmes wet, the staining fungi m~y start up again and affect the finish
of the wood.

Wood-destroying fungi. These are the most serious problems In connection with
wood in most areas, though in some areas insects are far more destructive.

Most of the rot caused by fungi is commonly misnamed "dry-rot". This is
incorrect, as no really dry wood will rot.

The true dry-rot can be caused by one of several types of fungi with water-
conducting strands. These fungi thrive on moisture and cause decay in wood
by breaking down the fibre structure. A true dry-rot witl only exist in a
damp place with little or no ventilation and the elimination of These two
conditions will stop the further progress of dry-rot, provided that att
affected timber is removed and all non-combustibie surfaces burned off with a
blow lamp to kill any live spores that may exist. The surface should then be
treated with a chemical preservative compound, and for safety, new timber
instal led should be similarly treated.

Most of the wet-rots that occur attack both sapwood and heartwood. The surface
growths are usually fluffy or cottony; they are rarely pcwdery, as are some
molds and some species of dry-rot. They consist of rootlike strands fanning
out over the wood and are usually white or brown. In the early stages, the
wood discolours but, as internal rot occurs, fruit-bodies may appear on .

the surface.

The fungi normally live off the wood, white fungi usually living off the lignin
In the wood, and the brown fungi living off the cellulose in the wood.

Briefly, these are the facts behind wood destroying fungi. Methods are now
described as to how fungus attack can be prevented in buildings and what steps
can be taken after attack.

Precautions must be observed, firstly, when building, and secondly, when making
repairs. fthen building, do not use¢ unseasoned or infected wood; build in such
a way as to prevent wood from becoming moist enough to decay, as all fungi

nced moisture to live. The following points should all be watched both in
building and when maintaining 2 building.
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1) Lumber which, of necessity, Is exposed to the weather and moist condittions,
should be rot resistant or treated to make it so.

2) Llumber should not be placed in contact with the earth - thus, mud slilis
should not be used.

3) Lumber must be well-ventilated, especially on lower levels or In roofs
where leaks may occur.

4) Concrete must be allowed to dry fully before covering with a floor of wood.

5) Lower rails and sills of windows and thresholds of doors should be designad
to prevent accumuietion of water on undersides which could
start to rot - when checking a wood sash, use a pocket knife
and probe the underside of the lower rail where it meets the
stile, as this is the most probable place for rot.

6) When replacing or repairing rotting timbers or wood, take out the whole
piece or, in any case, take out at least two feat of the wood
beyond the last visible point of decay.

Wood destroying insects. The number of insects that may damage or destroy
wood varies accorcing to location and therefore a short list of common insects
will be given and brief indications of Type of damage.

Beetles

Bsrk Beetles - are of many types, the most common being the spruce bark beetle.
It normally thrives on freshly-cut lumber but, can do considerable damage

to standing timber. There are bark beaties fha1 attack hardwoods found mainly
in the Eastern provinces.

Powerpost Beetles -~ the most common is the tyctus specles which, in the main,
attacks hardwoods, usually the sapwood. The eggs are laid on the pores of the
wood and the larvae burrow into and through the wood and emerge, usually in

June or July, as winged adults and recormence the cycle. The only indication of
their presence is the fine powder trai! leading frcm the smail hole in the

wood (1/12" or 1/1€6"). In new lumber, this should cause rejection; in lumber
already installed, the lumber should bz thoroughly inspected to ascertain the
extent of the damage (probably by checiing the number of flignt holes). |If

damage is slight, the whole surface snould immediately be treated with a

special compound to kill any eggs that may have been laid and to ensure that -
any larvae present in the wood are ki!le The whole of the building should

be so treated as, if the female winged adulf is present in the building, any

other timber could be damaged. Damagad *timber removed shouid be burnt immediately,

Jermites ~ In this species group are the termite proper and the carpenter ant,
However, precautions against termites are suitablze for carpenter ants and
therefore genzral descriptions will refer to both. There are over fifty species
of termites in the United States, the principal damage being caused by the
subterranaan termites which cover all but the Nerthern Mid-tiest States and the
Northern sections of the Eastern States. The other species group is the dry
lwaod termites, found only in the very southern parts of the Southern States
[:R\}:lcluding Florida, California, Texas, and New Mexico.
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Termites (subterranean) - live In colonies In the ground and {ive off wood

for food; the damage is caused by worker ants who supply the underground

colony. At certain times of the year, winged ants (male and female) fly out

and establish a new colony. This often occurs when there is a sharp rise in

temperature in the outside air. This should pe a warning that termites are

close at hand and therefore the building should be examined for termite

damage. In many parts, especially on the fringes of forest areas, this will

occur constantly each year, therefore it is wise to ensure that all bulldings

are constructed in these areas with adequate termite protection. The 1
principal defense against termites is the concrete foundation; in the case of !
concrete block foundations cement mortar should be used, for some termites

will burrow through lime mortar. Al! basements should be covered with a concrete

slab; in all crawl spaces a 2" ground secal of coacrete should be poured.

All form lumber must be stripped from the ccncrete and not left as food for

termites.

In areas where termites are very active, metal termite shields are fitted in
addition, |f nests are discovered, they should be destroyed and sealed off.
These notes are included for the sake of presenting the broad picture, but
termites are not believed to exist in Nova Scotia.

Carpenter ants can be killed by swabbing the affected timt2rs with
orthodichlorobenzene or carton disulphide. Care should be taken with carbon
disulphide as it is both toxic and inflammable. [f a trail of fine sawdust
is found anywhere in a house, strip cff the siding or finish nearby and check
horizontal joints of sheathing for often it is here that evidence of insect
attack can be seen.

Marine Borers - The most common of marine borers is the shipworm or teredo,
which can do much damage to wood. In the early stages of growth, it is a
minute, free-swimming organism which seeks a place on a floating log and buries
itself; as it bores, it grows a pair of boring shells, the tail remaining at
the entrance to the wood to pump sea water through its system. The torer lives
on wood borings and organic matter frcm the sea water and may vary in sizs
according to the number present from a few inches to as much as four feet,
although rarsly do they exceed nine inches in length,

No further teredo damage will occur after the wood leaves the water.

Problems of Finishing

In maintenance of a building, one of the most important items is the decoration
and finishing of the varicus surfaces of the buildings. Today, with the

trend away from wood in doors, windows and other features, the importance

of correct finish treatments for wooa seems to be diminishing and, with the
advent of the new alkyd, latex, and other new-based paints, The reasons

for the older treatments tend fo be forgoTvten.

It is well to remember, however, that although the modern paints may achleve

what the makers claim cver the snort period that they have been in service,

it is still questionec whether they will last as long as some of the older,
QmIre carefully-applied lead-based paints,
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DIVISION OF BUILDING RESEARCH e NATIONAL RESEARCH COUNCIL

DECAY OF WOQOD

by M. C. Baker

Wooden objects have been recovered frem
the tombs of ancient kings in a perfect state of
preservation, and woosizn roof structures have
often lasted for centuries without deterioration.
Many old wooden implements and picces of fur-
niture in homes and museums are as strong
and serviceable today as they were when made
sometimes hundreds of years ago. Pile foun-
dations, too, in water and in soil, demonstrate
the durability of wood.

On the other hand, there are Biblical re-
ferences to fungal decay whick indicate that it
has been a problem since man first learned to
build with wood. At the present time cases
come to the attention of the Division ol Build-
ing Research where evten~<xe rotting has taken
place of wood floors and roof, .n as little as
two or three years. Sometimes, when incipient
decay has gone urnoticed, almost cenaplete
destruction has occurred in only a few years.
It is ustally difficult or even impossivie o re-
pair such damage, and the only solution may
be the complete replacement of the builduag
elem.ent involved.

V/ood doss not decay simply because it is
.t but Hzcause it has beea attacked by fungi
vnde! radaer special conditions of saoistuie aud
oo neraiuee. The disisterration and ultim:te
¢ oanatinn 2f wood subst nce, known as rot-
ti: is tle rasult of the prowth of fungi in the
wiwd tisrue, In order to prevent decay it is
nvss.ary o know the pature of the fungi that
eitack word and the conditions nccessary for
their @197 % It may then be possible to modify
its serv.2e . aditions or ticat .ae wood o pre-
vart L ot of fungal growth.

UDC 691,11:620.19

Nature of Fungi

Fungi are generally regarded as a highly
specialized class of plants that exhibit great
diversity of form, are exceedingly numerous in
both aumbers and species, and have the means
for incredibly rapid multiplication. They do
not possess chlorophyll, and unlike green
plants are unable to build up sugar and starch
from the carbon dioxide in the atmosphere.
They feed on and thus decompose a wide
variety of organic food materials. They are
reproduced by bodies known as spores, which
toughly comrespond to the seeds of higher
plants except that they are very much smaller
acd usually orodvced in much larger numbers.

When the spores of fungi fall on a suitable
mediam t'nder moist cenditioas they germinate
somewhat in the manner of seeds. The spore
wall bursts and :t minute tube, called a hypha,
grows forth. The hypha branzhes and the tiny
.aves begin to permeate the soil, compost or
wood medium on which the hyphae are grow-
ing. With wood-rotting fungi the hyphae spread
through the wood, disintegrating the cell walis
and reducing their strength, The web or mat
of tissu¢ formed by the branching hyphae is
¥nown as the mycelium or spawn. [t may take
the form of root-like strands by the aggregation
of hyphae, or thick sheets by the matting of
the hyphae.

When fungus has been growing for some
time and has bnilt up a sufficient mass of
mycelium, it usually proceeds to form fruit-
bodies, sometimes called sporophores, on the
surface of the medium in the form of toad-
stools, fleshy or woody shelves, or encrusting
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sheets. Their appearance usually indicates a
fairly advanced stage of wood decay. It is the
fruit-body on which fresh spores arc formed,
and their location on the external surface al-
Jows for discharge into the air to complete the
growth cycle. .

The reproductive power of fungi is fantas-
tic when it is considered that a square-foot-
area of dry-rot fungus fruit-body can produce
five million spores per minute over a period of
many days. Thesc microscopic dust-like par-
ticles are shed in clouds from thc mature
fruit-body, and being very light can remain
suspended in the air and drift for long dis-
tances. There is therefore every likelihood that
spores of wood-rotting fungi will be present
wherever wood is used.

Conditions for Fungal Growth

Whether or not wood decays will depend
on the conditions to which it is exposed and
whether these conditions are favourable for
fungal growth. There are five essential condi-
tions for germination and growth, and it will
normally be possible to prevent wood decay if
any one of them is removed. These conditions
are listed below:

1 source of infection,

2 suitable substrate (food),
3 moisture,

4 oxygen,

S suitable temperature.

Source of Infection. If infected wood is in con-
tact with scund wood, the discasc will spread
to the sound wood by normal growth of the
fungal hyphae from the decayed wood, even
without the production of spores. Infection
may also spread dircctly from soil to wood in
contact with it, becausc most soils contain
quantities of organic matter in *vhich fungal
organisms are growing. Even wi .1 there is no
contact between sound wood and infected
materials, the space betwcen can be bridged
by airborne spores. as has alrcady been indicat-
ed, Although somec locations may be worse
than others, it is almost certain that in any
area some airborne fungus spores will be pre-
sent.

Substrate. Wood provides a suitable substrate
for fungus growth, and the cellulose, lignin,
and other components of the ccll walls and
wood tissucs provide suitable food. Some
specics of wood arc more naturally durable
becausc they contpin substances toxic to fungi,
and the heartwood of these will only be attack-

ed by certain fungi. It can be generally as-
sumecd, hewever, that no wood is entircly
immunc to attack if placed in conditions fa-
vourable to fungal growth, allowing for some
variation in the susceptibility to decay of dif-
ferent kinds of wood. It is possible to climinate
the food supply by treating it with certain sub-
stances toxic to fungi but harmless to men and
animals. This is the basis of wood preservative
treatment,

Moisture. The development of fungi on wood
is largely controlled by the moisture content;
all wood-decaying fungi require moderate
amounts of water for growth. If there should
be insufficicnt moisture, after growth has
started, the fungi do not necessarily dic, but
will probably become merely dormant, Active
growth can start agam, somctimes years later,
when sufficient moisture returns.

It is necessary for the substratum to be
moist and the humidity of the surrounding at-
mosphere to be high for the germination of
fungal spores. Wood always contains a certain
amount of moisture; air-dricd wood may con-
tain as much as 18 per cent, although it is
generally considered that wood in this condi-
tion is immune to fungal attack. About 35 to
50 per cent moisture is required for wood rot-
ting fungi to flourish, the actual moisture con-
tent depending on the specics of fungi and the
kind of wood. Fungal spores do not germinate
readily on wood that has a moisturc content
below thc fibre saturation point, commoniy
reached at around 25 to 30 per cent. Wood can-
not be considered immune, however, unti! the
moisture content is below about 20 per cent,
as is the case in most buildings in Canada
(CBD’s 85 and 8§6). When wood is put into
scrvice at such low moisturc contents, subse-
quent conditions can causc high local moisture
contents, which may be conducive to fungi
growth. Once started fungi can produce a cer-
tain amount of moisture by thc chemical de-
composition of the wood, and can thus increase
the moisture. content of the wood if cvapora-
tion loss is low.

Oxygen. All wood-rotting fungi requirc some
air for growth, and many species die quickly if
they arc deprived of it, The air-moisturc ba-
lance in the cells within the wood, therefore,
is a most important factor controlling the sus-
ceptibility of wood to dccay. Fungi nced oxy-
gen for the oxidation of sugars, which they use
for growth and thc supply of enecrgy. The
brcakdown of carbohydrates in the respiration
process produces water and carbon dioxide.

111-2
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If there is r.o interchange of air, the fungus
will die frem suffocation by carbon dic«<ice,
For example, when cell spaces are completely
filled with w.:e, as they are when wood is
subuerged in water, the air supply is cut off
and 2rowth is stopped. Burial in the ground
belov the water table will similarly cut off the
aiv sug iy,

Temperature. The growth of wood-rotting
fungi is affecic.i 1 feag sratare ap psuch the
sane way a. i s ih o0 oniindy grecn
plunts. It is - Lt i wauii wen s then in
cold. The.e . o .. el i the ewsuee (o
temperature, ..t aoeash speoics el . oan
optimum at wl.:- g.owidd is most 1amd. “rests
by the Forest Pio s i .-~ :te:ies 22d others
on a number of <rec,:s v fuv rrnn e
Canada indicu:: Lt tempe o ¢ ¢ cnens
for optimum g.ov:th range fr.in o3 w v: F.
All fungi show I t!: cr no growth at treezing
temperatures - i _htlv abave, but most woud
rotting fugi arz ot i .:d by tempe:atures
well below the o .y waszi. Thev 27n with-
stand che cold of  ..r2rin a dorp aat state and
Cun recommence active growth wien tempera-
tures incicase again if other condit:op, are
right.

Gruwth becomes lecs rapid as temperatures
are increassd z.ove 93 F and ceases fu.' mmost
fungi a: terny:rtures sughtly in excess of
"5 Prui. .2 espoinre o tempe-cures
slightly sove the maximum for growtt. or
even short evpoe-sie to ¢ 3 mucn
above the m:~.: © ~x cani Ly veT .
ly. The actusd deat! lni is it & 2o oy term-
peratnre, feasth of o and inchiize comens

The practics! croclucicn, thereiore, s that
in MOSt L. io0, Viers vt s tstu o8 Yot
ing elements it is m:cev wc,2eplible o decay in
sumuncr than in winter,

Other Factors. In addition to the essentials for
growth of wond-retting fungi, these are other
factors that m - Pave an cirest. Light usualty
has a tetarCing Friucnce, wnd exposur? to an-
tense light s ich o4 bright sunlipit cor Lei the
myczliur of 6 spuvies, Mos speeiss grow
moie vigorousty in sebdied sfeht tul sonts oo
not grow ilurmal'y i: total dackness.

The acidity and alkalinity of the wood can
also have an effect. Most wood-rotting funei
flourish on muterials that are slightly acid, and
very few can tolerate alkaline conditions. Or-
ganic acids are produced bv fungal srowth,
thereby incremsing wood acidity. “T'his may be

BEST COPY RVAILABLE

a foctor in the corrosion of metal fittings in
contact with the wood.

‘Treatment of wood with nitrogenous ma-
terials stimulates growth of wood-rotting fungi,
and contaminarion of vivod by urine or mianure
can increa.e susceptibility to decay.

Effects nf Necay

The decomposit.on of =ood by fung: is ¢
two . ain tvpes, o7icn eferred to as brown rot
and wizz o I " ruam ot the cellulose and
itv 1licd pevivscns are attacked whnile the
lige.ia is more or less unchanged. This causes
woud io dark2n in cclour, and to shrink and
¢ronecrack into cubical or oblong piecas that
can be readily t.oken and crumbled between
the fage.s iito a brown pewder,

In white rot all the components of the
wood. incli<hing :he lignin, may be decoinpos-
ed ard vsed by the growing fungus. White rot
does ot nroduce cross-cracking, but the wood
bec wies raler iu colour, sometimes in pockets
or «ircaks of varous sizes with firm weod in
bc-ween, aud may eveatually become a fibrous
writish m:.s. In some white rots, however, the
ceiiulose may remain jntact.

Decayed wood is less dense than sound
wood., may suffer 2 loss of strenorh, even with
incipient Jecay. siriaks cacessively u. crying,
shows changes «-f coiow and clter . .he. se cf
smeil. In the auranced stage of decay o may
betonie pLaky. ocit aad tpe v, tlncv, page-
sraned, pitted or crumet . The loss of .-
for bt i ot 70 per cent, since the
limlie o . - 0t for white ro. %, dss.
teu.oonf iven slieht de.ay caa re-
ducs e vl or shock Lisntinrs of
WOr.! 27 Wi v it ic drean easily nader i-ipact
e on ot may suf appear hard and firm t.
the :,uch. “unu: thit cause brown .ot usually
bring atcut a v 1zoid Jiop i nost stret.g .-
propu:ies thon de th st thiut cuuse wai-e rofs,
but buin tvpus on educe e cougares of
any wood they attac!. The fresh : ad r:sirous
smeil of ~cund woor 5 tsually repilaccd By a
divieretinve muhreon odour as wood decays,
an:t some woon-rc't ~g fuagd pro.uce <haraz.
erstic arumatic or  veet saiells.

T;pes of Fungi

By examination of rot and any fruit-bodies
that may have developed, wood pathologists
can usually identify a sprecizs withh moderate
certainty, Put it may somel.mes Do dife.
even for specialists 1o mane sur™ an ‘denti-
fication and detzrmive whou .1 the .peies ure
active or imactive. Fatensise laboratory work
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may be necessary. Expert advice is essential for
getailed determination, but the building prac-
titioner should be generally aware of the fungi
that may be involved.

The Forest Products Laboratory of the
Canadian Dcpartment of Forestrv and Rural
Development lists five types of building-rot
fungi that arc of importance. These arc Len-
2des saepiaria, Lencites trabea, Fomes roseus,
Lentinus lepideus, and Merulius lachrymans.
All can be active agents in the destruction of
wood in damp locations, but two of the five
are perhaps the most common. Lenzires saepi-
aria is probably the most active destroyer of
softwoods and has been identified in many of
the rotted wood roofs in Canada. Merulius
lachryr..ans, sometimes referred to as the true
“dry-rot” fungus, docs cxtensive damage to
buildings in Europe and also occurs fairly fre-
quently in Canada. It has great virulence when
once established.

Lenzites saepiaria is a brown sot, which in
its early stages ycllows and softens wood, and
may give it a laminated appearance because
decay begins and proceeds most rapidly in the
spring or sap-wood. Rot may occur in pockets,
which merge as decay procceds. Shrinkage and
checking take place both radiaily and tangen-
tially, gradually reducing the woud to a yel-
lowish-brown friable mass. Fruit-bodies are
comparatively small, ycllowish or orange vel-
low at first, later cilanging to a rusty or dark
brown.

Merulius lachrymans grows very profuscly
when once establis' ed orr damp wend, prodie-
ing snowy white mycelial mzis from which
glistenirg vellows or jil.c coloured moistire
drops u:ually eaude. It requires rathe: constant
conditio.ss of temperature and humidsty for its
growth and thrives Lost in unventilated places
where the air is q.ite <ii'l. Wood decaved by
the fun;u, is pale brown in volour. and ve-
comes brcken up inio lasge brick shaped pleces
as it drizs and shrinks, The decaved wood is
easily crumbled to powd:r between the fineers,
Fruit-bodies arc formed in shapes somewhat
resembling pancakes on horizuatal surfaces.
but may form shelves on vertical surfaces. The

>
A

surface of the fruit-bodics is tough and wrink!
ed, ~nd on it millions of rusty red spores arc
formed.

From the centres of profuse growth of
Merulius lachrymans fungus can send out
mycelial strands which may pass over or
through brickwork, plaster or other building
matcrials. These strands can transport water
from the damp place in which the fungus first
established itsclf to wood of low moisture con-
tent at somce distance, thus wetting the wood
and starting new fungus growth, .

Conclusion

Dampness is one of the.five essential con-
ditions for fungal growth and should be the
easicst to control, If dry materials are used in
building and moisture can be prevented from
reaching or accumulating in wood portions of
the finished structure, rotting will be eliminated.
Dampness in a building or in some element of
a building can be attributed to a lack of con-
sideration during design, poor workmanship
during construction, neglected maintenance, or
some combination of these. To prevent it the
designer needs to pay particular attention to
rain penctration, ventilation and condensation,
as described in previous Digests. The contractor
should protect materials against moisture and
take care with construction details to avoid air
leakage paths. If the building is reasonably well
designed and constructed, little maingnan
may be required. but undetected feafage in
roofs or drainage systems can provide the.damp
concitions necessary for rotting, [t is therefore
essertial to have regular inspection and mainte-
nance _procedures,

Whaa moisiure cannot be controlled or wood
has to be pluced in wet incations, adequate
trzatment with wood pieservatives will effec-
tiveiy control decay.
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CECCS 3|

Notes to Student

I. 1In undertaking this test you are assisting In . 'ng your program

of instruction. Your answers to the questions w .. -esult in a score beling
assigned to you. Unless you have had previous exposure to bullding construction,
It Is expected that your inltial score on this test will be quite low. After
you. have completed the programmed learning book, you will be asked to raepeat
this test paper again. You may take as much or as little time as you need

to complete the book, so long as it it completed within this term.

The mark made on the second attempt at this paper will be your term mark.

2. Answering the questions should be relatively easy, simply check, or under-
line your cholce or cholces in the multiple response questions, or fill In

the appropriate words where blanks are left, or complete sketches where thls
is called fore.

<05




SCHOOL OF ARCHITECTURE
NOVA SCOTtA TECHNICAL COLLEGE

CONSTRUCTION TERM ! TEST PAFER

I. What is the simplest function of a bullding?
a) To enclose space

b) To separate environments

c) To provide shelter

d) To provide space for activity

The roof is a elerent
i+ must support

a) Iive load

b) dead load

The load bearing member in a wood flat ruof is known as
a) rafter, b) pinlin, c) jolst

The Inclined load bearing member In a wood reof Is known as
a) a rafter b) apinlin, c) a Jolst d) a truss

The truss uses the principle of - , as well as
shortening the effective of the members.

a) The effectlve span a) Is b) Is not the actual length of a Jolst

b) The area of jolst support Is known as the a) plate b) support
c) bearing d) bridging

(Stiffener) (strapping) (belting) (bridging) Is required to counteract
buckling.

The two methods of counteracting buckling in common use are
and .

A method of counteracting buckling Is required at
a) 2'0"o.c. b) 8'0"o.c. c) half span d) at jolst ends

Between the Jjolst and the bearing surface a
a) disc b) plate c) platen d) bolt e) pad Is located.

At junctlons between structural horizontal wooden Support members and
concrete walls It Is neccessary to ensure that

a) The wall Is level, b) the wood member Is level, c) an alrtight joint
Is made, d) a watertight joint Is made, @) It Is securely fastened down.




12. For what purpose Is an anchor bolt used?
a) To prevent structure from slipping off supports
b) To locate structure to supports
c) To hold structure down
d} To hold structure up
13, Tha basic difference between the two major types of light wood frams
construction Is that In frame the studs are
continous through the height of the bullding whoreas Is
framc the sub floor acts as a surface on which subsequent
operations can be carried out
(Western) (balloon) (Eastern) (plane) (surface) (platform) (braced)
]
14. How arg, corners consfruc;%d a) ;_5’!_,1,}3:_;‘\; D:f
b RETTTRT o BTN ) =R
I5. The load carryling components In framed construction are known as
a) studs b) joists c) posts d) lintols e) beams
16. Load carrying components, due to material sizes are normally placed.
a) 12"c.c. b) l470.c. c) I6"0.c. d) I8"0.c. f) 24"o.c.
g) 30"o.c. h) 4'O".c.
17. What Is the minimum size of lintol required to span an opening 6'0" wide?
a) 2/2"X6" b) 4" X 6" c) 2" X 12" d) 4" X 12" e) 4" X 8"
f) 2/2" X 8" g) 2" X 6"
18. A jolst hanger Is used a) +to hang vertical members off joists
b) to support light fixtures c) +to connect dissimilar materials together
d) to connect differing sizes of members together e) to give level
top surfaces to a groups of members f) to give leve! bottom surfaces
to a group of members. g) to connect joists to headers.
h) +to hang joists from other members.
19. A floor consisting of 2" X 10" joists @ 16"o.c.ls required to span 20'0"
Is It possible to span this distance without additonal support?
Yes No
If your answer was no, what addltonal support would you use
a) Concrete beam b) steel joist c¢) wall, d) beam
20. A board foot of wood Is a) a plece of wood 12" X 12" X 12"
b) a piece of wood 4" X 8" X 12" c¢) a plece of wood 4" X 8"
d) a piece of wood 12" X 12" X "
21. 20' span, 26 jolsts 2" X 6", how many board feet?
22. The continous support bearing on the ground and carrying a wall Is known

as a a) strip b) pad c) plate d) ribbon e) trench footing.
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23. The support member bearing on the ground and carrying a column or post
is known as a a) strip b) pad c) plate d) ribbon e) trench
f) pitoti g) pile footing

24. The ultimate ability of the ground to carry load is known as

a) spread load

b) ground bearing pressure

c) ultimate ground bearing pressure
d) footing load

e) allowable ground bearing pressure

25. Footing drains are used to a) drain off excess water
b) prevent leaks in basements
c) prevent building from floating
d) lower ground water table

fiéwa This is a foundation.

This is a foundation.

( strip ) (pad) (plate) (ribbon) (trench) (piloti) )raft) (floating) (calsson)
( bored pile ) (driven pile) (friction pile) (end bearing pile)

27. Movement of a building takes place
a) vertically
b) horizontally
c) diagonally
d) vertically & horizontally
e) in all directions.

28. Concrete is composed of a) sand and cement b) aggregate and cement
c) fine agyregate, coarse aggregate and cement d) Cement, water
& aggregato e) crushed rock sand, water, cement f) sand, water &
cement

29. The hardening of cc :rete is a result of
a) the evaporation of water b) the absorbing of water
c) the entrapment cf air within it d) the combination of water with cement
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30.

The strength of concrete Is Influenced by

a) The thorougness of mixing b) the amount of cement c¢) the amount
of aggregate d) +he amount of air entraped e) the amount of water
f) the weather conditions at time of placing.

31,

Concrete is (strong) (weak) in tension, and (strong) (weak) In compression.

32.

Concrete cover is required over reinforcement to a) Ensure bond
b) +o prevent spalling c) to protect it form effects of fire
d) to protect from corrosion e) for appearance

33,

An exterior wall consisting of 2" X 6" studs at 16"o.c. is to be clad
with cedar shingles a) I+ does not require sheathing
b) It requires |I/16% boarding c) |t requires 3/8" gypsum board
d) it requires 5/18' exterior quality plywood.

34,

The following materials as applied to wood frame construction are
a) claddings b) veneers
wood, asbestos, steel, aluminum, plastic, slate, clay tile.

35,

The following materials as applied to wood frame construction are
a) claddings b) veneers
brick, stone, clay tile, reconstituted stone

36.

Cladding is used as a) A protective finish to the structure
b) An aesthetic skin
c) To waterproof the structure
d) As a primary weather barrier

37.

What are the four elements of a wall?
l.

2.

3.

4.

38.

What are the three elements that result in rain leakage.

2.
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In order to keep thermal movement to a minimum should one

a) keep the building warm

b) insulate the building thoroughly

c) keep the building cool

d) maintaln the structure of the building at an even temperature

Where should insulation be placed in external walls?
A) Within the wall

B) On the inside face of the wall

C) On the outside of the wall

A pitched roof is satlsfactory because

a) |t uses overlapping units

b) It permits ventilation of the roof space

c) It takes advantage of the effects of gravity
d) 1t does not require to be perfectly sealed

For successful performance a perfect impermeable membrane is requlred
a) for all roofs t) for curved roofs c) for flat roofs
d) for pltched roofs.

With the current state of technology windows are
a) Neccessary to admit |ight

b) Neccessary to provide ventilation

c) Neccessary to provide a view

d) not neccessary

Large areas of glass in the external walls of a bullding are undesirable
because a) Excessive glare is produced b) Excessive heat gain results
c) Condensation occurs on glass d) Cold drafts occur e) They are
expensive f) Excessive hzat loss occurs g) They leak

h) They are expensive to install and maintain.

Icing will occur on windows a) when outside temperatures fall below 32°F
b) when surface temperature of the window falls below 32°F c¢) when
inside temperatures fall below 32°F d) when dew point Is reached

e) when surface temperature falls below 32°F with condensation present

Thermal breaks are required In wlndows whose frames are made of
a) aluminum b) stainless steel c) steel d) plastic e) wood

The most likely place for a well designed window to leak Is at

a) the head b) the cill c) the jamb d) the glazlng heads

e) the junction of head & jambs f) the junctlon of frame & glass
g) the junction of frame & wail
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48. The optimum location forr a sealant in a window component is
a) at the outside face of the component
b) at the inside face of the component
c) centrally between inside and outside face of component
d) at both inside and outside faces of the component
49. Satisfactory sealant joints are achieved by using
a) as much sealant as possible
b) as little sealant as possible
c) an even bead of sealant
d) a carefully controlled amount of sealant
e) a sealant bead of controlled shape
50. Sketch two typical sealant joints a) for a butt jolnt
b) for a right angle joint
a s/ '/r, - i "7'
AL SINS
/,/C //d g:ﬁ//V/
b VA
e
:&::z:z::zkﬂ
51. An airtight seal between opening leaves of doors or windows and frames
Is achieved by
a) Use of gravity
b) Compression of gaskets
c) Use of tight fit
52. In a built up roof the waterproofing is provided by
a) the felt
b) the topping
c) the hitumen
d) the V.B.
53, A bullt up roof Is reinforced with
a) steel
b) fibreglass
c) felt
d) bitumen
54, Pitch (is) (is not) compatible with asphalt




55.

Vil

Pitch is not compatible with the following insulaticns
a) Fibreboard

b) Glass fibre

c) Poly styreme

d) Cellular glass

e) Poly urethane

f) Mineral fibre

Gravel surfacing on a roof is provided to
a) Waterproof it

b) Protect the bitumen from the sun's rays
c) Act as an aesthetic finish

d) Act as a traffic surface

e) Act as fire protection

57. N.i.S. is (a) satisfactory (b) unsatifactory as a finsished surface for
a traffic free roof.
58. A roof coating Is a) superior b) inferior c) eguivalent to NIS as a
roof finish
59, Molsture entry from below the roof structure is controlled by
2) The roofing membrane
b) +the insulation
c) the structural deck
d) the Vapour barrier
60. Which of these insulation materials can be used exposed to the elements on a
roof.
a) Glass fibre b) Fibreboard c) Poly styrene foam d) poly urethane foam
e) cellular glass f) straw fibre g) mineral flbre
61. The surface protection provided for insulation where i1 Is not generally
accessipic can be a) A water resistant material
b) A material opaque to U.V.
c) A reflactive material
d) An elastic material
) A heavy material
62. Flashings are used o a) provide a neat appearance where the roof joins
other elements
b) provide a robust finish at points susceptiblc to impact damage
c) provide a watertight connection at changes in materials
d) provide a flexible watertight connection at changes in materials.
63. The top of a cap flashing should be

a) flat b) sloped c) sloped towards roof d) pitched e) sloped away
from roof.
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