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materials and speedier construction.

conservation of .water.

' SYNOPSIS

‘ Masonry is most corhmonly used fdr walling In India. Hs structural ‘potentiality was.
not fully explored resultmg into massive and. iineconomical. consuuctlon
paper describes a riumber of walling techmquas which have either been develop-

ed or whose structural- performances. have beea studied atj iCentral Building .
Research Institute, Roorkee, for their- rational design.
be achieved by. adoption of these techniques besides saving In the buildmg-
The 'paper also describes-some “of the .
improved plumbing servmes, the’ adoptlon of . which. will lead to economy ‘and -

li...,
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Substantial economy can
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Introddction

India is a demdcratic country. The awateness towards
the up-light in the standard of living and social wel-
fare is increasing.”* This demands greater resources
not- only for the construction of houses but also for
providing other basic requirements like educational
bunldmgs health care centres etc. Due to the previous
backiog, tremendous increase in  the population,
shortage of the construction materials and financial
resources the country is facing huge shortagé of
houses and dther bulldings., For instance, the require-
ment only for the houses has been estimated to.the
tune of about 100 millions, which needs huge finan-
cial resources besides other requirements. Further, due
to the present energy crisis.the economic necessity
of the country demands greater emphasis to other
important sectors as power, industries and agriculture,
which also needs huge construction activities. This’
will lead to the shortage of consfruction materials be-
sides the financial difficulties to fund such a tuge con-
struction programme. : On the other hand, due to the
migrationof large number of skilledworkers to Middle-
East and African Countries there is also a great short-
age of such workers-in.the country. *-So the present

~-

situation demands; greater and greater -economy and ,

optiinum utilisation in the consumption of both, build- "
ing materials and manpower available. The traditional.
construction systems are the outcome of the age- old
experience which is more "an art than sciehce. This'
consumes more men and materials. Therefore, itis,
difficult to keep-up the pace by adopting 1hesa con-*
ventional systenis. As such there is a need to examine -
them and to develop_ new construction systems and

* Central Bu.r'lding Research Institute, Roorkee
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materlals With these objectives in view, the Central
Building-Research Institute, Roorkee has been carrying
out research on various aspects of building leading

to quick, elfficient.ahd .economical methods of cong.
truction, .reduction in- the consumption of scarce .

materials like cement and steel by making their opti-
mum “use, partial or full replacement with locally.
available alternative materials, development of naw
materials, innovation of new construction techniques
and better building services. Over the last few years
studies have been carrisd out 2n the behaviour of
both plain and reinforced brick masonry, masonry In
mud mortar, precast stone block masonry and thin
lintels. For efficient building services studies hava
also been conducted on Peak Hydraulic load on dral-
nage system, single stack system and conservation
of water in buildings. Some of these new techniques
have been well tried and are being adopted on large
scale by various construction organisations and also
have been Incorporated in the relevant .S, Codes.
These techniques are. quite simple, save in the bulld-
ing material and labour, increase the valuabls floor
space and reduce the load on the foundations. ~Th€
salient faatures of; thesa techmques are desctlbad»ln

o A

Wallmgs 7 . 4

Cowe vy w w1 VTN
In any bulldlng wal]ing is an important and essentlal

element. In -India, masonry. is .most commonly usedi

for walling which consumes-about- 20 percent of thel
total building cost, Studies carried out have led to 8.t
rationalised design. and - development of new teohni A

" ques as given below; .. . &, .-, )

(o}
1, Calculated Brick Masonrv ‘Brick masonry is °“°1
of the oldest building materisls which is in vogus fof
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én 5000 years. Because ofits simplicity and
ity of materials even today this is most com-
ad for compression members as in building
OB 1aining walls, piers and wells etc. Although,
"'f“’.}' of tha coat of any bullding goes In masomy
ol o onpinoars and Bulldars ara not wall aware
gtructural potentiality. Thoroloro, the thick-
(e walls was governed by Building-bye-lows
ned by emperical rules resulting in massive
aconomlcal structures particularly In multi-
| puildings. The structural potentlality of the
y. therefore remained unexploited. During the
decades extensive studies carried outin India
b 0ad on the behaviour of masonry have high-
the remarkable properties of masonry(',%) which
om acting as a structural member in transfler-
load to the foundation also acts as a barrier to
er, fire, sound, heat and Is used to fulfil various
,otural functions. Structurally, the strength of
yisaiunctiun of bricks strength and their
0, mortar strength, workmanship, the slender-
atio and eccentriclty of load etc. Influence of
1s parameters on the strength characteristics
der compression, tension and shear have heen
ed. It is now possible to evaluate the strength
Within certain limits, Based on these studies on
mosonty the 1. S. Codo of Practice 1905 (%%*) has

one successive revisions in the year 1961,
,and 1980, which provides adequate design

ch as basic stresses, of masonry with bricks
ferent strength and mortar-.composition, reduc-
factors for slenderness and eccentricity of load,
jonal peimissible stresses under concentrated
s, tensile and shear stresses etc. The present
| for the design of masonry is based on the
s concept like any other structure which is more

Fig. 1. Four Storeyed Residential Houses at
- Haily Lane, New Delhi.

Ithas been seen that a single brick thick (23 cm)
'f'lf;' bearing wall can be used in all the floors for
Ut storeyed residential buildings with bricks of
t 100 kg/cm? compressive strengh and 1:1:6
ment : Lime : Sand) mortar. Also half brick thick
(11 cm) is structurally adequate as load bear-
wall in two storeyed residential buildings. Such

' )
walls have been adopted in several buildings (Fig. 1)
and proved very satisfactory. {This reduces the cost
of construction by obout 20% besides savings in
bricks, mortar and speedier|| constructioni In other
masonty shiuotures llke vetalning walls, plers, and
abuttments ete, economy can lalso ha achlavad by
pormitting tenslon to the extont ollowod In the codo
which hitherto were designed on ‘Middle Third
Rule’. olk

|
2. Brick Masonry In Mud Mortar: Although mud
has been extensively used as masonry mortar for the
construction of houses in. iural areas, low cost
houses and in building of temporary nature, but no
engineering data regarding it's strength characteris-

tics is available. - Based on the studies conducted
at CBRI, Roorkea following recommendations have
been made In Technical Note No. 76 of CBRI.

(i) Soils having clayef contents from 10-20% is
suitable for mud morlari.'f g

During rainy season 10-15% moisture Is likely to
penetrate in mud mertar even after pointing or
plastering the exposed 5masonry surfaces, con-
sequently the masonry strength is reduced.
Therefore, two values of the basic stresses for
masonry In mud mortar given In tsble No, 1 are
recommended. The higher value may be allowed
when masonty remains In dry condition. For
other situation, lower value be considered.

(ili) Masonry at vulnerable points like sill, jambs,
below . roof/floor leval etc. should be laid in
cementflime mortar,

(iv) To avoid concentration of loads, bed blocks
should be provided under beams etc.

{(v) The walls should be plastered or pointed on
external faces to avoid the erosion of mortar due
to weathering. = : - !

{vi) The masonry below D.P.C. shall pieferably be in

cement/or lime pozzolanic mortar from durability
. considerations, .. * .
Sl TABLEAT ®
Recommended Basic Stresses (Kg./cm?) in
Mud-Mortar Masonry

Brick Strength _In Kglpmf 35 70 105 140
Dry condition” " - 16 : 26: 35 4.0
Molst. Condition - 1.3 23 3.0 ‘3.3

3. Grouted Reinforced Brick Masonry : With the

production of good quality bricks and knowledge
about structural behaviour of brick masonry, it can
be economically used in load bearing walls in multi-
storeyed repetitive type of constructions, However,
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metre and lightly vibrated. - The exces
the grout wir be absorbeq by the
After a perjod of abouyt 15-3) m

slvg
jii 1| ment embeddeqd

: : inutgg os
upon the climate) before it losses its plag i
tension, Among the various methods for Providing shall pe revibrated. Thijg shall improy,
‘the steel, the one with a continuous cavity, between between grout and masonry, After rgyi
two leaves of masonry wal| s built for accommodat- layer,
Ing the steg|, which is later on filled-

Concrete groyt known as Reinforce
Was investigated at CBRI, Roorkes (Fig. 2 & 3),

v, ! 5
R O3
1 'Q.I‘.,.II A "
1 ] ] I |
E: llf‘ 1 I'r "\lJ, I

Special bricksr ;

PLAN
(ordinary bricks with cavity wall

type construction) S_E:C] IONAL ELEVATION
Eig. 2(b) ' ‘ «

i = Fig. 2, Details of Reinforced Groyt'

| For constiuction, the walj is built

in two Jeaves
vith flat b je«s laid in trangther course, leaving ths

| ,'equired_caviw‘ in between them. The

)5 to 40 cms vertically
ilternate, rows,

nd keeping in Position the vertical steel,

"ﬂortar for masonry should not be
1side the cavity, - The cavity should be f

ebris or mortar droppings etc, before fillj
18 grout.” Cement

ansistency shal| be '
ump of the grout may be of the order of 15

: i ;_r;;}'; ) 2 Sl
a height of about 0.5 3%:i_Eig."3. HeinforcedGroutedMa
JLY 1983 Vi
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' ’f‘ (vi) The following column load formula is applicdble

such type: of constiuction has & promise for econo-
ical-construction of multistoreyed residential bulild-
ngs .This technique has also "been used
rglnlorclng the masonry columns by providing in it
sockets filled with cement concrete to accommodate
si66| (Fig. 4). Such columns can be used for carrying
greater Vertical loads and moments.
th[s atucddy havo alrondy boon publishod(7,8,"

Tho
conclusions drawn are given below : :

Fig. 4. Details of Reinforced Brick Masonry Column
under construction. ‘

(1 Masonry with- weak mortar due to its low
modulus of elasticity undergoes high initial
strain when loaded. Therefore, weak mortar for
masonry is not suitable for this technique. The
mortar should not be "leaner than (1:%/4: 3)
(cement : lime : sand) and also the bricks should

1 "not be of strength lower than about 150 kg!cm ;

1

_and masonry, the grout should.be” campacted by
revlbration o s

Itls reasonable to assume composite. behavlour
in this system of construction when the grout is
3 revibrated. :
" (iv) The deformations are found to be very nominal
" at the working stage confirming that the design
1 of this system to working load Is adequate. :

(v) The system provides considerably Higher strength
than ordinary.masonry, The ultimate strength of
about 800 to 1000 tonnes per sq. metre is avail-

& able with bricks of 150 to 200 kg.fem® crushing

strength and with about 25%, concrete area and
about 0.89% stesl area. i

for determining its load carrying capacity *

=. (BxA) + (0.BGXE) - (TXS)

for .

The detai|s of

To improve the bond between concrete grout‘

- CBRI

'Whera"' g : E wrat \

el TRsiee i S i e

Ultlmate axlal Ioad e
.= Strength of .brick masonry B
Aroa of brick masonry '
Strength of Grout

Area of Grout

= Yield stress of steel
Area of Vertlcal Steel

L= 'm'c.'3>.-m"u

-4, Procost Stone Masonry Block Walling : Stone
. " |s a potential alternatlve building materlal in places
vt where It Is available in abundance.
" belng used In the form of random rubble masonry
" for constructing®the walls, which' not only consume
i, excessive materlals but are undesirably masslve.

Presently," It Is

Besldes, it iIs 1ime consuming 'and calls for more
skilled labour.. The use of) stones - in the form
of precast blocks ensures consistent quality, uniform
strength, Increase in speed of construction, reduction
in materials requirements, lower foundation loads,

. batter aesthetic look-and performance and finally save

in the floor space In a building. Considering these

" advantages, a new system contemplating the use of
~ these stone blocks as masonry units for walling_in the

buildings was developed. In this system’the blocks

i ~of 30 cm X 20 cm X 15 cm and 30cm X 10 cm X
-+ 15 ecm nominal size are cast in battery steel moulds

using stone spalls of size ranging from 25 to 50 cm
obtaining “either from quarry or breaking the river
boulders to provide rough surface for better bond and
lean cement concrete of mix 1:4:9 as binding
material. Blocks having strength’from 50 to 100 kg/-
cm? can be produced at construction sites employing
local and unskilled labour. Thin walls having thick-

.. nesses of only 10, 16 and 20 ecms can be constructed

with these blocks like the traditional br|ck masonty.
These walls can be both load- bearing and non load
bearing. -
tion of blocks, materials, strength, masonry construc-
tion and colst economics etc; have been furnished in
Data' Sheet No. 8(1), However, the brief
information’; regardung the production of the blocks
and precautlons 10 be taken are given baiow s liels

" Ths battery moulds “are arranged in-row on a level

platform after oiling the inside surfaces. Stone spalls
of as large ‘sizes as possible are placed in the moulds
at bottom. The number of stone pieces may be one
or two depending upon their size.
of medium consistency is poured to fill-up the gaps

between the stone pieces and moulds at its lower . '
The .

portion to cover these stone pieces (Fig. 6).

Cement concrete .

remaining portion is again filled-up with stone pieces_

of smaller size of 6 to 10 cms.
of stone pieces are to be used taking care that ade-

quate concrete cover is available around every stone -
The remaining portion of the mould is again

piece.
filled up with concrete, compaction is done by plate-
vibrator placed at the top of the battery mould. After

I INDIAN PLANNER & BUILDER
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: compaction, the 1op, surface Is Ievellédland_evenly
. finished. Soon after, the partitions in the mould are
pulled up and the external sides are removed (Fig. 6),
The process |s repeated for further casting. The
blocks are removed from plétform after a period of
about 36-48 hours depending upon climate for

curing.

o SR, S AL i Sl
. Fig, 6. Casting of Stong Masonry Blocks

YT (Stone Spalls with Concrete at boitom)

To achieve good workability .and bond ofcohcrate
~with stone pieces, the sand to be used In it should be
well graded. !l_shoulld_, have fina particles 15-20%
passing | 8. Sieve No. 300 micron and 5-10% pass-
Iing 1 8. Sieve No,-150 micron. With veiy coarse sand
fyash or stone dust shou!d be added to Improve tha
workability of concrete. . The volume of stone pieces
used should be about 30-35%. A minimum cushion
of about .7.cms. of concrete .should be provided
around every stone plece, The blocks should be well
compacted during casting and cured for about 14
‘days. These should be well dried before using in
masonry. Smallet size blacks should be cast for
breaking the joints in-.masonry.

i

The schems resulty: In \substantial economy when
compared with traditional methods. The main advan-
tages of the system are.:3. . : :

i) i Casling of blocl;s.can be done by 'seml;s.kllled
worker,. . .

i} The wall thickness Is reduced, theraby saving in
materlal and cost, and « lsading to * larger usable
floor area. i . x B

’
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.. I} Blocks being of proper shape and size,
ducllvl_ty in laying is Increased,, and wal
built by ordinary, masons, SR 1)

the Pro-
| can, be

,-Iv) One face of the block having " stong texturg
", exposed gives lh? 'r'wtur_ai sl'o_i'lé 'Iapbearance
Er N ' . ’ > % i

il Fly, 6. ‘Casting of Stone Masonry Blocks i
M Sk (Finishing ahd Demoulding) ;
fl TR} .‘- . < e

This new system has been widely accepted by major
construction agencies all over the country, namely
housing boards and P.W.D. of various states as U.Pi,
Himachal Pradesh, Madhya Pradesh, Andhra Pradesh,
Rajasthan and Delhj Davelopment—Authority, C.P.W.D.
and M.E.S. etc..» i ; 1

5. Thin Precast RCC Lintels in Brick Walls .:
Lintels are provided over door and window openings
to support the load of masonry above and Joad from
slab, Traditionally, theso are designed on-the basls
of bending moment equal 1o WL/6 considering Arl-
.angular portion of the wall, Such lintels are quite
thick and uneconomical. The composite actioq_bgi-
weon the lintel. and masonty above has beén well
astablished and this Institute had earlier recommen-
ded the use of 7.5 ¢ms. thick precast RCC lintel WIII}I
3 Nos. 10 mm dia m.s bars. as reinforcement for

opening upto 1.8 metres, provided the bricks used

are of minimum strength’of 100 kg/cm® and masonry’
mortar is not leaner than 1:6 (cement : sand)- mortar.
The height of the masonry above lintel fs atleast 45

! 89
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- 2 DITCKS ol TUU kg/ecm™ are not avsilable In
< many parts of the country the: feasibility of adopting
thin lintel with low strength bricks was studied at
the Institute (Fig. 7). Detailed Information about
this study aré given In CBRI Data Sheet No, 1(31)
(Revised). “The conclusion” and recommendations
made thereln, are as under :

Fig. 7. Thin precast R.C.C, Lintel with Brick Masonry
Under Test,
There is composite action of lintel and brickwork
above, even when the
strength and the height of brickwork is 45 or 30 cms,
“only. The load carrying capacity increases with in-
crease in height of brickwork and also increases with
strength of masonry. Further, when the height. ‘of
brickwork above lintel is less than 0.37.of span and
masonry of low strength, failure occurs. by shearing
of masonry over supports. As the design -of the
.composite lintel is some what complicated and. not
easily amenable to calculations. For the ready use
of the site enginears, design chart for thin precast

“lintels of normal residential buildirigs is given in

Table No. 2. It is applicable only when thé load on
the lintel is uniformly distributed. Also the “height
of the brickwork over lintel shall not be less than 45

* cms. and mortar not leaner than 1:6 (cement : sand):

Thin lintels shall not be used In masonry In mud
mortar. [t shall be noted that there is no composite
action in continuous lintel at intermediate supports.
Thickness of the lintel shall be equal to the thickness
of brick i.e. 7.0 cms and 9.0 cms. for traditional and

modular bricks respactively. The lintel should have a -

]

bearing of 23/20 cms. on either support,

Use of the precast lintels: speed-up the construction
besides eliminating centéring and shultering. Also

10

+ -this results In about 60% saving in materlels add over-

" all cost; compared to lintels based on conventional
17, Bl s

* design. |t

i z}i‘ .. Table 2
Design Chart for Thin Pracast RCC Lintels

Maximum . .- Width of  Minimum . Maln reinforcemant

\ clear Span  lintel (cm.)  Crushlng °
of opaning Sl Strangth of 1 -

(om) ot brleks In wall
‘ \ (kgfema) .

- 120, 20023 40 .2 Nos, 10mm dla
Ly, H1 RS ; M.S. bars
120 l ~40 - 2Nos, 10mm dia,
i : © " M.S. bars
120 . "'140 . '3 Nos. 10mm dia.

e A X M.S. bars
150, 7 23 .70 2 Nos, 10mm dia.

; R ' M.S. bars
160 - " 1011.6. .70 2Nos.10mm dia.
EER G g e M.S. bars
160: . 30/36: ° -+70 3 Nos. 10mm dia.
ik g e M.S. bars
180 . ..,.20/23: - 100 2 Nos. 12mm dia,
: on Tt 5 M.S. bars
1807 1 10/11.6 100 - 2 Nos, 12mm dia.
g abil g, € £ T WS BT T e (s

. 180 7. 30/36 - 100 ° 3 Nos.12mm dia,

M ms e - M S. bars

brick masonry is of low .

. data is generally taken from U.S. National Plumbing
" Code (NPC) and British Standard Code of Practice.

Plumbing Services =" - . .- S
L g deed .‘!'l SR E

Rapid growth of population In big cities has necessit-
ated the wvertical ekpansion of buildings. Plumbing
services in such buildings become not only compli-
‘cated but also “costlier with' the Increass’ in the
height of building.’ ‘There is a heed to Improve upon
"the existing - drainage systems,: 1o determine the
redlistic design- pdranieters and to conserve In the
“water requirements. - The Institute has determined
"the ‘peak hydraulic load on drainage system In multj-
storeyed residential buildings; studied the perfor-
mance of single stack system'and has developed
sanitary appliahces-to conserve the water require-
ments; . The same are described below : :

1. Peak Hydraulic Load on Drainage System in
Multistoreyed Residential Bulldings for Inter-
mittent System of Water Supply

The design of water supply and drainage system In
India is accomplished on the basis of simultaneous :
peak flow and discharge unit, relationships. Design

(BSCP). Since the use pattern of sanitary appliances
in our country is markedly different from that of USA
or,U.K,, .the design valuses do not hold good for our
conditions. To determine the realistic design data,

INDIAN PLANNER & BUILDER
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. Torar discharg ynigy

FIG ¢ SIMULIAREQYS FLOw anp DISchaRGE gy RELATIONSHIp
FOR RESIDENIA BUILDIGS

System hag 8stublished its utility becayse of jts
simplicity. €conomy in the Material ang labour, and
lessar duct Space. The present design Procedurg
based on analytical determination of pressure diffe-
rentials within the stack |g {terative and timg
Consuming, Hvdropnaumailc studieg carried out jn
elght storeyed test rig (sach floor 'epresenting two
86rvice group) have led to the deveiopment of simpie
design Procedure which relates hydraulic discharge
in the 8tack to the pipe diameter for Permissiblg
Suction Created Inside, Parmissibie capacity of
100mm diameter Stack of AcC., ¢ and C.l, with

seal from (he traps of sanltary appiiancaaﬁ have beep
fecommendeq by this Institute, The vaiua;,_am:givan
). -

¢ 1LY 1983 - .- R

.S._No. Single Stack System. stack Capagj,

if.- Table 3, Rm:onmwndations‘(,n Per
capacitv.of--‘lGOmm Stacy, Migg

Permi'ssibie i No

B _ Slorgy,
5 g v ing
: = = ' - in y;
A% a0 Stack: " 274 s
2oy Stack! . 284 124
i % 12
3., C.1, Sti_ack_W_ilh.‘ e
Aeratars g Deaerators 373

Note :—Eacp 9roup  consisys of awc, Bayp,

“and Wash Basin, - Sin
3, Wéi‘.ér Conservatlon
Acute shortage of water in big cjyjeg has Béessllgged
the need for. jyg conservation CBRi Velopgy
Some impruvad sani.tary appirance/desi np durg

n in water onsumpiigy, can
hese arg described below .

i) Dual _}_f'/u;ehing'cisr_ergi o

In residentjal buildii"i'gs WiC. 1§ ysg for both Urlnatjgn
and defeca‘tion. Discharga of fui) Capacity of fiushing

15 litre high lavel cistern the flushing efficiency of

C. bowls having 150 cm? waer seal area s hard-

ly more than 60%. n has been experimentaiiy found

pnd later opy analytically Supborted that poy(s with
i




allation of these improved sappliances. may result
nsiderable water conservation.

Minimum Terminal Pressure

m terminal pressure of 0.18 kg/cm* I3 sub-
jvient in making the desired quantity avallable on
ffarent floors of a multistorey building. The
ductlon in terminal pressure would also help con-

qvation of water.
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