ST C e e S AN e
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SN A Prefabrication of brick masonty panelsiis the latest -~ |.
:hé ‘; development in the eeonomical ana effeetive‘userof bmick ' ; ~ T
) s masonry for walls and floqrs. Only since 1950's effortafhave
T ' been made to know more about the structurak/gehav1or 'and |

§ physical properties of brx%? masonry, its, component materlals,

L
s

~ o mechanlae and 1ndustr1a11ze\bu;;d1ng construction by

. .o -employing various ,prefabricated elements and imyrbving " .

conventional construction procedure. . -, ~ ' - . :

o This major techhical report is based on a survey of

- ) RN

llterature on dlfferent systems, of prefabrlcaflon of '

masonry panels, which have evolved 1ndustr1al productlon.' ' s

, A - _ It further coversé the general de31gn, archltectural aspects,

! o prOpertles of masonry, 1ts component materlals, areas of

E - appllcablon and recommended spe01float10ms for prefabrlcated )
Jbrick masonry panels including costs. Illustratlve dlagrams

. o

and figures have been included where eyer possible.
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1,1 Need| For Prefabrication of Masonry Panels r '

- elements and systems and by improving conventlonal constr—'

prefabricated brick masonry panels are :— . »

[
\—i‘_." o ’
» 4 ’
Al

e , .
. " i, PREFABRICATED BRICK-MASONRY PANELS .

QS . - ? ,
* {

Most countries are facing an acute shor®age of housing i
- N » f . ]
& R . t

t

 after World War IT, Housing is not only one’'of the basic ' E

\
needs of man but also a symbol of his social culture and A

economic status. Constfhction indystry lS thugs one of the .
)

oldest and impor:tant indistries, but it has lagged behing

the other manufacturing industries “in employing industrial-

ization. «

Since 1850's, incfeasing efforts have made in indust-

i : . ' / . . e s
rially dev?Oped countries to mechanlze and 1ndu_str1allze

bulldlng‘ cbnstruction by mploylng various prefabrlcated

uction procedure, Brlck onry panels are one of the many

prefabricated elements used prlmarlly for- housing.

-

The factors which 1nf1uenced the 1ntroductlon oi"‘

)

/ . 2
. @a) Shortage of skilled labour. ’

b) To minimize the use of on-site labour, v §

c) No job down-time because’ of weather.

d) Brick masonry built under cor>z:ollegi conditions.

¢ 5 £)

e) Fas‘t construction methods. ‘. ' ‘ ;

[ T !

Savings in materials ,and cost of construction in .

compam,scr} w1th conventlonal methods.

.Umversal avallablllty @d economy of brick as

compared to concre'te and other materials.




Historvand‘DevelOQment : o . <.
ST

Prefabrlcated brick maspnry panels were flrst used

Y
{1-2

, 1n ' France, Switzerland and Denmark durlng 1950s. Thé{e | 1\

were adopted in North Amerlca in early to m1d '60s. At

v

present more than thlrty countrigs are manufacturlng

L.

-

.prefabricated: brick masonry panels. (Ref: 3)
/ + ‘. .

The research carried out in thgse countries on

bribk‘and'brick maéonry regarding structural and physical

”,propefties has led to accurate'design of brick masoﬁry

using rational engineering criteria’which has made prefab-

“¥ication feasible, - ; ﬂ//,»,)f o
. ‘ ’ o

The early methods of pagelization were éttemptedfto

meghaﬁize,the brick 1l#%ing process to prdduce standard’

panels using semiskilled labour., Later on the tendency

\\wgs to retain skilled labour using‘convehtiona! masonry
: v

practices and devicing various means to incredse producti-

vity of labour, while is some systems the emphasis has been

-

to'fully'mechanize the whole system of production,

" Several methods of prefabrication weré 1ntroduced.

;

‘These methods of prefabrlcation have to pass through a

three-stage evolutionary process. In the firs% stage

prefabrication usually costs more than the conventional

_considered nécessary and desirable to supplement the
L] N /‘l.

method of construction. Neverthe ess prefabrication is ®

- N

E




tradltlopal methods to achleve a certain scale of productlon

and the level of technology whlch can reduce the total cost .

A}
of constructlon. ﬁDurlng this first peroid, ;:;}rnmeﬁt and

other ofganizations ay intervéne to assure continuity of’

‘e —

‘ demand and to support pfograms of research and~production,\\<

by loans, interest and capital subsMdies and‘sp@cial’forﬁs T

’
.

6f dontracts:'(Ref: 9) R W ;

In the second stage many sysfems which are non- .

. . <+ ¢ ’ .t
‘competitive and unacceptabde are weeded gut, The-success~ -
ful systems are consolidated and given further support.
' In the third (flnal) stage congentrated effor%s are
. | .
+made to apply scientific methods to de51gn, productlo* ¥

& distribution, erectlon;and standardlzatlon of prefab;y%ated_
. ' _/

LN |

+ Some of the systems of prefabrication which evolved il

3 2

panels, . :

.

. sﬁccessfully through the above mentioned- stages and are

popular at present; will be discussed in the next chapter.

. W

- )

. : . : o W .
Other factors such as research with new and improved
) -\\ o — "

brick units and mortars have aided the rapid progress in

prefabrication of'bg!ck masonry panels. These will be?

v ! . ‘:
. discusséd in c$apter 5%

- o . n \ -

A wide range of dlfferent types and systems of these
panels indicate various methods ‘of constructlon oftbn depe-

ndent on conditions of climate in different countries, -

¥
[~




1,3 Types of Prefabrxcatlon . \', LR o

1oosely be categorlzed in two ba‘,slc approaches. ! : ,"v" |

'y
o / a) Component &§proach "
o b) Model Approach gt ‘ o ’ 7.
. U +1+3.1 Component Approach The ob@ctlve of Component
S 0
D Al .

Aporoach is to achleve constructlon of bulld:mgs of almost

L ' unllmlted variety by uenng a limited number of masg- ' CL

. ) \
PR \ éﬁproduced masonry p&nels. This approachv also caJ.J((\

a "Open System",andisg ¢ommon almost unlversally. o«

o ; It offers fleXiblllty in productlon" in type and

.. . size of plant "ﬂ‘he selectlon of panel gize, design, "use a.nd )

. archltecture. The extent of mechanizauon'c% be \rarled

o t0 sulte 7Jocal conditions. d ) tos

~ L— v s » -~ ® - ' )

The connections of ganels precont dlfficult R

'technlcal problems, since the struct;n?'e is as’ strong as
' 3

oo the 301nts. The success of Cdmponent Approach alsm. depends

o upon ‘the standard modularization of the component

L . .- - o

{
Qdanels. (Ref: 9) , i S . i
l.3 2 Model Approach dr Modular fpproach whmoh~is also

%

‘3 %alled "Closed System" in prefabricatlon of britzk masonry

(r;ti{ [

T ) pamals i refer@d to prefabrication of panels to suit a

o4

T partlcular“' type or. types Qf ho'uses $a.be con&structed. The

inflexl%llity of use of panels, in this gystem, 1s a
disadvanbap'e. Also the soca, political and economigal -

v'.\ ’
oo SN

k& , .,

q . o ‘o
. - 2

"\""""":";"7";"""; i

There-“aro mamy types of pref&brlc'ltlon whic;b can N

4 b at 2 h r t1~t1ve raduct s LV

. conditlons should e such- that :.glg;;r gpe g .
. . 15 acceptabi‘e to 'the society. ()Ref/g 9);.3, A - ;
. i
|
{

SO



'Prefabrication s&stems,can@also be divided into two
categories depending upon the methp&'pf prefabrication.
These are (a) Hand Iaid System and (D) Mechanized Sjgﬁgm.
?oth'the systems are discussed in detail in the next

qhagjer;‘(Ref:,B)

. . O
R »
) . N
g ,

A

Wlth the present data avallable it is dlfgﬁQUlt to
"« reach.any definite Judgement on yhe comparatlve tatal cost

. of prefabricatim and conventlonal methods. Some systems are
‘%
Q}almed o have lower costs like "TECAB Sy$tem" which is ~

said to cost 75% of- the cost of tradltlonally built brlck )

or tile insulated walls., . ' T

-

* In Eastern European Countries much efforts and resou-

rces have been deployed in bulldlng up large panels whlle
iy
" less emphas1s has been placed on conventlonal methods ard as

I

« (;

B
such the,results of these countries show economic advantage

for large prefabricated panels. While in other countrie

“effortS‘have been ﬁade to mbderqize and rationalize the
Yo

‘conventional ‘construction which resulted 1n sufflclent 1mpro—'

vement in ppgduct1v1ty in ;erms of man—hours. This makes
" the comparasion bet@een’prefabrication and conventional

metheds difficuit. n -
. The total labour cost may be low w{ﬁ? prefabrication

L]

°

7

» >~ but it may be off-set by additiopal_qut of materials and

tranéppftation~AdditiongL material may be required for extra

streﬁgih to 1imit the etresses due to haﬁdling and transpor-
; N * I

tation. S S L.

- ,
v
+

N




1

, panels éf~any size may be preguced. ;-

_with small dimensional tolerance 1is costly which increase

Since the relatlve cost of finishes and services 11ke N

plumblng and insulation is small . in deve10p1ng countrles,

‘prefabrication may compare favourably there than in developed

¢ + . -

" countries., . ‘

\ . o
. . . . . - : e
Prefabrication technology is still evolv1ng. Improved .

des1gn procedures and use of high stxength llgnf weight ma-
sonry unlts may reduce the cost of materials ané\tranSporta- : .
tlon, which will favour prefabrlcatlon. Dev“Ibpment of

pre- ~stressed panels may further reduce the cost and v1rtually

Continuous large scale production is essential to

i

Limit unit prefabrication cost to'a Tevel competitive with L

conventional methods. Some authorities concluded that it is R A
Lconomical to use factory made load béafing-masonry panelg
onIy if‘ai least‘10QO<dwelling units are erécted (1 unit =
25 M3); for 250 to 1000 units, precasting at site islecoﬁa—- B .
micai; and for less than 250 pnits; piefabricationnis not
recommended. ' = ) |

Modified and’high—bond mortars and'costly. Their. use e ]
calls for joint thickness to be asysmall as possible to -

save mbrtar., This in turn®requires small tolerance in the

dimensions of masonry units. Production of masonﬁy units

@ e e rmrm—— -

the total cost of prefdabrication of masonry panels. ﬁ .

Tables 1,1, 1.2 and 1.3 glve the comparisan of ranges :
4 ! 1

of combined costs of superstructure, cost of tranSpontatfon

and .man-hours for different countries in\ terms - . . ' , [

AN




[ R

”economicaf?. for less than 250 units ﬁrefébricat%on is
Bites. ' \ -

. 2 .
'w1th1n 100 miles radlué is economical. Delivery,involving

[ ad 7 - NI '
s ' N \
. - C .

. 1 . ) . . . < A
. of local currency. Theltables preseny a" rough idea of ‘\\ ‘ N
the relative costs, but aé not reflect the saving in time: O

using prefabrication in comparison. with conventional

methodss (Ref: 9)

"

1.5 lixtent of Prefabrication .
N or . s
The extent of ‘prefabrication in an individual

1

plént-aepgydn upon the local demand. . As already exnéained

previously, it is economical to use factory made load

~.

bearing masonry ponels oﬁly if at least 10@0 dwelling units

are erected; for 250 or'more units precasting at site is -.

3

not recommended.’ Prefabricatioh in factory will further

depend upon the c¢ost of transportatlon involved for dlfferent

3

Masa Dloductlon Of panels when the demand exists,

~

is alwdys cconomlcal. Tremsportation to sites normally e

ugh

transportation more than 100 miles js generally not &N 1

feasible. i

Acceptance of ladk of ind1v¥duality of pre- - !
. N !
fabricatcd brick masonry panels, by consumer,\generally . 3

depends on his level of affluence. Where average annual
" 9 ) N .
per capita incomeé is low, say 32000 or less, people are wi-

. o

° e ~




need for diversification, than the "Model Approach", -

-

Extent of prefabrication, in Macro Economic Terms

of a country, will depénd on ﬁahy factors and.not on.merely’

the relative cost of prefabrication as compared with converr

"tional methods. Dwellings'present.between 30% t0.50% of the

~

construction output in industrlalized countries. For develop—
ing countries this percenﬁage is low: as major expendlture
T is diverted on othér development works. Industrialized
smethods of prefabricab;bn involve higher capital investment

and lower utillzation of unskllled labour. There is shortage

~of capital but surplus of unskilled labour in developing -

9ountries. Developing countries thus face.a dilemma regarding

the efficiency,ispeednand productivity of prefabrication and -

social aspects of providing jobs to0® unskilled and unemplo—
: N

yed labourers. Inspite of this dilemmg’ prefabrlcatlon may

be favoured for the follow1ng reasons:

-

(a) ‘Prefabrication provides rapid increase in
building oXtput as .compared to labour inten-
sive methods, Iﬁflong-teqm'it will accele-
rate economy and provide wider and more

permanent Jjob possibilities.

The non-wage costs of labour such as on-
-site accomodation for workers and large
riumber of supervi§ory,staff may. swing the
balance towards prefabrication. '

Cost of?increased time by conventional
methods may be ‘crucial’ 1n some Cases, espeCi-
ally’in urban areas. This factor also favours
prefaﬁridatién which requires lesser time

for erection on site. . -

oyt .
- PN, PR
RIS A RN I ) i




In determlnatlon of extent of prefabrlcatlon in a
glven area other factors such as transportatlon system, the

role of government and other mlcro economLcal production

problems should be given due consideratiqr. (Ref: 9)

* #
1.6 Equipment for Prefabrication . | N .XI

b ~

v

Theequlpment used for productlgn of brick masonry
panelg varyes w1dely. It ranges from sim%ie hcnd tools to
‘hlghly sop isticated automated machlnepg

" The hand-laying methods empons the conventlonal

masons tools and it may further employ corner poles, algs,

&

templates for special shapes,ﬂllftlng and handllng devices,

adaustable scaffoldlng etc. Adaustable scaffoldlng

generally increases mason's product1v1ty, thereby redu01ng

oo

fabrlcatlon costs,

' To protect the panel face from coﬂ%amlnatlon by

q

the grout, pressure at the contact surface of brick face
and form is created by either an inflated form face or by -
applying®load to brick. This procedure may be used both in

hand laying method and mechanized method. [ .

In mechanized method fhe°handling of materials

) W—

[N

o .

may be automated. Automated unit placing machinery may be|

.employed for plécing the masonry units with proper joint

width. Pressurized grouting iystems are also in use in cag-

ting method or prefabrication. (Ref: 11-2)

(d

b

-
°




1.7 Advantages of Prefabrication , -

o~ . N v There‘are several advantages of prefabrication of"

brlck masonry . panels over the conventlonal methods. Some .~

of them are descrlbed hereinafter.

i

}

(1) Elinination of Scaffolding.'Tﬂe need of &ca-

- ffolding %t site is eliminated, if.préfgbricated panels are’

~

used. The| savirigs could be significant especially in higher‘*

N’ .
~ storeys. '/"

R S U

" (ii) M More Space At Site : If an off-site plant is .

used, the work area and storage area at site is hlnlmum.

The available space can be utlllzed for other purposes. It
LT result in relatively "clean" site. If proper schedu-

ling of dellvery//; maintained, the panels can be erected - ; !
. as they are recglvga, thereby eliminating storage of panels.ﬁ

'(11i) Complex Shapes Complex shapes can be made .

easily without the need of expensive false work and shofing )

- 'required for on site masonry. Complex shapes with returns, _\'

]
SO - . : .
jigs and forms. Repetitive use o0f these shapes can lower

’ ~ projectiong, soffits, curves etc., can be made by ad justing

-

< " the cost considerably.

| (iv) Year-round work. Thet factory set up allows
for year round work in all weather conditions. The use of

‘prefabrication may eliminate the need for winterizing,tﬂe
- : B "
surface.

——

" (v) -Quality Control. Mpre quality control can be AN

1 4 y®

- _exercised in prefabrication because of. the factory set up.

"\‘ - : \\ « . &,«r“\ /-

L]
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——

wt

aafion, especially. in case’ of highris buildings. This
' : . & » . r

* brick masonry panels is limited primarily by transportation

-~ 11 - L %

Mortar batching system 4nd grouting can be controlled eff- .

ectively, Effect of harsh weather will be minimum. '

(vi): Saving in construction time. Saving in con-

struction time at site is an important feature .of prefabri-

1> >
L] s

»

gives as early occupancy to the owner and saves over-head
v - ' - &

charges,in$§r§m financing and allows the owner to have ren=

tal income production start sooner, in case of a ¢ommercial

building. (Ref: 3 & Ref: 11-i) | <

1.8|Disadvantages of Prefabrication

N v

Prefebrication has some inherent disadvantages,

-which are briefly described as follows:

»

+ (i) Limitation of use.r The use of prefabricated

- . -

brick masonry panels, like other panels, is limited with

certain types of construction and cannot be empl®yed

-~

universally as in case of on-site brick masonry,

’ o (ii) Limitation of size of panels. ' The size of

and erection limitations. -Architectural plan layout may

° 4 L4

in some cases preclude the use of prefabricated briel,

9 '
‘ v N

masonry panels. . . o

(iii) Limitation of Materigls{ Use of masonry

panels is also limited by its basic ma?erials, brick and ¢

mortar, to withstand loadings as they occﬁr‘in structure.

l




N

¢ 3

(iv) (Absence of size addustment. On site masonry

allows to.fit the other.elements of structure, through
N ) X .
varlatlon in joint thlck sses. 'This is 'not p0531ble 1n

a*

case of prefabricated panel. The use of prefabri%%ﬁed

LY ¥

panels requires other-crafts or trades to cons%iyct to acc-

LI Y

uracy beyond the standard(construotlon practices of those

t
.r ot

.

tredes.

) f ,
LI AR

~ ‘s ¢ P

(v)‘ Costs. As alreddy indica#ea earlier there is,

in some cases, no indication that use of prefabricated

a

brick masonry is economical than on site masonry consider-
1ng costs per square foot bas1s. In' some ecases this cosf .

.may be higher than conventional methods. (Ref: 3and Ref;11-2)
v

«

1.9 State of Art

°

The use of prefabrloated brick masonry panels

\

in construction is 1ncrea31ng. These panels with a

variety of bonding pattern, colour and ‘texture ?ame aes- -

ihetically'pleasing effect, The panels have been built ' _
utlllzlng the methods described in this report Fiéures
1 1 to’__j show some of the projegts utfllzang these panel
ag_non-load bearlng wall. However prefabricated brick
masonry panels have also been used as load bearing walls,
,especially in low-rise buildings and dwel;ings.

-

™~
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Figl.l is, "Penn Square Apartménts“, Denver,
¢ . . ,

Colorado, This project used over 1100, 4-in:thick

s

prefabricdated pierced balcony railings. The exterior
curtain walls of structureg were conventionally leid.
Figaq,2 is "Towngend Towers", Syracuse, New York.

This 21l-storey building~uéed 4-in.thick standérd”modulér

unit curtgln wall panels..™._ : .

r//figﬂd3imx"8heraton Iﬁh", Youngstown, Ohio. The

steeffframe is covered by 4-in thick, 24,000 square feet of

\,
\

prefabricated brick masonry panels.
.‘FigJuQ' is "Denver Brick & Pipe Co. Plant!, Denver,

‘Colorado. The unusual shape ?f the panels can .be noticed.

Fig.le5 is "Philadelphie National Bank" Philade-

lphia. Approximately 1120Q0 C;shaped panéls, 4~in.thick

"were used for colﬁmn dnd\sﬁandrel covers for the structuref‘

It mﬁst be remembered that every proposed

R1ization fof ‘prefabri-

building ma¥y~not be suitable for
termine the feasibility &

catéd brick masonry panels. To d;
adopﬁabili%y of a proj;ct'for p}efabricated bric? masonry -
banéls, following point should be investigated:
| (1) . Suitebility of building layout for panels
(1i) Suitability of prefebrication at site or- ¢
off-site considering the size of site and its
‘location. | | |

(iii) Schedule or complition of construction and

. " weather conditions.
' {




o

(ivy'validity of, structural design if prefabri-

¥\ '

’

) cated panels are used. PR
' (v) Possibi}ify of reasonabile nglify control
% over other trades if~ease panels are Jsed. c //
(vi) Economic feasibility of qsé of prefabriéaéed f if 3

\ panels based on the fore-going five’ factors.

. [
. s
+ \ s - .

_Prefabrication of brick masonry is new but rapidly p
developing field and future innovations and research could
a ' @ N 13
appreciably affect 1ts Kalues as a design solution. (Relel-l)‘
v // . . ! ! .
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2. SYSTEMS OF PREFABRICATION OF BRICK PANELS . ) o -

-

’ [ » . f . ' ’ 'Y

2.1 Introduction (Ref11,2,3 & 4) °

¢

1
LN

There are many systelts of prefabfication‘bf masonry
W2 : . .

panelswmadé out of solid or perforated clay units. . The'clay o

unitg are joined together by cement-sand martar with or
v v -
- without lime content or cement grout.

"also be jéfhed by epoxy resin or simii&r‘édhegive. The pan-

Thé clay unit can

éls'may be -unreinforced, reinforced or prestressed.
{ . o .
The systems of prefabrication can broadly be cat-

a

egori?ed\into two basic methods:

{ .
A, Hand-laid System

) o , B. Mechanized System

¢

> Hand-laid ‘system of prefabricativh is usually em-
\

ployed at the site of work., This involves bricklaying using .
the coventional %echniques to form panels which when set, - \_////

can be transported to the Site. Thié‘method is slow and %

-

thus involves bigher cost peréquare foot of\%anel. The pro-
gress indebendent on the availability of bricklayers.
Héweéer this method dpes not require a "large initial éapital
outlay for tools gﬂﬁ machinery and gives flexibility of :o ‘
design and“sizefof panels. The labour force can-ﬂe easily

. varied according tb réqyi;ement thereby reducing the over-

" head charges.

- Mechanized&system employe either horizontal or

", vertical methpd of prefabrication. It is fast, requires
’ ' v

les$er skilled and unskilled labour. It is economical if

¢

»

-

! ’




sufficiently large nunfpr of panels of same size and de ign

are produced. It has a limitdtion on size and design of

. panelé and requires large initial investmentﬁin plant, \‘;4
equipment and machin%ry. . g

0 ~ .

ot

There are a number of mechanized systems of Qge—
fabrlcatlon Wthh have developed beyond the experlmental
stage and have found practical appllcatlons\ln construction
indugtry while other systems are still in experimental
stage. Some of the systems which have gvolved sufficiently

’dfe listed below and will be discuéseé briefly. (Ref: 1,2,3,
16 and 29) \ "
' C - L A
1, The B.M.B. System. (Holland)
‘2. The Costamagna Systei. (France)

3. The Fiorio System, (France.)

4, fhe Montage-Tegl System.(Denmark)

1

5, The Kornerup, System. (Denmark)

6. The, Teglment gystem.(Denmank) - o
T j+ The Tecab System, (Sweden) ’
8. The Mohtagebéh‘System.(Germany)
‘ 9, The Preton SyS%em.(Sw1tzerland)

>

10. The C.M. Masonry Process, (U.S.A. ) -

- . -




. 2.2 Hand~laid System

1 N . . .
p] . 5 . " ~ o kK

Hand-laid System of prefabrication is emplbyed all -
AN -

over the world because of its simplicity and low) initial

cost and because it can be employed both at. site of work
N \\

LN

TR as well as in the factory. It is particularly preferred i?

developing countries where labour is ch®ap and industrial-
' -~

. ization is rather expensive, ° ‘ Lo
: : : ' -

g . 2%?.1: Flat Panels for Walls i Co , .
. ; ) . B - y b

[N

v k ' @jat panels, to be used for wali are,nectdhgular,.‘ : o
ésﬁaliy of size 8'x 4' and are un-reinforced. Bricks are
laid, in 1:4 cement. sand mon?ar to make one panel, on
flat ground, pn@v1ously prepared’ and sprlnkled with-sand.

1} Two steel hooks embeded %p to minimum four’ cdﬁ;ées are pro-

— vided for lifting. The paneis are water cured for at least

-

‘*»\ three days to attain sufficient stréngth before transport-

D E iﬁg to place of work. The walls are 44" (half br}gkl_gr g P
. .
i _ thick. Hallow clay blocks can be used to reduce the weight

of the panel or to give special lopk to the wall face.

-

¢ An improvement to ‘the above method is the use of
horizontal casting on, a tiltiné table as provided by "Canpd-
(ian'Structﬁral Clay Association". The panéi thus can be S
| h 'foll;d off in vertical position while'the mortar l%_s%ili
fresh-ana has not reached its initial ’set., Ehis method

-

increases the rate of prdduction:and ease in work of the bri-

bklayer, thereﬁy increasing;his gfficiency. A-still higher

e . - rate of production can be achieved if loading of the

.
P ey ’%‘&wmmﬁs -
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L1

Jaid. | {

" Pigure 23 shows pouring grout on fﬁll table ready to be

‘Steel reinforcement is placed in these’géps and- gaps -

tilting tablg’is mechanised. This consists of a moving
1 h 4 X

table supporting the panel forms .in Which‘fhehﬁricks are

.
v

The panels can be -reinforced with steel bars, ifh

‘the pasnel is thin i.e. it is slender, or to increase‘its

load cérryihg cnpacityand"resiétqnce égainst deférmations,
13 . . D . '
creep and’ shrinkage,or if wind load is to be resisted.

The size of the panel can be varied(easily‘With\ T,

. . AN R ; A N
the present-npparatus to achieve a maximum of lO'xS'

“

The JOlnts are grouted wifth mortar ;ng p01nted But 301nt

betweon two panels at'site is usually adequate.‘lg *‘(

) Figure 2,1 shows setting station and Casting tagie.
Pigure 2.2 shows casting-table load wifh 7 panel forms. ’ /
_ - A
vibratdd. - Figure 2.4 is the view of grid stripping deviceand

curing rack. Figure 2.5 shows fypical 8 x 4 modﬁlar'\ e

-

pangl 4" thick gng 3/8" strip joint. Pigure 2.6 shows
typioal vertical joints for 4" ‘6" thick panels.. Figures
K

2.7 0 .2.10 show erection of panel at site. -

2.2.2 Tlat Panels For‘Roofﬁ

The technique for making roof panels 1s the same ast

‘for wall panels. In this case, the brigck blocks made of%hreé’

»

bricks placed on edge‘and'wgth 1ay.@ement;sand,mortar-are_pl_-

. L W . - '
aced \in rows-leaving a gap.:of 2" in.between the blocks.
- .

are filled with congrete 1l:2:4 cement"sand broken stone

agegregate. The panels are cured for 7 dnysand then

v

Lo 4

.
:
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4 ' .
transported to the site.. Ceramic hollow blocks can -be used

in place of bricks to reduce the dead load of/fhe panel,

-~ i
The reinforcement projects out of the panel e%d in form of
hooks' to overlap with those from the ad jacent' panel to ach- ‘

ieve continuity ovef supports:if desired. Otherwise,the

,projecting bars from adjacemt panels can be welded to achi-

L4

eve continuity. B .

The panels are placed side by .side to cover the
\

space and butting joints are filled with cementlsand mortar.

Concrete topping of 1" to 13" thick with nomiﬁal reinforcement

1 4 -

is provided for Flooring which gives a monolithic and stiff

slab and makes it waterproof. This roof is also termed as"

. 4
‘reinforced brick slab., The thickness of such a slab .is 3",

bi", & 6" excluding the topping. A typical detail of-R.B.

v, ‘slab is shown in Figure 2.11 (Ref: 29)

Use of prefabrieated panels as R.B. slab is eco-

r

nomical, quicﬁ%r and excludes the use of shuttering., It

can be used in all weathers. It keeps the site cleaner.

3

7. 2.2.3 Curved Panels For Roofs (And Boundary Wall)

The use of curved panels for .roofs is a modificatign-

‘ ”df-jéék-arch construction. The conventlonal method of cons-

, . e %ructl%n of Jack Arch Rooflng was eggfomlcal and durable but

> . consumed too guch of tlme and labour. The increase in cost

(

‘ |

‘of labour made Jack Arch Rooflng almost obsolete. The con~-

cept of prefabrlcatlon has made f% agalin economicaly The
. o ‘ v
two prefabrlcated ‘components utilized in construction are

. A
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Jack Areh Panels made of brick and pre~cast I-beams.
! A

The method of cgnstfuction-is that 20 bricks .are
laid flat on humped ground in 1:4 cement: sand mortar. to
" make one panel of size 120 X 50 x 7.5 ems. No reinfercement

is used. The height of curvature may vary from 5 cm: to

10 cm: A height of 5 cm (abdut 2") is preferable to give a

<

flat look.

The’roof-or floor is constructed by putting the%e
prefabricated panels oniprefabricated I-beams and filling
.fhe hdﬁnches with concrete to‘make the floor monolithic and
. flat. Figures 2.12, 2.13, 2.14 show the éonstruction pro-
cedure. (Refil) | ) '

- The thlckness of prefabrlcated panel can be 1ncre-
ased so that it can withgtand horizontal wind loads, when
used, for cqmpound.gai}s as shown in Figure 2.15 such panels
ness or in other words thlckness of curved panels can be
reduced to ‘get the same stiffness and strength as that of

a flat panel. This savés material and rapid construction
saves:%ime,o;abour and overheggs ?heﬁeby making the use of

'

. " el ..
refabricated panels more~economical. ' "}
I »

N

are mokre stiff as compared to flat panels of the same thick- ,

L




L 2.3 The B.M.B. System, RS | §

g ) ‘ 2.3.1 ‘Introduction. - ’ < .

’ © This prefabrication system has been developed for

, unit-housjng construction 1n1tially 1nrHolland.and has been:
N adopted in many other European countries. The qxternal
load~bearing cavity walls of the house congsist of wo S

wythes; tho inQernal one is made of conS}ete.where'gs the 4‘»

.external one is a brick panel. The iargest units are T
(lO'—é") gf(4'-8%f)ri.e. 14 brick length and 23 courses

height, which is nbrmaliy half the storey height.Each panel e
is made Up of 322 bricks., A typical cross section of the
wail"is shown in Figuré 2§16Y Figuze 2.17-shows the layout " \

of the plant.

A The plant has a capacity of pfoducing prefabricated \

. brick panel units sufficient for 1,000 houses per year arnd.
requires a crow of 20 men. The initial cost of plant is
$300,000 which is about one fourth of the cost of the whole

plant, which in addition to brick panels, produces_other

b
prefabricated elements for houses. Each house consumes 34
square metersd (365 Square feetl{of brick panels representing

about 2,500 hylokq. It takos H.2 man—hgprs to completoe one - /j

panel/[n the factory or 93 square feet of panel per men-hour.

§ It takes 7.2 mlnutos for ®vach, crane, crane, driver and three . -

semi-skilled 1abourers to install one panel. ’ ’ S M

f\f)

‘Since the panels are half- -storey “high, no temporary 7
- T Y T

wind-bracing is necessary. It also providea\greater Lo

. IR 2
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5

' architectural flexibility regarding window disposition. No

" special trucks are necded for transportation of these panels.

g

All these factors favour marketing of B.M.B. Systém.'

2.3.2, Method of Production

-

. , .- i '
K Bricks are placed by hand in the grid spaces on the

N

moving cars, which then pass under spray.nozzels to wet the

— Y

bricks thoroug{zi/,xAt/fﬂg/next sta¢ioﬁ, 1:;3 cement: sand
mortar of lag/cousistancy is released evenly and in a measured.
quantity, over the bricks to groq@ the joints:' Special wall |
ties are placed in posifion ﬁbfgre the car is vibrateé,‘for
fully gfduting the joint, for about one minute. The next

operation is laying steel sheet at a height of 23" (size of
’ »

) cavitx) from brick face, placing reinforcement and pouring
qoncreﬁé to make the inner wythe of the wall. The cars are

then moved to steam-curing chamber at a temperature of

100 Fo & 1004 relative humidity for a period of 24 hours.
* The cars are then moved to panel removal section where the’

panels are removed from the cars. The steel sheet is Iemoved.

Unfilled joints are repaired. Panels are washed and brushed to

clean portar staining. and ‘are then-lifted and takdn to storage.’

Each panel is marked with a code number for identification

before taking to storage. The empty cars are washed,cleaﬁed and '
repaired if\geeessary and then recycled for the next panels:

\ o Fanels of size;smal?e? than the standard one, can

: \ . bq made by blanking off parts of the.bench car by woqden or

sheet steel forms. The mortar joints.of the panels are

N . ) . ) TS
N . .

Mt e I R e T T ——




/o )
semi-recessgd and are not as good as the carefully tooled

joints of high quality'brick work. The joint between panels

made in-place is about 2% times wider than the ordinary

-

brick course joints. This discrepency in joints has not

[y

yet been overcome. (Ref: 1,2, and 3)
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2.4 The Costamagna System

2.4.1 Introduction - . ~~. 3 .
= ! —

1

Costamagna System of preﬁibriéation of brick panels.

for ‘walls and floors has been develbped in France in mid-50's. .

.

It has an advantage that the plant can be installed.perman-

t
N

ently at one place or it ean be installed temporarily at .rﬂ
one s%te and then moved ea51ly to the next 51te or stored

A typical layout\\Y the plant is shown 1n.F1gures 2.18 and -
2.19, The capital cost of the plantnls gompanatlvely low TS
‘which is another advantage. An on-site plant capabie of
produoing elements for 3 houses per day Qould cost about
$60,000 whefe as a permanent fa0111ty for productlon of -
elements for 5 apartments of 1,000 square feet ‘of floor area |

per day would cost $600,000.

It takes one man-hour to complete one square mefer
of interior or exterior load bearingkwall panpls or floor |
panels; in case of partition panelsy which are non—load
“ bearing and are made by battery—castlng method, the pro-
ductivity is much higher and is approximately 52 square feet
per man-hour Whl%h is qulte remarkable. This output 1nvel—
ves prefabricatien of 400 larger panels or 535 smaller - '
panels per 8-hour shift. The consumption of tiles per shift
is 2,800 for larger panels, 16" thick or 3750 tiles for )
Lsmaller paneis; 12" hlck.. An overall average output for \ -

all types of panels ge 25 to 28 square feet per man—hour.

:.c)f‘ 4 '
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)

Three types of panels are manufactured in the plant:

Q
¥

'(‘a) Load bearing exterior and interior panels.
(b) Non-load bearing partition panels.

(¢) Finidal floor sections.
v,

2.4.2. Load-bearing Exterior And ‘Interior W'all Pnanels.

These panels are generally of the size of complete.

- p Y
" room wall and finished on both sides. Face exposed to weat-

i

her may have a finish of mosailc tile, glass or terracota

»

where as the interior face may have plaster finish.

A - »
The method of. prefabrication-is simple . The faca-

4

de material which may be ceramic wall tlles, glass or mosaic

,etc, is laid face down on a smooth slab and in the steel

frédmes. LA A thin layer of cement grout is spread over the

;f’acade materla{ followec?by i concre'l:e layer. Tiles are

. placed in wet concrete and the gaps are fjlled with concrete
with aggregate size 3/8“. The panel may be v1bra'ted if -

fllllng concrete is rather stiff.

’

L For Exterior Panels a second layer of tiles is laid

centrally with concrete rlbs and joints f£illed with concrete
. . ' . .
as for first layer. Staggering the tiles in the two layers

provides' additional insulation and structural strength.

The top surfice which will eventually be the interior surface

is then finished, with Gypsyn plaster. ,

Interior load bearing walls are made the same way.

N

In*this case instead of facade material, gypsum plaster is

provided. . I v :
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&

No gginforoing steel is uoced in the panels except

 for lifting hooks etcs Pigure 2.20 shows the}wdll sections.
R o - “\ E

]

. ’
» -

2.4:3 Non-Load Bearing Partltion Panels.

These panels are usually o6f one storey height 1re
ap%foxlmﬂtely 8 feet. Width is 12" or 16". Thickness 1s

2% . The panels are plastered on both faces and fit together

in tongue and groove fashion. The vgrfical Joints are filled

/ later-on at séte. T%e panels are light in weight, the
larger or the two weighing about 120 pounds. They may

be installed vertically or horizontally as shown in

- \
A

Figure 2.21.

s

The method ofﬂ@refabricétiop is again a'simple onse.

Clay tiles are placed on conveyor ;49 moved to .'a‘ben'ch where

they are Jjoined end to end with fibroué‘plaster of Paris and .
are slid into wgtorage conveyor. It takes about 15, \
minutes for plaster of Paris to.set. After that the beams 3

-~

‘of tiles are placed in a multiple—castlnp magaz1ne oar with

plastic spaoerq placed in between. The car carrylng;lo

such bemns 1s then taken to plaster grouting station where °*
liquld plasber floods the battery. Surplus plaster is
scraped off from the top. Then it is moved forward from where

- the panels are lifted, 10 to 15 mlnutes after the application

of pl?ster and'are stored.

2Colke 4 Finidal Ploor Sections ™ . J

«

Thesse floer sections are usually of roﬁm 31zezg:&ﬁf’ y :ﬁ

assembly consgists of prefabricated components and on si e, =

N ’\' . ",
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casting of concrete. It consists of a thin concrete slab

PR

pneJHtréééed-centrally and covered with clay tiles to form
& [ ,
ribs to-be filled with concrete at site. The prestressed .

glab is Lg—inohes thick where as on-site concrete ribs are
: » - ‘
13" tp 2" deep.
>

Slab." (Ref: 1,2, and 3); .

-
\

-~ -

-

Figure 2-2Z .shows a view of "Finidal Floor

pass g s

-y
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2.5 The Fi"ério Slstem. : T

2. ‘5 1 ; Intrt*ctlon

The I'iorio System, developed in France, produces

Y

»
- )
»

all types\‘f e\].ements for hous1ng like load bearing or

non-load ‘bearin; walls, floor sectiomns, balconies, -stairs,
. - ) .

[\

. . . 4
landings, frontals, gable endd etc. Precision gnd . &

alenderness 0 lements is tﬁe speciality of Fiorio System.

Ty

. Flexiblllty of the system favours to’ prov1de considerable
Qrarlety of exterior and 1nter:uor architectural design. The
”Jeél?men‘t can be economlcally transpor‘ted to & site at & N o/
qmax;tmum dlstance of 100 miles from the plant. Layout of

~ the plant is shown in Figure 2.23 and two v,1ews of the same

B

are shown in Fipure 2.24. o L ‘\q N .
- . Capitsl cost 'of the plant is $65,000 and it has a
capacity of proﬂu&ingg clements f?n‘* apartments \of .

apnro{;mately 1, OOO square feet floor aresa, per day. "An -

averége output 155 square feet of wall ana floor panels per

* N . ' E}

man-hour. . . \ - /

A

- Clay pro‘ﬁuéts are used im the prefabrication of :

N

*elements t0 nrovide s‘tructural strength both in tensz.on and com-

‘pr%smn and alao as a i‘lller material fcrr elgments like
non-load bearin(r nanels. Well panels aro finishod on_both

- faces. Sorv:rce ducts for condul-tes and plpes etc. are sprovided

~ < whiTe the ‘élements are cast which 18 another add\ﬂ advantage.

—

Siza of pane]@ vary but generally it is full size of wall

or *floor.

,\ ‘
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H

! Wall panels are joined together with cement grout
) & like the floor panels. Light deformed-bar reinforcement

is provided inythesé’joints thus producing a frame work of .
concfete,‘_"a;s the building p?géresses. This gives strong’

monoljithic and water tight structure. -

e
H
o '

: D ”
. . 2.{.2 Methdd of Manufacture.

s

) Gypsum plaster is poured to'?rrﬂe\sﬁloo%h floor within .
\the forms and levelled,, Clayu tiles are pressed into wet
. . piaster to form open ;p"a%s which are ’then filled with
concrete. A codt of the desired finish lS applied. The
. %¥iles have flanges’ whb;.‘ch when butting together form the
spaces for concrete filling. Service dugts and liftin:g

: z
= hooks aré provided before pouring concrete. The panels are

kept over night before removal from forms. ’Curing aanr “ben
| accelarated by e‘lectfic resistance heating of the forms.
No reinfor’cergent is used in panels except in exceptional
cases. . Physical charaétérist‘ics c;f structlur.'al tiles{ and "
fhe bona betv&egn tiles and §>ncre e gives' the structural
strength to the pane'J‘.. Figure 2,25 and 2.28 show a typical
joint detail., TFigure 2.27 1s a&iew of, erection process
of wall.s It is intere‘sti?t’o note that wall elements N

have 65%'voi}is.- (Refs1,;2,4nd 3) “ t

P .
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2.6 Tho Montngze-Tegl System,
//“\

2.6.1 Introduction.

Montage~Tegl System of prefabrication has ?VOIVed

in Denmark™since 1963. The panels are load-bearing,

N
Ansulated, cavity-wall type. ‘The exterior wythe is madeup

of claybrlck“and the interior one of lightly relnforced

»

'concrete. The.cavity between the two wythes is"filled with

fibre glass insulation and both the wythes are held

-

together by a special éblvanlzed steel or sta1nless steel
¥ -

zigzag 1adder reinforcement. The panel detail is shown in

Figures2.28, 2.29. 2.30. Stedl rods are prov1ded for

1lift¥ing and “gonnections.

The panels could be half storey /eight or as high .
Ai height.— The'

¢ ¢ .
Normally these are of storey .
. between one brick” length to 6 feet. Panel

as 30 feet.
‘width may be.

thickness is 7%";(19 cems). The panels have an ultihate

compressive load ?érrying capacity of 100 tons;gg{&linear

: 4
yard. The %thermal conductivity %’ panel, U valuey,is 0,09,

- Mortar joints are of flugh type and are usually not para-
) ,

1lel because of non-uniformity of brick dimensions, {?ulty

’

brick setting, and  some moL'ement of bricks during castihgpg -
as such the joints are not pleasing to ‘tho oye.

The cost of prototype plant is $280,000 which is

" about onec third higher than the normal cdot of this type

of plant. A typ&c”INlayout plan of the plant is shown in

F;gure 2.31. The Futput of the factory is 2,100 squarﬁwfeet

’

| 4

Y Py ey mm—
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. of panels per ehift of 8 hours. This involves placing of

about 10,000 bricks and 26 cubic yards of concrete. The

a

; _ output per man-hour is 44 square feet of pangls. The Y

installéd coot of nanels is 75% of similnr wall constructed

<7

v

B& conventional methods.

2 6.2 Method of Production ) L ‘ -

T

_ A thin layer of sawdust is sprinkled on the deck of the.
bench~car and bricks are- lald facing down accordlng to the
required bond and size of the ﬁanel,bar is then moved to’
érouting station. Concrete mortar of ratio 1:3 is poured

N ~over the bricks to fill‘the\joints in between the bricks: Iif-

ting bolts and ladder type reinforcing are place in wet mor-
tar and ;he panel is then covered with fiber glass r
insuletion bntte. The car is then moved to th® next station
where concréte\is poured directly on the insulation to. form‘
the inner \ythe of the panel. 3¥lectrical flttlngs and
//J . condults are placed in position before pouring concrete.
;-? The car is then taken to curing chamber where the
\ }/)A panels are cured at g‘temperature of 140°F & 100% felative
| humidity for 4 hours. The panels are then removed. The
car 1o clonned, washed andis sont for the next .cycle. '

At the sitle the panels are jointed togeth%r by

cement mortar. The vertical joints at the cormers are not

<

A&}

N pleasing to eye and need imppovement. figure 2.32 shows one

~

of such corner joints. Because of low value of thermal

(Ref: 1,2 and 3)

/

conductivity the panels are suitable for use in cold climate: °

Mdmanmte F A ot oo T




2.7 The Xornerup System. - . T

2:701 Introduction.

1

This system of prefabrication was developed in
Denmark: This is perhaps fhe easiest and most economical

system. It does not require any special machinery or big’ -~

L]

cash/ou%lay'andtéan be set up right at site of construction
work. , . . ‘

2" The panels are\ of cavity-wall type with returned
- )

ends. The panels are of storey height, about 5 feet wide and

10 inches thisk. Flgure 2.33 shows a typlcal panel under

construction. These are produced ‘by skilled masons us1ng

}
conventlonal tools and standard moq;ar mlxes. Tbe irdternal

F

face of panels is plastered where as the-external one may be . ..

plastered or bricks may show., The panels are used in cpn ju-

LI 1
&

gation with storey-heigh window and door composite assembalies.,

2,7.2 Methdd of Production,

The plant or rather bhe frame is shown in Figure

2, %U It consists of four vertlcal 2" x 2" x 3" angle iron | -

guide frames. The panels are built within the- frames., A

similar frame is used for lifting the panels for tranépor—

¢ <
v

tation or storage. This frame provides rapid constfuction

-~

N
and handling. ﬁ N '

. The bricksare laid on a concrete sill of sgoofhs
surface and within the frame. The frame gives stability \%n"
to théepanel which when sét can be removed and stored,

) Bricklaying rate per man-day in the factory is 1500 .

v
]

5 "



-
H

}
'
.
- -
)

oo .

bricks. Six bric%itaré used per squaré foot ‘of wall, The.’

production rate pef’ﬁan4hqur is approximately 16 square

. of bond, brick shape, texture, and-

(Ref: 1,2 and 3).

|
I
|
| »,
[ ,
[

feet.  The-system offers complete flexibiiity for paftern

Size of the panel.




J2.8'The Teglment System )

v ‘;‘bﬂ
2.8.1 Intrqduction.

This system of prefabrication was iﬁtroduced in
Denmark and is yet in the final stages of development. The
panel consists of facing brick and. expanded clay light-wei-
'ght“aggfegate concrete. A fypical cross-section oﬁ,the

panel is shown s Figure 2.35. The panels are of storey
I3 N

height i.e. 8%”%&%% and 4 feet wide. The panels have)groo—

ves at top and ends to facilitate jointing at site. A
coﬁtinupﬁs concrete beam can run in the top grooze thus
ensuring hfgher strength, water tightening and a monolithic
s%ructure: The vertical joints between the panels are aggin
ver& effective and ensure strength and water tightening.
The panel backing consists of 6%~f§5hes tﬁick.
conqrefe with 3/8" gize coarse agé}egateLef expanded clay
and the ihterior surface 3/4" thick fine-aggregate higher
density concfete.) The 1nter10r surface is ready for deco-
rating. Concrete backlng provides good thermal 1nsu1at10n
and is capgble of taking a load.of 35 kilogramg per square
centimeter i.e. 450 1bs pef square inch which 1s equivalent
/lp tons per running foot of panel Oéher materials can
be fastened to panels by nalllng.
) Flex1b111ty of panel size and bond patiern, is

L

also a fgMture.

s

. A typical layout of plant is shown in Figufe 2.36.
An estimated initial cost of plant is $15,000.. The designed

Y
3

1
v

L

w ﬁfa’iﬁh&%wamw e uf”f "sf'v{ Ww’» ‘%ﬁt "kk" ':nn'i ) 'W: ’




' pattérn. The bricks are end épaced by short %ooden’blocks.

2" depth over back of bricks.

-39 = N | | . N i

capacity of such a plant is 30 square metres (320 square
feet) per 8-hour dey.. If the plant is fully asutomated the
productivity cpn go upto 640 square feet per day, repre-

senting 16:square feet of panels per man-hour.

2.8.2, Method of Froduction ’ : : . v

w Vetted ‘bricks are set face down between %héhangle iron
. ,

and . rubber guide strips according to the'r%quired bond

*

1:3 cement' sand mortar is spread and brushed into the joints,

tooled agalnst rubber and ﬁ%oden spacers,This fills the

joints % inch measured from top of rubber gspacers. 1:H
\

cement: sand mortar is spread over the bricks to stand up o
, ‘ N h

-

| The car is taken to cdncreting section, where 8 L.
measured quantit& of non-slump, no-fines light weight
aggregate concrete is pouﬁgd and Spread to a depth of 7
inches. . Lifting bolts are placeﬁxln position. Second layer
13" thlck ‘of non slump but fine: aggregate, light weight
concrete is laid over the first one. The aoncréte is vib-

' - ' Y

‘rated and pressed to its final level at the vibrating o

station to mive finished surface. It is then steam cured

for at least six hours intthe curing chamber. At the next ek

i

g

N\
gtation the panels are removed .and taken to storage.No
washing or repnir of panels is necesany. The cars are sent
for the next cycle. Figure 2.37 shows detail of bench ocar

deck. Figure 2.38 shows a typical industrlal application . of .
Teglment panels at site. (RI, 2 and 3) ¢ - ¥ N

a .
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2.9 The TECAB Syotem,

2.9.1 Ihtroduction,

This system of prefabrication has been developéd in
Syweden in 1963. It is:capable of prddud&ng ext?rior wall /
panels of sandwich-insﬁlated type, interior partition walls and
' chimrey units. In case of exterior well panels the
‘exterior wythe consists of bricks which may bé arranged in any
pattern 4fd  the interior wythe consists of tiles with
_inner face finishéé, usually with plaster. The two wyth?s v
are coTQ?cted with each other by special ladder-type wéll
ties of galvanizeé or stainless steel. The cavity between
the two wythes is completely filled with fiwre glass
insulation ns shown in Figure 2.39. The normal size of a
banel is 5 feet wide by 8% feet high.
Péftition wall panels are made from siructural )
clay tiles, cement and plaster.These are lightly rein?orcedand
are 10adTbearing. These pgnela are jointed at site by
cepent grout. | A N |
o Production flow dlagram for thls system is almost
.similar to the B.M.B. ox Montage-Tegl Systems. Capital cost '
of the factory is abq $550,000. 1Its ﬁes;gned capacity
of\production'of vall panels is oﬁe million square feet

i

of éxterior wall panels per year with addition facilities

for production of thin:partition panels and chimriey units.An

average.output per man-hour is 25 square feet of exterior

wall panels.' H

- Py e

B e T -
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Estimated cost for installed. panels is 75% of the

cost of traditionaily built brick .and tile 1nsulated walls.

]
This system is predomlnant in u51ng high volumes of
N

structural ceramic products in prefsbrication of wall panels.

2.9.2 Method of Manufacturs o i

Wetted bricks are laid face down in the box the

surface of which is previously sprayed with g solution of
concrete retarder. 1:3 cement: sand mortar is poured over = ¢
the briéks to‘fill the'gaps‘and to a ievel of 1/4 inches -
above the bricks. The ladder type wall ties are placed
in position. Fibre glass 1ngulat10n is laid,over which
clay tiles are placed matching spacing of wall ties.
Lifting hooks are placed in position. Cement-sand #éout
is poured over the tiles to flil the jointg 'and cover the
back of the tiles. If a plaster finlsh is desired, it is
apélied when cement has hardéned.

) After the cement grout has matured sufficiently,
the panels are removéd fFom the steel box. The mortar
joints are still soft from.:ha effect .of the retarder and are
;rushed to match raked joints on the exterior face of the

a

panel. JThe panels axe sent for storage. Window and door

‘

’,frames may be installed during prefabrication.

The tiles used for interior wythe are made of clay-

gaw dust. It is therefore porous, llght, the;mal resistant - .

am with cement it is strong enough to take compr9551vh loads._'?ﬁﬁ

At site the panels are butt-jointed together wi}h "t

o ——rorsme e e g e




a si ilar way with concete grout.a

A

¥

\

Load bearing partition panels‘ are made from tiles

o

light reinforcement.




.
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2,10 The Montagebau System.

»

2.10.1 Introduction. ,

C
This is a German System of prefabrication of masonry

panels for walls and floors, Exterior wall panels are gene-

raily of storey height (B%Ifeet) and upto room width (maximum .

14 feet) and 12 inches fhick.%Panels for factory walls are
?‘féet widé and soqetimeé two storeys height. Panels consi-
st of brick facade with structural back-up of hollow tiles.

No steei }einforé;ment\is needed except for lifting bolts \
and joint stirrups. Window and door frames may be installed
during fabrication. The interior surface may be finished with
plaster while casting. Facing bricks may have any bond or
_patfefh. Figure 2.40.shoWé the wall panel and structural
tiles. .

. Intgrio£ wall panels whether load bearing or non-
load bearing, consist of single Qythe of frick or structural
tiles. These panels may'be reinforced depending upon their
height and distance between lateral supports.

Floor panels are normally of room size, subject to
.the’céiacity of the crane and are semi finished élements made
up from concrete and strﬁctural tiles like the wall panels(

plus steel reinforcement. After installation at the site

_panels are covered with 1% to- 2 inches of concrete to “form

- . monolithic and strong structure. Ducts are provided while

casting. . ‘ ,

™ Since solid bricks are used, the panels are heavy.

o el e




"sent for storage. At site the wall panels are connect

~

R Vg L

- K ) »

Heavy weight 18 encouraged perhaps as a medﬁp of circum-

Ml

venting quality control variations. Flexibility of system -
to produce any type of panel is the main féature of this
system. : -X‘ .k  | : ’

‘ No data on produbtivity is available. The layout
of plant i§ also not available. It is believed that this

- * , * \
system compares compct%tively with -conventional methodﬁ.

2.10.2‘Metho@;of Prefabrication

A gﬁﬁd made from 7/16 inches.squarearubber is fixed on
a gmooth platform and within the steel frame for the paﬁel.,
Bricks are laid face down in the indi;iduallspaces\of fhegrig E
‘and grouted with 13 ceqeﬁt: sand mortar~filling\the
spades in ﬁetweep the bricks énd covering the brickg\to‘bne
inch depth. Structural tiles are-placed ig)this wee grouf.
Concrete is poured over the tiles to fill the gaps énd;cover

\

the tiles to a depth of one inch over the tiles. Lifing
N L g

‘bolts are placed before pouri#g concrete. The surface ise .

- N Bare
plastered, if desired, after %the concrete 1s hardened l

sufficiently. - )

-

~

Parfition wall panels are cast the *same way. in
caQe of floor slabs, these are also casi tho ggme way é;oept
rthap steel reinf&reement is placed in the maps in betwe%n
the tiles before pouring concrete. 't .

After sufficient curiné/the panels are removed;ﬁn
e

by cement grout; in case of floor panels concrete is u ed. P

(Ref: 1,2 and 3) - . ;:y‘ S
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2,11 The Preton System,

2.11,1 Introductione

" This sgsped of prefabrication of wall panels has

been developed in Switzerland in 1960. The system is elmgle
regarding design ahd manufacture and flexable regardiné size’
‘of panels and virtually allows any size of panel. Generally
no relnforcement is needed except 301nt stirrups and lifting

bolts., These bolts extend to the bottom of the panel
»

Y

v Spe01al brlcks of size 12" x 6" x 6" are used.

These brlcks have a central hole of size 21" X l& and end

‘ 3"

groves 1- X 15 i.e. of half of the size.of central core.

“ s When bricks arg pht together in runnlng bond, vertical

opemngs are formed aix 6" centres in the wall. In these

holes llftlng rods or reinforcement can be provided. The

holes .are grouted, later or, with cement grout. Certain

»

preton panels can be made out of face bricks but generally

the said special brlcks are used. See figures 2. 41 and 2.42,

24

Door and w1ndow frames can be provided during
. S . . 4 - .

.S: - v L. - . -
™ Prefabrication, of panels. The panels have mortar in the

bed joints only. The ends of the bricks are buttlng

o

closely.together. 1:3 cement sand mortar is used throughout,

Drganic plasticizing material may be added’ to the mix for

better workability.

[

el

Construction details are shown in flgures 2. 43 and

[

2.4k, These can be used for dwellings from one and two

storey houses to high rise apartmenﬁ blocks up %o about- 10

?

N
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N casting or- vertical reinforcement placedixlthe holes, if -

,due to hlgh absarptlon. The process is repeated until the

Figuret 2. 46 2.47.

'are laid againet smooth face, the panel I8 true in size. ®

) X ; ) ’-‘;}6-—° - 'r‘ .
. ) - RPN

The equipment used‘for prefabrlcatlon is simple one

.-ag shown in Figure 2. 45 A factory of 5,000 square feet of fl-

<%
. oor area and equiped with sufficlent-apperatus to produce

150 to 200 aportment units per year would cost $35,000.

¢ oLt 3 - b
(Each apartment having floor area of 850 to 1,000 square
feet) The productivity rate is iﬁ to 25 équare feet of
. .
panels per man-hour which can be incréased depending upon - i

materials-handling facilities. ' -7

» ~

- ¢

2.11.2 Method of Manufacture

(\ %129 of. panel 1s set on &Am frame By placing wooden

“séparatora. A course of dry brlcks is laid between the up-

" rights and apalnst the emooth surfece of ashestos-board _ ‘

panei of "A™ frame. The bottem.s1des of bricks for the
next course is dipped in cement grout before placlng. 3
Sufficlent quantity of mortar sticks to the bottom of brlcks

4
LY

' péhel ‘is completed. ‘Half length bricks are. sawn in

. en \

: saprate operation for the start of flnlshlng course. See

|
. IR . i“‘ - " P B | .
Since the bricks are lewvelled for each course aqd-
L}
Vi
Llf;ing boltgaare prOV1ded at th1rd p01nts in the holes.
Thuse-holea‘hre then grouted with cement mortar., The panel

* ¢an be nrovided with horizontal reinforcement during

-~

* - -
Loty N
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needed.\goints are not tooled. Face brick panels are ﬁéde

.the same way but with more care to give an attractive face

i »

to the wall and the joints are tooled or raked.
. -
. ot .
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2,12 THe C.M. Masonry Process,

f

2.12.1‘introductién. . ' R

The C.M. Masonry process was developed in U.S.A,

(Texas) in. 1963-64. The panels can be cast.in any size

upto 8 feet height and -12 feet length; The panels are solid,

sinéle wythe and of thickness 2 or 4 inches. 2 inches thick
panels are non-load bearing. Joinfs are concave type.
Horizontal and verticalb reinforcement using@ #3 size deformed
bars is provided which gives exﬁfa_strength. Vertical
barsNékténd out of the paneis and thus no lifting hooks are
needed and the panei can be welded to steel frames or jointed
to concrete members as shown %n figuré 2.48. @

Panels may have smooth ands for butt jointing or
nsaﬁ-tooth" end§ that may mesh teéether and;gréuted,
alt%rnatfly the-"saw-tooth" ends when butt together, form a
vertical row of openlngs in which 31ng1§\brlcks can be
inserted and grouted to complete the joint. :

The cost of supplying, transporting‘and installation
at site is $0.85 per square foot of u—inanes thick panel,
good on one face. The- cost of the plant and its produ$t1v1ty
is not known. Productivity per man hour is 12 square feet.
Flgure 2.49 shows tha\apparatus\used for casting the
panels.

lkﬁi It takesabout two hours to produce a panel 12'x8'

b

sizeJ It is interesting to note that same time is required

to produce a smaller panel of size 9'x8;. Wind®w and doer

. 4
framegs can be fitted while casting the panel or “saw-tooth"
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edges can be provided but it will reduce the output. j

Diféerent sections of the panels aré igown in Figure 2.50 -

2i12.2 Method of Production N

o

Theé two parts of the machine are spaced about 6

/ feet apart. The cantilever pins attached to a frame are

moved forward. 2"x.3/16" flat steel shelyes'arﬁ S!QZS&:%%

~the pins. Bricks .are then placed on the shelves in the

desired bond predetermined by positioning the pins. Gaps
between brickswallow for vertical reinfﬁrcement ap required
spacing. The two parts of the machine ;re moved forward
such that the brickszue-he}d how by the compression of the
rubber-faced forms. Steel shelves are reméved’and pins
withdrawn. Horizontal and vertical reinforcing pars are
placed at required intercvals{ ¢

A pneumatic gasket or "Garter" is aﬁplied to the
bottom and both vertical ends of the panel. Then grout of
creamy consistency is poured from the top to fill all fhe“ g
voids.#This grout consists of 2 parts high early strength
cement, 1 part ;ime. ﬂ part gypsum and 9 parts screeped sharp
sandé by volume. The sponge rubber squeezed in slightly’ v
between bricks gives concave joints.

The panel is_held for one hour and then th?>“Garter"
is removed and jack raised to support the panel from bottom.

The panel is held laterally from top. The forms are moved
»

outwards. The panel is then lifted from bottom on textile

slings.and taken to storage. After 24 hours the mortar,

<~ N

<
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. “develops sufficient strength so that the panel can now be

-

-50 = : : -

R _ 1ifted from vertical rods extending out from the pa.ne%.
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WALL PROPERTIES

) APPROXINATE SOUND "UT VALUE APPROXIMATE APPROXIMATE
WU TYPE | es'rato et | TSV | SV T | bensa er | peRsqrnts
_3;62&‘6 a0 a7 0.70 180 0.85
:;«3}2;& ‘ 4q 47 0.70 160 0.90
ig}?iv?c‘“f"' 43 50 0.40 90 , 110
[ 2* Grouth_ 60 52 0.60 1.30
| Fapouti o e 0 030 - 35
7‘”@%‘357] NS 56 © 50 onR 145

(BT, [ CANTY,

BRICK) 'l 54 50 042 170
€7 {BRICK, 1" INSUL,

arickl ! 54 50 020

TBcK, 27 NS
BR'CKI ' 56 50

[FRAME, WOOD 2
[ SOING 0
FRAME

INSULATED 20
BRICK VENEER §0

RCH VENEER,

60

| Jusu ateo

*THESE AME APPOOGNATE . GOSIS AS ! o ST

MNSTALLATION . ACTUAL  @O5TS WAY asgii o/ WNOING  UPON  SPECIC J0B  CONDITIONS.
WIS AH ASSUMED  THAT DALY ‘i WATS RAPLANT T URTUER  DISTANCES WiLL
NECESHITATE  AODITIONAL S TRgiiegh -Cgers, L ADD APPROXIMATELY 50 CENTS

" _PER SQUARE. .FOOT PER
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| 3. GENERAL DESIGN AND ARCHITECTURAL ASPECTS OF
PREFABRIdAgEﬁ MASONRY PANELS ' ; )
! : 3.1 General Introductien @ ° ~ N
i

Brick,. which is the first modular and first pre;
\fabricated unit produced by man at the dawn of our civi-
’lizatibn, is the basic componen{kof prefabricated masonry

. ‘ ﬁanels. Masonry in general has not been given due attention’

as has been giyen'to other materials like steel, concrete
. {1 .
and timber etc. as regards theory of design and construction

.

. 8 practice. Since.prgfabricated masonry panels are an off

shoot of masonry in general, they inhereted| the same lack

of knowledge. The economy and quick constrittion in almost
all weather conditions associated with prefabrication have

attracted the attention of engineers and architects to-de-

velop a radically new gpproach to design, to create new P
excitipé architecturalaihapes and forms.;hd to use the pénels ’
as a structural or non-structural elemént,’based on tpe knd; ‘

wledge gained in this field through recent research work.

‘ Apart from bricks,.ceramic blocks and other clay ' f
products can be used for panels. Bricks may be solid or ‘
‘perfora#ed and of any practical size. The panels.may be
Cpfg!n: reéinforced or prestressed‘depeﬁding upon. the requi;—
em?nts. ' | Y

Building ceramic are made out of earth that has

13

been subjected to special heat treatment. This treatment
o e . [ s N ' ‘
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' changes the internal structure of the. tateriel. at atomic

scale. Some special ceramics possess great strength and
rigidity. The strength cen be as high as 500,000 psi. ~

For masonry panels ordinary ceramic products made fgom

‘clay are ugsed which have crushing strength ranging from

2500 pai to 5000 psi. Some of the geometric shapes of bpr-
: @ oo
icks and ceramic blocks generally used for wall or roof,

panels are shown in Figures3.l to 3.5 (Ref: 7) - /
< - yo ’

3.2 Prefabrication Ahd S'bructuraLuSyslterﬁ in Building .

There are two basic api)roaches to types of
prefabrication. The component approach and the model a:gpi-oach
Component épproach means construction of a variety of ot S
buildings\ by using a limited numb‘é’r of mass-produced .
interchangeable components. Use of pé.nels is concerned /
with this approach. JThe model approach is not a.pplicablfe'
There are three basie’stmctur/él'systems as

follows: o ' . (

a) Linear Structural System which is ‘composed of specially

arrenged sets of linear systems in form of' besms, columns
girders. or arches constituting‘ a basic 3-dimensional
structure of a building. ‘This is not applicable to use of
panels. " ' , E | ‘

b) Planar Structuror System is composed of - specially

‘arranged sets of planes or 2-dimensional elements in form

of wE;ls, floors, diaphragms to constitute L basic
» o




B T o

e s .
i

' els are applicable to this system.

"usually of cement-sand grout. Presence of'qjoints makes

B - 85 - ' .

’

3-dimeénsional structure of a building. Prefabricated pan-

¢) Composite Structural System. is a combination of linear

and planer system. Here again panels can be applicable.

rq

The ;mézsonry buildings in particular can be classi-

fied as monolithic structures, polylithic Jtrudtures and

hybrid structures. SR . |

Monolithic Structures. are constructed from mésonry
in such a way that this masonry is fully continuous throug}i— -

out the structure. ,
s s ¥ ’ \o .
Polylithic Structures. are constructed from diffe-

rent prefabricated masonry units. The'streng‘th and perfor-
mance of such structures depends uporl the efficiency of

joint's‘ between two prefabricated units. The joints afe

the structure discontinuous and as such it's behavior is

different from 'th;at‘ of a monolithic structure. A
A .

Hybrid Structure. consists of a linear or planer

frame or a combination of both, with masonry infill pane\l A
walls connected to rthe bagic frame. Here agai‘n applica-f ™

H

“tion of prefabricated panels can be found.

9.3 PFunction of prefabricated panels.

) 4 . Prefapricated masonry panels, serve simultaneou-
sly sevéral fwnctions of importance-as on-site ‘brickwork
namely:- - . N

a) They can provide complete frame work consisting of walls

and floors to suppor:'t all loads acting on then.
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(1) Transm1ssion Loss 45 To 49 Decibéls.

(a) Slngle masonry walL.weighing more than 36 lbs
Ve

° ver square £80t inclnding plasters.,

'(q) Compqsite masonry as in i-¢ ‘above, Qxcept
gypsum lath supported on furrzng.

*

(:‘fi)f Tranpmission Loss 40 to 44 Decibles. >

. (e) angle masonry wall welghing at least 22 1bs

=1

N
per square foot including plasters.

%

3.9 Fire Rating L - , : ;
A | | |

. An important characteristic of brick masonry is

‘s

its excellent fire-resistant qé&lities. In fact masonry
¢fire—prooflng of structural steel columns, bemmaand<0ther

elements is universally accepted practlce. As. sucﬁ

f/

prefabricated brick masonry panels provide fire proofing

of the building. Lining materiel.like cerient-sand mortar
~ or gypsum plaéter are also fire-proof. In c¢ase the lining
is of some combustable material then according to WASTM™y if

W, C.and' P respectively are the £1lame spread rating for

wall, ceiling and floor linings, theh -
T .
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- ™ m/ 3 1 C=%/n R=1¥C deg F Meg F
Internal Air Film . .- - 70
(still air) ‘ . -146 0.68 4
Gypsum Pl.fstg 1 ~ 66
(sand aggregate) h 9.10 0.11 1 .
. 65
Conc:ete Block 8 0.50 * 2.00 11
54
Cement Mortar ¥ 50 & 2000 0.05 0 N
Foamed Plastic p -~ 54
Insulgtion 2 0.29 0.145 ~ 6590 36
- ¢ 18
Air Space 1 . ® 1.03 0.97 5 .
* 13
Face Bn‘;k 4 9.& 225 0.44 2~
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) 10
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4. AREAS OF APPLICATION OF PRE-FABRICATED MASONRY PANELS.

C—
q

4.1 fhtroduction ’ Ce

Prefubrlcated masonry panels find very wide

1

appllcatlon in all types of buildings' and some other S

.8tructures, but the maxmmum appllcatlon is in residential

] A\
. A R \ -
_and commercial bUlldlngSw . \

Masonry panels have found their use in construction
of gingle orfdouble storey dwellings, tall apartment
buildings, cqgdominium buildings, students residences in

college campuses; nurses re81dences near hospitals, hG%els
4

motels, hoopltal, offlce bu;idlngs, ware—hduses, fagtory

4
enclosures ¢tc. Curved panels have found their way in

-
Ll

cbnsﬁyuction of under—éround tanks, See‘Figﬁres4.},’4.2,‘
4.3, 4.4, 4.5,\and 2,15,
‘Tﬁe pghels can be used for compound walls and éven
earthr?taining structures, called reinforced earth.
/’prplicafion of these panels will mainly depend
on & 18 fﬁnctional req&irements, ease in jointing, strength

of goints, transp®rtatien range and over all saV1ng in . 5.

‘ cost and tlme._

"

4.2 Apollcution of nre- fﬂb?lCﬂt%d mMILSoONry uqnblq ag Non-

| utructural Llemcnts. @

Prefabricatéq masonry panels are Heing used on
large scale, as non-structural element in a variety of

residential, commercial\gnd.industrial buildings. Ih‘casg

N N
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of highrise buildings'or factories the frame is usually of
. . 8 .
- steel or concrete., Prefabricated masonry panels are fixed ‘

/. !
in the frame to form exterior non-load bearing*walls or -

interior partition walls. The panels can be jointed to cbﬁ—’
. ' ' !
crete members by cement mortar or other adhesives, In case

of steel frame the rods projetcting out of\tﬁ@ panel can be

i k4

o ‘ welded to the frame. . ﬁ; ‘
) Althugh‘suqh non-load beérihéhbanels are treated
as non-structural yet th;ir cgntribution tolover—all stren- r
gth, rigidity and stability of builéing is real -and should
‘yq-a be taken into account during.the design of’ principéi stru- .

ctural systems. If their contribution due to certain reason,'-
is not desirable, they must be\désignéd and jointed in such
a ﬁanner that they will not bé damaged or distorted by the w
, i normal movement of the principal structure. For this . -
. reason overall structural response of the building should be

~ -
properly evaluated. This will avoid mgny un-necessary tfo— .

ubles with panels and partitions. ¢

. : q BN 3

4,3 Applicgtion of Prefabricated Masonry Panels as

Structural Element’

K

Application of prefabricated brick masonry parnels,
as structural elements  for walls and floors,‘is quite wide-~

A ) sp%ead especially in'dewelling units, residential and comm-

- . ercial buildings of Tew storey height., The panels are
capable of taking verﬁical and horizontal loads. The stru-
cture is made monolithic'at joints between wall and floor /

*
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masonry where as floor paneils are always reinforced to re51st

two-storey. height depending upon the building and constru-

r

. fabricated flboropanelg, which when in place, are tovered

‘two wythe »The air gap between ‘the two wythes provides the-

LA 105.~ . ' .

. . -
] v * ,
4

panels by pouring concrete and providing necessary joint

-

reinforcement. . Wall panels may be of plain or reinforced

- L4

/
flexure. Prestre331ng of such. pfnels :increases their capa—

city to take more loads. Wall panels are usually of one -

-gtorey hsight.- However these coyld be of half storey or ‘\'

9

‘ction.and handling facilities. Floor panels are usually , :

of room size. A common practice is to use "partically" pre-
P . P P

with 1" to 2" layer of concrete to provide a monolithic '
PN 3

fldOI‘. e

Exterlor wall panels~may be.of single wythe or B

-

rmal and acoustidal insulation and stops moisfure travelling

from exterior face to the interior one. The air gap may be

filled with mineral wool or .some other insulating material

to decrease the dgnductivity of panel. The interior surface ;
. ' ’ :

is;usua%gy prefinished, ready for decoration. The bricks

t &
may be solid of perforated depending upon the strength and

weight requirements. . A . 1

Structural requirments and design for such panels :‘

are dla9ussed at the end of this report, but stlll it is

not out of way to mention here that: all possible loadlng -
~N

cases and thei% comblnatlons must be considered in acoord—:>

ance with the code for the structural design of these panels.

N " o
L) ™ '

i I
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Prefabricated masonry panels, un~reinfqrc§a'and ‘

. curved, can be used for 3ack4§fch'roofing or floors. The

haunches are then filled-with plain”ooﬁbrete. ’
A N a ® .

4.4, Reinforce@_ﬁrefabrf%ated Masany'Paneléc

f IR
o" o *

Reinforced brick masonry is not a new thing. Sir

Marc Isambard Brunel, invented reinforced brick masonry

e’

(RAB. Masonry) about 150 years agé. The' first major use:

q
was in 1825 for "Thames Thnnels." The reinforcement was -

P

, . - : . AN
wrought iron bolts. The problem with recent R.B. masonry .

igs of providing continuous spaces for vertical steel, . g
élotted bricks may be "used but it will increase labour cost.
' ? v D

The most poﬁﬁlar method is t¢ provide,vertical steel Jfrs -

in the cavity which is then filled with concrete.
. ) . .

. It is interesﬁiné to note that when the panels is
und;r compressive load the mortar in the horizontal joints’
tends to spread out like a rubber layer and thus fails
un&er tension. It 1is thersfore necessaf} to prodide hor-
izontal reinforcemeny in the 3oints at propérlintervals
to restrain the lateral Spread of mortar joints. Thus
reduciné the bursting tension dgveIOpép ih brick panel under

panel is increased..
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4.5 Preotrﬂ*ned Prefabrlcatcd Brick: Mqvonry Pancls /

|

Prestressed prefawrlcated brick masonry panels

find thelr use mostly for floor consfruction. Flp'ure 'l' &

~

shows a eross-section of a typical cored brick used#in

such panels., ‘The hallow spaces redyce the dead load of

the panel. For prestressed floor panels,'cored bricks -
i . ‘

<

are ?esigned 200 mn. high, 243 mﬁ wide and 225 mm long.The .
cavity percentage being 46 to 70 Ber-oehtﬁ' The size of

floor panel can be for a span of 600 cms or more. The | .
panel thickneas is equal to brlck\helght With large loadlng

1

it 1s advisable to provide a thin reinférced concrete slab

'insgphd £ thicker bricks in the zones of high pfessure.

The width of floor panelsis 90,120 or 180 cms. to make

them inter-changeable with the reinforced concrete panels
NG ‘

‘\ . - » o ’ .
used in practice. The preqﬁr9331ng steel is placed in the

holes specially provided for it. Steel is anchored in

congcrete at both ends.

A .




L .
L ’ Figure Iy 2 Curved-desigh climinates necessity for bracing
I'u:urcl+ .1 Lange curved section of tank placed on a.bed of i the tank. ' ’ “
Sarabond mortar —-

Figure 4"3. Since completion, the Fort Gollins Interstate”
Highway Rest Area.lias become a showplace of the Colvrado
higlway sysiems,
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C 'cru;'- cor®@ bricks for: (a) floor pancls and ()

L

pre-stressed floor paitels., 1

i

Brick for: (a) inside wall panels and (b) out
wall panels '

. 3
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Figurc 4.6
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. 5. JPROPERTIES OF BRFCK MASONRY AND ITS COMPONENTS.

f
|
s
!
i
'
E
s

, 5.1 ,'INTROE)UC‘I‘ION;. - ‘ o ‘
. {- / | _— ¢
} The’two compodents of prefabficated masoﬁry paneIS'ere
the clay units. bricﬁgvzn this case and\the jointing materlal,
usually cement-sand mortar. The bricks and, mortar when put
\together, to form a panel yield an improved performance
which will be discussed later. r ‘ ‘-!h E
: The 5ricks are of smallep size as compered to the size o
J?'panel. Smaller size of brick does not impfove the
s&pnctural characterlstlcs of the resultlng masonry but it
13 adopted because of economlc reasons. ‘It/ls ¢conomical
l/to prodd;e\ﬁ icks of smaller size on mass~scale. It is
easier and onomlcal to joint these bricks to form a panel i
of any size and shape -than to produce a 31ng1h monollthlc ' ' ,g
clay panel. However ceramic tiles or panels have been
develope& which may be storey-high, thus eliminatlng bed’
joints 'and reducing cost of labour,but flexlbllity of size - ]
and shape is rather difficult, B ]

The weaker part in a masonry panel is the joints.

of mortar or grout and thickhess of j ts. The strength of

; ordinary mortar can be increased by a dition of certain

adhesives like latex or epoxy resins. Such adhesives are

quite expensive and the bricks to be jointed have to be of
»

anic compounds or the mortar can.be replaced by certain v ;‘

1
~
e sy




-3,1_2‘.

. of strength and deformation.s The Uniakial. strength of Pricks

.the joint éater;al. That means if both components could

- exact dimensions and true to %he shape whiéh is quite . ] ?

difficult to obtain. As such these adhesive have not found
wide applicatioﬁ in‘prefabricafion of briék masonry panels,

The properties and performance'of a masényy panel argV
controlled By,tﬁose of the bricks and mortar and their ‘ ::
interacti&n. The interaction bBetween bricks and joint N o
material leéding to failure m;chanisms of masonry panéls
will be dlscussed flrst ‘ The propertles of bricks and joint
material which affect ~the failure mechanisms of masonry

panels. will be discussed“late:. ST NS

1

5.2 Failure Me hanigﬁs of Brick Masonr 'P els.

: ¢
5.21, Compression.
‘ " N——

- s

t

Bricks and joint material haqve different characteristics
B

>
is ordinarily more than the modulus of elasticity (Em) of
deform freely under load, the la eral strains of the Joint k4
materlal would by far exce that of the brick. This is - -

particularly true if.the external load exceeds the un1ax1al

strength of the joint mortar. Since a -sufficient bond

= ~ d ’ . | .
exists at the interface of bricks and joint material, the
lateral strains in both-of them will be, eqﬁal at the
interface. As the Joint materlaL is conflned by brlcks in , ¢ 1
/ E

the masonry, it under goes a triaxlal state of stress. Due

td this state of triaxial compressive stress in the joint

material, the\}?sbnry can take more compressive load : 3

A
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‘ " C;/“\} ]
exceeding the uniaxial strength of the joint material.

Since the bricks 'are alsc confineqd, they are also under
triaxial state of stress., ° _ ct N -jii
The masonry units under compressive, load, devélop (

‘tension in both the lateral directions,‘aalancing the

internal gtresses in accordance with Hook's law and °
Poisson's ratio. The higher the ratio of joiht thickness . - %
to the briek thickness, the higher will bé‘thellateral‘tensile
stress in the brick. The lateral tensile stresses increase

o

with decreasing~etrength and modulus of elasticity and - -

increasing ?6isson's ratio of the joint material., This is a g,

clear 1ndlcat10n to keep the joint thickness as small .as
‘possible, w1th1n working limit and to use high strength joint

‘material, ‘ .
N [N

A mgsonry panel will fail under compre351on as soon N :

as the strength of brlcks under triaxial stress is exceeded
'

or if the bricks are unabfe to confine the’ joint materlal .

. { v, -

as in the case of thin panels. ,The bricks are brittle,

therefore,- they will crack and ultimately fail in the Qirection
of the applied extefﬁal load i;?é perpendicqlarNto the .
direction of the ﬁéximgm iateral tensile stress. This is

an indication that eveﬁ if the bricks in a panel are loaded k
with axial eompressive-load, the strength of the masonry - )
panel will depend ﬁpon the tensile streng;ﬁ of the bricke.' .
In dther words the strength or 16ad carrying capacity of a J

panel can be de%erﬁined if the tensilé‘strength of bricﬁs ' -

"and that of the joint material are known. | - ' §




'anq mortar. v

fit.from known properﬁfes of brick and joint materi;}. Due to

mortar, the change in wall streﬂgth is related to\the,fourth

"proportional to the square root, . ' . 1.

- 114 -

The thiokneSs of joiht'Varies while placing the . 3
bricks in the‘joint material and because of the variation in-

dimensians of the bricks and also because of brick absorbing

‘'water from the mortar or due to ﬁodr workability of mortar. .

.4 .
All these factors result in uneven support of brick. over

, mortar., jThis givesvrise to local stress concentration as
:welk as, shear and flexural stresses’ develop in bricks which

. .. - e . . . .
deteriorates the case further. Due to this factor it is | ,

not - possible to obtain a relieble relationship -between the

strength of masonry panel and that of its componentss brick

-
~

: The predlction of masonry strength rom _known
characterlstlcs of brick and the Joint material used in ‘ ; .

masonry is, therefore. not reliable. Acceptance.of bricks

requires experlmental determlnatlon of éomprassive strength ) g
/ ~
of a particular type of masonry panels.rather than {o predict - a

these uncertainities the allowable stresses for masonry are s
* !
rather low which makes the use of masonry panels as load

bearing walls uneconomical. A rough -indication is that for i
. A -

v

bricks in the intermediate range laid in cement-lime-sand '

root of the change in mortar strength, I change'in brick

strength is said to be more critical, being:approximately

s




~ >\ the weakest link in the penel.

.well as the stress acting perperfdicular to the Jjoint.

copditions and may lead to fai ure.

Jbriefly discussed here.

. - - 118 = ° ‘. . &
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5e2e 2 Tension.

The tensile or fle&ural strength of a masonry penel

3

is determlned fAictnally,, by the tensile bond strength of
theg, br:.ck and the jeint materlal at the interface whlch is

. The 'bond at the :Lnterface

is low if ordinary mor'tars are used as joint materlal, which
\

results in low tensile strength of masonry pa.nel. Generally .

‘the tensile strength is taken zero for design purpose.

[}

5.2.3 Shear.-- o : X *
. o '\ .I )
» "~ The shear strength of masonry panel depends upon' -

. N
the bond between the brick and mdértar at the interface. as

"Mohr-
J
Coulomb"theory of :mternal friection may be used to deséri‘be

the s\hear strc(ngth of masonry and its fal.lure mec}ﬁhlsm
> . .
ugd.er shear., 1 .

]
[ ~ . . '

- N K 4 -t °
5¢3 ‘ Cracking Of Masonry Panels Due To Physica.l Conditions. '

Cracking. of Masonry ﬁanels may occur \due to physical

Such cracl}cs‘ may be due to

_ the - pr0pertles of bricks and’ mortar like shﬂnk\ge, expa.nsiOn

and creep, dlscussed later, or due to excessive deformation

of supports, vibratlons or temperature: chs.nges, whn.ch are

»

533.1 Cracks due %o Excessive Deformation of Supnorts.

. \
* Cracks 4in foad bea.ring’brlck maso ry panels due to:

o

deformation of supports a.ré the mast frequent cause of -

damage of panels. @\here can be two c(sses; f:.rst, the

) f o ~

¢ * © 2




,upper flootr is more deformed than the lower one; second,

“the lowe? floor is more deformed than the upper one. ) .
A\ In case the upper floor is more deformed, thec¢

4

portion of load transmitted to brick panel will depend on

’ In case the lower floor is more deformed, ‘the

-

~ -
—\Eraqking will depend on the size of " the brick panel; position -
and' size of openings and their location in the panel; strength

of panel; fixity ‘and interaction of panel with other elements ‘ «

¥

like beams, columns and other panels, f - 1

Some of the possible crack locations are shown in

Figure 5.1 The width of such cracks\is'fairly large, some

\ L]
times more than 10 mm, Transmi;sion of load from brick panel i‘

to subport occurs through an arching gffect. 'Appeérance of

cracks affects the capacity of thermal insulation and - "c_‘
weather resistanc§*of thé\panel adversely. Test{s have ' \¢///ﬁ\<

revealed that cracking occured in even very, small deflections

like 1/800, to 1/4000 and that panels with openings are very ;

sensitive to deformations, resulting in cracking., It was
further ;evealed that cracking deflection is a function of
span (L) of the panel and also depends on the quality of

t ‘ .
matgrials of brick panel, So in place of a form limitation

© f/L = a constant, where "f" is the unit stress alowed in

| masonry, one should rather use the form f/kL in, ¥hich "k" =

congtant %ﬁnction of the quality Sﬁ‘briék masonry of the panél.

e

v
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5¢3.2 Cracking Due-To Mbistufé Change in Masonry Panels.

B

B ' : . changes like shrinkage and expansion

Brick mesonry in the panel uyder goes Qolume
In§u;~to moisture changesf
. Such changes are the sum 6f volume changﬁh§ff mortar ang'
bricks. Bricks nay absogb moisture durlng prefabrication
of panels; during transportation and storage, through

‘weather conditions and through moisture inside the room by

<>

dig?usion'or capillarity. This moisture in excess of the

balance hygroscopic humidity results in shrinkage. Masonry

panel, especially if thick, takes long time to dry.out.

If "™ is the drying time of the penel then !
| $= 8 x %
""" where d=thickness of panel ‘ ; )

s = coefficient depending upon the tyﬁe of material
- and is taken as 0.28 for ordinary clay-bricks.
9 Shrinkage through diffusion of moisture should be’

" differenciated from other formg of shrinkage e.g.

N N . (ib Hydrauiic shrinkage at the epg of binding process
o " (ii)Hardening shrinkage if hardening takes place
’ ’o- through air | . j;i
(iij4Cyelic shrinkage— the Feversible part of .

9

har&enlng ghrinkage

-

- : Hydration and -hardening shrznkage are sort of

"manufacture shrlnkage". ,Panels Whlch are not treated in -

an autoclave or delivered too sqonhkshow a high degree ‘of

manufacture shrinkage and are likely to develop iore crao}s

3

J -~ or wider cracks. v , ' .

A 4

-
LR
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Cycllc shrinkage is due to "rewetting"'of panels.'
oracks are mostly caused by thls type of shrinkage Value
of maximum shrinksge allowed in glfferent~countrles varies
from 0.5 to 0.68 mm/m. ’ "

) Cyclic(gxpansion occurs in brick masonry panels

-

due to méisture changes similar to cyc1101shrinkage. The
.y 8xpansion rate varigs from

.1 t0%0.2 mm/m. such changes
when  combined with temperature changes'can result in

N

.cracks and may cause damage.

=

L -7 5.3.3 Cracking Due To Temﬁeraﬁure Chaneces . -
) Chan¥e in dimensions -of thé panels takes place with
change in temperature. These changes are daily as wéll as
seasonal; A larée iange énd'frequency of such changesg will
result in crécks."The coeffiggént 0f thermal expansion
.. is 3.4 x 107%/F . 1In case of harsh climate it is advisable
\ to orovide temprature reinforcement in the paneis exposed
to weather. ‘ 3
If the temperature falls below the freezing point of
. water and the panel is not properly insulated, a freezing
plane will~dévé}op in the panel.' Repeated freezethaw cycles

will damage the masonry, ﬁjsulting in failure of the panel. .
- . [

5¢3. 4. Cracking Due to Differentigl Deforﬂation

In case of mived structure like concrete and masonry

+ cracks may develop due t0 differential deformation of \
s

different- elements. If different quality of bricks are used
4 .

in the panels, it can’also result in differential dgformation,‘

-2
o
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leading to cracks. The same “thing may haooen if masonry

i . r//

5.4. Major Parameters Coﬁtrolying The Qharacteﬁistics of !

stresses vary from one - place to another.
- . w

,
1

Masonry Panels.

¢

In additlon‘hnstrength and.deformatlon characterlstios

of masonry panels some other factor may. influence the

r

behaviour of masonry and'in some-cases may dominate, ~The
7

shape, size Tand'wgightﬁof bricks arewcontrolied 5& economic

fdctors. The size and weight should be such-as to.provide ;

A

ease in handling.

¥

N\

'
b (

In somecasesmasonary panels may be prefered

- _‘,,
o

[

Wecause they are highly durabla, fnewms1stant and aesthetlcally
attractive while in some other'cases dlmen91onalstab111tyaxm
resistance to cracking may be more important amnd still
» ~

other considerations could be thermal dnsulation or acohétical
.

All these considerationsplay an importent role ";'3

n'

in.selecting the type of masonry unlt,\lts—materlal and the

properties.

type of panel.

5 .-
The'characteristics'whioh oontrol strength, déforﬁationg; ;

1

as well as other economic, aosthetic and phy51cal PrOPertleS

ey S
of masonry panels are lzsted belOw-for each component,par% ' )
of magonry. \ . ) 7 s

(1) Hasonzy Units..

"' . N
. (2) Compre331ve

or.oriaxlal state of stress,

©

¢ * v ' v

and “tensile strength, under uniaxial

T3 R G T T




(v)

o (e)

Lo L (f)
4

(g)
\ ()
‘ (1)

(c)

_attack.

L) - 120 fad

Modulus of elasticity, Poisson's,rapio, duetility
and -créep. . : , .
Surface properties, particularly surface roughness.

-

d resistance lto chemical

Volume cﬁanges due to changes in moisture content,

Water absorption chara:jéristics.
S ‘ /

Freez~thaw durability :

\

temperature or chemical reaction.
Unit weight, shape and coring or pérforation.
Ease of handling and size. '

Types of units and construction.

_(ii) Joint Material.

| ". - ,' (a)
(b)
' " (c)

e (a)
(e)

(a)

1 Lo " ~ (e)

or triaxial stress states.

.(iii) Grout.

L (b)

Compregsive strength and behaviour-under uniaxial

¥

Modulus of elasticity Poisson's ratio, duc@ilit@f ’

k)
and creep.

Bonding characteristics.
Workbility , flow- and water retentivity.

Volume changes, shrinkage.

Compressive strength.

Workbility and Tlow .

Bonding characteristic to masonry units and4 u
reinforcihg bar@g

Watéf-retentivifk, volgme changes, shrinkage.

3
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(iv) ‘Bulk Prqpertles of Masonxy

(a) %asonry patterns.
(v} Surface finishes.’

(¢) Influence of. thickness on thermal insulation

<

and acoustical properties

-

5.5 Description of matbrials.
——%

5.6 Masonry Units.

<

: ‘ _— ' o
Common masonry units are cilay bricks usually of

rectangular shape. The bricks may be solid or perforated

-and may have different shapes and sizes. Some of “the bricks

are ghown in figure 3,1 to 3.6 The purpose of coring

- pattern may be reduction in weigﬁt, improved ease in

handling, provision bf spaces for reinforcing bars,

improvement“gf thermal insulatfio andshéh,other chapaeteristics.
The bricks are made o} cf&&,\gh&le, fire clay or

miﬁtﬁres thereof Dby firiﬁg them at %emperat?res betqeen o

750 t0 1300 ¢ (1400 t0-2400 ¥). They consist of sand,

aluminates ané:%arious impurities.. Method of manufacture

has 2 remarkabie effect on the end product.

- .Maximum size of a brick is restricted fy weight and .
ease in h ‘1;;g and the requir ent‘éo manufacturé‘reasdngbly
crack-free brlcks. Half size or dﬁérte:,size in addition

to full size bricks are also manufactured to avoid cutting

/ o -
of bricks during construction.Clay tiles usually have larger

' gize- as the thickaess is sﬁal;er. .Ceramic tiles Qf storey
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-height.have been manufactured to eliminage bed joints and to'l
reduce'laboqr cost at site.'

In casecof perforated bricks the cells may be parallel
or perpendicular to the direction* of external load. Beclause
of continuoué cavity tbe'thérmal insulatioﬁ of the panelﬁ
is improved. Presence of cavities also réduce the dead
weight of the péﬁel, thus resultimg in saving(of material,

Sand-lime building bricks c¢onsist of siiicioué :

4 5

-

\ . LS o
sand and calcium hydroxide. . These bricks are manufactured

ufder preééu;e and hardened under high temperature in an’
gutoclave. Their shape and size are gimilar ta normal°cla&
bricks.

* MPecial ceramic hollow blocks having thin shells and '
webs have amazingl& high crushing strength and are used for,
floof panels Eecause of their.lightnessl Special provision
of holiow gpaces is made to accdmodafe iéinforcing bars’

for interlocking with concrete poured at site.
Structural glazed masonry units“ére another_gxample.u
The glazed surface provides s sanft%?y finish and i? hiéhly
resistant, to abrasions, assuring a long life free of
maintenance. o They are highly fire resistant,hgve zero flame
spread and no toxic fumes. Glazed acoustical £§les.absprb

sound. Their aesthﬁfic value is pleasing, meny ' colours,

textuﬁes and. design are-available, , §ee‘Figure 5.2
\ . L) s

<
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| 5.7 Compres3ive Sirength of Bricks S BN
<} Unless a higher compressive strength is required,

it may not be more than 750 lbs./inz. The compressive
Strength of brick is dependent. on
i) . The type of clay used. ’ ay
8 ii) The™nethod of manufactureé aﬁa degree éﬁd“éuration of
, ’burning,' . . : )

1ii) The shape -arid size of unit.
- ‘iv) /ﬁdfogipy.
The first two factors are dedicated to a large

extent to{the location of factory. .The third factor is

almost standard and could.be changed according to-customers

requirement. Standard English brick size is 82" b d 4—" ’
if the depth is 22". Average crushing strengtg of & gorm;f§$ .
brick is about 3500 1bs/ir? . If the depths were increased
$0 27 the strength dould fall to say 3000 1bs/in®. On
" the gther hanﬁ }f the wunit made out of the same'clay, had
dimensions 82" x‘7" X 22" deptp, the comﬁfessive streﬁgth
could be in the order or 5006—6000'p§i. Similarly a certain
uqit g" x 4v X 3" deep, nominal size, may have a crushing
strength of 10,000 lbs/in2 Qhere asia unit of size

v .
12" x 4" x 3" deep and made out of ‘the same material may

"
Fl
S TR P TS PR CAEIF N SOPIN Y Lo

crush at 8000 lbs/if°.

CIRPC S

It is important to note that the crushing strength

“is affected not only by shape\and'sizé'of brick but also by
L

°

the method of setting .and firing in the kiln. Bowing~of

units may also be a factor in testing.,

~ .
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' Crush‘ing stpength quoted by a manufacturer always

refersto the strength as laid on the normal bed face.
J( ; The compressive sirength of clay bricks may range
from 3000 to 20,?)&0 psi (20 to 140 MN/mz) -of gross area,

The modulus of {up“ture varies from 10 fo 30 percent of

)
comprgssive sirength.
Coring patterns ‘affect the load carrying capacity
of brick.Distribution and intensity ﬂof stresses in brick , - .

- are inflferkced by the size, shape and(patterﬂ of perforations,

in addition to ‘other factors.Well rounded perforations reduce -

’

. ‘ 4 .
.stress foncentration and . thus improve masonry stirength.
. ] N

7 The ratio of the compressive strength of masonry

to ;chat of brick is cal;ged the effic’fér&cy factor. This 1

v+ factor may be aé, low as 5% and‘ rarély exceeds-60%. This is

~ 80 xﬁgiply because ,qf the comparatively lower strength of -

"Ynortérs. Use of 'high strength.mortars lgnd adhesives, inmproves
efficiency factor of masonry.

The compressive strength of‘ sand-lirﬁe building— A

brick mé.y range from 1000 t0 15000 psi (7 to 100 Lm/mz)

A of gross area’pof brick. The modulus ‘of rupture is appro-
ximately 20% of comoressive stx:ength.
A ) Figures 5.3 and 5.4 s(t)xdwrrelation between stz_'ength of ‘
Y brick work and. the brick units, depending upon the mortar "
strength. C' \ Lo 1
e .' ) - *
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Shrinkage and expansion .of bricks resul‘&—frém éharige

of moisture content in the b;‘ick. Loss of moisute causes shrin-
~ o 9

" gain of moIsture results in swelling. Moisture

gain or loss depends upon 3he porosity and internal surface

ares.

Total height of joints in a wall panel is generally
less than 20% of total height and aS'shch shrinkageof misonry
\Qsinly depends upon shrinkage of bricks. .
h Shrinkage strain of burnt clay bricks is nbrmally less |
than 2 x 16 4. The 1n1t1a1 swglling of  bricks may not be

totally recoverable through loss of moisture duwe to reaction

. of water with fired clay resulting in-permanent expansion. -

Creep of bricks is genefélly negligible. However
certain bricks may have creep'l.2 to 1.8 times the elastic
Creep of masonry is.generally due to creep of

5.9 Modulus of Elasticity and PoisSon's Rafio

gtrain.

‘mortars.

1

Modulus of elasticity of brlck "Eb",as 1nf1uenced

by the same factors which influénce its compressive strength

AY

b i An Qpproximate reletion between the two is

bu’
Poisson's ratio for burnt clay bricks wvaries from 0,2
t0°0.3 end  increases slightly with increasing compressive
- ot » -
stress.

Modulus of elasticity of masonryv"Em"‘depends on




. strains of both components,
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the modulus of elastiicity of thé brick "E," and that “of
< /
mortar. "By" and cen.be. estimated from the longitudinal
L]
»

A
'

\ ) .
Table 5.1 gives the value. "E ", the-modulus of -
elasticity of brick work for d&ifferent combinations .of..
mortars and,brick strength.

é
5.10 Rate of Absorption

¢ The rate of absorption is the amount of water sbsorbed -

by a dry brick in. a given time period during which it is

partially immersed in water. The initial rate of
absorption.is a function of the pore structure of’})rick
which controls the éuction.

The rate ana the amount of water take-up of a_br‘.ick

is a meaningful property for many purposes. The durability
P

- r
unger freez/~-thaw con@tions \(is related to the ability of | —
. S l ‘

brick to resist complete saturation. This can be measured
in'a standard way by comparing 24 hours immersion values

from a cold water test with those from a 5 hours boiling tegt.
When this ratio of cold and boiled water take-up is~0.8 er \

less, depending upon tensile strength, brick is thought

to be capable of resisting the expansive force from the

freez:.ng of contained water.. <

©

pw T

Rate of absorption affects the “orkablllty of

mortar and its bond w1th brick. *When the absorptiom. rate is .

too h:l.gh, it should be reduced .by jztuersion in a tank

‘ o.f ‘water for a shprt périod. " Saturation of brick should

\
\

not be allowed. No wetting of brick be allowed inm frosty

\
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weather.

5.11 Joint Meterials

~

Conventional mortars are gommon\,}.y' used a8 joint .
material. Addition of. certain organic compound modifies
such mortars, increa;ing their ‘ter:sile strength.Certain
adhesives have high strength’, but“are costly. The ;jo;i.nt"
materials may be therefore grouped as follows, |
(i) Conventional mortars. .

{ii) Modified mortars.

(11i) High-bond adhesives.

5.12 Conventional mortars

s

5 ;12 .1l Ingredients : ,
- M

N

Conventional mortars consist of a. mixture of a

, cementitious material and-aggregate.” The aggregate invariably

consists o:f; natural sand. The gradafion curves for sand
are specified in ASTMC 144(8) and (9).Tablesi 5.2 and 5.3
give the ASHY standards for sand and“.cement. ~The cementitioug

material normelly consists off por{;land cement with or

without lime. Lime is added to increasd the'workabil'ity

of mortar, -

5.12.2 Properties
R The desirable properties of a mortar are,

" (4)"  workebility.
(ii) Good’ water retentivit"y
(ii;') s,uffiéieﬁ% early stiffenii
(iv) ~ Developmeént of suitable g
strength.

-
rly and final




-

* with a high sﬁction brick, if hot correc‘c(ly treated.

* weight of cement inay affect these properties.

» -
‘ Y ——— e ———— e~
\

- 128 -
(v) Good adhiesion & bond
(vi) Durability -,

- Vorkability, water retentivity and bond are the
propertiesaw‘hich lime i%xparts, while cement and sand confer to ’
strength and durability. Cement=lime mi'xes—are generally. ’
sup;)riqr to ste:i;ght lime or cement mixes. In case of

Wprefabnieated masonr:y panels, aciditiqn of lime, despite
of itg good workability and water retk‘entivity, "is.generally
avaided because of \it,s slow ;trength gain an;i Tow final
strength which depends oﬁ the take up of carbon dic;xide from
the air. In addition lime mortars do not harden in a wet N
environment. Prefabrication of brick masonry panel§ require

. L .
early setting mortars so that the panels can be handled

while still “green" to speed up production.

- / 7))\ \‘/\ B

* 5,12,3. Plasticizers. - - ,

Plasticizers of the air entraining type improve -
frost resistance when the masonry is still "wet" and aid

~———

workability. They may resu_lf' in a poor bond particularly,

5. 120/4 Pigxgents
‘ When pigments are used they tend to adulterate the

mix because of their non-cerﬁetitious character and relatively
high surface ared and thus they refdtce-bond-streng“&h and- in some
cases compress'ive. strength.Where carbon black is used as

colouring pigment, q}xantit"ies grea‘i;er than 3 percent by




5-12-‘3’ Chlorides. ; L .

™~

Calcium chloride and frost- inhibiters based on .
0 calcium’ chloriée should not be used in'morta'rs. Such ' 1

‘ additives cause diliquesence and an increased risk -of corras;mn

to reinforcing steel bars and -oter femous metals when present.-

- -

1Del2.6 Sulphate Registance. -

oy - . .
&

When brick panels are likely to remain’permardently

damp and in pqsitioﬁ of extreme exposure bricks of special

[N

'qﬁ\aiity or bricks which have been\shown to perform

satis,ﬁactorily under such conditions should be used. As

* A

an added precaution .cement having sulphate resistance shou

be used. When using sulphate resistent cement, which has

&

a delajred settiné time, the masonry ﬁa.nefl,s when still
- "green" should be kept well above freezing point %o allow
1 F) - * .

- . v " . o by -

for sufficient hard‘gng.befo.re moving. #,

Se ﬁ.7 Mix ratio

-—The aggregate to cementitious ?ﬁateri'al ra‘tig o'f the 5
- mixture is con‘b}r%olled between 2% & 3 tifes the sum of the 0 )

P L . - 3

. "in‘?.ividual volumes of cementitious materials.

{ e N

]

-
[ 4

°5.12.8 Wa‘t;er—Reten“tié_n, ' . :

N

G 4 Another requirenent for mortar is water-retention

~ »‘limit‘; The flow after suction of inortar, possessing an

»initial flow of 100 to ilS percent, must exceed 70 percen:t..

\
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5.13 Properties of Cement Mortar. e

-

Portlend cement is the major constituent of masonry

ceﬁents and "its proportion maiply”determinéSf;he,perfermancé'

L

of mortar..—Such mortars can develop considerably higher

strength, the final strength depending mainly on the water-

cement ratio., Because of itg’faster rate of ﬁardcning

‘fr ’ﬁ portland®cement mortars have é limited "pot life™ which 1is
. ~the period of time dunifg whiéh the mortar‘paintains its

workability. )

1

] ’ ,
‘ 5.13. },«g\xdration- S

: Tricalcium silicate and tricalcium aluminate are the

two chemical cOmpounds in Portland cement that contribute
\\ . * to eafly strength deveiopment, were as addition of gypsum

. Y ¢
; - delays the initial setting time. Portland cement requires

water to initiate and continue the hydration for setting _and
hardening. Availibility of water for hydration is thus\of
importance. )

When mortar is mixed, water is added until the

.

+ mortar attigps'th required workability. This water is

readily availablé’for hydration of cemerit which begins with

hydration of trfcalcium aluminate, while the mortar is still-

-~ on the me;dﬁ{s‘board‘pr in masonry panel. Hydration of .
\

“tricaltium aluminate continues and the hydration of triéalcium

) .
4 \\Q\silicate\pecomee important. Hydration continues, along with -
- \ & !
absorption ‘of water by masonry units. This Tesults in
. ) », T
/ : decreasiné the amount of wgyer'available for hydration, «

»

3 Ve \
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thereby slowing the process until the hydration process is
finally stopped.

5.13.2 -Curing, /

- Sufficient curing of masonry panels is therefore

necessary to prolong this hydration process. Application

of.water or maintenance of moist environments prolongs the
, hydration period and this incfeases the mortar strength.
Curing during the early period is most effective. Application’.
of‘water, on dried mortar, at a later stave will reactivate _
* the hydration process but the finally attained strength
. will be lesser th%p that in the first case.

A

Laboratory tests to determine the hydration period

"« ® mortar ard no addition or-pr ventian,.of-evaporation, showéd

in masonry, relying only oné?he water initially in the

that less than 3 daj§>9£~hfapation are available for the

mortar immediate;y adjacent to the mort@r joint surface.

‘To increase this‘pgriod of less than 3-da&s, in order to
attainlhiéher strengj?ﬁ curing is uﬁabpbtedly important.
Curing under normal temperature steadily increase
'fhe’strength of mortar to its final valﬁe,like in case of

concrete. Curing under elevatedltemperature, like steam

3

curing gives a rapid rise in the 1n1t1al strength Wthh

G

then droops to the final value. The graphs4for curlng

conditions vs: strength are shown in Figure 5.4




i A :
’ 5.13.3 Workability - g

; : The workability of masonry mortar can loosely be
defined as its ability to spread easily, its ability to

g L cling to vertical surfacesgnd its resistance to. flow during

i ‘ placemgnt of a masonry unit. In other vords, the workability
of a mortar is recognized by its aﬁhesion, cbﬁesion, hensity,
flow-ability, plasticity aﬁd.viséosjty. There is no -one
test measuring ail thése properties defineq~collectively‘as

+ ' workability except thg\?udgement of the mason using the

mortar. In flow test, in laboratory, a trunéateq,COne of

mortar is subjected to twen%&-five % in. dropaldf a stand-

ard flow table. The diameéter of the distributed sample is

. equated to the original diémeter on the conical morfar
sample. Mortar mixtures and. water additipns guaged to this
standard mortar flow are then“usad in evaluating relative
workability and othér’probertieg.ﬁ

Workability is important not as far as brick }ayer
is copcerned b&% it is also a key factor in the ultimate
atructural,performance’of & masonry panei. More over

Lworkability depends not only on mortar but on the brigk
also i.e. it depends on the water retentivi?y of mortar and

the initial absorption rate of brick.-
N

5.13.4 VWater retentivity . . \A

*

Mortars that stiffen rap®dly in contact with a high

\

\audtion brick due toztheir low water retaiq}ng'capacity will

not give complete bond. They wili tend to bridge across

A\

/

. . P
) a4 ety T ——
PR o«l.‘z'!;:dgzﬁf.; 3o, '




o Il T TR RSN A O N

. the original flow’

:
- Vv - + g g T r—————
T o R

- 133 -

small surface xndentaﬁgpﬂs in the brlck thereby reduclng .
area of bond. .Bricks withivery dense and imperméable-~surface .
may not absorb enough water to ‘remove water film between

brick and mortar, wirich  }eads to separation.of- brick “from .

: actual'cementitious materials. On evaporation of water ‘the

<

mortar'hardens“leaving unbonded surface "areas of brick.
Water retentivity is thus .dependent mbstly on mortar and 'to

some extent on brick. & '

.Water‘retentivity‘is\thereforé the ability of

morter to retain water in its mi®when subjected to an
! ]

gbsorptive force of brick. It is measured in laboratory

as the flow of mortar, after it is subjected to a vac
¢ AN

of 2 in. of mercur{rf%r one minute, .in comparasion wifth
]
mortar.‘

" With low retent1V1ty, the mortar looses water ~

rapidly, making placement of brleS difflcult. With higp

\_-rétentivity, the mortar does not loose water and the brick
4 w

. unit “qug@s" on it, causing delay in construction. A

proper and baiaﬁggd water=retentivity of.mortar-is therefore
\\

. necessary. \\\

f
f v o
\ \ ~

Water retentivity'bf\?ortar can be increased by

addition of plasticizers like }imiftone, clay‘hgd*limg.

5.13. 5. Plasticfy. ) o

Deficiency of plasticity in mortars, like strong

. \\f
high-cement mortars, tends to bridge surface indentations

-

as explained before. In that case considerable pressure . g

Ty
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';muét be applied:When laying bricks, which may délay

.o .o ¢ ~ '
cogitruction. More plastic mortar will fill such indentation
easily; thereby making the bpick laying process easy.

%

] . . - ) ; N
% ' .- 5.13.6 Compressive strength
b

1

Compressive strength of a mortar is a measurke of
ité ability to support compressive loads and shows_the_degree
" of hydration which in turn depends on ofher characteristics

§ ; ’ :
L - ’ of mortar. Compressive strength of masoqﬂ& panel depends

' not only on the brick, but also on the strength of mortar.
/ N4 . l . I
It has experimeptly been shown that there is no gréat

AN
advantage to be gained, when using bricks with crushing
strength of less thgn 3000 lbs/in2; from using .a mortar much

"stro@ger then 1000 lbs/in2 or, when high strength bricks
are used, a mortar.stronéer than 2,500 1bs/in2.,A proper

hbalance of the strength of brick;ndfthht of mortar isitherefore

\desirable to obtain good result withiﬁ economic limitations.

‘“ It generally follows that low strength mortar bve
‘used with low-strength bricks-and.high strength mortar with’

high-strength bricks. Por high stféng?h'bricks a cement-

sand mortar of ratio l:3cis sufficient to meet the rgquirement
Compressive strength of mortar is evéluated in
‘ " laboratory by mgking'Z in:cﬁbes of moftar, which when.

harden after curing, axre put to compression till they fail.
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5.13.7 Tensile Bond. !

4

Tensile bond sirength-is the adhesion betweeﬁlthe

Y

¢ . ' o e
mortaz‘andfthe brick at.the interface and is ‘depemdent both

on brick as well as mortar. Tensile bond is important not
\

~

only from strenzth or load point of view out also with |

regard to stresses generated by’%olume chariges or
, : : . . ™
temperature changes." v , - .

. - In laboratory it cen be measured by the tensile

force needed to separate two bricks Jointed”ﬁ& the'given

*

mortar. ' '
! Tensile bond strength increase with water-cement
ratio, by weightywhere as the compressive, strength decreases

as shown graphically in Figure 5.5 o

5.13.8" Volume Changes.
b .
/
Mortar in masonry shrinks -88 water in its mix

evaporates. Shrinkage results in volume changes leadiqg 1o
-ﬁOVement of wall panéi and affects ‘distribution of gtngins“in
masqnzytl , )‘ . ' :

In lsboratory shrinkage of mortar is determined
by measuring the shrinkage of 1x1x ll} in. prisms ofﬁ
_.mortar. The svecimeéns are measured for length &s é function

.

o0f time during air storage.

‘5.13.9 Air content. .
If air-entering agents are-added to mortar, they
forn eir bubbles which contribute to workability and

cohesiveness at a reduced water content. They increase

/

<
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water-retentlvity of mortar and the fneeze-thaw durab;l;ty

«

of hardened mortar but decrease its compressive strength
It has been estimated that l percent increase in

. © Y ‘.f .

air content causes about 2 percent decrease in compregh;ve
1 “

4

strength.

513,10 WVater content, '/

Amount of‘wd%er-in a morfar'or the wéter cement
ratio has a great infllience on the characteristics and
strength: properties of mortar. Weterzié %eéﬁired for
hydration of cement in the mix.’ Higher water content

ipcreases- workability, vo}umevchanges, and terisile bohd
. etrength/of mortar but decreases compressive strength and
durability as shown in Figure 5.5 - \
Weter should be free of organic and other impur%$ies.
In genérel water suitable for drinking is suitable for

making mortars.

5.13.11 Fligpral Sténgth.
/Flexural strength ofﬂé'masonry wall panei is a

function of thetensile bond strength of mortar. It also

p depends oﬁnehe tyve of masonry unit, the workmanship and.the

! ambient conditions. ' |

El

Flexural strength increases with increase of amount

of cement id mortar, increase of workability and-—incresse -in .

I

-~ -

- curing period, especially initial curing. For design purpose

flexural strength of prefabrlcated masonry panels is

’ disregaréed and steel reinforcement. is provided where: needed.

i4

IR
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|
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Q“5.13.12 Modulus of Elasticity & Poisson's Ratio

The modulus of eiasticity, Er,-of mortar can be
related to its ultimate compressive strengﬂnﬁﬁu and mdy be
expressed as

E, = 1000 £, .

Poisson's ratio of hydraulic and lime mortars.is

. \\:pproximately 0.2 and -increases rapidly as the uniaxial -
d .

trqngtﬁ of the mortar is approached. At failure the value

of Poféson"s ratio exceeding 1.0 has been observed.

5.13.13 Creepn. .

. Creep of masonry is generally degendent‘on the creep
of mortar &s the creep in bricks is usually neglegible.
Creep of mortar depends on the age of mdrtar at time of
loading, duration of loading, contents of mortar eépecially
the amount of cement and the water cement ratio, thickness of
jo%nt, confinement of joint material, and curing treatment.

Value of creep may be as large as 3 times the plastic strain.

5.14 Modified Mortars.

Addition of certain organic additives increases the

’strehgth of ordinarj cement-sand mortars. These additives

extendjjxe conditions under which cement-sand mo?taz-and
othér cement products are more useful rather than an aéent
which increase streng%h. ’

Increasing the strength of the mortarsad the strength

of the bond betreen mortar and brick,.the-structural strength

of masonry cén b@ markedly increased. The inherent high

-

sy duatt
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strengthg of prick:and other clay products Q@ﬂ&béMmore:fully
'utilized in masonr& panels and other-structurea.a§ better
mortars are'developéd. The‘strength of these mortars is <
such jthat thé masonry fréquently behaves 'as a monolithic

unit.

Polyméric %dditives, especiaily synthetic latexes,

have wider commercial aecceptance than other fypés of

organic additives.” Their use had generally beén restricted

to mortars for resurfacing, batching or grouting appliqaxions
except|for commeécial "Ployvinylidene Chloride Latex". The
latex is added to ordinary cement-sand mortarand this-modified -
mortar is used by ;ggons with ordinary tobls for construction 4
of wall panels. ' :
Vall pane;éﬁwtilizing such mortars have been tested
structurally and uses based on their 'high strength have
found a place %n masonry desién, egpeciall& prefabricated
- brick masonry panels. Sﬁéh panels]with liquid "sarsbond"
polymer adhesi?e and butyl rubber caulked joints.have been
used successfully on commercial scale for navel/homes in

Gulfport, Mississippi. "“Sarabond" additive will be discussed

here briefly.
" Other requirements like workability, water retentivity

etc. for these improved mortars are the same as for

—

conventional mortars.

B e diig
-t
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5.14.1  Sarabond Brand Mortar Additive.

Sargbond, which is a liquid polymer additive, was
developed bf the Dow Chemical Company about 20 years ago,
for usé in concrete Bridge deck resurfacing and for chemicéal
resisténce. This additive was then further developed to

)

produce a mortar. the  strength of which approaches that

of brick . Sarabond mortar cubes alone show a compressive

strength of 8000 psi. Thus sarabond mortar permits the
designer to take advantage of the inherent tensile strength
of bricks, especialiy in the design of partition walls and
‘masonry panels.

The bricks chosen for use with this type -of mortar
should have the following characteristics for maximum
utilizatién of mortar strength.

i) The average compressive strenéth of brick

should not be léss than 6000 psi.

ii) The initial rate of absorptiom of brick
should be less than 35g Deé 30 square inches
of net-surface area.

iii) Brick units should be ext?udéd,.side cut

| ' units.
+ iv)  Brieck should conform to requirements of ASTM
\ C216 or C62, Grade SW. ¥
v ﬁo siligoﬁe treatment shoqld be permitteg
on eny surface of the brick to.be bonded to

mortar., -

3

Surfaces of bricks to be bonded to mortar should

K | vi)
. A4 -
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> ing the above ‘requirements, when used with sarabond mortar,

i
- 140 -
be free of loose sand or other loose coating '
materials, ) B

It is interesting to note that some bricks not meet- ‘

result in satisfactory masonry where as other bricks
meeting all these requirements may not give £00d4 results. It
is therefore netessary to test the compatibility of brick and
mortar before using awcertain type of bricks on large
scale. Bricks produced at the same site may #ary in
properties over a period of time. Different shaped units
of the same clay and manufacturing process may also perform
differently. ) ®
Because of the extensive use of sarabond in
prefabricatéd brick masonry panels, the efficiency of
connections and .erection-attachments is-very‘impo;tant. Pull
out, Shear and 'Torque! test.are.made te~ensure.§9;%abi;itx of
such panels. Figure 5.6 shows a panel under Diagonal
Shear Test; figure 5,7 shows a itransverse wall test and
figure 5.8 shows placing of a prefabricated masonry panel
in positidn at site. The details of these tesis aré omitted

here.

5.15 High-bond Adhesives.

High-bond adhesives are the latest development

replacing the concept of conventional of modified mqrtafs.
The 5asic function is the same: To bind structural units

together and to=act:ias adhesive aﬁd a seglant. There:are .

9 ‘ y
v ,

N
B R
R A
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two categories of such adhesives/mortar systéms’,

(2) Organic Mortars that éﬁe strong in temsion and

]

S compression both

{b) Fiber Reinforced ‘Convq?tional ortar that is
' used to coat the faces of wall.| No mortar is
placed between the masonry units.

¢ 'These adhesive are used for quick prefabrication

of masonry panels at reduced cost. Such a siVeS‘are used .

‘for concreteblock masonry panels more than in bﬁ}ck

mason#y panels. ' \

\

5.16 ' Organic Mortars

There are at.least foub types of organic mortars

\

on the market. ) :
!

i) Threadllne, manufactured by the Dow Chemical

4

Cowpany and Midland and-matkéted ‘through-their

construction division known as AMSPEC, of

Columbus,Ohio.,

ii)' Bricon Bond, manufactured and distributed-by- the

)

Bricon"aorporation'of Lafayette, LA.

iii) Thermoset, manufacturedahd marketed by
Thermoset Plastlc Corporatlon of Indianapolis,
Ind. ’ | ‘

iv) Beadline, manufactured by Albert Che%ical
Sales, of Hamilton, Ontario, Canada and

| ‘ Marketed by ‘Whiteroc Coating,of Glenv1ew. \

v All these epoxy resin type adh931ves are costlyandr

as such the joint thickness has’ to be very small tb save

-

.
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material cost. This-demands true size and shape of bricks
whiqh are costly to produce. These costs are the main»
hurdle in the wide use of these adhisives.

"uThese thin-béa adhesives using an epoxy resin with

.

or without latex and cepgent additives combined in an oilk or

f 2
wgter emulsion, are generally applied to masonry units with

“aacaulking gun instead of a trowel. ‘While applying
these thin-bed adhesives the ggl;owing points should be
considered, / fﬂ \ | “

E 1)  These adhesézé; are%expensive and -should be
. b ¢ used sparingly. ‘
ii) Application is bést done by a caulking gun
" which puts down a 3/16 in. bead. The adhesive
thgn‘séreéds undg; the next suverimposed N
masonry unit and pefmitgjsmal; ad justments for
- tolerénceé. . | )
( iii) The “pot life" of the adhesive must‘be
- _reasonable for both hot and.cold weather,
‘ iv) ' Cleaning of toolsand gqufgpent by dispersign
°‘in water must be simple and complete. ’.
A; v) °The setting time should be reasonable in hot.

and. cold weathers go that‘placiﬂg of ~-successive

course of masonry units is not delayed. o
vi) layout course, usuélly set in conventional

mortar must be in level and- straight g0 “that the’

successive_coﬁrses set. in.high strength . ' v

v o adhesive are in good iﬁ%errface.' - -

-
oy .
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o : . .
- . ‘ " vii) MasonrY units. should be clean,andfree of
\ "‘ . o .dust ana should be dry. - . L ' ;
A , ‘viii) Dimensional tolerances of masoﬁry units
® . | should be checked by dry 1ay-up of small’
> ' panels on a level bed.
. : ’
5.17 Fiber Reihfo‘r‘ced' Mortars.
| This -is a .surf“acewcost of conveni:ionsl portland
- . cement mortar reinforced b:{r addition of glass fibers to
. ~ increase its tensile streng't:h and 1s*a.pplied to both exterxor

. |

‘ g and interior surfaces of .the masonry" panel. No mortar is
LE placed between the masonry unrbs. This is alsq called L

surface bonding, Two types of such mortars avaiiable in °
market are: ) , 'L . ‘ g
— i) Bloec boi:d, manufactured by Owens—Cor;;ing
“Fib'erglas Corporation; of Tolego, Ohio.
ii) Sur: Wall, -manufactured by W.R. Bonsal Company

3

of Lilesville, N.C. * ) - S
The procedure of panel constructlon \is simple., " ' &
‘ R Masonry unlts are ary s:tack.ed and then plas‘bered on both sides
with su.rface bonding mortar. Thls requlres lesser sk‘i\il
as compared to conven'blonal way of constr}ctign of a wall
"panel. .Dry stacking anc},gurface borid:.ng by a tramed worker
¢ “results in_greater productivity per day *bha.n trowel a.nd"mortar
eonstructi’e‘n.'f s : e

o \

Flexural strength of such panel is improved over

that of a panel built conventionally with mortar in joints.

~
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Part%tion panels made this way are less expensive than <ﬁ§ﬁ\\\\\f
framed walls,with equal sound transmission. - - é
] » -

h . Bloc Bond is & mixturd of Portland Cement, hydrated
lime, an agent providing water esistancean.glkali-resistant
. glass fibers that impar{s tensile strength t&lmortaé; The
saving in constructign time is up #9 509 and‘?hg panel is
watef, fire and sound ‘resistant.
Surewell is similar to Bloc Bond except that it
has a pineral fillir‘Which mgkes it\possib%eito achieve a
smooth plaster finish suitable for low-income, housing, w
comme;ioal and industrial uses. fﬂonstructipnvgf vall panels
using sépewell\saves construction cost by 4+5 oéﬁ?s per

K3 N * : -:;

squardl;oot of wall.

Ed

FPibre reinforced:mortars have suécéssfully'been
NI used in construction wiﬁg concrete blocks. Their application
to' prefabricated brick maéanré panels on commercial scale X ~
» N ¥ 1

is st}ll under research.
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o i * Mortar ’&
_ Crushing {proportions by volume) ¢
- strength
‘ - of  Gradel | Grade Il | Grade lll s
' . . . . . » . i
N omtiblin?  1:03:% 1:3:45] 1:1:86 'k.
1,500 09 06 05 O
2,000 1.1 0.7 055 . )
' 3,000 13 09 " 06
4,000 1.5 1.1 07
' . 5,000 17 13 08
. . ! 5,000 19 15 10
N . * 7,000 - 21 1.7 12
! [ 8,000 23 1.9 1.4
! : 9,000 2.5 21 1.6 i .
: 10,000 27 23 18 I
- t 1000 | 29 25 20 ,
o 12,000 31 2.7 22 .
k o . 15,000 37. 33 28 - L
- Py | ’ .
Yougg's modulus of elasticily (E values) x 10* .
N ‘ Ibfun? for befchwork Nole: linear inlerpolalion belween

values 1s pernnssible -

- * —_
- s ‘ > t . y : 5 - ' .
L Table 5.1 o .
- ‘ ' oo : w
. \ * ! » . ) i
v sooo T : Ay
, ) ,
' e ' = 4000 )
. r ° . M ‘
x .
Q
z . -~ .
w N :
g 3000
“w
¥4 . \ ‘
« . &7 ~
‘ T $ a000|__¥ 3 !
4 . -
) [-¢ ! \
- o
. » )
.- . 1000
: . . , w7
By ) . Lo
i . ; o . . > N
a . - 3 v
‘ ) M o] 5000 150CP v e
\ .” . BRICK STRENGTYH ! ¢ Y
! “ Y N T e v
. , Relatonship (in Ih/'m-') helween crushing slrrn.glh o ’
of brickwork and strengths of bricks and morlar
. . (after Thomas 1953)
. 3 - -
.« . PFigure 5.3 ‘
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Matcrials

Natural Sand and Manufactured Sand

Grading
. Hem Limit
Percent Passing Sieve
No.4 (4.76min) ° 100 ,
No. 8—(2,38 min.) ‘ 95to 100
No. 100 (149 =jr ™y~ 25 ma
No.200( 74-u ) 10 ma

Percent Modulus . 161025

Water Demand, ratio by weight 0.65 nu

N .

Composition

Delclerious Substandes ,
Friable pasticles, max., % by wt.
Lightweight particles with specifi¢

gravity of 2.0 or less, max.,
% by wt,

Organic Impurities
Color standard .
Petrographic analfsis
Cube strength, ratio of unwashed to
washed sand mortars, %, min,

Soundness
Weight loss after 5 cycles, max,
Sodium sulfate solution
Magnesium sulfate solution

|

f

Aggregates for Masonry Mortars
ASTM Designation: C 144-66T

s
'




Physical Requirenients

Fineness, residue on a 325 sieve, max., %

Soundaess , .
Autoclave expansion, max., % 1.0

Time of Setting, Gillmore Method
Inttial Set, min, hr, . A 2

Final Set, min, hr. N 24

Compressive Strength, 2-in, Cubes .
7 days, min., psi (kgfcm?) 500 (35)
28 days, min., psi (kg/em?) ~900(63)

Air Content, min., % 12

.~

Water Retentién, llow after suction, min.
% of original flow 70°

Optional .
" Waler soluble alkali, max., % 0.03__

. f

\ Tahl-‘e 2.3

Standard Specifyfation for Masonry Cement
ASTMADesignation: C 91-66
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rmpressive Strength, Per Cent of 28- Day Morst Cured Concrete

s

. Fig ] 5 . Lgfrect of curing conditions on strength.of concrete. (From earlier edition
. of Ref. 3, Portland Cement Asan.)
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Fig: 5.8 Experimental panel constructed Jor the Sam-
sonite Corporation. The panel is 27 ft. high, 4 10 6 ft wide,
and f inches thick. '
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_ 6. RECOMMENDED SPECIFICATION FOR. PREFABRICATED
. BRICK MASONRY PANELS =

R

onst

6.1 Scope.

~ The specifications cover the structural design and:
quality control for load bearing or ngn~load bearipg'
prefabricated brick masonry panels. These do not cover
the method*of prefabrication dr field erection and jorntinglvé
The dpecifications have been taken from technical notes »

‘on brick construction, number 40A3‘Dec/Jan:, 1974 ,. Published

by Brick Institute of "America. i
b 2 |
6.2 Materials '
- - e o '
6.2.1 General - ' ) .

The. type and grade of materials useéd.shall meet the -
abpli@able standards set forth by, C.S.A. or National

‘;a<’\ AP Building Code of Canada (NBC), together with the following
Coe ,: additional,requirements.‘
- ' _ " ;‘ , '
6.2.2 Hollow Bricks ' ‘ i

« 7,

Hollow bricks cored in excoss of 25% but less
: & ~n

than 40% of gross cross-sectidnal Yrea, shall meet the

e

’ ‘Q requirements for appropriate gradé'gnd type in the folldwihg

-

speoifications ‘
1) ASTM C652-standard specification fof'ho;;gl

PR

brick or

ii) Canadian,Standafds Association (C.S.A..)

- i

{
o

— X . ~

e
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R Y - e 0 R A piia ¥ 4 T AR — W B B g e 40 W Sy e # PO e P~ e A
¢

i

T R e S AT




&

o

6.3 Degign ‘ i s .

"6.3.1 éner&& ) ': . ~5, T

o

Thﬁgges1gn shall. con51der all loadlng and restra—

int condltlons. from initigl fabrlcatlon to 1n-serv1ce aon—

B

dlthns in the completed structure, including ‘storage, tra-

» ' nsportation and erection. _ . .
+

6.3.2 Structural Design. , ‘ S
. The structural design of prefabricated briék maso-
nry paneis-ut}lizing,991id units shall be in accordance
with section 3, non-load bearing brick masonf} of Qyildiﬁg
code requirements for engineeted brick masonry.
Structural design‘of reinforcéd, prefébricated
_ brick masonry panels u¢1llzlng hollow blocks shall be made

if accordance with National Bu}ldlng Code requirements for

relnforoed masonry.s

t ) .
6.3.3 Design,Loads ) ) \ l

N JThe design loads shall be of the type and magni-
tude required by National Bulldlng Code of Canada. Panels
and connect;ons requirgd to res1st wind and siesmic loads

. shall Be degigned to resist the specified positive and

.negative wi pressures_and siesmic 'design loads in all dir=

4 -

- . . L.

v LIS

6.3.4. Lifting Devices ’ x

ections.

Lifting devices and their connections to the panels

. shall have an ultimate capacity of four times sthe dead wei-

ght of the'aﬁpropria%e portioﬁ of the panel. inclinatfon
of the lifiing forces shall be donsidered.

\

. -
e
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*required by the structunal desxgn and/or fire ratings for the d

. type of cqnstructlon ahd occupancy as requlred by Natlonal

Bulldlng Code. - ‘ s . . @
,\ : [ .

.., o' ) 6'5- WOI‘kma.nShip. } : | . ' ©

@

units*and the joints shall bg.even and™properly aligned

‘heights and leﬁgths., The actdé& specified dimensions may
v - AN

'shall be equal to or Petter than that of the. sample subml-

6.4 Dimensions. . \\
6" _-"“_—‘ - . i .
6.4.1 Standard Dimensions. ° - . _ .

-The standard nominal mwidths and heights of the paﬁ—l

els shall be in multiples o nofiinal individual>masonry unit '

be 1esS'mﬁn1&@e required nominal dimensions by the thick:~ :

JR—

ness of one mortar ' joint, -but not by more than.}i in.

6.4.2. Custom Dimensiohs. |

s
For custem installations, all dimensions of panels

shéll be as shown on dfawings of as specified..

6. 4 3 Thlckness of Paﬁeis

The actual thickness of the panels shall be as

- 6.5.1 General

a

For facing panels the workmanshlp and’ appearance

°

tted for approval., The method of fabr1¢ax10n shall‘be such

as to prevent the misaiignment‘or "cocking" of individual

with adjacent panels.“If the hethod'of fabrication results °
\-\
in grout or mortar stalnlng of tze face of the panel, such..

stalns,shdil be removed by prope methods,

3
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before .the panel is delivered to the job site,and!it shall
be protected from fur%hé: staining\during storage, -

shipment and erection.

-

- ~
a

6.5.2 Dimensional Tolerances I P \\

Based on actiual dimeﬂbio*s; a prefabricated brick
masonry wall panel shal; not vary from the specified
dimenslons by more thaH the following.

10 ft. or'under - plis or minus 1/8 in.

10 £t. to 20 ft.s plus 1/8 in. or minus 3/16, in,

20,85, to 30 £%.~ glus 1/8 in or mimus 1/4 in.

- Far eaé&ﬂgé@itidnal 10 £t. - plus or minus 1/16 in.

~ The maximum perﬁissiﬁlb.variation from the spécified

thickness of prefabricated brick masonry panels shall be
‘not greater than minus 1/8 in. or plus 1/4 in. The panels
shgll have a maximum but-of-#quare (difference in length
Eof‘the.{wo diagonal face measurements) d;fferential of not
greater than 1/8 in. per 6 ft: or an absolute maximum of
1/4 ia. -
6.5.3. Yarpage T ;
The faces of the panels shall not be out of plane\

more than 1/8 in for each 6, ff. of either height or width.

!
6. 5 4 Locat1on inser%s and ana fittings

The location Bf anchors, inserts, lifting and

» , :
connectioris devices ﬁhall not vary from conter line location

. shown on thgaplans and/or- shop drawings.by more than 3/8 in.
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6.6 Quality Control . : -

6.6.1 Preoaration of Materials,

6.6.1.1 Bricks, L \

3 ~

When required the initial rate of absorption of the ,

brick shall be adjusted by wltting the units prior to

)

pouring grout or spreading mortar to prevent premature

stiffening of the grott o%fmoftar due’ to rapid loss of mixing

o

‘water to the units. '.~

6.3.1.2 Mortar and Frout : ,
In the interelt of accuraéy and boﬁ%rml.the'moftar ahd
. grout shall be proporﬁipned bj weight ondthe basis of
the urntt weights of the {;gredients as given in standard
specifications for mortar ®or unit masonry, ASIM C 270, or
ztandard snwcifigggions for‘mo;tar and,g:oqp.ﬁon rainforced
masonry, ASTM C 476, or standard svecification for Portlagd‘
cement-lime mortar for brick masonry BIA MI (technical , -
‘notes 8A) or C.S.A. \

i

If a high-bond mortar adéitive is used, mortar and

grout shall be proportioned and mixed in accordance with

the additive manufacturer®s specifications.

6.6.2 Quality Control Tests

‘6.6.2;1 Bricks _

For each 50,000 bricks of 8 given type used in the
fabrication of panels; at least 16 ;hall be selected and
subjected to compresSive strength and absorption tests in
accordance with'etandard methods ofhé%bﬁling and testing dbridk,

~ ASTM € 67, ' T

Y o 2 W

e
S
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6.6.2.2, Mortar and Grout

. . . After the formulation of mortar or grout has been

estgblished, a representative batch shall be sampled and
not léss then 12 standard 2 in. cube specimens moulded,
folloWiné the procedures contained in the applicable sec-
tions of tenfativa methods of test for compressive strength
of hydraullc cement mortars, ASTM C 109 or C.S.A.

Three specimens each shall be tested at 1,3,7 and
28 days and the relaiionshlp between the early age strength
and the 28-day strength determineda This procedure need be
repeated only when the_mortar 6r.grout formulation is
changed. -

QThéQe afﬁer; during regular produgtion runs,. at
least one representative batch of mortar or grout shall be

sampled each-day and three cube specimens moulded and tested

after 1,3 or 7 days as a quality control check.

.6.6.2.3 Panel Agsemblage.

The comﬁressive and flexural strengths of the panels

'

shall be checked for every 5095 sq.ft. of panel or every
storey\heighf; particulariy for q;f rent combinations of
brick and mortar or grout, by festii:\small,.un-reinforced
assemblages. repnesentatlve ¢, the ful% size panel.

_ The test specimens foF both céﬁpress1ve and-fle-
xurai tests shall be one br¥ck unit in length and thick-
ness, stack bond, and the helght shall be dt least 5 times

1ts thlckqess (seven courses high fﬁg staﬁdard size brlck)or




“ \\\:; ;61 ) i | .

t R ~ :"“. ‘;".

, ] IR <

; . _ if the height is less than ag gpecified above; the test re- = %
 * v T,

sults for cpmpressive prisms shall®be reduced by the proper

h/t (height to thitkness ratio) gd}réq}ion as stated in

- ﬁuilding code requiredments for engineéréd brick masonry.
If the relation between the 7-day and 28—dgy‘syrengths of, . *
such small specihensvhas éreviously been\esfablishéd, fhey
shall be tested after aging for 7 days. 8ix such specimens
fthall be prepared. Tiree shall be capped“with gypsum and

. \
tested as compressive prisqf in acggordance with standard

| methods of %ests for cdmpressive strength of masonry asse-

N mblages, ASTM E 447 er C.S.A. The remaining three shall be

tested as simple horizontal beams with third-point loading

following the pr&cedure outlined in standard methods of .

- ~ test for flexurél strength of .concrete, ASTM C 78.

\ * ¢ . )
y

o : Notes while good correlation has been established
between the results of compfessive pfism tests of brick
masonry and those of full size wall sections under a vari- . .
_etx of loading, slenderness and bending conditions, the same

situation does not exist in' flexural or transverse strength

tests. Therefore, the flexural tests for the purpose of

checking quality control should be suppleTented initialkly
with uniform load tests of full size wall panels in accar- .’
dance with standard methods of conducting strength tests e
of panels, for building construction, ASTM E 72 in order
k to obfain d;sign informat%on. ’ L o
: , \ o .
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6.7 Identification and Marking

Each individdal prefabricated member shall be mar-

ked to indicate its location in the‘structuré. it's top

14

surface and the date of fabrication. Identification marks

N . 4
shall correspgnd to those showrl on the placing plans.

s ™

6.8 Shop Draﬁ&ngs

. Shop drawings shall include all details of rein-
forcement, connections{ inserts, anchors, bearing seats,
liftihg inserts, panel dimensions, coursing and size, shape:

and location of openings.

3

6.9 Handling, Storage and Transportation )

» .
During curing, storage and transportation, the

pénels shall not be overstressed, warped or otherwise dama- (:A

i

ged. Panels unacceptabiy damaged shall be replaced. The
architect or engineer, at 'his discretion, may allow repair
and/or replacement of damaééd area® of panels which have in-
curred minor damage‘during curing, -storage or transportafionw
The damaged areas, such as minor surface or corner chippage,
shall be repaired or replaced utilizing.proper construét; .

ion pr%Ftices to the satisfaction of Architect or Engineer,

s

-

a
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