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Prefabrication in the consfruction industry extends ‘to concrete'
masdﬁky'waillpanels Euilt away from the Sui]ding fof speed, efficiency,
and quality of construction. A‘femarkable agzgiopmgnt in th{s sector is
the production of prefabricated wall panels using £he Tomax‘Mdchine.

Prefqbriéated Tomax ‘wall ;anels form the major subject matter

of this report. The Tomax machine, its operation, production of Tomax
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¥

panels and their advantages are described. Panel st%engtﬁitests, panel con-

nections and the application of the panels are discussed. This tgthnical

report also discusses the need for prefabricated concrete block panels.

and the properties of hollow concreie masonry with respect to fire resist-

.ance, noise control and energy conservation. It further covers the struc-

tural design of hollow concrete masonry walls.
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CHAPTER [

INTRODUCTION

13

1.1 Neep ForR PREFABRICATION .

One of the main problems that we are facing today is the need fqr
new lower-cost housing with  a performance that is net below th\e‘
desirable level }n order to satisfy the needs of hhndred; of millions of
people around the world. This is becoming a majer concern of all the
nations and it is well noted in the activities of the United Nations.

The provision of decent homes for every family of the world is an integral

part of the human environment.

The shortage of housing, higher standard of 1iving, shortage of

skilled labour, high cost of construction materials, and weather conditions

lead to the introduction of countless construction technigies ranging from
conventional on site construction to completed prefébricated modules. -

This industrialization process has been proceeding at a rather rapij bace

fonvthe last twenty-five years or so. In Europe, industrialized building

o

o

has “achieved greater productivity’— in terms of the value 6F building per

"man hour worked — and grég%er speed of erection thqg/ raditional building

methods. In Canada, the on-site labour has beenxféduced by about 50%.'This

is mainly due to the following reasons:

N
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t . 1. It has been clearly demonstratedfthat mass production results in requcéd

' costs.

t
-

} T 2. There is a growing shortage of skilled tradesmen and as a coﬁsequence,
greater reliance must be placed on machines and unskilled labour to
'hand]e the building process.'iThis was thé major reason putéforward for
Systems Bui]diﬁglin Europe.
3. In-plant manufacturer of many of our building cqmponents has been shown

to greatly reduce building time with consequent financial benefits.

LI
4. The more work done in-plant the less serious will be the on-site prob-

- Tems with weather. . | s , #
5. In-plant manufacture provides conditions for much better quality con- |
trols. Whether such better quality is §ctua11y achieved dépends very
‘much on the attitude of management, designers and supervisors.
6. Industrja1ization shouid maké efficiént use of our repidly dwind]iqg
resources. u
7. With better design and qua]itx control, the achievement of durable and:

Tong-lasting structures is simplified.

Though labour costs, labour shortages and quality control are

.largely responsible, for the growing trend away from on-site construction,

prefabricated modular construction has been subjected to limitations.

’ Expgr{ence with "Habitat 62"'in Montreal, and "Operation Breakthrough" in
the United States, has shown that concrete box-module systems have major
difficulties in transportation, erection, and sustaining long-term success. .
For the above reasons, prefabrication systems using.panelsninstead of modules

appear to be preferable.

<
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1.2 ConcrReTE BLock PaNELs

Major developments in prefabg¥cation occurred in Europe. European

syéfems have Tots of experience to offer after co§t1y experiments and mis-

- takes 1in industrialized housing. Only a few economically viable systems sur-

Vived out of all these efforts. The'panelization system is the major contri-

bution to the construction industry out of Europe. The pané]ized construc-

tion utilizing prefabricated panels represents a logical and practical com-

1.

"promise for many -building systems due to the facts that:

‘ Panels are easily fabticated. This applies to masonry, solid, cored

and sandwich panels.

2. Pané]ization has relatively few system dictated constraints. Rggard]ess
‘of the Tayout of the structure, one can always almost successfully
panelize it. |

.3. Panels are easy to handle and have ﬁo major problems in transportaﬁﬁon
and erection. l

4. Panelization can lead to standard{zation and industrialization of .
building components to better building design and performance.

The use of concrete block for panels introduces the fo]lowing'
advant&gés:/ |

1:_ Concrete is the construction material that is available, 3nexpensive,
and with desirable properties compared to other construction materials
such as timber, steel and plastics. |
Concrete block is the most efficient use of concrete.

3. Concrete block as building material fntroduces a number of ;pécific

[P

N ~

qualities such as:




. light weight
sound stkuctural capabilities
very durable

fire resistance
. sound isolation
easily insulated |
hollow, thus economical and insulation properties
a textured surface, where required

. esthetics

S, ~-h O O O T

—

. maintenance free

= €.

. _economy

About 10 years ago the US Hqusing and Urban Development (HUD)
turned down the conrete masonry industry's propoéa]s for "Operation Break-

through" funding. Concrete masonry was consid?red as traditional type of
cdhstructidﬁ; a type the HUD envisioned as to be replaced by the more
esotgyiq systems construction and newer materials. But today, it appeérs
that many‘of the new systems and materials that were accepted by HUD have
proven to be more costly then conventional. )
One of the main problems facing many byilding sy;temsnis market
acceptability. Mo;t of the systems can be classified as "closed" with
limited freedom in b1anning. P(efabridated concrete masonry wall panels’
overcome theée objections by permitting more design flexibility and provid-
ing a conventional type of wall construction - that is familiar and readily

accepted by all code authorities.

Lioae T
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CHAPTER }I oo ) C

*PROPERTIES OF CONCRETE MﬂSONRY WALLS -

4 K
2.1 FIRE RESISTANCE

Fire safety is a major consideration in building codes because
fire is one of the major hazards to life and propefty in bu}ldings. The
governing philosophy behind various code requirements with respect to
fire is: (1) the safety of occupant;; (2) the safetpof fireﬁen; (3) and

the reduction of property damage. The acéﬁhplishment of this philosophy

depends mainly on the components of buildings and their resistance as

. barriegs tq f%re;pread. The fire resistance of the enclosing elements ‘ ' >

of a compartment such as walls, partitions and f1bors are, therefore, major

obstacles to the spread.to a fully developed fjre. i : i
lConcrete masonry walls have exce]leﬁt fire resistant qualities.

Because of these qualities concrete masonry walls are often used as an " ;

\ ‘ 1,
} . . essential and key element in fire protection system of modern apartment

‘,buildings. They are also used to enclose steel columns and other less . I

resistant materials in construction jobs. <t - 3-

* 2.1.1 Evaluating Fire Resistance

The fire resistance ratings of concrete masonry walls are based

\\W on fire tests made at Underwriters' Laboratories, Inc., the National Bureau

~

-5'- ‘ ' . /
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in the block unit and the equivalent s01id thickness of the wall.

-6~ .

of Standards, and other”recognized f{re testing'laboratOrieé. The procedure
of the tests are described in ASTM E119, “Standarq Method of Fire Tests
of~Bui1d1ng Canstruction gnd Materials." Standard test conéists of

exposing a large wall panel to a fire of control%ed intensit} for a time
equal or greater than its rated firesresistance time.

Immediately after .

‘firing, the hot face of the wall is-subjected to fire hose'stream. During

[

the test, load beaé}ng wal]s'carry a load of 80 psii Thg criteria appiied
during a standard fire test of a wall or partition is that (1) the wall,
must withstand the fire, (2) must not allow passage of flames or heated
géses, or passage oflﬁater from:the hose stream, and 3) heat tf%nsmission
through the wall must be limited to 1es§ than 250°F gain in temperature, i
Any one of the three criteria is decisive should it be violated first [2].
4 The fire'resistance réting for concrete masdnry‘w§ﬂ1s is_almost "’
always determined by temperature rise on the unexposed side of the wall.
Fir? endurance'ca; be calculated as a fuhction of the'aggregate type used
Equiv-

alent thickness of hollow units is calculated from actual thickness and °

the percentage of solid materials. Both needed items of information are

C detérminé& by ASTM C]40aPMethods of Tesping Concrete Masonry Units".

The concept of using “Equivalent Thickness" for determining fire
resistance ratings has been adopted by the National Code of Canadian Sup-
plement No.‘z, Table 2.1, shows the equivalent thickness and fire endur-

e
b l

ance of concrete masonry walls [3].

J
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Table 2.1 — Minimum Equivalent Thickness of Concrete
, Masonry Walls

Type of ' ‘\ Fire-Resistance R;%%ng\

Concrete 1/2_hr. 3/4%hr. 1 hr. 1-1/2 hr. Z‘ﬁr. 3 hr. 4 hr.
S* or N+ 1.7 2.3, 2.9 3.7 st 5.6 . 6.6
leos* 1.6 g.l\\ 2.6 3.4 4.0 5.1 6.0
L,*T 1.6 2.1 ‘\ 2.5 3.2 | 3.8“ 4.8 3.6
L220s" 1.6 2.1, | 2.5 3.2 3.7 4.6 5.3
LzH . 1.6 , 2.1 -+ 2.5 o .1 3.6 4.4 5.1
Notes:

*Type S concrete is the type in'which the coarse aggregate is granite, quar-
tzite, siliceous gravel or other dense materials containing at least 307
quartz, chert or flint. . N

*AType N concrete is the type in which the coarse aggregate is cinders,
" broken brick, blast furnace slag, limestone, calcareous gravel, trap
rock, sandstone or similar dense material containing not more than 30%
of quartz, chert or flint.
1
+Type'L1ZOS and Type L220S concretes are the types in which the fine por-
tion of the aggregate is sand and lightweight aggregate in which the sand
does not exceed 20% of the total volume of all aggregates in the concrete.

+Type L1 concrete is the type in which all the aggregate 13 expanded shale.

+++Type L2 concrete is the type in which all the aggregate is expanded slag,

expanded clay or pumice. .

v

The ratings listed in the above table are almost the same as those,

contained in building codes in the United States.

2.1.2 Walls Covered with Plaster and wallboars

!

The fire resistance value shown in Tap1e 2.1 are for bare con- -

crete masonry salls without plaster or wallboard ¥1nishes. The National
building code of Canada contains detailed prov1s1ons for the contr1but10ns

of plaster or wa]]b&ard f1n1shes. Plaster or wa]]board finishes do add to

i

s e 9o s




} ' the fire resistance of the coficrete fmasonry L@]l. The increase in fire

endurapce depend upon the type finish, the type of black it is on, and

k . - whether the finish is on the expoged or non-&gpoéed side of the wall.

. Plaster applied directly to the masonry surféég behaves in a fire much the
same as the masonry unit itself. Its contribution to increased fire resist-

ance can be determined by adding the plaster thickness tg the equivalent

D i

solid thickness of the masonry.
If plasters or wall finishes are applied to the unexposed side of
the wa]i, multiplying or reduction factors are used to calculate the added
thickness, the increase or decreas;’in added thickness depending upon the
relative heat resistance of the concrete masonry andithe finish material.
Table 2.2 shows typical multiplying factors [3]. These factors can be used
to correét the thickness of ﬁiaster‘applied directly to either or both
ﬁides of the wall, and for wallboard and plaster on lath on the unexpéged
side. The corrected thickness is then added to the eduivaient thickness
of the concrete masonry to determine the fire resistance.
With waﬁ]boards or plaster applied on the fire exposed side are

treated in a different way. 'Their contribution to additional fire endur-

ance is limited by the period of time they stay on the wall. Methods of

fastening wallboard or lath to masonry walls are specified by the NBCC.
Tables 2.3 and 2.4 show fire endurance time assigned for wallboard membranes

and plaster membranes [3]. ,

f
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. inabZe 2.2 — Multiplying Factor.s For Various Masonry Comstructionm.
‘ , Type of Masonry
4 . N or L or.
TYPE OF SURFACE PROTECTION S L_20S L 20S, L
Portland Cement-Sahd Plaster 1 : 3/4 ‘ 3/4 1/2
G- Sand Flaster or w T
. Gypsumperice Plastor 1-3/4 14 14 1
~ ’
e Table 2.3 = Time|Assigned to Wallboard Membranes.
: Time
DESCRIPTION OF FINISH _min.
1/2 in. fiberboard . . . R _ 5
3/8 in. Douglas-fir plywood phenolic-bonded. . . . . . . . S
1/2 in. Douglas fir plywood phenolig-bonded. . . . . . . . 10
5/8 in. Douglas fir plywood phenolic-bonded. . . . . . . . 15
3/8 in. gypsum wallboard . . e e e e e e e e e e - 10
1/2 in. gypsum wallboard . . . . . . . . ; ........ 15
5/8 in. gypsum wallboard . . . . . . . . . . e e e e 30
Double 3/8 in. gypsum wallboard. . . . . . . .. SR 25
1/2 + 3/8 in. gypsum wallboard . . . . . . 4 . .. o't . . 35
i Double 1/2 in. gypsum wa11boardf .......... e 40
Double 1/2 in. gypsum wallboard. . . . . IR ’ 50.
- | 316 in. asbestos-cement + 3/8 in. gypsum wallboard. . . . 40
~ . 3/16 in. asbestos-cement + 1/2 in. gypsum wallboard. . . . - 50
Composite 1/8 in. asbestos-cement, 7/16 in. fiberboard. .. 20
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2.1.3 Effect of Filling Core Spaces

Standard fire tests have shown that filling the hollow core spaces ‘

in the concrete block, with insulation, grout, or with dry granular

s

materials will reduce the rate of heat flow through the wall and results ' 3
in an increase in fire endurance. For examp]e: filling cores with perlite,
vermiculite loose-fill insulation will increase the fire resistance of a

2-hr. wall to at Teast 4 hours. The same is true if cores are filied with

expanded shale or slag. In fire tests conducted by the Portland Cement

Association in 1934, it was indicated, Fig. 2.1, that a fairly wide range

of granular material may be used for filling core spaces to increase fire ’

resistance [4]. Filling the cores will alsso have the benefit of increas-

ing the resistance of-heat flow ihrbugh\gse wall, : : v

]
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Fig. 2.1 — PCA Research in 193¢ indicated that a fairly wide range
of granular materials in the cells of the comcrete block
will greatly increase the fire endurance of the wall.

In reinforced hollow unit construction, where cells are filled

with grout, the grout has the effect of adding to the equivalent thickness

resulting in a corresponding 1n;rease in fire resistance. An 8-inch thick

~
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fu]]& grouted wall, for instance, would have equivalent thickness.of 7.6

inches which is the same as if the wall was composéd of 100% solid units.
Both American and Canadian building codes allow filling core

spaces in hollow masonry units; however, the fire enduracne time may not

exceed that of a wall of solid units of the same concrete type. ,

ot

(AR

2.1.4 Building Insurance. Benefits

Insurance costs against fire loss for both building and content
are determined mainiy by the type of construction material used. Insuraqpe
rates are based upon actqa] experience, the actual risk that is involved:
Concrete masonry bui]dings are considered superjor to fhe non-combustible
structures and the rates are lower for fire and extended coverage.' Insurance
costs contiﬁue for the 1ife of the bui]djng and lower rates can produce
significant savings. Tdble 2.5 lists average insurance rates, per $100.00

for several construction types and occupancy c]assificétion [5]. The .

figures in the“table'heré obtained by averaging values from informativ
which include several protection classes in more than 50 cities. These
figures are not exact and are listed merely to indicate relative differ-
- ences between rates. for various types of construction,

’ In§urance savings are got only to the owner, there is also savings
to the tenant. Tenants in concrete masonry buildings who purchase insur-
ance on their pergona] belongings, pay less annual insurance premium than
those who 1ive in other buildings. In addit{on to that there is a psych-
ologic value. Concrete masonry walls convey a sense of security, privacy

and permanence.
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2.2 Norse ConTROL

&

Noise introduces one of the major threats to the quality of our

lives. More and more noise is produced with each advancement in technology.

In- the home, interior noise comes mainly from the noise-making appliances
" such as television,, radio, air-conditioning, vacuum cleaners, washing

machines, and other devices. In the office, interior noice is caused

. by computers, typewriters and other noise-making equipment. Exterior noise

~ may come from street traffic, jet aircrafts, high-speed trains, and con-

~ struction equipment. People are becoming very conscious dbout noise

\

o

and the need of quietnes$ is becoming acute. Studies and surveys of occqp#
ants' desires show conclusively that people wént residences which are sound-
progf. Since there is no hope that noise ‘will vapish‘by a te;hnical break-
through, simply because there is no such a thing as a noise]e;s rr'lacf‘n'ne,c

it is dhgﬂof the functions of a building to reduce all ordinary noise to
a‘folérab1é level. Two techniques are commonly used to reduce noise:.

sound absorption and 1imiting sound transmission.

2.2.1 Saund Absorption : Y {

Sound absorption is a method of reducing noise by diminishing

 the sound level Qithin~a room or a service area in a building by employing

I4

| material which absorbs "“the sound instead of reflecting it back. Sound is

.
Vo

" absorbed by ény'surfgce that dissipates sound energy by converting it

to heat.

’

The sound absorption coefficient is an indication othhe sound
absorbing efficiency of a surface. If the surfaces of a room were capab]g

of absorbing all sound generated within a foom,\they would have a sound\

" absorption coefficient of 1. If 45 percent of it was absorbed, the coef-

a

-
-

\J
/
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ficient wou]d)be 0.45. A commonly used measure of sound absorption is
the noise reduction‘coefficient (NRC). The NRC is determined by averaging
‘the vé]ues of the sound absorption coefficients (SAC) at sound ®requencies
of 250, 500, 1000, and 2000 cycles per sécond (cps). The SAC is the
amount of-sound energy absorbed compared to perfectly absorptive surface
such as an open window. Typical nois?;éedﬁction coefficients for concrete
blocks and some other materials are given in Table 2.6 [6].

Concreté blocks have NRC values between 026 and 0.50 whi;e glass,

plaster and smooth Surfaces have NRC values less than 0.05. Painting

concrete masonry decreases its NRC value.

2.2.2 Sound Transmission

9 The reduction of noise can be achieved by preventing sound waves
from being transmitted from one space to another through the use of sound

insulating material. The effectiveness of a wall as a means of sound

isolation or noise insulation, is measured by a two-room test method in o
which sound is genératedd‘mgﬁﬁﬁ;ed in a specially designed room, passed

« \ .
through the test wall and measured in the adjacent test room. The measure-

i S S S P TE Ry

ments are made at sixteen different frequencies over a range of 125 to 4000
c&c]es per second (cps). The difference in intensity of the generated
sound and the received sound indicates the transmission loss of the wall.
The test method ASTM #90-70, provides a means of rating sound transmissioﬁ

by a single number called sound transmission class (STC). The‘higher the

STC of a wall, the better its performance as a noise barrier. Recent
\  sound transmission loss test data for various fypés of concrete masonry

walls ranging from 4" to 12", and of various surface treatment are given

*

ift Tables 2.7 through 2.11 [7].
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Table 2.6 — Approximate Noise Reduetion Coefficients.

)

: Surface Texture Approximate
Material or Finish NRC N
Qﬁrick, unpainted: . All > 0.05
Concrete floor, bare ' T A1l , .02
Wood floor ALl .03
Glass , All S : 02
Plaster Rough .05 A
Plaster. Smooth’ | .0b [
Wood panel . : ALl .06 /
Acoustical tile A1l .55
Carpet on concrete Heavy 45 D
/'
Lightweight aggregate block, Coarse .50
unpainted . Medium .45
Fine Lo
Normal weight aggregate block, Coarse' .28
unpainted Medium ‘ 27 t
Fine .26
REDUCE BLOCK VALUES BY FOLLOWING AMOUNTS WHEN PAINTED:
Paint Application Method One Coat ‘L‘ Two Coats
ey -
AVY . } Spray 1 . 10% 20%
0itl Brush 20% 55%
Latex Brush 30% 55%
Cement Brush 60% 90%~
. U R
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Table 2.7 — SIC Tests on 4-Inch Thick Concrete Masonry Walls.
Wall
Weight '
Wall Description 1b/sf STC '
NO SURFACE TREATMENT
hollow, 1t. wt. 18 40
hollow, 1t. wt. 22 29.
hollow, norm. wt. 27 L5
hollow, norm. wt. 33 L5
hollow, norm. wt. 39 L6
solid, norm. wt. Lo L6
SURFACE SEALED WITH PAINT:
both sides, hollow, 1t. wt. 26 L1
both sides, hollow, 1t. wt. 29 i3
both sides, hollow. 1t. wt. hollow 34 43
cells filled with sand
both sides, hollow, norm. wt: 32 NN
both sides, hollow, norm. wt. 29 LY
one side, solid norm. wt. kg W7
SURFACE SEALED WITH PLASTER:
1/2", both sides, hollow, 1t. wt. 35 4L
-1/2", both sides, hollow, 1t. wt. 30 48
1/2'", Rath sides, hollow, 1t. wt. 32 4o
1/2", BOth sides, hollow, 1t. wt. 3% 45
5/8", both sides, hollow, 1t. wt. ‘Lo 50
5/8", both sides, hollow, 1t. wt. 37 L3
5/8", both sides, hollow, norm. wt. 43 48
5/8", both sides, hollow, norm. wt. 50 . 51
SURFACE SEALED WITH GYP. BOARD:
. 1/2", both sides, hollow, 1t. wt. 35 L5
1/2", both sides, hollow, 1t. wt. 27 40
1/2", both sides, hollow, 1t. wt. 26 L7
1/2", both sides, hollow, norm. wt. 32 48 1
172", + 1" blanket insul. & block 43 51
- sealer, one side, solid, norm. wt. 1
1/2", both sides + 1" insul. & block Ly 55
sealer, one side, solid, norm. wt. _
1/2", both sides, block sealer, Wi LY
one side, solid, norm. wt.
1/2", one side, block sealer, one L2 46
side, solid, norm. wt.
1/2", both sides, block sealer + 1/4" Ls 47
perlite board, one side, solid, norm.
wt. '
SURFACE BONDED WALLS: \
1/16", both sides, hollow, 1t. wt. T&G 28 43
s —M» —
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Table 2.8 — STC Tests‘on 6-Inch Thick Concrete Masonry Walls.

RS

Wall
, . Weight
Wall Description Tb/sf STC
——— =
NO SURFACE TREATMENT: .
hollow, 1t. wt. . . 23 L
hollow, norm. wt. : L3* 45
SURFACE SEALED WITH PAINT: )
both sides, hollow, 1t. wt. 28 L6
one side,hollow, 1t. wt. (Soundblox) 35 b9
one side, hollow, 1t. wt. (Soundblox) 38 b7
one side, holiow, 1t. wt. 32 43
both s1des, hollow, norm. wt. 39+ 48
SURFACE SEALED WITH PLASTER:
/2", both sides, hollow, 1t. wt. 31 L6
oth sides, solid, norm. wt. ‘ : 5l . 52
SURFACE SEALED WITH GYP BOARD:
1/2", one side, hollow, norm. wt. T Lo L5
1/2", one side, hollow, norm. wt. 5% 1 L6
1/2", one side, hollow, norm. wt. L5% 49
1727 both sides, hollow, norm. wt. LT* i
1/2", both sides, hollow, norm. wt. 7% 45
1/2", both sides, hollow, norm. wt. : Ly7* b7
5/8", both sides, hollow, 1t. wt. 35 el
1/2", one side - hollow, 1t. wt. 27 53
- paint, one side , )
1/2" + 1" insul., one side, hollow, L5% 50
norm. wt. ' Ls# 51
5/8", one side - hollow, 1t. wt. 38 b7
1/2", one side
v - 1/2", both sides - hollow, norm. wt., LE* 49
- 1" insul., one side . : )
1/2" + 1" insul., both sides, hollow, L8# 46
norm. wt.
1/2" + 1" insul., both sides, hollow, L g* 48
norm. wt.
-| SURFACE BONDED WALLS: ' ‘
.1/8", both sides, hollow, 1t. wt. - . : 30 43
*Estimated weight. -~ 7 _
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Table 2.9 — STC Tests on 8-Inch Single Wythe Concrete Masonry Walls
Wall ,
Weight
3 Wall Description 1b/sf STC
p—c
NO SURFACE TREATMENT: R ‘ N
hollow, 1t. wt. W 30 ¢ L5
s hollow, 1t. wt. : 39 49
i hollow, 1t. wt. L3 49
" hollow, 1t. wt., cells filled w/insul. Lo 51
hollow, norm. wt. 53 52
hollow, norm. wt. . 55 L6
SURFACE SEALED WITH PAINT: | ) -
both sides, hollow, 1t. wt. ‘ ~ 30 . 46
both sides, hollow, 1t. wt. 3 48
both sides, hollow, 1t. wt. 35 4L
. both sides, hollow, 1t. wt. ' .32 46
both sides, hollow, norm. wt. 55 46
SURFACE SEALED WITH PLASTER:
one side, hollow, 1t. wt. : ‘ 38 , 52
both sides, solid, norm. wt. 67 56
SURFACE SEALED WITH GYP BOARD:
1/2", both sides, hollow, norm. wt. . 55 L9
1/2", one side - hollow, norm. wt., 43 50
paint, one side ~ .
1/2", one side, hollow, 1t. wt. Lo 56
1/2", one side - hollow, norm. wt., 55 18
paint, one side ~
1/2" + 1" insul, both sides, : 60 46
hollow, norm. wt. -
1/2", both sides - hollow, norm. wt., 60 49
1" insul., one side ’ .
| SURFACE BONDED WALLS:
A 1/8", both sides, hollow, 1t. wt. . 3 4o
1/8", both sides, hollow, norm. wt. L7 W7
1/8", both sides, hollow, norm. wt. L9 48
1/8", both sides, hollow, norm. wt., 48 L8
cells filled with insulation
1/8", both sides, hollow, norm. wt., 92 56
cells filled with concrete grout
REINFORCED AND GROUTED WALLS: 7
No surface treatment ' 73 48
Surface sealed with:
paint, both sides | 73 55
1/2" plaster, both sides 79 56
1/2" gyp. board, both sides . 7 60




Table 2.10 — STC Tests on 10-inch Thick Single Wythe Concrete Masonry

. Walls
Wall
: Weight
Wall Descrigtion 1b‘sf STC

NO SURFACE TREATMENT:

holTow, 1t. wt. b7 Ly

hollow, norm. wt. . 5T b7
SURFACE SEALED WITH PAINT:

both sides, hollow, 1t. wt. g b7

both sides, hollow, norm. wt. 57 L9
'SURFACE SEALED WITH PLASTER:

both sides, hollow, 1t. wt. 49 55

both sides, solid, 1t. wt. 81 58
SURFACE SEALED WITH GYP. BOARD:

1/2", both sides, hollow, 1t. wt. 51 50

! ’
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' Table 2.11 — STC Tests on 12-Inch Thick Single Wythe

Walls

Conerete Masonry

Wall
Weight
Wall Description 1b/sf STC
NO SURFACE TREATMENT: ,
hollow, Tt. wt. 53 " 39
hollow, norm. wt. 69 49
solid, norm. wt. ‘ 121 . 55
SURFACE SEALED WITH PAINT:
one side, hollow, 1t..wt. . 53 51
both sides, hollow, 1t. wt. ' 53 50
one side, hollow, norm. wt. 69 50
SURFACE SEALED WITH PLASTER: .
' 5/8", both sides, hollow, 1t. wt. 56 50
5/8", one side — hollow 1t. wt., 56 .| 50
paint, one side
5/8", both sides, hollow, 1t. wt. 59 50
1/2", one side — hollow, norm\wt. T2 52
paint, one side
1/2%, both side, hollow norm. wt. 75 49
SURFACE SEALED WITH GYP BOARD: ,
5/8", one side, solid, norm. wt. 124 58
1/2", one side — hollow, 1t. wt. 55 49
paint, both sides
5/8" + 1 1/2" insul. one side, 124 56
solid, norm. gp.
1/2" one side — hollow, 1t. wt., 55 57
paint, one side )
1/2" P 1" insul, one side — hoHov},1 55 %0
1t. wt., paint, one side s
SURFACE BONDED.WALLS:
1/8", both sides, hollow, 1;. wt. 67 / 51
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The values in the STC tables indicate that concrete masonry walls
faiT in the ranée'STC‘= 40 to STC = 60, wﬁich-is Spproximately propor-
tional to the Togarithm of the weight per square foot of the wa]i.‘ Also '
%t may be observed that the treatment of the wall surface by using paint,
plaster or sypsum board increaseg’the sound insulation benefit.

The values of sound transmission loss through a wall are meaning-
less if a wall is made ineffective through poor or improper construction.
Sound’ leakage’will occur through any opening in a wall. As an example

an improperly fitted corridor door provides much sound leakage. An opening

~of only 1/16 inch around a typical door produces a total opening of about

12 square inches. This illustrates the .importance of achieving gooll,
tight construction where openings occur, and well compacted mortar joints

in the masonry wall itself [7].

2.2.3 Standards of Sound Transmission
/= | Structural adequacy of walls does .not necessarily satisfy the
sound isolation requirements. Minimum acceptable standards have been
established' by building codes and official organizations. These require-
ments depend on background noise. The higher the level of background

ﬁ&;se, the more transmitted noise can be tolerated. The current guides

-from the Department of ‘Housing and Urban Transportation are given in

Table 2.12 [6]. As it is shown in the Table, the STC values range from a
Tow of 40 to a high of 55. The partisions which the table shows to require

the highest STC level are those next to public space and service areas.

.
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The CanaJian Building codes adopt the American test meihods for
sound transmissiop class ratings and for minimum acceﬁtab e standards. VA
minimum acceptable standard between dwelling uni?s in the same building/
as well as between dwelling units and space are not to be less than 45
STC [8].

In the previous section it wag ;hown that the STC values of con-
crete masonry walls fall in the range STC = 40 to STC = 60, depending on
fhe weight per square foot and surface treatment. fhe type of masonry
and its thickness should be chosen to meet the $TC requirements fof the
various kinds'of walls and partitions. Concrete masonry wa]f! have good
reliability in acting as effective noise barrier. They are not sensitive
to workmanship as some other specially designed sound barrier partitions

which end up having low STC value because of improper insta]]atfoq/ )




- 25% of the primary energy used in Canada is consumed for space heating.
“The conservation for energy in buildings depends as much upon operation

- as it does upon design. .In the recent past, the use of energy in buildings

2.3 ENErcY CONSERVATION

The need for conservation and efficient utilization of energy N
is a vital necessity. We can severely reduce the demand for energy through 1

conservation and improved efficiency measures. It is known that almost

, was not a great concern of designers. Energy was abundant and cheap. A

greaf number of the con;tructed buildings have low retention éapabi]ities.
This energy waste in our buildings can be stopped if the buildings we
are building now are designed so that they are capable »f being operated
in an energy efficient way.
Measures for energy Ennservation have been developed in Canada. .

The Standing Committee on Energy Conservation issued a document, "Measures

for Energy Conservation in New Buildings", in which the following is

stated: [9]

1. Upon the app]icatidn for a permit, the owner shall submit all *plans,
specifications and calculations to show 1h sufficient detail all
relevant data and features of the building. |

2. Calculations for the desién of heatfng and cook{né systems, and

the thermal resistance of building assemblies shall be made 1in con-

formance with great engineering practice.

\
The committee considers the procedures described in the Ameriqah\

Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc.

(ASHRAE) Standard 90-75, Energy Conservation in New Building Design, the




~
Ve
P
e

ﬁigest of Heating, Refrigerating and Air Conditioning (HRA) of Canada, *
.. ~"and the Hydronics Institute {HI) manuals as good engineering practice.
Concrete masonry buildings have the tendency to remain warmer
in winter-and cooler in summer. Yhis is because of §ignificant heat cap-

‘ acity available ‘in the relatively thick and dense masonry walls. The mass
of the wall absorbs heat and delays its flow either in or out. Also, air
spaces iﬁ concrete masonry units act as insulators by resisting the trans-
fer of heat by conductance. The f]ow of heat through a concrete masonry
wall, as well as other_kind of walls and building. components, depeﬁd mainly
on the U-factor, the overall'heat transmission coefficient; the amount' of
heat, expressed in BTU (British Thermal Unit), transmitfed in one hour
through one square foot of a building section (wall, f1oof or ceiling). for
each degree F. of temperature difference between air on the warm side and °

,air on the cold side of the building section.

2.3.1 Estimating U-Factors

The value of U-factor includes the effect of air films, materials
of construction, and a%r spaces. The ASHRAE Guide published by the Ameri-
can Society of Heating, Refrigerating and Air-Coﬁditioning‘Engineers is
the most common source for the méthod; used in computing the values of the
U—factor for various types of construction. Tables 2.13 through 2,15 give
estimated U-values for concrete masonry walls as affected by various

'\detéi1s of construction [10]. These estimated values are not as accurate
| as those that would be obtained by a laborafory test. It is recommended

that where laboratory test values are available they should be used.
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0 2.3.2 Dynami/,c Analysis For Estimating Energy Requirements
There are. two methods of analysis for es\timating'the energy
requirements for heating and cooling buﬂ,dings:. 1) The "steady state"
method, whicr; is based on a steady state or steady periodic heat flow
concept and where heating and cooling requirements are calculated for
a specifie outdoor temperature for winter and summer; and 2) "dynamic
analysis", where heating and coaling reduirements are determined accord-
. ing to the response of a building to hourly changes in weather conditions.
The 'steady state' method has been accepted for many years because it
" {s not coniph‘cated. The "dynamic analysis method' was not used due to
the complexity end expense of the calculations even though it is more
accurate because it takes into account heat storage capac1ty of buﬂdkng

A\
elements. This leads to the fact that a distinction must be made between

masonry and non-masonry construction because of the'differer;ce in heat
storage capaci.ty [H<§.§

In a part of a research program to improve performance festvr
procedures and criteria for computing heating and cooling ]oeds, the -
National Bureay of Standards (NBS) in the United States conducted a series
of tests on a full-scale building [11,]2]. The concrete masonry building
shown in Figs. 2.2 aqd 2.3, was built in the environmental laboratories of

the NBS where weather conditions could be controlled over the range of

-50°F to 150°F and relative humidity from 15 to 85%. Ten tests were

conducted with the variable studies falling into three categories: _ipsula-

¢ (%

tion, windows and internal mass. The results of the tests showed that:.
1. The effect of internal mass on the thermal behaviour of the building
was small. It was suggested that an internal mass may influence the

thermal behaviour of a lighter weight structure to a grjazer degree
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- ' 'Y
Fig. 2.2 — The Experimental Building Without Windows, Internal Mass,
and Insulation.

<

-

Fig. 2.3 — The Eaperimental Building Showing Windows, Internal Mass, |
and Insulation on the Outside of the Building. .
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then the masonry building.

" 2. 1t was verified that placing insulation on the exterior was very
effective in reducing and controlling variation of the indoor tempera-
ture. The indoor temperatue was reduced by one half when insulation
was placed on the outside as compared to thelfnside.

3. The use of windows affected the thermal behaviour of the building

significantly. The maximum heating load with windows was 57 percent

457

higher than the same building with no windows. Use of double panes

reduced the maximum heating load by 9%.

Table 2.16 shows the location of insulation apd windows as well
as the results of the tests. The table shows also an.interesting result
which is a comparison of maximum heat flow rates as measured and calculated

by 'steady state' methods, and 'dynamic analysis' methods.

4

TabZe 2.16 — Compariggn of Maximum Heat Flow Rates ag Measured and
. Caleulated by Two Methods.

i
~—— Maximum Heat Flow Rate - Btu/h s
Test Steady-State  Responsk Factor
No Insulation -~ Windows Method Method Measured
None Single pane 15,135 11,558 11,372
7<L Inside-  Single pane 4,470 2,814 - 2,748
Outside Single pane 4,748 3,047 2,811
9 Outside Double pane 4,499 2,525 2,700
10 OQutside Dougle pane 8,150 7,144 < 6,321
.’ . 1 ‘ _’
-The computer program using ;Lnamic analysis predicted the maximum
heat flow rates within an average of 4.3% of the actual measured rates.
The maximum heat flow rates~ca1éu1ated by 'steady state' methods were 'Y
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between 29 and 69% higher than measured rates. One of the conclusions of
the National Bureau of Standard Tests was; "It was shown that steady state
methodz of heating load calculations could result in over-sizing heating
equipment by 30% and more for this particu1§r building and imposed exterior
conditions if the lowest outdoor tempeéature was selected as the design
temperature". Thus it is clear that concrete masonry posesses heat storage

capacity which is not taken into consideration by the ‘steady state' method.

2:3:3 $olar Enerqgy Walls

Solar energy is the most abundant and permanent .source of energy
avai]abﬁe. Its impinging on the earth's atmosphere'is dilute and is réceived
intermittently at any point on earth. It requires different methods of
c&l]ection andluti1ization than forms éf energy widely used before. It
is only within‘the past 40 years that so1ar'energy has been with us as a

'techno1ogy. During this pe;iod, the use of solar energy has\progressed

very slowly, and the state of the art is definitely in its infancy. But,

H

due to the energy crisis, the use of solar energy received an enthusiastic
response from governments, architects, engineers, builders and home owners.
"Solar energy owners are offered in many universities and colleges, and

. 1
research programs are’underway h many countries.

2.3.3.1 Passive Solar System

SRR B, b3 o s TS

Solar energy systems for buildings are divided into two

categories: 1) Active solar system, and 2) Passive solar system. The

A TR

active solar system consists of solar collectors, heat exchangers, thermal
storage elements, pumps and electric controls. This system has received

the widespread attention which could be due to: 1) the hardware used;
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2) heating and cooling the buiiding and for hot water 3) petrofitted
to existing'bui1dings 4) spécial forms and proper orientation of build-
ings are helpful but not essential. ‘

Little attention has been given to passive solar heating systems,
where buildings themselves are the co}]ector, storage device and heat
distributer,; though passive solar heating is an ancient art. For hundreds
of years people who lived in desérts or in North America, intuitively con-
structed homes with adobe masonry walls or similar materials as solar heat‘
storage receivers. They built thick walls to absorb heat and.store it
for the entire night. It was overlooked that the passive solar systems
may well generate a significant contribution to the energy problem. Passive
solar heating is becoming a science and research programs and studies are
underway to find effective methods of calculating the proper size of compo-
nents using compdter analysis. It is believed that houses‘with passive
solar energy systems need significantly 1ess'energy for hea:ing. One
authority on this subject said: "The intriguing thing about these (passive)
approaches is not only that they are architecturally more compatible with
normal building practices and aegthetically mﬁre pleasing, or that they
shoﬁld be Tower in cost than actiVe.systgms, but that they apparently work
so well. Not only do they work well, but they appear to work relatively
well in crummy climates with a great amount of diffuse solar energy where
active systems can hardly perform effectively. This is bwcause a pdgsive

system is always working when any sun is shining. It,goliects every bit-

"of energy, direct or diffuse that comesthrough the g]azing.bﬂAn active

system has a threshold and does not begin to work until a certain tempera-

ture is achieved. This largely compensates for the fact that.the energy

-~ losses in the passive system are undoubtedly greater than they are in an

)
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active system. I also feel.that passive heating can be made even more
comfortable for the occupants of the building, than conventional fossil or

active solar systems [13]. /

2.3.3.2 Design of Solar Wall

Design.of a concrete masonry passive solar wall is still at

a rudimentary stage. However, concrete masonry walls have been  employed

as passive solar heating systems and some important facts have been deve]oped.’

Fié.'2.4 represents a passive solar design [13]. The Trombe wa1]\which

was erected by Felix Trombe, consists basically of a heavy concrete masonry
wall, thick enough (30 to 45 cm depending on the material) that the heat
conducted doés not reach the room til1l the night. The wall was painted
black on its exterior south side so that its surface allows a maximum of
solar radiation to be absorbed. A pane of glass is installed in front of

the wall creating 3" air space.

~
Insutatéd Roof
\ \ ' 2’ — .
N
- N\

N
\5,,,,_,_ South Wall
N ~ \
3 Alr Space—eat

\ Concrete Masonry
\ Thermal Storage
- A ]
N \\ tnsulated
S
\ Vant

CMm wWall
~

) IS IS T O O O O e

Fig. 2.4 — The Trombe Wall.
:
Two carefgl}zzégfed openings, one at the top’a)? one at the bottom of the
wall, provide two vents which connect the rdkm to the air space during
the heating season. The heat circulqﬁgs into the room by thermal buoyancy

currents. In summer, the interior vents are sealed and exterior vents

»
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through the glass are provided to circulate cool air between the glazihg
and the concrete masanry wall. The Trombe wall system works best in dry
regions which never have more than a couple of tloudy days in a row. If
it cools -excessively, the storage'wall will become a source of discomfort.
| Design of concrefe masonry thermal storage walls require consider- A
atio& of several factors beyond the normal strycturél and aesthetic. Two
important properties are heat capacity and 'thermal conductance. These prop-

erties are directly related to the'dynamic thermal response of the concrete

) masonry wall. Dynamic thermal calculation can be made by computer simula-

tion. A number of such studies have been made. These studies provide help-
ful information in the preliminary design of passive solar system using con-
crete masonry walls. The following paragraphs, are taken from ref. 13 and
present interesting information from these studies.

Concrete masonry thermal storage walls should be placed so és to
receive the maximuﬁ solar illumination. South walls are very ef%ectivg. ‘ :
The/mass of a south wall used fos;thermal storage should leave a hgat
storage capacity that is an equivalent to about 150 pounds of concrete
masonry for each square foot of glazing; a heat capacity of about 30 BTUOF/sf

of glass. Better performance can be achieved if the concrete masonry

. storage wall is Tocated so that it is diggctly heated by sunlight absorbed

within the he&ted space. When concrete masonry storage wall is placed
directly in front of the glass, there is an optimum thermal conductance-
heat storage capacity relationship. If wall conductance is too high,
storage loses too much heat during the charging period. This prevents
storage from dttaining highe§ temperatures and storing greater amounts of

heat. If wall conductance is too low, storage attains such high temperatures

et fuln e e e T
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during charging periods that it loses too much heat through‘tﬁe glazing.

Several studies have indicated the optimum thickness of a concrete

masonry thermal storage wall is 12 to 18 inches. Special surface treat- .

ments: roughness, blackening surface, grooves, etc., may improve convective
and radiant heat exchange of a concrete masonry thermal storage wall.
Passive solar heated building requires more insulation of exterior

walls than other heating systems. If insulation is to be employed in con-

Jjunction with exterior concrete masonry walls, it could be placed on the

exterior side or in the center to take greater advantage of the thermal
heat storage capacity of the masonfy.

Table 2.17 presents selected properties of some concrete masonry
walls that might be considered in the design of a thermal storage wall
for passive solar heating. Data included time lag which is defined as
the length of time between maximum temperature on one side of the wall and
max{mum_temperature on the other. It gives an idea as to how long it will
take to heat up (charge) the varioué concrete masonry thermal storage walls.

¢ S
Other information of interest in the selection of a storage wa]]tinc1udes

R e

conductance and the heat capacity of the wall expressed in BTUO/F/IOO s.f.

0 € ST N
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Table 2.17 — Selected Properties of Concrete Masonry Walls for Use in
Solar Heating.

Conduct- Thermal N
CM Unit Wall ance Stosage Time
. Weight, Weight, BTU/sf/hr BTU/¥F/100 - Lag,
WALL OESCRIPTION 1b/cf 1b/sf . OF R-Value sf hr
8" concrete block 60 30 0.13 7.46 koo k.6
with hollow cells 80 Lo 0.17 6.06 645 k.2
filled with bulk 100 . . 50 0.21 4,85 800 3.9
insulation 120 60 0.26 3.79 950 3.5
1ko 70 0.51 1.98 11ko 3.8
Same as above with 60 0.06 17.46 5.9
‘ ! 2 inches rigid 8o 0.06 16.06 5.5
- insulation on 100 0.07 14,85 5.0
exterior surface 120 0.07 13.79 - 4.6
1ko g 0.08 11.98 S 4.6
Q [
Same as above with 60 a 0.0k 27.46 < 7.4
4 inches rigid 80 o 0.0k 26.06 @ 7.0
insulation on 100 < 0.0h 24,85 -« 6.5
exterior surface 120 M 0.04 23.79 = 6.0
1ko x 0.05 21.98 = €.0
[/
Same as above with 60 - ©0.03 37.46 8.9
) 6 inches rigid 80 0.03 36.06 8.5
fnsulation on 100 0.03 34.85 8.1
exterior surface 120 - 0.03 33.79 7.6
1k0 0.03 31.98 7.6
8" concrete block 60 50 0.29 3.hk2 815 L.9
with hollow cells 8a 60 0.39 2.55 970 L.y
filled with dense 100 T0 0.54 1.85 1125 4.3
‘grout or concrete 120 80 0.73 1.37 ‘ 1280 )
with a unit wt. of 140 90 0.85 1.18 1465 'Y
144 1b/cf
Same as above with 134 0.08 13.k2 2.9
o . 80 \ 0.08 12.55 5.5
¢ 2 rigld.insulation 100 0.08 11.85 5.0
on exterior surface 120 0.09 11.37 ’ i
140 0.09 11.18 .5
X %)
> >
Same as above with 6o a 0.0k 23.42 ma 7.4
4" rigid insulation 8o < 0.04 22.55 = 6.9 .
on exterior surface 100 2 0.05 21.85 % 6.4
120 0.05 21.37 6.0
140 g 0.05 21.18 = 5.9
< <
m ea]
Same as above with 60 0.03 33.42 8.8
6* rigid insulation 8o 0.03 32.55 8.4
on exterior surface 100 0.03 31.85 8.0
120 0.03 - 31.37 T.5
1o 0.03 31.18 T.h
12" concrete block 60 ks 0 10.98 720 . 8.0
with hollow cells 8o 50 0.12 8.70 9ls 7.8
filled with bulk 100 70 0.15 6.80 , 1170 7.3
insulation 120 85 0.19 5.18 1390 6.7 °
1ko 100 0.39 2.59 1545 T.1
12" concrete block 60 80 0.21 L. 85 1295 8.3
with hollow cells 8o 95 0.27 3.69 1520 8.2
filled with dense 100 110 0.37 2.Th . 17ko 7.6
grout or concrete . 120 125 0.48 - 2.08 1965 1.1
with a unit wt. 1ko 1ko 0.56 1.79 2115 T.2
of 144 1b/cf
1
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APPLICATION OF HAND-LAID PREFABRICATED CONCREfE MASONRY
WALL PANELS

3.1 MSI PaneL SysTem

Preassembled -panels have been introduced b} M;sonrykSyétems
Incorporated (MSI) of Westminister, Colorado. This system utilizes factory
assembly of panels mapufactured in two different ways‘[14].

One procedure used by MSI involves the dry stacking of pane]s,’
without mortar, at the factory site. After six or eight panels have been
laid up sid; by side, steel reinforcement is placed in the hollow cells
of the block and the panels are grouted solid, thus creating concrete block
panel up to 8 x 30 ft. in size. A three-man crew consisting of one mason,
a crane operator, and one labourer build 1800 square feet of panel per day
at the factory in this way. Job site erection requires five men: a crane
operator, a pickup man on the ground, and a mason and two helpers ﬁp on
deck. Installation of an 8 x 30 ft. load bearing partﬁtion is generally
accoppiished in 11 minutes. .

A more recent development by MSI has been the."Rock~A-Block"
procedure whjch is similar to the dry stacking and grouting method, but
which utilizes a rigid steel frame against which blocks are 1aid’;p, making
it possible to preassemble panels at the job site or at the factory.

A gecond type of MSI paael consists of factory assembled.facingp‘

.
units using one of the organic adhesive mortar, Threadline. The concrete

-39 -
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masonry units used with the.thin adhesive in these panels requ{}ed that the

bearing surfaces of the block to be ground to a closer tolerance than is

normal for machine production. However, the company has since.deve1oped a '
newer mortar which is laid down thick enough that block size irregu1arities. ‘

are taken up, in the mortar? and thus avoiding the necessity of grinding

blocks. The new mortar consists of portland cement, sand, water, latex

and ground limestone [14]. ) ¢

3,2 VET-0-VETZ MASONRY SYSTEMS 3 " (‘

Vet-0-Vetz Masonry‘Systems, a division of Vet-0-Vitz Bros. Inc.,
Cleveland, Ohio, [5] has béen a major pionéér in the field of masonry panel-
ization for the past decade. They have innovated and developed numerous new
',mater1a1§, equipment, connection details, erection devices and systems to
. advance the art of "Prefab Masonry Panels". The panels are preassembled,

either in an on-job-site or off-job-site, by semiautomated plant. Vet-O-Vetz -
" Masonry Systems has involved a portable plant for an on-job-site masonry
pane]ization téchnique. This system allows construction to proceed under
~ the precisioh controlled environment insuring safe working conditions.
In bath, on-site and off-site operat{ons{ masonry units are hand laid, in

, ~ : :
vertical orientation along prelevelled setting beds, using mortar of high

§

!

)
A
!
;
A
]
3

compressive and tensile strengths.

Veto-0-Vetz Masonry Systemé developed an automatic mortar spreader,
to lay down controlled bed joints using conventional mortar, and great1y L
increases thg masons' productivity of on-site assembly of panels. The
first job utilizing this system is in Southfield, Michigan, just outsidg 7

Detroit. It is a 14-story office tower designed il the load bearing

H
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enginéered concept.~Panels are -placed one 6n.top qf the other like veréica{
columns with stacked windows in between. Five brick 1ayers”1éid‘a{}'the
bricks and blocks for this job. A 2400 sq ft building with 4000 sq ft of
wa]]iarea was complete}y,enclosed in just 2-1/2 days in sub freezing weather

by five men and a crane whiqh'was on the job for only 5-1/2 hours [15].
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ChaPTER IV

PREFABRICATED TOMAX WALL PANELS

' « ’ ' J

4,1 Tomax MACHINE SYSTEM

. » .
This automated machine for manufacturipg masonry wall panels

using standard concreté units was invented by Paul Thomas of Phoenix, Ari-
zona. The machine was built by Builders Equipment Company in the same
city. It was introduced to the North American market after several years
of testing’and dévelopment. ngay, Tomax mgchines ;re installed in the

United States (California, Aniéona, Kansas, Ohio), in Austrialia, and in

« . (anada (Mdntrea1, Toronto, Roré Colbourne). The exclusive licence rights

for the Tomax system are owned by Pacific Prestressed Products Inc., of

o

' o New Port Beéch, California. fheyuoffer exclusive franchises in areas
/> ‘ across .the United Spatgs‘qnd around the world. ’ . .
The machfhe'coﬁgists of the following basic Q;Eis: [16]
1) The suﬁerstrdcture comprisgs of the hoisting.motor that 1ifts the
elevating platform and\also the*vertical index or storey-poie whibﬁ

aqcurateiy locates the platform for éach of the courses of block to ,
{

be laid. ’ ’ , . s
+.2) Theelevafing platform which carries the layer 6f blocks on a set of
’ tracks, which allows the layer of blocks to travel from one end of the

@ . A4

T N platform eo the other. ’ \ \ N

e R R

N TP MY LA
S -
. .
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3) The block-layer which performs all the operations required to lay a |
block. It lays the block, tempers the mortar, inserts the jeint
reinforcement, mekes the head and bed jointe, and trowel the joints.

4) Theblock conveyor brings the _b]ock up onto the e]evatinlg
platform and along the entire length of the platform to the blpck
layer.

'LS) The mortar.mixer -~ a combination of mortar mixer and skip ‘loader,

which brings the mortar up to.the block layer'as required.

.6) The panel conveyor, which consists of a series of pallets 20" wide
and 21" Tong that are fastened side’ by side, 6'-0" on qehter, to two
I- beams which act as a carriage and allow the pe11ets to travel

' directly undér the elevating p1etform and the block 1eyer.

7) The panel stripping beam that removes the cured panels from their
pallets and deposits them on the yarding conveyor.

€ '

4,2 Tomax MACHINE OPERATION

The first step in the Tomax machine operation is the entry of the
block to the primary conveyor. (Referenceto Figs. 4.2 - 4.8 will be useful
in understanding the operation). From the discharge point of the primary
conveyor the block makes a 90° Teft turn onto the machine's infeed conveyor
be1t. Along this belt the, block layer at whatever pos1t1on a1ong the
elevating platform it happens to be at the time. inf
At the proper point of the wall course being laid, a single block
is engaged by a clamp which 1ifts it from the infeed conveyor and moves
it across to its proper point in the wall course and places it firmly onto

the preQiously mortared and reinforced bed joint. With the wall clamped




Fig. 4.2 — The blocks begin their journey on the conveyor belt which

u

Fig.

feeds the machine [16].

[

Individual block are moving along the infeed conveyor. Just
peyond the single block. entering the machine, the blocks pre-

Tﬁ%ﬁing it is in the clamp and partially lifted for placement

/
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Here the clamp has moved the block from the infeed con-
veyor to its proper position over the wall and is about .
to put the block in place on the mortared bed joint. A
sufficiently sharp eye can alsc see the.joint reinforc-
ing in place [16].

With the wall clamped to stabilize i1t, the head joint-
filler (left-center) is in position and filling the
Joint; - the head box, containing mortar in the down
position for filling [16].

O Sl e Y,




Fig. 4.6 — Changes in panel size, bl
by a simple indexing method [17].

ock or style are accomplished

} / .
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Fig. 4.7 — Each course bis vibrated into position. Three courses
: of blocks about to receive the fourth course from
above . .
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Fig. 4.8 — This view from the discharge side shows how Finished
walls are indexed out from under the machine while

empty pallets move under the machine for Zaying“oﬁ\suc-‘
ceeding walls [17]. ' )

1
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to stabilize it, the head joint fil.ler moves into positidn at

PR

the joiht of the b]ohk just mentioned and the black that pre- \ 4

ceded it into the wall, and fills the head joint. This

process 1is repfated until the full length of the course is

-&«af‘-agnt g

laid, whereupon the elevating platform is raised to the next

—

course level and the block layer is returned to the starting
point of the wall. When the final course of a wall has been
completed, the elevating platform is raised sufficieni]y to
permit clearance for the wall to move 6ut‘on its pallet from
under the maéhine t]ﬁ].

A11 of the mentioned steps are fully automatic and
automat{ca11y programmed in the control console at the
machine. The only manual operations are the rajsing and- 1ow-
gp)ng of the e]evatiﬁg platform, the return of the block
layer to the starting poiﬁ{ of a course, and the travel of
the‘material bucket to fhe.mértar mixers (one eacﬁ for the

bed ‘and mortar joints), all of which operations are performed

by the operator's manipulatio ‘Qf powered cpntﬂo]s. Also,

horizontal reinforcingzis pla &’by hand. After twenty-four

hours, the panels are str@ng enbugh to be moved from the
pallet by forklift or crane andbtaken to a storage area for

further curing [16]. t




4,3 Tomax PaNELS

The machine can prodﬁce panels in any size up to 12 ft. in Heightl
apd 24 ft; in length within the modular width and length of the block.
Blocks can be of variéus thicknesses from 6 to 12 inches in running or
stack bond, and can thus lay 270, 8x8x16 in. blocks in 35-40 minutes. This
rate is above the national average for a full day's work for a mason. -

The Tomax Panels have many advantages and desirable features.
The following is a 1ist of main aﬁvantages and features: [17].

1. $olid bonded head joints. A‘head Joint filled solid with 5000 psi
mortar.

2. Full bed joint. Every cross-well as well as the face shell of the
block is meshed completely in a ribbon of mortar.

3.. The mortar is 5000 psi sand ahd cement mortar, with no epoxies, no
additives of any kind. These tremendous strengths, combined with bond-
ing under vibration, make a panel that is built out of pieces become
a truly monolithic wé]]. |

4. Panels are available in any size up to 24 feet long and 12 feet high,
within the modular widths and lengths of the block.

5. The concrete block panel offers a much more economical way for the
architect or engineer to express his design capabf]ities. Because
panel sizes can be changed in modular sizes almost at will, versatility
to the architect and engineer is not limited to any préconceived mold

of form.
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6. \There are no code restrictions within this panel, bec;use there is
nothing new in the materials, only in the concept of handling. -
o 7. The panel has built-in quality control. If a panel factory should
decide to save on the mortar, the ﬁanels would arrive at the job site
in pieces. . '

8. The panel can be pre-inspected at the plant site, thereby eliminating

the disagreeable uncertainty of wondering what the completed job will
Took Tike. . )
9. There is considerable shortening of job time, because panels are
built under factory conditions ahead of time. Installation is much
_faster because panels représent thousands of squaré feet a day instead
of a few hundred square feet a day.
* 10. Panels can be prefabricated with built-in grade beams.

v 11, Buildings wi;h panels using built-in gréde beams can now go to pier-
type construction, thereby saving costly work and cutting days off any
constru&%ion project.

]2; Block pdnels can be completely wéterproofed by immersing thelpane1,in
siliéqne waterproofing ageﬁts. Once the waterproofing agent is on

R the interior core of the block, where it is unaffected by wind and

abrasive agents and untoﬁched by the ultraviolet rays of the sun, it
is waterproofed for the 1ife of the building.

13. Fire ratings, insulation and: sound-proofness have all been vastly in-
creased by the use of solid head joints, instead of a variable amount
of mortar. |

' 14, Because of the enhanced strength, THOMAS-WALL panels can be laid flat,

and then ground to expose the natural aggregate in the concrete block.

3 Or the panels can be faced with either terrazzo or exposed aggregate.

)
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15. Using the THOMAS-WALL panel with the exposed aggregate facing as a
load bearing wall, the steel framework required for conventional pre-
cast work is saved.

16. Using the panel system, automatic expansion join;s are introduced,
eliminating common cracking.

17. These panels are tied to each other,. to the floor, and to the roof
by any of the conventional practicés within any reinforced masonry

v code.

!

/ There is a basic difference in the marketing concept between
Tomai Panel and those manufactured by other systems such as MSI and Veto-0-

Vitz

' With the latter system, panels of concrete block units are selected
and échedu]ed from the architect's plans whichumay have been conceived with-
out the architect having any intention to use a system of panels for con-
strucgi?n. The job is changed to panels by the panel manufacturer, who
dispﬂay§ a high degree of flexibility in what he can do in the way of panel
'sizes, shapes, etc. In the case of Tomax Panels approach, however, the
panel manufacturer makes and invénfories "Standard Panel Sizes". The
architect désigns the building for panels from the start with axknow1edge

of what panels are available and how they are put together on site.
b

.

4.4 PaNeL STRENGTH TESTS

y

4.4.1 ENGINEER'S TESTING LABORATORIES

1]

The first Tomax panel strength tests were conducted by

Engineers Testing Laboratories, Phoenix, Arizona. The purpose of the test

L

was to determine:

T
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1. The mortar strength being used.
2. The actual .strength of the walls.

3. If the panels would meet the safety factor of normal masonry.

Two panels were tested in a horizontal position and supported at the ends

by wood 4x4'. Concrete masonry units were applied gradually as a uniformly
distributed Toad.

Panel No. 1 was made wiph 8"x8"x16" units laid in a running bond.
It had 12 feet clear span and 6 feet width. At the time of the tests, the

age of the mortar was 28 days and the average strength was 5288 psi.

Loading Deflections — inches
35 psf, dead load of panel . _ 0.00
52.5 psf, imposed live load 0.025
- 70.0 psf, imposed live load 0.054
87.5 psf imposed live load failure

!

At failure, mortar shear was followed by a diagonal sheer of the block.
Pane'lu No. 2 was made with 8"x8"x16" units laid in stacked bond. The panel
had a clear span of 12 feet and a width of 4 feet. At the time of the

test, the age of the mortar was 7 days..

Loading Deflections — inches

35 psf, dead load of panel ) 0.000
44 psf, imposed live load - 0.006
61 psf, imposed live load : 0.029 (failure)

»

The failure load remained in place for approximately one minute before
faﬂhre, but deflection was visibly increasing during this interval. Failure

occurred through a vertical mortar joint.
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§
- The tests showed that the two panels tested had flexural strength
consi@erably greater than necessary to sustain a wind load of 15 psf.

Tests were also made on two panels in an upright position. The
two panels, 2 feet high by 12 feet long, were set 4 feet apart. ‘WOOd
paliets were placed spanning the 4 feet and the pallets were then loaded to
failure. A total load of 5656 1bs or 213 1bs per linear foot were in place
for a period éf at least one minute before failure occurred. hd

The results of the tests prove that properties and quality of‘

Tomax wall panels are superior to those of conventional wall panels.

4-.4.2 TESTS BY THE UNIVERSITY OF TOLEDO

Tests concerned with the lateral strength of Tomax wall‘banels
were carried by The Research Foundation of the University of'To1edo, Ohio.
The'panels were fabricated a month prior to testing and were 4 feet wide
and 8 feet high.

The test device consists of a strong wooden frame which is changed
to the top and bottom of the wall panel. Uniformly distributed loading
obtained with incremental increases in air pressure in a plastic bag inter-
posed within the frame. Bag pressure was controlled by a manually operated
valve in the air compressor tank and was measured by means of mercury "U"
tube manometer. This test system,which provides a uniformly distributed
load over the face of the wall is considered to be more accurate than beam
type E?sts where load is applied by piling on weights, or where failure
is induced by a concentrated Toad.

Table 4.A1 shows the test results as well as it indicates the size
of units and type of bonds which the panels were constructed with. It
should be noted that some walls included dur-o-wal joint reinforcing while

others did not, but since these tests were made in the vertical span, whereas

L otk -

3
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Wall Descriptiﬂn Failure load (psi)
8" block, stack bond 140
8" block, stack bond ' 140
8" block, running bond 119
8" block, running bond \ 161
12" block, stack bond . 385 v
12" block, stack bond : 3?3_ |
“ | 12" block, running bond 294
12" block, running bond 238

Table 4.1 - Deseription of Panels and ,Tes‘t Results.

joint reinforcing is efféctive in the horizontal span only. Jzint reinfor-
cing was of no consequence, It is also important to mention that none of
the tested walls included grouted cores. In actual practice, the panels
would usd$l1y have at Teast two fully grouted cores which would obviously
impart additional strength in the vertical span. At the time of thé
test the age of the mortar was 28 days and itg strength was 4,920 psi.
In all cases the panels failed in bond between mofrtar and block,
usually at or near the mid height of the panel. '
The results show Tomax panels are superior in strgngth to panels
built by a hand laid system. The highest strength achteVed by an 8 inch
wall constructed with sand and gravel blocks 1ai&‘up with type M mortar (the
strongest mortar covered in ASTM specifications) was 96 _psf jn comparison

to the average 140 psf achiqyed for 8 inch walls in the test|being reported
upon [18].
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, ' - 4. 4 3 TESTS BY BEST'S BLOCKS INC.

s, ‘ Load tesf's on concrete block panels were carried out by per-
sonnel from Best S B]ocks, Inc. at thew plant in Union Gity, and wlre wit-
nessed by Hales Test1 ng Laboratomes.' Loadings were made on 4-6- 73 and final

bo- .deflections measured on 4-9-73 £191. l

. Panels were e1ther stack or running bond'with support points
~approx1mate1y\(0 0" apart cons1st1ng of one cell filled with grout and a
“ ,l 1/2"@ bar in®the middlie of the cell. No other cells were filled with grout.
. ‘ ATl joinfs_ were fiﬂed with mortar and twowhorizountavl b‘ed< joints in each
"’.: R panel had ”'Dur-O-Nal“ reinforcing placed in them. The panels were 20'0"
lfmg wfth four ‘yertical cour:ses giving a height of 32"%. _The panels were '
'1e1'd on their sides with paraliel supports under the gr"ou(ted cells; thus
providing a central span of 10'0"+ and two cantilever spans of 5'0"¢

. .0\ i the outsides.

[

’ ' " The panels were then uniformly 1oaded with cement. bags
(1 layer of bags consi sted of 15 bags, 94 1bs) and def]ectmns measured.
The deflections were measured after different uniform loadings were applied

o

‘.q J , {a) immediately after the loadings were applied, and (b) approximately .

e ORIt St R T T
S

’ B . .
‘ _ 72 hours after thé loadings were applied, in order to allow for creep and -~ 4

]
™

a shrinkage The panels were examined for cracks befpre loading, after 1oad- g A !
. Lo . W -y '
ing, and after 72 hours under load. Dimensions and physical, damages are

-~
noted on the sketches for each test. Vertical deﬂections were measured

'rlt the six statwns 1nd1cated as A, B ®, 0, E and F. 5 ‘

| . c o Deformed 3/16™ Pogxtra heavy’ * '
3 v - : ‘ durowal "ladur™ type msonry[

. . B
[ . Lo wall reinforcement. i
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Logding from 1 Jayer of bags ..... Cr bt teatee e .. 27 lbs/ft?

- . Assumed dead load of panel ..... Cerreeterenteceeeraes. 4O 1bs/ft2

‘Total uniform loading with one bag ......vvvvreeneen.. 67 1bs/ft?

" Loaqing from 2 Jayers of bags ............ ERERRETPERS Sh 1bs/ft?

© Total uniform Toading with two bags .................. ok 1b§/ft2

Loading from 3 layers of bags ........ ‘..: ............. .‘80 ibs/ft?

! Total uUniform 1oad%ng with three bags ............ ... 120 1bs/ft2
a - ? r Table 4.2— Loadings. h - ,

Panel #1. Stack Boﬁd. This panel was damaged before the test

= began and therefore only loaded with one 1ayer of cement bags. 'We under-

stand it was dropped brior to testing.

“ . iy ' )

: Crack observed immediately Crack before test
) after loading \ / load rg

; L, “ - ;

‘ -«.A’" ¢ 1

' 1{5 | \

T N ?
]l ’/A:-S" ; A
p et l 4 — } Crack observed -
! ) «+— after 72 hours
= ' | @ ! ’ 4
| | |
| o ’ { 1

. "_qm o :’ lo RTT .
}.___.51 | 10'-0 ~ I

Note: a.ll cracks were in the morta‘..r jo:Lnts and were hairline cracks’
and were barély cobservable. .

N - ’ ’ ! )
; ' {
, Beflections — inches ‘

- Loading = - . A .- B L .0 "~ E - F
’ 1Dag 6THEE . #1160 .0 +/8 41/8  +1/16 0

°

o K ﬁgsg ?ﬁa'&fig with AR VARV +1/8  +3/16  +1/16

sI‘\I.O't:e: Deflections inélcated as + a.re towa.rd +the /ground
-4
v ‘ -‘

. .
o . ~ - .
B !
N a
\ i "\ '
4 ' , \ . '
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- Panel #2. This panel did not have any grouted cells

Stack Bond.

. with reinforcing. This panel was loaded with two layers of cement bags.
Deflections were measured after loading with one layer of cement baés,

after loading With two layers of cement bags and after 72 hours under the

two layer loadings.

. ‘\)'

Crack observed after 72 hrs

1
H
N sotson

] ~a4t-2t

. |
! . |
| Crack s L Joe ]| onck sssered || crack oserved
toading ——=} =| § |after __ L.} hours. | ' le— Toading
“\t\;- full loading’ . }‘:_ . ~
1 .
o S 4t 9'-11" __+__ st ——d ‘
3
Note: ’ all cracks were in the mortar ,jo‘ints and were hairline cracks \
and were barely observable.
— Deflections — inches
LOADING A 8 < £ F
o . . .
g) ltfag 674#/ft* incl. 0 0 0 0 0 0
. ‘ 2 _ |
~ ¢ bags /Tt 0 0 s1/8  +1/16 4178 +1/8
o Joaaes M g a8 16 Ta3/16 4316
. ( '
| J . S
| . -
. 4 N o
{ A '
%
:}; ' -(l ]
e e .
y .o
's; ’ '
£ s
E ~ .
;, ~
P b .
1 ) .
. ) toe 43 I
[
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Panel #3. Running Bond. This pane1‘wa§ loaded with two layers of

cement bags. Deflections were measured after loadind with one layer of

cement bags,. after 1oadiﬁg.with two layers of cement bags, and after 72

hours under the two layer loading.

-

e s e e v e

. Co
l— 520 ?__.*..___ g-11%. _.T+~ 49 —of

, Note: no cracké were observéd in this panel after 72 hours under load.

M

= Deflection ;-.1nches
1 bag 67#/ft? . -
incl. dead load *© 9 - 0 0 0 0 0
, :
ey Tty 0 0 0 A6 4116 +1/8
\ .
ALer ZNOUrS- T a6 48 w8 A8 48 w4
loading ‘ N %
o : |
,'. ’ - . . ‘
- Y y : ‘
_* X :
. . T SRR 0
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. d \ .
Panel #4. Running Bond. This panel was loaded with three layers of
. - 1
cement bags. Deflections were measured after 1oad1‘ﬁ§‘7v1’th one layer of
cement bags, after loading with two layers of cement bags, after loading
with three layers of cement bags and after 72 hours under fhe three layer
loading.
s '
T : ,
I
! |
: ' '
) . L
{ 1
5 1 1 N
}.__ 50 _...:._____. g _;__Jl‘__ gr-n __..{ .
' Note: no cracks were observed in this panel af#er T2 hours under load.
- . /\ M
' Deflections - inches :
~ LOADING -~ A B LD E | F
1 bag 67#/ft® incl. ‘
dead 1oad 0 0 0 0 0 0
2 bags 94#/ft? incl.
“ , dead load ' 0 . 0 0 o 0 0
t 2 : .
Y, R T B SR
A s M a316 4316 4178 S716 41/8 /8
N N '
! _ Considering Panel 4, loaded at 120 psf, developed a resisting

2
moment of 2,000 ft.-lbs. for a 16 inch width (4 = Y 12006/14)(10))

9)2000 ft-1b. This is the equivalent of 8 times the normal design wind load

of\ls psf required to be resisted by this panel. It a% far exceeded the
allowable moment at the yield point of the wire of 870 ft.-1bs. without crack-

/
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in'g and{with negligible defl ecti\or_l after 72 hours. These tests show ﬁo apparéht
difference whether the bond is stacked or runnirkg. These high test loads must
be attr\buted to the high compressive strengths of the mortar and the Tomax
machine'%s techniques of Jjoining the blocks with proper pressure and vibra-{

4

tion so as to obtain excellent bond values [19].

4.4.4 TEST BY QUICKSPAN

Quickspan engineers carried out a teSt on a load bearing
wall panel of Tomax type. The test was concerned with 'the lateral strength
of the panel. The panel had 8" width x 88" height x 9'-4" length. It was |
reinforced evéry two rows wi}th amsonry ties of block-lok type. At the time
of the test the age of the mortar was 28 days at ambient temperature inside
the plant. The panel was placed ina horizoPtal position, simply sup;ported
at tw6 points each 16" from the end of the panél as shown in Fig.. 4.9,

A . Concrete masonry units were a“pph'ed gradually as a uniformly
distributed ]oad ti11 failure occured,

The first crack was noticed when a load of 115 psf was

applied. Assuming a wind load of 20 psf, then the factor of safety would
be: :

\ f.s. = 12‘{;-5.7.5

1
! , -

the maximum 1c§ad that' caused failure was 135 psf which gives a factor of

;safety:

o

\,
\
l

|
l

f.s. =

&

. 3
12335- = 6.75

\ .
It can be concluded that the Tomax panel has a sufficient lateral

strength to resist a wind load of 20 psf witha factor of safety eq\ua] to

about 6 [20]. M

A
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4.5 PaneL CoNNECTIONS }

A disadvantage of panelizatign is introduction of joints. A panel-
ized structure would be equivalent to a monolithic one if the joints were

i

of equal properties to those of the panels. This is not easy to achieve
and consequently the structure is dependént on qga]ity of its joints.

Jojning the panels together at%racted the greatest publicity
since the accident at Roman Point. ‘Roman\Point was a 22-storey pre-cast con-
crete panel construction resfing on an in-situ podium. A gas exp]osion; fn a
“corner apartment of the 18th floor removed the external load bearing flank
panel of the Tiving room and bedroom. As a consequence the floor slab above
colapsed and'the flank walls and floors above followed, causing progressive
collapse. '

The classic gas explosion }n«Copenhaged in January 1969 showed
that masonry wall, untike precast concéete panel, does not tend tg be blown
out as an entity. Lateral forces tend merely to punch a hole in it [21].

During the many years that concrete mason;y has peen built, walls
and floors have ggen joined with relatively simplg connectghs. However,
the development of prefabricated concrete masonry panels initiated the need
for very strong connections between adjoining walls and floors.

On the following pages are details of different combinations of

Tomax elements and of a number of connections that might be encountered in‘
buildings using prefabricated concrete masonry panels. These details are
offered only as a guide for design and are not meant to be complete or
suitable for all buildings in all places [20, 17].

These connections are based on thOSejuseg for conventiyﬁa] on-site

masonry construction, and incorporate revisions fd%-adaptation to panel con--

struction.
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4.6 JTRANSPORTATION AND ERecTION OF ToMAx PANELS

Hand]ing'the finished panels of %he plant does not require overly
cautious methods due to the high tensile and high bond qualities of the
mortar used in Tomax panels. When panels are completpd, overhead crane or
‘!lconventiona1 forglift can be used for yarding an& loading the panels. The

'only requirement for handling finiéhed panels with a forklift is that it be

»fitted only with a device which will hold the top of the bEnel from falling

- 8
over as it is transported... ,

Tomgx pane]$ are transported from'the fabrication plant to the job
by conventional ‘trucks with simple modifications'or by especially degigned
%ow bed tra11ers When uéing conventioha] trucks, two 3" pipes are 1n§tal1ed
vert1caﬂly on the center line of the truck protrhd1ng a Tittle above the
‘papels, which act as a temporary support, to keep the 1nd1v1dua1 panels From

ﬁ!‘.ﬁ( while loading the truck. ' After loading, the panels are -tied
d{wn according to standard practices. i

AF the building site liftin§ devices and provisiéns to prevént
breakage are attached to the panels wﬁich are swdqg to approximate position
in'stnu%}ure by a crane. : | ' s

One drawb?ck to any prefabricated system is‘thg tremendous amount
of labor, material and planning that must be devote&lto support the system
while incorporating it into the §truéture.‘ This additjona] cost does nq{
.benefit the final structure. A methbd;of insta111n§ concrete masonry panels

was devised minimizing labour;lmaterial, and planning. The first approach
- . »

to the probleq, of supporting the péné1s vertically while Fhey are Being aligned,

- !
plumbed and grouted, is steel ordod kickers, as used-in any precast panel

e




"bar are removed and reused [17]. B

-77 -

system. Vertical reinforcing which is grouted in the finished panel sup-
ports the panel while it is being installed. As a result, the wall is

supported by its own bootstraps until it is incorporated into the finished '

)

structure, ,
The steel reinforcing, protruding from the foundation or the pier
that the gore of the pane] is p]aced over, has a hood in the top end. A

3/8" pencil rod, w1th a hook in its bottom end, is put down in the same

core from the top-and the two hooks’engaged. ‘A steel holding bar 2" wide

and 8" Tong with a 1/2" hole through it is slipped over the top of the 3/8"
penc1] rod with the rod projecting through 1/2" hole. The holding bar with
the pencil rod through it is laid down on top of the’ panel A pencil rod
tightener or button tightener as used in re1nforced concrete framework, is
slipped down#over the pencil rod and rests against the steel: holding-bar
on the top of the panel. The pencil rod 1; then tightened, driving the
steel holding bar on the top of the panel, on a set screw in the steel
holding bar is tightened against the pencil rod. Therefore the stress
built up in the reinforcing bar and penci] rod, and’ held by steel holding
bars, holds the panel down tight to the foundation, thereby holding it up
unti] it is grouted. After it is grouted the pencil rod and steel holdinq

L
. . . ¢
L4

The monolithic Tike soundness of the panels assist erection of

~ the units in numerous“ways. Structural connectjon of one panél to another

is easfly eccpmp11shed by breaking through the end or the face of the panel

in-any-desired location without fracturing or dahaging the adjacent block
and inserting reinforcing stee? and grouting. The\soundness of the panel
also al]owq\:he panel to be field cut for possible specie}>openings and

special‘len h of panel. This is reJli]y done with a hand power saw and a

N

R

carborundum blade with the panel efther in its norma) vertical p‘:ition ongr‘

L}

o
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’
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v * 4 -

by laying it down flat and sawing it as one would work on a section of ply- ';

19

wood [17].
. . | The installation procédﬁre is.repeated from floor to floor. If
preassembled mechanical core units, plumbing'trees, oF preassembled kitchen )
_or bath units are to be used, they are placed by crane bef{re the floor
R above. Otherwise the erection continues with the mechanical and fikighingh
work in a generally conventional manner. Exterior eﬁ;losure is keyed to
follow close behind the structbral work to ensure the building 1s,closeﬂ
-as quickly as pégsiblé. This rabid procedure employs a minimum of field
lapqr, which shortens tonstruction time and allows for early occupancy.

r ; .
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Fig.- 4.23 — Tomax panels can be handled by conventional
equipment [17].
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Fig. 4.25 — Tomax Panel is lifted to upper stories of an apartment
. * projeet [17].
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4,7 -AppLicATION OF Tomax PANELS

By

AN .
..

. ' - Tomax wall panels were introduced to the market in North America

é

. at a time when: o
1. Baildihg owners, developers, architects and engiheers were accu;tpmed
| to using large scale construction units such as glass, metal, plywood
and precast -concrete panels; | .
2. Construction industry was suffering a setback mainly .because Bf infla-

tion. ) - ? ' ‘

For these reasons we find masonry in genera] and concrete masonry

. "pane]s, in part1cu1ar, are strugg]ing to reach their rightful place. Today,
Tomax wall panels are applied for cqnstruction of homes, industrial bu11d-

ings, apartments;, and commercial buildings. Erected bu11d1ngs are located.
‘ in desert country, subjected to temperatures 110°F, areﬂalso located 8000
feet above sea level %n winter temperatures of 20°F befow zero, and after

' more than five years there are no cracks in any of.these panels [17].

! , 5.7.1 Examp]e 1 - Commercial Bu11ding in Yille d Anjou

: o " By using”prefabricated block walls, Tomax panels, Quickspan, a «
‘Longueuil, Quebec,” firm has been able %g erect a seven-storey commercial
building in Vi]fe d'Anjou in-only 18 working days [22]. j
Quickspan has brought the speed, economy and quality control by
using Tomax prefabricated block walls and Sp}roll prestressed e&truded con-
crete s%abs for floors. The job involved putting iﬁtqulace 56,000 square
S féet of 8-inch hollow core slabs and 26,000 square feéfvof‘block wall p;nel.

» In using Tomax panels, spggd is”not the only advgntaée. Prefab-
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‘,grob1em of freezing mortar at fhe égnstruction site. Consequehtlyo the bui\d-

‘blocks by machine, eveniy and under carefully controlled c6nd1tions; and

" to work on e~bu11d1ng like the one erected in Ville d* AnJou. Instead, onTy_

rication of the block panels at Quickspan's p]aﬁ{ viftually eiiminates the

[}
44

5
’»M“«@W.;mﬂ#_&g; 3 1

°

u

. . e , .
er's heating costs are greatly reduced. ' - ‘ ) i

Prefabrjcation also meansqinc?eased quality*con;ro], greater . . o

strength and reduded maintenance costs. Since mortar is spreed on th%' : T ?-
since the wall panels are mechanically vibrated to obtain optimum gdhesion; L f ;;
the resulting gbints are much»strbnger than in coﬁvedtiona+una§onry wal]s: ;
. The wa]]mds trucked to the constri®tion site and Jthen ifted into T
plece by crane © Tomax pane]s resist’ the k1nd of crack1ng often seen in “
other kinds of block walls. - ’ R
T The Jﬁe of both the Tomax walls and Spiroll floors g1ves the
bulider two other advantages- cost contro] and reduxeé re11€nce on hard to™
find masons. It was estlmated that 20 masons wou]d norma]1y be requ1red / _. ' io
‘e, o
ebout fgur or five were needed to put in place the non-bearing bldck ele- i - .
ments such as longitudinal walls.  Because of the need to increase fhe bear- -

LR ‘¢

ing -strength of wal]s, after eight storeys, Quickspan buildings begin to-lose

the1r econom1c advantages over convent1ona1 concrete. bu11di S, o .

Accord1ng to Quickspan's experience, prefabridate truzlzres can o

save $500 to $600 in labor and -materials.on each unit of an apar nt build- o :l .

ing. In addution such -buildings offer the prospect of reduced heating costs.
durfng cold Feather construction as we]l as redhced~jnterim financing costs

-
andheprlier generation of income, due §o the speed of erection.

-t




4.7.2 Example 2: Residential Building in L\Jngueuﬂ‘

\ ' '
Qu1ckspan built in Longueuil a ’sﬂx-stgrey building for senior citi-
zens m 1ess than six mgnths only at a cost of $2 4 million. It took’
Qu1ckspan only 13 days to produce 95% of the e]ements[eeded for the pro-'

Ject. The elements were 85,000 cub1c feet of floor stabs, and 35,000

~cubic feet of Tomax wall panels. The building consisted of 99 units, 11

" units with two bed fooms and 88 units with one bedroom only [23].

_ Accordmg to Quickspan, usmg their system, at*out $3,000 can be
saved on each unit, which is about $3,000,000 in th1s project.
La Societe d'Habitation du Quebec, SHQ, which was late in provid-
-ing 7,000 living quarters for senior citizens, was impressed b)/rl the con-
struct‘ién technique using prefabricated floor and :ﬂaﬂ panels by Quickspan.
The SHQ hoped that this will enable them to provide the needed units in a

short time and at the same time reducing the cost of the projects [23].

.

4, 7.5 Description of Projects Accomplished by Quickspan

- Quickgpan has accomplished many projects in the Province o.f Quebec
usmg Tomax wall panels and hollow core prestressed slabs (Spe‘mcrete and
Spon) In all of them, quality and economy were achieved and their cus-
tomers were satisfied.: Fig. 4.27 and 4. 28 are two of these projects.

Other pro.]ects are descmbed in the list on the following pages [20].
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CONTRACTOR

ADDRESS

SUMMIT IMPERIAL DEV. LTD,
Edifice Appartements

J.B. CAYOUETTE LTEE.
Motel St-Hyacinthe

METROPOLITAN CONST. INC.
Edifice Appartements

DOMAINE DES HAUT-BOIS INC.
Edifices Appartements

DOMAINE DES HAUT-BOIS INC.
Edifices Appartements

ROGER GAGNE LTEE.
Edifice Appartements

FAREL CONSTRUCTION INC.
Edifice Appartements

GIOVANNI DILILLO CONST.
Bungalo -
Duplexes

A. PREVILLE & SONS INC. .
Anachemia Chemical Plant
(usine produits chimiques)

POULIN & MERCIER {1968} INC.
Habitations 2 loyers
Modiques

CARTIER BUILDING INC.
Edifice Appartements

CARTIER BUILDING INC,
_ Edifice Appartements

" COLOSSUS CONSTRUC. LTD.
Edifice Appartements

L.SR, CONSTRUC. LTEE.
Edifices Appartements

rue Lafayette
Longueuil, P.Q. ,

route Trans-Canad.
St. Hyacinthe

TOO rue DeGaspe
Tle deg Soeurs

Bl. des Haut-Bois
Ste-Julie

s

Bl. des Haut-Bois -
Ste-Julie

525 rue Bruges
Longueuil

605 rue Bruges
Longueuil

rue Charles-Faulkner

rue’ Allard
Montresl-Nord

135 rue Richer
Ville St Pierre

5905 Chemin Chambly

St Hubert
1

Boulevard du Sou-
venir, Laval, P.Q.

Avenie Brookdale

Cornwall

rue-Laflin
Cornvall

)

rues Beaubién &
Boulogne, Longueuil

“

" STRUCTURAL # of
ARCHITECT ENGINEER UNITS
Maurice Bergman Maurice Levis: 90
Cayouette, Saia " Erie Leblenc
& Leclerc
Tolchinsky & Marc Denis & 186
Goodz Assoclates
Desmarais & Regis Trudeau 52
Tornay & Assoc. .
Cayouette & Horveth & 52
Seia Assoc.
J. P, Bayard f’la.nte, Laurin
128
& Agson,
J. P, Bayard Plante, Laurin
. 128
& Assoc.
Giovanni Dilillo Marc Denis & Assoc.j: 32
Giovanni Dilillo Marc Denis & Assoc.
Anach[emia. Chemi- Marc Denis &
cals Assoc. )
Jean da Keresztes| Jean Horvath & 32
Assoc. :
Par proprietaire Marc Denis &
i A 198
880C.
Par proprietaire Ivan Verkay 99
‘ )
Dominik, Thompson, Malette, Lafram- 90
broise, Architectes & Ingenieurs )
Jean-Guy Brodeur 36

Raymond Bolduc

b

. U
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BRANDON CONSTRUC. INC.
Edifice Appartements

DELTAIR CORPORATION
Edifices Appartements

CHAURET & DUFOUR CONST.
Habitat St-Sauveur

BOROIS LIMITEE
Résidence pour rétraités

CONST. EMERY PAQUETTE
INC. Résidence Gabriel

A.L.V. CONSTRUC. INC.
Ed.Comm. & Res. Bat. A.

STEPHEN SURA INC.
Beaconsifled Garden
Apts.

DORILAS GRENIER LTEE.
Les Habitations Bourg-
Chemin

MOTEL COLIBRI INC, (1967)
Motel Cilibri :

SOCIETE d'HABITATION
du QUEBEC, Résidence

. pour Personnes Agées

rue Cartier
Pointe Claire

343 rue Querbes
Vaudreuil

Chemin du Lac
Millette,
Mont Saint-
Sauveur

Chemin St—Francoi;i
Rigaud

+

Route 3
St Timothee

rue Beaubien
Ville d'Anjou

rue Elm
Beaconsfield

8105 Marie Vie-
torin, Tracy

Route 116

Ste Victoire
d'Arthabaska,
Viectoriaville

rue Boulogne
Longueuil

Angers & Perron

Desmarais & Tornay

Boudrias, Bourdeau
" & St Jean

Georée Marois

Boudrias, Boudreau
& St Jean

Jean-Paul Breton

Jeéques Beique Jr.

Boudrias, Boudreau
St Jean

i

Jean-Guy Brodeur

Dupuis, Morin,
&R Routhier 140
& Assoc,
G, Horvath & 100
Assoc.
St-Amant, Vezinsa, 12
Vinet & Brassard
IPla.nte, Laurin & 6y
Assoc.
Maurice D'Arcy 51
& Assoc.
Joseph Karaguesian 48
Real Deschenes & 82
Assoc.
Maurice D'Arcy &
90
Assoc.
%
Gerard Berlinguette
Marc Denis & Asso- 99
cies
TOTAL — 1,869




CHAPTER v

’ DESIGN OF PLAIN HOLLON CONCRETE MASONRY - WALLS

' The design of a concrete masonry wall needs careful planning
if the wall is to successfully serve its intended purpose. Prefabrica-
ted concrete masonry wall panels are designed by éngineering analysis
method in accordance with bui]d}ng codes and manuals used in designing

A

conventional hollow concretelmasonry walls. ' { )
Through its history masonry has depénded on mass foE structural
performance. The design of ﬁasonry walls was é matter of the state of
the art. This design appraoch is referred to as fhe/"énpirica1" design
method7 It was generally based on simple rules concerning minimum thick-
ness and maximum spacing of supports. These design.rules were Jery con-
servaéive since they had to take care of such adverse factors as: poor o
qua]i}y control, variationslin materials, loads, and other factors affect-
ing masonry strength. Though al]pwab]e stresses for ‘axial compression
were given in building codes, they were rarely used since the design
was governed by the conservat1vegm1nimum required thicknesses. Allowable
Stresses in shear and tension were not g1ven because a genera1 structura]
ana]ysis design was not expected.
In the sixties, building codes recognized the high standard

of qua11ty contro] in modern concrete and that concrete masonry is sus-

s !
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cept1b1e to a]] conventional mathematica] analysis Specifications for

the Design and Construction of Load Bear1ng Concrete Masonry were approved
The section on masonry design 1n the National’ Bul}d1ng Code of ‘Canada,
1965, resulted in the 1naugurat1on of eng1neered masonry 1n Canada

¥ M . i

5.1 LoAD BEARING WALLS

5.4 Eng1neered Concrete Masonry o . : A/

By application of sound engineering’ pr1nc1ples and adequate
"quality assurance programs, concrete masonry wal]s can be designed us1ng
sfresses much higher than those previously allowed nith equal or greater
safety. The allowances for greater masonry stressesupermit structures
to be built with thinner walls. Instead of requiring 12 to 16 in. thick
walls of nonreinforced concrete masonry, the nen codes allow the same .
> Toad- bearing walls to be on]y 6 in. thick.
The design of eng1neered concrete masonry load-bearing wall

buildings is based on the combined structural action of floor, bearing

walls, and shear walls in resisting lateral forces. The floors transmit

vertical dead load and 1ive load to the bearing wa11s, and function as .
diaphragms to distribute the lateral loads .to the walls. Tnese lateral
loads due to lateral forces such as wind or earthquake are resisted by .
" shearwalls which carry them to the foundation, Fig. 5.1 [24].
Floor systems for use with 1oad-oearjng concrete masonry walls
« Must perform without exceeding deflection which would cause excessive
stress in'any verntical element. Stiffness of a roof or floor diaphragm

" affects. the distribution of lateral forces to the shear walls. Many types L .; .

A3
a ;o
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of “the floor systems ip use today such as prestressed hollow core, precast
cenerete solid slabs and cast—in-p1ace‘f1oor§, are designed so that they

»

can satisfy the requirements.

<
( Corndor Wall—bearing ér nonbeafing,
transfers wind load paraliel to it

. Combined bearing partition
and shear wall.

%

w

Dead load on shear .

walls used to

develop resistance —
to overturning.

Floors serve as

horizontal

diaphragms—

i transfer wind load
to shear walls.

[y

%

Floor-wall connection must be capablé of g )
n).

k . ’ o transferring lateral forces (composite acti

[

Fig. 6.1 — E'ngineered Concrete Masonry -Load-Bearing Wall Building.

With engineered:maéonry design concept, it is poss1b1e_to'emp10y
Toadbearing concréete masonry in multistorey buildings that range in height
from Q»tb'18 stbries. These buildings are designed and constructed either
‘a; ;einfdrced concrete @asonry or as nonreinforced,‘depenﬂing on building

height, local code, and seismic conditions. The Canadian Building Codes

and Specifications alldw the use of plain (nonreinforced) concrete masonry

in md1tistorey buildings in Zones O and which have 11tt1e‘or no seismic

8
i

activity. ,

t
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*

5.1.2 Design Criteria

Design criteria for concrete masonry is containéd in all build-

ing codes in the United States and Canada. Recently, the Canadian

Standards Association published the first edition of CSA Standard S-304,- .
Masonry Design and Comstruction for Buildings [251. This new standard
consists of four main clauses, namely:

"General Design~and Construction Requirements".

"Design of Plain and Reinforced Masonry Based on Engineering
Analysis".

"Empirical Rules for PYain Masonry Design Not Based on
Engineering Analysis".
"Masonry Veneer".

»In order to provide a sound baeis for a‘specific concrete masonry
;tructural design, based on engineering ana]ysis,‘it is first necessary
to determine fh1 (ultimate compressive strength of~masoney)'to pe used .
in the design. Accbrding to CSA Standard S 3043‘f6 may be determined by
two methodsi 1). Prism Method — on the basis of strength tests performed

on prisms built from the materiale to be used in the structure and take

~the value f‘ ‘as determ1ned by the tests, or: 2) Unit Strength Method —

'

an assumed value based on the compressive strength of the individudl
masonry units and mortar. The specified strength of the individual units
is reduced by appropr1ate safety factbrs Table 5.1 shows assumed

compress1ve strength of concrete block masonry (f ) for various compressive

;strengtb of the units. . Ca-

. "~ Allowable stresses determined by the prism test method are geh-'

- erally higher than those in Table 5. 1 In add1t10n, since the prism test

incorpoéates the unit, the mortar, grout, and the workmanship, it

/
<

.
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H
N 2
]
affords| the designer the opportdnity to know how the masonry can be %
expecte¢ to perform in practice. It gives&ﬁim cngidence to design with é
" a more Tavorab1e safety factor than in the unit strength‘method. §
. 3
« }

Py

Table 5.1 — Value of Fj for Concrete Block Masonry or Structural Clay
‘Tile Masonry (CSA Standard S 304-1977).

Compressive Ultimate Compressive Strength of Concrete Block
Strength of Masonry or Structural Clay Tile Masonry
Units,**, psi . ’ (fa)*, psi
~ | Types M & S Mortar Typé N Mortar
e,ooot plus 2,400 . . 1,250
4,000 2,000 1,250
2,500i g " 1,550 1,050
2.000‘ e 1,350 ) 950
1,500 K 1,150 | 800
A

* Compfessive stress of hollow units is based on their net area.

** Linear interpolation is permitted.

5.1.3 Allowable Stresses ‘ .

| As with any wall, the stresses resuiting from the yarious
loads acting singulariy or in combination are: 1) compression 2) tensjon,
and 3) shear. A1l major codes prdvide cr1fer1a for obtatping allowable
compressive, fp, from the ultimate compressive stress, fh. Table 5.2

- shows marimum allowable stresses for plain concrete masonry.
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" Table 5.2 — Mamimum Allowable Stresses and Moduli for Plain Coneréte
Block Masonry and Structural Clay Tile Masonry* (CSA Std. 5304)

Maximum Allowable Stﬁess or Modulus, psi

Units Without Voids
of Filled Hollow

Units with Voids
Based on Net

Units Based on Cross-
Type of Stress Gross Cross- Sectional
or Modulus Designation - Sectional Area Area .
Compressive, axial
Walls fm 0.20 £'y 0.225 '
Columns T 0.18 r'y 0.20 £
Compressive, flexural
Walls n ¢ 0.30 f'p ¢ 0.30 £' ¥
Columns Im 0.24 £ 0.2h £t *
Tensile, flexural
Normal to bed joints
Hor S mortar fy 36 23+
N mortar T 28 16*
Parallel to bed joints
M or S mortar b2 12 Le»
N mortar fy 56 © 32w
Shear
M or S mortar i 3k 34
N mortar Vi 23 a3+
Bearing on Masonry fy 0.25 £, 0.25 'y
Modulus of elasticity Ep 1000 f'y but not to 1000 f'p but not
exceed 3,000,000 psi to exceed
3,000,000 psi
Modulus of rigidity E, 00 £' dut not to 400 £, but not to

o

exceed 1,200,000 psi

exceed 1,200,000
psi

#Shear and flexural calculations shall be based on net mortar bedded area.
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' Plain concrete masonry shear walls must bendesigned in such a
manner that:no part'of the wall is in tgnsion. According to CSA Standa#rd
$304, Sec. 4.7.3, the maximum horizontal shear stress in a shear wall,
Vg, shall not exceed the value:,

(V or Vm) + 0.3 fCS

~ where - ‘
V or V; = the allowable applicable shear stress
fecg = compressive stress due to dedd loads:
5.1.4 Allowable Vertical Loads .

While there are no changes in the CSA Standard S304 regarding
allowable stresses, the criteria for the design of walls have been signi-
ficantly changei mainly re]atiws to the eccentricity and s]en&erneés (CSA
Standard $304, Sec. 4.6.7.1 and 4,6/7.2).

The allowable vertical load on a plain masonry wall is determined
by the following formu]gz:

1) If the wall is subject to bending about one principal axis, and

.

a) e<t/3, where - e = the maximum virtual eccentricity

t = effective thickness of a wall.

Then, P = CeCsfyh,.

where— P = allowable vertical load
..;, Ce = eccentricity coefficient
Cg = slenderness coefficient
f, = allowable axial cdmpréssive stress
Ay = net cross-sectional area.

3

b) es>t/3, the allowable flexural tensile stress, fi, normal to the bed

joints, shall not be exceeded.




f ,’\

2) If the wq]] is supject to bending about both principal axis and

bt
< 2
a) etb-*ebt 3

where — b = width of a rectangular bar or width of flange of a
' T-beam

ey =.virtual eccentricity-about the principél axis, which
is normal to the effective thickness, t, of the
member
e, * virtual eccentricity about the principal axis which
is normal to the width, b, of the member.
b) (etb + e t)‘> bt , then p shall be determined on the basis of a trans-
formed section and linear stress distribution, and shall be mod1f1ed
Vd
by the slenderness coefficient, C;. The maximum compressive stress
in the masonry shall not exceed the allowable flexural compressive

strength.

5.2 NoN-LOADBEARING WALLS

Plain concrete masonry non-loadbearing walls are cﬁrtain and
panel walls used to enclose a séructura] frame of concrete or steel, or inside
partition walls. These walls are designed to resist 1ijera1 wind or seismic
forces and transmit them to adjacent structural members. For sqch walls the
reinforcement specified in the new standard should, in most cases, provide
sufficient strengtﬁ and ductility to prevent failure and minimize damage

in the event of earthquakes. It is required that such walls shall be rein-

forced in one or more direction with reinforcing steel having a minimum area

of 0.0005 Ag (where Ag is gross cross section area) in Seismic Zones 0, 1 and
2, and 0.001 Ag in Seismic Zone 3 at a maximum spacing of 16 inches (CSA
Standard S304, Sec. 4.6.8.2.1).




oA e
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The new standrad allows the use of "Empirical rules" for plain

‘masonry design in buildings in Zones O and 1. These rules depend upon "rules

> of thumb which are known from eiperience to result in safe structures, gen-

erally having factors of safety, for higher than fecessary. For load bearing

structures of major importance, the "Empirical rules” would result i{n cumber-

some and wasteful construction.

14




R CHAPTER VI

DESIGN OF REINFORCED HOLLOW CONCRETE MASONRY LOAD-BEARING
WALLS -

‘ s
Reinforced concrete masonry walls are used in some areas of high

strgss concentrations, or in aneas of high winds or earthquake probabili-
. ties becausé steel providés for the excellent ductilily and utilization
’ o% damping and energy absorption. Reinforced'doncrete masonry is construc-
ted by embedd1ng steel re1nforcement in such' a manner that the component
ma?en1als‘act together jin resisting forcqs. The COncrete masonry hollow
« - units are laid to form continuous, unobstructed vertical cavities. Required
stde1 reinforcement is p1acednin these cavities which are then filled witn

grout to form a bonded _composite construction in resisting compressive,’

tensile, and shearing stresses Th1s permits the use of h1gher des1gn

stresses and an increase in the distance between lateral supports.

3

6.1 DesieN PrinciPLES - # -

‘The design'of reinforced’concrete masonry -is similar in many |

aspects to 1ts counterpart reinforced concrete The design principles
. are s1m11ar to the e]ast1c1ty assumpt1ons used in early deve1opment of s
. reinforced concréte. There is reluctance to gccept the u]t?mate design

principles, presently used in design or reinforced concrete and steel, in

.

HR ) C . : -.97 ,-"
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masonry because so far there is no adequate knowledge of the strength of‘_
masohry as well as of the adverse such as variation in building materials
and workmanship. The assumptions of elastic desigﬁ used in reinforced
Iumésonry are: [26]. ‘
1. Plane sections before bending remain plane and étress is directly
proportional to strain.
The modulus of e]astibity of the masonry, mortar and grout are con-
stant within the hember in the range of working stresses.

. L]
Stress in reinforcing is uniform over its area.

The Tsmber is, straight and of un1form cross-section.

External forces are .in equ111br1um
In re1nforced masonny the masonry carries no tensile stress.

For bend%ng, the span of the member is large compafed to the depth.

6,2 DESIGN STRESSES

. 6.2.i Effective Wall ThickneEs
v

It was pointed out in Table 6.1 that compressive strength of .
‘hollow unit masonry (f&) is based on net area. Since hollow concrete
masonry units are of uniform consistent configurati;n,'fhe net area used
in design cé1culatfons is prédictqbie and will, vary onl witﬂ the extent
of 5%outing of vertical cells. Table 6.1 [27] shews these equivalents for
wa1ls of nominal 6-inch, 8~jnch, and 12-inch bléck, and for various comb1na—

tions of grouted cells.




" .the adjacent cross webs (normally 6 inches for a three-core block). Loca-

. standard for reinforced concrete [27]. N
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Téble 6.1 — Equivalent Wall Thicknesgses.

- ' Wall Thickness
WALL CONSTRUCTION 6" 8" 12"
Equiv. Net Solid Thickness
Solid Grouted Wall 5.6 7.6 11.6
“. [ \
16" o.c. ks © 5.8 , 8.5
Vertical 24" o.c. ., .1 5.2 i 7.5
Cores . .
Grouted 32" 0.c. | 3.9 L.9 7.0
at .

40" o.c. 3.8 b7 6.7

48" o.c. 3.7 4.6 6.5

No Grout in Wall - | R 5.5

For example, the wall of 8-inch three core shown in Fig. 6.1(a)
[2?] with vertical reiQforcemgnt 32 inches o0.c., has an equivalent solid
(net area) thiékness 4.9 inches. In flexural compression, the effective
design section of -a reinforced hol]bw unit concrete masonry wall is s%milar
to a T-beam, Fig. 6.1 {b). Width of the compression flange, b, is assumed
equal to six times the nomina]iwall thickness, t, when the wall is laid in
rqnning bond, and three times the thickness when laid in stack bond. The

width of the T-beam stem, b', is equal to the width of the filled core plus

tion of a T-beam neutral axis and computations then follow procedures
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Wall = 8 inches in thickness.
. Vertical cores grouted at 32" o.c.

Equivalent net solid thickness, from Table 4.2 = 4.9 inches.

]

F'Lg. 6.1(a)”. — Area of Remfarced Hollow Conerete’ Masonry Wall Assumed
Effective in Axial Compression.

Fig. 6.1(b) — T-Beam Section )lssumed in Flexural Compression
; . (Masonry Laid in Running Bond).

%
%
/

28R % 7 v %
I8N aARNANl
A 1 A A [ 1 A ‘U 0 4 U

Fig. 8.1(¢) — Area Assumed Effective in Longtitudinal Shear.

4

. Methods for determining masonry strength (Fﬁ) are the same as

| thdse described previously.in Section 5.1.2, that is: Fi.may be based on

priém tests, or on an assumed value, depending on strength of individual
units as in Table 6.1, Table 6.2 shows the maximum allowab]e stresses (f )

in reinforced concrete block.

6.2.3 Shear Stresses

Shear calculations in reinforced concrete masonry walls follow

reinforced concrete design procedures and such reinforcement is provided

to carry the entire'shearing\stress where the value of the calculated shear

] : , . S
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Table 6.2 — Maximum Allowable Stresses in Reinforeced Concrete Block and
Structural Clay Tile Masonry (CSA Standard S304)
t .

Type of Stress

)

Maximum Allowable
Stress or Modulus,

or Modulus ° Designation ' . psi
Compressive, axial
Walls fm 0.225 '
Columns fm 0.20 'y
Compressive, flexural
Walls and beams fm 0.33 f'y
Columns fm 0.28 'y
Shear . .
No shear reinforce- &
ment f~.,
Flexural members v 0.02 f';but not to exceed
50
Shear walls Vi 0.015.f"'n ‘but not to exceed
! T5 ’
With shear reinforce-
ment taking entire !
shear
Flexural members v ' 0.05 f', but not to exceed
150
Shear walls v 0.04 f'; but not to exceed
v 75
Bond ,
Plain bars u 80
Deformed bars u 160
Bearing on masonry fy 0.25 £'p
Modulus of elasticity Ep 1000 f'y, but not to exceed
b . 3,000,000 psi
Modulus of rigidity Ey 400 f£'_ but not to exceed

1,200,000 psi
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S IR
stress exceeds that permitted on plain masonry (CSA Standard S304 - Sec.
4.8.3.1): '

|
VT OB
where — v = shear stress
V = total shear
b = width of compression face of flexural
/// member (for member of I- or T-sections
b', width of web, shall be substituted
for b).

0f special interest in the design of multistorey load-bearing structues, .

Fig. 6.1(c) shows the wall section assumed-effective in longitudinal shear
walls. “ : N

6.2.4. Ten;i1e Stresses b

* ¢

. A -
Building codes do not allow concrete masonry to carry any tensile

stresses. Tensile stresses are carried by the reinforcing stéel and in

accordance yith CSA Standard S304, Sec. 475.2.1. The allowable tensile

stress in reinforcgment shall not exceed:

a) 18,000 psi for billet-steel or axle steel reinforcing bars of struc-
tural grade |

b) 24,000 psi for deformed bars with a &1e1d strength of at Jeast 60,000
psi and not exceeding No, 11 size; and l ' ‘

c) 20,000 pst for all other reinforcement.

6.2.5 Allowable Vertical Loads

The allowable vertical load on a reinforced concrete masonry
load-bearing wall‘is determined by the following formulae (CSA Standard
5304, Sec. 4.6.7.2 and 4.6.7.3): '

*

-




f- 2. 1f the wall is subject to bending about both 'pgsqcipaﬂ axis, and -
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F 7
1) If the wall is subject to bending about one principle axis and ' .ﬁ
a) e <t/3, where e = the maximum virtual eccentricity }
t .= effective thickness of a wail - ﬂ é
Then, | %
= CeCsFmAm . e . g

V4
where — p = allowable vertical load

v C_ = eccentricity coefficient
C = slenderness coefficient
f = allowable axial compressive stress .

A = net cross-sectional area.

B) e>t/3, or a value that, would produce tension in the reinfdrcement,
then p sha1I be determined on the basis of .a transfqrmgd.section
and Tinear stress distribution and shall be mddified by thé slender-
;ess coefficient, Cs' The maximup compressive ;tressvin the masonr
shall not exceed the allowable flexural compression gHven in'Taple

6.3.

- bt
a) etp + ebt €5

#

~

where' — b =,Qidth of a rectangular bar or width of flange of a
T-bedm j ’ il

e, = virtual eccentricity about the principal axis which’
- is normal to the effective thickness, t, of the , /

member

eb_;:lirtualeccentricity about the principal axis, which 4’
is normal to the width, b, of the member.

Then,

. . . PE cecsfmAn
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b) (etb + ebt).> %}-, then p shall be determined by the same way
as in 1(b).

\ .
A D - ‘ _

@

§.2.6 Reinforcement

>

For*load bearing and shear walls the reinforcing steel must be '3
distributed hp#izonta]ly and vertically with steel having a minimum area
1 N \ 1]
calculated in conformance with the following formulae (CSA Standard S304,

Sec. 4.6.8.1): \ . ’ A X , , .-

\ ' ¥ o
. 7 A= 0,002 Aa . c
, v g% . s e
! = o '
: A, = 0.002 Ag(1 a)
where — \
! Av 3 area of vertical steel per foot pf wall, sg. in.
; Ah = area of horizontal steel per foot of wall, sq. in.
Ag = gross, cross-settion area, square inches
o= reinforcement distribution factor varying from
" ' 0.33 - 0.67 as determined by the designer.
\

. The horizontal and Qgrtica1 reinforcement shall be spaced not

more than six times the wall thickness. nor more than 48 inches apart, which

ever is less. Horizontal reinforcement shall be provided at the bottom

. - and .the top of every wall opening gnd in the course immediately below the

roof and floor Tevels (CSA Standard, S304, Sec. 4.6-8.1.2 and 4.6-8.1.3).
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3ﬁti> .o - In ardgn\fo 9;6:;;; for the growing needs of the future, to

(A}

- better building design and_performance.

, CHAPTER VII -
I " CONCLUSION

improve environmental standards, and to proyide for imbroved Tiving stand-
ards, a greatly increased volume éf building will be needed. This will be
ﬁossiQ]e only by increased productivity'achieved tﬁrough the use of indus-
trialized building and generally increased efficiency.

Among ghe many building systems, the panelized system is thé
preferable system. It has cﬁnsiderably fewer design constraints and it
provides maximum design flexibility. It is used almost throughout the

world jn numerous variations and it can }ead to higher Ztandardization, to’
. .

The Tomax panel system is an impréssive development that converts

- concrete masonry to a modern building material. -It produces concrete masonry

QE]] panels under factory controlled conditions and at an economical cost.
These panels, due to the solid bonded head and bed joints have superior
fire protection, bettez insulation and soundproofing, greater strength,

and fewe; maintenance problems. Test data indicates wall panel strengths
up to five times greifer than b10cks.1aid by hand. Tomax panel connections

are abased on those used for conventional on-site masonry construction

LY
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Qith gbme modifications.for adaptation to panel construction. Transportation
and érection of panels can be accomplished b& conventional methods.
A consideration of prefabricated buildings built with Tomax
wa]} paﬁé1s %ndicateﬁ that prefabrication is beyond.the'feésibi1ity demon-
. stration stage and is succeeding by offering higher gtrength walls and
féster~bui]ding enclosure with attendant savings. Tomax walls in conjunction
* with hollow prestregfed floor and roof slabs give a superior structural
shell with Tess coordifiation problems than other construction methods for .
modular buildings.
A concrete ﬁaéanry wall has a heat s%nk capability and a thermal
inertia cabability that‘iightweight insulating materials do not have. It
is an excellent thermal mass material for use in passive solar buildings. .
Also, when we consider the total concept from beginning of manufactuire of
concrete masonry units to construction and service of building to demoli-
tion of the building, the total energy consumed by a concrete masonry
structure is far less than other materials. ’
The Tomax panel system didﬁnot revolutionize the concrete
’ masonry industry and has qot yet turned things around as dramatically as
preaicted, but the technique i$ still going on. The formulation of specifi-
cations for the Design and Construction of Load-Bearing Concrete Masonry
brings an engineered concept to high-rise buildings, allowing taller and
thinner load bearing concrete masonry structures. This concept and the
advantages of Tomax panels make the future of these panels a bright one.:
Tomax wall panels may not have all the advantages and are not
the cure-all for all things; — there are some drawbacks. It is a heavy

structure, therefore increasing foundation costs. Some concrete masonry

walls should be waterproofed depending'upon exposure and the type of
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- ' masonyy that is used. More research and better design criteria are needed.
Design and engineering of concrete masonry must be introduced into the e
architectural and engineering colleges and universities in order to make

architects and engineers familiar with the characteristics of masonry per- ‘ §

" . formance and the quality of materials which are being used, and to help

in fulfilling the needs and knowledge which is demanded in today's tech-
nology. .
Little has,deve]oped in the new CSA Standard S304-1977, that is

relative to prefabricated concrete masonry panels, which began to emerge
-"yn ‘Canada in the present decade. There is little doubt that with the
“growth of this industrialized medium, much wa?k will be required to expand

and improve the related provisions.
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