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General

"Rome was not built in & day

“God has created man and the tailor has created a Gentleman.”"And the
gentleman is the creator of the Civiisation . How the gentleman mairched
towards the present day Civilisation is briefly described here.

1.1 Brief History of Civilisation

Searching for a home started with the advent of life on earth. Botnh man
and animal were equally after it. White ants caves, bee's honey comb with
uniform hexagonal shape and tailor birds nest weaving skill are amazing to
the Architects and Engineers of all Ages. But their house remains in the
same shape as it was in pre-historic days. )

On the other hand, Man's house has contineously undergone change
towards better living. A present day house differs entirely with that of the
ancient Age. The cage has now turned into a lovely palace.

But this was not achieved in a day. It has been_ enriched with the
advancement of Science and Technology through different Ages. Worth
menticning are:

Old Stone Age : Archeology proves that human Civilisation was founded -
at least two milion years ago. it has passed through Old Stone Age when
Man lived in cages, on trees and in pits dug in the earth. The region of Iraq
and West Asia, and the Chinese used to prepare tent lke huts with the
help of animal skin, bones and tree branches. This Age is also known as

lce Age when most of the animals were dead for prolonged deposité of
ice on earth.

New Stone Age : Started about 20,000 years ago. Due to shortage of
animals for hunting, man started searching for grass wesds to satisfy his
hunger. Such grass was the fore father of paddy and barley. 1st urban
Civilisation started to grow up during this Age. Man made his first city in
West Asia during this Age.

Bronze Age : As Arabs invented glass while cooking in the desert, the,
people of West Asia invented bronze from Copper and Tin. Both the metals
were available on earth's surface. Many Civilisation like the Sumerian Civilisation,
Babilonian Civilisation, Asirian Civilisation were sprung up in Mesopotemia
(present Iraq). Babylon and in Asur in West Asia during this Age.
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Dried brick weore firat invented by the Sormeroang Thesy o b ATaL
by burning They invented wnting with the hele of prctore coale 0o
writing engraved on earthern plates They usod to culbivates by drep toan e o
cultured Astronomy  Latitudo and Lorgitudo were inventod duemeg th
Hanging Garden of Babvion of AQe was one of the Seovon Wonlen

the world. This was created by King Nebuchadnezzar(GO5 H52 B ke
his Queen

Iron Age : With the mvention of iron which was choaper than Lien
Civilsation grew faster in China, Eqypt, Greece, Syria, Turkey, Porsi oo
Iran) and Indus Valley. The Hittats were first to invent iron in 2300 10 The
Finisian, Greek, Chinese, American, Caldio, Egyp ion, Hittaut, Licko 1 oo,
Creet and Indus Civilisation were the [ootstep of human koowl oot
present Atomic and Electronic Age.

The Finisians were the first to invent vocabulary with the help of 22 icturao s
Greeks developed it into full fledged alphabate and all other alphabat 5 were
made accordingly.

Socretes, Plato, Aristotle are great philoscphers and scientists of Graool
era when Science and Technology advanced to & reasonable deqioo

The Chinese invented paper, sculplurs, coimnpass, magnet and prinhine,
Great wall of China was made in 4th century B.C. which is one of th oilest
wonder of the world.

In Mexico and South America, Maya, Inka, Ajtake Civilisation macde Infty
building and suspensicn bridge for communication.

Caldians were 1st to invent 60 minutes an hour, 24 hours a da, and 7
days a week.

Egyptian Civilisation was enriched in Arithmatic, Geometry, Medicinc and
Astronomy. They made pyramid to preserve dead bodies of the kings. Ths
pyramid is a wonderful creation of this Civilisation.

The Lidians first invented the use of silver arnd geld coin with kings imag=
engraved on it.

The Persians were also much advanced in constructing lofty palatzs and
roads and introduced gold and silver coins.

Extraction of oil from olive. was first made by the Creets.

Indus Civilisation was developed by our forefatners at Monenjadaro ard
Horoppa in Sind of Pakistan. They have distinctive town planning abity. It
has recently been proved thai a faction of this Civiisation existed at Laimz
hils of Comilla about 20,000 years ago. Virtually, we had a ocoastiul past for
which we can feel proud and try to behave more civiisad.

We have learnt from history of Civilisaton that about 60C0 years 220 02
Sumerians were the first to invent bricks. They came to know tnzat com!
ime and brick powder mixed in equal proportion can bind brcx (o5siner
This was the mortar of the old age . How Egyptans used 1o tnd ire sicrs
is stil not exactly known to us. Inventon of cement is a nstory of Uvss
hundred years old. Cement has revolutionised construction tecnnc 23y
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Man is now creating 100 storied buildngs in concrete and stes
human tendency always to create such lofty buldings. For examo =
Minar of Delhi of twelve century is 330 ft high. Umpire State Sucrg
buit in 1840-41 which was 104 stoned hgh and was the 2'est o7
decades, untill it is surpassed by World Trade Ceantre, Naw York o7

10 stored high M. Brooth was the Architect of this buidng Tran
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General

the Searce Tower, Chicago 1450 ft . high  Its planner was Dr Fazlur Rahman
of Faridpur Kenda Tange, a Japaneese Architect designed Hiroshima Peace
Tower, Olypic Gymnacium of Tokvo. Prof Luise | Kahn, designed the Capital
at Sheer-e- Bangla Nagar, Dhaka. Engneer Tarzaghi, Trotton, Willizm Thonton
and so many other Architects, Engineers,Scientist have contributed towards
the recent developments of Science and Technology.lt's impossible now to
move without technology. Neverthless toc say, these gentlemen are the
creators of modern Civilisation.

1.2 Houses of Different Countries

Bees' and sparow's are the natures architects. Well shaped formulated
hexagens of bee's nest and weaving ability of tailor bird in making his house
might have inspired man to build his own house. Houses of different tribes
and ages are briefly described here.

4. Caves : Is the man's pre-historic house in the primitive age.

2. Lake dwellings of Switzerland: Pied up Boats cver lakes were
in use in Switzerland.

3. Humpies of Australia: Aboriginals make such house out of wood
buckle and leaves called humpies.

4. Honey comb houses of Peru and West Africa: Red Indians
prepare such houses out of staw.

5. Igloo of Greenland : Igloo is a house of ice.

6. Houses of Jaluo tribe of Africa: Jaluo's house is made of wood
and straw.

7. Wigwam of America: Wigwam is a house of wooden frame.

8. Tepu of America: Is a tent made of grass.

9. Boat house of China: Individual Boats for each family similar to that
of Switzerland where rows of Boats were in use as a family dwelling.

10. Straw made hocuse: Are used by South Americans.

11. Earthen house of West Africa : Is conical in shape, lofly in height
and is comfortable to live in.

2
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Fig 7 : Red Indian's house made of skin

Fig 4 : Conical roofed huts of West Africa
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2. Rolivians atone houeat Thoaso housos havo no o winsles gy
13, Yreo top housen of the Phillipines
14, Ned Indinn's hovaes mace of akin

15, Red Indian‘s Houae In Dolivia
13, Conical reofad huta of Somalian :Vilagn give beatiful g st
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1.2 The Scope of Houszg Building
Importance in Bangladosh

The population growth per vear In Bargladash s 2.356 which is ore of
the highest in the World. According to Pepuiation Deav. and Vaiuati .n U~it
cstimataod manpower ROW( 1988) is 105.5 roion: dCL.u"d'l“g tc census of 19a1,
oouiaton growth is almost steady while houseas are not built ke=ping pace
vth the growth.

The folowing table shows how many houses we have now and how mary
hauses are to be reguired to satisfy the demand upto the year 2000,

Stetistics on housing:

Tyo= ofhouse Strawifbambos  Mud/orick Ci.sheet/\Wcod Cement/trick
Uroan 1075182 223856 285139 487744
s 8225393 9733383 1461552 23077
1ol G370381 857239 1716691 738537

Nzocna! Toial-14785048 MNos.

Soorce - BBS (1681 Census).

Asquiremant of houses {ill 1985:

Year Reguired no. of houses Rate of growth perysar
1985 201.28.433 3.61
126 228.87.957 2.57
1955 258.20,026 2.45
2000 292,43.504 ' 2.44

Sowrce : Sachitra Bangiadesin ,July, 1985
Cr:

zrat/sis, it has been found that we have to construct on an zaverage
z renber of 709,131 houses per year tO get rid of the preblem.
2.t s goal 15 hardly achieved due to many reasons like high cost of
0 ard constnuction rmaterals which are getling bayond peoples reacn
')‘I oy Jay.
such, extensive research work Is necessary to find ways and means
chuct iov/ cost houses having public acceptibility.

'u') or
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1.4 Earihagualks f2onaes of HBongladeah and
PFroteciion of B.aildings

EARTHQUAKE o a common natural phenomenon ccourring since the
incention of the world - Many earthqualea baits warn active in the past
causing s0 many deovastating earthquakes that ruined mary cities and
hundreds of people lost their lives.Nowacdays, there are two most active
earthaquake belts. namely, the Pacific belt and the Alpine belt.

The Pacific belt slarting  from West Indies to Phiippines and Japan, runs
to North and South America, while tha 2nd belt originates from the Alpine
range in Eurcpe through Eastern Mediterranean to the Himalayas and Assam
of India and East Indies where it joins the first belt. About 75% earthquakes
occur in the first beit, mostly in Jagan and 22% in the second. Remaining
3% occur in the Suo-Marine faults. Bangladesh falls within the range of the
second beit and is very much under the influence of earthguake. It may be
recailled that Ascam suffered a catastropic earthquake in 1950, recorded
magnitude was 8.6 on the Richter Scale. Assam is not far away from us.
So we shoud have sormn2 knowledge ebout the phencmenon to take
precaution in order to protect our buildings and lives from its effects.

How it Occurs : Earthquake is caused by sudden rupture or by scrapping
together of two rougn sufaces of the earth by vclcanic eruption, movemant
of rocks along faults, by avalanches, iandslide or by the test of nuclear
bombs. Alcadad lorry alsc creates feenle earthquake. Mcst severe earthquake
occurs in the sea-bed, a very hign wave is formed. In 1¢33, a 27m(88.5 ft.)
high wave occurred in the Japanesse coast causing death to thousands of
people. Tnis wave is called Tsunami.

Tectonic earthquake occurs deep into the earth's interior, the centre of
occurraince is called the focus. A point vertically above focus on earth surface
is caiied epicentre. It is possible to fincl cut the depth of focus by proportioning
to their distances. Tectonic map of Bangladesh is furnished here..The plates
shown are most crucial for favour of earthquake. According to the depth
of focus, tectonic earthquzake is ciassifisd as:

) Shallow : depth of focus is less than 6C km.

Il) Intermediate : depth of foccus between 60 to 70 km.

) Deep : depth of focus above 70 km. Earthquakes deeper than 700 km.
are seldom felt on the earth surface except by instruments.

Scale : The scale of earthquake intensities was conveniently classified into
12 categories, tili 1935, when C.F.Richter devised a scale indicating numerical
magnitude of the intensity of earthquake, 10 is the highest on this scale.
The greater the number, more is the damaging power. The intensity of
earthquake in terms of Richter Scale is expressed as:

1) Instrumental : detected by seismograph, magnitude 1-3;

2) Feeble : noticed only by sensitive people ;

3) Slight : is like vibration of passing lorry, felt on upper floors, magnitude
3.5 to 4.2;

4) Mocderate : felt while walking, magnitude 4.3 ;
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Fig 8 : Map of seismic zones of Bangladesh by Met. Dept.
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5) Rather Strong : most sleeper awaloned, magnituce 4 8,

6) Strong : trees sway, suspended objects awing falling of loosa abjocts,
magnitude 495 4,

7) Very Strong : walls crack, plaster falls, magnitace 5 5-6,

8) Destructive : chimneys fall buldngs damaged, magritode 6 8,

9) Ruinous : houses collapse. ground cracks, pipes break opoen, magritude
6.9,

10) Disastrous : ground cracks badly, bldgs. destroyed, ral ines bent
magnitude 7-7.3,

11) Very Disastrous : few buildings raman standing, bridges distroyed,
great landshide and flood, magnitucle 7.4-8.7,

12) Catastropic : total destruction,objects thrown into air, ground nsas
and falls in waves, magnitude 82 and above.

Earthquake Records Of Bangladesh and Of The World :
Bangladesh has experienced earthquakes many times in the past. A record
from the meteorological sources obsarved at Dhaka from 1962 to 1972
shows that, on 19.6.63 an earthquake with a magnitude of 5.7 was fell in
Rajshahi, on 18.2.64 magnitude of 5.6 felt in Kushtia, Jessore and Sathkira,
on 13.6.64 magnitude of 5.8 was felt in Chittagong, on 2.2.71 a magnitude
of 5.4 was felt in Chittagong. We do not have any idea about the intensity
of those earthquakes at Dinagjpur, Sylhet and Mymensingh. Since, they are
situated closer to Assam belt, the magnitude of earthquakes was always
greater in these areas compared to that of Dhaka.

One of the greatest on record of the world earthquakes was the catastropic
earthquake that ruined Lisbon in 1755.The magnitude might have greater
than 9 on Richter Scale. Great earthquakes with corresponding magnitude
on Richter Scale were as follows: 1906, Columbia, Equador 8.6 ; 1906, Chile
8.4, 1911, Sinkiang, China, 8.4, 1920, Kansu, China 8.5; 1933, Japan, 8.5;
1950, North Assam, India 8.6; 1960, Alaska 8.6.

Seismic Zones of Bangladesh : According to probable magnitudes
of earthquake, Bangladesh has been divided into four zones, namely, major
damage zone, moderate damage zone, minor damage zone and negligible
damage zone. The above mentioned zones have been shown in the map.
The major damage zone includes Greater Dinajpur.Thakurgaon, Jamalipur.
Kishorganj . Tangail and Svihet. The moderate damage zone includes
Greater Rangpur, Pabna, Dhaka, Chittagong Hil Tracts. The minor damage
zone includes Greater Rajshahi, Kushtia, Faridpur. Chittagong., Bandarbon,
Comilla. The negiigible zone includes Greater Jessera Khulna. Barisal, Patuakhali,
Noakhali and Bhola.

From the list of earthquakes mentioned earlier it is obvious that the maximum
earthquake with the magnitude 5.8 was felt in Chittagong on 13.6.64 which
was very strong in nature on the intensity chart. According to meteorological
sources, we experienced three medium and 30 minor shocks in 1988. out
of which the biggest one happened on 21st Aug. of magnitude 5.6 on
Richter Scale; the source of earthquake was 755 km. away in Nepal killing
1200 people there. The magnitude recorded there was 6.4. It was destructive
in nature. In 1934, 11,000 people were kiled in the same area Fortunately
enough, we are a few hundred miles away from the crucial Zones (in Assam
and Nepal).

We have possibilities to face tremor very strong to destructive in intensity.
Ruinous earthquake may happen, if prediction of Seismic experts comes
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o 1l ot the end of this contury catnatropie erthquake will ocour e
Mg Avmencinah, Sythet and part of Chttagong Hill Tracts ara cle o by
ARy hoh amparatvels groater ehocks are aupposed o be felt in thione

Yeas Wo ocon bowever proaima that if 1060 earthquake of As=armn s
reapeatad Dhaka wil face ramaor equivalent to approxirmately 7.8 on Fizhits
SO0 wheh may e disastrous

To rotect Mo and provent colapse within reagsnable means and vt
Sxoessve cost eortan measures are sugaested here which is hienif 2o 1o
o= conua buldings only. The planner of other high nse buildings is supposad
1S onve due attention to seemic load for that particular structure. The Ihaor,
save that a bulding should absorb energy rather becoming strong for - hich
ottty shoulo be induced to the bulding components 50 that it svwes to
ome extent though serously damaged, but still maintaining vertical o
cang capacity. Thus, cracks in floor and wale should be allowed so that
a2 buldng does not yield to collapse. Codes have devised numerical foimuia

(N A

cathguake lcads, yet many uncenainites  still exist. Fer conveniarice in
emgn an earthquake s translated into an equivalent static load acting
sontaly But it develops both vertical and horizonta! ground vibraiions,
as such vertical stresses can not be ignored. Thus, prediction is difficutt yot
probable eav‘tnquake, zones with seimic design load may be specified.
Corinental United States has been divided into 4 zones.Ws have vet to
gedide such facters for designing cur buildings. For rougn and ready
calcylation, coresponding stressess acling in the buiding may be increased
by one-third. That is an extra provision of 33% may be providad in
reinforcement to prevent the effect of earthquake.

Resigential buiding which is normally 5 Te 6 steried high may be constructed
with L'type comers columns and two or three ‘T' type inner columns tied
winh beams which in combination will act as the inner core of the puilding.
Sug_n coumns are more stable than rectangular or square columns. To maks
i “‘t 8" x 12" columns sections with 5" to 8" brick wall thickness may be
seiected.

Fuﬁhermore. the following generai principies may be followed : Height should
be twice and length should be within thrice the widtn . Height of each story
shouid not be more than 10 ft. Foundation must be laid on harc! scil.The
buidng should be made on framed structure ie. on beams and columns.
Arched roofs and domes should be  minimum. Where framed structure is
not possible, brick wall should be reinforced with vertical and horizontal rods
at regular intervals of 4’ to 5' apart. Old houses may be reinforced with 'L’
and T type columns. However, due attention shouid be given for all new
construction in major and moderate damage zones.Two storied Buildings

mazy be constructed without columns. But bands should be provided.

Taking Shelter During Tremor : Which is the best place to take
cheiter 7 The author has the experience of tremor of magnitude 7.2 in Japan
in 1978. Most of the buildings there were cracked in walls and floors due
to frequent earthquakes. The Exit'is always lighted in "red"to facilitate Qoing
down lo ficlds. But it is difficult to walk dowr during tremor, so most of the
Japaneese people including the author remained in the corridor. Virtually,
short spanned roofs are the best place to take shelter, next to the open
ficlds. Gong down under the tables is seldom feasible in such cases.
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Fig 9 : Map of seismic zones of Bangladesh by committee



1.5 Earthquake i'roof Design and MHarard
Minimisation

et and the ttee submitted repoft
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WA EO0 abet Ak Thea Coammilten roview | the aval=t)
w the fallow ) e £3.
Noth and Last of Bangladesh there are areas of high seismic acti - ar
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D The Ol geo'oacal structure in Bangladesh or in its immediate ity

with maor earthquake association 1 the Dauke Fault in the southsrn 2das
~f the Shilong Flateau
3 Dunng the last one hundred years severs and wide spread darm 232z
stnxction occunred only once e by the Great Earthquake of 185 with
ict in the Shilong Plateau. Only twe major earthquakes rameiy
Jengal Carthguake of 1885 and Srimangal Earthquake of 1918 hac! thair
gocentres m Bangladesh but caused serious damages only in mited areas
surounging the epicentres.

Tne northem border belt of Mymensingh and Sylhet districts ant ths
g2slem part of Rangpur have been affected by frequent tremors and south
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Seismic Factors : The Committee has suggested three zones namely
zone |, being most active, zone |, less active and zone |ll, being the minimum
possible intensity of earthquake. For the purpose of designing buildings basic
Seismic coeificient denoted by Z may be taken as follows :

Zone | Z =008

Zone i Z =005

Zcne Z =004

Seismic probable Magnitude

Zone (Richter Scale)
I 7.0
I 6.5-7
Il 6.0-6.5

Base Shear:

The shear force at the base of a building is given by the following formula -

V =ZIKCSW |

where, Z is the basic seismic coefficient for the particular zone

I= Importance factor

K = A factor to take into account structural type.

C = A factcr depending on the flexibility of the structure.

S = Soil foundation factor.

W = Dead load plus appropriate reduced value of live load.

The design of buildings against earthquake should obviously be done in
Zone |. However, for low height buildings additional provision of 33%
reinforcement may be provided. For high rise buildings proper technical
design should be done by qualified Civil Engineers.
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Earthquake Hazard Minimisation

Earthquake risk in terms of possible damage to life and property has increased
manifold. Earthquake damages occur not only due to collapse of structures
due to ground shaking but in some instances on a larger scale by fire flood,
tsunami and epidemics following an earthquake. Though there is no way of
preventing an earthquake, effective measures can be adopted for hazard
minimization.

Prevention or minimization of earthquake losses largely depends on active
co-operation from an informed citizenry. Hence, generation of mass
awareness of the hazards and possible minimization measures is of prime
importance. For protection against earthquake damages, an outline of
earthquake resistant design of structures has been suggested. Protection
measures involve additional investment and people are generally reluctant
to make the extra investment even though it may be very small as earthquakes
are n frequent occurrences and public memory is short. However, if it could
be brought home to them that the little extra expenditure could mean
escape from disaster in case of an earthquake, the code will have wider
acceptance. Some repair/reconstruction facilities could be offered against
earthquake disasters through earthgquake insurance system. Here again public:
acceptance wil need effective campaign.
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1.6 Prediction of Earthqualee {1 «onalvo studion ara currentr,
Peiwy condodt out In LES A USSR, China andd Japan Lo fined oot roliat e
procureore of earthaqunkes and some succoas haa beon attained. O the
Lavis of results o e obtained, it appeara that detarminiatiec forecanstineg,
atoting datelocatlon, magnitude ete, may not b poasible at least for rmary
VOArs 1O comne

Cefore the inal breaking polnt s reached the rockimasaes undergo. Sornc
changes or deformation and soma of these changes even thouglt very
nmnute can be meacured by very sensitive equipment. Abnormal anirnz|
Dehaviours have also reportedly beon used in China as earthquake precuiraors
Ay conaideration ol earthquake  prediction rosearch in Bangladosh  is
promature as the equipmont needed are highly sophisticated and exponsive
and they have been used with some resulta only In selsmic belts along
somae faults or geological features with established earthquako connecticon

1.7 Earthquake Records within and in the vicinity
of Bangladesh

Sgnificant earthquake records in and around Bangladesh are furnished below:

Date Epicentre Magnitude
(Richter scale)
Latitude Longitude
Degree. Degree.

08 Jul. 1918 24.3 91.7 7.6

15 Mar. 1927 24.5 95.0 6.5

02 Jul. 1930 25.8 90.2 71

24 Mar. 1932 25.8 90.2 5-6

06 Mar.1833 25.7 90.5 5.8

02 Jan.1934 - 251 94.7 6.5

31Aug. 1837 25.9 96.8 6

21Jan. 1941 21.2 92.0 6.2

22 Jan.1941 27.0 92.8 6.2

23 0ct.1943 26.8 94.0 7.2

18 Aug. 1950 28.6 96.7 7.0

13 Sep. 1950 27.8 95.3 7.0

02 Mar. 1963 261 92.2 4.2 Rajshahi

18 Feb. 1964 27.5 911 5.6 Jessore
Kushtia
Satkhira

13 Jun. 1964 23.0 94.0 58T

21Aug. 1988 — — 5.8 Feiltall
over
Bangladesh.
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Knowihg
About

2 Building
Materials

Earth with her thousand voices,
praises God-Coleridge.

2.1 Water

Water is vitally important in construction a$ itis to our life. It has two functions :

a) Chemical

b) Physical .

Chemical : Cement contains about 6% lime For complete hydration of it,
about 14 Ibs. of water is needed for 100 Ibs of cement. It causes chemical
action with cement for setting and hardening.

Physical : It distributes cement and imparts workability to the mixture.

Water should be clean and free from acids and salts lke sulphates and
chlorides and carbon dioxide.

Data on water :

One cu.ft. of water = 6.24 imperial gallons.
= 62.4 Ibs. (at 60°F).
One ton of water = 1 cubic metre

= 244 imperial gallons.

2.2 Cement

Is a product of mixing calcareous and argillaceous materials. Normal cement
is called Portland Cement This is the rnost widely used cement. It is so
named because of the resemblance of its properties with a well known

natural stone quarred at Portland, U.K. Joseph Aspdin, a Yorkshire brick layer
is discoverer of Portland cement.

There are many types of cement . advantageous: for different uses as follows :

Types of cement Advantageous for

a) Rapid hardening cement For Quick hardening action
b) White cement Used in Mosaic works.

c) Coloured cement o “ "

By



How to build a nice home

d) Aluminous cement Very rapid harding

e) Clay cement For Marine use.

f) Masonry cement Normal cement for masonry work

Q) Air entraining cement For action against freezing.

) Pazzolanic silica cement Against corrosive water and fire
resistance

Cement looses strength in storage. But unless, it is hardened by water jts
strength never comes to zero. Clotted cement due to storage can be usad]
in construction by grinding it again, but higher proportion should be used
Probable loss in strength will be as under :

3 Months storage 20% less
6 Months storage 30% less
12 Months storage 40% less
24 Months storage . 50% less
Data on cement :
1 bag 50 kg
1 Ton 20 bags.

Av. initial setting time (of ordinary cement) = '/2 hr.

2.3 San_d '

it plays an important part as Engineering material.

Types: Main types are:
1. River sand
2. Nala sand
3. Viti sand :
Sources: 1. From the Padma, the Jamunra and other River beds
2. From nala in hills
3. Viti sand is fined grained and is available on earth surface
or underground.
4. From Quarry of Sylhet coarse sand is available.
Identification of good sand
1. It should have sharp, angular and hard grain.
2. Free From eilt (For practical purposes 3% to 4% silt may be allowed.)
3, Should not contain rotten leaves etc and other organic materials.
4 Grain Fineness Modulus will be between 1. 5 to 3.
In Dhaka, Kaliakor, Kadda, Mirpur, Mohammadpur and Pagla are the places
whnere sand is available.

2.4 Bricks

Bricks are namely classed as under:

1, Ordinary bricks
2. Ceramic bricks
3. Special purposes bricks like fire bricks used in fumace etc.

Criy No. 1 and 2 above are treated here.
Classification : Ordinary bricks are classed as:
1) 1st. Class Bricks/Picked bricks
2) 2nd Class Bricks.
3) 3rd Class Bricks.

- ™
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Identification of 1st. Class Bricks

a) Faces should be plane

b) Sharp edges

Cc) Well burnt

d) Gives metalic sound when hit by a hammer

e) When dropped over another from a hight of 1m. (3.28Ft), it should not break
fy Should be free from cracks
g) Water absorption: 15% by weight.

Picked Bricks:

Picked bricks : @) Is overburned than 1st class b) Distorted shape. c) Harder
than 1st class and suitable for making khoa chips.

Identification of 2nd Class Bricks

a) Slightly Inferior than Ist. Class.

b) Distorted faces and edges.

c) Burning almost same.

d) Lose sound.

e) Presence of cracks.

f) Water absorption more than 20% by weight.

Identification of 3rd Class Bricks

a) Mostly unbumt, inferior in quality, not used in construction.

b) Breaks easily.

c) High water absorption (over 25%) It becomes soft onimmersion in water.

Engineering Data on Bricks

Weight =120 Ibs/cu ft.
=2 gr/cu.m.

Crushing strength

a) 1stclass 200 kg/sg.cm

b) Picked 210 kg/sgcm

Water absorption (24 hrs. imersion)=15% by weight Safe percentage of salt
(Sulphates of Calcium and Magnesium) =2.5%
Burning Temperature=1150°C to 1700°C

Ceramic bricks
Mirpur Ceramics, Brick Linkers of Savar and other Firms are producing
ceramic bricks used in facing and in construction works.
Classification : 1) Multicore bricks-3 holes, 10 holes, 17 holes and more
holes bricks are available. .
2) Solid pressed ceramic bricks: its size is 8" x 4" x 2"
normally used in facing works in 2" and 4" thickness.
2" thick facing can be given by interlocking with main
wall by means of Z-bars or brick tooths and holes.
Ceramic Jally : Various types of {aly are also available. Different designs
of jaly are shown seperately.

Hollow Blocks : These hollow block are used in making economical roofs
. and floors.

Partition Blocks : These are hollow bricks used in light weight partition
work.
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King closer

One fourth brick

Fig 11, Ditferent shapes of brick

2.5 Building Stone

There are many stones available in nature. Namely, Granite, Limestone,
Marble, Basalt. Chalk, Sand stone, Quartzite, Laterite, Slate, Pumice stone
etc. Out of which mainly Limestone is available in quarry of Bholagonj of
Sylhet, Dinajpur and from mines of Bogra; Slate and Laterite from Chittagong.
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Chief requirbment of bulding stone are strength, density and durability
Stones of uniform colour are generally found durable. Red or brown shade
in it indicate the presence of injurious materials.

In our country, three main types of stones are used in construction as
stone chips which forms concrete when mixed with sand cerment and water,
These are
1. Pea gravels, normal size is 3/a" and below. Does not require crushing
2. Shingles, normal size is bigger than pea gravel but less than 3" It recuires
breaking into chips. )

3. Boulders, bigger than 3. It needs breaking.

Though we use brick chips in concrete in this region but it is not
recommended by ACI Code Only stone chips is recommended for goocd
quality concrete.

2.6 Concrete

Concrete is a heterogeneous mixture of cement, sand, crushed store (or
brick chips) and water. Aggregates like sand and stone are inert while
cement and water undergo chemical changes and the mass hardens lke
artificial stone. Approxiimately, 7'/2 gallons of water is needed per bag of
cement. When steelisadded for strength it is called Reinforced Concrete.
There is light and heavy weight concrete used for specific purposes. Building
codes do not specify brick chips to be used in concrete instead of store
chips. However, it is used in-our country as a substitute of stone. as such
for maintaining quality, p’icked bricks should be used.

Concrete mixtures have different proportion as under :
“Cement: - Khoa: ., ... Brick Usage
(RN A I B ' Weak concrete
e TR " forlevelling. _
, : TR b 4 - Slab, beamscolumn
Sl _ 12 3 . . _ Beams,water tanks etc

2.7 Mild Steel Rods and Flat Bars

As compared to concrete, steel is 10 times stronger than concrete in
compressive strength and 100 times stronger in tensile strength.

Common steel is billet. Billet has three grades, namely :

1. Structural grade v
2. Intermediate grade
3. Hard grade.

Intermediate grade is used in construction. Some other steelrod is also
available in our country, called scrap steel extracted from breaking of scrap
ship. This is hard grade steel and is not suitable for columns, but can be
used in beams and slabs.

Deformed bars are drawn from hard grade steel and is very strong in

tensile and bond stress and is economical for roof slabs.
Steel Rods: /8" dia rod is called No.1. rod. 2/8" dia is No. 2 rod, 5/8" rod is

called No. 5. rod and so on. Masons call them one Suti (one suti mean Vs"
dia) two suti etc. Normally /4", 3/4", /2", 5/8", 3/8" dia rods are used in house
building. :

Flat bars: .

3/4" x /8" flat bars are used in window grills, Z-bars, L-bars I-sectons,

2.1



How to build a nice homeoe

channels are aleo used for vanous fabrnication

Why MS 1ods are usod in concrete 2 \Whnny heatoe! (reve el Shier
cooled) concrete and steel elongates or contracts in a proportional AT
Young's Modulas — of elasticity is the same for conerete and staol

That is why concrete and stoel are used together

Hardness ol Rods . More the carbon contents, more s the biardloes 1]
steel Strong stoel means high carbon containg in it Lesaer percontacyer of
carbonis present in mild steel for which it is possible to shape it in any forn

ANMild steel is more ductile and is suitable against earthquake action anch 5
preferable to scrap steel which is hard and less ductile.

High carbon steel 18 also used in pre-stressed concrete.
Twisted bLars, welded fabrics, nbbed mesh. Joist etc. are also 11520 in
construction.

2.8. Glass

Main Types are ' i) Laminated glass- It is shutter-proof.

i) Sheet glass- Used in houses as window shutter and glazing.

i) Foam glass- Used in bulbs.

iv) Structural glass- Bricks or even beams are prepared from suct glass.
v) Frosted glass- Transparency is lost.

vi) Glass Crete-Can be sawn or drilled like wood.

vi) Caloren- Heat proof glass.

vii) Vita glass- Specially prepared for ultra violet ray.

SI. No. (i) and (v) are mainly- used in building construction.

2.9. Paint, Varnish, Distemper

Purpose of Painting : Paints are used for-

a) Protection from weather action.

b) To impart desired appearance.

c) Prevent corrosion.

d) Prevention of fire.

e) Create healthy atmosphere.

Composition : A paint consists of :

a) A Base, b) Pigments

c) A vehicle, d) A drier like litharge and a

£) Thirner like turpentine

a) Base- Zinc white, lead white, red lead etc.

b) Pigments-Colouring matters like black manganese, lamp black, soot,
hurned umber, brown crome, prussian blue Zinc crome etc. are usad.
¢) Vehcle- Linseed oilis mostly used. Other are Soyabeen oil, resin oll, etc.

Varieties- i) Enamel paint: Enamel paint has high grade base like
zinc white. They are costlier and give long standing
results. Best for metallic surfaces.

ii) Emulsion paints: Pigments dissolved in water vehicle
and a drier. Qil is also used as vehicle. It is further divided
as ol bound or water bound. Best for cement plastered
surface finishing.

i) Cement Paints :

Mixture of . White cement 70% Lime 30%
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Add pigment to desired colour and density  This is
suitable for rough surfaces.

iv)  Celulose paints
These are mostly water washable.,

v) Metal oxicdes paints- Zinc or lead oxide is a good
protective coating for iron and metals. For drums, water
tanks etc.

vi) Biluminous paint-Asphalt or bitumen dissolved in any
type of oil or petrolium gives bituminous paints, usec
for works under water and over roofs.

vi)  Anti-corrosion paints-Red oxide paint is commonly used
Powder oxides of metal of iron, zinc, chromium lead is
dissolved in oil and is used as prime coats.

vii)  Anti-fungus paints are also available.

iX) Ready mixed paints: There are many locally
manufactured mix paint in sealed containers which give
satisfactory results.

Stages of painting :

1)
2)
3)

4)

S))

Selection of Brushes : Good costly brush having paint holding capacity
and smooth nails be prefered. »

Stopping : Repairing to cracks, depressions by white lead and oil be
used for making smooth ‘surface.

Cleaning: O to 1 No. sand paper or emery paper be use for rubbing
the surface and then.cleaned by soft cloth.

Coats : Three coats are normally used for best result including Prime
Coat. Priming paints are available. After drying up of prime coat under
coat and final coat is given. Each coat should be dried up before
applying the next coat. In case of wall a chalk powder wash dissolved
in water may be given as prime coat and duly rubbed and cleaned
before painting.

Spray painting : Painting with spray gun gives better surface than brush
painting because uniformity is maintained. Also work can be done quickly.

Varnishing

It is a case which is mainly applied to wood. Sprit varnish is popularly called
polishing.

Oil varnish is highly weather resistant which can be used in other metal
surfaces and wood.

Composition of Varnish :

a) One base (resineous substance like roson muski, gala etc.)

b) Solvent : Volatile liquid like methylated spirit popularly called as spirit.

C) A drier is sometimes used for quick drying.

d) Pigments for desired colour.

Preparation :

a) Dissolve gala in spirit it takes about 12 hours.

b) Prepare a solution of roson/ muski in a separate container. Meanwhile,
prepare the surface to be varnished.

c) Screen the Solutions through fine cloth.

d) Clean surface till smooth. Close knots and cracks by putty. Apply french
powder along with spirit and allow to dry clean again with Q no. sand paper.

e) Clean cloth be used for making pad which wil act as brush. Apply on
(a) soln with this pad. Allow to dry and rub with O sand paper.

f) Finally 3/4 strokes be given with (b) soln. for glaze.
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Distempers : These are water bound pants. 1t is thined by wator, can
be apptied to walls ina manner similar to paints

Distomper Powder-Of free powders are avalable in various colours @ can be
aptied o wall by dissolving into water upto desired consistency  But gurr
Lo vsed in the solution (@ 1 chhatak per five gallons of water for acihecion
to walls

Putty @ It is made of.

a) Challe Powder, and

L) Linseed ol

Nanpanese dioxide may be added for hardness. Itis popularly called as 'F uttin’

2.10. Mosaic Materials

1. White cement. 2. Marble dust. 3. Grey cement. 4. Marble chips. 5. Cclouring
matenals.
Out of these,cementing materials and Filler materials be prepared.
A Cementing Matenals : The former three form the cementing material and
i2 taken in the proportion of :-

White cement: 1 part

Marble dust: 1'/2 parts.

Grey Cement: 3 parts
8 Filler Materials :
Marble chips are the main filler materials, necessary colouring pigments may
be used. For making contrast different marble chips may be taken in diifferent
proportion. §
Mosaic : Now ore part of ‘A' and one part of ‘B' are mixed with water
and s spread over floors in /a" to 3/8" thickness. This mosaic gives silver
grey colour and is called situ masaic. Pigments upto desired density can be
used according to choice.
Mosaic Tiles : Standared size is 8" x 8" x /4", It contains 3/8” thick mesaic
materials over a pressed 1:2 cement: sand base

2.11. Wood : Is of two types-hard and soft.

Hard wood Soft wood
1) Leaves are broad 1) Leaves are narrow
2)Dense. 2) Lessdense
3) Well defined annular rings. 3) Not well defined
4)Heavy. _ 4) Light.
5) Hard 5) Soft

Comparison between Sap wood and Heart wood
Sap Wood | Heart Wood
1. Outer layer 1. Inner layer.
2 Richin plant food and is 2. Stronger cells and is
subject to decay by fungus poisoneous to fungus.
3. Undurable 3. Durable.
4. Bigger mo'sture contentls 4. Aimost nil.

and soaking.
5. Unsuitable for construction
work.

24
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Seasoning of Wood : It is necessary for

1) Expelling water.

2) Recucing weight for transportation,

3) Create resistance to decay and deformation due to weather action
4) Suitable for cutting and using in work.

5) Impart suitability for painting and polishing.

Methods of seasoning :

a) Arr drying (Natural)

b) Water immersion

c) Applying chemicals like Urea

d) Applying heat (Kin seasoning)

e) Electrical- For seasoning at rapid rates.
f) Combination of the above.

Few best known wood of the country :

1. Chittagong Teak. 2. Teak Chambal. 3. Telsu. 4. Gammer 5. Chapalish 6
Sal wood 7. Silkorai. 8. Kathal. 9. Garjan. 10. Sundari. 11. Jam. 12. Nim. 13.
Mango 14. Simul

2.12 Aluminium Panels

‘Now-a-day, aluminium panels are extensively used for its long lasting effect,
sliding facility and decency. 5 mm plane glass or foreign made tinted glass
is used in combination with the panels.

2.13 Water Proofing Agent

Water proofing in underground works is difficult, particularly in water reservoirs.
“Normal concrete is not water proof, unless admixtures or reagents are used
except the wall is made abnormally and uneconocmically thick. Few admixtures
are stated bellow : ’

1. Pudloo-It is a ready made water proofing agent used in the concrete
mixtures proportions be given as per prescription of the porducer ‘
2. Home made admixtures :

a) 1 percent soap solution may be used in concrete instead of adding
ordinary water.

b) For walls and plastered surface alternate application of Alum and Soap
solution gives good results 13/a ounce (ozs) of Alum is dissolved in 1 gallon
hot water, 1 ounce Soap is also dissolved in 1 gallon hot water. Hot alum
solution is first applied to the surface by a brush immediately followed by
hot soap solutions. After drying another course may be followed.

2.14 Piles

Piles are of two kind-

1) Pre-cast R.C.C piles

2) Wood Piles.

Details discussion about piles is made in chapter 6.
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245 Veneer Boards, Gypsum Board, Hard Boards
and Other Boards

\opaer means covenng ol wood sheel or maetal sheat over o base of
W nolrame of honey comb ine or other patte s
Goan s Chapalsh and Tealk veneors are avalable in the market

v Ol one type of hard board mainly used for ceilings. base for
tovea sheets and i many other furniture making industry.
Formrea and Glazed sheels are used for table tops and wall decoralion anc|
v fomtore making
avosum board, are only used in false ceiling.

2.16 Glues and Adhesives

Ditterent types of glues and adhesives are available in the market wtich are
used for cementing wood, Glazed and formica sheets, glass and rubber 'works
2.17 Wall Decors and Floor Covers

Rexin and Poly venyle decorative sheets are also avallable Walls and floors
can be decorated with such sheets.

2.18 Glazed Tiles and Clay Tiles Glazed ties are shiny and
slipoery and are suitable for bathroom walls. Its normal size is 4” x 4" 6" x
8", 4" x 8" etc, while clay tiles lock dull and is non-slip surface and is suitable
for floors. Varying sizes are available in the market.

2.19 Weight of Construction Materials

ltems Kg per cu.m. Pounds per cu. ft.
Earth 1600-1760 100-110

Sand 1900 120

Bricks 1900 120

Cement 1440 90

Glass 2560 160

Steel 7840 430

Wood 650-720 40-45

Brick work 2320145

Water 1000 62.4
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3 Architecture
and
the Building

"Art lies in concealing art”
- Owd!

3.1 Architecture

Architecture is the art and science of designing and constructing functionaily
graceful structures to serve the user well and satisfy his varying and complex
needs. ,

Architects of the old Greek age developed a style of proportion known
as order of Architecture . It was a proportion of base of a column with its
diameter. It was based on human body. Doric order was based on a man,
Corinthian on a maiden and lonic on a stout lady.

‘3.2 Vernacular and Designed Architecture

Architecture is of two kinds :
1) Vernacular Architecture and
2) Designed Architecture.
Vernacular Architecture is old and traditional having minimum originality.
Masons and carpenters are experts in constructing such types of building
without the help of an Engineer or an Architect.

On the other hand, Designed Architecture is the result of conscious efforts
to create something new. It contains element of tradition, but each design
is original. Function, form and feeling for utility and aesthetics are the three
~ considerations in designed  Architecture. An example is shown in the
accompanying diagram.
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Fig 12 : Plan for hostel based on designed architecture

3.3 Architects on Architecture

Before studying the design considerations in architecture, it is interesting
to study different views of architects on architecture. According to the French
archiect Auguste Perret, an architect is a poet who thinks and speaks in
terme of construction. According to the American architect, Louis Sullivan,
the true work of the architect is to organise, integrate and glorify utility.
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Fig 13 : Plan for hostel based on vernacular architecture

Then and then only is he truely a Master worker. Further, he defines design
as ‘The Architects graphical solution of a project or programme economicaly,
structurally and aesthetically. Vitruvius, the first century Roman writer in his
De architecture Libri Decem (Ten Books on Architecture) has stated the first
principles and reguirements of design : ‘Utlitas, Firmitas, Venustas,' i.e. utility
(good planning), sound construction and pleasing appearance are the
principles of good architecture. As these principles can never be rejected
entirely, revolutionary architecture was based on notions added to the above
three principles.

3.4 Prime Job of the Architect

Thus, Architects should concern themselves with planning and with nothing
else!

‘He goes on to say,’ there. are only two problems in architecture, first, the
problem of private buildings which was how to provide the optimum
accomodation for the smallest sums of the money, and second, the problem
of public buildings which was how to provide the maximum accomodation
for a given sum.

3.5 Modern Architecture

" Wright in the USA were responsible for changing the concepts of architecture
and they can be called the founders of modern architecture. F.L. Wright
defined modern architecture as power that is to say material resources directly
applied to purpose. Le Corbusier defined architecture not in Vitruvian terms,
but in terms of the sculptured effects of light and shade. 'Architecture’, he
wrote, is the masterly, correct and magnificent play of masses brought
together in light. Our eyes are made to see forms in light. Thus, cubes,
cones, spheres, cylinders or pyramids are the great primary forms which
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aht roveals to advantage. They are not only boautiful forms, but the mogt
Deautiful forms He also stated that the so-called architecture does not exist,
only Cfunctions’ exist Modern architecture consists of functionalicrm  anc
simplicity using new methods of construction for new materials.

JNL Durand, an architect of the nineteenth century said. "Ornament hadl
nothing to do waith architectural beauty. Since a building is only b =autifyl
when it satisfies a need—whether we consult our reason or examing -incient
monuments —it is evident that the primary purpose of architecture has never
been to please, ner has architectonic decoration been its object.

3.6 The Architect and the Engineer

Le Corbusier has commented on the engineer's and architect's work in
the following words
An Engneer employs geometrical forms- their work is on the direcl line of
good art.
The Architect by his arrangements of forms, realises and order which is a
pure Creation of his spirit. The purpose of construction is to make things
hold together, and of architecture, to move us.
Thus, architecture demands a different talent and vision while dealing with
its basic necessity. ie. utility, form and aesthetics. A person trained in planning
and possessing the urge and natural vision for aesthetics should dzal with
planning anc aesthetics. At the same time, he should have sufiicient
background for structural design and construction. A person possessing an
analytical vision, knowledge of the method of construction, materials and
their properties and sufficient background of structural design should deal
with sound and.ecnomic construction. Planning and execution is thus the
Jjob of the architect. Estimation and measurements, structural design, contract
and supervision is the job of the architect & civi engineer to have the
background of the work of architect and knowledge of principles of
architecture, so as to enable him to read the drawings with the vision of
an architect.

3.7 Owner, Architect, Civil Engineer and the
Contractor

Owner is a Person with an intension to construct some structure: on his
site. The Architect helps him to plan the structure, the Civil Engineer finds
the requirements of structural design and select a Contractor for its execution.

3.8 Modern Houses

The style of house commonly referred to as ‘modern' or ‘modernistic’
developed primarily in Europe during the early 1920's. Architects such as Le
Corbusler, Gropius, Hoffmann, and Neutra rejected the traditional way to
plan and build a house, Their approach was to plan the interior to suit the
needs and way of life of the occupants. Then they covered this plan with
a simple shell, devoid of unnecessary decoration. Its function was to shelter
the plan from the elements of nature. The exterior, then became simply the
result of the developed plan,

The outstanding feature of the modern house was not its exterior
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appearance but the intenor plan of roomea The hovse was dosicnadd tey by
fonchonal and to refloct the modern way of wvng) Conmcderabiles escniphg i
WA placed onworkimg out the best room arcangement Ane tae of apace

&l MG costs werp aething higher, so houtes wero by csrenrey arriallesr The
madem house attempted to got a fealing of spacovsneas o a arnall floor
area by combinng soveral rooms It was called an open plan

The use of large, glasa areas in the extonor walls also contributec) a4 erest
deal to the open feeling. The windows weare placed whaore neaded with
nithe regard to what this did to the exterior Then emphasis was on a viable
open, floor plan

3.9 The Building

It 1s defined as an enclosed space covered by roofs

Buiding construction 18 an engineering science dealing with technics of
construction of building.

There are two main types of buidings, public buiding like Schools, Cinerma
Halls, Hospitals and Residential building. The technic of construction is the
same for both the cases.

Each building has two main parts 1. Sub-Structure or, the foundation including
plinth and 2. The Super Structure above plinth level. Plinth level is the height
above ground level which is finished as ground floor.

On the basis of materials used in construction, it is further classified as:

1) Kucha- namely, house made of mud, tile, bamboo, tarja, straw etc.

2) Semi pucca-namely house made of brick wall, cemented floor but tin or

tile roof in wooden frame.
3) Pucca- Building completely made of bricks, cement, sand, stone and steel.

This text deals with Residential Occupancy only.

Bulding rmay be classed as under according to occupancy :
1. Residential occupancy

2. Business occupancy

3. Educational occupancy

4. Institutional occupancy

5. Industrial occupancy

6. Storage occupancy

7. Assembly occupancy

8. High Hazard occupancy

3.10 Some Building Terms

Alcove : A large recess in a room seperated by an arch or so.

Arch : A mechanical arrangement of wedge shaped blocks mutually
supporting each other forming an opening and resting on two ends over
columns or walls.

Balcony : It a horizontal projection of roofs fitted with raiing serving as a
sitting out place,

Bay window : A window projecting upward from the wall having rectangutar
or curved form.
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Facade : The pincipal front of a building

Grouting : Making repairs with the help of strong cement mortar 1un iNto
Cavities and jonts of the masonry works

Lintel : Honizontal beam ke member over the opening of door and window
L.C.: Lme concrete placed on the last roof,

Louver : Inclined or staght openings with series of slates permitting
ventiation but preventling rain and sun,

Lobby : An entrance space or hall is called lobby:,

Nosing : Rounded and projected edges of the cornice or stair

Loggia : A Loggia is a roofed, open gallery along the front or side of a
bulding It serves as a passage connecting areas of a house. Loggias may
be on both ground and second story levels, Modern versions may have
doors which can be used to enclose the area in bad weather.

Gallery : A gallery is an interior area which serves as a passage way. It
often opens onto a courtyard, Usually, it connects with the foyer. One wall
may be glass. Durable materials are commonly used. The gallery might
contan potted plants and a few pieces of furniture.

Atrium : An atrium is an area, usualy under a roof, in which plantings
cominate. The roof admits light needed by the plants. The atrium might
hzve paved paths and private places to sit and relax, Often, rooms open
onto it or have glass walls facing it. If totally enclosed, it provides year around
greenery 1o the interiof rooms.,

Pantry : Is a small room generally provided adjacent to the dinning room
for keeping conked food,

Parging : Thin coat of plastering to smooth off rough walls.

Parapet : Alow hight wall provided in the last roof and is used as railing.
Portlco : An open space usually with roof provided in front of an entrace
for stopover of cars,

R. B. ! Reinforced brick work.

Setback : Placing of a building at specified distance from Road.

Soffit 1 A partial ceiling lower than the main one.

Span ¢ Spacing of supports of beams, arch, truss etc.
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In al cazes foundation should rest on original soil even if the depth of
foundation is over 7°-0" (213m). For filing grounds over this depth. technical
achvice should be taken

3.12 Bearing Capacity of Soil

Tons per sq. ft. Tons per sq. m.
1) Soft clay 0.185-.348 2-3.75
2) Alluvial soll 0.46-.69 5-7.5
3)Moist clay 1.02-1.67 11-18
4) Made up grounrd 0.46 5
5) Ordinary clay 2.04 22
6) Mixec with sand 2.00 22
7) Compact dry clay 3.06-4.64 33-50
8) Loose sand 2 22
9) Compact sanc 3 32
10) Rock 3.7-7.4 40-80

In case of Dhaka region, no. 3. is applicable except otherwise soil test may
be carried out for different nature of soil.

3.13 Foundation or Sub-Structure

The foundation including plinth is called sub-structure.Foundation rests on
soil and spreads the load of the building over it. Types ofloads are as follows:—

a) Live loads- Such as man. furniture, stored materials etc.

b) Dead loads- Such as weight of bricks walls, floors, fixed machines etc.
c) Wind and other loads- Such as lateral thrust of storm, earthquakes and
water pressure.

3.14 Functions of Foundation

a) In fact it does not carry or bear the load of the structure; rather it
distributes the permissible load to the ground.

b) It keeps the structure in position.

c) Provides levelled base for the structure.

d) Prevents titing or over turning, of the structure.

e) Prevents unequal settlement,

3.15 Types of Foundation

1) Spread footing. 6) Caisson foundation.
2) Stepped footing. 7) Cantilever foundation.
3) Pile footing. 8) Combined footing.

4) Raft footing. 9) Inverted arch footing.
5) Well footing. 10) Grilage Foundation.
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Pile Foundation :

i) They carry load by skin friction by their sicieg
i) They carry vertical loads on their ends

This is used in the following situation :

1) When hard soil is at a greater depth.

) When other foundations are more costly

) When the site is marshy.
)

) M3

When concentrated loads are there like multi-storied cormmercial builclings.
) When foundation is given at river beds for bridges etc.

6) When chances of pond cutling or canalling in the nearby plot is there.
7) When top soll is loose.

Types : According to materials piles are of 5 types.

1) Wooden piles.

2) Concrete piles.

3) RC.C. piles.

4) Sheet piles.

5) Sand piles.

£

o

Raft Foundation : Is used when bearing capacity is very poor. Say, the
site is newly filed or marshy and the soil compaction is not satisfactory. It
consist of R.C.C. Slab supported by Beams all over the floor area.

Wwell Foundation : This method is generally applied for bridges which
provides a trust worthy foundation in soft sandy soil of the river bed.

Earth is taken away from inside the well. It is sunk slowly by its own wt. or
applied weight. It can be tested by putting the desired load on it. The well
is filed in with grawvel, soil and concrete.

Cassions Foundations : It is amost similar to well foundation, used
when water depth is more. It is a bonded drum of steel sunk in upright
position by applying load of sand bags. Water is pumped out and concrete
is poured to fil up the drum. It remains for ever with the foundation.

Cantilever Foundation : For eccentric loading.
a) Two separate footing are provided for external and internal walls.
b) They are connected by means of beam.

Combined Footing : When two or more columns are supported by a
single base. ’

Inverted Arch : This is uncommon foundation. Where bearing capacity
is poor and load is supported by pilars, where deep excavation is not
possible. The thickness of arches should not be used less than 30 cm.

Grillage : Suitable for heavy load and poor bearing capacity. This is costly
and for domestic buildings it can be avoided.
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Spread Footing : This is the normal building foundation genearally followerd
in the country.

Such type of foundation is normally made by providing requisite width of
foundation wall or column footing as stated below

A. Wall foundation = Normally 3 to 4 ft. deep earth cutting is done width
being equal to No. of stories to No. of one bricks lengthwise (10" wise) ie
for 1 storied building 10" wide foundation is necessary for 2 storied 20" for
3 storied 30" and s0 on may be necessary. A 3" brick soling is provided
on the soil 3" thick concrete of 1:3.6 (cement: sand: khoa) is given. 6" steps
are given till 15" wall thickness is achieved. It is then taken upto plinth. In
any case, steps should not be less than 6" Brick work should be in
1:5(cement:sand) mortar. :
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—————————— e e = e e m—— = — = —— e A
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. ,  Rock gfid Pebbles N
300-500 _ _ . _ _ _ _ _ __ _ P s i e e S R 5,

Fig 15 : Sub-structure and superstructure

B. Column Foundation:- Where foundation depth is more due to filing ground
or loose soil condition column foundation is preferable. Over a brick soling,
3" lean concrete (1:3:6)is- given; /2" dia rod in both directions @ 4" C/C
(centre to centre) be provided having 3'x4', 4'x5" base size according to
load on the column; then 1:2:4 conerete be poured in foundation which will
be not less than 6" thick. It is reduced to 10" x 10" size with four 5/8" vertical
column rods ringed by 3/8" dia rings @ 8" C/C (centre to centre). A horizontal
beam of 12"x10" or 12°x8" size is provided at plinth level with requisite steel
which is normally 4 No, 3/4" dia rod two at top & two at bottom bounded
by /8" dia rings placed at 8" C/C (centre to centre). For other situation, the
following type of foundation may be adopted.
Stepped Foundation : It is suitable only for Hily regions. Over laps and
steps should be equal. '
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Spread Footing : This is the normal building foundation generally followed)
in the country.

Such type of foundation is normally made by providing requisite width of
foundation wall or column footing as stated below

A. Wall foundation (= Normally 3 to 4 ft. deep earth cutting is done width
being equal to No. of stories to No. of one bricks lengthwise (10" wise) ie
for 1 storied building 10" wide foundation is necessary for 2 storied 20" for
3 storied 30" and so on may be necessary. A 3" brick soling is provided
on the soil 3" thick concrete of 1:3.6 (cement: sand: khoa) is given. 6" steps
are given til 15" wall thickness is achieved. It is then taken upto plinth. In
any case, steps should not be less than 6" Brick work should be in
1:5(cement:sand) mortar.
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Fig 15 : Sub-structure and superstructure

B. Column Foundation:- Where foundation depth is more due to filing ground
or loose soil condition column foundation is preferable. Over a brick soling,
3" lean concrete (1:3:6)is- given; /2" dia rod in both directions @ 4" C/C
(centre to centre) be provided having 3'x4’, 4'x5’ base size according to
load on the column; then 1:2:4 conerete be poured in foundation which will
be not less than 6" thick. It is reduced to 10" x 10" size with four 5/8” vertical
column rods ringed by 3/s” dia rings @ 8" C/C (centre to centre). A horizontal
beam of 12"x10” or 12"x8" size is provided at plinth level with requisite steel
which is normally 4 No, 3/+" dia rod two at top & two at bottom bounded
by 3/8" dia rings placed at 8" C/C (centre to centre). For other situation, the
following type of foundation may be adopted.
Stepped Foundation : It is suitable only for Hily regions. Over laps and
steps should be equal. )
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3.16 Damp Proof Course (D.P.C)

It can be done in three ways

1) By providing damp proof layers of bitumin and concrete

2) By providing rich plaster to wall.

3) By providing copings on top of walls,

Generally No. 1 is used as D.P.C at plinth level. D.P.C rmay be horizontal or
vertical but it should be continuous. The course can be appled in the
fciowing way !

1) 1:2:4 cencrete with small stone/bricks chip or pea gravel 1" to 1'/2" thick
(2 to 3 cm) is applied. One coat of bitumin over it gives good result. '
2) Polythene sheets. Thick sheets spreaded below wall also gives good
result. It is cheaper too.

3) Bituminous carpetting can also be made.

.

3.17 The Super Structure
It is comprised of wall, column, beam and slab.

Wall : :

1) Load bearing brick walls 10" wide and is build in 1:6 (cement: sand) mortar.

2) False brick wall 5" or 3" wide in bath rooms and other partition works in
(1:4) mortar.

Columns

Columns are mainly of three types:

1) Wooden, steel

2) Masonry brick column, and

3) R.C.C. column.

Size of brick columns is preferably selected of the following sizes:

10" x 10% 10 x 15% 10" x 258" 16" x 20" 158" x 25"

On the other hand, R.C.C. columns are normally of 10"x 10" size. For smaller
spans 5" x 10" or 5" x 12" size may also be used at corners and at partitions
L or T size columns can be used. Minimum reinforcement for column
according code requirement is 4-5/8" dia rods. However, flexiblity is there
for residencial buildings; /2" dia rod can alsc be used. Details about
reinforcement in columns are shown in reinforcement section of chapter 6.

Beams
This horizontal member of the building supports the roof. It may be wooden,
steel or R.C.C. Requirement of R.C.C. beam is discussed in chapter 6.

Slab
All R.C.C. slab should have minimum thickness of 3". Slab details is discussed
in Chapter 6.

3.18 The Stair.

1) Definition of Stair- It is a Stepped path for going up.
2) Stair case- A room where the stair is enclosed.

3) Riser- Hight of steps is called riser.

4) Tread- Width of a step.
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5) Flight- Length of Step in one direction.

8) Landing- A Platform in between two flights.

7) Railing- Provides protection while walking.

8) Balusters- These are vertical members supporting the railing.
9) Newal post- Is the principal baluster provided at end of flights for
strengthening the railing.

10) Soffit: It is the uncer surface of a stair.

Types of stairs:

1) Straight flight.

2) Dog legged.

3) Quarter turn.

4) Bifarcated.

5) Geometrical.

B) Spiral.

Design of stair is given in chapter 6.
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3M Brick. ; Bond course every 6" row.
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3.19 The Arch

according to shape, Arches can be divided into 12 categories. 13\!‘?021;
1) Flat 7) Lancet 2 RB. (R
2)Segmented  8) Venetian 3. RbC; C}r
3) Semicircular ~ 9) Drop can ;pa
4)Horse shoe.  10) Elliptical . for a sp
5) Stilled 1) Multicentered

6) Equilateral 12) Ogee . Arch
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+~~—— SPAN <

N ’

—— v CENTRE

Fig. Segment Arch.
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Fig.Sem: CircularArch.

Fig.Lancet Arch.
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Fig,Horse shoe Arch, Fig.Two Cusped Arch,
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3.20 Lintels : Lintels may be made of the following

1. Wooden

2. RB. (Reinforced bricks) Lintel

3. RCC Intel, 4 Nos. /2" rods are provided at 4 corners. Rings (stirrup)
canbe provided ¥/e" dia @ 6" C/C. 6" high and 9" wide lintels can be safely used
for a span upto 6ft
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3.217 The Door and the Window
Definitions : Doors and windows are openings for cornrmunicating light arne
air. They are consist of frames, grills and shutters.
Types of Doors

1) Legged doors.

2) RPanclled docrs.

3) Glazed doors.

4) Flush doors.

5) Louvered doors.

6) Collapsible doors.

7) Revolving doors.

8) Rolling Shutters.

Q) Sliding doors.

i0) Electrically operated doors.
Types of Windows

1) Casement windows.

2) Pivoted windows.

3) Bay windows

4) Dormer windows.

Fittings

Hinges :

1) T-hinge.

2) Strap hinge.

3) Parliamentary hinge.

4) Butt hinge.

5) Rising hinge.

Bolts and Locks :

1) Tower Bolis.

2) Aldrop Bolts.

3) Hasp and stable.

4) Yale lock.

5) Mortice lock.

6) Rim lock.

7) Cup Board lock.

f-l/4". rod @ IO"cc/{— 2-1/2'¢ rod —2-1/2"p rod

14 Z 1/1
// AT ———FL

o M 4
.,\J

)

Q Door /Window _\ N

B

/i/f// 7

Fig 22, Concrete Lintel
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3.22 The Ground Flaor
Definition : It is horizontal portion of the building. Floors below ground level

is called basement. Ground floor is just situated above ground level.
Types of Flooring :

1) Brick flooring

2) Concrete flooring

3) Mosaic in situ floors

4) Mosaic Tiled flooring

5) Plastic floor coverings.

Preparation of Bed for Ground Floor
Viti sand be filled in the room up to desired level in 6" layer duly rammed.

Watering be made for a minimum of 10 days for proper consalidation.

1. Brick floor: )
Bricks can be fixed over L.C, (Lime Concrete) bed in1: 4 (lime : surki) mortar,
They give rough surface. It is only suitable when some flooring work be

quickly done.

2. Concrete floor: This is most common type of floor easily and
conveniently constructed which lasts longer. Care should be taken in
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constructing neat cement finishing which should not be less than V5" in
thickness and should be done on the day of casting other wise no satisfactory
result is achieved. Itis not fully coherent with the casting. Scraps comes up
causing constant headache to you. No satisfactory repair can be made to it
Cement finish 1" to 1'/2" patent stone flooring be done or neat finishing (1.2 4)
needs be applied on the same day of casting.

Procedure :

a) Ram, sand fils, water it keep for sorme days for compaction.

b) Provide one flat soling on the top of fill.

c) Lay 1:3:6 concrete over it as bed and allow to set for 3/4 days.

d) Cast 1:2.4 concrete 1" to 1'/2" thick and get the neat finished by sprinkling
dry pure cement on the same day of casting.

e) Paneling can be made by 3mm glass sheets 3/4” wide panel.

f) Apply flooded water after 24 hours and keep it for at least 7 days

3. Mosaic floor : This type of flooring is actually called Terrazo flooring.
It is a combination of stone chips, white stone powder, white cement and
pigments. Thickness should not be less than /4" or more than 3/4”
Procedure : Foliow (a), (b) and (c) as above.

d) For grey mosaic, 1 part ordinary cement, one part white cement, 2 part
sand and four part white chips (3mm size is preferable) mixed with Vs th
part by vol. of black or other coloured chips be used. Details can be had
from chapter 2.

e) Glass panelling of 2'x2’, or 2’'x2’'-6" size or else can be fixed on floors
and the mixture is laid over it and allowed to dry then kept moist for 3 days.

f) Use mosaic cutting machine for finishing. Carboramdum stone is also
available of number varying from "0" to “3" according to grain size. With
such stone cutting be made by hand.

g) Wax finishing is also given but this can be avoided. Acid treatment may
be given.

h).Pigments can be used in the proportion 1 ch. of pigment per bag for
coloured mosaic.

i) Sufficient water be used during cutting.

Mosaic Tiles :

Are 3/s" to 1" thick, preferably 8"x8" size is used. Hexagonal, octagonal sizes
are also used. These are fixed over lime concrete(1:4) 1/2" thick (10 to 15
mm.) kept for curing for 2/3 days and cut by machine or by hand with
carboramdum stone as already stated.

For decoration in mosaic work -crushed pottery of different size and colour
may be pushed into the tile while making.
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Your Home
4 In Urban
Areas

-'Good deeds ring clear through heaven

like a bell" -Richter.

4.1 House Plan

There should - be a plan passed by competent Authorities
DIT(Rajuk),Municipalities etc. showing plan of rooms, elevation, section, layout
of the building and site plan.

This plan should necessarily be prepared by Architects. In India, Civil Engineers
are alowed to prepare plans. Since, profession of Architects is developed
in the country, they should prepare the plan.

4.2 Why a Plan is Necessary

It is necessary because of: 1) It provides proper arrangements for present
and furture needs with proper land utilisation.

2) Proper ventilation of dwelling space provision all around the building for
maintaining proper environmental atmosphere to a community.

3) Arrangement of rooms and facilities can be fixed up in an economical way.

4) Providing proper approach of road, light and air including sanitation.

5) Building safety is assured.

6) Financial involvement can be worked out.
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=4 Varlieal Plane

alalll

Elsvation

—_—

Building
Method of Drawing Elevalion

Method of Drowing Plan

Horizonta Plane

Fig 25, Method of drawing plan and elevation,

4.3. Types of Buildings from Planning
Point of View ‘

For the purpose of planning, buiding may be classed as under
1. Residential occupancy.

2. Business occupancy.

3. Educational occupancy.

4. Institutional occupancy.

S. Industrial occupancy.

6. Storage o.  ~ancy.

7. Assemby oc | ncy.

8. High Haz._.d occupancy.

This text deals with Residential Occupancy only.
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4.4. An Architects Approach to Planning

while planning, one has to consider each requrement  of the OWHRER
seperately in respect of function, utilty and feelng for aesthetica The deasign
should not be separated from its surroundings It should integrate: both A

house is not mere a "Shelter”. It should be asuitable for health, living, sleeping,
study and entertainment.

As one approaches a building, the location of it with reference to surroundings,
proportion, shades, colour combinations of construction materials etc. all
create a visva impact on the observer.

The design depends on major details but also on minor details like planning
of switch, door, windows etc. to achieve the desired goal

Careful consideration should also be given in respect of :

Privacy. Economy.
Elegance.  Aesthetic

4.5. Privacy

Privacy is of two types:
1) Privacy of the whole building with reference to the surrounding buildings

and roads. This can be achieved by screening the entrances(front and back).
planting of trees and creepers, etc.

2) Privacy in different rooms i.e. bedrooms, bathrooms, kitchen, etc. This is
achieved by the correct positioning of doors and openings of shutters. The
shutters should open in such a way that a person entering the room will
get the minimum view. A large portion of the detais of the room(such as
beds in a bedroom) should not be visible at a glance. For maximum privacy
single shutters are better than double shutters. Provision of frosted glass
for windows provide more privacy than plain glass. Louvers for shutters
provide ventilation as well as privacy.

4.6. Elegance

Elegance is related to the effect produced by elevation, which depends
upon the proportion of width, height, doors and windows, as also the choice
of materials. The visualisation of elevation should always be kept in mind
while preparing a plan. Utility is the 'main consideration, keeping in mind the
cost. Architectural design and composition should be studied in detail as a
whole for achieving success in creating an elegant structure.

4.7 Economy

Economy inhibits the freedom of an Architect in planning. At the very outset,
he should discuss with the client the aspect of current cost. A false idea
of economy should not be given. Scope should be kept for future expansion.
Economy can be achieved by providing rooms of minimum necessary
dimentions,minimum door and window areas. Simple design for windows,
plain tiles as well as fixtures and fastening of simple type for intemal doors
and use of locally available materials. Rectangular or square sized plan offers

more economy.

4.8. Feeling for Aesthetics and Utility
In architecture, certain relationships are basically important for well planned
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vuildings. "The three conditions for well planned buildings are briefly statec)
as commaodity; firmness and delight.” The first relates to fitness for the
purpose, the second to the constructional aspect and the third to the
aesthetic quality which distinguishes architecture frorm mere civil engineerine
construction.

4.9 Finanqe

The financial implications consist of :

1) Cost of civil construction including compound wall, water supply and
drainage.

2) Cost of electrical work.

3) Cost of interior design(decoration)

4) Cost of furniture.

5) Cost of acoustics.

g) Cost of air-conditioning.

7) Cost of landscaping, development of premises, filing and leveling etc.
8) Fee of the architect.

9) Fee of the structural designer(engineer).

10) Consulting engineer's fee for the foundation or any special work. (Some
times this is covered under item 9).

11) Supervisor's and watchman's wages.

12) Fees of other specialists, for instance, the interior designer, furniture
designer, acoustic consultant, air-conditioning consultant, landscape
consultant etc. Lawyer's fee for legal advise, if any, for purchase of the plot etc.
The planner should provide the owner an idea of finance involved in the
construction being taken during conversation with him so that the owner
does not run bankrupcy at th= end of the project.

4.10 Principles of Planning

On the principles discussed above, one should approach to make plan
considering the following points :

1. Visit site and study surroundings.

2. Maintain roominess : Rectangular rooms are more convenient to square
rooms.

3. Flexibility : To provide independent access to sanitation to other rooms.
4. Sanitation.

5. Lighting.

6. Cross ventilation.
7. Privacy.

8. Orientation.

9. Elegance.

10. Economy. etc.

‘4.11 Standardization

We have no standardisation system as yet. We may try to produce factory
made materials to fit a modular plan. Al types of materials, such as floor
tile. paneling, and sheathing panels are sized to fit the modular plan.

The standard module for the U.S. Customary system of measurement is a
4 inch cube. This unit is used to build larger modules. A 4'-0" cube is a
major module. It is made of 4 inch modules. Minor modules are 16 inch and
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24 inch cubes

The standard module for a metric modular system will probably be 100 mrm.
The major module will probably be 1200 mm. and the minor modules 400rmrm.
and GO0 mm. '

The modular system includes length, width and height. All three must be
considered for maximum effectiveness.

The exterior wall components may be built on a 16 inch module. This provides
normal structural suppont.

4.12. Landscape Plans

A landscape plan indicates the location of the house, garage and drives and
walks. It also shows the location and frequently, the species of the plantings
that are to be made on the Plot

Such a plan is made by a landscape architect. These services are most
often used by owners of expensive houses, because a fee is charged. Many
nurseries offer free landscaping services and advice to their customers. This
enables most persons to have some assistance in planning the planting that
will surround their house.

Since the plan as drawn by the landscape architect indicates the species
of the plantings, it can be used to .obtain competitive bids on the plantings
and their installation.

Typical Modular Exterior Typical Modular Window
Wall Components Compenents

R B B I R S REAEE

|

|

Single Door Double Door
With Side
Glass

Fig 26, : Standardization
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4.13 Prevailing Winds

A Itlle time spent in a study to determine the direction frorm stk tre
prevaiing winds blow will pay big dividends
In the Summer, 'lho air should blow through the Iving area and clooprg
area If something blocks these breezes, one must resort 1o fars or ar
conditioning. Examination be made if a hill or growth of trees will block the
summer breeze. A house in a hollow may miss all breeze and be stfing
Undesirable Winter winds present an entirely different problerm Every atternpn
should be made to block them.
Winds can bring smoke and odors frorn nearby factornes and make lvirg
objectionable in what would other wise be an acceptable area In areas
where high winds are common, construction must be strengthened to resst
damage.

N

00| | 000000

2", Coconut tree

///7
e
‘ 3%

< ~
) Gardep : 1

Fig 27, Landscape Plan

4.14 Proposal

A house should provide all- comforts. Yet it should be constructed economically
it may be a ona or two-room tenement in a2 chawl or a three to four room
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flat in an apartment house or it may be a separale bungalow constructec)
on a small or big plot The owner may wish to invest in a ‘theatre'or 'shopping
L\‘r"!f(“

These factors should be collected from lhe owner

4.15 Site

A visit to the site will give a clear idea about the surroundings and the nature
of the plot. If necessary, the architect may do a contour survey of the area
The size, dmensions, shape and nature of the ground surface- level or
sloping- the rate and direction of slope with reference to the front road etc.
are important considerations while preparing the layout plan. Trial-pit results
help to know about the nature of the soil, foundation conditions of the site
and its geology.ie. the depth of the surface soithe various strata which
may be met with etc. Hard murum, i.e. non-cohesive soil having a safe-bearing
capacity of 1 Ton/sq.ft. within a depth of one of one to two metres may
be considered as the best geological condition. The type of construction
dep=nds upon the depth at which hard strata are ‘available. Availlability of
water, electricity and drainage facilities are favourable points. The position
of the ground water table should be predetermined as it effects the cost
of excavation and foundation. Exposed rocks near the site of construction
are not favourable as they get heated up during the day and radiate the
same heat during the night creating uncomforiable conditions in Summer.

4.16. A Modular System for Apartment

The Systemn to be described was developed by the Magnolia Homes Division
of Guerdon Industries. Inc. as experimental housing under the Federal Housing
Administration's Experimental Housing Program, U.S.A.

The basic technique used was to design the apartments in units that could
be factory built and stacked on top of each other on the building site. The
final design had two modules- an upper module and a lower module- which
made up one apartment.

The lower floor module was 12'-0" (3658 mm) wide and 32'-0" (9754mm)
long. It contained a living room, a kitchen-dining room, a stairwell, and a pantry.
The upper floor was -a module 12'-0" (3658mm) and 34'-0" (10363mm) -
long. Such modular system may be introduced in our country.

4.17 Orientatic_m of Rooms

Good orientation means proper placement of plan units of the building in
relation to the sun, wind, rain, topography and outlook and at the same
time providing convenient access both to the street and backyard. The
position of a building in relation to the prevaiing wind or to the #un is an
important consideration. Different rooms have different functions. Activities
in the different rooms take place at different times of the day.

However, special consideration shuuld be attributed to bed rooms.

1. Bed Rooms

a) At least one wall should be exposed for free atmospheric ventilation.
b) Should receive direct sun light in the moming.

C) It should get free breeze at night.
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KIT. /DINING

LIVING ROOM

———

GROUND FLOOR

—-
T T

C P y
BED ROOM U 11 8ED 12

‘ KATH

. 1 1

- 32— -

1ST FLOOR

Fig 30, Modular system

d) Attached bath and dressing room be there.
e) It should be beautifully decorated.

2. Drawing/Living Rooms

a) Free access be there from all rooms and should be in the front.

b) Should be well ventilated and’ lighted.

c) It can be accompanied with a lobby in the front and dinning space in the back.

3. Dinning Room

a) Should be close to Drawing and Kitchen.

b) Provision for Cup-board, freezeand storing space be there.

¢) From, economic point of view, Drawing cum Dinning or Kitchen cum
Dinning room may be used.

4. Office Cum Study Room
It should be detached from all other rooms.
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Fig 31, Orientatibn

5. Guest Room
3) Should be detached from bed area and furnised with seperate bath.
b) It should have direct entrance and exit.

8. Kitchen

3) Be provided at rear of the house and situated at a corner opposite to
the direction of wind flow.

b) It may be detachable by means of a lobby or kitchen verandanh

¢) Fly proof doors and windows may be provided.

7. Store and Pantry : Should be situated nearer to the kitchen.
8, Dressing Room : Should be adjacent to batr.

9, Verandah, Balcony : Verandah should be in the front and Balcony
in the Back,

10. Servants Quarter and Garage : May be prOVided together.

63



How to build a nice home

4.18. Building By-Laws

1
House Building Act. 1952 holds good in almost all Municipal Ar2as of the
Country. It proclaims that prior approval is necessary from proper Authaority
before Constructing house, digging pond or cutting canals
Violator's may be penalised upto Tk. 10,000/- or may be imprisoned for six
months.
Such by Laws Clearly indicates the procedure regarding planning and
construction of building as briefly described herein.
Approval of plans : The following details need be provided in the plan
1. Six copies plan showing PLAN ELEVATION, SECTION, SITE PLAN, LAY-CUT
PLAN be submitted to the Authorised Officer or the Executive Officers with
requisite fees.
2. Scale of PLAN, ELEVATION AND SECTION will be 1" =8" ft.
3. SITE PLAN Scale will be 1"=330’ ft. plot concerned be shown in red.
4. LAY-OUT Plan should show road, distance of the building from road side
front and rear clearance.
5. Rooms should be named in the plan.
6. Foundation of the proposed building be shown in the SECTION.
7. Scale, Mouza, plot no. and owners name be clearly stated.
8. Owner will sign on the plan.
9. Scheduled form for passing plan be duly filed up by the owner.
Site plan should show the following : '
a) Plot boundary along with adjacent plots.
b) Road with name.
c) Location of main road.
. d) Distance of building from Centre of road.
e) North Direction.

4.19 Set Back Rules

a) Where the road is less than 40’ wide, distance of building from road

centre will be 20"

b) In residential areas 10’ clearance from road margin should be provuded

c) No building be erected within 15 ft. by the Highway.

Covered area will be 2/3rd of the plot area.

Garages or similar structure can be made on clear spaces up to 8 ft.
Without causing inconvenience to the neighbour, servant room over garage
may be made.

For Commercial and Industrial plots the following provisions should be made.
a) Car park area,

b) Provision of lift.

c) Multistoried foundation.

d) Sufficiently wide stair.

4.20 Covered Area in Residential Plots
P/A= Plot Area _ Clearance

a) Above 1Y/zbigha33% of P/Aareamaximum Front Rear Side.
No. of bed :oum=12. 15° 10’ 10’
Building hegnt= 26 ft.
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D) 15 kathato 12 biga 50% of P/A 15’ 10

maximumNo. of bed room= 11
Building ht = 26 ft
&) 10 katha to 15 katha 66% of P/A 100 o
maximuMmNo. of bed room= 9
Buidinght =26 ft.
d) 7Vzkathato 10 katha 66% of P/A

maximum No. of bed rocm=7 10 10’
Buidinght = 26 ft.
e) Skathato 7Vz2katha 6% of P/A 10 10

maximumNo. of bed room=7
Building ht. = 26 ft.
) Lessthan5katha 66% of P/A g 10
maximum No. of bed room= 6
Building ht. = 26 t.

g) Lessthan 3 katha 66% of P/A =For multisto
maximum No. of bedroom =5 ried, 45" ft
Building ht. ht. may be

possibie in
certain Areas.

4.21 Stairs

Riser

Domestic building : B"

_ (19cm)

Public building =55

(15cm)
Ideal R+T

=171/2"withR=6".

4.22 Distance from Electric Lines

Supply Voltage: Vertically :
220v,t0440v. 2.4m(8 ft)
11000 V. 3.66 m (12ft.)
32000v. 3.66 m (12ft.)

4.23 Car Parkihg Spaces

Required area for a Car =24Sq.m
Scooter/M. cycle =28S8Sq.m
Bicycle =1.45qg m

10

(8)}

Tread (width)
=10"

(25cm)

=12"

(30cm.)

Horizontally
1.22 m (4 ft)
1.83 M (6 ft)

© 183 m(6ft)

(260 sq.ft)
(30sq. ft)
(15sq. ft)

4.24. Standard and Ordinary Room sizes

Drawing/Living Rooms Ft x Ft
Std. 13'-6"x13'
Ord. o
Din. Std, 17'x15'-6" 5.2x4.8
Ord. 13'-6"x13’ 5.2x40
Bed. Std, 13'-6"x15'-6" 4.2x4.8
' Ord. 10'x13-6" 3:8x4.2
Office Std. 10'x11'~Q" 3.0x3.6
Ord. . - -

MxM
4.9x4.0

(Combined
Drn/Din.)
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Guest Std. 10'x11' -9 3.023.6

Ord. - -
Kitchen St. 9'-10"x9"'-10" 33

Or. 8'x9'-10" 2.5%x3
Store St. 9'-10"x9’'-10’ 3x3

Or. 8'x8' 2.5%2.5
Pantry St. 8'x9'-10" 2.5x3

Or. - -
Dressing St. 8'x9'-10" 2.5%x3

Or. - -
Baths St. 5'-10"x8' 1.8%x2.5

Or. 5'-10"x5'-10" 1.8x1.8
Verandah St 8ft wide 2.5m wide

Or. ‘5-10" wide 1.8m
Garage St. 9'10"x19'-8" 3x6

Or. - -
Servants St. 9'-10"x9'-10" 3x3
Room. Or. - -

4.25 Plot sizes in sq. feet and sq. yds and sq.
metre '

Area of Plot Sqg. ft Sqg. Yds Sqg. m.

1 Katha plot =720 sq. ft. =80sq.yds =66.89m

12" " =1080 """ =120"" =100.33 "

13/a" . " =1260" " =140""" =117.06 "
2 " a =1440"" =160 " " =133.78"
212" " =1800 """ =200"" =167.23 "
3 " ! =2160"" =240"" =200.67 "
32" ! =2520"" =280"" =234.115"
4 " " ' =2880"" =320"" =267.56"
4" - =3240"" =360"" =301.01"
gt i =3600"" =400"" =334.45"
2" v =5400"" =600"" =501.68"
0 I " =7200"" =800"" =668.90"

4.26 Building Standards Fixed by Planning
Commission

1. Residential Buildings
There will be three types of residential buildings-(a) Permanent. (b) Semi-pucca
and (c) Temporary.

a. Permanent Residential Buildings
In the future only six different sizes/types of permanent buildings will
be constructed for different grades of employees of Government,
Semi-government and Autonomous bodies and Institutions as per

Table below:
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Table 1a
Buiding type Entitlement of Grade Flinth area.
of employees.

(=3 1120 sft.
PN LIV 900 sft.
P- V=IX 750 sft.
P-v X=XV 550 sft.
P-Vv All others 400 sft.
P-VI (dormitory) 100 sft.

* This does not include the area for stair case.

b. Semi-pucca building
Semi-pucca building will have masonry walls and C.l. sheet roofing.
These are meant for less developed areas of cities and project sites
The types are shown in Table Ib.

Table lb.
Building type. Entitlement of Grade Plinth area.
of employes.
= lto IV 800sft.
SP-l VtoIX 500sft.
SP-II all others 400sft.
SP-IV (barracks).. 75sft./person

c. Temporary Houses

Temporary houses Wil be built for small and medium projects under
execution in the outskirts. of big cities and when accommodation is
needed only for a few years(not exceeding 5 years). These houses
may have precast/wooden/bamboo posts, C.l. sheet/bamboo roofing
Temporary house Wil be of following types(Table Ic.)

" Table lc.
Temporary House Type Plinth area. Floor
T-I (family) 400stt. Cement plas-
: tering over
brick flat
T-Nl (family) 300sft. Ditto
T-Il (barracks) @ 60 sft/person Ditto

In mofassil areas including Subdivisional H.Qs. only semipucca and temporary
houses will be built. In case pucca buildings are considered essential it should
pe cleared by the Planning Commission.
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ONE B.R. APT. TWO B.R. APT. THREE B.R. APT.

25'6"
BASIC ARRANGEMENT OF ONE, TWO
THREE & FOUR BEDROOM HOUSE

FOUR B.R. APT
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GIRCULAR PLAN

Marina City, Chicago, Bertrand Goldberg-Architect
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SPIRAL PLAN

Apariment hellx, New York City. |. M. Pei-Architect
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4.27. Some Typical House Plans
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Planning
) Your Home in
Rural Areas.

"To be doing good is man’'s most glorious task *
—Sophecles

5.1. Definition of Village

This chapter have been -adapted from Johannes Jahne's construction practice
in Rural Areas.

"Vilage” is defined as an assemblage of dwellings, farm buidings and
communal buildings whose inhabitants and users run a farm or are primarily
employed in Agriculture: Bangladesh consist of 68 thousand vilages and
more than B0%, people are engaged in farming. Govt. has given much
emphasis for development of vilages and upgraded thanas are already
functioning as Upa-zilla. Creation of ideal vilages are much talked about
now-a-days. Development of these vilages means development of the

country.

5.2. Determinmg Ideal Villages and Affiliated
Villages

Naturally, a member of various individual, cooperative authonties and
organisalions must concern themselves with the development of the vilage,
namely.

a) There should be & vnlage Magistrate.

l:_))..Machune and tractor lending Station.

¢) Agrcultural trading Cooperatives.

d) Agricultural Producers Cooperative.

e) Handy craft Cooperatives.

f) Cooperative Societies.

g) Health authorities,

h) Edacational Institutions.

i) Vocational Schools.

) Ptbs&al Administration and Telecommunication

k) i Fire- brigades.

) Naunnal park and Sport Association.
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vanous new buildings must be concentrated In certain villages. Conseguently,
the buldings must be combined into a new social centre of the village and
arranged in.guch a, way that they promote the economic life of the vilage.
Another extremely |mportant factor is the architectural style, the village should
be beautiful and attractive, the architectural style characteristic of the
landscape and national mdmduallty. and the village should off course be a
modemn one.

It is only natural that the great number of dwellsng places, buildings for
larming purposes, communal institutions and Social facilities, village roads,
and farm tracks can only be designed and constructed in stages. However,
with the first dominating new building, be it a dweling-house or a small
larmstead comprising dwelling place and Livestock housings, be it a School,
a Club house or a motor fire engine garage, a decision on architectural
style, design features, and landmark of the village has to be taken. Decisions
on the arrangements of the various spheres of .village life within a larger
area to be settled have to be taken with care and with a bold outiook.

89lection of Rural Development Centres s

A rural development Centre should be called pnncupal Village or “Ideal Vilage".
Il may be necessary for a principal village having the bigger with a smaller
population, so called affiiated villages, for certain purposes.

Generally, ggriculture is the economic basis of .the village. If agricutture
determlnes the character of a village, Ideal vilages should be developed
and promoted by all means. If ideal villages are industrial villages or workman's
residential. vilages, they have to be developed by the industrial plants in
question. Agncultural principal vilages which have been developed according
o the requirements can be considered economic, political, communal and
social centres. In particulars this applies to vilages centrally situated in an
area of about 3,000 hectares of arable land and surrounded by affiiated’
smaller vilages. However, it is indispensable that the principal vilage provides
lor the need of about 1,500 inhabitants, to stick to the ideal case, by
economic, political, social, communal, and health institutions and the facilities
as required by a vilage community.

the number and capacity of social Institutions and facilities in principal vilages
must be the greater, the larger their range and the further they are away
from towns or other central places. There is no need for developing principal
vilages in the suburbs of a town. Villages in the vicinity of towns are affiliated
to a town.

Affililated Villages :

Alffiliated villages are villages without central importance which normaily are
affiiated to an ideal vilage.

The efforts made to overcome the differences between the living conditions
of towns and countryside not only am at the development of Ideal vilages
butalso call for rearrangements and constructional improvements of affiiated
vilages. The differences between principal and their affiiated vilages consists
inthe restriction to buildings and facilities in affiliated vilages of local significance
and in the time schedule of the Construction Projects. The most important
development centres will bg, in most cases, in the principal vilage and this
myust be carried out first.
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above all, dweling places and small farmsteads mcluding dwelling place ard
Ivestack housings suitable for individual cattle breeding as wel as b uildlineys
for agrcultural production should be erected in affliated vilages. An urgent
problem both for principal and their affliated villages is the irmproverment aric)
maoademigation of the housing conditions. This does not exclude, however,
the development of buildings for Social purposes and facilities sirmilar to
those of the principal village  The urgency and priority of construction projects
depend on the number of inhabitants, the actual need, and the utilisation
of the avalable capacitv of the construction industry.

5.3. Required Buildings and Facilities in Ideal
Village

The following buildings and facilities must be erected in an agricultural principal
Jeal viliage

(a) Dwelling-Places for the Agricultural and Agricultural village Population :
Sngle-Storey and two-storey dwelling-houses near or on scattered towards
the vilage centre.

(b) Buidings for Social purposes and facilities :

Club house (with club room for film shows) as social centre including library
and various club rooms.

Primary or Secondary School.

Building for the vilage administration.

Agricultural training School, if required.

Kinder Gardens, nurseries, and after-school clubs.

Homes for aged persons and disabled workers.

Sports grounds and halls.

Small playing-fields.

Open-air swimming pool.

Park for recreation.

Fural outpatient department or hospital or nursing service.

Posts, according to the required.

Practice of Physician, if required.

Village-inn with small recreation-room,

Ware-house run by a cooperative society.

Shops for consumer goods.

Shops for industrial consumer goods durables.

(c) Buidings and Installation for Agricultural Production :

Machine and tractor Iending station.

Farm buildings of every description, Livestock housings. milk collection houses.
Store houses for agricultural produce.

vaterinary service post, if required.

Dairy, if required.

Industry processing agricultural products, If required.

(d) Sundry vilage and Service Installations :

Domestic service building including laundry, ironing department and other
services.

Buildings for craftsmen including dwelling-place, livestock housing and
workshop for blacksmiths, wheel wrights, basket makers, butchers,
hairdressers, shoemakers, tailors, handicraftsmen. ,

Garage for motor fire engine or fire-extinguishing appliances with fire-house
tower and sheltes for the fire-brigade if required :
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post Office with telephone equipment, Poice out posts

(e) Communication Problem :

The pnncipal village should be situated close to a highway or a highway
crossing. It must be possible to reach the principal vilage from the afflated
vilages on local or service streets. The village roads of the affiiated vilages
should jon the local or service roads, whenever possible

() Pre-requisites and Condition of the Full Developmant of Principal vilage .

The following condition must be given for a principal vilage to develop and
fulfil it properly :

(@) The affiliated villages which avail themselves of the central faciities ard
services of the principal vilage must be situated within convenent reach of
the Principal vilage. The distance between affiiated vilages and the man
vilage should normally not exceed one and half mile

(b) The vilage must lie within convenient reach of highways A ccnvenent
approach to trunk roads of railways is recommendable.

(c) The type of vilage must be suitable for a principal village

(d) The village in question must be large enough to ensure a population
1,500 within its premises. In case of very small selected villages the suggested
population of 1,500 will frequently not be reached. In such cases it 15
necessary to deveiop one of these hamlets or small villages with a particularly
convenient situation into_a rural supply and sérvi_ce centre The buildings and
facilties which have to be erected in this vilage must than be plarned.

(e) If vilages lie on the banks of rivers, lakes, in forests and in mountainous
area, the topographical particularities and the traffic problem of the area
controlled by the affiiated villages must be studied with great care to avoid
- mistakes.

() The highway distance between several principal vilages may be any‘thnng
between 6 and 8 km. The scope of principal village should be precisely imited.
(g) When selecting villages for principal vilages, care should be taken to see
that the local conditions are suitable for building purposes to ensure the
planned development.

(h) Principal vilages should not be erected on the soil above exploitable
mineral deposit.

The above menticned conditions are not exclusive but should be applied
with flexibility and adopted to the given conditions.

5.4 Low Cost Village Homes : House Building Research
Centre has developed low cost plans suitable for rural people.

The plan may be excuted in mud and straw or, as semi-pucca structure
on brick wall and tin roof. The brick wall may have 10" x 10" brick columns
spaced 6' to 8" apart having 3/s" dia rod at centre of the column and 3"
brick wall can be erected in between the columns. Such wall can also bear
the load of roof slab.

5.5 Mobile Homes

A mobie home is a factory-buit unmit. We can buit such homes 'in areas
subject to erosion by rivers. The design of a floor plan for a mobile home
folows basically the same principles as for house planning. However, space
S ot a premwum and its use requires more careful consideration.

A. typica! ficor plans for 12'-0" wide is furnished here. A 24'-0" wide unit is
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caled a double wide since it is made from two 12'-0" wide units placed
together,

Storage is an important aspect of planning. It is necessary to locate storage,
closets and cobinets carefully They must be near the area in which the
items to be stored are to be used. Mobile homes must be designed to use
space economically.

5.6 Some Typical Village House Plan

Some typical house plan suitable for rural housing are furnished here along
with constructional details in the accompanying plates.

(89]
I
13 , |
L |
a U e
54 5
8 X9’ 81,
=] 10X12.
ayny
d 0
|WAW| 10 Ij, ” o X
. 7- 6 X )a <
/ / 12-6 X14 32
. 3 L
7 X4 2 1.
) 10¥1g. |
1. .4
I 12X6 —
.
- b - ’ 1‘1
arat .t was ‘—‘ﬁ
et .
5 3 A D jﬂ
1. Rooted, shady, open veranda. 2 Vestibule with wardrobe
3.Siiting corner.4.Living: room. S. Kitchen room, 6.Water closet

7.Small antechomber 8. Bed room, 9.Bath room with shower bath, basin
10 Small  antecharhber,11.Bed room. 12.Garage, 13. Farm yard.

14.Entrance to farm vyard. 15. Carwashing place . N
16.Main entrance . 17. Front gni—den'. T
COVERED AREA:.930 SFT. PLAN NOI 1 =

105



—h o s

-
wn

How to builld a nice home

. Roofed. shaly-
open veranda.
2. Vestihule

with wdrdrohe . —¢—

(93]

- Sitting corner
- Living room,
.Kitthen room
Water cleset.

S U s

Small antecha-

cow oy -
g MM

<1V On
0
(Al
n

/ r

25-4

.@... .N.

/ :b. y
12~-6X14

———-"__.




o o

10

58

Planning your home, urban area

__Tﬁ,_._- S— ¢ U —— }

Garage
| 5%10

4.0dVERA N DAH

Farm vyard

!

16-0X12- 6"

Vegan,dah
l 5-6x3-8"

Entry

R 0 A D
COVERED AREA: 1740 SFT. PLAN NO.3
107



How to build a nice home

108 Different types of roof
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In relation to tension, compression and neutral axis, the followitng notations
and design formulas have been derived.

Compressive value of concrete which is often called value of concrele
the effective depth of the beam, the distance from the uppermost
surface down to the center of the longitudinal reinforcement, in inches
the width of a rectangular beam, in inches.

k = the ratio of the depth of the neutral axis to the effective depth, d

j = the ratio between the distance from center of compression to the
center of tension and the depth,d.

the allowable compressive unit stress in the extreme fiber of concrete

f'e
d

—
)
1

in pounds per square inch.

f, = the allowable tensile unit stress in the steel, in pounds per square inch,

A= the area of the cross section of tensile reinforcement, in square inches.

= the percentage of reinforcement, or P=As/bd

A = the modulus of elasticity of steel divided by the modulus of elasticity
of concrete or Es/Ec, Es/Ec normally taken as 15

Ec= vyoung's modulus of elasticity of steel.

E.= young's modulus of elasticity of concrete.

M = the bending moment, in pounds inch.

6.4 Allowable Stresses of Concrete and Steel

A Table for allowable stresses in concrete :

Flexure: ACl, ACI, maximum value, PSI
Extreme Fiber stress 45 £ 1125 psi when f.'=2500psi
Shear
Beams .03 fc' a0
Flat Slabs 25% (-) ve steel/30% (-) ve stee
passes over col.caps .025f.1.03 f. 80/100
Bond
Plain 03f, 105
Deformed Q7 245
Shear,v =1V,
Bond,u = 2.4/?;

B Table for allowable stresses in steel :

40 grade Tension = 18000 psi
Compression = 18000 psi
60 grade Tension = 24000 psi.

Compression = 24000 psi
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G.5 What is Ultimate Strength

If a load of sufficient magnitude is applied to a test speciment, rupture
occurs. The unit stress within the bar just prior to its breaking is called) the
ultimate strength.

For the steel, failure occurs at a unit stress of about 60,000 psi (pounds
per sq. inch.). A structural member stressed beyond this limit s usually
unsafe even though the ultimate strength of the material is not reached

6.6 What is Working Stress

The working unit stress or allowable stress is taken 'ard of the ultimate
strength and is used in design as the maximum permissible one.

Ultimate strength of steel is 60,000 psi and is denoted by fy. Strength of
steel taken in design is 20,000 psi and denoted by f_. Itis one third of fy

6.7 Factor of safety

It is a number denoting the ratio of ultimate strength to working strength
The factor of safety of steel discussed above is 3. It indicates how much
extra load it can actually carry beyond the allowable strength. Here, this
steel is 3 times safer compared to the load it is actually-carrying. Safety
factor for concrete is approximately 2.5. Now a days, for the question of
economy, safety factor is not extensively employed.

6.8 Design of Brick Wall, Column, Beam and Slab

The design involves the determination of shape and size of specific dimensions
of a particular structure.

There are two methods of designing reinforced cQncrete members. Namely,

1. WSD, or Working Stress Design.
2. USD, or Ultimate Stress Design.

Qut of the two methods, WSD is widely followed in our country. It involves
certain safety factors in strength of concrete and steel and is safe against
deficiencies in execution. While, USD is based on ultimate strength of the
components and needs carefull selection of material and proper quality
control. This method is seldom followed in our country. As such, WSD method
is discussed here to acquaint the curious reader with the basic knowledge
of the subject.

it may be kept iIn mind that the procedure of design is complicated and
can hardly be understood by a non-technical person. Hence, it is simplified
in the form of Tables and Charts so that the requirements are easily found out.

6.9 Design of Brick Wall

Thickness of brick wall;
As per code specification load bearing wall thickness should be 8",10" or i2".
Load bearing wall upto § stories is arbitrarily selected to be 10" with smaller

room height(8'-6"), maximum 6 stories may be constructed by providing
lintel althr0ugh the wall,
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J"and 5" walls are only used as partition on building frames separated by
beams from floor to floor. Span for 3" wall should be limited to 8 ft. and
height should not exceed 71t. It may continue to furthur height by providing
a lintel like concrete band,

6.10 Design of Brick Columns

A design criteria may be developed by considering crushing strength of jst
class Lricks to be 2800 psi (210 kg/cm?) with a safe allowable compressive
stress of 250 psi. and calculating load on the column. However, the following

arbitrary selection is quite satisfactory.

upto 2 stories 10" x 10"
upto 3" 10" x 15"
upto4 " . 15" x 20"
upto 5" , 15" x 25"

6.11 Design of Column Base

Size of base of the column must be based on Ioad calculation.

Let,
P = Load on column, Ton.

B = Bearing capacity of soil, Ton/sq.ft
A = Area of footing required under the column.
Now, if load
P = 15 Ton, Bearing capacity
B = 1 Ton/sq.ft. Then area required
2 :
1

=15 sq.ft.
A size of 3’ x §' base may be selected.
Depth may be found out from formula of Depth of Foundation.

6.12 Determination of Depth of Foundation

Out of all the types of foundation, spread footing for walls and columns is
commonly used in our country. Two main factors are involved :

1. Width of foundation.

2. Depth of foundation.

Depth of foundation (footing).

* Minimum depth of footing can be found out by Rankin's Formula :
1-5in O

D= (1+snn 0)2
where, D= Depth inta the ground (ft. or metre)

B« Bearing capacity of soil (Ib/sq. ft. or kg./ R

W= Unit (wt of soail (b/cu.ftor kg/cum.)

0 = Angle of repose of soil.
Value of © for moist soil is 40° and for dry sand 30°sin 30°=0.50 and sin
40°=0.64, W for soil is 100 lbs/cu. ft (1600 kg/cu. m) and for sand 110
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ba/cu ft (1760 ka/cu, 1m)

AlmMost all original soil shows a beanng capacity of 1 ton/se it at a clenth
of 3 to A4 it Soil test should be carried out in nowly filedd clitehos

Example : If a foundation is laid on sand having bearing capcity | ton/se 0
find out MminimumMm depth required for foundation

Solution @ given that,

Bearing capacity,

Unit out of sand,

B= 1 Vft°or 200C Ib/sq. ft
W= 110 Ibs/cu. ft. ftz2 = sq. fi.)
O of sand= 30°
= 0.5 depth.
D=8 (_1;_3_"&)2 as above

WAl +sin©

2000 . 1-0.5) _
=310 1+052
=202 ft

or

2'-1"

Minimum depth required= 2'-1"

6.13 D'etermination of Width of Foundation

In determining width of foundation of load bearing wall, load per feet of the
wallis calculated, so that the widthis readily found out by the formula, W= /8
Where,

W= Width of foundation (ft or metre)

L= Load on the foundation (ton)

B= Bearing Capacity of soil (T/sq. ft or T/sq. m.)
Example : If load bearing wall of a buiding carries load of 3 tons per ft
including self weight per ft. and bearing capacity of soil is 1 Ton/sq ft. then
required width will be

W= /B, B=1 Torvsq. ft,

L=3 Tons/ft. W="3/1 = 3 ft.

6.14 Angle of Repose of Common Fill Soil
Material ] , PRI QAngIe of Co Valun\of
~ _wrepose.degree . - . sinO’ ."
oy Wt e R @l B sin20° = 03 120
CClay;dry . N a0 e '8in30° =
Sand,wet . . B0 e :
Sand, dry : . L Ay - sin 35° 0.6735
Earth,loose "~ - .  as . YL sing 45°=0.7071
Earth, dry e aQ, o, oo sin40°=0.6427
Bhingle, < co 0 T 40N e S o |
. Sit,wet i 2G 5 A gin20°=0.4d420
Vegetable Sof, wet - PR _cin17°=02923
L Vegetable Soil, dry ; 30 il T sin30°=0.5

e

117



How to builcd o nice home

6.15 Design of Concrete Column

According to tie used to hold vertical rods, axially loaded R.C.C. colurmnng
aro class as.

¢

1. Tied columns.
2. Spiral columns.

The tic of spiral column is like a spring and is seldom used in house building.
As such, only tied column is discussed here. When load falls on edges of
the column other than at the centre it is callled eccentric column.
According to length it is again divided as:

1. Long column, when L/d = more than 10. and, 2. Short column, when L/d
= less than 10. Here, L = Lenght of column

d = Least dimension (width) of column
In residential buildings, almost all columns are short, tied and axially lcaded.

6.16 Design Formula for Tied Column
As prescribed by ACI Code, axially loaded tied columns can carry load P,

according to the following formula:
4

12" | 10
— '
10” / 5%
[ L —
10”
5 10

Fig 33, Different column sectién

= .85 Ag (.25 f{ + f, P).

where,

A4 =-gross area of column, in?

f. = Compresive stress of concrete at 28 days. 2000 psi.

f -= Allowable compressive stress in steel 20,000 psi.

P = Ratio of effective cross sectional area of steel to gross area or A /A,

limited to 0.01 to 0.04
Safe load bearipg capacity of a column is found out by means of trial.
Example :
A tied column, 10" x 10" have a 4- 5/8" dia
vertical rpds. Find cut safe load bearing capacity of the column.”
Solution :
Assume,

11¢
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f,

P
Hore. A,

20 000 pi
2000 P
85 A, (261 + 15 1)

10" x 10

100 in?

i = 2000 psi

t, = 20000 psi

Applying the vales in the tormula

Formulna for hed colurmn v,

L
-

\';r't A

P = 85 x 100 (25 x 2000 + 20000 « 002

=62900 b
= 3145 Tons
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G.17 Design Formula for Spiral Column

Formuta for a spiral column
e REBLE N 8]
P= A, (0225 1, + 1, P).

Tie
Spacng oftec cidbemmimum of the following limitations

1) 16 bar dia in inch
2) 48 te dia in inch
3) Least dimension of the column,

Tie should be preferabley of 1/4" dia or 3/8" dia rod.

6.18 Table for Safe Load of Column

Size of column Reinforcement -Spacingof Tie  Safe allowable
: Provided * .+ - . load

5" x12" ‘ 420 “Ya"O (@ 5"c/c 20Tons

5" x12" 45D . V4"O @5'c/c 23 Tons

6" x 10" S A YO @ 6'c/c. 20 Tons

6" x 10" LA asfgg o YD @ 6'c/le. 23Tons .

5"x 10" by 5" x 10" “L" orTee 6@ - i 4D @5"c/c ¢ 21Tons

5"x 10" by 5" x 10" “L" or Tee 6- S/ VA @ 5”c/c ~25Tons

g x8" .. LUMaveel @ ve @ 7o/l 20 Tons
18°x8" - R B ) S s SR VARl gV o ";-'{;24 Tons .
107% 100 - e U AV B D3 9" c/cr; 28 Tons |

10" x 10" "I;"'-l’f:.':’_i: S 4 b/en G;'i“;: @ '3/8”@ 9 C/C'_, 32 Tons -
0107 227 4P Dy grele . B4Tons |
10°X10" il 556" 0 ff-@:"f;"ﬁ/a”(lrg c/c-: 137 Tons -~ 5o}
107x1Q 634D D g @ 9"c/o: 1y 48 Tons "l |

Recommended Column Sections :
I Sections, L-Section, T-section and square Section.

6.19 Different Types of Beam

A beam is a structural member that bears load in horizontal direction.
Types:

According tO supportedend position, beam may be classed as follows :

1) A simple beam is a beam which rests upon a support at each end, there
being no restraint at the supports. This is the most common type.

2) A Cantilever beam is a beam that is supported at only one end. A beam
projecting from a wall is an example.

3) An over hanging beam rests upon two or more supports, one or both
ends projecting beyond the supports.

4) Acontinuous beam is a beam that rests upon more than two supports.

5) A fixed beam is a beam that is restrained against rotation at its ends.
This position occurs when the end is monolithically casted with column and
slah or it ‘bears the wall load of next story.
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6.21 Span Length of 2a Beam

6.22 Kinds of and

Two types of ioad commordy ocowr n cea
2. Cstriouted ioad.

Vihen 3 colrmn rests on 32 Deam. the 03T s Corncerirz’ss amis T2 0
B8 exerting CGstribxted Ioad on the beam [Disroses Caz € ~asty 200 =

i Cesgn and computed as unoer

Lwve load = 40 s/sq 6l {for rescence oy
Dead ioad of sizb = 50 fsqgft {for a 47 sac
Fiocr finsh = 12 bisgf

Ao, seif weignt of beam

6.23 Load per Feet
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beam, the two walls take 25% each. Thus, if the beam share a length of
X ft of slab, distributed load per feet will be X x 40 pft.for live load, (50 +
12) x X for dead load plus self wt. of the beam.

After load per ft. is calculated it is necessary to find out bending moments
with the help of moment co-efficients prescribed by ACI code.

6.24 Bending Moments

The forces which tend to cause bending in a beam are the reactions and
the loads. Consider the section X-X at 8’ from R,(Fig). The force R, or 2,000
# tends to cause a clockwise rotation about this point. Since the force is
2.000 # and the lever arm is 6’, the moment of the force is 2000 x 6 =
12 000" # . This same value may be found by considering the forces to the
nght of the section X-X.

There are two forces to the right of section X-X, R, which is 6000 # and
the load 8.000 # having lever arms of 10’ and 6’ respectively. The moment
of the force 8.000 # is 8000 x 6 = 48.000" # and its direction is clockwise.
Subtracting. 60000-48000 = 12000° # the resultant moment tending to
cause counterclockwise rotation about the section X-X. This is the same
magnitude as the moment of the forces on the left which tends to cause
a colckwise rotation. “
Thus. it makes no difference whether we consider the forces to the right
of the section or the left,the magnitude of the moment is the same. It is
called the bending moment and it is the algebraic sum .of the moments of
the forces on either side of the section. For simplicity, let us take them on
the left, then we may say the bending moment at any section of a beam
is equal to the moments of.the reactions minus the moments of the loads
to the left of the section. Since, the bending moment is the result of multiplying
forces by distances, the denominations are pounds foot or pounds inch.
For computation of steel required, bending moment always converted into

pound inch (lb. in.).
r—Negotive bending moment"

=T

Positive bending moment

(a)

L e ST
e dtin=] |.—'"s'§'c!?f—4 -»-J"S'SG?\’—-{ — fp”q"n_]tl

12 12 wi? 12
M:.w_ w ( b ) = M= — w
10 T |2 10
f/ﬁ-— simple beom [ % sems—comnuous —%
M=WE (e NsME (qy Deams
8 10
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6.25 Moment and Shear Values Using

- ACI Coefficients

Positive moment :

Simply supported (Midspan)

End spans:

If discontinuous end is unrestrained
If discontinuous end is

integral with the support

Interior spans

Negative moment :

At exterior simply supported face of first interior support
Two spans

More than two spans

Negative moment at other faces of interior supports

(+) wi2/8
(+) wir/11

(+) wi*/14
(+) wir/16

(=) wi?Z10
(=) wi’/9
(=) w10
(=) wi2/11
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Negative moment at face of all supports for, ( 1) slabs with spans not
exceeding 101, and (2) beams and girders where ratio of sum of colurmn
stiffresses 10 beam stiffness exceads eight at each end of the span

, (=) wl?/12
Nagative moment at interior faces of exterior supports for members built
integrally with their supports :

Where the support is a spandrel beam or girder (=) wi2/24
Where the support is a column (=) wi2 /18
Shear in end members at first interior support 1.25 wilz/2
Shear at all other supports wi2/2
w = total load per unit length of beam or per unit area of slab.

| = clear span,

wl = W

6.26 Design Formula for Rectangular Beams

1) = —,-\’—1(—1 Where, A, = Area of steel required (in?)
fs) f. = Allowable stress of steel (20.000 psi).
j=7/8 or .875
d = effective depth(in).
M = Bending Moment, (Ib-in). - [*— b —
2_ 2" ¢ Suspender
M ' ;
2) d= — l _—— Stirrup
Rb
d
R = 1/2 fk, l |
when, fc = 750 pSI * |V2"Cover
I'= 875 Main rod
kK = .375

Fig 39, A typical beam Section
Steps in Design '

1) Assume size and apporximate weight

: M
2) Find d by d= Ao
M
3) Compute steel required by A =—fsj?
V
4) Compute Shear stress by V= E
Afy
5) Find spacing of st. up by S= e
V.
- Vv
6) Deterniine bond stress by u =
20jd
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6.27 Check for Bond and Shear

Formula for bond . u=V/% ojd, where u = Bond stress V = extarnal shear
= sum of perimeter of all bars j= 875 cd= effective depth, in

6.28 Diagonal Tension

A concrete beam without tensile reinforcement will fail because of tensia
stresses in the concrete as indicated in Figa3’ iThe area of the requirce

tensile reinforcement is computed by means of formula where

such reinforcement is introduced, the beam has a further tendency to fail
by tensile stresses indicated in Fig2(t- Thesecracks are due to a combination
of tension and vertical shear, and ‘the stress is known as diagonal tension

To prevent failure due to diagonal tension vertical steel rods called stirrups
are used. For rectangular and T-beams they are illustrated in Fig (c). and
(d). They are generally round in section 3/8" or 1/2" in diameter.

The unit shearing stress, which is a measure of diagonal tension, is found
by the formula:

v = V/jbd

where, v = the unit shearing stress in pounds per sqguare inch.

V = the total maximum vertical shear in pounds (for uniformly loaded bearmns).
V = W/2

j = 0.875 or 7/8 the value employed in computing shear.

b = the width of rectangular beam in inch.

d = the effective depth of the beam, in inch.

Since j = 7/8,

v = V/jbd :

It is necessary to use web reinforcement throughout the entire length of a
beam since the shearing stresses are maximum at the supports and decrease
toward the centre. To. find the distance from the support in which web
reinforcement is required we use the formula :

a=LL2 xviv

in which, a = the distance from the support in which stirrups are required in feet

L = the span of the beam, in feet

Vc = the allowable shearing unit stress permitted in plain concrete, 40 Ib/in2
for 2,000 Ib concrete.

v = the maximum shearing unit stress in pounds per square inch, found
from formula.

V' = V-Vc = the excess shear to be resisted by the stirrups.

The distance in which web reinforcement is required having been found, it
is next necessary to determine the spacing of the stirrups, This is found by
the formula

S =Af/ND

where, S = the spacing of the stirrups, in inches

A, = the total cross-sectional area of the legs of one stirrup, in square inch.

f, = the allowable tensile unit stress in stirrups, in pounds per square inch,
usually 18,000 or 20.000 Ib/in2

V' and b are as noted above.

A 3/8" round rod has an area of 0.11 In? and since a U-shaped stirrup has
two legs, A, for 3/8" stirups = 2 x 0.11 in2, Similarly A, for 1/2" stirrups = 2
x 02 =04 in2.
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Allowable bond stress according to code is:

Top bars 1.7Vf¢e/D or less than or equal to 160 psi.

Bottom bar 2.4 f'c/D or, less than or equal to 250 psi.

If anchor or hook is provided at the end of the bars, sufficient bond is
developed. Shear stress is given by the formula, v = V/bjd

where, v = shear stress, psi.

V = Maximum shear in the beam Ib.

b = width of beam, in

j = .875

d = effective depth of beam, in. ‘

ACI Code value of allowable shear is given by V= 1.1 V'f_.or 50 to 60 psi
Example: A reinforced concrete beam, 22' in length between faces of
supports has a uniformly distributed load of 22,000 Ib exclusive of the weight
of the beam. The ends of the beam are fully continuous. With the following
Let the beam size 'be 10"x30" - )
Concrete weighs approximately 150Ib/ft3. Then the estimated weight of the
beamn = (10 x 30 x 22 x 150)/144 = 6,875 Ib.

W, the total uniformly distributed load =22,000 + 6875 = 28,875 Ib.
Bending Moment.

The maximum (-) ve, . nding moment = wi'/12
= (28,875 x 22 x 22)/12
= 635,250/Ib.in .

6.29 Effective Depth

Formula (1), d = VM/Rb, R = 123, Therefore,

d =V635,250/(123 x 10) = 22.75", the effective depth.,

Allowing 1/2" for the diametre of the tensile reinforcement; and 1'/2” for
cover, the total depth of the beam equals 22.75 + 0.5 + 1.5 = 24.75"

6.30 Stirrups

The total load W equals 28.875 Ib, hence
Maximum shear V =28,875/2 = 14,438 Ib.

V = V/jbd = 8V/7bd
V = (8 x 14,438)/(7 x 10 x 21.5) = 77Ib./in2, the shearing unit stress.
Since this' stress exceeds 40 Ib/in?, it will be necessary to use stirrups to
aid in resisting the diagonal tension.
To find the distance from the supports in which stirrups are required use
formula : _
a=LU2xv/v=22/2 x (77 - 40)/77 = = 5'3"
The spacing of stirrups is determined by the use of formula : s = AJf/b.
The sectional area of the two legs of a stirrup made up of a 3/8" round
rodis 2x0.11=0.22in?, there fore, S = (0.22 x 18,000)/{(77- 40)) x 10="11"

6.31 Bond
- The unit bond stress is found by formula,

U= —
20ojd
The perimetre of one 7/8" round rod equals ‘2.75" then
u = 14,438 {(4 x 2.75) x 0.875 x 21.5} = 69.76 Ib/in2.
This bonding unit stress being less than 80 Ib/in2 plain bars are acceptable.
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6.32 Design of T-beam

Design of T-beam is some what similar to mctnnqulnr beam. In design, slab
thickness is determined first. The slab acts as compression flange in designing
the beam.

The flange acts as compressive zone, which is balance by steel embedead
in the bottom web of the beam.

Fange width b, in.

Slab thickness t, in

d = Effective depth, in

B = Width of web

Width of flange should be least of the three alternatives,

1) Span/4
. 2) b+ 16t
3) Centre to centre spacing of beams.
Formula:
Moment can be found out by
M = {A(d-/2)
or, M = f A jd.
_ M
As“fs(d—vz)
M
Ay =
fo)d

Example: Determination of moment capacity.

A floor slab 4" in. thick is supported by beams centered 9 ft.apart to be
casted monolithically so that T-beam action is introduced. Beams are simply
supported having 19ft span. Section of beam is 10" x 20" below slab and
reinforced with 8%/4" dia rods. Assume cover 2Y2" in, f, = 20000 psi and f.
= 2000 psi What is the maximum allowable moment |t can resist ?
Solution :

Find out width of flange, b:

b=gpan/ 4 = (19 x 12)/ 4 = 57 In:

b=16t+b'=(16 x 4) + 10 = 74 In

b = Centre to centre spacing = 9 x 12 = 108 In.

6.33 Design of RCC Slab

Slabs provide flat covering over the wall,

Design of slab Is carred out with the help of same formulas as those of
the beam design due to the reason that a 12" strip of slab’ acts as a
rectangular beam of unit width (1ft) with depth equal to the thickness of the slab |
From design point of view, slabs are.of four kinds:

1. One way slab,

2, Two way,slab, and

3. Ribbed slab

4. Flat slab
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“Roof

— leormed Rod

Hollow Block

Fig 40, Hollow Roof

G.34 One Way Silab

Main reinforcement or one way slab is provided in shorter directicn (width
wise) of the rocm, binders are provided in long direction. Imagine a rai line
twe rals are lke two walls along long direction and the sleeper is lke man
rod placed in shorter direction. Thus, a one way slab may be continued
niles after miles. Thus, load is shared mainly by two walls.

One way slab is provided when length is more then one and half times thz
width of the room.

\ /—_Top Rod /— Crank Rod

|
b B W
w : Binder V{\ Mainr rB{

Fig 41, R.C.C. Roof

&

In two way slab, rods are placed in both directions and load is shared by
four walls. This happens when ratio of longer to shorter one is less than 1.5.

6.35 Two Way Slab

6.36 Ribbed Slabs

Ribbed slab is thin and is constructed with most of concrete thin beams. It
is good looking and economica too.

6.37 Ribbed Slab With Metal Pans

Ong of the most economical systems of floor construction for long spans
with light loading consists of the use of metal pan filers between concrete
joists The steel forms, often known as 'tin pans,"are generally 20" wide.
The ribs are usually 5" wide at the bottom and are slightly wider at the top.
The slab over the pans vares from 2" to 3" thickness it is cast integrally
with the ribs, and since together they form a T-section, The computations
for the design are similar to those for a T-beam, Rnbbed floors with tile fillers
are designed in a similar manner,
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6.38 Flat Slab

Flat slab is supported directly by columns without the help of beams and
girders Sometimes a column drop and capital is provided below the slab.
Such type of slab is seldom constructed in residential buildings and is beyond
the scope of this book.

6.39 Design Criteria of One Way Slab

a) ACl code prescribes that perpendicular to main reinforcement termperature
or shrinkage rod be placed within 5 times the slab thickness but not more
than 18"
b) Concrete cover below the rods should be 3/4".
c) Distance between parallel bars shall be min. 1/2" times the size of khoa.
In this case, 3/4" size should be used.
d) Temperature and shrinkage rod which is provided as binder should be
as follows:
A = .0025 x Ag
Where, A = Area of temperature and shrinkage reinforcement.

= Gross area of concrete.
e) Slab thickness for simply supported slab should be L/25 or perimeter of
room divided by 180. 3/4" cover be added.

Bending Moments in slab

With the help of moment coefficient , bending moments can be calculated.

At middE positive moments occurs. Negauve moment occurs at the end.
and over support

Example : : _

Design a simply supported slab with clear span of 10ft. of a bed room of
size 10’ x 15’. Live load for residential building is 40 psf, f, = 18000 psi, f.
=750,j=7/8 R =12fjk k =.375

Salution :

First calculate average thnckness of the slab:
Span, L = 10ft.
t=1/25 = (10 x 12)/25 = in.
Perimeter/180, perimeter = 2 x 10 + 2 x 15 = 50ft or 600 in.
t = 600/180 = 3.33 in.
Add cover, 3/4" + 0.75
4,08 in.
Average 4" slab will be necessary.
Effective depth, d = 4" -3/4" = 3,25 in.
Now calculate load, w per ft. of slab in 1ft. strip.
Live load = 40 psf
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Dead load of ¢lab

4" %1 %1 %150 = 50 pot
Floor finish 12 psf
Total 102 ps

Calcutation of moment
Moment coefficient at free end
M = wi2/1
= (102 x 10 x 10)/11
= 027.27 b ft say 950 Ib ft
Check thickness of slab by formula
d =VM/Rb, R = V2 fgk, f. = 750 psi," A =123, b=1 or 17
= V(950 x 12)/(123 x 12)
277" say 3"
plus cover 3/s"
Approximately 3.75" is required it may be rounded to 4~ -
Steel required :
A, = M/fjd = 950 x 12/18.000 x .875 x 3.25 = 0.22 in?
This steel is required in a strip of 12". Select 3/8" dia rod. Area cf 3/8" ©
rod = .11 in?
.spacing of rod: 0.22 in? required in 12 in.
0.11in2 " " =12 x 11/0.22 = 6 in.

provide 3/8" ©/ rod @@ 6" c/c altemately cranked up. Extra top
bars should be provided in between two cranked bars to meet. up negative
moment.

Provide nominal binder 3/8" (@ 9" c/c
Check for bond and shear may be done as per procedure already discussed

in beam design.

Table for minium thickness of slab.

Simply supported L/25
One and continuous L/30
Both ends continuous L/35

/12

Cantilever
Formula previously used peremeter of room in inch/180
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6.40 Design of Two-Way Siab

When floor panels are square or nearly sotwo-way reinforcemeant may be
used. If the slab length equals or exceeds 172 timea the width the lnad 4
carried by reinforcement in the short direction only.

Table : Load Distribution in slabs with two-way reinforcement
Ratio of Length Ratio of Load Ratio of Load
to Width of carried by carried by
Panel Shorter Span Longer Span
1.00 0.50 0.50
1.05 0.55 0.45
1.10 0.60 0.40
1.15 0.65 0.35
1.20 0.70 0.30
1.25 0.75 0.25
1.30 0.80 0.20
1.35 0.85 0.15
1.40 0.90 0.10
1.45 0.95 0.05
1.50 1.00 0.00

For uniformly distributed loads, Table gives the proportion of load carried by
the shorter and longer spans. This system of reinforcement consists of two
bands of rods. running at right angles to each other. The bending moment
is less in the portions of the band which are adjacent and parallel to the
supporting bearns, and the Vawidth of band on each side may have the
moments reduced 50 percent. The method of designing a slab with two-way
reinforcement is similar to that in which the reinforcement runs in one
‘direction only. However, since the rods in one direction are placed above
those in the other, the effective depth is different for each system of rods.
Example : Design with two-way reinforcement a floor panel 16' x 20’ having
a live load of 70 Ib/ft? and a finished floor load of 25 Ib/ft2. The end conditions
are fully continuous,

Specification. data :

f,=20,000 Ib/in? j=.875

f. =800 Ib/in? ' k=.375

Solution : If the depth of slab is assumed to be 6, the weight of slab equals
75 Ib/ft?2 (one cubic foot concrete weighs 150 Ib) '

Live load = 70 PSF.
Finished floor = 25 PSF.
Slab = | 75 PSF,

Total weight = 170 PSF. : '
Ratio of length to width of panel = 20/16 = 1.25. Referring to Table we find
that 75 percent of total load will be carried by the short span and 25 percent
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'ong span. The loads camed on strips of slab 127 n width are
170 x 16 = 2,040 Ib total load camied by short span
170 x 20 = 850 Ib, total load camied by long span

wm bending moment for short span (Art 6.25)

vi2/12 = (2040 x 16 x 12)/12 = 32,640" Ib. (wl=W)

wm bending moment for long span,

12/12 =(850 x 20 x 12)/12 = 17,000" 1b

/NV(R xb)

/2 fgk =131 :

t span, d = V32,640/(131 x 12) = 45"

] span, d = V17,000/(131 x 12) = 3.3"

effective depth of the short span determines the slab thickness in this
ince, therefore accept 5.25 for the total depth of slab. by adding

ar 0.75".
- M/tgd
= 0.875

ort direction A, = 32,640/(20,000 x 0.875 x 4.50) = 0.41in2

e /2" round rods 6" on centres

ng direction, A;= 17,000/(20,000 x 0.875 x 4.50) = 0.2 in2

se /2" round rods 6“and 11" on centres for short and long spans

is reinforcement will be used in the central two quarters of thé long and
ort spans and since a reduction of 50 percent of the bending moment

permitted in the quarter bands paralel and adjacent to the beams, use
" round rods 11" on centers, for the outer bands of the short span and

2" round rods 22" on centres for the outer bands of the long span.
nese are the spacings. The actual spacing depend on the dimensions of
e panel and are shown in Fig. '

ltermate rods are bent up over the supportlng beams to provide for the
egative bending moments.

ond stress

N
20jd

= 2040/2 = 1020 Ib the maximum shear for the short span
2/6 = 2 the number of roads at 6" spacing in each 12" strip
57" = the.perimetre of a /2" round rod (table) )
= 0.875 u = 1020/{(2 x 1,567) x 0.875 x 4,75} = 78 Ib.in? is

ne bond stress for short span. Simiarly
= 425/{(1.09 x 1.57) x 0.875 x 4.25) = 66 Ib/in? Is
he bond stress for the long span, Plain rods are acceptable,

u=

5.41 Design of Footing Under Brick Wall

3einforced concrete wall lfootlng_s lare designed by considering the projection
>eyond the face of the wall as a cantilever beam tending to bend upward

t is customary to. compute the load dn | hnear foaot of wall and to design
‘he width, depth and required reinforcement far this portion of the footing.

n this type of footing it is not ‘desirable to use stimups to resist diagonal
tension, and the fooﬁng must therefore, be designed accordingly. The eritical
section for diagonal tension is at a distance d out from the face of the wall,
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Jdbeing e effective depth of the bond atress frequently determines the
cffective dopth

Exampte Al 20" thick wall exerts a load on a footing of 15500 pouncls
por ovear toot of wall If the allowable aoil load is 2 tons/aq ft. cdesign a
renforced concrete footing in accordance with the following data -

.= 20000 par (allowable stress in steel)

.= 800 pal (alowable stress in concrete)

V. = Litcted to GO psi (special anchorage)

u= Limited to 150 pai (deformed bars anchored)

n= 10

Solution -+ Assume the weight of the footing 1 linear foot of wall to be 500
b Then 15,500+4500= 16.000 b, the total load on the foundation bed per
- 8 tons/linear foot of wal

Arca of fodung = 8/2 = 4ft? Since the strip of footing is 12" wide its total
length will be 4°

Thickness of wall = 1.5' Then (4-1/5)/2 = 1.25'=l, the projection of the footing
from the face of the wall. M = wi2/2 the bending moment in the footing at
the face of the wall in which w=the upward pressure of the soil in pounds
per square foot and I=the length of the projection of the footing in feet.
Then M= 4.000 x 1.25%/2 = 37,500" Ib. d = VM/Rb R = 131 and b ="12",
the width of the strip of footing. Then d= V37,5600/(131 x 12) = 5" Provide
7" as the effective depth including covers to avoid excessive bond stress
and rusting of rods against the moist soil.

The vertical shear used to determine the diagonal tension unit stress is taken
at distance d from the face of wall. As the length of the projection is 1.25°,
1.25-1 = 0.25' the length of footing from the outer edge to the section to
be tested for diagonal tension. Then V= 4,000 x 0.25=1000 Ib. Vv
1000/(0875 x 12 x 12) = 7.9 psi Since v=Y/po, . u=

2ojd
This stress is well within the 60 psi is allowable. In investigating the bond
stress, Vis taken at the face of the wall. Then V=1.25 x 4000 = 5,000 Ib.
Let us assume that the tensile reinforcement will consist of round rods for
which the perimeter is 1.57". We shalllet u, the bond stress, be 150 psi, its
maximum value, and let x be the number of rods required for the strip of footing.
The number of /2" rods required for each 12" length of footing. We shall
accept, therefore /2" round rods 6" on centres.
Now let us investigate the tensile stress in the /2" rods with 6" spacing. The
area of a '/2" rod is .2 In?2 and there are 2 rods. :
Note that this stress is well within the 20,000 psi.allowable and that the
effective depth has been determined by the bond stress, which wil be its
maximum allowable value.

For a protection to the reinforcement of concrete wil be placed below
the rods, Three round shrinkage and temperature rods will be placed in the
footings parallel to the wall.

6.42 Design of Lintel

Theory of design is this, when a lintel fails, the amount of brick work which
would collapse, would be a semi cricle or a

equilateral triangle. h= L/2 x tan 60°

Here, h gives the height of 10" brick wall it carries and L is the opening:
Reinforcement required can be worked out with design formula.
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Lintel upto 6" opening will have the following dimensions

Thickness = 6"
Width = 10" (According to wall width)

Rods = 2-'5" dia rods at top and bottom clearance 1” from both faces For
bigger openings, beams should be provided

6.43 Design of Piles

Piles are used below foundation when the sacil is filled, thereby lacking
compaction and bearing capacity is low. To improve its bearing capacity,
pre-cast R.C.C or wood piles are driven into the ground.

Piles bear load in two ways :

1. Point (end) bearing

2, Friction bearing.

The bearing value of piles or pile value is determined with the following factcrs -
1. Weight of pile

2. Weight of pile driving hammer

3. Height of fall of hammer

4. Length driven in last five blows

In house building, Gajari or Sal bollah piles are widely used due to easy
avaibility and less cost compared to R.C.C pre-cast piles.

Timber piles

It 'should have girth of 7" to 9" at top and minimum of 4" at bottom for an
average of 25’ to 30’ leng piles. Girth may be more for a bigger sized wood
pile. Average 2 to 3 ton load is taken by such a pile.

Safe value of a pile is detefmined by the following formula :

B=2WH/S x 11.00)

where, B = Safe bearing value in pounds.

W = Wt. of hammar in pounds

H = Ht. of fall in feet.

S = Average penetration in inches per blow during last five strokes.

6.44 Design of Concrete Stairs

A concrete stair way may be considered as an inclined slab or beam. Since
the stairs are usually built after the frame and floor slabs are in place, the
stair way is figured as a simple beam having a maximum bending moment
of M = WI2/8, Note particularly that the length of the span, | is the horizontal
distance between supports plus the approximate thickness of the slab. As
in designing a floor slab with one-way reinforcement, a strip of stair way 12"
in width Is considered and the depth and required steel area are computed
in a similar manner. In addition to the tensile steel reinforcement, 3/g" round
rods are generally placed 18" or 24" on centres as cross reinforcement to
prevent shrinkage and temperature cracks.
Many building codes require a live load for stair ways of 100 Ib/ft? Table
shows the total slab thickness and required reinforcement for various horizontal
span lengths. This table was computed for 100 Ib/ft? live load, and by its
‘use proper depths and reinforcement may be selected without further
computation,
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6.45 Concrete Stair Slabs

Table for 100 Ib/Sq. ft. L.L.

fe = 20,000 b/in? 1" clear protective covering

1 = 800 Ib/in?

n=15
Horizontal Total Thickness Reinforcing Steel
Span of Stairs of Slab in
in Feet Inches
4 3 " 0O @ 7' cle
5 3 " O @ 6 ke
6 4 IO @ S cle
7 4 'O @ 4 cle
8 5 "0 @ T ck
9 5 "0 @ 6% clk
10 6 1/2" 0 @ 5112" clc
1" 6 0 @ 5" cle
12 7 ' O @ 7T cle
13 7 'O @ 6%  cle
14 8 O @ 6 cle
15 9 ' 0 @ 5%
16 9 O @ 7" clc
17 10 WO @ 6% ol
18 10 "0 @ 6 cle

Courtesy of the Portland Cement Association.

u = 1,135/{(12/5.5 x 1.57) x 0.875 x 5}= 76 Ib/in2
Use plain bars with hooks at ends or continuous over-slab supports.

6.46 Design of Water Tank

Underground water tanks can be made with brick masonry or R.C.C.
When tank is empty, its wall behaves as a retaining wall. When filled, it
balances the earth pressure and tend to bend out side. So it is necessary
to introduce sufficient strength to the wall to prevent both inside and outside
pressure. So both of the wall are reinforced.

it has been observed that 15" wall imparts retaining action and is leake proof.
But the wall itself cover an area of 2'-6" of the available space. So, R.C.C.
tanks are preferable.

The design procedure for cantllever slab may be apphed tor designing
underground water tank. Base slab wil have to resist a load of per sq.ft.
where’ un:t weight of water :  62.4 Ib/cu.ft and h is depth of tank. Thickness
of slab is Usually iu2th of the depth. For 4' depth, wall thickness will be 4°

136



Structural design

for 6' depth, wall thickness will be 6" Both faces of the wall should be
reinforced with vertical rods. Base slab may have the same rernorcernent
to prevent bulging at the middle. Atleast /3 rod of the wall height should
be casted on the same day the base slab is casted. A design table is
furmished for ready reference.

6.47 Table for Capacity of Water Tank

Size of tank Capacity Wait Vartical Binder
Lenght bredth ht thickness
rod both
faces
6'x4'x 4" 600 gallons 4" W' @ " @
4" clc 9" clc
8'x4'x 5 1000 gallons 5" 11," clc 3" cle
6" clc 9" clc
8'x6'x 5' 1500 gallons 5" 11, @ I @
5" clc 7" clc
10'x6'x &' 1900 gallons 6" ' @ Y @
4" clc 7"clc
10'x 6'x 6' 2250 gallons 6" UG %" @
4" clc 6" clc

* Provide same reinforcement in double layer in bottom as that of vertical ones.

6.48 High Rise Condomonium or Multistoried
Housing Complex

It is difficult to define a multistoried building. A building having only ground
floor may be called single storied building. A building having minimum 2 to
4 stories upto 10 stories may be called multistaried building. Buildings beyond
10 stories are called high-rise building. A current trend is observed that some
firms are constructing 12 storied or more high housing complex buildings in
and around Dhaka.

Basic design principle are same for one storied, multistoried and high rise
building. Except that when a building rises high two factors become prominent :
No. 1. Higher vertical load requires larger columns, walls and cores.

No.2. Overturning by lateral forces like strong wind and earthquake requires
careful study and proper provision against overturning. must be provided.
Material requirement becomes more for high rise building compared to that
for low rise buildings to resist both vertical and horizontal loads.

In the case of either concrete or steel design there are certain basic principles
for providing additional resistance to lateral forces and deflections in high-rise
buildings without too much sacrifice in economy such as:

1. Increase the effective width of the moment-resisting subsystems. This is
very useful because increasing the width will cut down.the overtuming force

137



How to build a nice home

directly and wil reduce deflection by the third power of the width increase,
other things remaining constant. However, this does require that the vertical
components of the widened subsystem be suitably connected to actually
gain this benefit.

2. Design systems such that the components are made to interact in the
most efficient manner. For example, use truss systems with chords and
diagonals efficiently stressed, place reinforcing for walls at critical locations
and optimize stiffness ratios for rigid frames.

3. Increase the material in the most effective resisting components. For
example, materials added in the lower floors to the flanges of columns and
connecting girders will directly decrease the overall deflection and increase
the moment resistance without contributing mass in the upper floors where
the earthquake problem is aggravated.

4. Arrange to have the greater part of vertical loads be carried directly on
the primary moment-resisting components. This will help stabilize the building
against tensile overturning forces by precompressing the major
overturn-resisting components. '

5. The local shear in each story can be best resisted by strategic placement
of solid walls or the use of diagonal members in a vertical subsystem.
Resisting these shears solely by vertical members in bending is usually less
economical, since achieving sufficient bending resistance in the columns and
connecting girders will require more material and construction energy than
using walls or diagonal members.

6. Suificient horizontal diaphragm action should be provided at each floor.
This will help to bring the various resisting elements to work together instead
of separately.

7. Create mega-frames by joining large vertical and horizontal components
such as two or more elevator shafts at multistory intervals with a heavy
floor subsystem, or by use of very deep girder trusses. The design of a 65
story building using eight massive columns and three horizontal transfer
floors to form a giant earthquake-resistant cage, which is further stiffened
by individual posttensioned concrete waffle floors.

Remember that all high-rise buildings are essentially vertical cantilevers which
are supported at the ground. When the above principles are judiciously
applied structurally desirable schemes can be obtained by walls, cores,rigid
frames, tubular construction and other vertical subsystems to achieve
horizontal strength and rigidity.

6.49 Systems followed in Designing High Rise
Building

1. Shear wall system 2. Rigid frame system 3. Tabular system is a new
concept and is applied to Sears Tower 110 storied, 1450 ft. high. So far
tallest in the world. It was designed by Dr. Faziur Rahman of Faridpur(Skidmore

Owings and Merril, Engineers and Architectures.) and 4. Spacial systems.
Systems need elaborate discussions which is

6.50 Seismic Load

Why a high-rise building cannot be easily designed to resist both wind and
seismic forces in an optimum manner, Buidings can be designed to be rigid
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under wind action and to escape damage under code specified earthquake
forces. In order to resist catastrophic earthquakes, certain parts of the
structure may be allowed to yield or crack in local areas, then the buildings
period of vibration would be lengthened and its damping increased. Thus
the building will be able to resist strong seisric action without a structural failure.
Initially, it was thought that soil of Dhaka is not capable of holding high raise
building. 24 Storied Shilpa Bank building is a break through. By developing
soil bearing capacity and giving proper allowance for wind and seismic loads,
60 storied building can be constructed in Dhaka Metropolish.

6.51 Standard Hodks

The dimensions and bond radii for hooks have been standardized by the
~ACI Code as follows: -

1. A Semi Cirular turn plus an extension of

atleast four diameters, but not less than 2'/2 in at free end of the bar, or
2. A 90° turn plus an extension of at least 12 bar diameters at the free end
of the bar, or :

3. For stimup and tle anchorage only, either a 90° or 135° tumns plus an
extension of at least six bar diameters, but not less than 2V2 in. at the free
end of the bar '

Table for hook radius

Bar No. Minimum radius
3,40rb5 21/2 bar dla meters
8,70r8 3 bar dlameters
9,100r 11 4 bar dlameters
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6.52 Lapping of Rods

Lapping is neccessary due to reason thal cut pieces of rods can be used
in construction by overlapping one rod over the other. American Society of
Testing and Matenals (ASTM) has suggested the following requirements for
lapping (splices)

Splices Minimum lap But not lessthan
- Requirement

Tension (beams, slab) 36 bar dia "12in

Compression (Column) 24 bar dia 12in.

Example : Determination of steel Area

A floor system has 4" thick concrete slab supported by Contineous T-beams
of 16 ft span spaced. 10 ft centre, web is 10" wide and effective depth is
16" in. Compute steel required at mid span of the beam if given moment
is 1200 kips-in.

Given, t = 4" f;= 20,000 psi

d= 16" M= 1200 x 1000 Ib-in. AJ?

A, = M f, (d-¥/2 ) = 1200 x 1000 20000 (16-4/2) = 4.28 in?

This can also be calculated by formula of rectengular beam,

A, = M fjd =1200 x 1000 2000 x .875 x 16 = 4.28 in.

TABLE ! ANCHORAGE PIPES EMBEDDED IN CONCRETE

|._h_.1 v
CASE 1 At least V3 of poﬂh‘vt- ] == == e e
NON.CONTIN. reinforcement shall B f Fu=
ENDS OF ertend ©in. into supporl. ] - !u!l of

BEAMS ) 'Min.!diu.
Not less thon /4 of positive i of pipe

reinf. sholl uEund Sinl. 'IM: .
suppert. very reinf. bar -
CASE I See Cose II- shall extend 12 dia. min. Mox. areo of cross
FOSITIVE 3 = beyond point af which if is Sect. 47 of col.areo. COLUMN
REINFORCE~ 6" Beam N0 longer needed to resist NOTE:
MENT IN CONTH stress. _—
NUOUS CONS- Pipes Containing Liquid, Gas or Vapor
- T o be embedded in Slructural Concrele
0= fmay
Al leos! * @ 9/:;'[:"'“ de 10,000 p 3 if teated prior lo Concreling
1/3 reinf. SO4%I 08 design pressure or minimum pressure of
(') At least I/3 of negolive : p
—r 216l shall sitend laraeat 150 p.s.isfor 4 hours. Mizimum presaure
¢f|® a @t on 9 to be 200 p.s.i; Mox. tempaerature ISO'F.
CASE I = Il of O, or No liquid, Gos or Vopor to be placed in the
Claor L ('b’) Every reinf. bar shall pipes uniil the Concrefe has tharoughly
NEGATIVE ol exlend, |12 dia.min.beyond point|| Set. ®
REIN FORCE= ‘o” ot which it s no Ipnger needed Piping shall be pleced belween lop
MENT IN CON~| | ‘oL, to resist atress. bottom slesl.
TINUOUS f = > % (°=') Bend the nof needed bon Concrete covering of pipesto be min. 1"
CONSTRUCTION U across the web of on angle :‘I“’"t"'m;"' with ":"""“ of 0.2
. ercent of Concrele Saction Area lo be -
I See Cose)l-not less thbn |13 Into region provided normel fo piping.
‘O Exlieme of compression ond moke NoLlgul M
position of polnt  continuaus with positive oLiquid, Gas or Vapor which maybe injurious o]

B Infla ctlon. vélat: mri'mentd_!oplpu shall be placed in them.
3 Uncoated pipes or aleeves of 2in orkess in diame-

ter and not les s in thickness thon stondord ste:

or wrought iron pipe may be considtred . er

loce the disploced concrete.”
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6.53 Comparison between Convensional Brick

and Framed Structure :

Convensional brick struclure

1 Time saving, can be quickly erected

2. Less strong against earthquake
3. Limited to 5 stories.

4. Due to 10" wall. room space is less.

5.No coblain wall or roof.

6. Changing cr extension is not
possible easily.

7. Outer wall being 10", room
remains cool, outer wall normally
not damp.

8.Cost: 5% less.

Framed structure.

1. Time consuming. Because
unless curing time is over forms
can't be taking out.

2. Very strong against earth quake.
3. Multi stroried even upto

40 stories.

4. Due to 5" wall, room spaceis
more.

5. Cobla of columns is visible.
6. Change or extensionin

wall is possible.

7. Wall being 5”, normally hot
and may be damp.

8.Cost: 5% more.

6.54 Ready NMade Charts and Tables

Designers seldom follow the cumbersome way of design by formulas. Ready
made charts and table are widely followed. A building is constructed from
bottom to the top. But a designer comes from top to bottom. He designs
the slab first, then beams and column with footing, Because wt. of slab
helps him to design beam and wt. of slab and beam helps him to design
column or wall and its footing. '

Table for Design of One Way Slab

Simply Suppored, Mid + M = wi?/8
End-M= Interior (=) wi2 10 f; = 18000 psl.
f.= 750 psi R =123 ‘

Span End Thickness Distribution Remarks

alternated crankedup

Condition Maln Reniforcement
g'-0' Simple 4" 3B O@ 61/2" clc I80@ 12" cle Provide extra top
alternated crankedup between cranked rod.
End 4" 38 0@ 61/2" clc IsP@12"cle Provide extra top
alternated crankedup between cranked rod
Interlor 4" 3BO@ 71/2" cle 380@ 15" ¢clc Provide extra top
alternated crankedup batwean cranked rod
9'-0' Simple 4" 318 0@ 612" clc 380@ 12" clc Provide extra top
alternated crankedup between cranked rod.
End 4" 3BO@6YVcle  IBO@12'cle Provide extra top
alternated crankedup between cranked rod
Interior 4" 38O@ /2" clc 380@ 12" cle Provide extra top
alternated crankedup batween cranked rod
10-0' Simple 4" 38 0@ 62" ele 380@ 12" cle Provide extra top
alternated crankedup betwaeen cranked rod.
End 4" B O@ 612" clc 380@ 12" cle Pravida extra top
elternated crankedup between cranked rod
Interlor 4" AsP@BI"c/le 3IRO@12'clo Provide exira top

betwean cranked red
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Span  End  Thickness Distribution Remarks
.. Condilion , Main Reniforcement
W0 Simple A MBO@ENTUe  IBO@ 12" cle Provida extra top
altematad crankedup between cranked rod.
End 0" BO@ S "cle  IBP@ 12" cle Provide extra top
s altomated crankedup | betwesn cranked rod
- Interior Al 380@ 6" cle 3 O@ 15" e Provide extra lop
o : alternated crankedup . between cranked rod
120" Simple 4 WO@4Av e IBOD@12°cle Provide extra top
: alternated crankedup ‘batween cranked fod.
End AR dBO@ 4" clc  IBO@ 12" cle Provide extra {op -
‘ alternated crankedup between cranked rod
Interior 4" IBP@4AMtcle 3BO@12° e Provide extra top
' _ alternated crankedup between cranked rod
13 Simple 42" IB0@4" cle 380@ 12" clc Provide éxtra top
alternated crankedup between cranked rod.
End A IBO@ 412" cle 380@ 12" clc Provide extra top
alternated crankedup : betwéen cranked rod
Interior 4 IBO@4V"cic BO@12"clc . Provide extra top
alternated crankedup . betwesn cranked rod
140 - Simple 5% 380@4" dc 380 @ ‘10' e . Provide extra top
; .- ' sltemated crankedup ey ; between cranked rod..
-End <8 . 3s0@an" el - 3180@10' cle Provide extratop
ok e . alternated cfankadup ° ~ between cranked rod
“ dnteror: - 5% - 3BO@4U e 3180@ 10° c!c- " - Provide extratop -
CIERELS U 2l altemated crankedup | -~ between cranked rod
150" == Simple - 5% 2o 0@ 4" e 3130@ g dc - - Provideextratop
el ee L TR0 itemated crankedup ~ between cranked rod.
“EM: 8t S O g dtelo s 3!80@ 9'dc - Provideextratop -
Dinia et Ta ot s vt allemnaled uankedup - between cranked rod
~Intedor . 5 ' 0@ 4" cle: 3180@12' ce = Provide extratop -
' A T B alternated crankedup - -between cranked rod .
16-0"  Simple S R 0@4tcle 3/80@ 9"clc - Provideextratop <
: o © .. afernated crankedup - & bsetween cranked rod.
~ End.C 8% Yrp@4tole 3/580@9°c/c ~  Provide extra top-
=7 nteror . 5% " o@4" clc 0@ 9 cfc’ ©" Provideextratop. *
- oo Ui alternated crankedup -+ between cranked rod
:17'-0" .- _Simple 6" R o@ 3% cle 3/80 @ 8" c!c, . Provide extra top -
G e e gernated crankedup "~ . between cranked rod.
o Bnds e SRt 0@ R e 3/80@8‘ clc . Provide extra top -
ot S e mated crankedup S T A betiveen crankedrod‘»_
ilntedior 5t WM O@3Va ke 3180@9" ch P Provide éxtra top -
S S S i e a}ternated crankedup it beMeen cranked TOd*
Table for design of two-way slab by ACIl coefficient
f, =18000 psi f. = 750 psi R = 123
: Loie &l ~ Negalive Reinforcment
‘ & ok - o .+ Longer
lMt y inﬂ inln ) N .dlgec'tl_on
8 a i 4L ME0.@1 e .:usp @12' o ' 380 @ 12 et *
8 .10, 4 380 @2°cke ';srao @12' ¢k <380 @12cc B @12 cle
10 10 4 380 @icle 3RO @12 ce. 380 @12' L8 @12
10 2. 4 . WO@rde 3O @IFcc IO @ W8 @12k
12 32 4 WO@ITde  IBO @12'cc 38O @rc ;3 @9
12 16 - { IBO @'k WO@IN'e WO@5M'ec U @TN'c
14 14 4 YBO @' IBO @SR G VEO@EM'cc B @62 dle
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" 16 ¢ WO@M''oe, MO@rde MO@SMee, I QT
18 2 B 80 @5V ele o @r'cle V8O @4°ce @SNk
) 18 L ' WO @ e MO@roe VO @3HYec. V8 @Kk
2 20 5\ 80 @6" ole 300 @6 e 380 @4°te B [
20 22 CBWY 380 @5'we o MBO @6'ck 380 @4'cc VB @d'ce
20 u s 8D @4 ol MO @ ue WD @Fee B Qe
20 2 6" v . 380 @6"dlc S0 @5de V8O @4'fee B @4 ek
20 2 - . g Y80 @5':" ke o @ree o @4 e 8 @5 e
22 26 6 8D @4tk D @5' e V80 @c W @ve
Design of beam as per PWD STANDARD
Notation :
D = diameter
Bott = bottom rods
Stirr = Stirrups
AR LR T g L i et
T !‘Slze14"x8"."f,3.12§;13'_’;_9 i;sma'xm' suna'xw'ﬁ.;_s:zzzt'xw'
. Bott w.'n ‘7'—.‘,Bett5-3h'.D;.-_ 3"80!:1-7.';'0 Bau.w.-n {,'-;aouu:.'n
2D 5D ; S =y
Top 2-1I,'D Top 2—11 = Top 24!.'!_)‘, _Top?-!l.'D A TopZ-!I.'D
w0 SHTUYD. . SETVCD StadD: SEdD. L ShwD
“Size 1 X7 Slz8 120X 8" . Size 14°X 8" “Size 16°x 9" Siza 18'X10" - e 2y" xw' smi'xw:
BaﬂH;'D Bott3-!!4'D Boﬂ&-‘h“D ; Boﬂ1_?f.'D Bot..tsfv),'b} Bou 5.7,';0 guﬁu;.-p
Bod 15D N b
Spadng JH-YD_; .w.'n T RADE SR ‘-.:.- :
90" Topz-v.'D * Top Z-Uz Top24,"D Top 2-\:';‘D .-._-Top 250 ° Top 24,'.'D Top_2-§{,'p_’
ik St VD Stur '1‘4‘D SOSHTYCD . SHTUYD S SETYD L SBTUYD L SHrNDS
mrzxa' Size 13°x 9" Size15"X 9" Sze 17X ¥ Size 187x 10° -Saezrxwu Siza 207X 10"
sﬁadm aoussf.'u - Bott 3y Bonuf;o  Botl4/'D - Bot sar.'u Bon4-1t.'D 3@13.1'1)“
100,72 " 2D 2D C2UD
0p 24D .- Top 2 ‘i’z'D, Top21yD. Top 24!.'0 Top z-sz,'u Topz.m
AR sumr.-n ww.'n surra.'.'o o sunv.'n' ;.-1'Smw.'u"
[ e -16'4- e 18'-0“\ L 20'43'«‘- * zz'.o* \‘_,, : ’_'_."»244-_ e
e 13°x 9" " Size 15‘x9' ‘Size 17'19"; " Siza 18‘x9' " Sue21"X11' - Sze 2x1f'-
ot S0 'aone-si.'D ~Bolt 174D | Bott 474" - aons-v.'nj “* Boll 41D
T A AR 54D st D T e L T e
Top:w.'o .Top 24:.'0‘ R fTopz ‘fz'D 7092"1'19 . Top z-sr.'n Topz#.'n“-f * Top23,D
SIS YeD S D Shrrilu'D Sl D, . SUTAD. - St yD S SEND
oo Siza1Zx 10" s::awxm' Size 16°x 10 Siza 17" 10" sum'm' Sze2{*x 10" SkaZZxil"
Spacng  Bott 64D " Bolt 69D Bons-lf.'D Botnv.'.'n Boﬁ 4D Bot6UD . BatHD
1247 A R RUGRNARE L N Vebae o
 Top29D. * Top. g-v.'o ‘-Topz-ii Top 2-:;,'0 Top24D . Top 290 L Tp2¥D.
SWVQ'D! ¥ xSﬂrrSl.‘D' “‘ Sﬂrril.'l) v *Stimh'o j Shm’h'D o SHTY'D Y St dD

Design by Engr. T, Hossain, PWD

144




Structural design

G55 CRACKING IN BEAMS AND SLABS

Al reinforced concrete beams and slabs develops hair crack, generally due to
shrinkage and at loads well below service lavel. Flexural cracking dus to loads is
not only inevitable, but is actually necessary for the reinforcement to be used
effectively.

In a well-designed beam, flexural cracks are fine, almost invisible to the observer,
the number and width of cracks increases, and at service load level a maximum
width of crack of about 0.01 in (0.25 mm) is typical. If loads are further increased,
crack widths increase further.

Cracking of concrete is a random process, highly variable and influenced by many
factors. Because of the complexity of the problem, present methods for predicting
crack widths are based primarily on test observations.

Slabs mostly develop cracks at corner due to faulty placement of corner
reinforcement.

The Gergely-Lutz Equation for Crack Width

Based on their research at Cornell University which involved the statistical analysis
of a large amount of experimental data, Gergely and Lutz proposed the following
equation for predicting the maximum width of crack at the tension face of a beam:

w= 0076 Bf2VdA

in which w is the maximum width of crack, in thousandth inches, and f, is the stecl

stress at the load for which-the crack width is to be determined, measured in ksi.

d. = thickness of concrete cover measured from tension face.to center of bar
closest to that face, in

B = ratio of distances from tension face and from steel centroid to neutral axis

A = concrete area surrounding one bar, equal to total effective tension area of
concrete surrounding reinforcement and having same centroid, divided by
number of bars, in? '

Permissible Crack Widths

The acceptable width of flexural cracks in service depends mostly on the conditions
of exposure and should be established in view of the possibility of corrosion of the
reinforcement. The recommendation of the ACI Committee 224 are summarized in
Table below.

Table : Tolerable crack widths for reinforced concrete

Tolerable
crack width

Exposure condition in mm
Dry ar or protective membrane 0.016 0.41
Hurnidity, moist air, soil 0.012 0.30
Deicing chemicals 0.007 018
Seawater and seawater spray ; _

wetting and drying 0.006 015
Water-retaining structures, excluding

nonpressure pipes 0.004 0.10

Source : From Winter. | 145



How to build a nice home

Loading tests indicate that a doubling of crack width can be expected with tirne
Inder most conditions the spacing of cracks does not change with time at constant
wvels of sustained stress or cyclic stress range.

¢.58 ACI CODE PROVISIOCNS FOR CRACK CONTROL

In view of the random nature of cracking and the wide scatter of crack width
measurements, even under laboratory conditions, excessive precision in calculating
te crack width is not justified. Accordingly, the Eq can be simplfied for typical
~aams by adopting a representative value of B=1.2 Then a parameter z may be

s follows:

2=, VIA
I;WWMU:
- = WOQT6 x 1.2 = w/0.091

Control of the maximum crack width can be thus obtained by setting an upper
imit on the parameter z. The ACI Code specifies that z shall not exceed 175 for
interior exposure and 145 for exterior exposure. These limits correspond to maximum
rrack widths of 0.016 and 0.013 in respectively. '
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Cost

7 Estumates
Tenders and

Contracts

"Order is Heaven's first law" - Pope.

Before execution, pre-knowledge about the 'expected expenditure 15
necessary which is worked out with the help of estimating.

7.1 Estimates
Estimate of your house can be broadly classed into two:

) Lump Sum Estimate : It is done on the basis of plinth Area rate.

) Detaled Estimate : It constitutes in finding out the Bil of Quantities
including labour and material cost of the work.

7.2 Lump Sum (L.S.) Estimate

Now a days, plinth area cost per sq. ft. for low rise building may be assumed
as follows :

1. Upto 1st Floor Tk. 1050/- per sq. ft.
2.  2nd Floor Tk. 750/- " v
3. 3rd Floor Tk. 825/- "
4, 4th Floor Tk. 850/- "

Example : A house plan having 1050.sq, ft. in ground fidor will cost you 1090 x
1050 = Tk. 11.03 lac. For 1st floor having 1000 sa. ft. area an amount of Tk
1000 x 750/- = Tk. 7.50 lac only wil be required.

7.3 Detailed Estimate

It involves in working out bil of quantities of works and there from material
* requirement and labour cost can be found out.

In percent of total cost, material cost will be approximately 85% and labour will
be 15%.

7.4 Over all break up of cost of your House

Approximately, civil works In making buiding frame wil be 60% while fitting
fixking & finishing wil be albout 40% being 15% on account of foundation.
Sanitary work 15% Electrification 9%, and gas supply 1%. Civil Works are the
major constituents which may be further classified as under : 147
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L arth work 1/ 2%

- Oundation worlk 49,

a bre /o
d [3nck worke 33%,
o Root 20%
G Hoor £%
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& Pastor/Painting 10%
Q. Hniching H%
10 NMacolaneous 5%
100%

7.5 Material and Labour Cost
Both are vanable and also differ from place to place. As such prevaiing market
ratos should be \grified This subject is diccusced in details.

7.6 Assessment of Material Requirement

tem wise standard material requirement are furniched in Article 7.7 A rough
and ready procedure can be folowed on the basis of per sq. ft. as per tcble
bellow .

Per sqg ft materias Per sq. metre material
requirement requirement
1. Brick 48 Nos. 500 Nos.

2. Cement 0.14 bags 1.5 bags

3. Sand A 035 cft. 3.76 cum

4, MS. Red 014 cwit. 15 cwit

5. Wood :

a) 3" x 4" (75 x 100mm) size chowkat 17rft per door 5.18 per door
b) 1.5" (37 mm) size shutter 18 sq. ft. per door 1.68 m. per deor

Plinth Area Rates

The cost of the building is roughly calculated on the basis of plinth area rate.
The valuation of your buiding for the purpose of income tax calculation is
done by the income Tax Department on this rate published by PWD (Pubiic
Workes Department) in their schedule of rates corrected from time to time.
Rates per sq, ft. or per sg. m. averaged upto March, 2007 is fumished here for
making estmates, schemes, projects for bulding having the folowing
cheracteristics :
1. First class buildings in bricks with four storied foundation with brick fat
soling, cement concrete (1:.3.6) and brick work (1:4/16) (n/c. 75 mm
thick D.P.C) in foundation and plinth, 250 mm thick brick work, superstructure
doors and windows made of best local timber with standard wincow
grils, RC.C. works (1:2:4) in roof slab, beams, lintels, stair cases, minimum
12mm thick cement plaster (16) to both sides of superstructure
walls, minmum 12mm thick cement plaster (1:4) in plnth, steps and
dado 6 mm thick cement plaster (1:4) to ceiing, beams etc. White washing

148



coloour washing and neceassary earth worlk in foundation, earth aine saned fillineg

in pinth and othar pelty sanitary and electical tems as recired

1. Foundation cost upto plinth level

a) 2 (hwo) storied buillding Tk, 2407+ P Sit. (T, 2560.00 per scyrn)
D) 3 (three) storied building Tk, 275/7- P.SHt, (Tk. 2960.00 per sa.m)
c) 4 (four) storied buildng Tk, 310/- P.Sft. (Tk. 3317.00 per sam)
d) 5 (five) storied building Tk, 380/- P.GIt. (Tk. 4066.00 per sam)

2 Cost of Superstructure without foundation

a) Upto 1st floor Tk. 750/ P.St. (Tk. 8025.00 per =q)

b) 2nd Floor Tk. 775/- P.Sft. (Tk. 8292.00 per sqm)
c) 3rd ficor Tk, 825/- P.Sft. (Tk. 8827.00 per sq.m)
d) 4th floor Tk. 850/- P.Sft. (Tk. 8095.00 per sqm)

If the building is of more than five storied additional amount for foundation to
be added as per requirement and design on the basis of actual calcuation.
Construction of flats wil now cost from Tk. 950 to Tk. 1200/- Per oft.
depending on fittings and fixtures.

From the above data we may work out how much extra cost is increased
over the next floor on account of foundation and different stories of the
building.

Percent increase over next floor : 5% to 10%

This increase is mainly for labour cost for lifting of material to the next ficor.
Normally 5% is allowed for 1st floor énd an average of 10% over the next
floors.

A house of 1000 sft. will involve cost as follows :

Ground floor 750 x 1000 = Tk. 7.5 lac

1st floor 750 x 1000 = Tk, 7.5 lac

2nd floor 775 x 1000 = Tk. 7.75 lac

3rd floor 825 x 1000 = Tk. 8.25 lac

If supervision of the house is made by-the owner, 15% saving is possible and
this is also admitted by the Taxation Department.
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Estimates
7.8 Tender

Tender may be made In three different ways !

a) LS. basis or Turn-key basis.

b) ltem rate basis.

c) % (percent ) above or below than estimate basis.

a) L.S. (Lump sum) basis or Turn key basis

It is the way of executing the whole bulilding as per approved plan and
design on the basis of whole cost and after its completion the key is handed
over 10 the owner,

b) ltem rate tender

Bill of quantities or the B.Q. of each item of the building is previously scheduled
on a paper and tender is taken on each item on the basis of per unit rate.

c) Percent above/below tender

In this case, schedule of work is prepared on the basis of estimate by using
approved rates which shows the total estimated cost of the Building and
bid is quoted percent above or below it.

7.9 Model Tender Notice

As per normal practice three competitive tenders are necessary to finalise
the rate. As such, to attract more people to compete in the tender, it is
necessary to make a press notification. A model of the notice is furnished
below which is normally followed in Govt. offices. However, for your purpose,
rates may be picked-up on personal contact.

TENDER NOTICE

Sealed Tenders in the prescribed schedule are hereby invited from bonafide
Contractors for the work of construction of housing quarters at Dhaka ard
will be received by .the undersigned till 12-00 hrs on 30th instant and shall
be opened on the same day at 12-05 hours in presence of tenderers who
ike to be present. :
Earnest money @ 2% of the guoted rate in the form of Bank draft/Call
deposit/ Treasury challan/ Defence bond in favour of the undersigned should
accompany each tender failing which the tender will be summerily rejected.
Tender papers and schedule of work will be available at a non-refundable
price of Tk. 10/- from the office of the undersigned on working days except
on the date for opening of tender.
The Authority reserves the right to accept or reject any or all the tenders
without assigning any reason thereof.

Signature

For official use, there are two prescnbed Govt. forms which states all terms
and conditions of the contract-

1) Form No 2908 for supply of materals in which case, Eamest money is
taken @ 5% of the value of supply.

2) Form No. 2911 for construction works earnest money being 2%

Each tender should clearly specify time allowed for completion of the work.
However Public works are carried out on the basis of schedule of Ratgs
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7.10 Contract

contracts can be made on the basis of schedule of rates by signing on
bohat of owner and the Contractor. It can preferably be done on fifty .
Taka stamp paper on terms and condition mutually agreed upon. Standard
torms and conditions are statedbelaw - next article.

Terms and conditions of Contract

For pmvate and official use the following terms and conditions may be laid
n the Contract .

Tme of Completion should be clearly stated.

Works shou'd be specified in a memorandum.

A sutable security deposite (for Public works ) may be there. Normally
10% SD is deducted from running bills.

Mode of payment may be clearly writen.

Compensation for delay clause be there.

Bonus for completion ahead of schedule may also be mentioned.
Condtions when time extention may be given.

Time'y supply of stores by the owner be insured. Supplies from contractor's
side be also stated.

Werks are 1o be executed according to specification.

Inspection be made regularly.

Notice be gven to owner before work is covered

Woerks not to be sublet.

Drinking water, medical facilities to be given to labours.

Conditions when contracts may be rescinded.
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Field

Execution

g of the Works

"You can not beat experience
— Pan Amencan Airways

8.1. Starting the Work

Now, real game begins. During the work of execution you wil come o know
manythings which were never written in books or ever known to you. Unless
you have enough money to engage a firm to execute your plan on turn
_key basis, you are to involve yourself in procurement of materials right from
nails to anything like G..wire, M.S. rods. cement. bricks wood. sanitary
materials. electrical goods and gas appliances. Your supervision and direct
involvement in the work will give you satisfaction with a good saving in the
expenditure.lt is of utmost importance to find out items of works involved
and select a Mason. Plumber, Electrician, Carpenter, Welder and so on and
finalise rates of units of the items involved. Cetails have been furnished in
" the following article. ;
It is advisable to start the work in dry weather. Particularly the foundaton
work should be done in winter. Material collection may continue side by side.

Fig 46. 3:4:5 method

8.2 Fixing Lay-outs

Lay-out means fixing your building from paper to the ground keeping proper
margin from roads and sides. The perpendicularity of walls can be checked
by 3:4:5 method.

At one corner take 3ft (or 3m) on one side and 4' (or 4 metre) on the
other. If rightly set, the diagonal wil be 5ft. (or 5m). It is necessary to keep
centre line marks of walls which is normally made by means of brick pillars
with nail marked centre constructed at.a safe distance from the foundation
‘rench. The following procedure be followad :
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1. Take the road side plot margin as reference line.

2 Measure distance of wall foundation from the margin and rnark the
cutting width of wall with lime powcler or dry sand or red surki.

3 Fix centre line of the wall and fix two pegs at two ends at a safe distance
from trench. After checking such pegs be converted into 10"x10" brick
pilars upto plinth level height, nail be fixed-on the centre.

4. In a simiar way, fix other 3-sides perpendicular to the reference line and
check it by 3:4:5 method.

8.3 Determining Plinth Level

It sould be fixed at 1'-3" to 2'-0" higher than the existing road level. Road
level raising is done from time to time, proper alowance be kept for such
raising, otherwise, in course of time, the plinth level may go below t_he road level.

8.4 Cutting Foundation and Observing Soil

Condition
Depth of cutting will be as per design but it is also dependable upon the

soil condition at site.

“Thumb Rule’ :
a) Depth of foundation in ft. equals No. of stories. ie, for a four storied

house, cutting depth will be around 4’ but soil be firm at this depth
otherwise you are to go more deep into the ground.

b) Width of cutting will be as per design. It normally equals one brick wide
for each story. i.e. for 2 storied building, foundation width will be atleast
two bricks wide or 20". For 3 storied-30", for four storied 40" and so on.

8.5. Foundation for Partition Wall

5" walls which does not lay on the ground, no foundation is necessary for
it. It can be constructed on floors. For 1st and top floors, a concealed beam
in the roof slab be provided under the wall.

A concealed beam is nothing but providing 2 ncs. /2" dia rod inside slab
along the wall position. Clearance wil be 3/«" above from the bottom.

8.6 Improvement of Soil Condition

If loose soils are found at designed depth, excavate more deep upto the
firm soil and fill it back to the design level with sand filing by layers. Sand,
when compacted, is further incompressible and has almost no secondary
settlement. It is a safe media for filing works.

8.7 Sand Pile

If the soil seems to be loose, its condition can be further improved by a
simple means - the sand pile. Take a bollah or firm wood 3" to 4" dia and
3' to 4' long and drive it into the base of foundation then take it away. The
hole. thus left be filed with coarse - grained sand duly compacted by
few blows over it. Such piling may be spaced 1’ to 3' apart in both directions.

By driving brick bats and bamboos, compaction can be considerately
increased. Bailing out water during digging may be necessary, pumps may
be used. For severe cases, 3 or more 12" dia 10’ strainers be driven
into the soil and by interlocking them, water may be bailed out.
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8.8 Wood Pile

If soil condition iIn too poor, thon woodoen piles may be noecescary It dlernanels
technical advice. Please see ant 6,43

8.9 Item of Works Involved

CMl Works : Civil works form the bullkk of the task. Unless there is proasion for
concealed electric lines and waler piping, it is advisnble that the man stroshore
be constructed first. Main item for such work are fumniched along vath
probable labour rates, al materials are supplied by you It is alvays better (o
select a main as executing agent and rates for the iterns are finaliced bofore
hand. Other facilities to be provided in your house is waitten N a separate
chapter.

tems Units. Av. labour rate as
on December'88
1. Earth work :  a) in cutting a) 1000 cft.  Tk. 120000
b) in filing b) 1000 cft  Tk. 1000.00
2. Brick Solng 100 sft. Tk. 10000
3. CC. Casting in foundation 100 cft. Tk. 30000
(including screening khoa and sand)
4, Brick work in foundation 100 cft. Tk. 450.00
5. DPC. Casting 1 rft Tk. 250
6. 10" brick work above plinth 100 cft. Tk. 450.00
7. Facing work above plinth Per sft. Tk. 6.50
8. 5" or 3" brick work (for partition) Per sft. Tk. 3.50
9. 3" CC. casting on floor with 1" to Per sft. Tk. 300
11/2" patent stone flooring with neat
cement or red oxide finishing.
10. Mosaic work / Glazed Tiles : Per sft.
a) Situ Mosaic Per sft. Tk. 11.00
1. RCCwork Per cft. Tk. 8.50
12. Plaster work :
a) In ceiings 100 sft. Tk. 37500
b) In walls 100 sft. Tk. 360.00
13. a) White wash/colour wash' 100 sft. Tk. 80.00
b) Distemper/Snowcem/Painting 100 sft. Tk. 30000
14. 4" Lime concerete 100 sft. Tk 41500
15, Wood work : (including fittings)
a) Door window frame Per rft. Tk. 800
b) Shutter Per sft. Tk 3000
18.  Window Grills including shutter Per sft. Tk. 20000
17.  Making Door, windows fitting Per piece Tk. 12000
18.  Glass fitting Per sft Th. 300

o
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1 Reot shuttermg (excluding wood and 100 sf e 33000)
Lamboo)
D00 Bad bonding, bindng. TFor any other  per Cwt k. 7FO00
it ot included i the st be anel <o on
accountad on the baziz of market
rate. bor getting competitive  rates
some times tendors may be taken
from dfferent sources.
Roof area based rate is aso in force
which vanes from Tk, 707+, Tk, 75/-
Per sit
8.10 Few Bogus Rates
Nozat of the Masons and some of the Contractors are apt to tax you heavity
by charging high bils on the basis of bogus and exaggerated rates Some
examples are sighted below .
(i) Earth work
a) In filing and consolidating in 6" layers,
b) Dumul the work layer by layer.
The fermer is genuine rate inclusive of the later.
(ii)) Rate for screening of khoa or sand
Al casting works are inclusive of screening, hence separate rate does not
nvolve,
(iii) Casting works : There may be as many as six rates quoted for
casting ike lntel casting, Beam casting, Colunn casting, 4" roof casting,
Saling casting, Stair casting; drop wall casting etc. Except in case of starr, rate
for casting work should be one.
(iv) Plaster work : Similarly for plaster he may quote lixe this :
a) Celing plaster
b) Wal plaster
) Floor plaster
) Stair plaster
2)  Floor mom (wax) polish
Floor colour finish.
g) Skirting margin
h) Sunchade plaster etc.
t of this, first two are genuing, polishing or finishing are all inclusive with the
rate. Floor finish is inclusive with c.c. casting.
Piease note that no floor can be plastered. It is treated either with mosaic or
patent stone flooring which include rough casting (1" thick) with neat finish at
the top. Al stages are inclusive within the rate, Only one rates can be made fer
all such works.
8.11 Material Collection and Storing
To avoid price hike and steady supply for the works, it is advisable to colect
and store materials.
Bricks : One truck can carry 2 thousand bricks. Stacking at site can be made
accordingly. 1% class brick for wall and picked bricks for underground masonry
ic euggested. Picked bricks be broken for making khoa
Cement : The site should have a tinshed for storing such materials and the
platform should be elevated so that water and dampness cannot touch it.
Sand and Khoa ; Should be stored over a brick flat soling so that grass and
other organic material are not mixed with them. They should be screened
before uces,

0 0
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Execution of the works

M.S. Rod : MS rod is liable to rusting. Hence, it should not be kept in

open sky rather it is 1o be stored indoor on elavated platform
Paints, Snowcem Distempers !
It is better not to open the lid much before use. However, if it is openad

for use and some Mmaterials is retained, it is necessary to insure the lic is
refitted air tight otherwise the malterials may be spoiled.

8.12 Economy in Execution

Economy can be derived out of the following :

a) Out of planning.

b) Out of material cost.

c) Out of Labour cost.

a) Economy out of planning :

This can be achieved in the following way-

As far as practicable common walls for dufferent rooms be provided. Square
rooms are economic.

b) Economy out of material cost : Chambal wood may be a substitute
of Teak. Difference of cost is considerable where possible ordinary bricks
may be used in place of cetamic etc. Deformed bars save 20% in steel.
c) Labour cost : Selected labours and competative cost may save a lot.

8.13 Nature of Foundation

Selection of brick wall foundation or column foundation is very important, as
it is one of the costliest portion of your house.

Brick foundation; when original-sail is there in your plot, it is advisable to go
for this type of foundation.

Framed structure : Cost is 5% more or sometimes equal but stable against
earthquake.

8.14 Column Foundation

When it is a filed ground and depth or filing is more than 4 ft. such type
of foundation is economical. 10" x 10" R.C.C. columns need be provided
from firm ground having wide footing and beam be provided at plinth level
-in a manner as described herein,

For 3 storied house inner columns may have 3' x 4' footing over a brick
soling and 6 R.C.C V2" dia rod at the rate of 6" centre to centre (C/C) be
provided at bottom position of the footing. Use 4 Nos, 5/8" (minimum)
vertical rods and 3/8" dia ring spaced at 8" C/C. For outer columns 3' x 3'
footing may be enough. Others will remain unaltered.

Column footings should rest on original ground even if it is 10 ft. deep. For
extra ordinary conditions. other foundation aspects may be considered.

Verandah walls In ground floor

For verandah portion and portion below the beam, brick wall can be made
with 50% 10" wall and 50% 5" wall bounded In 1:4 mortar having foot at &'

~ depth of ground level. This saves a lot.
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8.15 Unnecessary Hooking of Steel

For one sutV/a" dia) rod hook should be 1" at either end, for 2 (/4" dia) Suti
rod 27 3 Sub (3/8" dia) 3", 4 Suti (V2" dia) 4", 5 Suli (/0" dia) 5" and so on.
Hooks if POt embeded-in concrete is of no value to the structure. For spans
of less than Q@ ft no hooking of bars is necessary. It saves about 15% on
the use of steel No hook is necessary for deformed bars

8.16 Procurement of Materials at a Reasonable
Rate

For this, prior contract with suppliers is necessary. Procufement should be
made in season, otherwise rate heavily varies.

8.17 Reasonable Labour Rate

Since it forms 15% (approx,) of the total work, prevaiing rates need be
throughly studied.

A Mason or a Contractor or a Sub-Contractor is always apt to give bogus
rates and claims bill for it. It is always advisable to have bill from him and
get it verified by technical man or evaluation can be made by self.

8.18 Supervision of the Work

It is always better to take help from a Technical perscn conétanﬂy. if this is
not possible, then a periodical inspection by him is necessary. A reliable man
should be deputed to the site to keep day to day account of the work and
can aiso keep an eye to the proper mixing of concrete, screening of sand
and chips consolidation of sand firl'ing in floor, watering the works and other
main item so that it is done according to specification and normal practice.
He can also maintain the store.

8.19 Do’s and Don’ts of the Works

A. Earth work : involves in

a) Cutting foundation

b) Back filling foundation trenches.

c) Filing ground floor with earth or fine grained sand.

Do’s : 1) in case of trenches, allow 3" more width of cutting than what is
actually required

2) Keep earth at a safe distance from the trenches.

3) For floors fine grained sand like viti sand be filed in 9" layer duly
rammed and consolidated by water. Sand soil in 68" layers may also
be used.

Don'ts :

1) Den't give any foundation over loose soil.

2) When filing height In floor is above 2'-0, don't flood the plinth with
excess water, otherwise cracks may develop in the wall due to bulking
of fils and porewater pressure.
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3) Don't caste floors over filod ground so hastly. Sufficient tiene (At
1/ months) be elapsed so that due compaction is achiaved and the
fill is dried up
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B. Brick soling in foundation and floors.

Use 1st class .or picked bricks in soling. Fine sand @ 5 cft per 100 sft to

be used as bed and fill in gaps in between two bricks.

Don’ts : Don't use under burnt brick in soling, otherwise it wil arrest

moisture and make your floor damp.

C. 4" to 6" C.C. (Cement Concrete 1:3:6) Casting

This is called lean concrete and is used in the proportion of 1:3:6, (cement:

sand: khoa) in following way:

a) Proper eeiving and soaking of khoa be done. Sand may be cleaned for.

b) Mix measured sand and cement seperately.

€) Now mix it with khoa and water, uniformly to achieve a workable consistency

so that it is neither too loose nor too dry.

Don’ts :

1. Don't add water to the mixture much ahead of time to caste it. Because,

as soon as water is added, chemical reaction for setting of cement starts.

In most cases, initial setting time of cement is 30 to 45 minutes counted

from additing water. So the mixture need be casted as early as possible

2. Don't pour over stored water lying in the foundation. Bail out water before

casting.

3. Don't add water before 24 hours for the purpose of curing.

D. Brick work in foundation.

a) Use 1:5 (cement:sand) mortar.

Immersion of bricks Into water be made for a minimum of & hours for quality

works. Your septic tank be constructed first to use it for the purpose

b) For 100 cft. brick work, you need 1100 Nos, bricks, 36 cft sand and 4

bags of cement,

Don'ts : 1) Don't make steps of footing less than 6". That means, offsets
be atleast 6" thick and 2'/2" wide
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2) Don't use unclean water..
3) Don't make haphazzard bonds
4) Joints should not be racked, rather, it should be leveled vertically

E. D.P.C. (Damp proof coursoe)

Can be done in the following ways :

a) By 1:2:4 concrete with pea gravels or khoa 1" to 1'/2" thick.

b) Laying polythene paper on wall and concreting above, it in 1" to 11/
thickness. Coat of bitument may also be applied.

¢) Bitumenous layer @ 1.5 kg/m? is also applied.

Don'ts

1. While applying bitumen over concrete, see that it is dried up for atleast
24 hours. Don't apply bitumen over wel surface.

. 10" Brick work above plinth
1:6 (cement:sand) mortar be used. Others are same as item 4. In this case
racking can be made for the purpose of pointing or plastering.

Facing brick works (of ordinary brick size).

10 hole and 17 hcle machine made bricks can share load of the building as
well as it can act as facing one by interlocking inner 5" wall and facing 5”
wal by means of z bars made of 12 gauze G.. wire or /+" M.S. rod. For
100 sft of (3") brick work materials needed are bricks: 480 nos. Cement:
2.6 bags, sand 17 cft. Joints for facing works should be racked and brick
faces be cleaned with brush (preferably of hair) immediately after placement.
Don’ts : 1. Don't use such porous brick in walls of rooms than face wall,
because it absorbs moisture .and make walls damp. A core wall of 5" solid
bricks in inner side and 5" facing bricks be interlocked as stated.

2. Don't allow haphazzard gaps between bricks. Such gaps should not
be less than /4" and a maximum of /2"

3. Washing by bruss is important, other wise permanent.cemant scratch
will remain on the face. _

4. Don't allow dry bricks for use. It should be properly soaked in water
fke usual bricks.

5. Don't use red oxide and linseed oil wash over such bricks which is
subject to disfiguration. Use bricks colour paint liquified in pure iinseed
oil in 1:1 (paint:oil) proportion.

6. Don't apply thick painting coats which may come out as scraps.

G. Facing Bricks : Pressed solid bricks of 8" x 4" x 2" size.
This is the best of the facing bricks at the same time costly. But if sawn
into halves, it becomes very economical. So, 4" and 2" facing work is possible
with these brick by bonding with Z bars or brick bonding with main wall in
usual manner. Now, 2"x2"x8" bricks are avallable.

8.20 Material Requirements: for 100 sft face
work

a) 4" thick wall:
Bricks « 700 Nos.
Cement - 2 pags,
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b) 2" thick wall
Brick - 355 Nos.
Cement - 1,bag
Sand - 5 cft.

8.21 5" and 3" Thick Ordinary Brick Walls

Such wall should be constructed in cement:sand mortar in 1:4 proportion.
They can be directly constructed over floors or concealed beams.

Don’t : Don't allow length of 5" wall beyond 10 ft. (3.05 m.) 10" x 10" brick
pillar supports may be used. In case of 3" wall the limit should be 6 (1.83 m).

8.22 3" Concrete Flooring

After the sand fil is made in the plinth satisfactorily compacted, a soling
may be given or brick bats may be rammed into it for preparing firm bed.
Then 22" to 3" (62 mm to 75 mm) thick C.C. (Cement concrete) in 1:3:6
(cement:sand:khoa) be apphed using all procedures for lean concrete as in
foundation.

2" thick 1:2:4 concrete may be used for cheaper neat cement finished floors.
Pure cement sprinkling /2" (3mm) thick over it be made the same day of
casting concrete.

This floor may be used for rough floors. For neat finishing works, a treatment
of patent stone flooring or mosaic need be done over it and for such work
due clearance at the top be kept. Don't cast such floors over highly filled

ground unless the fills are properly compact

8.23 1" or 1/2 " (25 or 37 mm) Thick Patent Stone
Flooring with Neat Cement Finishing

Pea chips of stone or bricks in 1:2:4 be used in the above mentioned
thickness properly rammed and levelled. Pure cement sprinkliing be made
upto a" (3mm) thickness on the same day of patent stone casting so that
proper bond is manntarned

If, somehow or other, it is not possible to make neat ﬁnlshlng on the same
day of casting, scraching be made with hard brush on the surface to faciltate
bonding.

Flooding water after 24 hours be kept for at least 7 days.

Don’ts : 1) Dop't apply neet finishing course after the base floor is dried
up. It is of utmost mportance that finishing be done on the same day of
casting other wise broken pieces wil come out in scrap form.

2) Don't forget to count the .days of curing period which is normally one
week; two weeks is better,

8.24 '/e' (3 mm) Thick Red Oxiae Colour Flooring

Now a days, pure colours are hardly available and such type of floor finishing
is discouraged. However. for dry regions this is agreeable. But never do it
where water table is closer to the ground surface. Presence of water causes
disfiguration of the colour. _
' 161
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8.25 3" (9 mm) Thick Silver Grey Situ Mosaic

Mixture ¢ White cement:Marble dust:Grey cement, be taken in 1:1/2.3
proportion

Paste : 1 part of marble chips: 1 part of mixture. Base be prepared of
Ya' to 1" patent stone flooring.

8.26 Contrast

For better look the following proportion of different marble chips be taken.
3 mm white marble chips ( out of 10 part) 7

Black 1
" Red 1
Yelow 1

I1st cut may be given after 24 hours, consecutive cuts may follow for 3
days. After every cut (except the final) white and grey cement mixture be
sprinkled over the floor. Oxalic Acid wash and wax may be used for better
finish. But wax finishing may be avoided, because it arrests dust and forms
a coating on the floor.

For small works, hand cutting by a pumice stone may be done For big
areas electric cutting machine be used.

Panneling by 3 mm glass 3/4" wide gives good out look.

Don'ts : Don't delay in cutting after casting of mosaic material. More it is
delayed more it becomes difficult to achieve desired finishing.

Coloured Mosaic : Add sufficient pigment to desired colour in item no
8.25 Only change is that, grey cement be omitted and the proportion of
mosaic chips to white cement will be 1:1.

Mosaic Tiles : Size 8" x 8" x 3/g"

Thickness of Top mosaic =3/8" (as in item 8.25)

* Pressed mortar base 1:2 (cement:sand) 3/8" i.e. 50% base 50% mosaic
topping for coloured and design tiles necessary pigment and set of desugr\s
can be provided.

Fixing Mosaic Tile : L:me mortar is preferred. In the Proportion of1 3(lime:
surki) be used. Mortar thickness is preferably 1/2" (37 mm).

8.27 R.C.C. Works in Column, Lintel , Beam |,
Roof and Slab"

Proportion 1:2:4" (cement:sand:khoa)

Use picked jhama chips and best quality coarse local sand. If the sand is
not coarse, then use a mnxture of 2/3rd local and 1/3rd sylhet sand for good
results.

8.28 Cement Plaster (C.P)

a) For wall /2" thick 1.6 (cement:sand) plaster is normally given.

b) /4" thick C.P.1:4 is given to ceiling columns, beams, stairs, sunshades.
cornices, railing, drop walls, louvers, fins, including finishing corner, cleaning
surfaces cormners and edges..

¢) Ruled pointing is done in (1:2) by racking out joints.
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Don't : a) Don't apply cp to surfaces not properly cleaned
b) Don't forget to keep it soaked with water for atleast 7 days continuously

8.29 White Wash

Slacked Ime, gum and blue pigment be applied in three coats. For maintenance
works, two coats are enough. .
Don’t : Don't allow coats unless previous one is completely dry

8.30 Colour Wash

Prime coat with slaked lime is first given after necessary cleaning, then two
coats of colour wash yellow/red or any colouring pigment mixed with gum
and lime be applied.

Don't allow next coat untill previous one is dried up.

8.31 Distemper : Oi bound or water bound distemper two coats
over a priming of chalk wash with glue is applied. Before applying cleaning
surface with sand paper is necesary. Don't apply coats unless previous one
is dry. '

8.32 Snowcem Wash : Of approved colour required two coats

over a coat of priming. It needs curing with water.

Don’t : a) Don't allow next coat before the previous coat is dried up and cured.

b) Don't forget to water the surface. After the final coat is given (which is

normally the 2nd or 3rd coat) spray water over snowcem surface for curing

for a minimum of 5 to 7 days. Examine that it does not come out with

finger tips when pressed over it. .

.Don’t select these colours : (i) Brick-red (i) Mid-Cream, (ii) Primrose,

(iv) Apple Green, (v) Turquose, (vi) Medium Blue, (vi) Slate, (vii) Dove Grey.
~ are subject to fade away in our atmosphere.

Selective colours will be : (i) Pink, (i) Cream, (ii) Light green, (iv) Silver .

grey, (v) Pale grey and (vi) White (V) offwhite

8.33 Painting : For wood surface, ready mixed enamel paint is used.
2 coats are enough. For plastered wall, brick face etc. plastic paint is used.
Enamel paint is diluted with tarpentine and plastic one with water. Don't try
to give one thick coat at a time rather 2 thin coats are prefered.

' 8.34 Lime Concrete over Top Roof

Usually 2:2:7 Lime:surki:khoa is used. After mixing the ingradients it is better
to keqe intact for 3/4 days and then laying to proper slope Is made and
beating ‘follows: Finally 1;1 (lime:surkl) wash 3/4" thick be given.

Don’t : Allow white wash or ceiling plaster on the last roof before L.C. is .
completely dried. Otherwise, permanent scraches on walls and ceiling wil
appear on faces and hiding it with white or colour wash may become difficuilt.

163



How to build a nice home

B8.35 Wood Work : it includes door, window, shutters and frarmea
Fow best qually woods are named as under

a) Burma Teak ‘(b) Chittagong Teak.
¢) Teak chamble (d) Gammer,

o) Telsu (N Chapalish.

Q) Salwood (h) Sil Karai

) Kathal () Garjan etc.

Height of standard Door is 6'- 10". Wooden shutter thickness 1'/2". Height
of standard window is 4'-0"

8.36 Mild Steel Work

A Window grils: are made of 4" x /2" section, shutter be made of 2’
section of size Va" x 3/4" x /g"

B. M.S. Rods in columns: should be billet.

C. In beams and slabs : scrap steel may be used. Billet and deformed bars
are preferable.

D. Comer reinforcement : be providéd at free corners in a manner of 3 rods
diagonally at top, length being L/4, another three rods at bottom cross to
the diagonal rod. Dia of rod same as that of main reinforcement.

8.37 Water Proofing : 111 cement plaster mixed with /ath, part
of water proofing cement like padlo concentrated cement may be used.
For heavy water proofing 1:3(padlo cement: sand) proportion be used.
Practically all 15" brick wall in 1:4 are water proof.

8.38 Cantilever Works

Any projection supported by the main wall or beam fall under this category.
Stair, Verandah or portico may be a cantilever one. It should be kept in
mind that all cantiever members are very critical in its construction and
special care should be given to it.

R.C.C. cantilevers develop tension at the top near the support. As such,
reinforcing rods be placed at the top with nominal reinforcement at the bottom.
For example, you want to make cantilever stairs i.e. each step is a seperate |
one except connected by means of raiing. Each step wil be 10" wide and
3' long. The supprting wall should be 10" wide or a beam of similar width
be proivded. Four nos, /2" dia rod, two full length and two half length be
placed at the top having 3/4" cover. Two 3/8" dia rod be placed at bottom.
Rings may be provided with 3/s" dia rod placed 9" c/c casting forms must
be leakproof, 1:1%/2; 3 or 1:2:4 concrete be used. _
When taking away wood, plane sheets of the form, notice that support of
ihe free end is taken away first. In any case don't push the free end upward.

8.39 Common Defects and Remedies

Few defects have been graphically shown in accompanying sketch. Other
common defects are.
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1 Hair cracks

orncks i walls

A Cracks in roofs

4 Dampness D{t‘t

Hair cracks

These minute cracks are harmless. Poor curing also creates such cracks.
Wall cracks may be due to soil pressure which increases in rainy season,
due to bulking of moist soil and decreases during winter due to shrinkage,
This may also occur due te uneven settlement of foundation. This may be
harmful

Repair with grouting is necessary. Severe settlement cracks may need under
pining

Cracks in roofs are two fold. One occurs in corner due to faulty corner
reinforcement and the other occurs at middle of the slab due to excessive
tension and more concrete covers. Concrete covers should be correctly
3/4" in slabs.

Another type occurs below pvc concealed conduit. Such conduits should
be placed over rods. Even extra pieces of rods may be provided perpendicular
to the conduit in the bottom position.

Dampness causes serious damage to walls and floors, Walls should be
fumished with DPC and ground floor should be casted over 2 stone chips
and 3/4" pipes may be inserted in the floor bottom to arrest moisture.
Concealed water pipes also causes dampness. It should be repaired by
breaking the wall and replastered.

8.40 Quality Control

QC should be maintained for all construction works. The quality of
mill-produced materials, such as structural or reinforcing steel, is guaranteed
by the producerwho must exercise systematic quality controls, usualy
specified by pertinent ASTM (American Scociety for Testing and Materials)
standards. Concrete, in contrast is produced at or close to the site, and its
final qualities are affected by a number of factors which have been briefly
discussed. Thus, systematic quality control must be instituted at the
construction site.

The main measure of the structural quality of concrete is its compressive
strength. Tests for this property are made on cylindrical specimens of height
equal to twice the diametre, usually 6x12 inch or 6"x 6" x6" cube. Impervious
molds of this shape are filled with concrete during the operation of placement
as specified by ASTM. The cylinders are moist-cured at 70 + 5°F, generally
for 28 days, and then tested in the laboratory at a specified rate of loading.
The compression strength obtained from such tests is known as the cylinder
strength f', and is the main property specified for design purposes.

To provide structural safety, continuous control is necessary to ensure that
the strength of the concrete as furnished is in satisfactory agreement with
the value called for by the designer. The "Building Code Requirements for
Reinforced Concreteof the American concrete Institute, AC| 318-63 (referred
to as the ACI code). Specify that a pair of cylinders shall be, tested for each
150 yd3 of concrete. It provides two degrees of control (1) the avarage of
any five cons~cutive pairs shall be at least equal to the specified design
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strength, and not more than 20 percent of the pairs of tests may have
values smaller than specified, and (2) the avarage of any_three consecutive
design strength and not more than 10 percent of the pairs of tests may
have values smaller than the specified strength. These requirements provide
for adequate average strength as well as for satisfactory uniformity. At the
same time they recognize that it is not economically possible to manufacture
concrete, or any other material, for that matter, without occasionally producing
small quantities of some what substandard quality. The more advanced
design methods known as ultimate-strength design may be used only when .
control conforms to the more rigorous requirements of 2,above.

Inspection during construction should be carried out by a qualified, engineer,
preferably the one who produced the design or one who is responsible to
the design engineer. The inspector's main functions in regard to materials
quality control are sarnpling, examination, and field testing of materials, control
of concrete proportioning, inspection of batching, mixing, conveying,placing,
compacting, and curing, and supervision of preparation of specimens for
laboratory tests. In addition, he must inspect foundations, formwork, placing
of reinforcing steel, and other pertinent features of the general progress of
work, keep records of all the inspected items and prepare periodic reports.
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Providing
Facilities
in the Home

“Earnestness is enthasiasm tempered by reasons”
— Pascal.

After the main structure is complete, it becomes necessary to provide
different facilities within it. Sanitary, water supply. electrification and gas supply
works are the necessities in life while air conditioning, hot water, cold water
system, instaling lifts, escallators are luxary items which can be seldom
provided by the General people. Since, they are modern amenities of life,
discussion regarding the subjects is however made herein.

9.1 Sanitary and Water Supply Works

The Works Include :

1,

bLnN

i S

Constructing Service line i.e. connection with main supply line through a
metre preferably with 1" dia G.l. pipe.

Constructing underground reservorr.

Procurement of a water pump (for more than two storied homes).
Construction of over head R.C.C. or G.. Tank. Convensional Tank size
is 4'x4'x4' made of 16 gauge, galvanised iron sheets.

Constructing pipe lines to baths, kitchens gardens etc.

Waste water outlet.

Sanitary piping

Septic tank

Soak pit.

. Inspection pit with man holes
. Bath room fitting.

Plans of household septic tank is furnished at page 1385 Normally, 10 or
30 users septic tank is. necessary. For community wse 100.and 200
users septic tank is used. Its plan is furnished at Page 138 Plan of
standard soak pit is furnished at Page 19}
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9-.2 Service Connection

For ¢ne or two storied house, connection may be given to over head tank
directly. But where such water pressure is not available, 3/4" to 1" dia line
be connected to the under ground reservoir. Such reservoir is helpful to
store water during construction also. |

Attheinlet, a ball cock be furnished to check over flow and water wastage. »
NB. Never make septic tanks nearer to this reservoir. They should be
approximately 20' apart.

Minimum Sizes of Water Supply Pipes

Fixture Device ‘ ' ' Pipe Size

. Bathtubs : ‘ ' /2 Inches.
Drinking fountain s g Inches.
Kitchen sink, residential - : 1/5 Inches.:
Kitchen sink, commercial : ' 1/ Inches.
Lavatory ; : ! 3/4 Inches.
Laundry: . .. : .~ 3g Inches.
Shower (single head) . % nee o lpsinehess:
Urinal (direct fiuch valve). . S e 3 incheszy
Water: Closet (tank type) - s e et Yginghes
‘Water Closet’ (ﬂush valve type) T S 1. Inches. -

- House bibbs ' S Y2 Inches.- . -

- Wall hydrant 1/ Inches. ™ «

Capacities of Building Drains and Sewers :

Diametre - iy .‘;Maxumum number of fixture units that may

of Pipe - - . . .be connected to any portion of the building

(inches) “idraln or the bualdmg sewer (Fall perfoot)

o 1/15 tnch. R 1/3 Inch - g Inch_;_ ) 1/2 Inch.

2 el "R e s 0 26

Al K i e R SR ) 3

B - S 20%% ;- % 27 36**

4 SE U g B0 N T e 2B e 2605

5 s ‘ W 390 o U480 . 8758

6 o ¢ 7000 - 840 1000

8 14000 v "'1600 1920 2300

10 o T 280Q0N sy 2900 f 3500 4200
WA T 3900 '4600 it /5600 6700
oAl e _ 7000 - 8300 . 10,000 12,000

Courtesy :

American Society of Mechanical Engineers.
* Includes branches of the building drain.
** Not over two water closets.
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/ —_0 Tub ’
G
' f
Lowv.
J:I l 'L?bi"-
1 “H
Waste Pipe
Vent Pipe
-- Hot Water
- Cold Water

Fig S0 : Typical piping layout for a bathroom

9.3 Under Ground Reservoir

Size :- Depends upon No. of users. The following specification can be used.
Length Breadth Depth

For one storied house ' x 4' x 4'
" two nm n 6’ x 5' x 5'
" wee "non 7' x 5J x 5'
.on fOUF "o 9, o 6' % 5'

Side walls : Practically, all 15" wall are water proof except a negligible
seepage due to water height in tank: For economy, 10"wall in (1:4) mortar
over 6"-9” high 15" wall from the bottom be made. The bettom slab should
not be less than 5" in thickness.

Plaster work be in 1:3 (cement:sand) mixed with av. 5% water proofing
agent like the pudlo cement, Polythene sheets at the bottom upto 1/3rd
wall height may be used for better results. For heavy water proofing pure
pudlo and sand in the proportion 1:3 be used.

9.4 Pumping Water to Over Head Tank
A pump preferably of 1 H.P. (horse power) fitted with condenéér gives troube:

free service. .
A cutiout and a 5 amps main switch be provided in the line or otherwise
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specified by the manufacturer.

For safety of the pump it can be installed in a suitable place in Ist ficor. Al
pumps can it water 1hoouiucnuy’uplo 26'. But the bends and skin friction
of pipe and other head loss, practical height will vary from 15’ to 20’ Provide

good check valve and avoid more bends and elbows.
The over head tank be fitted with a over flow pipe to ease the pump operation.
Summary of materials you need :

1. One pump complete with motor preferably having 1" suction and 3/4" or

1" delivery sides.
2. 1"-3/4" pipes, bends, tees
3. Platform for fixing pump.
4. Electric wire preferably of 7/.044 size.
5. One cut out 5 amps and a 5-amps main switch and switch board.

9.5 Over Head Tank

Convensional 4'x4'x4' (64 cft) size G.I. tank may be used. 1 cft. of water
equals 6.25 gallons. The capacity of the above tank is 64x6.25= 400 gallons.
In developed countries one person (per capita) uses av. 25 gallons - of
water per day. In our country av.10 gallons/person may be assumed.
One such Tank can serve two families per day. For four, 2 tanks are
required. ]

At least 1/2" dia pipe be used for interlocking two tanks, if needed.

9.6 R.C.C. Tanks

Floors of such tank should be minimum & thick. Height of the tank
should not be over 5’-0' having same wall thickness, doubly reinforced
with 3/8" dia rods @ 4" C/C. Plaster with water prooﬁng agent like pudlo
to be used to prevent leakage.

Point to note: Never construct it just over the roof. Otherwise, it will
make the buiding damp. It should have elevated beams all around the
bottom situated at least 1'-6" above the roof level.

9.7 Septic Tank

Construction of septic tank for 10 users may have two manhole covers
10" brick work(1:6) over 6" cement concrete floor (1:2:4) with 5" brick
work in partition 3/4” cement plaster (1:4) to inside walls including supply
fitting fixing of two R.C.C. Tees and providing 18" dia, water sealed heavy
type C.I| manhole cover with locking arrangement 4" thick R.C.C. cover
over with 1% reinforcement, necessary earth work, shoring, bailing out
water etc. complete as per design.

9.8 Soak Pits

Connecting soil plpes should not be less than 6" dia.

For 10 users 10" sold brick and 10" honey comb brick work in cement
mortar(1:6) ovet R.C.C.(1:2:4) well curb,cover slab with 1% reinforcement,
supplying and fitting fixing 10" dia water sealed heavy type manhole cover
with locking arrangement, fitting well with graded khoa and sahd necessary
earth work side filing, bailng water etc. complete as per design.
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Fig 51 HOUSE HOLD SEPTIC TANK
(FOR10 AND 30 USERS SEE TABLE BELOW)

TJABLE FOR DIFFERENT SIZES OF SEPTIC TANK.

No.Of USERS L. 8. D.
10 - 6-0 2'-0" 3-¢"
Y o-p* 2-0° 4-6"
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100 USERS SEPTIC TANK

Fig 52 = — -
(FOR 1004 200 USERS SEE TABLE BELOY)) '
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9.9 Fitting and Fixture List
1.18" W.C. pan shanks or Twyford or Bangladesh made. China, Thailand etc

2. European type commode (Shanks or Twyford, IFO. Switzerland: with low
down vitrous cistern | plastic seat cover and accessories.

3.2 Gallons capacity C A cistern with 1'/4" dia P.V C. flush pipe, brass couplind,
brackets lead or plastic, pipes, stop cocks ball valve, pulling chain etc. cormplet=
4. Wash hand Basin of 16"x22" size /2" dia brass stop cocks, chromiurn
plated pillar cock 1Y/2" dia, waste water pipe etc. complete.

5. 24"x5"xV/a" thick plate glass shelf.

G. Towel rails 24"x3%/." or rings.

7.° Inspection pit with 18" dia manhole. Size 2'x2'x2’

8. 4 dia soil pipes with bend, reducing sockets, junction door bend. cowsis
anti syphon etc.

9. 6" dia R.C.C.pipe laid over 3" thick 1:3:6 concrete.

10. 4" dia grating at the mouth of openings.

11. Porcelain sink for kitchen.

12. G.l. pipes 1/2" dia.

1" dia. 4

3/¢" dia.

/2" dia.

13. /2" bib cocks.

IN FLOW OF WASTE

' __}>OUT FLOW

Y OF WASTE

CLEAN OUT PLUG

' Fig 54': P-trap

14. /2" stop cocks.

15. /2" peet valve, elbow, Tee plough short piece, long/short trap, Dot
Tee, Niple etc.

16. 3" to 5" dia shower rose.

17. 16 or 18 gauge G.|. Tanks 400 gals. size 4'x4'x4’

18, 18" dia manhole covers.

19. Soap holders.

20. Mirrors.,

21, Fleating Unit : 10 gals. to 20 gals. capacity ‘gas fired and electrical heating
units are locally available.

22. Cooling Unit : Conventional .cooling. units electrically operated are available
in the market
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9.10 Labour Rates

Rates received from a sub-contractor will be norrally inflated cnes as vell as
it may contain many items intermixing betrveen them Probable iterns are
furniched herewith

Probable rates for

Sanitary and water supply work
1. a) 6" RCC. piping (including fi«ing stockiest, unions, bends etc complete

line constructions) Tk 20.00 per rft
b) 4" soll pipe Tk. 17 00 per rfi.
2, Bit (2' x2' size) Tk 30000 each
3. Pan, cistern etc fitting Tk. 150.00 per piece
4. Basin fitting Tk. 100.00 per pizce
5. Gl Piping line construct including fittings - 1'/3" dia Tk, 2000 per. rft
S/"dia  Tk. 12.00 per. rit
/2" dia  Tk.10.00 per. rft
6. GlI Tank fitting Tk. 700.00 each
7. Selves, soap case Tk. 25.00 each

9.11 Electrification Works

The work includes :
Sernvice connection ie. connection of your house with main lins.

Internal wiring which may be surface or concealed.

Furnishing panel Board hain switch, busbar, circuit, bridges and fuses.
Earthing

Light points

Fan points

Sockets for fridge, calendar etc.
Power line socket for air-conditioners.
Lightening arrester for high raise buildings over 60"

CONOO AWM=

9.12 Service Connection
a) Wire required : 7/044 or 7/064 sheathed wire is mainly required upto

four storied houses, consumption limits being 60 amps to 90 amps.
b) PVC conduit pipe : 1" size.
c) Suspender : 12 gauge Gl wire to support ine may be necessary.

9.13 Wiring

a) Wire 1420076 flexible wire are used for ordinary lights. \Wiring in the
building is done with 37,029 for light and fan, 7/.036 for 3 pin plug paints

b) Battens: CTG Teak or Garjan.

c) PVC conduct pipe: /2" dia

9.14 Panel Board

a) 250 volt 15 amps circuit breaker.

b) CWT, iron clad busber of 100/500 A V (triple pole)
c) 15 amp. tp. switch with re-wireable fire carrier.
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0,16 Lightening Arrester : Normaly 17 da 3 long Copper rod vath 5
gpilkes and balls are placed at roof top and a copper plate 2° » 2y /3 be
omboddod in a ground pit filed with carbon charcoal povider and comrren
alt (Sodium Chloride) Both are connected by means of copper tape of 177 -
"reice in 2" Gl Pipe

9.17 Probable Labour Rates for Electric Works :
1 Main wiring per point (ncluding fitting, battens, pipes bends, junctions etc

complete).
a) Concealed Tk. 140/-
b) Surface Tk. 100/-
2. Earthing Tk. 500/-
3. Bracket Tk. 25/-
4. Main Switch fitting Tk. 180/-
5. Main line Tk. 5/- per rft.

A fan point is a point, a light point is a point. AV, Tk. 70/- is charged per point
for al involvements incurred in making the point.

9.18 List of Materials for Electrical Works :
1. Wire: 7/064 or 7/044, 9/22
3/.029 or 3/.022
18 gauge Copper wire
Pannel and Switch boards of different sizes.
5 amps. 10 amps cutout.
15 Amps main switch
Combined switches, piano switches, ceiing and sockets, braket holder,
batten holder etc.
PV.C. pipes (172", 1" size as per requirement)
Bends, boxes, circular junction boxes.
Plastic tape
Bulbs
Tube lights.
Fans.

Ok @n

“g30ONO

9.19 Gas Works :
For domestic use V2", %", dia M.S. Pipe for 50 psi supply line is required to be
connected with the bumer through a one way stop cock made of heavy type

brass.
Coaltering and wiring by black tape should be cone around pipes before
laying under ground.
Testing and purging the house line against leakage be made before the
burner is actually commissioned, it is aways advisable to contact an approved
Titas Gas contractor for the purpose.
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Facilitioes in the home

Involvements

1. Cutling road and its mending

2. Laymng pipe ines.

3. Fitting one way stop cocks as per specification of Titas Gas Co. Ltd
4. Fixingg single or double burner.

5. Testing and purgng

9.20 Air Conditioning

It can be done in two ways.
1. By making central air conditioning system.
2. By fixing arr conditioners (package) units.

9.21 Central Air Conditioning This consists in big capacity
cooling plants which supply regulated conditioned air through out the building
through ducts and vents.

Ideal condition for comfort cooling is 80° F (Appx 26°C) temperature and
50% relative humidity.

The capacity is expressed in Ton. A TON OF REFRIGERATION is the amount
of cooling that can be done by a ton of ice melting in 24 hours.

The load is expressed in Btu. (British thermal unit) Relationship to TON is as
foliows :

Capacity in ton = Capacity in Btu/12000

For installation of each central cooling system, experts must be called in.

9.22 Air-Conditioners These package units are easy to handle
and can be fixed in different rooms having different sizes, Voltage required
for such units vary from 220 to 250 voits, 50 cycles.

The fo]lowing chart may help you in selecting the air conditioners according
to room size.

A. Room size 8'x10’ Air conditioner of /2 H.P. motor
(Approx. 80 sq.ft.) 9'x9’ 5000 Btu‘Hr (0.42 ton) is required.
Approx. power consumption=770
watts Voltage 230-250+
Volts, 50 cycles(Hz)

B. Room Size : 10'x15’ 1H.P.
{Approx. 150 sq.ft.) 11'x13’ Capacity 9000 Btu/Hr
12'x12' (0.75 ton. Voltage range
220-250V 50 cycles (Hz)
Power
consumption=1360 watts.
C. Room size : 10x20' 1/2 H.P. '
(Approx. 200 sq.ft.) 12'x16’ Capacity 12000 Btu/Hr
13'x15' (1ton) Voltage range

220-250V 50cycles (Hz)
Consumption 2060 watts.

D. Room size : 12'x20’ 2H.P.
(Approx. 240 sq.ft.) 13'x18' Capacity 14,500 Btu/
15'x16’ Hr. (1.20 Ton) Voltage

range220-250V, 50 cycles (Hz)
Power consumption= 2300 watts.
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E. Room Slze ! 12'%25' 2H P

(Approx 300 sq i) 13'%23' Capacity 18000 Btu/Hr
16'%20' (1.5 ton) Power consurmption
2600 watts Others are sarme
F. Room Size 12'%x30° 2 HP.
(Approx. 350 5q ft) 15'x23' Capacity=21.000 Btu/
18'x20' Hr. (1.75 ton) Power

consumption =2800 watts

9.23 Lifts (Elevators), Escalators
These are two types | 1. Hydraulic lift normally used
upto 50’ height.
2. Electrical lift is used upto any
. height.
A lift has necessarily the following component

1. Car or cab.

2. Hoist wire rope

3. Driving machines.

4. Control equipments.

5. Counter weight.

6. Shaft

7. Rails

8. Penth house and

9. Lift well ,
Capacity : Varies from 4 to 16 persens. One person weighs av. 65 kg.
Speed : Varies from 20 to 85 ft. per second. For upper stories, more speed
can be designed. _ :
Internationally famous lift makers :
1. National and Hitachi of Japan.
2. Hanslutz, Germany.
3. Schindler, Germany.

9.24 Escalators

These are inclined bridges carrying large number of people in market places.
They have low power consumption. It looks like a stair moving always upwards.
Components :

1. Steel truss frame work.

2. Handle rails.

3. Belt with steps.

4, Roller chain,

5. Motor dirven sproket wheels.

8. Driving macines.
Speed: Normally moves at 90 or 120 foot per minute.
Slope ; 30° standardised.
In Bangladesh, Chittagong Bipani Bitan is furnished with Escallators.
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Inlet

I

Drain valve

Fig 55 : Electric water heater

9.25 Hot and Cold Water System

In residential building, water is usually heated by gas or electricity. The hot
water system carries the water, from the water heater to various fixtures.
Units heat the water to a predetermined temperature and automatically shut
off. When hot water is drained off and cold replaces it, they automatically
turn on and again Heat water to the desired temperature. All water heaters
must have a pressure relif valve to prevent explosions. The accompanying

diagram shows how water heaters works.
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10 Beautifying
The Home

“Everything on earth is created for the Mankind"
— Al-Quran.

Beautification of the Home may be classed into two folds :
1. External beautification, and
2. Internal decoration.

10.1 External Beautification.

The former mainly, consists in beatifying the building itself including its facade
and the later in furnishing furniture, fabrics and other decors within the Home.
Such job is best performed by an Architect and the Decorator. But they are
beyond the reach of common people. As such, some ideas are reflected
here with the help of colour photographs so that one can find out ways for
making his home a nice one.

External beautification can be done in the following ways:

A, Providing architectural furnishings in the building.

B. Colour finishings.

C: Providing Greeneries in the front.

N\

10.2 Architectural Furnishing :- Such things are permanently
furnished while constructing the structure. Projection of decorative bricks,
pattem of brick bonds, arches etc can be provided. Different types of arches
and brick bonds are furnished. Decorative patterns of jally can be selected
from catalog.
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How to build a nice home

10.3 Colour Finishings :- As far as posabla, the facade shoulel
be smple, wider and clean without too many engravings and decaoration
Use of colour shades should be limited within three.

Ceramic brick colour and grey or pink shades give good contrast Selection
of colours may be made as per suggestion given in this book. One deep
and one light colour be prefered. Colours shades are along with few snaps
of goods buldings of Dhaka are furmnished in the book

10.4 Complementary Colour Schemes

While architectural renderings are sometimes done in analogous colour
schemes, the most used are the complementary schemes. They greatly aid
in developing contrast and are more natural.Nature uses complements such
as the red rose on the green bush. The proper use of complementary
colour produces a harmonious picture. If contrast is urcontrolled harmony
is destroyed.

When a color scheme for a rendering is selected, one colour should dominate.
Never should a colour scheme be based on complementary colours used
in equal areas and full strengths. If an area is to be one colour, such as
red, then its complement, green should be used in a smallar area or should
be neutralized so it is not the same strength as the red.

A simple, yet effective, use of complementary colours is to use two-one
warm and one cool. Usually, these are not used in full intensity. For example,
portions could be done in orange with combinations of yellow and brown,
while other areas could be in blue with green and violet indications. The
cool colours complement the warm and are less assertive.

A person trained in the use of colour can successfuly use complementary
colour schemes in which the colour used are not exact opposites on the
colour wheel, but are near opposites. For example, green is the true opposite
of red, but yellow-green and blue-green are near opposites and can be
used effectively in complementary schemes.

10.5 The Colour Wheel

The colour wheel will be of assistance in selecting a colour of your choice.

10.6 Greeneries :- Gardens are the beauty spots of the home.
However the small plot it ‘may be, a small greenery should always be
provided. If space is available pools with artificial spring can be there.

The garden can be fumished with pernament types of trees like the palms,

Aricaria or the like and seasonal flower can be sowed in seasons, Side by
side, some vegetable can also be grown.

Cow-dung manure is the best. Compost can be prepared from waste leaves
of the garden stored in a pit. Care should be taken for use of chemical
manures. Plants may die, if such manures are applied close to the plant body.

10.7 Season Flowers : Some flowers are named here which
are sown in Sept. to December.

10.8 Winter Season Flowers

1. Acter 9, Chrysanthemum
2.Cosmos 10. Dahlia
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Beautifying the home

3 Clarkia 11. Hollyhoch

4 Gypsophilic 12. Balsam

5 Lupines 13. Calendula

6 Galarda 14, Dianthus

7. Rose 15. Marygold

8 Sunflower 16. Poppy
17. Zinia

10.9 Summer Season Flowers

1. Balsam 5. Marygold
2 Celosia 6. Rose
3. Coreopsis 7.Salvia
4, Petunia 8. Portuluca

9. Time flower

10.10 Internal Decoration

Key to successfull internal decoration lies in three factors.
a. Colour
b. Fumiture, and

c. Fabrics
Colour can transform plain things into instant beauty. Different furniture styles

in teak or formcia or vineers makes the rooms handsome. Fabrics from
cotton to velvets with colourful patterns induce pleasant soothing and dignified

look in the Home.

10.11 Bed Foom

Bed room is oasis for quiteness and peace. It should be absolutely personal
for sleep, writing letters, reading books, seeing TV, music and a place to

ponder thoughts.
A unigue ceiling, distempered or wood panelled wall. fumiture with clean

lines and fabrics on bed, door and window, some fern in the tub, few
sceneries on the frame can turn the bed into fancy one. Colour photograph
of bed and child bed with internal decoration in American and Japanese

style is furnished in this book.

10.12. Living Room (Drawing Room)

Living or Drawing rooms are the most looked at areas of the home. It says
everything about you, your personality, taste and interest.
Use colour,fumiture and fabrics to give it a smashing look. An American

pattern furnishing is proviped.

cy)
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How to build a nice home

10.13 Bath Room

Bath rooms must be fancy and friendly. Glazed tiles, floor covering, w.c and
accessories, tubs, hot water cold water systems enriches the dignity of the
home. Modern designs can be seen in the accompanying colour photograph.
Sanitary wares now produced in the country can be seen in the accompanying
photographs.

Wrong position
y

7
Right position.

Fig 48 : Bathroom

Fig 49 : Kitchen
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10.14 Kitchen

Kithen cum dinning concept is getting popular in modern world becaus ot he fact thqy
the adventure in preparing food and its aroma of cooking can be shared by all.
Two seperate kitchen designs can be seen in the photographs.
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ELEVATION SECTION

Fig 54 : Typical cabinet elevation with a section
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LOW COST
11 HOUSING

"Faith Is my seed. torment is my rain, knowledge is my yoke.
shame Is my pode, mindrulness is my goad: -Buddha

WHAT DOES IT REALY MEAN

The temm "LOW COST HOUSING" means housing for all walks of people at a lower cost compared to
cumrent cost levels. Some feel that the house should be cost effective with the intersion 1o reduce
cost in its construction. But the case is considered nationally for the general mass. It impiles housing
for low income familes who can afford to buy or construct a house within @ minimum means. Thus.
the house should be cost effective no daubt, but should be within affordable means of common
people. .

It should not, however, mean low quality house. It should have definite life to serve the owner and
should be most cost effective, though cost and quality go together.

Achievement of housing at low cost is vitually a process of synthesizing various requirements for its
cost effectiveness and acceptability to those for whom it is planned. It demands attention to the
following aspects-

1. Use of indigenous building materials.

2. Sutiable physical planning.

3. Architectural and Engineering requirements.

4. Location and land use development.

5. Energy utilsation.

6. Environement and ecological balance.

7. Safety from natural disaster.

A close combination of the abave mentioned aspects particularty with the use of indigenous
building materials in @ property planned manner may make a house at lower cost affrodable by
common people. The rich can afford to buy a costly house and can enjoy many luxuries within it
thus low cost house is meant for the low income people who live in rural and slum area.

According to World Bank report rural housing deficit is about 3 times the urban housing deficit. That
means this deficit is affecting the rural people who are mostly poor.

RESOURCE LIMITATIONS

In view of low saving capacity of our people due to low cost of agricultural prodct and high cost of
construction commodities, it is necessary to provide financial assiatance to the house builders.
Subsidy based though may be necessary or loans on easy terms be evoled by the Govt. to ease
the problem. Grameen Bank may play an important role in this respect,
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ENVIRONMENTAL PROBLEM
Rural housing selttment and slums in cilies lack amenities like
Potable waler.
Sanitation.
Electncity.
Disposal problem of garbage and wasle.
Diminishing greens and covenng open fields,
. Congestion and overcrowding.
These lockings causes serious health hazards. So, such amenilies be made easily available 1o the
people.

Lt Al o

HABITAL CONCEPT

Basic necessities of social living implies clustering and arrangement of houses in space for
economy of design and construction cost, natural ventilation, paved roads with lighting, drinking
water, sanitary faciliies, community centres. All these should be provided in the complete plan for
the beneficiaries to promote their economic, social and cultural life.

RESEARCH

Research for evolving low cost techniques and materials is necessary. Some techniques envolved
in developing countries are described here which may be adopted to our needs :
1. Water proofing of mud wall.

Fire retardant for bamboo, Goalpata, straw houses.

Water proofing treatment,

Pre-cast agro waste components,

Fromeless door/windows.

Anti termite treatment to wood and other organic materials,
Clay block stabilisation.

Thin brick walls.

Micro files of mud/concrete etc.

VY ENO LA WN

DEVELOPMENT OF NEW BUILDING MATERIALS

If we consider three M (i.e. man, money and material) in construction of the house, it will reveal
that materiols constitute more than three fourth of the total cost. Cost of labour is approximately
1/4th of the fotal cost. So, money required for materials is 75% and for man 25%. Reasonable saving
in the cost of moterial may be possible with the invent of new building materials as building
materials form the bulk of construction cost, reduction in cost of the house must be co-related with
ihe materiols used in it, Housing research Institute may play a vital role in finding innovative
techniques for evolving new cheap and durable material. But such research work is found very
inadequale and is limited to femo cement sheels and some comogated oval roofing materials
which could nof draw public accepability Our neighbouring country has as many as six such
reseorch centres and they have developed a number of materials using indigenous ones. Some are

described below :

1. Sandlime Bricks
Auloclaved sand lime bricks has good structural qualities and does not require buming.
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10.

Low cost housing

Fly Ash Bricks

Thermal power plants generate fly ash which mixed with clay, sand and some
ime produce bricks which is less costly and durable

Laterite Blocks
Laterite sol using lime stabilisation produce such bricks which give strength of

about 20 kg/cm?.

Cellular Concrete

Cellular concrete blocks could be a good substitute of clay bricks It is ight
weight and has good structural qualities and is suited for multi-storied housing

Dry Hydrated Lime

Lime and pozzolana binder is a good substitute of cement. A modern process
for production of dry hydrated lime of standard quality has been developed in
India. This dry hydrated lime can be used in place of cement for making mortars
and plasters mixed with pozzolana. It is cheaper than cement and can be
produced in small scale industrial units.

_Rice Husk Pozzolana

Plenty of rice husk is available in the region. When rice husk is calcined under
controlled condition, a highly reactive material is formed, grinded and mixed with

Jlime forms plastering material which is cheaper than cement.

"Hollow Concrete Blocks

It can replace bricks for multi-storied construction. It can be used in walls in
R.C.C. frame.

Asphaltic Roofing Sheets .

It primarily consists of a board impregnated with asphaltic media and protected
with conserving materials. Thus, scrap paper, bagasse, jute waste and other
waste materials can be used. These roofing sheets can be well used in area
below 44°C. It is much cheaper than asbestos cement sheets and can be used
for low cost housing. )

Stones

Lime stone, sand stone, granite, basalt and other stones which are locally
available are used in place of bricks in walls by means of pre-cast blocks.

Gypsum Boards

. Gypsum fibre board manufactured from low grade gypsum’or phosphogypsum
s @ useful substitute for timber products. It can be used in ceiling, partitions and

doors.
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t 11. Ferrocement Products
Wire mesh reinforcement and cement mortar form ferrocement possessing
having good strength and serviceability. Rafter, trussers. water tanks, storage

1
2 bing docr shutters can be made from ferrocement.
3 Apart from the above mentioned product, innovation of light weight concrete
4 is highly prospective. By means of kadma and khaja technology. hollow
S aggregates can be evolved which wil reduce weight of the buiding by 30%
6 thus. considarable savings can be achieved.
¢ ROFE OF MATERIAL
K r
State dholiey would be laid down in such a manner that the following three factors
are duly rved .
e 1 EcologiCal balance.
W 2. Energy conservation.
ft 3. Environmental pallution.
g ECOLOGICAL BALANCE
n Cutting excessive trees for burning bricks and timber and quarrying of lime stone
;- disturb ecological balance. Suitable alternative should be used.
3.
4 ENERGY CONSERVATION
5.
Production of good durable building materials requires use Of energy Of
;' considerable quantity. Much gas is used in burning of bricks. Solar energy source
8' be explored so that conserved energy is not exhausted.
9.
ENVIRONMENTAL POLLUTION
D!
Smoke coming out dyring burning of bricks damages plant life. Digging soil for
' making buiding materials creates swampy atmosphere and thereby causing
th unhygenic condition and agricultural soll is lost. Switch over to new buiding materials
_‘/ may solve environmental pollution.
n The production and supply of indigenous materials like mud, bambeoo. timber,
L stone, bricks and the like is handled by private sector. To promote use of appropriate
hy buiding materials for mass housing construction, suitable state policy should be laid
i by the Gowt.
‘”‘ Matrix to guide choice of buiding materials for low cost housing is shown in the
wh accompanying diagrame.
res
de
APPROPRIATE TECHNOLOGY FOR LOW COST HOUSING
1. Technology developed so for in western countries and through research in
AU developing countries may be classed as under:

1, Technology of design and physical planning.
2. Technology of construction.
3. Technology to improve traditional technology.
1 4. New technology to evolve new buiding material for low cost house.
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1. TECHNOLOGY OF DESIGN & PHYSICAL PLANNING

Emphasis is often given for a type design of house due to the reason that the
same plan is repeated for construction and its components can be produced in
factories and can be streamiined for quick erection. However, the design itself should
be compact. Square or nearly square sized rooms save cost in its roof slab due to
two way slab system of design. Arrangement of rooms and facilities in a compact
form saves in wall length and allied works.

For example a low cost house to be designed for a covered area not exeeding
475 sq. ft. having one multipurpose room, one bed room, one bath, one kitchen
room. If it is planned in a traditional way it will get a form as shown in Fig.

A comparison between the traditional and planned compact way of arranging
facilties reveals the following facts :

Way of arrangement Covered  Walllength Verandah
area
1. Traditional way of 7
arrangement 47575 sft. 114'-2"rft.  128.30 sft
2. Planned compact '
arrangement 357.63" .109.00" 48C0"

Difference = 118.12 sft.  5'-2" rft 80.32 sft.

In a compact design same size of rooms, the purpose may be served within
smaller covered area, less wall length with requesite facilities can be arranged.
From the above, an inference can be drawn that design itself can save a lot.

PLANNING FOR LAND USE

Growing population has tremendous pressure on the physical resources of the
country. New dwelings are covering agricultural land and open space hampering
production and creating hazard to health and atmosphere. For this reason
multi-storied housing is being increasingly adopted to effect saving in land. It helps
check in undue rise in land cost and contribute to many other factors.

RESIDENTIAL DENSITIES ON LAND

The following densities are considered as optimum for a-healthy situation:
1. 50 to 65 single storied houses per hectare.
2. 65 to 100 two-storied houses per hectare.
3. 100 to 125 three-storied houses per heclare.
4. 125 to 150 four-storied houses per hectare.
5. 150 five-Storied houses per hectare.
This will include open spaces. roads, parks and requisite community facilities.
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2. TECHNOLOGY OF CONSTRUCTION

Prefabricated  components may replace old method of consturction. It saves
construction cost by 30% to 40% It increaces productivity, speed and econamy
Technological advances in reapect of the following should be given due importance

i Type Design:

Typhication of building design helps in repeatation of the components  anc
streamiines its assembly and operation in construction,

li. Standardisation :

Example of standardisation has been discussed in chapter 6. To facilitate
economical erection on a large scale, standardisation should be adopted for
mordinisation of buiding methords.

iil. Modular co-ordination :

For massive housing programime with economy and speed. all bulders, housing
authonties should adopt dimensional co-ordination which is governed by modular

- co-ordination. 1t is based on 10 cm module, and is universally accepted. It recduce
wastage, labour cost and appreciable time in construction.

iv. Building codes:

Building should be framed in such a way that it does not inpede the pace of
development. It need be modified to encourage the use of new housing concepts
and design, material and time.

MODIFICATION OF TRADITIOMNAL TECHNOILOGIES

Pecple has developed faith and conidence in old traditional methods of
construction as a successful and proven technology, though new technolegy
preserves a balance between cost and resource. Mass awareness is necessary for
the choice of housing technology in the aspect of economical, social and
environmental planning for housing development.

EVOLVE NEW BUILDING MATERIALS FOR LOW COST HOUSE

Research in developing countries is limited and the challege to solve housing
problem through development of new building materials out of indigenous material
is meagre.

However, low cost building materials can be evolved by application of science and
technology through:

i) Production of clay bricks, pozzolana, light weight concrete by mininuning wastage
and reduced cost.

i) Industrial agricultural waste, garbage etc. may be turned into building matenal
threugh industrial enterprises.

ii) Cheaper materials can be augmented as alternate materials.

iv) Using indigenous raw material resources, new products can be organized at
economical cost. Attempts should be made to use non-convensicnal energy
resource like sun dried bricks, solar energy for kins are noteworthy
developments.

v) Housing development enterpreneurship programme (HOEP) is a potential means
to transfer technology. Indian Government has established Building materials and
technology promotion council (BMTPC) for the purpose. UNESCO, ESCAP
(Economic & Social Commission for Asia and the Pasific) and many other
agencies are working on inovative technologies and its transfer to developing
countries,

COMPUTERISATION

Planning, designing and construction of housing is becoming common and is
revoluticrining the housing process. So, computers can be used to faciitates its
dovelojadnt.
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ELEMENTS
100%
27%
UNSKILLED
73%
COST BREAKUP i
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PLOT
12

“What you do not want done to yoursetlt
do not to others™ -Confucius.

A plot is a piece of land having different amenities like .apbroach road, water, gas,
electricity etc. and over which a house or any other construction work is carried out.
- It is sometimes called the 'site.’ ' ,

Most of the plots are filed, made up ground. If filing depth is more than 7 ft.
foundation cost becomes high. ‘

Plot Planning :

‘While planning plots in a housing area, a planner keeps his eye on the following
aspects:

1) Based on different human activities each city should have three distinct. areas,
namely:

a) Industrial area,
b) Commercial area, and -
c) Residential area. :

2) Housing area should be away from industrial area so that smoke, noise, business
etc. does create hazza{d to human health and peace. However, each of the
above three areas should be interconnected .with each other by means of a
suitable road.

3) Ideally 8 acre land is necessary for a housing complex. The complex should be
divided in sectors. Earch sector should be given a name.

4) Lower income group should be provided with comparatively smaller plots in one
sector while higher income group may be given plots in a separate sector. Small
plots means plots upto 2 Katha, 2 to 3 Katha is medium sized and biggers plot
is above 3 Katha according to the present trend of choice and propulation
growth.
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Proferabla piot ez ahou'd be as under

Size of plol,

Probable aize, ft « ft

Area, se) ft

Katha
14 25 x 50 1250
e 30 x 48 1440
21/» 30 x60 or 36 x 50 1800
3 36 x 60 2160
kU2 40 x 63 2520
4 45 x 64 2880
5 50 x 72 3600
s 50 x 90 5400
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Grid Pattern

5) Some open space be kept for:

a)
b)

Parks.

Swimming pool, gymnasium etc.

c)
d)
8)
f
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Lawn, tennis courts etc.
Football, playgrounds.
Office, Club, Community Centres etc.

Police camp, Water, Gas, Electricity Offices etc.




6)

7)

Plot

g) Preservation of old monuments of historical importance.

h) Planting tree, Gardens, water, sewer lines etc

iy Height restrictions for locations near airports.

) Shopping centres. '

k) Future extension.

Firstly big roads and avenues be fixed that are connected with highways through
smaller roads, Bigger roads should have footpaths. Width of bigger road should
be 60', medium road 30" and smaller ones 18 .

Big. medium and smaller plot be arranged in sequence and should be rectangular
in size.
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Loop pattern.

PLOTTING PATTERN :

There are two ways of arranging plots.
1) Grid Pattern
2) Loop pattern.
Grid pattern: It is the oldest way of making plots. It insures maximum land
utilisation by dint of its rectangular size. Roads intersect each other~at right angle.
The plotting is shown in the accompanying diagram.

In grid pattern an area of 800’ x 1200’ is ideal. Plots will be back to back, roads
will strech in the front, Sewer and water line should run along the side of the road
and not at the near of the plot,

Loop pattern: A block of 80Q' x 1200 is necessary for a loop pattern of arranging
plots. Roads get shape of 'U' which is connected to a circular main road. A wide
road is necessary at the peripheri of the block. Please see accompanying diagram.

This pattern leaves much more open space than required and land can not be
properly utiized. It is only suitable for an aristrocratic area.

Few such blocks together with form a housina comnlex 199
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Example of plot planning for low-income group.

The same plot planning for high-income group.
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PLAN AND DESIGN
OF AHOUSE BOTH
13 IN BEARING WALL

AN FRAMED
STRUCTURE.

“If you can not heip the heipless atleast try to
behave softly with him” -Hazrat Ali (Ru)

PLANNING PHASE :

This plan is meant for a five-storied house over a 2'/2 Katha plot in a hqusing
- society. The plot measures 36' x 50". Road passes on the north of the plot. The
following facilities in each floor are to be provided in the house:

1. Beds- .3 nos. (1 Master Bed, 1 Chid Bed, 1 Guest Bed)

2. Bath- 2 nos. (One attached with M. Bed, the other is common)

3. Verandah/Balcony- 2 Nos. '

4. Drawing-cum-Dining room, one combination.

5. Store- 1 no.

6. Garage- 1 no.
Now, 1st step is to visit the plot and check its measurements on the field (art

4.10) and draw it on a piece of paper preferably to /&" to a feet or 1:100 scale
showing north line. Planning wil be made with the aid of this paper.

The planner wil now consider each requirement of the owner in respective
functions of privacy, economy, utiity, aesthetic, surrounding etc.*and represent it on
a paper with major and minor details to achieve the desired plan of a nice home.

While placing the rooms, consideration of summer and winter winds be done and
bed rooms be placed on the south or on the east. Kitchen and toilets be placed
on the north or on the west or on north-west comer.
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However, brck wall foundaton can be adopted by improving the soil condition
Sail condition can be Imporved by excavating to required width and depth of 6°-6"
into the orginal strata and backfiling to shallow depth with medium grained sand In
layers and consolidating by watering and ramming. Brick foundation can be laid over
this consolidated base.

There are few methods like moment distribution metheod, slope deflection method
etc for analysis of stresses and bending moments occuring in the frame. But they
are cumbersome compaired to ACI| co-efficient and shear value method. This
method is easy to work out and provides sufficient safety provision and is suitable
for all practical purposes. Hence, for finding out moments and shear values, ACI
co-efficients are used. WSD (Working stress design) method is applied. Concrete
quality should be maintained, if possible cylinder test be carried out on 28 days for
designed f'c, f'c being crushing strenght of cement at 28 days.

Workability and consistency should be such that it works readily into the forms
and around rods without segregation and excessive bleeding. Concrete shall be

placed in forms within /2 hrs. after adding water to the mixture.

SAFETY PROVISIONS :

As discussed in art 6.7, safety primarily means adequacy against collapse. Strength
of the structure should be sufficient to counteract against all loads foreseably acting
on it

A building is safe if constructed according to design and material specification.
WSD method provides sufficient safety against material failure. But loads shall be
precisely calculated and calculated area for steel and concrete be provided in proper
position. Materials shall be tested for quality and field condition should be maintained
in such a2 way that it conforms closely to standards specified in the design.

Contineous beams and frames are statically indeterminate. End moments keep
them in fixed position. B.M. in members are functions of geometry of.the structure,
moment of inertia, modulas of elasticity loads and spans.

In framed structure, columns are horizontally braced by lintel at 7' ht. This makes
almost all columns to behave as short column where Vb ratio is around 10. ACI
Committee for columns has recommended that 90% columns of a buiding can be
designed as short column if braced and thereby ignoring bending in it. Here, a
8"x 10" column upto lintel has unsupported length 7' and length to least dimension
ratio 7x12/ 8=10.5 which is around 10 and is considered as sort column.. Thus column
is designed for axial load only.

However, live loads on columns and bearing walls can be reduced @ 10% per
floor upto a maximum of 60% due to the fact that all floors are not simultenuously
loaded with live load. Moreover, ACI Code specifies 96 sq. inch X-sectional area of
columns with minimum 4 Nos. %/¢" @ rod. But as per BSS code of practice, this can
be of any size for houses having smaller loads with a minimum of 4 Nos. /2" @ rods.

Slabs, beams and columns should be casted monolythically to induce rigidity in
the frame. When beams and slabs are casted monolithically, T beam action is
induced. Beams supported by such columns are considered fixed at ends and sO
are the slabs. Mement co-efficients shall be calculated accordingly. For all practical
purposes, sections of slabs, beams resulting from maximum bending moment iS
provided althrough for easy workmanship and stiffness of the structure.

Some codes specifics that, bearing walls in brick or concrete should not be
constructed beyond 75° high having wall thickness 12" to 16", Dr, Rashid, V.C. BUET
cherished that 55" high brick masonry walls could be safely constructed with 10”
thickw@ss but thickness upto plinth should be 15"
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Concrete made of stone chips in 1: 2 : 4 mix may give crushing strength 7, = 2500
psi. For economy, chips made of picked jhama bricks can be used but f. should
not be considered over 2000 psi or as per test results from field mix.

Since, brick chip absorbs moisture in humid weather, covers for slab shall be minrn
3/4% beams 1" and columna 12", Underground works should have a cover of
minimum 2",

If brick chips are used safety factor for concrete and MS. rod is as follows -

Concrete : Crushing value (brick chips) f', = 2000 psi.
Value used i design =451,
=.45 x 2000
= 900 pi.
. 2000

900

=222

Safety factor

2. MJS. rod, billet grade yields at 40,000 psi.
Value used in design =18,000 psi or 20,000 psi.

40,000
Safety factor ~ 20,000

=2

40000
When 18,000 psi is used SF. ~ 18,000

=22

A. STRUCTURAL DESIGN CONSIDERING BEARING WALL.

The building is erected from bottom, but design takes place from the top due to
the fact that unless slab thickness, beam dimension and the other load factors are
known, actual load on foundation can not be worked ouit.

Design Criteria for Slab.
- Denote different room slabs as S,, S,, S, etc. Given,

Live load, LL = 40 psf. fs = 20000 psi. ' Allowable stresses :
Foor Finish = 12 psf. f'. = 2000 psi. Shear, v = 1.1 V',
' = 49 psi
f.= .45 = 900 psl, Bondu=24 V f
J=For 875 =107 psi.

Jut-= 375

R= 2 {, k=1/2x900x%.875%.375 = 148 (rounded).

Slab over largest room will control the thickness of the slab. It is resting on wall, so is not
restrained over support,

Moment co-efficients will be seclected accordingly. Moment ca-elficiont for semi

restrained end is wi? for -M and for + M Is wi1? (Art 6.25).
. 1 ki 4
Design of 8,
Clear dimension of S, = 14'x18'-6"
Thickness, t = gis She2 « 48" (AL 6 1)
Say, 5"
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Perimeter, inch

Also, = R0
(2x1442x18'-6")x12
180
= 4 33"
Let t = 5", Actual t will be governed by moment.

Slab §, and §; may have smaller thickness, but for practical purposes, controlling
thickness will prevail throught the roof. But economy in steel may be deriveq
because d wil be more and steel area will.be less for such smaller slabs. On the
other hand smaller slab thickness may be casted by raising scaffolding between
walls/beams keeping top of slab at same level.

Load calculations : (w per ft.):

Assumed t = §5" LL (Live load) = 40 psf
Floor finish = 12 psf.
Self wt: 2 x1xix150 = 62.5 psf.

12

Totalw = 114.5 psf.
This is considered as load per ft because 1 ft strip of slab is considered.
L _185
tio of spans: = = — = 1.32
R O e

Load Sharing Factor : Short span .5 +.32 = .82 (because when ratio is 1, short span
Long span .5-.32 = .18 share .5 and also long span shares 5

1]

Bending Moment :

Short span Long span
_wi2_ 82x114.5x142 - o Wi? 18 x114.5 x 18.52
M=t B2 xr 184024#/  -M=1g ==L
M= 1“7”3 B2 1145 142 _1672.90#/ 70538 #°
2
Max. M is 1840.24 # =Wl 80145 X 1857
_|IM : = ;
Now, d '\ﬂ:lb 641.25#
840,24 x12
148x12
3[52.43. 1 ft. strip, b = 12"
= 3.52" Add cover .75" and centre of rod
t=3.52+75+19
= 4.46"
Say, 4.5"

Use 4.5" slab. Correct load factor again with smaller t.
d = 4.5-(.75+.19)
» 3.56"
LL = 40 psf
FF = 12 psf
Salf vt F5x1x1x160 = 5625 psf

Total = 108.25 #
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wi?

Find maximum moment, - ok

Plan and design

M - 82x10825x142 = 1730.794 '

s D |

M
Corected d = o

1739 79%12
148x12

Jn 76

t = d+cover

= 3.42+.75+.19 (for centre of 3/3" @ rod)

= 4 36" Use 4.5 slab.
d =45 -(75+.19)

= 3.56". Rounding brings about same result.

Bending Moments :

Short span
M= wi2 _ .82x108. 25x142
10 10
=1739.79# /
wi2  82x108.25x142
HM=s= ==
=1581.63#/

REINFORCING BAR (REBAR)

Short Span

_173979x12 _ o, iz
-As="g2300 -4

spacing 3/8" @ @ 3.88" ¢/c

- 1581.63x12 _ ‘2
+ As 62300 33 in

38" @ 4" @clc.

Long span
M= 18x108.25%18.52
10
= B667.05#/
+ fi= .18x11c1)8.25x18.52
= 606.40# / - _
__M f,=20000 psi
BgE fsid, i
j =.875,d=356"

fsid = 20000x.875x3.56
= 62300

Long span
667.05x12 : ;
-As = W =13 in2 Spacing
3/8" @ @ 10.15"in c/c
606.40x12
tAS=§2300 -

3e"® @ 11" in c/c.

= 12 in?spacing

Final spacing of rods will be done considering all the slabs so that minimum rod
is cut avoiding overfaps. Now, design S, and S,. Before that, shear and bond check

Is, necessary,

Check for Bond and Shear :
Given allowable stresses for.

Shear,v =11V f =11V 2000

-11x44.72

- = 49 psi, fraction neglected.

Bond,u =24V f‘

- 2 4!44 72

= 107 psl, fraction ignored.
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|haar
S devetapad In 1 8D of short apan = 108 25x144
108.25x14

Shan M O pnd, Vo= - A3102¢
2
Now, ghven V = 431024
i = B75
b =12
d « 3 56"
V43192

Davelopad, v = ibd S BT5xi0%386 " 11.55 psi. Less than 49 psi.

Bond :

Parimater of ¥e O rod = 118°

Spacing is 3 88" How many rods are there in 12°?
In 3 88" there © 1 rod

nt*"" L
b 368
.o 1X12
nh 12 558 = 3.09 Nos.
Peonmeter = 309x1.18
= 365
Vv
Developad bond, u = E T)E
_431.92
3.65x.875x3.56
= 37.99, psi Less than 107 psi.
Design of S, :
Clear dmension ; 12'-6"x8'-0"

-BL- = 1—28—6 = 1.56 More than 1.5, one way slab.

Bending Moment :
w = 108 25# /ft. Contineous over two supports.

w2 _10B25x87 _ gqnp
‘M= o 692.8 #
e hil = 19-‘13—,5{—‘-’3 - 620.84 /
Rebar ;
£ = MWIsid - AS = g%%&’i‘ﬁ « 13 In? Spacing ¥/s* @ @ 10.15" c/c

+ As » 520812 - 12 in? Spacing 3/e" @ @ 1" el

Birder or temperature rod
As = ,0025 bt
= 0025x12x4.5
= 14 in2 Provide 3" @ @ 9.43° c/C
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Fian and desun

Design of S,:

Cex omorson 13710

L. 3 = 118 TwO way sab

:5 .1 ~ = ' -~

woad shamg ' shont span LOoNg spn
5+ 18 = €8 5-18 = 32

Bending Moment :

Shotspn Long son
M < 88x103 25x112 — 32x108 25x132
e 10 - 10
=B88068=/ = 585.42#/
_ 68x108.25x112 _.32x108 25x132
- "51 = 11 - |\l1 = 11
=809712/ = 532.20#/
Rebar:
Short spn. Long spn.
pe.M _B90.68x12 .. 58542x12 _ L.:
AS=tsd— = 62300 A= eoa00 M
= 17 in? Provide 3/a ® @ 12" c/c.
Provide ¥g" @ 7.76" c/c + As=2822X12 _ 45,0
62300

+AS= ggggg)xu = 16 in? Provide 3/8" @ 13.20" c/c.

Provide /8" @ 8.25" c/c.

SUMMERY OF SLABS

As per design : Provide

S,, Two way

Short 3/8" @ 3.88" c/c. 3/s" @ 3.75" c/c.
Long /8" @ 10.15" c/c. 3/8" @ 10" c/c.

S,. Oneway, Main road %s" @ 10.15" c/c.
Binder'3/g" @ 10" c/c.

S, Two way :
Short 3/8" @ @ 8.25" c/c. 38" @ @7.7" clc.
Long ¥8" @ @ 13.20" c/c. 38" @ @12" c/c.

ACTUAL PROVISION
- Vard rod should go straight, so that rods should be alternately cranked up and
extra top rod be provided in between two cranked up rods.

Rods actually provided is shown In the accompanying sketch.

DESIGN OF BEAM

No beam Is Involved in this case. For partition walls in kitchen, tailets two V2" @
rods may be placed just below wall alignment to act as a concealled beam
However, 3" or 5" partition wall may be erected directly over the slab upto 10" ht
with a lintel at 7' and spans not exceeding 12 ft. Opening between DRN and DINING
may have a drop wall, §” thick and 2'-6" high with V2" rod, 2 at top, 2 at bottorn
and ¥/¢" @ rings spaced 6" ¢/c.
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How to bulld a nice home

DESIGN OF WALL

I er walls carry load on both sides but outer walls carry lgard an one sida orly
It customary to design the inner wal and outer wall with crifical load imposed
over it

Inner Wall
Wall between drawing and dinning is critial, ind out load over 1 ft. of wall.

Load calculation.

1. D.Lofsab s,{’il +%ﬂ)x1-x4.5~x1so - 3785.65#
2. Selfwt. (5x10'+4'-6") x10"x1'x120 = 545000 #
(Paraphet 2'-6", plinth 2')
3. DL of foundation 10% of {2) = 545.00 #
Floor finish 127‘—“?‘?'_“;')::11' - 16152 #
5. LL 50% .5x5 3—4212—“2 x1x40 = 1346.00 #

Total = 11288.17+2240

= 5.04 tons.
Bearing capacity of soil, g, =1 TSF
Given P = 5.04 Tons
q, =1TSF
_P
Width, w=g
_5.04
1
=5.04 ft.
or 60" appx.
Outer wall load calculation.
Max load occures in drawing room.
Length of 1 ft. strip-j%-?‘
1. DLofslab = 5'x7'-0"x1'x4.5"x150+12 =1968.75 #
2) OL of wal (as above) 7 = 5450 #
3) DL of foundation 10% of item-2 =545 #
4)  Foor finish @ 12 psf » 5x1'x9x12 =540 #
5) 50%LL “w 5x5x40x7x1 = 700#

Total =920375# =411 Tors.

Width » =2 « 4100 441
a, "1

= 49.32"
Say 50,
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Depth of Foundation :

@ =20°
sin 20° = 34
0-8 (1-sin g2
WA\ 14sin D
2
0 -394 34 s
= 20.36 (.33)2/(.492)2
=492
Say 5'-07

Plan and design

D = depthin ft.

B = Bearing capacity of soilin Ib
W = Unit wt. of soil Ib/cu ft.

Q = Angle of repose of soil.

Since foundation should be laid on firm soil i.e. at a depth of 6'-6" from FGL
which's high depth is costly. For economy, excavate upto 6°-6" and fill back 1'-6"
with sand so that foundation depth remains at 5’ but some economy is achieved
by sand filing. Compacted sand is a firm base for foundation.

B. STRUCTURAL DESIGN CONSIDERING FRAMED STRUCTURE

This time room dimension has increased by 10" for using 5" wall. Column support
makes beams and slabs fixed at ends, so moment co-efficient has changed. Now
-ve M =w12/12 and +ve M = wi12/16 (Art 6.25).

If)esign of Slab §,
Clear dimension = 19'-9"x14’

L_19'-9" _

B =4y = 1.41 Less than 1.5

tz—'.‘.-_—j4x_12=4.8”' Say 5"
35 35

Load Sharing Factor:

Short spn. .5+.41 = .91
Long spn. .5- .41 = .08

po !

BENDING MOMENTS :

Short span :
M = W2 _ 91x114.5x142
12 12

= 1701.85#

wiz .91x114.5x142
“6 " 16 =1276.39 #

+M

Find d: M max = 1701.85# ¢

M
J A
[1701.85x12
~d148x12
=/ 11.5

= 3.39"

Two way slab.

Load:

LL = 40 psf
FF.=12"

5" slab = 625 "

Total = 114.5 psf

Long span:
M = W12 _ 08x114.5x19.752
12 12

= 297.75#

wi2  08x114.5%x19.752
*M=16 =" 16
= 223,31 #
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b+ 339 + Cover (.75+.19) for ¥/e" @ rod
= 433" Say 4.5"
(=45« (754.19)
= 3.56"

Correct load :

LL = 40 psf
FFet12"
45" slab = 56.25 "
Total = 108.25 psf.
wi
Max, BM. = 12 (short span)

91x108.25x142
= 12
= 1608 96 #'
160 X
o o/ B8S02 fogy_ase
t = 3.29" + Cover (.75+.19) for 3/¢" @ rod
= 423", Say 4.25"

Use 4.25" slab. Bearing wall slab thickness was 4.5"
So. 25" economy is possible in frame.
Now, d = 4.25 - (75+.19)
= 3.31%

Correct loading accordingly

LL = 40 psf

FF=12"
4.25

322 x1x1x150 = 5312
Total = 10512 #  Say 106#

Bending Moments :

Short span: Long span:
. wi2 _.91x106x142 _ Caa W12 08x106x19.752
M= YR - SO 5755187 M =35 =0
p Mo Y2 L SXI08E _ yig164 #/ =27584#
M= \%2 _ .0Bx106x19.752
= 206.73 #
Rebar : As 'fls'ja.— f, = 20000 psi, j = 875, d = 3.31"
fsid = 57925
. 157551x12 5 4
Short - A = = 57905 " 33in2, 38" @ @ 4" c/c
s« JBLEIXIZ . 24 i, Wy © @ 550" c/c
Long =S » %3—26:—“2 = 062, ¥ @ @ 22" clc
+ hs « ZBIN2 . 04 in2, w1 @ @ 37" clc

Shear and bond can be checked in the same manner already werked out.

212



Plan and design

Design of S,
Clear dimensions :

G. Room 10'x8"- 11" UB = gio= 1.12, Two way.
Din 13'-4"x8'-11" uB = 233'% = 1.49, Two way.
T,7-5"x5'-6" UB - L2 = 1.35, Two way.

L

All are two way slabs, dining is critical, g = 149

Load Sharing Factor:
Short: .5+.49 = .99
Long: .5-.49 = .01

Bending Moments :

Short - M = W12 _ .99x106x13.33" _ 4553 gg#

2r =2
w12 _ 99x106x13.332 _ '
NEVIES AL L1 - 1165.424#
Long - M = W - O106xBI2 _ 7034 -
_wi2 _ 01x106x8.922 ,
HMiz s .27

Rebar: fsjd = 57925

_ 1553.89x12 _ : : " S i
Short - As = 57975 .32 in? provide 38" @ @ 4.13" c/c
+ As = M65X12 _ 54 iz2 provide 38" @ @ 5Y2" clc

57925

Long span : Small moments, so temp. rod be provided

As = 0025 bt, b =12", t = 4,25"
= 13 in?2 use 8" @ 10.15" c/c.

' Shear and bond check will be as usual,

Design of S, :
Clear dmensions :

M. BED 13'-10"x11" k=110 426, Two way.
BED 12'-11"x11’ I'B‘ -1-%-'1—;]-1- = 1,17, Two way.

M. Bed slab is critical. Design this slab.
Load Sharing: §'= 1.26

Short span; .5+.26 = .76
Long span, .5-.26 = .24
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How to build & nice home

Bonding Moments :

Short span « M = ‘1‘%1_"’. 7(3x10(5x112

= 812314
P M W2 .7()x106x1‘l’

- - 201001 . 6og 544 /
2
Lo &2 « M » w1 .24>c11206x13-832 = 405404 '
2
M s %1 .24’(11606x13-83’ = 304,124

Rebar: fsjd = 57925,

Short span - As = gjs%'g‘;%l?' = 17 in?, provide /8" @ @ 7.76" c/c.

609.24x12
25 = 57925
DESIGN OF BEAMS
Beam B, : Sparl = 19'-9"

Short span + = .13 in2, provide /8" @ @ 10.15" c/c.

It is an 'L’ beam having flange on one side.
Investigate to see whether n. axix falls within flange or in web. If n.a. is within web,
T beam design wil follow, if in flange, rectangular beam design will follow :

14

1) Slab —2x1x4.25“x‘|50 = 371.87#
2) Beam, self wt, 20"x10x1"x150 =208.33
(Assuming 20"x10")
3) 5" wall, 5"x1'x {(10'-(1"-8"x120 =4170"
4)F. F 1x7x12 =840"
5) LL 1x7x40 =2800"
Total  =1361.2+#
Say, 1362#
Ber."'ng Moments :
<M= W 1362X1979% _ 56009.45 4 * (Single span, Art 6.25)
- v_v1_2 1362x19.762 _ '
+M ST = 3794750 #
Max. -Ve moment controls.
here b = 10, R = 148
Check d. d = ﬁb
_]29029.45x12
148x10
=/478.61

= 21.87"+ Cover 1.5" (incl. rod dia).
Total thickness 23.37", Say 23"2", Closer to assumption.
Now investigate for T - beam action.
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Plan and design

B As
“bd
t2
n+.5 (-
_ pPn+.5 ( d)
pn+t/d
Wnere, N = Modular ration = %5 9. t = Slab thickness in.
M = Bending moment, 1b in, p = Steel ratio.
f, = Alowable steel strees, 20,000 psi. b’ = Web width, in.
d = Effective depth, in. b = Flange width, in.

n.a = Neutral axis.

Effective ftange width equals :
i) b'+16t = 10+16x4.25 = 78 in

BI52 . 5925 in.

i) Centre to Centre spacing-not appliable.
2nd criteria i.e. b = 59.25" governs.

i) Span/4 =

Now, As = 59019.45x12 -179im p=AS_119 =.00138
. 20000 (21.87 —__24.25j bd 59.25x21.87

4252
001 5 ==
00 38x9?L 5(21.87)
00138x9+%:22_
21,87
_ 0124+.0188

K

=.151
0312

Kd = 151x21.87 = 3.30" less than 4.25" i.e. neutral axis falls within flange. Follow
rectangular beam design.

-M 59029.45x12 N _
" AS = i53 " = 20000x.875x2187 - €6 in?

_ 37947.5x12 _ _
tAs = 20000%x.875x21.87 119 in2 use 3 # 6 bar.

Total depth of beam = 21.87+1.5 (cover) = 23.37" say 23'/z incl. slab.
Check for Shear:

v - ¥ 1362X1975 _ 1344976 ¢

5
Shear strees developed v = £ = 191913 - 6149 psi

v alowable = 11 VF_ = 49 psi exceed alowable limit So, stirup is necessary.

Dasign of Stirrup :
Excess V = Vdev - Vall = 61.49-49 215
= 12.49 psi.
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Use ¥a' rod. Vertical area on both sides = 2x.11 = 22 in?
i, § @ AV 22%20000 | ne n
Spacing, S Uiy .- 12 40%10 35.23" c/c.

Also min spacing = QQ)”_‘ . 2‘_-%2 = 10.94" c/c.

Use Yo" & @ 10" e/c.

Check for Bond :
Due to vibratory compaction, some cement particles drops down to bottom, Hence
bottom part is stronger than top. Allowable limits for plain bars are :

Top: 17df"= or 160 psi. Botm. %—f-'c or 250 psi.

U= -t , Top: 5 # 6 bar Lo = 5xnx%4 (Perimeter)
$0jd, Top: 5 # 6 bar = 1177 in

= 13449.75
Using in formula, U = s =a=emray

= 59.71 psi. Less than 160 psi O.K.
Bottom. €0 = 3xax¥y = 7.065 in

U = 1344975
7.065x B75x21.87

= 09.48 psi. Less than 250 psi O.K.
Results are represented in drawings. Other beams are quickly designed for d and
As considering critical section and that section is run al over for design simplicity

and easy workmanship.
Beam B, :

Maximum span = 14' (DRN RM).
Load calculations :

1) SIab:152x1'x4.25"x150 = 371.87#
2) Self wt of beam : 10"x14"x1'x150 =145.83#
(assuming 10"x14")

3) 5" wall 5"x1'x(10’-(1"-2")x120 = 44199#

4) F.F.1x12x7 | = 840#

5)" LL 1x40x7 | = 280.0#

Total = 1323.69#

Say1324#

& - W2 _1324x142

M max = 72 < = 2162533 #

148:10'
= 13.24
Cover = 150
14.75

Say, 15%, close to assumed size. OK.
- As = 132 in2 Use 4 # 5 bars.
tAs =084 In?Use 3 # 5 bars. Stirup min dJy use 3" @ 6V cle.
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Plan and cdlesigrn

Beam B, span (Max) = 10"-0" Moment coefficient are
\nvestigation shows it Is not a T beam. Hence, rect. beam desgn is follower)
_w1? Wi?
*Meyg tMe T
It has defined flange. Investigate with. T beam formula

1) Slab : (413744144 25x150 - 125054
2

2) Self wt of beam: 1'x10"x10"x150 - 104:@,#

3) 5" wall = 5"x1'x(10'-10")x120 =453 504

a) FEaLL: 4%y (12440) - 710 50 #

Total = 1994194

Say, 1995#

wi2 1995122

Mmax =__ = = 230404/
12 12
J 23940x12 ,[194 10
d % .
Rb
148x10  _ 13.93". Say 14"
= f_( e 23940x12 = More than assumed; load correction
2 20000 “3‘93'52—25) t=14415=15.5"
Find b :
Nh=b'+16t=78in
14 _14x12 ,
2) span/4 = e 42
3) C/C spacing; not applicable
Least is 42"

_A 122 _
Now, P = £3, = soias5y = 00208

4.25
K -00208x9+.5 (T3

00208x9+3:23

13.95
- 9052 = 201
kd = .201x13.93
= 2.79" less than 4,25". Not behaving as T beam. Follow rectangular heam desigr.
Correct load for self wt: 1x(13.93+1.5)x10"x150 = 160.72/ instead of 104 16 =
M = 33499.67#

M 33499.67x12 »
L‘Jd "20000% 875x16.48 1.39 in? use & # 5 bar

+ Ag » W16 _ 2051x14 /16x12

" 0DB00x B75x16.48 ~ 109 in2, use 4 # 5 bar.
Stirrup. Deyith'2 = 7, use 3" @ # 7 /.
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BEAM B Span = 119"
1) Slab, 1.}1%‘“0.

~
“

x14 25%160=710.61H

2) Beam 1"x10"x12"x150 = 125.00#
3) 5" wall, 5"x1x(10"-1") 450.00#

12'-11"+13'-10°

4)FF+LL, 1x 5’
: Rek - 645.76#

Say 1982 #

Investigate for T-beam action.

1) b =b'+16t = 78 in

2) sparvd = IX12 . 33

3) C/C spacing, N.A. least in 33"

2
M Max = W2 - 1982xX12_ 53955 oo

10 10
M 42398220x12 [0 ae oo
J Jrp J = o194.45 = 13.94 |

. oM 23982.20x12 ! .
- (d-té I 20000(13.94-2_“'-25 =122 in?
i B

P = 5§~ B3xaga - 0026
pn-r.Ei(l)2 .0026x9+.5(%29i\2

k' - .
pn+t/d) .25

.0026x9+13.94
kd = .211x13.94 = 2.94" less than 4.25". Follow rect. beam design.

=211

Bending Moments :
Correct w. d = 13.94"
+ 1.50"
14.94", Say, 15"
- Self wt = 10"x15"x1x150 = 156.24, 156.24 - 125 = 31.24+1981.57
= 2012.81 '
Say, 2013# instead of assumed 1982. %

o wR_ 2013x112 _ o 2433x12
M=o =555 = 24357.3#" AS =55000x875x13.04 = .16 ing?

Use 4 # 5 bar.

_wR _ 2013x112 _ 17398.07x12  _ nae
tM=g =7 17398.07# AS =550y B76x1304 - 085 IN’
Use 3 # 5 bar.

Use stimup 373" @ @ '*/2 or 7.5" c/c

DESIGN OF GRADE BEAM :
It is & rect. beam carrying load of 5" wall in ground floor only. Designate GB, for

span of 19'-9" and GB, lor the rest area. It is canstructed at P.L.
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Ao & ¢ G oy As = Avdd =170
F‘-._,:-—-;S- !‘C\-Q-OPG
£« 85 Ag (251 ¢ tn,
P B5NVIA0 (25220004 20000% 0176)
- 8S (8004352) = 72420# =+ 2240 = 3233 Tons
mposed ad is 34 56T which is slighly more than desqgned load Additional 2 #
5 bas be added. so that A, = 238 in? and P = 3500T OK

Tie Spacing:

1) 18 bar ga o 16xYe = 12° ¢/C

2) 43 te da or 48x¥s = 18" ¢/c (using ¥/s" O rod)
3) Loast dimension of col. or 10°x10° = 10" c/c.
Least of the {ree s 10" Use ¥" O te @ 10" ¢/

Design of Footing :
Imposed bad, P = 34.56 Tons,
Say, 35 Tons.
Gwen beanng capacity. q, = 1 TSF (Tons per sq. ft)

) = 35 sq. ft.
Sce of fooling 5 8'x8'
Nzt gpward pressure = g

_ 35x2240

6'x6"
=2177.78 psf.

Cnecks: Folowing checks are necessary.
A By moment consderation.

B. By Shear consideration, and

C. Aganst punching shear.

A. Moment consderation : Compute moment
at face of coumn. Total force = 2'-7"%¥6'x2177.78
) = 33712.03#
M = 33712.03x2'-7°
43483527

ds= -'.,—5
43488 52x12
145x12

:/29184 = 17.14°

A M__ 43488 52x12
d 20000x.875x17.14

Snce, moment is max at face and zero at peripheri, footing siab may be siopec
towards peripheri for economy. "

=174 n?

Pebar: Ca'mder 3" cover on sides and bottom, so that 1.74 in? be prowdad 3°-8
n both drecton. Usng # 4 bar, no of bar reqired N onNe
orection 174 o

= B7 ¥
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Rond.
Rond check may be done with critical section same as for bending  Bond s!ress
\Y
“god
Vo= 6x2'-7'x217778 = 33712 08#
S0 = Oxax': = 1413°
2371208
YT a3 87517 14
B By shear Max shear occurs at a distance d from face of column
Tota' shear V = Area x netl upward pressure
6'x13.84'x2177 .78
180842.85 #
Shear length b = 72°
Shear developed, v = 5% d=1714"
180842 85
72x17.14
= 1221 psi
less than 49 psi OK

u

= 15008 psi, less than 250 psi OK

n

C. Punching shear : Critical section occurs at a distance d/2 from face of cclumn
along its tour sides as shown in sheared area. Under pressure column tends to
punch through this area, she.ar length being the peripheri of the area. This area
S deducted in computing shear.

Length of one side = g+g+10"
= 27.14"
b = 4x27.14 = 108.56"
Tot _ bxp[2714%2714)
joial shear area, A = 6'x6 5 D
A = (36-5.12)x2177.78
= 64249.85#
v _64249.85
Shear stress, V =55 V' =108.56x1714
Here, V = 6424985 = 34.53 psi, less than 49 psi O.K.
b = 108.56"
d=17.14"
Col C,:

Between G.Bed, DRN & DIN is critical.
Load calculation :

DL:
1) Siab, 5x10281T 1471340 4 7504150 - 34350.15#
2) Beam, 5x’3"“'”°;8"“' x "'2*“‘"(Av. less slab)x  10°x150 = 10459.30#

oA - 10'+13"4’ e U ” ”» 1t
3) 5" wal, 5x=—=—xAv.9'x5"x120 (Fpartition o0 | 26057 508

4) Self wt., 10"x10" section, same as C ie. 9.46x13 67"= 6302.08#
S) FF. Slab area in item (1) above x12x5 =7759.08#
6) LL. 50% of slab area in (1) 9.46'x13.67'x40x5%.5 =1293182#
¢ Total = 98059 24#
= 2240
=43787
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Verteal rod
Assume sze = 100" Ag = 100 sq N

Use 8 ¢ 6 bar, A, = 8Bxda = 352 in?, Pa - 0352

Then P = 85 Ag (25f.+1n,)
= 4569 Tons Imposed is 43787 OK

Te. 1)16barda or 16x¥/4 = 12" c/c.
2) 48 tie da or 4Bx3/3 = 18" c/c.
3) Least dmension of col 10"x10" = 10" ¢/c.
Use ¥/8" O tie (@ 10" c/c

Footing : Use square footing: A = ‘—13—‘1@ = 4378 sq. ft.

One side = V 4378 = 6.61"
Use 6'-9"x6'-9" = 4556 sft

=44,73x2240

Rebar - Net upward pressure 6°0°x6'-9"x 12 2199 07 psf

Total force = 6'-9"x12  x2199.07

= 43912.68#
_ 35.5°
M = 43912.88x12x12
= 6495417#°
M _/64954.17x12 _ _ \
9 Fmp Fiames —— /43888 = 2094
Cover 3.0
23.94"
As - — 3
fsjd  20000x.875%x20.94
Use # 4 bar. No. of bar = 2—8%= 10.65, Sa{r, 11 Nos.

Bottom and side cover = 3". Provide 11 bars in 6'-3"

Bar spacing = g%‘:ﬁg = 6.82" c/c.

‘ Say 6'2 c/c. bothways
Check other criteria as usual.

Column C,: Between chid bed and toilet.

DL
1042°-11* 12'-11°413"-4"

1) Slab, SxTU‘z'—n'+2 - x'_'_"—z appx.x4.25"x150 = 22530.26#
2) Beam, 5:‘0'*3"“}‘4"2“" Av.x10"x150 - 8513.98#
3) 5" wal gx10+2"-11"-4"

: 2
4) Self wt, Same as Col, = 6302.08 #
5) FF, 5:‘0“%"“"{'2""';‘3"4"x12 = 5087.25#
6)LL: 5x5x 1912&_1‘_ ‘—2'-‘%@1&{)& 4o - 8470274

Total =80446.34%
- + 2240 =3591 7
222 Say 36 Tons



Plan and desicn

Ty 6 # G bar and 10 «10" size
Ag = 10°0° - 100 sq n
“5 - 6\ 44
2 As
- 2 « -—
264N Pg Ag
. 264
100
= 0264

Now, P = B85 Ag (25 +I'p )
85x100 (25x2000+20000x%.0264)
85 (500+528)
87380~+-2240
= 39 Ton Slghtly over than required O.K.
TEE As In previous case ie. 38" @ 10" c/c.

Footing .
imposed load, P = 36 Tons.
Area, A = 3—? = 36 sq ft
Size of footing - 6'x6'
Net upward pressure - 2232240
= 2240 psf.

Without going for further investigation, it may be concluded that C, is subjected
to same criteria as those of C,.

Reinforcement of footing, vertical rod and ti shall be provided accordingly

Since, footing of C, and C, overlaps, it may be rectangular in shape or combined
together

In forrmer case, there Is clear gap of 3'-6" plus 10" centres of both columns, total
gap I8 3'-6°+10" = 4'-4" So from centre of each column width of footing can b

‘. e T 4556 ) e
2'-2"x2 = 4'-4" or 4.33 Length of footing for C, is = 10562 or 10'-6" and tor

433
C, inigopy = B31 or B4

Here, rnoment and shear be checked along longer side

When combined fooling I8 providod total area wil equal to 4556436 = 8156 sqft
or 9.03'x0.03" size. Thicknoss 23.94" wil proval When two columns are seperated
apart a beam will connect the columns. Tho design of the beam wil be based on
net upward pressure.

DESIGN BUMMERY

A Bearing Wall Foundation
Quter wall foundation - 50"
Inner wall toundation « (0"
Foundation depth - 50"
Slab thickness -4y
Boearing wall wicth « 10" .

Aamar b



How to build a nice home

A Framed Struclure

Column Bace of column Vertical rod lie

and size

G, 10"x 10" G6'xG' 146 I @10"c/c

2#0 o

¢, 10"x10" 6'-9"x6'-9" and 8+#6 *
4'-4"x10"-6"

G, 10"x10" 6'x6" and 6#6 "
4'-4"x8'-4"

Depth of foundation = 6'-6"

Span (maximum)  Size

Beams

1.GB, 19'-9" 10"x17"

2.GB, 14'-0" 10"x 11"

3.8, 19'-9" 10"x23'/2" including slab.
4B, 14'-0" 10'x15’ "

5.8, 10"-0" 10"x15"/2" .
6.B 1n'-0" 10"x15/2’ o

£a

Slab thickness = 4.25".
Design Against Wind Load

It may be necessary to analyse a buiding against wind force. But unnecessary
cost should not be increased by considering extra provisién for wind load because
walls are sufficiently stiffened against wind by cross walls, beams and floor slabs. It
should, however, be checked against overturning.

Wind pressure P, psf on a verticai surface is given by the formula, P = KV2, where
K is-a coefficient whose value in normally taken as .01.
V = Wind velocity, miles per br. (mph).

Overturning moment.
Wind velocity for Dhaka Zone is 60 mph.
P = KWV
= 01x602
= 36 psf, .
Horizontal wind force on a vertical area of the building = 54'-6"x60" (On longer side)
Total wind force = Pxarea
= 36x54.5x40
"= 78480#
+ 2240
= 35.04 Tons.

Maw, M = Force‘xhzg

54.5
= 3504x%2

- 224 = 954,54 Ton f



Plan and clasicr

Resisting Moment,

= beang wal Buidng

NS 0wt of buldng W

NS Of auter walvload per 8 and

2 Of rrer walxioad per t wil gve W

QUterwals 2040 =80
2x28'-(V'-8) = 52 34 rft

Tota 13234 rft

e wal 2x(28'-(2x107) 5268 rft
1x11 ="

1x14 =14

2x12'-6° =25"

10268 riL

W = Outer walxload/ft +Inner walxload/ft
= 132.34x4.11+10268x504
= 543 .31+517.51
= 1052.82 Tons.
Ths acts at the centre of gravity of the buiding, (eccentricty ignored), lever &rm
s woihv2.

F&s‘sﬁ'\grnomem=le-'

2
.= 106282522
= 14876.68 Ton ft. More than overtumng moment OK
Factor of safely = gvamwgﬁnmerﬂtent
_ 14876.68
© 95484

= 1558 Much more safe against wind

B) For framed structure :
C, = 10 Nos,, load 39 Tons.
C, = 3 Nos., load 49 Tons.
C, = 2 Nos, load 41 Tons.
W = 10x39+3x49+2x41
= 619 Tons.
Overturning moment = 954.84 Ton ft as in previous case.

Resisting moment = 619x52

= 8666 Ton ft.

Factor of safely = g%?;twm 1
_ 8666
954 84
=9 OK

Design Against Earthquake Load :
Earthquake load EQ or siesmic load causes to and fro vibration in the buiding that

acts in any direction. During tremor it produces stresses or deofrmation in structura!
elements. 295
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—— . G -_ ]
I CLD BED M. BED
1211511 13-10"x11"
] TOILET  § | TOILET
{  8.5"%4' i 7%4' '
L s _ DIN IR
. . ‘ \ 8"11" 13l_4" ,: K
l G.BED X 126"
10'%8"-11" ; T
.‘ T T W] P 3
DRAWING
19-9"x14'-0"
: - 7X14'
1T ) — -

PLAN WITH RCC FRAME

COL. SIZE 10°X10"

Not to scale
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Plan and design

A _

CLD BED M. BED
12°6'%11" 13%11°
I TDIET o TOILET |
Sioxt,.. DIN e
X126 5
G.BED iIn
9.8'K7-3" _ Bxiz6"
= [ el ]
DRAWING
18-6"%14"
%14
)i —

PLAN WITH LOAD BEARING WALL

WALLS 10" WIDE

Not to scale

227




How to build a r

[—3/0'4 e e/

ce horme

fe

WO P D

[ -8~ 5/5"f .

2|

Trresotal,

i ]

.'
r

pe

—3-%/6¢ o

e

E Dri‘!

| -,
—— !

1 '

L5 J{ l E L4 | 10
|
- =y L '
) 12— 22 . sec. E-E
|
“EXAMPLE of
REINF. DET. OF GRADE BEAM-GB®
'3 ._1 r——_j 8-‘/6.4 hv‘-
Y | | 2" -
H-— L PRI~ @ D e
LYY |k Ay
e
iz
q;v[- I
% SEC. D-D,
ey
PL. /A —— covL.10x10”
T = // e e | | |—— l'/z. clear Cavam.
/ 1S |l 2]
/ 0762m ' i
P-1.
G.L. / =1 B S
; 0'|52Ln_\_ d 1
4 <1 PR
= . \ G2 10818 |
*PE a.L. G
T 3 4 3"clear C-’-\vl'.
- N m L4 A
1 o T vdaesek.
- M 8—5/a'@ ban.
P T8 ) AR, '00! [ i
Y R 007%:;“ — ColL. 12°x12"
3 1°270m. { T = |
T EXAMPLE of | ]| \
FOUNDATION WALL | ST
cale M27mw0I0MBmM - -
L a2 s s S (] » A | S aleer
1,5_0Un3 = N, Sa— [ A ' Saten

WALL FOUNDATION

228

reiin yz‘4 &4 lc.

e Rways.

COLUMN FQUNDATION

Example of beam, column one

wall foun

dation



Plan and desi

There are two mam factors ,'Hfr-r,'»r-q a bulang (1) orne 3 total base skear ard (7]
Moment of honzontal mass that causes overturmng
1) Base shear  total honzontal base shear 5 gven by

V = JKCW (Art 15
The formula s smplified

by combinng the factors as below .
VvV = ZKCW, where 2 1s seismic coefficent n particular Zone, K 5 a factor of 133
‘or box type bulding C = 1, Wis the DL of the bulding with reduced value of e oad

Here, Z = 05, K = 1,33, C = 1,
W = 619 Tons. (Framed).
V = 05x1.33x.1x619
412 Tonsx2240
9228 8#, Say 9229#.
Considenng point of inflection at mid ht. of column, ie 1%) base moment

M = 9229x‘-% 46135#°

Lateral dimension of col = 10" = .83’
Axial force per col.

- 46143 3706.43#/column. (There are 15 col)

.83x15

Keeping, size of the column unaltered increase rod for this load in each col This
load is within tolerable limits in respect of design already performed

For bearing wall, axial forces will be more for greater W. To resist, renforcement
may be provided in brick work for such extra load.
Overtering moment :

Horizontal movement at base is zero but is maximum at top. As if a bamboo tree
is disturbed at the base and its tip moves to and fro windely. Thus. earthquake s
felt more at the top floors of the building

Here, M = Hbrizontal mass% ht.

Horizontal mass = wt of slabs and beams

wi. of slabs = 5x40'x28'x ;152—52%%9 132.81 Tons

. of . " TEas
Add, wt. of beams, 15% Total wt - 152,73 1O"S
Say 153 Tons.

M= 153::%:54.5
= 55590 Ton ft,

Less than resisting moment of 8666 Ton ft. This indicates that gravity load controls
the design. OK.

Mind that making buildings strong against EQ is not the criteria. Some technic
energy absorbsion Is necessary against this natural ‘calamity. .
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14 ,
Design of

High- rise Building

if one pays a visit to Hong Kong, Singapore, Beiing or New York, he wil feel
the necessity of constructing 50 to 118 story high buidng here in Dhaka
because of the fact that Bandadesh has got highest population density in the
waorld, Land is limited but space is unimited which the other nations have
selected for its right utiization. Amazingly, concemed authorities here do not
alow even 15 story building on the plea of environmental poliution, though it is
an established fact that a buildng of min. 15 story becomes economical with
the provision of lift facility. instead of creating the faciliies for utiity services for
environment fiendy atmosphere, height restrictons are  impased
contradictory to more space utiization and imited land use.

In early sixties, our front line professo:ls of BUET were of cpinion that max 6
story buiding in load bearing wall shall be constructed at Ohaka. At that time
this idea was fully justified, as most of the Dhaka's sail are altuvial deposits with
poor bearing value. But, now with technological development in four majer
fields namely, development of high strength materials ke 5000 to 7000 psi
concrete, B0 to75 grade steel, USD and limit design close to actual behavior
of materid, development of new structural design concept fike tube in tube,
shear wall etc. and improved construction metheds like fift slabs, pre cast
members and laboratory mads concrete in drum trucks with concrete
pumping faciities are now avalable in the country. Al these factars are
faverable now to plan and execute tall buildngs hers in Bangladesh up o any
height.
Ohaka's horizon was once adored with 15 storied WAPDA building, then came
the 24 storied Shipa Bank buldng which is surpassed by 34 storied
Bangladesh Bank buidng. Now time has come to plan 50 story or more high
rise buidngs along with creation of proper utlities and environmental faciites
as well as with earth quake proof design,
14.1 The ploneer of high rise buliding design:
Bangladeshi ¢l engineer, Engr. Dr. FR. Khan is the pioneer in this field; he is
proudly & respectiuly remembered for His innovative tuoe-in-tube system that
became a phrass n the history of construction of high rise buldng both in
st_ee{awdooncretaﬁxﬂwadwelmmtofbmdedt:besystem enabled the
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civil engineers to go up to any height they desire. Based on his design, 110
story Sears Tower in Chicagn is now saaring to world's record of 1450 ft high.
Reocenlly, Petronus Tower of Malayain has surpasced this moord with a ht, of
1462 1L ‘

One of his papers submitted to ACI entitled "Tubular Structure for tail buildings®
is a historical guidceline for design and construction of high rise building. So far
no more remarkable development in this field could be achieved after him. He
was honored as the "man of the year" for consecutive four years and a
monument in his name is erected in Chicago to memcrize his outstanding
contibution lo Civilization. But he is least remembered in his own country.

i14.2 What Is High Rise Buliding

vwhich buildng should be called high rise? The reply needs some explanation.
in eaity sixties, our Professors in BUET cherished the idea of making maximum
6 (six) storied building with load bearing brick wall. At that time, six story high

Uilding was rare, the ugly DIT Building with central watch monument which
was later renovated was the highest in Dhaka. 15 storied WAPDA (Watnr R
Power Develeprnent Authority) building was a break through.

Department of Enviromment has put some embergo on the construction of
teller buildings if it exceeds six story, According to them, if the building just
crosses six ie. if it is just 7. storied then clearance from Civil Aviation, PBD, Tiias
Gas, WASA, Municipal Corperation, Traffic Department is neceszary and an
IZE. Inital Environmental Examination report is to be prepared for ther
clearance.

Thus, a 7 storied building is a tall building. But a building is not high rise in New
York that has at lest 110 storied nigher ones. So, a 6-story buildng may be
termed as low rise, 7 to 25 story as medium rise and more than 25 story as a
hign rize one.

14.3 Brlef history of high rise bullding

Modem 10 story building was first constructed in steel in 1883 in Chicago. It
was Home Insurance building. So that the history of high rise construction
goes back to 1883.

In 1913, 60 story 792 ft hlgh Woohavrth twilding in lower Manhattan was
completed.

During 1920-1930, 67 story Wall Tower buidng was made in New York,
followved by 77 story Crysler Building in the same place. Tall building shows
America's prestige in the eyes of the world, In 1929, Empire State buiding
came as 104 stoyy high. In 1960, tube-in-tube systerm was developed by F.
Rahrnan whe is termed as imagjinative creator of most of the modem framing
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system particulary the bunded tube system. The tallest RCC building is 74
story Water Tower Place buiding in Chicago completed In 1976. Steel frarned
Twin Tower, 110 story World Trade Center in New York city, and 110 story
Sears Tower came in bundled tube structural system as the crowning glory of
high rise steel structure,

Though the two world wars of 1918 and 1938 hindered the development of
high nse construction, yet remarkable development was achieved by ciil
engineers.

Sky scrapers like the Wall Tower buiding in New York, 71 story Bank of
Manhattan Building in New York and 77 story Crysler Building in New York was
constructed onwards.

Tallest building with flat plate shear wall combination was 70 story Lake Point
Tower apartment building in Chicago.

In the field of steel structures, in the late sixties brought the diagonally braced
100 story John Hancock Building in Chicago and 110 story World Trade
Center in New York known as the Twin Tower demolished by terrorist attack
on 1th September, 2002. Using bunded tube system 110 story Sears Tower
in Chicago is now soaring high to the world record of 1450 ft high, Malaysia's
Patronus Tower is a breakthrough having ht. of 1482 ft

14.4 Agricultural land grabbed by normal bullding

construction every year.

Low rise buildings are grabbing agricultural land evry year. Art 1.3 of this bock
states that average growth rate of housing is minimum 2.44% over the
previous year. An average of 709,131 nos. houses are built every year. From
this data one can guess easily how much land is grabbed by residential
occupancy aorne. In order to have a natonal total including other
occupancies, an estimation can be arrived at as under:

Estimate of land occupied by building per year

- Av.toainoof | V‘;‘age Total
Na Type of Company bullding per i Area Remarks
ysar Acre

. bullding sa.it

| o | Resicenta 7maemes | 2000 st | 32585 | FOMh e
Q2 | Business / Commercid 3545 Nos. 3000 sft 244 | 5o0f sl no.1
Q3 | Educatoral/institutional 1772 Nos. 5000 sft 203 0.25
04. | Industrial . 709 Nos, 7500 sft 122 0.1%
05 | Storage/ Assembly 355 Nos. 3000 sft 24 | 005% *
08| Hoh hezard coouparcy 70 Nos. | 10000 sft 16 [ 001%

Appx. National Total : 33168 acre
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Thus, we see that a considerable amount of cultivable land is being éxhausted
every year. We have a population of about 140 milion people now having
highest populaton density of 834/km? according to census of 2001. The
projected density is 904/km?, So, there Is no justification to limit a building
height for utlization of space than to occupy precious cultivable land. Few
more reasons justifying high rise construction is furnished below:

14.5 Reasons Justifying high rise construction

1.

2.

Available land is limited but space is always unlimited.

Bangladesh has highest population density. Rehabilitation of such big
number of people, space must be utilized.

In case of high rise construction land cost is abruptly reduced, though
construction cost is slightly increased due to height

Space utlization helps availability of more land for play grounds and
greeneries and contribute to environmental uplift.

Because of more people living together, community development
becomes easier.

Fresh air and light is readily available.

Hong Kong is temmed as Pearl of the Crient. Singapore, New York has
adopted space with high rise building that has enhanced their prestige
in the eyes of the world,

14.6 Creation of utllities for high rise bullding:

The following agencies / departments are involved.

Sl. No. Name of Agencies Involved Nature of Involverment
1; Ward commissioner NQOC for construction
12 Municipality Clearing solid waste
3. Civil Aviation Ht. that can be alowed
4, Fire & civil defense Meet fire accidents.
*S. Wasa Water & Sewerage
6. Desa Electricity supply
7. Titas Gas Gas connection
8. D.C. Traffic Traffic congestion
S. Environment Environmental Clearance

If we analyze the above involvernents only the star marked two agencies have
environmental concem while the remaining are environment friendy. it is

necessary to create respective service faciities by concemed agencies /
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Aoy tyents or A g e tuldng comyryason may e formmed by he Greagt
S bl o  for } T e conahuchon and make aison wath al ach
R \ P B s 8 \': %

cocemad copartmenta

Ward Conmaaioner may be bewidered to hear that a 100 story bulding s
oong 10 be constuctad in his ward But, Munvoipal Corporation may taka
plannad steps for tall buidng & plan wider roads to avad traffic am

NMain problem bes with water supply and sewerage. How the size of these ireg
are cacuated? The twgest ever is only 6 ft da Ine and s cbvicusy
naufficent far a metropoitan city tke Dhaka In cow boy series, we have seen
few pecple is waking sde by side in the sewerage Ine passing under scme
Amencan cites. Amencan Socety of mechanical engineers have fixed up ca‘a
for the se of water & sewerage line which provides sufficient average for
efficent sewerage dsposal. The data is fumished here for ready reference:

Q A lavatory dscharge about 7.5 gals of liquid / min. which
equvalent to 1 ft of water and is considered as one unit Thus 7.5
gals/m=1unit

15° Pipe wil serve 7000 nos. such units
From above it is found that on the av. 37 units can be served per

sq. in

O Pipecapaciﬁ&ewim%'s!opeorﬂmmforhﬂwwghare&

12* pipe serves 4600 units
15" pipe serves 8300 units
From above it is found that on the av. 43 units can be senved per

sq in of pipe.
Water supply : Riverine Bangladesh should have no. water supply problem for
example, al big fertiizer factories provide chlorinated drinking water from river
sources. Almost al big fertiizer proects have 10000 nos. famiy
accommodation,

Planning for other utiity wil not point a big problem,

14.7 Phillosophy of EQ proof ;ieslgn:

For most practical purposes, code provisions are right tools to be followed in
designing high rise building. The phiosophy behind the code s its reliability as
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design guide. Code provision are good prescription to be relied upon for it
simplicity and applicability.

The basic foom and features of latest code provisions on EQ resistant desion
have been evolved from simplified concept of dynamic behador of the
structure as observed under actual EQ load.

Super computers have made it possible to determine analytical findings of
inducted forces in the realistic modules of the structure under the influence of
EQ

Codes also describe that column should be strong and beam should be weak
with the intension of limited vielding of the beams while columns should remain
elastic throught their seismic response.

The shape of the building also contribute well against overtuming and to the
sub-system design. A post card can not remain standing on its edge but a
fold will make it L' shaped that enables it to remain standing. A (plus) '+'
shaped frame is very firm against O.T (over tuming) caused by wind and EQ.
Overtuming and collapse are the two major phenomenon to be encountered
against these two forces.

14.8 Blg EQ records:

Country . Date Bichter
' Scale

A America:

=  Sanfrancisco Abn'l 18, 1906 83

= QOlympia, Washington April 13, 1949 71

« Cdlifomia July 21, 1852 71
B. Other Countries:

= Chie 1906 84

= Siankiang, China 191 8.4

= Japan 1933 85

= Alaska 1960 86
C. Bangladesh & fts vicinity:

= Assam, India 1918 80

*  North Assam,India ' 1950 86

» Bangladesh: Longi. 24.3,Lat 91.7 1918 76

* __Bangladesh: Longi. 286, Lat 957 1950 70
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Maximum honzontal ground acceleration causad by EQ over 8 on Richter

Scale is 0.33g and in other cases it varied from 0,18g to 0.31g

On the average, in Bangladesh for zone 1, EQ, up to Richter scale 7.0 s to be
encountered.

Seismic zones and corresponding seismic co-efficient are stated in art 1.5 of
this book. Applying seismic co-efficient, base shear value at the base of the
structure can be easily worked out.

Since the buildng is pinned to the ground fimly by virtue of its foundation
(deep pile supported mat) wind and EQ produces pure cantilever action at the
base of the buiding forming a couple of tension on the side of applied force
and compression on opposite side of the applied force.

Thus, determination of the base shear is very important which forms the basis
of structural stability. Base shear wil be encountered by shear wall which wil
continue up to entire length of the building. These two extemal forces have
separate distinctive activiies on the structure, wind nomally acts from one
drection except gust, whie EQ acts in to and fro direction causing bending
and deflection to its members.

EQ's dominant period of vibration is a fraction of second whereas a flexible
high rise building will have a period of vibration several seconds keeping it out
of phase of resonance and seismic response is kept limited.

Period of vibration in structure is dependant on damping which resists motion
due to EQ load. It lengthens the period of vibration. Where flexible friction or
damping is more, vibration is less.

For study of dynamic response of a building under EQ, models are prepared
for linear single degree of freedom (SDF) and multi-degree of freedom (MODF).
Code provisions are based on such studies.

Studes have formulated current practice in EQ design prescribing that the
structure should be able to act as follows:

1. Frequent but minor shocks should be resisted by the structure without
change within its elastic limits.

2. The structure should be able to resist moderate EQ with minor structural
and non structural damage within design limits and can be repaired.

3. Resist major catastrophic EQ without collapse.
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The above criteria are only applicable to typical ground shaking. Slicing, taulting
effect close to the buildng and many other uncertainties may cause the
buiding very bady damaged. Stil it is desired that though badly darmaged it
should remain standing and later repaired. For this, adequate strength and
ductiity be incorporated in design to prevent collapse and save life. Darage
control by mechanical means likke providing springs, rubber pads, sand
cushion under the columns increases period of vibration and is also desirable
as a second safety measure. Providing shafts at comers and core walls at the
center of the structure is a good means to keep the building remain standing
and prevent collapse.

14.9 Deslan procedure

Design criteria for low, medium or high rise building is the same for all the three
cases except that when the building rises higher two factors become
prominent

1. Higher vertical load with greater vertical mass, and

2. Greater O.T (over tuming) moment produced by two prominent extemal
forces, the wind and the EQ.

Again, higher vertical load and greater vertical mass in a R.CC building over 40
story posses three problems:

1. More mass of steel and concrete for vertical sub system members like
columns & walls becomes necessary.

2. Bigger dmensions need be provided for the members occupying usable
space.

3. Frame cost becomes high and economic stability and stiffness are lost.

As a result only 74 storied Water Tower Building in Chicago was buitt in RCC
while all other higher buildings like 110 storied Sears Tower is made in stedl. |
beams and channels which is about 20 times stiffer then concrete are easy to
cover more ht having comparably smaller weights and thereby reduces cost.

14.10 Tube In Tube system :

To overcome the problems stated above, Engr. Dr. FR. Khan's innovative
design concept of tube in a tube revolutionized the system of high rise
construction to reach up to any height

The system consists of closely spaced exterior columns tied at each fioor
level with relatively deep spandrel beams thereby creating a hollow concrete
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e hauing dogy and window openings. An mner ube 5 amilarty e soleternd
The auter ube takes the lond of extemal forcea ke the wind 8, EC e

ey ik takes intemal load of tha buking

W omid axtes the conventional WED and USD methods of desigring wera

1
folowed with the concept that outer  columna carry 5 the lcad than that

camad by the inner colunnz along with DL, LL and its saif wt and also the
extemal farces Tube in tube system is a mapr break through over the
conventanal ype of design

The system was first applied to on the desian of 43-story Dewitt Chestriut
anartment bulding in Chicago in 1963. Since then, the systern has recered
wide acceptance. It was a majer break through over conversional type design
and provide a dstinct econamic advantage for taller buldings with two parallel
wals indicates reasonably uniform shear force in formed tube type structure.

Tube in tbe system became a phase in the history of taller buidngs. He
futher developed this system to bundled tube system that enabled the
constructions of 110 story Shears Tower at Chicago. The simple proposition
that the outer tube either rectangular or tubular will take extermal load while the
nner tube will carry the intemal loads of the building.

The system is based on some computer modeling having simple
mathematcal deductions. Dr. Rahman became man of the year for
consecutive four years in America and a monument is erected in Chicago in
his name.

His prematured death (1989) is a great loss to the Engineers Society.
14.11 Deslgn steps:

it is customary to 1st make a preliminary design on rough sketches and then
make major detalls by proportoning verﬁcal_and horizontal members to satisfy
fiexura reguirements of gravity and extemal loads. One may proceed with the
foloning:

A. Load consideration:
) No reduction for DL of coumn, beam, slabs be allowed.
5 Only L may be reduced up to 40% to 60%

B. Gulde to selection of stories
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According to different stuctural system no. of story or height can be selecterd
from the following guide:

Structural System Mo, of story
Office Apartment
1. Frame up to 156 up to 20
2. Staggered beam 15 40
3. Shear wall acting with frame 40 70
4. Single framed tube . 50 60
5. Tube in tube including bunded tube 80 100

C. Design limitations of framed tube structure.

Components Min. Max.
1.  Center to center spacing of extemal columns 4 ft. 10 ft.
2. Spandrel beam depth 2 ft 4 ft
3. Spandrel beam width 10ft 36 ft
4. Lateral deflection or sway due to wind force 5ft 7 ft.
. OCepends on ht
of building

D. Structural properties to prevent overturning

The overtuming moment resisted by the two equivalent channels will produce
axial force in closely spaced coumns and shear force in the connecting
spandrel. Based on the classical beam theory, the phenomenon can be
expressed as under:

1, P ! MxCxAc
W =
Ie
2. A% =M_x.h_
S
Ie

Where, Pw = axial force due to wind
M = Overtuming moment
le = effective moment of inertia. of the tube
Vs = Spandrel shear
W‘f = Total wind shear

Q = Summation of 1st moment column areas about na.
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C = dstance of any col, from na,
h = Story ht,

Ac = X-sectional area of column.

E. Influence Curves:

Influence curves were developed by the author (F. Rahman) for rrere
accuracy. Significant structural properties affecting the tube action are :

. lc Ib
1. Bending stifness, K = — or, ==
H |

2. Shear in beams Sb":J?_LEa_lb

3. Axial Column stiffness, S ¢ =Ac E/H
Where,

lc = moment of inerta of column.

l, = moment of inertia of Sp. beam
Ac = X-area of the columns

H = ht of col.

L = effective span of Sp, beam

E = Modulus of elasticity.

These findings may be converted to ratios, ratio limitations being worked out

as _stated below.

F. Ratio limitations

Ratio Given by Umiting range
1, Stiffness ratios, S Kc 075 at roof
S = 0.50 at ground level
r Kb
2, Stiffness factor, & Sb 1010100
S ¢ 5 —
SC
3. Aspect ratio, R Flanqe frame 0510180
Web frame
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G. Column shortening

Office buidings demands column free spaces while in apartrnent biledno,
there are s0 many Intevior columns spaced closely, thereby forming a inrer
tube that greatly enhances the structural qualities of the structure anel
considerably reduces the shear deflections of the columna Gravity load may
also be shared by the inner tube. Column shortening of the external hibe can
be adjusted by the actual moment of inertia of inner shear wall to an
equivalent moment of inertia slightly larger than the actual value. The following
formula will hold good for such cases:

MxC
|

1. Col. axial force at level | = x Ac kips

2. Spand beam shear at center = _\_/i{] x H kips
3. le =1 x(1+K)
H. Deflection

Deflection: is defined as the amount of total movement induced at a point of a
member from the position before application of the load to the position after
application of the load.

Two types of deflection occurs:
1. Axial deflection due to dead load
2. Bending deflection due to Horizontal load.

Axial stiffness is drectly influenced by stress strain properties of structural
material ie. the modulus of elasticity E. So, sectional area & E wil control axial
deflection. Lower modulus means higher deflection under a given load

Deflection. is not a problem for beams, because they are extremely rigid
elements.

Shape and depth act together with materiad properties to determine the
resistance to bending deflection.

. Deflection for beam

- Common limits in the form of max. permissible deflections are often specified

in buldng codes for beams, it vares from L/240 to L/360. A generd
3

expression for A is given by, A = Deflection of the total system can

384E1
also be determined by computer modeling as A = sum of frame deflecton +
model deflection x magnification factor,
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< INNER TUBE
CSTITIRS

haag T4
TAKES INTERNAL LOAD
l.e. SELF WEIGHT OF THE BUILDITIG

— OUTER TUBE

TAKES EXTERNAL LOAD

i.e. EARTHQUAKE & WIND LOAD.

TUBE IN TUBE

J. Deflection: For wall and tube

Deflection at top of shaft which has taken entire lateral load W, is given by.

4
A=Wn BE] " Since the shaft is slender shear deflecting is neglected.
K. Lateral deflection

4 3 3
bd cdbT
1. Wall cantiever A= -\Lm——, where \y, = —(aboutz-)= —
8E1 12 12
3 3
bid -bydy
2. For tube, lb = about 1-1
12,
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Other than shear wall, rigid frame and tubes and sorme other spacial systerns
ike staggered truss arrangement, truss frame, cuter thin chaft to achieve
mega frame action may be of interest to the designer. Text book like Hand
book of concrete engineering edited by Mark Fintel may be consulted,

Finally, design of base shear, checking O.T moment, (Art 1.5 and chapter 15,
saismic provisions 318-88 of this book) proportioning of horzontal and vertical
members to satisfy induced shear & moments, insure ductility in the structure,
seismic requirements of hooks and hoops, top tie beam and frarme will result
in an EQ resistant high rise buiding.
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SEARS TOWER FLOORING PLAN IN BUNDLED TUBE FRAME
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14.12 Design example

Example 1. Design of a 80 story round tube bullding

A 50 story ROC rourd buiding with diameter of 1001 having Inner b af SO
da carres 5/6 foor ads. The outer wall 15 10" thick with winclow Opsaning s fos
aod S0% waface wea caries /8 floor loacds and resint wind foetes
Investigate 16 srength of the walls for a wind load of 5O paf use ahape factos
08 for Yes rolnd baslcng.



PLAN OF PETRONAS TOWER, KUALALAMPUR

Solution : Wind force per ft of buiding ht = 50 x 06 x 100 = 3 kip / ft O.T

wWiZ  x500°

2 2
Morment of inertia, | of outer wall 0.83 ft thick and dia 100 ft. 1 = [1r't = 1 50° x

moment at the base of the building =

= 376000 kip ft

083 =325775 fC'

cmr e e i - S——— ot T8 s e e

Property Plantation

El. pole
margin L}
N s. walk W | w side walk
' - - ¥ B
[~ T =y
Catch basin
O O O

Gas Cables Water line Storm sewer

Sanitary sewer

A ROAD CRQOSS SECTION SHOWING LOCATION OF UTILITIES
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The tensile or  compressive astress at  extrerme flkra s

 _Me _ 875000:60
' . 395776

= 50 ksi

Now. vertical self load of walls is about 100 psf of wall surface. Hence, it exerts
weight at base equals to 100 x 500 = 50k Calculate av. dead load of other
member which is assumed to be 120 psf. For a 15 sft per foot of wal
perimeter, load is

16 x 120 x 50 floors = 90k
Adding with self wt. total wt. on wall base is,
50 + 90 = 140 k/ft
Thus, max and min. stresses per foot of wall are
140 + 50 =190 k. comp. compression controls

140 - 850 = 90 k. comp.compression controls.

Considering 50% wall area is effective due to window openings, effective area

10 . A
across 10" wallis — x12 = 60 in,
2

, 190x1000 . L
Av. unit compressive stress is —— = 3166ps!. Which is higher than
60

alowable .45f'c or 1350 psi for 3000 Ib concrete.
Comment : Thickness of wall is to be increésed.

Design example 2

Design of Petranus Towers, Kualalampur, Malaysia
Structure height : 452m (1482 ft)

No. of story : 88

Designed by : Cesar Peli & Associates, USA in Associaton with KLCC
architects.

Design concept : Floor plan is based on simple Islamic geometric forms of two
intedocking squars creating the shape of eight pointed stars.

Structure : 88 story, 452m high (1482 ft). The hollow space between the two
towers is linked by the sky bridge at levels 41 and 42. An annex acting as

shaft reaches 44th floor and is supporting each tower, Circular mutti tube
action.
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Lift facllity :

Escalator;

Quick facts:

Basement

Foundation:

Concrete:

Steel used:

29 double decker lifts

6 heavy duty lifts

4 executive lifts at each tower
Time to reach top floor : 90 Sec.
Speed 3.6 vz to 6mvs

Passenger deck has capacity of 52 people.
10 at each tower

Length of sky bridge : 58.4 m

Ht. of each pinnacles : 735 m

Car park at five level basement for 5400 cars.

4.5 m raft foundation support by 104 barette piles
ranging from 60-115m in length.

In foundation 13,200 cum, weighing 32550 tonnes.
Total concrete 1,60,000 cum.

36,910 tons.

Construction pericd : March 1993 to August 1999,

Comment: This type of foundation is significantly suitable for high rise building

in Dhaka.

Design example 3.

Design of Sears Tower

No of Story:
Ht. of building:

Structure Design:

Frame

10

- 1450 ft

Bunded 9 tubes of 75 x 75 square having 3
basements structure

Link their faces to make up two exterior and two interior

diaphragms in each direction.



P p———————

Steelusage @ Only 33 b pey sft compared to tracttional riejicl frarme
system where wA. might ba 60 to 70 I per acy ft.

Calculation of column dze at base,

Plarn module by story

2x20 = 40

5x24 = 120
7x16 = 112
x50 = 450

722

722 + 9 mod. = an average of 80 mod. for each tube.

80
Av. ht = Ex1450 = 1060 say 1100 ft

Wind force @50 psf. W, = 50 x 225 =115k / ft

1400
M = 11.5x1100x —2- = 900000 kft.

. 2 :
Assuming that fiange takes — M =6000,000 kit
8 .

Flange load M + 225 = 2400 k, there are 16 columns in 225 ft
Each column camry 2400 + 16 = 1500 k / column

Vertical load : 80 stories [(2252 x 100 psf) = S000 k / floor] = 400,000 k

W total = 400, 000 + 112 = 3800 k / col r 1 ]

W flange col. = 3800 + 1500 = 5300 k

6300 Y -
Asﬂangecol:—————4—=2CD . 2 vd
20Ks [—-) |
3
2.25" al
ao"
SECTION OF THE FLANGE, Area provided=204 sq.in
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|__—— INTERIOR COLUMNS

18 STORIES | /:~

TRANSFER FLOORS
TIE EXTERICA COLUMNS
5 TOGETHER
o [ <

16 STORIES =
(j TRANSFER FLOOR
==
{re
s
[
18 STORIES[[_ 1)
f —
| = \
| |
==t
L TRANSFER FLOOR
K =)
3 [ .. W
STORIES }

—

A

é‘ UNDERGROUND

Tower Framing
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ceam

Lavanburg Community, New York City, Conhlin & Rossant « Architects.

EXPANDED TOWER PLAN
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Planning your home urban area

TOWER PLAN
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Howto build a nice home

HIGH RISE

Typical Floor Plan

N
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Plarnning your home in rural area

BED RW. | BED RM. BED RM. "BED AM,
n-e6 15-2 12-0 12-6 12-0 12-6 n-6 1%-2
e
o I [: :] I o
KIT. s — KIT. Il
DINING 7-0 7-2 7.0 7.2 piNING
soe6s5 _____| E——x 00 65

-

LIVING RM.: LIVING RM.
3-6 I7-% 13-6 17'-5

LIVING RM | LIVING RM.
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"o 7- — T T
SINING 7.0 72 o — - 6-7T T

o O

BED RM. BED RM. BED AM.
I'-4 I15.6 -0 12-2 -0 153-6

Typical floor plan of tower apartment building.
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How to build a nice home

Typical Floor Plan  Courtesy : Kelley and Gruzen
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Planning your home,urban area
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How to build a nice home
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Floor Plan
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Beautifying the home

The Colour wheel:

Red, Yellow and blue are the primary colours, mixtur of two primary colors is a secondary
colour, Mixture of primary and secondary is a tertiary colour
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TYPICAL FLOOR PLAN
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LUXURY APARTMENT
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ATEN STORIED APARTMENT PROJECT
EXECUTED UNDER AUTHORS SUPERVISION
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EXAMPLE OF MODERN HOUSES OF DHAKA
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AN APARTMENT PROJECT
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COURTESY:
LUXURY RESIDENTIAL DEVELOPMENT, KERRY PROPERTIES

HONG KONG
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THE SEAR'S TOWER
CHICAGO, USA, FLOOR: 108+3 BASEMENT, HEIGHT : 1729 FT
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WORLD'S TALLEST BUILDING: BURJ KHALIFA
RASHID BOULEVARD, DUBAI, TOTAL FLOOR 211 (2 BASEMENT), HT; 2717 FT
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Curing

Routine for curing works

[SL | Nature of | After how | For how Method of curing
work many many

No hours days

water water
should be | should be
applied. kept.

01 | Lean 18 hours 7 days Lay / wrap jute bag / mat aver
concrete at the casting and keep it soaked
base or with water.
elsewhere
1:3:6 _

02. | All sorts of 18 hours 7 days “Keep it moist by applying
masonry pumped water with pipe or
works in 1: 4, manually form top of the works
1:50r1:6 twice or thrice a day. ‘
mortar

03. [ C.C1:2:4in | 12 hours 3 days Lay / wrap jute bag / mat over
D.PC the work and keep it moist with

water.

04. | Patent stone/ | 12 hours 7 days Same as above for patent
C.C/RCC | stone casting, keep 2"

1:32: = 4iat standing water.
ground floor,

05. | C.C/RCC 12 hours 15 days Wrap with jute mat and keep it
1:2:4in. moist, where possible keep
lintel sun standing water.
shade,
beams

06. | Roof casting | 12 hours 21 days Keep 2" deep standing water
with or by making brick bundh all
without floor around the roof. The roof may
beam be sub-divided, if required

07. | All types of 18 hours | 7 days Keep it moist with sprinkling
plaster 1:3. water manually or with pump.
1:4,1:5, 1:6

08. | Lime 24 hours 15 days Keep it moist with the help of
concrete over : soaked straw and water

| roof hyacinth.
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15

Appendix

If you have two naisa.

expend on for food and the other for flower

15.2 Standards of M.S.Rod

-Porphet Muhammad (sm)

Dicmeter in
INCNES.

7y
3/g”
1/2°
5/a"
35"
7/¢*
.

Cross Sec-
tional area

0.049 in sqg
0.11""
0.196 " "
0.307""
0.442""
0.601""
0.785""

Weight per
foot.

.167 pound
376"

.669 “
1.043 "
1.502 "
2.044 "
2.670 "

Lined| teet if
| cwt

667 ft.
297"
167 "
107 "
74"
54 "
42"

15.2 Assessment of Rods for Various Spacings
Rod/Bar dia in inches. Wt in pound per sp. yd.

Centre to
Centre
Spacing
2/

3

3yz’

4

4'/7°
5l
51/,°

/s

7.23
6.02
5.15
4.51
4.01
3.61
3.28

3/g"

16.24
13.53
11.60
10.15
9.02
8.12
7.33

172"

28.86
24.04
20.61
18.03
16.03
14.42
13.12

5/8° 34

45.06 64.88
37.60 54.07
32.20 46.40
26.16 40.55
25.03 36.10
22.50 32.50
20.50 29.51
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G 301 (.76 1202 16877 2702
7" 2.68 5,80 109 16.0 2317
7' 2.41 5N 962 1502 2163
3" 2.26 507 Q02 14.09 20.31
g'.," 2.12 4.78 6849 13.25 19.06
Q" 200 4.5 802 12 61 1802
'/, 1.90 4.27 7.69 11.86 17.05
10" 1.80 4.06 7.22 11.26 16.22
1" 1.64 369 6.55 10.24 14,74

Note 18q yd = 9 sq ft. So to weight per sq ft. divide by 9.

11.3 Analysis of Rates

A few standard model analysis of rates are furnished here for determining
constituent elemeants of the rate normally followed by private and Gowt. offices.
A sound knoviedge on the subject help you to promote quality of work and
assess cost thereof. If you want to maintain quality, the contractor should be
properly paid for this and involvements should be known to you for which
analysis is only answver.

The rate of labour and material are subject to change and corrections be
made accordingly. It is customery to keep contractors profit @10% to 17% on
labour cost supplied by the owner, hence no profit on material is considered.

The analysis is kept united for civil and sanitary work. For Gas, Electricity and
other items such models can be used provided material cost and labour cost
are known to you.

11.4 Rates Considered in the Accompanying
A Labour Rate

(1) Ordinary labour Tk, 120/-

(2) Skiled labour Tk. 140/-

(3) Mason, Rod Mistry, Carpenter Tk. 250/-

(4) Plumber, Painter Tk. 250/-

1. ltemn :

Earth work in foundation trenches :

for 1000 sft

(@) %/ rd Mason @ Tk, 250/- each Tk. 166.66

(b) Skiled labour 2 Nos. @ Tk. 140/- each Tk. 28000

(c) Ordinary labour 8 Nos. @ Tk. 120/- each Tk. 960.00

(d) Laying centre lines, construction pilars Tk. 28000
Tk, 1686.6'6

(e) EOP (Establishment, over head & profit) 17% Tk. 28673
Total =Tk, 1973.49
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A3

ftom .

One layer of brick flat soling
For 100 sft. . Unit 100 sft
(@) Bricks 300 Nos.. @ 4000 per 1000. Tk. 120000
(L) Fine sand § cft @ Tk 7/- per cft. Tk. 3500
(c) Mason No. 74 @ Tk. 250 each Tk. 6250
(d) Skited labour 1 No. @ 140,00 each Tk. 14000
(e) Local carriage of bricks Tk. 1000
Sundries Tk. 2087.50
EOP 17% Tk. 35487
Total = Tk. 244237
ftem:
10" 1st class brick work in superstructure (1:6)
For 100 cft.: Unit 100 sft
(a) Bricks 1100 Nos.. @ 4000 per % Nos. Tk. 440000
(b) Sand 30 cft. @ Tk. 7/- per cft Tk. 21000
(c) Cement 4 bags @ 310/- per bag Tk. 124000
(d) Lebour cost including Mason labour for staging,
cammage, curing tools and plants etc. Ik 17500
Tk. 6025.00
Add contractor's EOP 17% Tk. 1024/50

Total = Tk. 704925

ftem:
1/, Thick (finished) silver grey situ mosalc
For 100 sft
(1:1/:3) on 1" thick artificial patent
stone flooring (1:2:4) including supply of
all materials for 100 sft
(@) Marble chips @ 32500 per bag. 2 bags Tk. 650.00
(b) White cement /> bag @ Tk. 500.00 Tk. 25000
(c) Marble dust % bag @ Tk. 15000 per bag  Tk. 37500
(d) Grey cement %/ bag @ Tk. 310.00 per bag Tik. 232.00
(e) Labour charge including palisning,

finishing. curing, including cost of pumice,

acid wax and sun-dries etc.

@ Tk. 12/- p. sft for 100 sft Tk. 120000
Machine charge etc. Tk. 1200.00
EOP 17% Tk. 3907.50

Tk. 664.27
Rate per sft = Tk. 45.71 only Total = TK. 4571.77
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White washing 3 coats. For 1000 sft. of work :

(@) Slaked store lime 156 seers
@ Tk. 8/- per seers
) Shelllime S seers @ Tk. 7/- per seer
(c) Gum 1 chatalk @ Tk, 8/- per chhata
(d) Blue 1 chattak @ Tk. 6/-
(e) Lebour:
(i) Masion 1'/2 Nos, @ 250.00 each
(i) Labour 1 No. @ Tk. 120.00 each

(f) Scaffolding and sundries.

EOP 17%

Tk. 12000

Tk. 35.00
Tk. 8.00
Tk. 6,00

Tk. 375.00
Tk. 120.00

Tk. 2000

Tk. 68400

Tk. 116.28

Total =Tk. 800.28

Lime termacing 4" thick (7:2:2) in roof slab. For 100 cft of work,

(@) Chips 100 cft (900) Nos. bricks
@ Tk. 4000 per % Nos.

(b) Lime 29.25 cft = 10 maund
@ Tk. 80.00 per maund

(c) Breaking cost of chips

(d) Sukri 34 cft @ Tk. 25/- per cft.

(e) Molasses, T & P, sundries (L.S.)

(f) Labour: Mason 1 No. @ Tk. 250 each
Skilled labour 3 Nos. @ Tk. 140 each
Ordinary labour 4 Nos. @ Tk. 120 each

EQOP 17% Except on (a)

Tk. 3600.00

Tk. 1170.00
Tk. 300.00
Tk. 850.00
Tk. 70.00
Tk. 250.00
Tk. 420.00
Tk. 480.00
Tk. 772000

Tk.131.24

Total =Tk. 785124

11.5 Units of Measures and Weights Power, Speed and

Temperature
A. Units of Measures
The units deal with here come under the heading of

1. Linear Measures.
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2. Square Measures.

3. Weights.

4. Power, -

5. Speeds.

6. Temperatures.

1. Linear measures

Foot to Metre: 1 ft = ,.3048 m.

1 mile = 1.609357 Km ‘

1 yard = 09144 m = 91.44 cm= 9144 mm

1 foot = 0.3048 m = 30.48 cm= 304.8 mm
1inch = 0.0254 m = 2.54 cm= 25.4 mm
Metre to Foot: 1 m = 3.281 ft

1k m = 0.621370 mile. '

1m =328 ft = 39.4 inch.

1cm = 0.033 ft = 0.394 inch.

1m m = 0.0394 inch.

2. Square Measures : British

1 square mile (sg. mile) = 640 acres.

1 acre = 10 square chains

1 square chain = 16 square rods.

1 square rod(sq. rod) = 30.25 square yards.

1 square yard = 9 square feet.

1 square feet = 144 sqguare inches.

Metric '

1 square kilometre (km2) = 1,000,000 square metres (m?)
1 square metre = 1000 square centimetres (cm?)
1 square centimetre = 100 square milimetres (mm?2)
3. Weight (Avoirdupois)

Metric British equivalent of

weight. Metric weight. .
1 cwt. (long) = 50.8023 kg @ 1 kg = 2.2046 1b
1 1b.= 0.4536 kg

10z =2835 gr

1 grain = 0.0648 gr

4. Power and Work Metric

1 metric horse power (H.P) = 75 Kilogram-metres/Sec.
= 75 kgs/ Sec.

1 Kilo watt (KW) = 1000 watts (W) = 102 Rgm/s.

= 1,89 H.P.

Metric Measures of Linear Distances :

1 kilometre (km) = 1000 metres (M)
1 hectometre (hm) =100 metres (m)
1 decametre (dkm) = 10 metres (M)
1 metre (m) =1 metre 4
1 decimetre (dm) = 0.1 metre (i
1 centimetre (cm) = 0.01 metre (m)
1'milimetre (mm) = 0.001 metre (m)
To Convert: : Muitioly
inches to miimetres inches by 25°
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milimetres to inches
inches to centimetres
centimetres to inches
inches to metres
feet to metres -

Metric Measures of Mass @
1 kilogram (kg)

1 hectogram (hq)

1 decagram (dkg)

1 decigram (dg)

1 centigram (cg)

1 miligram (MgQ)

To Convert
pounds to kilogram
kilograms to pounds

Metric Measures of Volume :

1 cubic metre (M3)
1 cubic metre (m3)
1 cubic metre (m3)

To Convert :

cubic yards to cubic metres (m?)
cubic feet to cubic metres (m3)
gallons to cubic metres (m?3)
quarts to cubic metres (m?3) -
ounces to cubic metres (m3)

Metric Measures of Area : |

1 square metre (mM2)

1 square metre (mMm?2)

1 square metre (M?2)
Designation of Large Areas:
1 square kilometre (km2)

1 square hectometre (hm?)

To Convert

Square inches (in?) to square milmeters (mm?)
Square inches (in?) to square centimeters (cm?2)
Square centimetres (cm?) to square inches (In2)
Square feet (ft?) to square metres (m?2)

Square yards (yd?) to square metres (m?)
Square metres (m?) to square yards (yd?)

acres to square metres (m?)

square miles (mi2) to square meters (m?)
square miles (mi.?) to square kilometres (km?2)

Appendix
milimetres by 0.0394
inches by 2.54
centimetres by 0.394
inthes by 0.0254
feet by 0.3048

= 1000 grams (9)
= 100 grams (Q)
= 10 grams (Q)

= 0.1 gram (g)

= 0.01 gram (g)
= 0.001 gram (g)

Multiply
pounds by 0.454
kilograms by 2.205

= 1000 cubic decimetres (dm3)
= 1000000 cubic centimetres (cm3)

= 1000000000 cubic milimetres (mm3)

Multiply

cubic yards by 0.765
cubic feet by 0.028
gallons by 0.0038
quarts by-0.00095
ounces by 0.000029

= 100 square decimetres (dm?2)
= 10000 square centimetres (cm?)
= 1000000 square milimetres (mm?)

= 1000000 square metres (m?)
= 10000 square metres(m?)

Multiply

in2 by 645.200

in? by 6.452

cm2. by 0.155

ft2. by 0.093

m?2 by 10.836

'm? by 1.196

acres by 4046.870
mi2 by 2589988
mi? by 2.590

14 6 Applying Procedures for House Building Loan

You are to apply for loan In prescribed form of House Building Finance
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Loan Appiication Form
Ao \amonaidy
Fzhersasoags \ae
Aooress Femanent
Vaing Acorsss
) How —a&ny 0S0SNCaSTIsS yOU "ave

y eaming member n your famiy othe

ok
=2

T

U & s L P

S A What = your monthly ncome.
1 Ao
Z Soucs
3 What s e ncome of your Guaranior
1, Amourt Soucts
7 S=tement of e Pt and Bouncary on the nous2 s proposad 1o be budt.
8 (A S=temen of the oropoessd house
(8) How for & has besn compicted
(C) How much S spent SO i
8. How much you regure.
10, Whet s sorce of exoa amount regursd
11 Is the land (at 7) s free from any incumbrance.
12. Whether zny Ioan s taken from any other source.
13. Heve you been guzranior for any body ese.
14 Have you appied previously for sucn ioan.
15. Aoy member of your famiy has taken loan from this Corporation.
18. Pefer twio persons who can give your antecedents.
17. Any other nformation you ke to gve.
1 Signature

witness

Document to be Fumished With the Application

1. Bank Receipt for appication fee Tk. 1/- per thousand on the amount of

lcan appied for to be deposited to the Sonal Bank.

D..T. approved Buiding plan

Letter gpproving the Buiding Plan

One spare copy of plan

Documentary proof of income of the applicant or his Guarantor

Orignal tite deed/lLease deed/Sales deed/Possession letter, allotment

letter,, etc.

Permission to Mortgage the land in form No. L-19

(for Cantonment area)

8. Site Plan.

9. Baya Deed (Previous tite ceed) covering 29 years.

10. Non-encumbrance Certificate for the last 12 years from the Registration
Department.

11. C.S. Khatian (Certified copy).
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Appendix

12. S.A. Khatian/R.S. Khatian(Certified copy)

13. Rent Receipt and Municipal Tax Receipt, If Munucmal holding.

14. Name Plot at construction site.

15. Certificate regarding up to date payment of the Iand (in case of Gowt.
and D.IT. Plots)

16. Hand Drawn Route‘Map to make inspection easy.

17. Phone No. of Office or Residence if any

18. No objection certificate from Ministry of works and Urban Development.

19. Mutation certificates, Rent Receipt,D.C.R. and cemhed copy of Khatian
in the name of the application.

20.In case of Multi-Storied Building details structural designs of foundation
with earth cutting lay out along with a loan bearing certificate from any
Executive Engineer or B.Sc. (Civil) Engineer with 5 years experience.

A Non encumbrance certificate to be furnished also. You are to address

the District Registrar,through the Bangladesh House Building Finance

Corporation in the following manner :

To

The District Reg:strar

Dhaka.

Through the Bangladesh House Building Finance Corporation Dhaka.

Dear Sir,

| require a Non-encumbrance Certificate in connection with my loan application

to the Bangladesh House Building Finance Corporation,Dhaka in respect of

the land described below :-

Searching fee, if any will be paid by me.

Schedule of the property.

Name of the District:

Name of the P.S.

Name of the House and B.L.No.
C.S.Khatian No.

S.A/R.S. Khatian No.

C.S. Plot No.

S.A/P.S. Plot No.

Area of the land unencumbered :
Yours faithfully,

DNOOS LN

Signature
Address

Forwarded.

Non-encumbrance certificate may please be issued to the applicant after
searching index No. | and Il and records of other officers having concurrence
jurisdiction over the property for the last twelve years.

sd/- llegible
Law officer
Bangladesh House Building
Finance Corporation, Dhaka.
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BUILDING CODE REQUIREMENTS FOR
REINFORCED CONCRETE (ACI 318-83)*

REPORTED BY ACI COMMITTEE 318

This code covers the proper design and construction of buildings of reinforced con-
crete. It is written in such form that it may be adopted by reference in a general building
code, and earlier editions have been widely used in this manner.

Among the subjects covered are: permits and drawings; inspection; specifications;
materials; concrete quality; mixing and placing; formwork, embedded pipes, and con-
struction joints; reinforcement details; analysis and design; strength and serviceability;
flexural and axial loads; shear and torsion; development of reinforcement; stab sys-
tems; walls; footings; precast concl‘etg; prestressed concrete; shells and folded plate
members; strength evaluation of existing structures; special provisions for seismic de-
sign in Appendix A, and an alternate design method in Appendix B.

The quality and testing of materials used in the construction are covered by refer-
ence to the appropriate ASTM standard specifications. Welding of reinforcement is cov-
ered by reference to the appropriate AWS standard.
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BUILDING CODE REQUIREMENTS

318-9

PART 2 - STANDARDS FOR TESTS AND MATERIALS

CHAPTER 3 - MATERIALS
3.0 — Notation

d, = nominal diameter of bar, in.
f, = specified yield strength of nonprestressed re-
inforcement, psi

3.1 - Tests of materials

3.1.1 - Building Official shall have the right to order
testing of any materials used in concrete construction
1o determine if materials are of quality specified.

3.1.2 - Tests of materials and of concrete shall be made
in accordance with standards of the American Society
for Testing and Materials, listed in Section 3.8.1.

3.1.3 - A complete record of tests of materials and of
concrete shall be available for inspection during prog-
ress ol work and for 2 years atter completion of the
project, and shall te preserved by inspecting engi-
neer or architect {or that purpose.

3.2 - Cements

3.2.1 - Cement shall conform to one of the following
specifications for portland cement:

(2) “Specification for Portland Cement” (ASTM
C 150).

(b) “Specification for Blended Hydraulic Cements™
(ASTM C 595), excluding Types S and SA which
are not intended as principal cementing constitu-
en!s of structural concrete.

3.2.2 - Cement used in the work shall correspond to
that on which selection of concrete proportions wa
based. See Section 4.2, :

3.3 - Aggregates

3.3.1 - Concrele aggregates shall conform to one ot
the lollowing specifications:

(a) “Specification lor Coricrete Aggregates™ (ASTM
C 33).

(b) “Specification for Lightweight Aggregates for
Structusal Concrete™ (ASTM 'C 330).

3.3.2-Ageregates failing to meet the specilications
fisted in Sectign 3.3.1, but which have been shown
by special tesl or actual service o produce concrete
of adequate strength and duradility may be used where
authonzed by the Building Cfficial.
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3.3.3 - Nominal maximum size ol coarse aggregate
shall be nol larger than:

(a) 1/5 the narrowes! dimension between sides of
forms, ner

(b) 1/3 the depth of slabs, nor

(c) 3/4 the minimum clear spacing between indi-
vidual reinforcing bars or wires, bundles of bars, or
prestressing tendons or ducts.

These limitations may be waived if, in the judgment
of the Engineer, workability and methods of consoli-
dation are such that concrete can be placed without
honeycomb or voids.

3.4 — Water

3.4.1 — Water used in mixing concrete shall be clean
and free trom injurious amounts of ails, acids, alkalis,
salts, organic materials, or other substances that may
be deleterious 10 concrele or reinforcement.

3.4.2 - Mixing water for prestressed concrete or for
concrete that will contain aluminum embedments, in-
cluding that portion of mixing waler contributed in the
form of free moisture on aggregates, shall not contain
deleterious amounts of chloride ion, See Section 4.5.4.

3.4.3 - Nonpotable water shall not be used in con-
crete unless the following are satisfied:

3.4.3.1 — Selection of concrete proportions shall be
based on concrete mixes using water from the same
source.

3.4.3.2 - Mortar test cubes made with nonpotable
mixing water shall have 7-day and 28-day strengths
equal to at least 90 percent of strengths of similar
specimens made with potable water. Sirangth test
comparison shall be made on moriars, i¢zntical ex-
cept for the mixing water, prepared and tasiad in ac-
cordance with “Test Mzthod for Compressive Si=ngin
of Hydraulic Camant Monrtars (Using 2-inch or 50-mm
Cube Specimans)” (ASTM C 109).

3.5 - Metal reinforcement

3.5.1 - Rainlorcement shall be delormad reinforce-
ment, except that plain reinforcement may be used
for spirals or tandons; and reinforcement consisting cf
structurs) steel, steel pipe, or steel tubing may be used
2s specified in this tede. )
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3.5.2 - Reinforcing bars 10 ba welded shall be indi-
caled on the drawings and welding procedure to be
used shall be specified. ASTM reinforcing bar speci-
fications, except for ASTM A 706, shall be supple-
mented 0 require a report of material propenties nec-
essary o conform to welding procedures specified in
“Structural Welding Code — Reinlorcing Steel” (AWS
D1.4) of the American Welding Society.

a.5.3- Deformed relnforcement

3.5.3.1 - Deformed reinforcing bars shall conlorm
to one of the following® specifications:

(a) “Spedification for Deformed and Plain Billet-Steel
Bars for Concrete Reinforcement” including Sup-
plementary Requirements S1 (ASTM A 615 includ-
ing S1).

(b) ~Specification for Rail-Steel Deformed and Plain
Bars for Concrete Reinforcement” (ASTM A 616);
except that 2ll bars shall be bend tested and shall
meel the bend test requirements for axle steel rein-
forcing bars, ASTM A 617, Grade 60; and the bar
markings rolled into the surface of the bars shall
include the letter “R" to designate rail steel meeting
lhese requirements. i

(c) ~Spedification for Axle-Steel Deformed and Plain
Bars for Concrete Reinforcement” (ASTM A 617).

(d) “Specification for' Low-Alloy Steel Deformed Bars
for Concrele Reinforcement™ (ASTM A 706).

3.5.3.2 - Deformed reinforcing bars with a specified
yield strength f, exceeding 60,000 psi may be used,
provided f, shall be the stress corresponding 1o a strain
of 0.35 percent and the bars otherwise conform to one
of the ASTM specifications listed in Section 3.5.3.1.
See Section 9.4,

3.5.3.3 — Bar mats for concrete reinforcement shall
conform to “Specification for Fabricated Deformed Steel
Bar Mats for Concreiz Reinforcement” (ASTM A 184),
Reiniorcing bars used in bar mats shall conform to
one cf the specificatons listed in Section 3.5.3.1.

3.5.3.4 - Deformed wire for concrete reinforcemant
shzll eaniorm 10 "Spacificztion for Deformed Sleel Wire
fc: Concrete Reinforcement” (ASTM A 496), except
tnzt virz shall not be smaller than size D4 and lor
wirz win 2 speciiad yield sirength f, exceeding 60,000
psi, f, shail b3 the stress corresponcing 1o a strain of
0.25 percent.

3.5.3.5-'Walded smooth wire fabric for concrat2
treinforceamant shall conform to “Spacification for
Weidad Siz2l Wire Fabric for Concrete Reinforce-
ment” (ASTM A 185), except that for wire with a
speciied yieild sirangth f, exceeding 60,000 psi, f, shall
be the stress corresponding to a strain of 0.35 per-
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cent. Welded Inlersections shall not ba spaced farther
apart than 12 in. in direction of calculaled siress, ex-
cept for wire labric used as slirrups in accordance with
Section 12.13.2.

3.5.3.6 -~ Welded deformed wire fabric for concrate
reinforcement shall conlorm to “Specificalion for
Welded Deformed Steel Wire Fabric for Concrele Re-
inforcement”™ (ASTM A 497), except that for wire with
a specified yield strength f, exceeding 60,000 pst, /,
shall be the stress corresponding to a strain of 0.35
percent. Welded intersections shall not be spaced lar-
ther apart than 16 in. in direction of calculated stress,
except for wire fabric used as stirrups in accordance
with Section 12.13.2

3.5.3.7 — Reinforcing bars may be galvanized or
epoxy coaled in accordance with “Specifiction for Zinc-
Coated (Galvanized) Steel Bars for Concrete Rein-

" forcement” (ASTM A 767) or “Specificalion for Epoxy-

Coated Reinforcing Steel Bars" (ASTM A 775). Zinc
or epoxy-coated reinforcing bars shall conform to one
of the specifications listed in Section 3.5.3.1.

:3.5.4 ~ Plain reinforcement

A}

" 35.4.1-Plain bars for spiral reinforcement shall
conform to the specification listed in Section 3.5.3.1(a),
(b), or (c).

3.5.4.2 — Smooath wire for spiral reinforcement shall
conform to “Specification for Cold-Drawn Steel Wire
for Concrete Reinforcement™ (ASTM A 82), excepl that
for wire with a specified yield strength f, exceeding
60,000 psi, f, shall be the stress corresponding 1o a
strain of 0.35 percent.

3.5.5 — Prestressing tendons

3.5.5.1 — Tendons lor prestressed reinforcement shall
cenform to on2 of the following speciiications:

(a) Wir2 conforming to “Specification for Unccalaed
Sirass-Seaiieved Stesl Wire for Prestressed Con-
cra13” {ASTM A 421),

(b) Low-ralaxation wire conforming to “Specifica-
tion for Uncoatad Siress-Relieved Stzel Wira far
Prestrassad Conoral2” including Sueoiemant “Laow-
Salaxztion Wira" (ASTM A 421).

() Strznd ccaforming to “Soacificziien for Un-
ccaizd Savar-Wire Stass-Ralievad Siz2l Swand fer
Prestrassad Concrate (ASTM A 415).

(¢) Low-ralaxation swwand coniorming to “Specifi-
cation for Uncoated Sevan-Wira Strass-Relieved
Steal Strand for Prestressad Concrate” including
Supplament “Low-Aelaxation Strands™ (ASTM
A d415),
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3561 - Suchura stedd usad with reatorcing dars
1 2OMO0SAL COHTOVESSN Mamders meeting require-
ments of Sochon 1147 o 1148 hal conform to
one o the foliowing soeaicatons:

= ~ScecEtzion by Srucural Sweel” (ASTM A 35).

&) ~Speciication for Migh-Strength Low-Alloy
Svruchral Steal” (ASTM A 242).

() “Specifhication lor High-Strength Low-Alloy
Stucnrs! Manganese Vanadium Steel™ (ASTM
ALds)

{d) ~Spechcation for High-Strength Low-Alloy Co-
wmbiun-Vanadium Steels of Structural Quality”
(ASTM A572).

{e) ~Spedification for High-Strength Low-Alloy
Stucturzl Steel with 50,000 psi Minimum Yield Point
19 4 in Thick™ (ASTM A 538).

3.5.6.2 - Steel pipe or tubing lor composite
compression members composed of a stesl encased
concrete core mesting requirements of Section 10.14.6
snal conlorm 1o one of the lollowing specifications:

(2) Grade B of "Specification for Pipe, Steel, Black
and Hot-Dipped, Zinc-Coaled Welded and Seam-
sess” (ASTM A 53).

(o) ~Specification for Cold-Formed Waiced and
Sezmiess Carbon Steel Structural Tuding in Rounds
and Shapss™ [ASTM A 500).

(2) ~Specification for Hot-Formed Weld2d and

Seamiess Carbon Steel Struciural Tubing” (ASTM
A50),

3.6 - Admixtures

3.6.1 - Admixtures to be used In concrete shall be
sutject lo prior 2pproval by the Engineer,

3,6.2 -~ An admixture shall be shown capabie of main.

teining essantially tha same compesition apd perfor-
mance throughout the work as the product used In
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A6 -Calcum chonde of admianures 10famsg
chionde Fom other than impunhas o dETIR ».
gredents shal not be used n presvessed Tontey
N concrele containing embedded AT U e
concrete cast aganst stay-n-place GaNaTiIed ey
lorms See Sectons 4531 and 454

3.6.4 —Air-entraining admixtures shad saafar=
“Speafication tor Air-Entraiming Admatures o o
crate” (ASTM C 280).

3.6.5-Waterreducing admuxtures, 1e12737§ &
tures. accelerating admixtures, water-reculng ang
retarcing admtures, and water-recucng and acte-
erating admixtures shall conform to “Spacfeaten &
Chemical Admixtures for Concrete™ (ASTM C 480

3.6.6-Fly ash or cother pozzolans ysed 25 3
tures shall conform to “Specification for Fly Ash ¢
Raw or Calcined Natural Pozzolan for Use as a M
eral Admixture in Portiand Cemant Concreie” (ASTM
Co18).

3.7 - Storage of materials

3.7.1 -Cement and aggregates shall be stored 1 swd
manner as 10 pravent delenioration of intrusion ot k-
eign matter.

3.7.2- Any matenal that has dsteriorated oF has been
contaminated shall not be used for concrate.

3.8 — Standards cited in this code

3.8.1 - Slandards of the American Society for Tesdrg
and Materials referred to in this cod2 are histed delow
with their serial designations, including y2at ot ade
tion or revision, and are declared 1o D2 dart of WS
code as il fully set {orth herain:

AJ6-81a Standard Spesificaton far Stuziural Steal
A33-82 Standard Spacifizziian for P22, St
) Black and Hot-Digoed, Zine-Coated

Welded and Saamies

AB2-79 Standard Spacificatzn tor Coid-0rawn
Stael Wire for Concrata Asintarcamant

A184.79 Standard Spasifization tor Fadacaisd
Deformed Stasl Sac Mats for Conzratd
Reinlorcemant

A18579 - Standard Spacification for Weided Stsel
Wire Fabric lor Cancrate Reinforcamant

A242-81 Standard Spacification for High-Strongth

Low-Alloy Structural Steel
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A416-00

A421-80

Add1-81

A496-78

A497-79

A500-82a

A501-81

A572-82

A5B8-82

Slandard Specilication lor Uncoalad
Seven-Wire Strass Reliaved Gleol Sirand
for Prestressed Concrete

Standard Specification lor Uncoaled
Siress-Relleved Steel Wire lor Pre-
siressed Concrele

Standard Specificalion lor High-Strength
Low-Alloy Structural Manganese Vana-
dium Steel.

Standard Specification lor Delormed
Steel Wire lor Concrete Reinlorcement

Stancard Specification lor Welded De-
formed Steel Wire Fabric for Concrete
Reinlorcement

Standard Specification for Cold-Formed
Welded and Seamless Carbon Steel
Structural Tubing in Rounds and Shapes

Standard Specification for Hol-Formed
Welded and Seamless Carbon Steel
Structural Tubing

Standard Specification for High-Strength
Low-Alloy Columbium-Vanadium Steels
of Structural Quality

Standard Specification for High-Strength
Low-Alloy Structural Sleel with 50 ksi
(345 MPa) Minimum Yield Point to 4 in.
(100 mm) Thick

AB615-82(S1) Standard Specification for Deformed and

AS16-82a

AT08-E22

AT22-75
(1831)

A787-79

Plain Billet-Steel Bars for Concrete Re-
inforcement including Supplementary
Requirements (S1)

Standard Specilication for Rail-Stee|
Deformed and Plain Bars for Concreiz
Reinforcement

Standard Sp=cification for Axle-Sizzl
Deformed and Plain Bars for Concret=
Reinforcemant

Standard Spaciiication ior Low-Alloy Steel

Deiormed 3ars for Concretz Reinforce.

ment

tandard Spzcllicatlion far Uncoaled
High-Strangth Steel Bar for Prestrassing
Concrats

Standard Specificalion for Zinc-Cozlad
(Galvanized) Steel Bars for Concrate
Reainlorcement

AT75-81

C31-89
(1900)

Ca33.82

Ca9-81

Ca2-77

C94-81

C109-80

C144-81
C150-81
C172-82

C192-81

C260-77
C330-80
C424-81

C496-71
(1572)

C567-80

C€595-82
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Standard Specification lor Epnry Coaled
Reinforcing Gleel Bary

Standard Method of Making and Curing
Concrefe Tesl Specimens in (he Fie'd

Slandard Specification lor Concreta Ag-
gregales

Standard Tesl Melhod lar Compressra
Strenglh of Cylindrical Concrete Speci-
mens

Standard Method of Obtaining and Test-
ing Drilled Cores and Sawed Beams ol
Concrele

Standard Specification for Ready-Mix2d
Concrete

Standard Test Method for Compressive
Strength of Hydraulic Cement Monars
(Using 2-inch or 50-mm Cube Speci-
mens)

Standard Specification for Aggregate lor
Masonry Mortar

Standard Specification for Portland Ce-
ment

Standard Melhod of Sampling Freshly
Mixed Concrele

Standard Method of Making and Curing
Concrete Test Specimens in the Labo-
ratory

Standard Specification for Air-Entraining
Admixiures for Concrele

Standard Specification for Lightweight
Acgregates for Structural Concrete

Standard Specification for Chemical Ad-
mixtures for Concrete

Slandard Test Mathod for Spliting Ten-

sila Strenglh ol Cylindrical Concrete
Specimens

Standard Test Mathod lor Unit Weight ol
Structural Lightweight Concrets

Standard Specification for Blendad Hy-
draulic Cements
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PART 3~ CONSTRUCTION REQUIREMENTS

CHAPTER 4 - CONCRETE QUALITY

4.0 - Nawstion

fo = eThed compressive strength of concrete,

f. = 3v23ge sOMhing lensie strength of light-
«2CN aggregare congrete, psi

fe = T20ureC averaze compressive strength of
SOATE2 csed 2s n2 bass for salecuon of

-~

D2 progucag 1o menemize

720s o2low [ =s precnioed 0 Sec-

2 = » Shz21 e bassC on tasls
T° SyTosTs w202 and 1eslag 35 prasoroed in Seclion
.32

e

nan 25 cays, 1est acs lor £
in c25ign C2wWngs OF spec-

2.1 £-Wrs2 coson oritenia in Sections 9.5.23, 1.2
=< 12233 provids for use of 2 SPANg lensiz
sr=gh valke of concrete, lborayvy T - shel be
T2 M acoorgance with ~~  L.czion lor Lichi-
®eTY Azsrecziss b Struchea Concrete” (ASTM
C 232 > ex=8ish vawe of f, corresoonciag 10 sper-

—=E- ¥ N {8

213 -Soarg s syengn o5 snell 1Ot 03 usss
22 2 2238 Wr L2 aftssiznce o comgraie.

+.2 - 3zlection of concrele propsnions

229 - Fr2oyusss ¢ m2end’s foe conorss Shalee
12} WIrazluty £ sonEsiangg 8 Cpomd TonTEl
T 22 wIasg 229y oo o eng prsand

I2EETE 0y conoons of Sasamert T 22 €5
DIyl weRt £37UELEIO0 O SXIinve DEINNC

{2) Coriprmance win syancih 1281 12507 2m 2508 of
Szzon a7
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4.2.2 - Where differen! malerials are lo be us=2 o
diferent poruons of proposed work, each comomnats .
shali be evalualed.

4.2.3 - Concrete proportiens, including water-cam =~
rabo, shali be esiabishad on the pasis of fieid =
panence and/or tnal mixtures with matenals o b=
amployed (Secton &.3), except as permilied »n S2t-
ton 4 & or reguired by Section 4.5,

4.3 - Proportioning on the basis of fisld
experience and/or trial mixtures

4.3.1 - Slandard deviatlion

4.3.1.1 - Whare 3 concrete produchon faoility has
t2st records, a siandard dewiaton shali b2 estan-
kshad Tes! records from wh'zh 2 siandarg dewnzian

—_—
1§ caloulates:

(2) Shali reprasent materials, gquahly control pro-
cedures. and conditons similar 10 those expaziad
2nd changss in materia's and proporions within tne
test recorgs shal not have been more resinctag man

those for groposad work.

(2) Shal represant concrele procduced 10 maat 2
sp=cified strength or suengths £ within 10060 ps: of
that specified for procosed work

{c) Shal consist of at least 30 conszculive tasts o
two groups of consacutive lests lotahng at least 33
i2sts as defin=d in Section 4.7.1.4, except as pro
vided in Section 4.3.1.2

4.3.1.2 - Wnere z concrale produchon lachty go=
£t Bzve test records mesting r2cuirements ¢
30 2.2.5.1, Sut oges have a record Bassc on 13
22 omsacutive tests, 2 siancard €2walion may b2
t==hgnzz 25 the product of the celculaizg sianc
Gawvizten and modification lactor of Tazie 2312 7

!

w

—

A

L
2

Ot

TABLE 4.3.1.2- MODIFICATION FACTOR FOR
STANDASD DEVIATION WHEN LESS THAN 32
TESTS ARE AVAILASLE

I Mazazzia- zom o
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be acceplable, lesl record musl meel requirements
(a) and (b) of Secton 4 3 1\, and represent only A
single record of panseculive tests thal span a penod
of not less than 45 calendar days

4.1.2 - Required average strength

4.3.2.1 - Required average compressive strenglh
f.. used as the basis lor selection ol concrete pro
portions shall be the larger ol Eq. (4:1) or (4-2) using
a standard dewiation calculated in accordance wilh
Section 4.3.1.1 or Section 4.3.1.2.

(=1, +1.34s (4-1)
or
= f, + 2.335 - 500 (4-2)

4.3.2.2-When a concrete production lacility does
nol have field sirength test records for calculation of
standard devialion meeling requirements of Seclion
4.3.1.1 or Section 4.3.1.2, required average strength
f., shall be determined from Table 4.3.2.2 and doc-
umentation of average strength shall be in accord-
ance with requirements of Section 4.3.3.

TABLE 4.3.2.2 - REQUIRED AVERAGE
COMPRESSIVE STRENGTH WHEN DATA ARE
NOT AVAILABLE TO ESTABLISH A STANDARD

DEVIATION
Specified compressive Required average
strength, compressive sirenglih,
I, psi .. psi
Less than 3000 psi f. + 1000
3000 to 5000 t f, = 1200
Over 5000 f, + 1400

4.3.3 - Documentation of average strength

Documentation that proposed concrete proportians will
procduce an average compressive strength equal to or
greater than required average compressive strength
(S=zcticn £.3.2) may consist of a field sirenath tes!
r22org, s2varszi strangin tasl records, ¢r trial mixtures.

6.2.2,1 = Wha=i tast records are uvsad lo demon-
sirzi2 that orooos2d congrete proportions will produce

the reguirsa averzge strenglh' 75, (Secion 4.3.2), such

recor3s s5e!l r2oresznt materials and canditions sim-
ii2f 1o inos2 exoestsd. Changas in materials, congl
ticrs, 202 propanions within the t2st recorcs shell not
nzss besn mora resirictsd than thos2 for propesad
wor, or tne purpese of documenting avarza2 strencth
poiential, test recorgs consisting of less than 30 but
not less than 10 consscutive tests may be used pro:
vidad lest records encompass a period-of time not
less than 45 days. Required concrata propartions may
bs established by Intzrpolztion bstwsen the strengths
and prepontions of two or mote test records each of
which maets other requirements of this section,

Appoancix
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4.3.1.2 - When an accaptable record ol Neld (et
results I9 not available, concrela proparions may be
eslablished based on trial midiuras meeling the lal
lowing restrictions

(n) Combination al materials shall ba thasa lor pro
posed work,

(b) Trial mixiures having proportions and consisi-
encies raquired lor proposed work shall be mada
using al least thteo dilferent watar-cement ratias or
cemenl! contents thal will produce a range ol
strengths encompassing lhe required average
strength /...

(c) Trial wnixtures shall be designed to produce a
slump within =0.75 in. ol maximum permitied, cnd
lor air-entrained concrete, within =0.5 parcen! of
maximum allowable air content.

(d) For each water-cement ralio or cement content,
at least three test cylinders for each test age shall
be made and cured in accordance with “Method of
Making and Curing Concrete Test Specimens in the
Laboratory" (ASTM C 192). Cylinders shall be lested
at 28 days or at lest age designated for determi-
nation of f..

(e) From resulls of cylinder tests a curve shall te
plotted showing relationship between water-cement
ratio or cement content and compressive strength
al designated tes! age.

(1) Maximum water-cement’ ratio or minimum ce-
ment content for concrele 10 be used in proposed
work shall be that shown by the curve to produce
the average. strength required by Section 4.3.2. un-
less a lower water-cement ratio or higher strength
is required by Section 4.5.

4.4 — Proportioning by water-cement
ratio

4.4.1 - I data required by Section 4.3 are not avail-
able, permission may be granled to base concrele
prepomuans on watar-cement ralio limits in Table 4.4.

TABLE 4.4 - MAXIMUM PERMISSIBLE WATER-
CEMENT RATIOS FOR CONCRETE WHEN
STRENGTH DATA FROM FIELD EXPERIENCE
OR TAIAL MIXTURES ARE NOT AVAILABLE

Szeciiaz Adsalule water-cemaent rauo by weigni
cCOMmorsssive

strengn, Non-air-entrained Air-antraineg
P11 concrete concrate
2500 0.67 €54
JC00 0.58 0.46
3500 0.51 0
L2 0.44 0133
4500 038 t
5000 t t

'th e, WAl MOR matanalt. wate Cameni MY ShOWN Wl provas venag e
WONGTA grealet thay) naaied ;m Secnon 4.1 7 a3 Dewng requued, |

1Po ssengind soove 4500 pu (ron s -env ned concrele) and 000
fonCwgl, TTUE progor had ba oy of S-nea” ':?M
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44.2-Table 4.4 shall be usea only for concrete 1o
be made with cements meeling strength requirements
tor Types |, 1A, 1L NA, T, A, or V of "Specification
for Portland Cement™ (ASTM C 150), or Types IS, 15-
A IS(MS), IS-A(MS), I{SM), {SM)-A, 1P, IP-A, I(PM),
{PM)-A, IP[MS), IP-A(MS), or P ol "Specilication for
Blonded Hydraulic Cements” (ASTM L 595), and shall
not be applied 10 concrete containing lightweight ag-
gregates or admixtures other than those for entraining
air.

4.4.3 - Concrete proportioned by water-cement ralio
limits prescrived in Table 4.4 shall also conform to
special exposure requiements ol Section 4.5 and 1o
compressive strength test criteria of Section 4.7.

4.5 - Special exposure requirements

4.5.1-Normal weighl and lightweight concrete ex-
posed 1o treezing and thawing or deicer chemicals shal!
be air entrained with* air conlent indicated in Table
4.5.1. Tolerance on air content as delivered shall be
=1.5 percent. For specified compressive strength Ie

greater than 5000 psi, air content indicated in Table
4.5.1 may be reduced 1 percent.

TABLE 4.5.1 -TOTAL AIR CONTENT FOR
FROST-RESISTANT CONCRETE

Air conlent, percen
Nominal maximum P J
aggregate Severe Moderate
sze, .’ exposure exposure
33 7-1/2 6
172 7 5-1/2
kY7 6 ]
1 6 . 42
1172 5172 4 1/2
Faf 5
1 41/2 J 112

“Sos ASTH C 23 lor 1owrircwt 04 Dvariae b vanout nomenal MAumum sue deg
L

1Thets a7 comams Mooly 10 XAl M. &3 Y Ihe preceding ag7(egala sitey. Wh-nhnv\g
Ve WrOwes. however, Agpegsie lamer han 14172 n, S removed by

Srveg dad a8 conienl @ deremrened on e Mo §41/2 . lracion ol ma, ﬂoluuu
2 ad @t B Owwwrd 1p0es 10 Pes vahe) As conleni o ol mu U compuied
rum wsis Gulerened on P Muma 1412 . Wacuon,
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TABLE 4.5.2- REQUIREMENTS FOR SPECIAL
EXPOSURE COMNDITIONS

Mazimum
walar-cement | Minimum ;.
ralio, narmal lig: 1r~-'qm
weight aggre- agqregale
Exposure condition gats concrete coneraty
Concrete intended (0 be
walertight:
(a) Concrelo exposed lo lresh
0.50 750
(d) COn:ruo exposed lo
brackish waler of seawaler 0.45 4250
Concrete exposed !0 Ireezing
and thawing in 3 mois|
condition:
(a) Curbs, gutters, guardrails
or thin seclions 0.45 4250
b) Other elements 0.50 3750
c) In pvesence of deicing
chemicals 0.45 4250
For corrasion prolection lor
reinlorced concrele expesed (0
+deicing salts, brackish water,
seawaler or spray frum these
sources 0.40° 4750°

“II maumUm CONCrete cover required Dy Secton 1.7 is increased by 0.5 m. watercameny
rabo may be NCTeased 10 0,45 lor nommal wegnt conaete, ur,rmmmtm.wu
bghtweght concrels.

4.5.2 - Concrete that is intended io be watertight or
concrete that will be subject to freezing and thawing
in a moist condition shall conform to requirements of
Table 4.5.2.

4.5.3-Concrete 1o be exposed to sulfate-containing
solutions shall conform to requirements of Table 4.5.3
or be made with a cement that provides sulfale re-
sistance and used in concrete with maximum water-
cement ratio or minimum compressive strength from
Table 4.5.3.

4.5.3.1 - Calcium chloride as an admixture shall not
be used in concrele to be exposed lo severe or very
severe sulfate-containing solutions, as defined in Ta-
ble 4.5.3.

TABLE 4.5.3~ REQUIREMENTS FOR CONCRETE EXPOSED TO SULFATE-CONTAINING SOLUT{ONS

Normal weizot Lichtweight
Waler soluble agqre.l_:zlz.s lgg!fgala
sutfals (50,) concrate canzsiete
W sol, Sultate (SO,) Maximum Minimum
Suttate pescent in water, Cament water-cement camaressive suangth,
e by wolght pem ot ralio, by werz"t" «osit
Negigitle 0.00-0.10 | 0-1% s = | -
Mogeratet 0.10-0.20 ' 150=1500 0.50 P
I, IP(M3), IS(MS)
Severe 0.20-2.00 | 150¢=10.000 v | 0.43 | 230
Very Ovar 2.00 [ Ove:,10.000 V pivs 0.43 1250
sevare pozzelang

'A e wuwrsomet 30 & et S May Be MQUINC 1Y WEITTWWE O X7 roteciion 8 AT Camoeon of smoedaed fama O freedng and Tumeng (Tadse 4.5.2)

1Se0ompr,

1Pencian hat hag beeh Cetaamned by I Of Jonnca fecDrd D VRONIVE EFLD MLEArGE when Used In concrel @mManing Tyze V comant
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LS54 - For coosor profecion, marrss water goi-
Sore Chiorde O CoreemTr IO v Pardened corvrets
# 27 age of 2% Caps cortrfed oM e rogredents
rOUSng Wi, 2QUeRIe Cemertios materas xd
ad—wrises hal ror exceed Wvis OF Table 4 5 4

TABLE 4.5 4 - MAXIWUW CHLORIDE IOM
CONTENT FOR CORROSION PROTECTION

Troe o ~e=Twr et o ce—eeT
Ferreuel rora 2%
CermoTc CoCTR TIDTINI © {

Tl T seece g.15
Srioeet corewe T3 wil by oy |

> goeTet ¥ ~oTwre

pe-ree 100
Ore reriorzes Zrovs

= - - ! 8230

£55 = When rerforoed conoretz wA b2 zyposes o
cecr; S2US, Draciash waler, sezwzier, or spray from
tess sorces, reourements of Tatiz 452 lor wzte-
czmert 1250 o corerels siengT 200 MiTETIAT o
cete cover requrements of Secfion 7.7 5721 bDe s=i-
el

4.5 — Averzge strength reduction

A5 cZz Decome zvzizOe Ong Corstrucion, ot
by which vaiue of [, must excied specfied viiue of
[, m2y b= reduce?, prosfded:

(2] 30 o more lest resfis zre zvzizlie z2nC zv-
erzgz of o3l resuf's exczeds izt reguired by Sec-
fen 4321, vseg 2 stancerd cevzion caotzied
1 zccordance wit Secion 421, of

2] 15 %0 25 tes! reslis zre zvaizlie and average
of les! resufls excezeds 2! recuired Ly Secton
4321 vsirg z stzncard deviztion czicdzted in 2¢-
coriznce with Section 4312, 2nd

{c) speczi exposure requrements of Secion 45
zre mel

4.7 - Evaluation and acceptance of
concrete

4.7.0 - Freguency of testing

£.7.1.1-Samples for grengh t2sls & 22on cass
¢ concreie placed each cay shal be 12«2n ot less
F2n once 2 {7y, nor less then once for each 130 o
= of concrete, ror less than once for e2ch 5000 53
£ of suriace area lor 2253 or wals.

£.7.12~0n a given project, # total volume of con-
C2ie is such thal frequency of lesting required by
Secion 4.7.1.1 would provide less than five strength
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i3 or 2 ger C233 o reree tevs Pl Te s
Yorm 31 w3l Ve randirThy teesteq banteg o o
each batch f lower T30 Bvs Lavcteg e mes

L7113 -Vher vty Quart™y o 3 g T o
corcrete B sy Tan 50 Oyl sverg™ ters Pav Te
warved by Pe Buldrg OF s ¥ r Y szemet T
Seree of szisiatiory SYenGT N DDeLsT

LT7V4-}Lsvergr 2y 52l e Te T o' T2
srzngths of two Cfincers made YO Te uve
pe of conoele 20 teved 2 22 TES U X 2 e
Sezgnzted for Cetermimzlion o I

4.7.2 - Laboralory-cured specimens

4872 1-Szmpes for r2rgT 1257 53l T e
r zoorserce wn Weton of Seroirg Fratty Yz
Corcrete™ (ASTM C 1723

4722 -Cfirces for srercT ‘2ot =zl te TEZE2
2rg lZoorztoryored ' zooorizocs e MeteZ2
Mzirg zrd Currg Corerziz Text Sgecmens 0 P2
Felc” (ASTM C31) zrC 'z2'=f v zcoorizrce e
Test Metes Yor Compressive Streg™ of Cyincres
Corerztz Specmens™ [25TW 232

4723 -Svengn erZ o 20 Torouz Tzss O
concrete shzll be corscersd s2isfaCory Y oonof =
LGlowrg recurements zog et

(B} No indmdiuz! sirangh jest (zve2ge & twe oy
- =
ncers) Izls beiow [, by mere T2n S0 s

4724 -¥ ztner of the recuremen's o7 Ssecion
4723 are not met, sieps szl be taeen 10 mzas
the averzge of subszguent strength les! resut
srements of Secior 474 srzl ne omesies fors
Cuirsmest of Secuon 4.72303) s ¢t —2

-

£.7.3 - Fieid-curzd specimens

.4.73.1 -The Bulding Cficz’ mzy requers o377
t=ste of ofincers oured uncer f=d corcoors o
aceguacy of cunng and protecion of corosiE
sSucurs

4.73.2 - Fisld-cured oyfing=s sh2l o= curss ooz
Seld conditons in accordance witn Saoocn T4 F
"Method of M2'erg and Curing Concrsi2 Test Spez-
imens in tnhe Fieid™ (ASTM C 31).

4.7 - Fieldcured lest cyfincers sn2d be mocaa

at the same ime and lrom 'he same s2mples 25 25-
oratory-cured tes! cyfinders.
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4.7.3.4 = Procedures 10r protecling and curing con-
crete shall de improved when sirength of field-cured
cylinders al test age designated lor determination of
£, Is less than 85 percent ol thal of companion lab-
cratory=cured cyfinders. The 85 percent may be walved
if feld-cured strangth exceeds f, by more than 500

psi.
4.7.4 = Investigation of low-strength test results

4.7.4.1 =11 any strength test (Section 4.7.1.4) of
laboratory-cured cylinders talls below specified value
of £, by more than 500 psl [Section 4.7.2.3(b)] or if
tests ol field-cured cylinders Indicale deficiencies in
protection and curing (Section 4.7.3.4), steps shall be
taken to assurs that load-carrying capacity. of the
structure is not jeopardized.

4,7.4.2 - If the likefihood of low-sirength concrate is
confirmed and computations indicate that load-carry-
ing capacity may have been significantly reduced, tests
of cores drilied from the area in question may be re-
quired in accordance with “Method ol Obtaining and
Testing Drilled Cores and Sawed Beams of Con-
crete” (ASTM C 42). In such case, three cores shall
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be taken lor each sirength test mora than 500 psl be.
low specified value of f}.

4.7.4.3 = Il concrele in the struciure will be dry un.
der service conditions, cores shall be air dried (lam.
perature 60 lo BOF, relalive humidity less than 69
perconl) for 7 days belore test and shall be lesteq
dry. If concrele In the structure will be more than sy.
perficially wet under service condilions, cores shall by
immersed in water for al least 40 hr and be lastaq

wel.

4.7.4.4 - Concrele In an area represented by corg
lests shall be considered structurally adequate if the
average of three cores Is equal to at least 85 percent
of f; and Il no single core is less than 75 percent of
f:. To check lesting accuracy, locations represented
by erratic core sirengths may be retested.

4.7.4.5-1 criteria of Section 4.7.4.4 are not met,
and if structural adequacy remains in doubl, the re-
sponsible authority may order load tests as outlined
in Chapter 20 for the questionable portion of the
structure, or take other appropriate action.



BUILDING CODE REQUIREMENTS
CHAPTER 5 - MIXING AND

5.1 - Preparation of equipment : 1d
place of deposit

5.1.1 = Preparation belore concrete place *nl shall

include the following.

(a) All equipment for mixing and transporting con-
crete shall be clean.

(b) All debris and ice shall be removed from spaces
1o be occupied by concrete.

(c) Forms shall be properly coated.

{€) Masonry filler units that will be in contacl with
concrete shall be well drenched.

(e) Reinforcement shall be thoroughly clean of ice
or other deleterious coalings.

(f) Water shall be removed trom place of deposit
belore concrete is placed unless a tremie is to be
used or unless otherwise permitted by the Building
Official. -

(g) Al lzitance and other unsound malerial shall be
removed belore additional concrete is placed against
hardened concrete.

5.2 — Mixing

5.2.1 - All concrete shall be mixed until there is a uni-
form distribution of materials and shall be discharged
completely before mixer is recharged.

5.2.2 — Ready-mixed concrete shall be mixed and de-
livered in 2-cordance with requirements of “Spzcifi-
calion for Ready-Mixec Concrete” (ASTM C 94) or
"Specilicztion for Concrete Made by, Volumetric
Batching 2nd Continuous Mixing” (ASTM C 685).

£.2.3 - Job-mixad concrzi2 shzll be mixed in azcor-
dance wiln (n2 foliowinz.

(a) Mixing ghz!l o2 Zomz in & batch mixer of ap-
proved tyze.

(D) Mixer shzl bz rztzisd 2 = speed racommancad

by the mznuizciurse,

(z) MXinz sha!l 52 continuze for 2t lsast 1-
1/2 min z&zr 2l mz2rizis 2r3 In tha arvm, viless
2 shorter uma is shcwn to be satsizzisey Dy Whe
mixing ur:farmity tes:s of “Spacifization for Rsady-
Mixed Conzcreta™ ([ASTM C 24).

(d) Matenizis handling, batening, and mixing shail
conform 1o &pplicable provisions of “Spacification
for ReadynMiged Cancrete™ (ASTM C 94).
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(e) A detailed record shall be kept lo idantlly:
(1) number ol balches produced;
(2) proportions of materials used;

(3) approximale location ol final ceposil in struc-
lure;

(4) time and date of mixing and placing.

5.3 — Conveying

5.3.1 - Concrele shall be conveyed from mixer lo place
ol final deposit by methods that will prevent separa-
tion or loss of materials.

5.3.2 - Conveying equipment shall be capable of pro-
viding a supply of concrele al sile of placement with-
oul separation of ingredients and without interrupticns
sufficient to permit loss of plasticity between suczes-
sive increments.

5.4 — Depositing

5.4.1 - Concrete shall be deposiled 2s nearly as
practicable in its final position lo avoid segregalicn due
to rehandling or flowing.

5.4.2 - Concreling shall be carried on at such a rate
that concrete is at all times plastic and flows readily
into spaces between reinforcement.

5.4.3 - Concrele that has partially hardened or b22n
conlaminaled by foreign malerials shall not be de-
posited in lhe slructure.

5.4.4 - R=tamperad concrele or cancrele that has baan
remixed afier initiz! s21 shall not be used unless ap-
proved by iha Enzinzar.

5.4.5 - Akar conzrsting is stari=zd, it shall be carried
on 25 & conlinucus 922ration uati! placing of a panel
or_szctian, as dsiinsd by its boundaries or predater-
minad joints. is comelziz2 zxcspt as permitted or pro-
hititad by Section £.4.

5.4.5 ~ Top sunizz2s of vartically tormed livs shail b2
2

5.4.7 -~ Whzn consiruction joints are raguirad, joinis
shall b2 madz in 2s237cance with Section 6.4.
5.4,8 - All canzret2 shall ba Inoroughly consolidated
by suitzhla m2zns curing placement and shall b2
thoroughly warksd araund reinforcement and embed-
ded fixtures and into corners of lorms.
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5.5 = Curing

§.5.1 - Concrete (o:her than high-eaily-streng 1) shall
be maintained above S0 F and in a moist c. ‘dition
for al least the lirst 7 days ahet placemenl, “xcepl
when cured in accordance with Section 5.5.3.

5.5.2 = High-early-strength concrete shall be . ain.
1ained above 50 F and in a moisl condition for at icast
the first 3 days, except when cured in accordance with
Section 5.5.3.

§.5.3 - Accelerated curing

5.5.3.1 = Curing by high pressure steam, sleam at
atmaspheric pressure, heat and moisture, or other ac-
cented processes, may be employed to accelerate
strength gain and reduce time of curing.

§.5.3.2 - Accelerated curng shall provide a com-
pressive strength of the concrete at the load stage
- considered at least equal to required design strength
at that load stage.

5.5.3.3-Cuning process shall be such as to pro-

duce concrete with a durability at least equivalent to
the curing method of Section 5.5.1 or 5.5.2.
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5.5.4 - Supplementary sirength lests in accordancs
with Section 4.7.3 may be required to assure that cur.
Ing is satislactory.

5.6 - Cold weather requirements

5.6.1 - Adequale equipmen! shall be prqvided l5r
heating concrele materials and protecling concrats
during Ireezing or near-freezing weather.

5.6.2 - All concrele malerials and all reinforcement,
forms, fillers, and ground with which concrete is tg
come In contact shall be Iree Irom frosl.

5.6.3 - Frozen malerials or malerials conlaining ics
shall not be used.

5.7 - Hot weather requirements

During hot weather, proper attention shall be given &
ingredients, production methods, handling, placing,
protection, and curing 1o prevenl excessive concrel2
temperatures or waler evaporation that may impair
required strength or serviceability of the member or
structure. ’
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CHAPTER €6 - FORMWORK, EMBEDDEL‘i b 2ES, AND
CONSTRUCTION JOINTS

6.1 - Design of formwork

6.1.1 = Forms shall result in a final structure that con-
forms to shapes, lines, and dimensions ol the mem-
bers as required by the design drawings and speci-
fications.

6.1.2- Forms shall be substantial and sufficiently tight
lo prevent leakage ol mortar,

. 6.1.3-Fcr~.- sha!! ba properly braced or tied 1o-

gether 1o m. 'ai c-cition and shape.

6.1.4 - Forms and their supports shall be designed so
zs nol to damage previously placed structure.

6.1.5 - Design of formwork shall include considera-
tiocn of the lollowing facters:

(a) Rate and method of placing concrete

(b) Construction loads, including vertical, horizon-
tal, and impact loads

() Special form requireinents for construclion of
shells, folded plates, domes, architectural concrete,
or similar types of elements.

6.1.6 — Forms for prestressed concrete members shall
be designed and constructed lo permit movement of
the member without damage during application of
prestressing force.

6.2 — Removal of forms and shores

6.2.1 — No construction loads shall be supported on,
nor any shoring removed from, any pant of the struc-
lure under construction except when that portion of
the structure in ccmbination with remaining forming

and shoring system has sufficient strength to support i

salely its weight and loads placed thereon.

6.2.1.1 - Sufficient strength shall be demonstrated
by struclural analysis considering proposed loads,
sirength of forming and shoring sysiem, and concrete
sirength data. Concrete strength data may be based
on lests of field-cured cylinders or, whan appraved by
the Building Official, on other proceduras tc evaluate
concrete strength, Structlural analysis and concret
siranctn test data shall be furnished to the aun..mg

aJ when so required,

€.2.2~No construction loads exceeding the combi-
raton ol suparimposed dead load plus spacified live
lczd shall be supported on any unshored portion of
tie strusture under construction, unless analysis in-

: :.z:as adequate strength to support such edditional
Cacs.

6.2.1=Form< shall be removed in such manner as
not :7 impair -1lety and serviceatility of the structure.
All ¢ “crete I+ »e exposed by form removal shall have
sutiic =nt stre~gth not to be damaged thereby.

6.2.4 - Form supports for presiressed concrele mem-
bers may be removed when sufficient prestressing has
been applied to 2nable prestressed members to carry
their dead load and anlicipated conslruction loads.

6.3 — Conduits and pipes embedded in
concrete

6.3.1 — Conduits, pipes and sleeves of any malerial
nct harmiul to conerete and within limitations of Sec-
ticn 6.3 may be embedded in concrete with approval
of the Enqineer, provided they are not considered to
replace structurally the displaced concrete.

6.3.2 - Conduits and pipes of aluminum shall not be
embedded in structural concrete unless effectively
coated or covered to prevent aluminum-concrete re-
action or electrolytic action between aluminum and
steel.

6.3.3 - Conduits, pipes, and sleeves passing through
a slab, wall, or beam shall not impair significantly the
strength of the construclion.

6.3.4 - Conduits and pipes, with their fittings, embed-
ded within a column shall not displace more than 4
percent of the area of cross section on which strength
is calculated or which is required for fire protection.

6.3.5 — Except when plans for conduits and pipes a2
approved by the Structural Engineer, conduits and
pipes embedded within a slab, wall, or beam (othes
than those merely passing through) shall sausfy tha

fallowing.

6.3.5.1 — They shall not be larger in cutsids dgiman-
sion than 1/3 the overall thickness of slzd, wzll, or

beam In which they are embedded.

5.3,5.2 - They shall not be spaced clesar thzn 3 ci-
ameters or widths on cenler.

6.3.5.3-They shall not Impair signilicanily the
strength of the canstruction,

6.3.6 — Conduits, plpes, and slsaves may be corsid-
ered as replacing structurally in compression tha cid-
placed concreta provided:

6.3.6.1 — Thay are not exposad la rusting or other
detarioration.
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8262~ They are ol uncoated ot galvanized iron
o steel nol thinner than standard Schedule 40 sleel
poe

6.3.6.3 = They have a nominal inside diameler not
cver 2 in. and are spaced nol less 1han 3 diameters
on ceaters.

8..7 = I addiion 10 other requirements of Section 6.3,
pipes that will contain liquid, gas, or vapor may be
smbedded in structural concrete under the (ollowing
congitions:

6.3.7.1 - Pipet and httings shall be designed to re-
sis! effects of the =atenal, pressure, and lemperature
1 which they w= e sudjecied.

6.3.7.2 - Temperature of liquid, gas, or vapor shall
"0t exceed 150 F.

£.3.7.3 - Maximum pressure to which any piping or
faungs snall be subjected shall-not exceed 200 psi
above aimospheric pressure.

£.3.7.4 - All piping and fittings except as provided
in Section 6.3.7.5 shall be tested 2s a1 unit for leaks
before concrete placement. Testing pressure above
aimasphenc pressure shall be 50 percent in excess
of pressure 10 which piping and fitlings may be sub-
jected, but minimum testing pressure shall not be less
than 150 psi above atmospheric pressure. Pressure
test shall be held for 4 hr with no drop in pressure
except that which may be caused by air temperalure,

€.3.7.5-Drzin pipes and other piping designed for
pressures of not more than 1 psi above atmospheric

pressure need not be fested as required in Section
€.3.7.4,

6.3.7.6 - Pipes carrying liquid, gas, or vapor that is
expiosive of injurious 1o health shall again be tested
2s gpecified In Section 6.3.7.4 alier concrete has
Rardened,

€.3.7.7 - Mo hiquid, gas, or vapor, excepl,waler nol
excesding B0 F nor 50 psi pressure, ,shall-ﬁ:g placed
n the pipes until the concrele has attained its,design
strength,
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6.3." - In solid slabs, piping, un!2ss il is for 1.
diant ' 1g of snow melting, shall be placed pa.
tweer ., s attom reinforcement.

6.3.: 9-Cor te cover for pipes and #itlings shay

not be =ss th. 1-1/2 in. lor concrele exposed g
earth o wealhei r 3/4 in. lor concrete not exposed
lo weau«r or in .ntact with ground.

6.3.7.10 = Reinforcement with an area not less than
0.002 times area ol concrele seclion shall be pro-
vided normal 1o piping.

6.3.7.11 - Piping and fittings shall be assembled by
welding, brazing, solder-swealing, or other equally
satisfactory method. Screw connections shall not be
permitted.” Piping shall be so fabricated and installed
that cutting, bending, or displacement of reinforce-
ment from its proper localion will not be required.

6.4 — Construction joints

6.4.1 - Surface of concrete construction joints shall
be cleaned and laitance removed.

6.4.2 — Immedialely before new concrete is placed, all
construction joints shall be welled and standing watar
removed.

6.4.3 - Construction joints shall be.so made and lo-
cated as not o impair the strength of the siructure.
Provision shall ba made for transfer of shear and other
forces through construction joints. See Section 11.7.9.

6.4.4 — Construction joints in floors shall be located
vithin the middle third of spans of slabs, beams, and
girders. Joints in girders shall be ofiset a minimum
distance of two limes the width pf intarsecting beams.

6.4.5 - Beams, girders, or slabs supported by col-
umns or walls shall not be cast or erected until con-
crete in the vertical support members is no longer
plastic.

6.4.6 - Beams, girders, haunches, drop panals and
czpitals shall be placed monolthically as part of a slab
systam, unless otherwise Shown in design drawings
or spasifications.
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CHAPTER 7 - DETAILS OF REINFORCEMENT

7.0 — Notation

d = distance lrom exlreme compression fiber lo
centroid ol tension reinforcement, in.

d, = nominal diameter of bar, wire, or presiressing
sirand, in.

h = specified yield strength of nonprestressed re-
inforcement, psi

¢, = development length, in. See Chapter 12

7.1 —Standard hooks

The term “standard hook™ as used in this code shall
mean one of the lollowing:

7.1.1 - 180-deg bend plus 44, exlension, but not less
than 2-1/2 in. al free end of bar.

7.1.2 - 90-deg bend plus 120, exlension at lree end
ol bar.

7.1.3.—For sfnrup and tie hooks"

(a) #5 bar and smaller, 80-deg bend plus 6d, ex-
lension al free end of bar, or

(b) #6, #7, and #8 bar, 90-deg liend plus 120,
exiension at lree end of bar, or

(c) #8 bar and smaller, 135-deg bend plus 6d, ex-
tension al free end of bar.

7.2 —= Minimum bend diameters

7.2.1 — Diameler ol bend measured on the inside of
the bar, other than for stirrups and ties in sizes #3
through #5, shall not be less than the values in Table
7.2,

7.2.2 - Inside diameter of bend for stirrups and ties
shzll no| be less than 4d, for #5 bar and smaller. For
bars larger than #5, diameler ol bend shall be in ac-
cordance with Table 7.2, T

7.2.3 = Inside dlameter of bend In welded wire abric
(smooth or deformed) for stirrups and ties shall not
be less than 4d, for deformed wire larger than D3
and 24, for all other wires. Bends with insida dizm-
eler of less than Bd, shall not be less than 44, Iram
neares! welded Inlersection,

Table 7.2 - MINIMUM DIAMETERS OF BEND

Bar size Mimimum ciamaisr
#2 through #p
#9, 910, and w1 8o
014 and W18 0,

7.3 - Bending

7.3.1 - All reinlorcement shall be bent cold unless
olherwise permilted by the Engineer

7.3.2 - Reinlorcement parially embedded in gancrete
shall no! be lield bent, excepl as shown on the d=235Gn
drawings or permilled by the Engineer

7.4 - Surface conditions
of reinforcement

7.4.1 — Al time concrele is placed, metal renlorce
ment shall be lree from mud, oil, or other nonmetaiiz
coalings that adversely affect bonding capacity

7.4.2 — Melal reinforcement, excepl prestressing ten-
dons, with rust, mill scale, or a combination of both
shall be considered saiislaclory, provided the min-
mum dimensions (including height of delormations)
and weight of a hand-wire-brushed lesl specimen are
not less than applicable ASTM specificalion require-
ments.

7.4.3 - Prestressing lendons shall be clean and lree
of oil, din, scale, piting and excessive rust A hght
oxide is permissible.

7.5 - Placing reinforcement

7.5.1 — Reinlorcement, prestressing lendons, and duc!s
shall be accuralely placed and adequately supponed
belore concrete is placed, and shall be secured against
displacement within tolerances permited in Section
7.5.2

7.5.2 - Unless otherwise specified by lthe Engineer
reinforcement, presiressing tendons, and prestressing
duzls shall be placed within the following t2lerances

7.5.2.1 — Tolerance lor depth d, and m:mimum con-
crele cover in ilexural members, walls anz s2mpres
sion members shall be 2s lollows:

Tyea"zs on
Tolerance on minT LM

d IorstEiR Iover
¢s8in =28 n -13n
d>8in =1/2n -1,z

Except thal lolerance for thes clzar aisiznce 10 tarmead
soffits shall be minus 1/4 in. and 1ci2ranze lor covss
shall not exceed minus 1/3 the minimum concrels
cover required in the design Grawings or spacifica-
tons,

*for Uored bed 0afned B4 haaps in Apoendis A & 123007 Dena gt W8 tnanion ol
u least 104, |dat Secuon AL
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7.5.2.2 = Tolerance for longitudinal location of bends
and ends of reinforcement shall be 22 in, excep! at
¢ieconnnuous ends ol members where tolerance shall
de 21/2in

7.5.3 - Welded wire fabric 'with wire size not grealer
than W5 or D5) used in slabs nol exceeding 10 H in
span may be curved Irom a paint near the top of slab
over the suppont 10 a point near the bottom ol slab at
midspan, provided such reinforcement is either con-
tinuous over, ot securely anchored al support.

7.5.4 - Welding of crossing bars shall not be permit-
ted for assembly of reinforcement unless authorized
by the Engineer,

7.6 = Spacing limils for reinforcement

7.6.1 = Clear distance between parallel bars in a layer
shall be not less than d, nor 1 in. See also Section
333,

7.5.2 - Whnere parallel reinforcement is placed in two
or more lzyers, bars in the upper layers shall be placed
directly above bars in the bottom layer with clear dis-
tance between layers not less than 1 in.

7.6.3 - In spitally reinforced or lied reinforced
compression members, clear distance between lon-
gitudinal bars shall be not less than 1.5d, nor 1-1/2
in. See 2lso Section 3.3.3.

7.6.4-Clear distance limitation between bars shall
2pply also to the clear distance between a contac! lap
splice and adjacent splices or bars.

7.6.5-1n wzlls and slabs other than concrete joist
construction, primary flexural reinforcement shall be
spaced nol farther apar than three times the wall of
s'zb thickness, nor 18 in,

7.6.6-Bundled bars

TGEI-Croups ol parzllel re-inlorcing bars bun-
Zi2¢ in ccrizcl 1o acl s a unit shall be limited 1o lour
‘A 22y en2 bundle,

7.6.6.2 ~ Bundled bars shall be 2nclesed within stir-
728 or lies.

7.5.8.3 — Bars larger (fan #11 shall not be bundied
in ceams,

7.5.6.4 - Individual bars within 2 bundle lerminaiad
wiinin the soan of liexyral mambers shall lerminaia at
diflerent points with gt lsast 404, stagger.

7.6.6.5 ~ Where sgacing limiaticns and minimum
concrele cover are based on bar diamaler d, a uail
of bundled bars shall bs reated as a singia tar of &
diameler derived from Ihe equivalant tolal area.
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7.6.7 - Prestressing lendans and ducts

7.6.7.1 — Clear distance belween prelensioning jan.
dons al each end of a member shall be nol less han
4d, lor wire, not 3d, lor sirands. See also Seclion
3.3.3. Closer vertical spacing and bundling of tendans
may be permitied in the middi2 portion of a span.

7.6.7.2 - Posl-lensioning ducls may be bundled if
shown thal concrele can be satislactorily placed and
il ptovision is made lo prevenl the tendons, when tan-
sioned, from breaking through the ducl.

7.7 - Concrete protection
for reinforcement

7.7.1 - Cast-in-place concrete (nonprestressed)

The following minimum concrete cover shall be pro-
vided for reinforcement:

Minimum
cover, in.
(a) Concrele cast against and
permanently exposed to eanh ... 3
(b) Concrete exposed to earth ar
weather:
#6 through #18 bars ........ 2
#5 bar, W31 or D31 wire, and
smaller ..ol 1-1/2
(c) Concrete not exposed to
weather or in contact with
ground:
Slabs, walls, joists:
#14 and #18 bars ......... 1-1/2
#11 bar and smaller ....... 3/4
Beams, columns:
" Primery reinforcement, lies,
sirrups. spicals ............ V.1/2
Snzlis, folded plate memzers:
#o bar and fargar ..., 3/4
#3 bar, W31 or D31 wirs,
and smailer . ..... Vi s i 1,2

7.7.2 - Pr2asi concrete (manufactured under plant
coniol conditiens)

Tne isliswing minimum ceoncrete cover snzll b re-
vizza far r2iniorsement:
{2) Canzrsta exposad to zanth or
wszinen
|’5:l nnls‘
#14 and 218 bars ......... 1-1/2
#11 bar and smaller .....-. 3/4
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Other members:

#14 and #18bars ......... 2
#6 through #11 bars ,..... 1172
#5 bar, W31 or D31 wire, :

and smaller .......... 1:1/4

(b) Concrete not exposed lo
weather or in contact with

ground:
Slabs, walls, joists:
#14 and #18 bars ......... 1-1/4
#11 bar and smaller ....... 5/8

Beams, columns:

Primary reinforcement ... d, but not less

lhan 5/8 and
need not

exceed 1-1/2

Ties, stirrups, spirals ......- - 3/8

Shells, folded plate

members;

#6 bar and larger ......... 5/8

#5 bar, W31 or D31 wire,

and smaller ......c.ccovnnn 3/8

7.7.3 - Prestressed concrete

'}_7,3_1 — The following minimurn concrele cover shall
be provided lor prestressed and nonprestressed re-
inforcement, ducts, and end fittings, except as pro-
vided in Sections 7.7.3.2 and 7.7.3.3:

Minimum
cover, in.
(a) Concrete cast against and
permanently exposed 1o earth ... 3
(b) Concrele exposed to earth or
weather:
Wall panels, slabs, joists ..... 1
Other members -....--..v. 1-1/2
(c) Concrete not exposed 1o
weather or In contacl with
ground:
Slabs, walls, joists ........ i85 3/4
Beams, columns:
Primary reinforcement ...... 1-1/2
Ties, stirrups, spirals ....... 1

Shells, folded plata membars:
« #5 bar, W31 cr D31 wirg,
and smaller ...ioesinrnss 3/3
Other reinforzemeant ..... d, but not less
than 3/4

7.7.3.2 - For prastrassed concrale members ex:
posed to s2rih, weather, or corrosive environmants,
and in which permissible lensile stress ol Section
18.4.2(b) is exceaded, minimum cover shall be In-
creaszd 50 percent.
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7.7.3.3 - For presiressed concrele members man-
ulactured under plant control conditions, minimum
concrele caver lor nonpresirassed reinlorcement shall
be as required in Seclion 7.7.2.

7.7.4 - Bundled bars

For bundled bars, minimum concrete cover shall bes
equal to the equivalent diameter of the bundle, but
need nol be grealer than 2 in.; except lof cancrele
cast against and permanently exposed lo earth, min-
imum cover shall be 3 in.

7.7.5 - Corrosive environments

In corrosive environmenls or other severe exposure
conditions, amount of concrete protection shall be
suitably increased, and denseness and nonporosity of
protecting concrele shall be considered, or other pro-
lection shall be provided.

7.7.6 = Future extensions

Exposed reinforcemenlt, inserts, and plates intended
for bonding with fulure exlensions shall be protected
from corrosicn.

7.7.7 - Fire protection

When the general building code (of which this code
forms a part) requires a thickness ol cover_for fire
protection greater than the minimum concrete cover
specified in Section 7.7, such greater thicknesses shall
be used. \

7.8 — Special reinforeing details
for columns

7.8.1 - Offset bars

Offset bent longiludinal bars shall conform 1o the fol-
lowing:

7.8.1.1 - Slope of inclined partion of an olisel bar
with axis of column shall not exceed 1 in 6.

7.8.1.2 - Portions of bar above and below an offsat
shall be parallei to axis of column,

7.8.1.3 - Horizontal support at ofiset bends shall be
provided by lateral lies, spirals, or paris of the floor
construction. Harizonizl suppert provided shall be de-
signad to rziist 1-1/2 times the horizonlal component
oi the comzutzd lorce in the inciined portion of an
ciset bar, Lataral ties or spirals, if used, shall be placed
not mora than & in. from points of band.

7.2.1.4 - Offset bars shall be bent belore place-
ment In th2 lorms. See Section 7.3,

7.8.1.5~Whera a column laca is olfset 3 in. or

greater, longitudinal bars shall not be offset bent.
Separale dowels, lap spliced with tha longitudinal bars
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nchacent 1o the oNsel column laces, shall be provided
Lap sohces shall conlorm 10 Seclion 12.17.

TA D~ Steel cores

Load transfer In structural steel tores ol composile
compression members shall be provided by the lol-
lowing:

7.8 2.1 - Ends of structural sieel cores shall be ac-
curately fimshed 10 bear al end bearing splices, with
positive provision lor alignment of one core above the
other in concentne contact.

7.8.2.2 - Al end bearing splices, bearing ‘shall be
considered eMective 1o transter not more than 50 per-
cent ol the 10tal compressive stress in the steel core.

7.8.2.3 - Transter ol slress between cclumn base
and looting shall be designed in accordance with
Sestion 158,

7.8.2.4-8ase o! structural steel section shall be
designed 1o transfer the total load from the entire
compcesite member 1o the footing; or, the base may
be designed 1o transfer the load from the sleel core*
only, provided 2mple concrete section is available ior
transfer of the portion of the total load carried by the
reinforced concrele secticn to the footing by compres-
sion in the concrete and by reinforcement.

7.9 - Connections

7.8.1 - Al connections of grincipal Iraming elements
(such as beams and columns), enclosure shall be
proviced for splices ol continuing reinforcement and
for anchorage of reinforcement terminating in such
€ONNECHIONS.

7.9.2-Enclosure at connections may consis! ol ex-
ternal concrete or internal closed lies, spirals, or siir-
rups.

7.10 — Lateral reinforcement for
compression members

7.10.1 - Laleral reinforcement for compression mzm-
bers shall conform 10 the provisions of Seclions 7.10.4
and 7.10.5 and, where shear or lorsion rzinlarcement
is required, shall also conform 1o provisions of Chap-
ter 11,

7.10.2 - Lateral reinforcement racuireman:s for com-
posite compression mambers snzll canform 1o Sec-
lion 10.14, Lateral reinforcemen; raaviramants for
presiressing tendons shall conform 1o Sestisn 18.11.

7.10.3 ~ Lateral reinforzemsnt raquirsmznts of Sace
tons 7.10, 10.14, and 18.11 may b3 walved where
tes1y 2nd structural anzlysis show adaquate strength
and leasibility of construction,
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7.10.4 - Spirals

Spiral reinforcement for compression members ghall
conform to Section 10.9.3 and 1o the lollowing:

7.10.4,1 - Spirals shall consist of evenly spacaq
conlinuous bar or wire ol such size and so assembled
to permit handling and placing without distortion fram
designed dimensions.

7.10.4.2 - For casl-in-place conslruclion, size of
spirals shall not be less than 3/8 in. diameter.

7.10.4.3 - Clear spacing between spirals shall not
exceed 3 in., nor be less than 1 in. See also Section
3.3.3.

7.10.4.4 — Anchorage ol spiral reinlorcement sha|
be provided by 1-1/2 extra turns of spiral bar or wira
al each end of a spiral unit.

7.10.4.5 - Sglices in spiral reinforcement shall be
lap splices of 48d, but not less than 12 in., or waldzd.

7.10.4.6 — Spirals shall extend from top of footing
or slab in any story lo level of lowest horizonta! re-
inforcement in members supporied above.

7.10.4.7 - Where beams or brackets do not frama
into all sides of a column, ties shall extend above ler-
mination of spiral lo bottom of slab or drop panel.

7.10.4.8 — In columns with capitals, spirals shall ex-
tend 10 a level at which the diameter or width of cap-
ital is two times that ol the column.

7.10.4.9 - Spirals shall be held firmly in place and
true to line by vertical spacers.

7.10.4.10 — For spiral bar or wire smaller than 5/8
in. dizmeter, a minimurm of wo sp2cers shall be usad
for sgir2!s less than 20 in. in dizmeai2r, three spacers
lor soizals 20 to 30 in. in diameter, 2a¢ lour spacars
lor spire's greziar than 30 in. in cizmstar,

7.10,4,11 - For sairal bar or wirs 3/3 in. diam22r
of largar, 2 Tinimum ol lhree spacers shall be us2d
for spirals 24 in. or 1235 in diamztar, =02 four soace's
for spirals crzai=r tn2n 24 in. in dizmatat.

7.10.5 - Ties

Tis reinlorsemant far comprzssion mambers shz!l
conlorm 1o th2 icllowing:

7.,10.3.1 = All panprasirassad bars shall be en-
clased by latzral lizs. at lz235t #3 in size lor longhiu-
¢inal bars #10 or small2r, and al least #4 in siz2 ior
#11, #14, #18, and bundled langitudinal bars. D2-
formed wire or walded wira {abric of equivalant area
may be usad,



THS.2-Veca spacg o bes $hal nel erlesd
*f OroRutrg Bar darelers, 48 be Bar Of we G-
ety O leasl Srmenson O e COTPr eSS 0N mem-
= _4

7.1053- Tes shal D2 2ranged such ™ha! every
comer ¢ atemate longlucnal Bar shal have latere!
oo provced by e corner ¢b 3 be wilh an o
cuced s e of not mere nan 135 ceg and no bar
gl be farder Tian § . clear on eacn side alcng
e te Yo such 3 !3%23ly supponed oar Vinere
protuding Sars zre iwtaled argund the penmeter of
2 oroe. 2 comgiete croulyr be may Se us2d

7.1054 - Ties 272l Se loczted veruicaTy not more
2 1/2 2 te spacing 2bove the iop of locling or 33D
r 2ny s'ory, 2d sn2d be spaced as proviced herein
© r more i2n 1/2 2 Le spaong be'ocw the lowes!
borzore2! rewdorcement in siat or drop pene! 2bove

74255 - Vinerz Dearms o tracvels frzme from fous
drecions o 2 column, Les mzy be lermunated nol
=gz Tz 3 n. o2iow lowzst reinforcement in shzl-
lowzst ¢ such Deams or bracuetls,

7.1% = Lzteral reinforcement for flexural
members

7.11.1 = Compression reinforcement in teams shall
L2 ercigsed by tes or stirrups salisfying Ihe size and
spzong Wmaztons m Section 7,105 or by welded vire
fzeric of egurszlert zrga, Sucn lies of slinups chazll
L2 proviced troughoul the distance vwhere compres-
son reinicrcement g (equired,

7.11:2 - Laterad reinforcement for flexural framing
rresroers suect 10 siress reversals or 10 torsion af
tuppens shal consigt of closed ties, closed slirrups,
U sz exterding acund the llexusal reinforcement.

7.91.3 - Cioses Ges of stirups may be formed in one
pecs by orefiappng standard stirrup or lie end hooks
trourd 3 ngiluginal bar, or formed in one of two
peces lap sohiced vith a Class C splice (1ap of 1.7¢,),
o arcrored in aecorgance with Section 12.13,

7.12 - Shrinkage and temperature rein-
forcement

7421 - Awndorcement for shinkzge and tempara-
birg se2ses noemal 10 fiexural reinlorcamant srall be
Proviced n suciral slabs where the foaxu:al reir~
“rcament exlends in one direction only.
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7T.12.4.1 - S.’*uﬂ:af;e and jemgeralyre reirlgrcs.
ment §ha'l be pronded in 22ccrdarce wath eillker See
lon 7122 0r 7.1213

7.12.2 - Delcrmed renforcement conlorming 1o Sec.
ten 353 used lor shnnkage and temperature rein-
lorcement shall be provndzd in accordance wath the
!C"Ga:ﬂg

7.12.2.1 = Area ol shrinkage and lemperalure re-
infcrcement shall provice ai Jeast the following rates
of renforcement area 10 gross concrele area, byt rgf
less thzn 0.0014;

(2) Sl2bs where Grzde 40 or 50
celormed pars arz used ...

. 00020
(o) Slazs where Grade €0 de-
fcrmed bars or welded vire
fz22ric (smooth or deformed)
WO USL iuiviuiinerniiinnoimiinmi. 00013

() Siebs where reinforcement
viih yield siress exceed-

ing 60,000 psi measured

al a yield strzin

of 0,35 percent is used 0.0018 * 50.000

........ ——

7.12.2.2 - Shrinkage and lemperalure reinlorce-
menl shzll be spaced nct larther apart than five times
the slab thickness, nor 18 in,

7.12.2.3 - Al all sections where required, reinfarce-
ment for shrinkage and lemperalure siresses shall
develop the gpecilied yield slrengih f, in lension in
accordance with Chapter 12,

7.12.3 - Prestressing Jendons conlorming lo Section
3.5.5 used for shrinkage and temperalure reiniorce-
ment shzll be provided in accordance with Ihe folicw-

ing:

7.12.3.1 - Tendens shall be proportioned 1o provide
2 mrinimurm averzage compressive siress ol 100 psicn
G088 cencreta arga using eflzctive presiress, aker
losses, In accordance with Section 12.5,

7.12.2,2 - Spacing of yendons shall not exceed § fi.

7,12.3.3 - When spacing ¢f landers exssess 34 in,
aZZiional oonded shrinkage anc 1emperaiurs e
Izrzsment conforming to Section 7.12.2 shali be pro-
viced beiween lhe lendons at sizb edjes axdanding
72 the slab edge for a distenca equal o In2 landon
spazing.
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Factored loads and forces - Speclied loads and
torces modhed by the factors in Section 92

Hoap - A closed e or centinyously wound tie the ends
of which have 135-deg hooks with ten-diameler ex-
tenmons, that encloses the longitudinal reinforcement

Lateral-force resisting system - Thal portion ol the
structure compased of members proportioned 1o fe-
sist lorces related 10 earthquake ellecls.

Lightweight-aggregate concrete - “All lightweight”
or “sanded-lghtweighl™ aggregate concrele made with
nghtweight aggregates conlorming to Seclion 3.3.

Shell concrete— Concrete oulside the transverse re-
inforcement confining the concrete.

Specified Iateral forces — Laleral lorces correspond-
ing 10 the appropriate distnbution ol the design base
shear force prescribed by the governing code for
earthquake-resistant design.

Structural diaphragms - Structural members. such
zs floor and rool slabs, which transmil inertial forces
1o laterzl-force resisting members.

Structural trusses — Assembiages ol reiniorced con-
crete members subjected primarily to axial forces.

Structural walls — Walls proportioned to resisl com-
binations of shears, moments, and axial lorces in-
duced by earthquake motions.

Strut- An element ol a structural diaphragm used 1o
provide continuily around an cpening in he dia-
phragm.

Tie elements — Elements which serve to lransmit in-
eria lorces and prevent separalion of such building
components 2s foctings and walls.

A.2 - General requirements

A.2.1-Scope

A.2.1.1 - Appendix A zontains special requirements
for cesign and censtruction of reinfersed concrate
members of a structura for which the dasign florces,
relaied 1o e2rinquake motions, have baan determine
on e basis of energy dissipation in the nonlinzar
range cf i2sponse.

A.21.2 - Tne provisions of Chaotars 1 through 18 shall
22ply exzeat 2s mocified by the previsions of this Ap-
pendix,

A2.1.3=~In regions o mocerate seismic risk, rein-
forced concrete Irames resisting lorcas induced by
earthguake motions shall be proportioned lo satisly

Appendix
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only Sechon A9 ol Appendit A in arldition 10 the re
quirements ol Chapters 1 Ihrough 18

A.2.1.4 = In regions ol high seismic nsk, all siructural
reinlorced concrele membiars shall sansty. Sectnns A 2
\hrough A 8 ol Appendix A in addition 10 1ha tequite
ments ol Chaplers | through 17,

A.2.1.5 - A reinlorced concrete slruclural syslem not
salislying the requirements ol lhis appendix may be
used il it is demonslraled by experimenial evidence
and analysis that lhe propnsed sysiem will have
slrength and toughness equal to or exceeding those
provided by a comparable monolithic reinforced cnn-
crele struclure salislying this appendix,

A.2.2 - Analysis and proportioning ol structural
members

A.2.2.1 - The interaclion of all struclural and non-
struclural members which materially aliect the linear
and nonlinear response ol the structure o 2arihquake
molions shall be considered in the anaiys!s

A.2.2.2 - Rigid members assumed nol to be a part ol
lhe laleral force resisting system may be used pro-
vided theit effect on the response of the syslem is
considered and accommodaled in the siructural de-
sign. Consequences of failure af structural and non-
structural members which are not a pan ol 1he lateral
force resisting syslem shall also be considered.

A.2.2.3 — Structural members below base of structure
required to transmit to the foundation lorcas resulting
from earthquake eHects shall also comply v:th the re-
quirements ol Appendix A.

A.2.2.4 - All structural members assumed not 'o bz
pz ol the laizral lorce resisting sysizm shall caniorm
lo Section A.8.

A.2.3 - Strength reduction faztors

' ragucticn 2ciors shall be as given in Sz2zticn
xceat for tha loliowing:

L)}

(R Ry
w
=
AL
=)
a
0
1~
1

.2.3.1 = =xzedi far dztarmining the sirznsth of joim:s
na

umuczE! memoar if s nominz! sn2ar srangin i =
ian the shear carasponding 19 cevaisomant of o
naminal fizxural strzngth ior th2 {zclor22-inzd corm
binaiions including eannquaks =Hizcl. Snszr sirzngn
z3juciion faatar for joins snzll b2 0 &3,

A.2,3.2 - The sirangtn raduction izz'or jor ax:a!
comprassion and flexuta shall b2 03 ior 2ll frame
memoess with factorad axizl comorassive forses ex:
ceeding (A, 1:/10) if the ransverse =nfarcemant does
nat conform o Section A.4.4.
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A2.4<Concrele In members resisting
earthquake-induced forces

A.2.4.1 - Compressive strenglh, [, of the cencrete shall
be not less than 3000 psi.

A.2.4.2 - Compressive Sirength of lightweight-agare:
gale concrele used in design shail ncl exceed 40C0
psi. Lightweight-aggregate cuncrele with higher de-
sign compressive strength may e used il demon-
sirated by experirnental evidenc? thal structural mem-
bers made with that lightweight-aggregale concrete
provide st'ength and toughness equal to of exceading
fhose ol comparadle members made with normal
weight-aggregate concrete of the same strength.

A.2.5- Reintorcement in members resisling
earthquake-induced forces

A.2.5.1 - Reinfercerent resisting earthquake-induced
Nlexural and axial forces in {rame members and in wall
boundary members shall comply with ASTM A 706.
ASTM A 615 Grades 40 and 60 reinforcement may
be used in these members if (a) the actual yield
wrength based on mill lesls does nol exceed lhe
specified yieid strength by more than 18,000 psi (re-
tests shall not excead this value by more than an ad-
ditional 3000 psi) and (b) the ratio of the actual ulti-
. mate lensile sress lo the actual lensile yield strength
is not less than 1.25. Reinforcement required by de-
sign load combinations which include earthquake ef-
fect shall nol be welded excep! as specilied in Sec-
tions A.3.2.4 and A.4.3.2. d

A.3 - Flexural members of frames

A.3.1-Scope

Reguirements of Section A.3 apply to frame members
(2) resisting earthquake-induced lorces (b) propor-
tioned primarily to resist flexure, and (c) salistying the
{ollowing conditions:

A.3.1.1 - Factored axial compressive force on the
member shall not exceed (A, f:/10).

A.3.1,2 - Clear span for the mamber shall not be less
than four limes its effactive depth

A3.1.3 - The wicth-tlo-depth rztio shall not be less than
03.

A.3.1,4 - The width shall not e legs than (2) 10 in.
£nd (5) more than the victh of tna suogoning mem-
=er (meesured on a plane perpendicular to the lon-
giiudinal axis of the flexural member) plus cistances
on eazh sice of the supponing member net exceeding
twga-lourths of the depih of the flaxural member,

A.3.2-Longltudinal relnforcement

A.3.2,1 = Al any section of a flexural mamber and for
Ine top as well as for tha bottom reinforcement the
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amounl of reinforcement shall not be 1238 than
(200b,d/1,).and the reinforcement ratio, p, shall ret
exceed 0,025. At leasl lwo bars shall be previded
continuougly both top and Eutlern,

A.3.2.2 - Fasitive-moment slrength al jeint face shan
ba not less than eone-hail of the nzyative-moment
strength provided at thal lace ol the jeinl. Neilher (he
negalive: nor the posilive-mement sirengih al any
selion along member length shail be less than one-
fourth the maximum mament sirength provided al lzce
ol either joint,

A.3.2.3 - Lap splices of fexural reinforcemeant shall
be permitted only il hoop or spiral reinforcement is
provided over the lap length. Mzximum spacing of the
lransverse reinlorcement enclosing the lapped bars
shall not exceed d/4 or 4 in. Lap splices shall nct 5a
used (@) within the joinls, (b) within a distance of twica
the member depth from the face of the joint, and (c)
at lecations where analysis indicates flexural yelding
caused by inelasiic lateral displacements of the frame,

A.3.2.4 - Welded splices and mechanical connse.
tions conforming to Sections 12.14.3.1 througn
12.14.3.4 may be used fer splicing provided not more
than allernate bars in each layer of longitudinal re-
inforcement are spliced al a seclion and the center-
lo-centei distance between splices of adjacent bars
is 24 in. cr. more measured along the longiludinal axis
of the frame member.

A.3.3-Transverse reinforcement

A.3.3.1 - Hoops shall be provided in the lollowing re-
gions of frame members:

(1) Over a length equal to twice the member depth
measured from the face of tha supporting membet
toward midspan, at both ends of th2 fizxural mem-

ber.

(2) Over lengths equal o twice the mem3er cepih
on both sides of a section where fi2xurz! yielging
may occur in connection with inzlasis i2:27al dis-
placements ol the frame, '

A.3.3.2-The first hoop shall bs leczisd rot marz fhan
2in. from the lace ol a supporting memast, Maximum
spacing of the hoeps shall not exceed (a) d/4, (%}
eight times the diameter of tha smallast lengituginzl
bars, (c) 24 times tha diameter i th2 RGOS S&s, =
(d) 12 in.

A.3.3.3 - Where hoops are requirad, longituginal bars
on the psrimater shall have latatzl suppoit coniom-
ing 1o Saction 7.10.5.3.

A.3.3,4 - Where hoops 2re not raguired, stimups shall
be spacad al no more than d/2 throughcut the length
ol the member,
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A.3.3.5 - Hoops in flexural members may be made
up of two pieces of reinforcement: a stirrup having
135-deg hooks with len-diameler extensions an-
chored in the confined core and a crosstie to make
a closed hoop. Consecutive crossties shall have their
90-deg hooks al opposite sides ol the llexural mem-
ber. I the longitudinal reinforcing bars secured by the
crossties are confined by a slab only on one side of
the flexural frame member, the 30-deg hooks ol the
crossties shall all be placed on that side.

A.4 - Frame members subjected to
bending and axial load

A.4.1-Scope

The requirements of this section apply to Irame mern-
bers (2) resisting earthquake-inducad forces, (b) hav-
ing a factored axial compressive force exceeding
(A, 1./10) and (c) satistying the lollowing conditions:

A.4.1.1 - The shores! cross-sectional dimension,
-measured on a straight line passing throug'h the geo-
melric centroid, shall not be 'ess than 12 in.

A.4.1.2 - The ratio of the shortes! crass-sectional di-
mensicn to the perpendicular dimension shall nol be
less than 0.4.

A.4.2 - MInimum flexural strength of columns

. A.4.2.1 —Flexural strength of any column propor-
tioned 1o resist a factored axial compressive !orce ex-
ceeding (A, /./10) shall satisty Section A.4.2.2 or
A423.

Lateral strength and stiffness of columns not satisfy- '

ing Section A.4.2.2 shall be ignored in determining the
calculated strength and stilfness of the structure but
shall conform lo Section A.8,

A.4.2.2-The flexural strepgths of the columns shall
salisty Eq. (A-1)

IM, =z (6/5)ZM, (A1)
I M, = sum ol moments, at the center of the joint,
corresponding to the design flexural strength o1 the
columns framing Into that joint. Column flexural strengin
shall bs calculated for the factored axial force, con-
sistent with the dirastion of the latoral forzes consld-
ered, resuling In the lowest flexural strength.

I M; = sum of moments, at the center of the Joint,
corresponcing to the design fexural streangths of the
girders traming Into that Joint.

Flexural strangths shall be summed such that tha col-
umn moments oppose the beam moments. Eq. (A-1)
shall be satisfied for beam moments acting in both
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directions in the verical plane of the lrzme consid-
ered.

A.4.2.3 -l Section A.4.2.2 Is not salisfied at a jnint,
columns supporting reactions from that joint shall be
provided with lransverse reinforcement as spacified in
Section A.4.4 ovar heir lull height.

A.4.3 - Longltudinal relnforcement

A.4.3.1 - The reinlorcement ratio, p, shall nol be less
than 0.01 and shall not exceed 0.06.

A.4.3.2-Lap splices are permitted only within the

centsr half of the member length and shall be pro- -
portioned as lension splices. Welded splices and me-

chanical connections conlorming 1o Sections 12.14.3.1

through 12.14.3.4 may be used for splicing the rein-

forcement at any section provided nol more than al-

temate longitudinal tars are spliced at a section and

the distance between splices is 24 in. or more along

the longiludinal axis of the reinforcement.

A.4.4-Transverse reinforcement

A.4.4.1-Transverse reinforcement as specified ba-
low shall be provided unless a larger amounl is re-
quired by Section A.7.

® (1) The volumetric ratio of spiral or circular hoop
reinforcement, p,, shall not te less than thal indi-
caled by Eq. (A-2).
py=0.1211/1, (A-2)
and shall not be less than thal required by Eq. (10-
5).

(2) The total cross-sectional area of rectangular hoop
reinforcement shall not be less than that given by
Eq. (A-3) and (A-4).

Aun = 03 (sh 1/ [a)l(AgfA0) = 1] (AD)
An=0.12sh. 1)1, (A-4)

(3) Transverse reinforcement may be provida2 by
single or averlapping hoops. Crosslies ol h2 sama2
bar size and spacing as the hoops may b2 used.
Each end of the crosstie shall engage a periphera!
longitudinal reinforcing bar. Consecutive crassiias
shall ba aliernated end for end along the lcnzitu-
dinal reinforcement,

(4) If the design strength of membar care sztisiias
tha requirement of the speclfied loading combina-
tions Inchuding earthquake effect, Eq. (A-3) and (10-
5) need not be satisfied.

A.4.4.2 ~ Transverse reinforcement shall be spazed

a! distances not exceeding (a) one-quarter of the min-
Imum member dimension and (b) 4 In.
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A 442 Crossties or legs ol avenapping hoops shall
ol be spaced more Ihan 14 in. on center in the di-
rechion petpendicutar 1o Ihe longitudinal axis ol the
rochwal member

A 444 < Tiansverse reinforcement in amounl speci-
tied in Sechons A 4.4.1 through A 4.4 shall be pro-
vided over a length (, Trom each joinl lace and on
halh sides of any section where flexural ylelding may
oceur In connection with inelastic lateral displace-
ments of the frame The length ¢, shall not be'less
than () the depth ol the member al the joint lace or
al Ihe sechion where Nexural yielding may occur, (b)
one-snth of the clear span of the member, and (c) 18
n

A8~ Columns supporting reaclicns from discon-
*hmied sl members, such as walls, shall be provided
wilh Iansverse renforcement as specified in Sections
A 441 throwph A.4.4.3 over therr lull height beneath
the kel al which the discontinuity occurs il the fac-
12103 3ual compressive lorce 1n these members, re-
a10d 1 earthquake elfect, exceacs (4, 1./10).

A.5 - Structural walls, diaphragrs, and
trusses

AS1-Scope

The requiremants of this seclion 2pply 1o structural
walis and lrusses s2mving 2s pans ol e earthquake-
e resisting systems as well as 10 G:aonrasms, sinu's,
hes, chords and collector members wnith Iransmil
lorzes indused by earthquale.

A.5.2 - Reintorcement

AS.21-The renlarcement 2, p,, for strucivmal wz's
shal At be dess than 00025 alang the longiivdinal
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collector members shall be anchared or spliced in 3
cordance wilh the provisions for reinflorcement in 8=
sion as specilied in Seclion A.6.4.

A.5.3 - Boundary members for structural walls an<
diaphragms
|

A.5.3.1 - Boundary members shall be provided 2t
boundaries and edges around openings of structu/s
walls and diaphragms for which lhe maximum 2
\reme-fiber slress, corresponding lo lactored forzas
including earthquake effect, exceeds 0.2f, unless tha
entire wall or diaphragm member is reinforced 13 sal-
isty Sections A.4.4.1 through A.4.4.3. The bourcay
member may be disconlinued where Ihe ca‘culated
compressive slress is less than 0.15f,. Stresses shat
be calculaled for the faclored forces using a linazry
elastic model and gross-section properies

A.5.3.2-Boundary members, where requirsd sr27
have lransverse reintorcement as spacifizd in 3a-.
lions A4 4.1 through A 4.4.3.

A.5.3.3 - Boundary members of structurzl wats s=3
be preportioned to carry all {actored gravily lcads on
the wall, including tributary lcads and selfweg=t, 25
well as the vertical force required to resist o overiurning
moment calculated from faclored forces relzt=d to
eanhquake effect.

A.5.3.4 - Bouncary members ol siructural dia-
phragms shall be proponioned 1o resist the sum cf
the comprassive forca acting in th2 plane of the o=
phragm and the force oSizinad from divicing tha !3.“-
10r23 momant at the section by the distanc2 bawaan
Ih2 eoges of the dizchragm al thal sastion.

Transverse r2inforczment in wal's with
memd2ts shall ‘:e areher ed within ihe caa-
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A.6.1.3 - Beam longitudinal reinforcement terminaled
in @ column shall be extended to the lar lace of the
confined column core and anchored in tension ac-
cording to Section A.6.4 and in compression accord-
ing 10 Chapler 12,

A.6.2 = Transverse reinforcement

A.6.2.1 — Transverse hoop reinforcement, as speci-
fied in Seclion A.4.4 shall be provided wilhin the joinl,
unless the joint is confined by slructural members as
specified in Section A.6.2.2.

A.6.2.2 - Within- the depth of the shallowest framing
member, transverse reinlorcement equal 1o .at least
one-hall the amounl required by Seclion A.4.4.1 shall
be provided where members frame into all four sides
of the joint and where each member widih is at least
" hree-fourths the column wigth.

A.6.2.3 ~ Transverse reinforcement as required by
Section A.4.4 shall be provided through the joint to

provide confinement for longitudinal beam reinforce-.

ment outside the column core il such confinement is
no!l provided by a beam framing into the joint.

A.6.3 — Shear strenath

A.6.3.1 — The nominal shear strength of the joint shall
be assumed not to exceed the forces specified below
for normal weight-aggregate concrete.

For confined joint ........c..oo.uuee. VA
Forothers........ 4 R 4 F s e 15V A

where A is the minimum cross-sectional area of the
joint in a plane parallel to the axis of the reinforce-
ment generating the shear force.

A joint is considered 1o be confined if members frame

inlo all vertical laces of the joint and i al leas! three-

quarters of each face of the joint Is covered by the
framing member.

A.6.3.2~ For lichtwelghl-agaregats concrete, the
nominal shear strength of the joint shall notl exceed
three-quarte’s of the limits given In Section A.6.3.1.

'A.B.G-Development length of bars In tension
-A.6.4.1 - The development length, ¢, for a bar with
a standard 90-deg hook in normal weight-aggregate
concrete shall not be less than Bd,, 6 in., and the
length required by £q. (A-5).
lo=1,d,/65 VT2 (A-5)

fot bar sizes #3 through #11.
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Far lightweighl-aggregale concrele, the development
length for a bar with a slandard 90-deg hook shall not
be less than 10d,, 7.5 in., and 1.25 limes that re-
quired by Eq. (A-5).

The 90-deg hook shall be localed within the conlined
core of a column or of a boundary member.

A.6.4.2 - For bar sizes #3 through #11, the devel-
opmenl length, €. for a siraight bar shall nol be less
than (a) two-and-a-hall (2.5) times the length raquired
by Seclion A.6.4.1 if the deplh of the concrete cast
in one lift beneath the bar does not exceed 12 in. and
(b) three-and-a-half (3.5) times the length required by
Section A.6.4.1 il the depth of the concrete cast in
one it beneath the bar exceeds 12 in.

A.6.4.3 - Slraight bars terminaled at a joint shall pass
through the confined core of a column or of a bound-
ary member. Any portion of the straight embedment
length not within the confined core shall be increased
by a factor of 1.6.

A.7 - Shear-strength requirements

) A.7.1-Deslgn forces

A.7.1.1 - Frame members subjected primarlly to
bending

The design shear force, V,, shall be determined from
consideration of the statical forces on the portion of
the member between laces of the joints. It shall be
assumed that moments of opposile sign correspond-
ing lo probable strength act at the joint faces and that
the member is loaded with the faclored tributary grav-
ity load along Its span. The moments corresponding
to probable strength shall be calculated using the
properiies of the member at the jaint faces without
strength reduction factors and assuming that the stress
in the tensile reinforcement is equal to al least 1.25 1.

A.7.1.2 - Frame members subjected-to combined
bending and axlial load

The design shear force. V,, shzll be determined from
consideration of the forces on the memker, with the
nominal moment strengths caiculztad for the factored
axial compressive force resulting in the l2rgest mo-
ment, acting at the lzzes of trs jaints.

A.7.1.3 - Structural walls, diaphragms and trusses

The design shear force, V,, shall bz obtained {rom
the lateral lcad analysls in eccdrdancs with the {z2-
tored loads and combinaticns spedied in Section 9.2

A.7.2 - Transverse rzinforcement In frame
membars

A.T.2.1 - For determining the required transvesse re-
inforcement in frame members In which the earth-
guake-induced shear lorce calculated in accordance
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J4th Section A.7.1.1 represents one-hall or more ol
stal design shear, the quantity V, shall be assumed.
5.be zero if the lactored axial compressive force in-
luding eanthquake effects is less than (A, F./20).

.7.2.2 - Stirrups or lies required to resist shear shall
e hoops over lengths of members as specilied in
ections A.33, A.4.4, and A.6.2.

.7.3 - Shear strength of structural walls and
diaphragms

.7.3.1— Nominal shear strength of structural walls
vd diaphragms shall be determined using either
action A.7.3.2 or A.7.3.3.

7.3.2 - Nominal shear sirength, V,, of structural walls
d diaphragms shall be assumed not 1o exceed the
ear force calculated from

Vo= A2 VI, + p,f) (A-8)

».3.3 — For walls (diaphragms) and wall (dia-
agm) segments having a ratio of (h,,/(..) less than
. nominal shear strength of wall (diaphragm) may
determined from Eq. (A-7).

Vn = A‘:t(ac \/E + p,,fy) (A"’)

sre the coefiicient «a, varies linearly frem 3.0 for
/) = 1.5 lo 2.0 for (h./€.) = 2.0.

3.4 — In Section A.7.3.3, value of ratio (h,./€.) used
determining V, for segments of a wall or dia-
gm shall be the larger of the ralios for the entire
(diaphragm) and the segment of wall (dia-
gm) considered.

3.5 - Walls (diaphragms) shall have distributed
r reinforcement providing resistance in two or-
onal directions in the plane of the wall (dia-
gm). If the ratio (h./€.) does not excz22d 2.0, re-
cement ratio, p, shall not be less than
scement ratio p,.

1.6 — Nominal shaar strength c! all wal!l pier
g a common lateral force shall not ba zssumed
sasd 8A,, \'{{ where A_, is the ictal cress-s22-
a:sa and e nominal shear strengih of any on2
t incividuzal wall piers shall not b2 assumsd to
S 104, W/ where A, represants the cross-
~al arza of the pier considered.

7 - Nominal shear sirangth of horizontal wall
auts shall not be assumed tp exceed
VI, whera A_, represents the cross-sectional
¥ & horizontal wall sagmant.
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A.8 — Frame members not proportioned
to resist forces induced by
earthquake motions

A.8.1 = All frame members assumed not 10 be gan of
the lateral force resisling system shall be investigziz4
and shown lo be adequate for ventical load carrprg
capacity with the structure 2ssumed 1o have d=.
lormed laterally twice thal calculated for the faciorzd
lateral forces. Such members shall salisfy Ine mir-
mum-reinforcement requirements specified in Se
licns A.3.2.1 and A.5.2.1 as well a5 those speciie
in Chapter 7, 10, and 11.

O
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A.8.2—- All frame members with factored axia! com-
pressive forces exceeding (A, f./10) shall satisfy the
following special requirements unless they compiy witn
Seclion A.4.4.

A.8.2.1 -Ties shall have 135-deg hooks wilh extan-
sions not less than six tie-bar diamelers or 2.5 in.
Crossties, as defined in this appendix, may be uszsd.

A.B.2.2 — The maximum tie spacing shall be s_ ovar
a length €, measured from the joint face. The spacing
s, shall be not more than (a) eight diameters cf the
smallest longitudinal bar enclosed, (b} 24 tie-bar di-
ameters, and (c) one-hail the leasi cross-sectional ci-
mension of the column. The length €, shz!! not be
less than (2) one-sixth of the clear heighlt of the col-
umn, (b) the maximum cross-secticnal dimansion of
the column, and (c) 18 in.

A.B.2.3 — The first tie shall be within a distance equal
to 0.5s, from the face of the joint.

A.8.2.4 — The tie spacing shall not exceed 2s, in aay
pant of the coiumn.

A.9 — Requirements for frames in
regions of moderate seismic risk

A.9.1 —In regions of moderat2 seismic risk, soecus!
lrames orcportioned to resist forces inducad by 2z
GQuakz moticns shall saiisfy the requiremants of Szz-
tion A.5 in addition to these of Chaptar 1 tarough 13.

A.9.2 — Rainfercement dziails in a frame mambar sa2l
salisly Section A.9.4 if th= faclored comprassiv: zxi=
lozd for the membar dozs not exzeed (A_7;/10). i
ths factored comprassive axial lead is larzsr, fram2
reinforcement details shall satisty Section A.2.3 un
l2ss the member has spiral reinforcement zssardin
to Eq. [10-5). If a two-wazy s!ab sysizm without D2am

fect, reinforcement datzil's in any span rasisting m
ments caused by lataral force shall satisly Secton
A9.6.
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with Seclion A.7.0.1 reprosents one-hall or more ol
lotal design shear, tha quantity V, shall be assumed
10 be zoro Il Ihe laclored axlal comprostlve (orca In-
cluding eanthquake etfects is leas than (A, ,/20),

A.7.2,2 = Stirrups or tea roquired to rasist shear shall
be hoops over lengths of members as spacllied In
Sections A33, Add, and AG.2

A.7.3 - Shear strength of structural walls and
dlaphragms

A.7.3.1 - Nominal shear strength of struclural walls
and diaphragms shall be determined using either
Section A.7.3.2 or A.7.3.3.

A.7.3.2 - Nominal shear strength, V,, of structural walls
and diaphragms shall be assumed not lo exceed the
shear lorce calculaled from

Vo= Ac (2 VIL+ pul,) (A-6)
A.7.3.3 - For walls (diaphragms) and wall (dia-
phragm) segments having a ratio of (h,,/(.) less than
2.0, nominal shear strength of wall (diaphragm) may
he determined from Eq. (A-7).

V, = Aclae VIZ + pafy) (A-7)
where the coefiicient a. varies linearly {rem 3.0 for
(h./¢.) = 1.5 to 2.0 for (h./€.) = 2.0.

A.7.3.4 - In Section A.7.3.3, value of ratio (h./€.) used
for determining V, for segments of a wall or cia-
phragm shall be the larger of the ratios for the entire
wall (diaphragm) and the ssgment of wall (dia-
phragm) considered.

A.7.3.5-Walls (diaphragms) shall have distributed
shear reinforcement providing resistance in two or-
thogonal directions in the plane of the wall (dia-
phragm). If the ratio (h./€.) does nat exz22d 2.0, re-
inforcement ratio, p, shall not be less than
reinforcement ratio p,..

A.7:3.6 - Nominal shaar strength cf ail wail piers
sharing a common lateral force shall not b2 zssumsd
10 excea3d 8A&,, \'#{ where A_, is the o2l cross-322-
tional arz3 end the nominal shear sirengi of any cn2
ol thz individval wall piars shall not b2 assumsd to
axz22d 104, '/, where A, represanis tha cross-
gazdonal at2a of the pier considered,

A 737 -Nomunal shear sirangth of horizontal wall
segmanty shall not ba assumed 19 exceed
104, \/7, whers A_, represents ths cross-sactional
a:33 of a hotizontal waill sagmant,
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A.8 ~ Frame members not proportioned
to resist forces induced by
earthquake molions

A.8.1 = All frame members assumed nal 1o be part of
the laleral lorce resisling system shall be investigalas
and shown lo be adequate lor vertical load carrying
capacily with the slruclure assumed la hava de.
lormed lalerally twice thal calculated lor the [actorzd
lateral forces. Such members shall salisfy the mini-
mum-relnlorcement requirements specilied in Sec-
lions A.3.2.1 and A.5.2.1 as well a5 thase specified
in Chapter 7, 10, and 11,

A.8.2- All frame members with factored axial com-
pressive forces exceeding (A, f:/10) shall satisfy Ihe
following special requirements unless they comply with
Seclion A.4.4.

A.8.2.1 - Ties shall have 135-deg hooks wilh exten-
sions not less than six lie-bar diameters or 2.5 n.
Crossties, as defined in this appendix, may be usec.

A.B.2.2 — The maximum tie spacing shall be s, over
a length €, measured from the joint face. The spacing
s, shall be not more than (a) eight diamelers of Ihe
smallest longiludinal bar enclosed, (b} 24 tie-bar di-
ameters, and (c) one-hall the least cross-sectional di-
mension of the column. The length €, shall nat te
less than (2) one-sixth of the clear height of the col-
umn, (b) the maximum cross-sectional dimension of
the column, and (c) 18 in.

A.B.2.3 — The first tie shall be within 3 distance equal
to 0.5s, from the face of the joint.

A.8.2.4 — The tie spacing shall not exceed 2s, in any
part of the column.

A.9 — Requirements for frames in
regions of moderate seismic risk

A.9.1 - In regions of moderats seismic risk, siucural
frames orcportioned to resist forces induced by szan
quak2 motions shall saiisty the requirements of Ssz-
tion A.5 in addition to those of Chapter 1 through 13.

A.9.2 — Rainforcement dg=tails in a frame mambar snall
sassty Section A.9.4 if tha factored comprazzive exizl
lozd for the membar cozs not exceed (A.f./10). i
thz factored comprassive axial load is la:':a:. fram2
reinforcement details shall salisty Saction A2.3 un
l2ss the mcmber has spiral reinforcement aszording
to Eq. (10-9). It a two-w2y siab sysiem without b2ams
is treated as pan cf 2 f:ams resisting earthquzie e
tect, reinforcement datzils in any span resisting M2
ments caused by latzral force shall satisty Section

AS.6.
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Table 6.2.8
Basic Wind Speeds for Selected Locations in Bangladesh
Location Basic Wind Spccd Location Basic Wind |
(km/h) Speed (km/h)
Angarpota 150 Lalmonirhat 204
i Bagerhat 252 Madaripur 220
Bandarban 200 Mapgura 208 E
Barguna 260 Manikganj 185 F
Barisal 256 Mcherpur 185 ]
Bhola 225 Moheshkhali 260
Bogra 198 Moulvibazar 168 :
Brahmanbaria 180 Munshiganj 184 j
! Chandpur 160 | Mymensingh 217 ?
Chapai Nawabganj 130 Naogaon 175 ‘
Chittagong 260 Narail 22 |
Chuadanga 198 Narayanganj 195
Comilla : 196 Narsinghdi 190 4
Cox’s Bazar 260 Natore i 198 :
Dahagram 150 Netrokona 210
Dhaka 210 Nilphamari 140
Dinajpur 130 Noakhali 184
Faridpur 202 Pabna 202
Feni 205 Panchagarh 130 ]
Gaibandha 210 Patuakhali 260
Gazipur 21_5' A Pirojpur 260
Gopalganj 242 Rajbauri 188
Habiganj 172 Rajshahi 155
Hatiya 260 Rangamati 180
Ishurdi 225 Rangpur 209
Joypurhat 180 Satkhira 183
Jamalpur 180 Shariatpur 198
Jessore 205 I Sherpur 200
Jhalakati 260 Sirajganj 160
Jhenaidah 208 Srimangal 160
Khagrachhari 180 St. Martin's Island 260
| Khulna 238 Sunamganj 195
Kutubdia 260 Sylhet 195
Kishoreganj 207 Sandwip 260
Kurigram 210 Tangail 160
Kushtia 215 Teknaf 260
Lakshmipur 162 Thakurgaon 130
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Equivalent Static Force Method

This method may be used for calculation of seismic lateral forces for all
structures specified in Sec 2.5 5 1(a)

2.5.6.1 Design Base Shear : The total desipn base shear in a given direction
shall be determined from the following relation -
ZIC
— — 9
V= R W (2.5.1)
where, Z = Scismic zone coclficient given in table 6.2.22
I = Structure importance cocllicient given in Table 6.2.23
R = Response modification cocflicient for structural systems given in table 6.2.24
W= The total seismic dead load difired in Scc 25.5.2
C = Numencal cocflficient given by the relation
1.255
= T3
S = Sute coefTicient for soil charactenistics as provided in Table 6.2.25
7= Fundamental period of vibration in seconds, of the structure for the
direction under consideration as determined by the provisions of Sec 2.5.6.2.
The value of C need not exceed 2.75 and this value may be used for any
structure without regard (o soil type or structure period. Except for those
requirements where  Code rescngcd forces are scaled up by 0.375R, the
minimum value of the ratio C/R shall be 0.075.

(2.5.2)

Table 6.2.22 Table 6.2.23
Seismic Zone CoefTicients, 7 Structure Importance Coefficients 1, [~
Scismic Zone (sc¢ Zone Structure Imponance Category (see Table Structure

Fig 6.2.10) Cocfficient 6.1.1 for occupancy) Imponance
Coclficient
! [

I Essential facilitics 1.25 1.50

1 0.075 Il Hazardous facilities 1.25 1.50

2 0.15 11T Special occupancy structures 1.00 1.00

3 0.25 IV Standard occupancy structures 1.00 1.00

V Low-risk Structures 1.00 1.00

2.5.6.2 Structure Period : The value of the fundamental period, T of the
structure shall be determined from one of the following methods :

a) Method A : For all buildings the value of T may be approximated by the
following formula :
T=C(hy) oA ' (2.5.3)
where, C,= 0.083 for steel moment resisting frames

= 0.073 for reinforced concretc moment resisting frames, and
eccentric braced steel frames
= 0.049 for all other structural systems

I, = Height in metres above the base to level n.
Alicratively, the value of C, for buildings with concrete or masonry shear walls

may be taken as 0.031/4 /A‘. . The value of A, shall be obtained from the relation :

A.=ZA[02+(DJ h,)*] (2.5.4)

where, A = The combined effective area, in square metres, of the shear
¢ walls in the first storey of the structure.

A = The effective horizontal cross-sectional area, in square melres
d of a shear wall in the first storey of the structure.

D. = The length. in metre of a shear wall element in the first storey
d in the direction parallel 1o the applied forces.

The value of D /i, for use in Eq (2.5.4) sha!l not exceed 0.9.

-
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Tuble 6.2.24

Response Modification Cocefficient for Structural Systems, K
Basic Structural desceription of Lateral Forcee Resisting Systemn kO
____System'
a. Bearing Wall I. Light framed walls with shear panels
Syatem i) Plywood walls for structures, 3 storeys or less 8
ii) All other light [ramed walls 0
2. Shear walls
1) Concrele 0
1) Masonry : . ‘ 0
3. Light steel framed bearing walls with tension 4

only bracing
4. Braced frames where briacing carries gravity loads
1) Steel
ii) Concrete
. 1) Hcavy timber
b. Building Trame 1. Steel eccentric braced frame (EBF)
System 2. Light framed walls with shear panels
i) Plywood walls [or structures 3-storeys or less
i1) All other light framed walls
3. Shear walls
1) Concrete
1) Masonry
4. Concentric braced frames (CBF)
1) Steel
i) Concrete )
{ 1) Heavy timber
¢. Moment Resisting | I. Special moment resisting Trames (SMRF)
Frame System 1) Steel 12
i) Concrele 12
2. Intermediate moment resisting frames (IMRF),
concrete ()
3. Ordinary moment resisting frames (OMRF)
1) Slccf ‘
L it) Concrete )
1. Dual System 1. Shear walls
1} Concrete with steel or concrete SMRF 12
1) Concrete with stecl OMRF 6
iii) Concrete with concrete IMRE ) 9
8
)
7

ENGESrCN

-J\DE

CO o000 Ot O

t

iv) Masonry with steel or concrete SMREF
v) Masonry with stecel OMRF
vi) Masonry with concrete IMRE ()

2. Steel EBF

i) With stec]l SMRF 12
ii) With stcel OMRF 6
3. Concentric braced frame (CBF)
i) Steel with steel SMRF 10
ii) Steel with steel OMRF 0
ii) Concrete with concrete SMRF ) 9
8 iv) Concrete with concrete IMRF ') 0
. Special Structural | See Sec 1.3.2,1.3.3,1.3.5

Syslems
Notes: (1) Basic Structural Systems are defined in See 1.3 2, Chapter 1.
(2) Sec Sec 2.5.6.6 for combination of structural systems, and See 1.3.5 for system limitations.
(3) Prohibited in Scismic Zone 3,
(4) Prohibited iu Scismic Zone J exeept as permitted in Sec. 2.3.9.3.
(5)  Prohibited in scismic '/_'.le.',?. and 3 See 1.7 2.6,

O
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2.8.3.4 Earth Lead

(a) Carth lead is the Iink which provides connection SHetween the earth
conductor(s) and the carth electrode(s) The earth conauctors i il be
brought 10 one or more connecting points, according to ¢ of
installation; the copper wire carthing leads shall run from therc 1 the
electrodes.

(b) Earthing lcad can cither be of copper wire or of copper sto. Ciher
metals can also be used as in case of earth conductors.

(¢) Earthing leads shall be run in duplicate down 1o the carth electrode s0 as
to increase the safety factor cf the installation. Copper wire used as
carthing lead must not be smaller than 8§ SWG (12mm’).

Table 8.2.11

Minimum Cross-sectional Area of Copper Earth Conductors in Relaticn to the Area
of Associate Phase Conductors

Cross-sectional Area of Phase Minimum Cross-sectional Ares of the
Conducior(s) Corresponding Earth Conductor
(mm’) (mm’)

Less than 16 Same as cross-sectional area of phase
conductor but not less than 14 SWG

16 or greater but less then 35 16

35 or greater Half the cross-sectional area of phase
cenductor

2.83.5 Earth Electrodes
(a) The earth elecirode shall, as far as practicable, penetrate into permanently
moist soil preferably below ground water table-The resistance of earth

electrodes shall not be more than one ohm.

(b) The following types earth electrodes are recognized for the purposs of
this Code:

- Copper rods,

- Copper plates,

- Galvanized iron pipes.

(c) Details of typical pipe and plate earth electrodes are given in Fig 821
and 8.2.2. The following is a guideline for electrode size:

-  Copper rods shall have a minimum diameter of 12.7 mm,

- Gl pipes shall have 2 minimum diameter of S0 mm.

- Copper plates shall not be less than 600 nmx$20mm in size, with 6 =
thickaess.
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LIGHTNING PROTECTION OF BUILDINGS

General

Whether a building needs protection against lightning is a maticr of
judgement on the part of the designer; obviously it depends on the
probability of a stroke and acceptable risk levels. For example, a higher risk
is presumably acceptzble for an isolated small bungalow than, say, for a
children's hospital. Whilst no exact rules can be laid down which would
eliminate the designer’s judgement entisely, certain steps can be taken for an
objective assessment of the risk and of the magnitude of the consequences.
As 2n zid to making a judgement, a set of indices is given in Table 8.2.12 and
elaborzted in Sec 2.9.1.1 to 2.9.1.7 below for the various factors involved

2.9.1.1 Usage of Structure: The lightning hazard to human beings within a
structure or a building is a very important factor in decjding how far to go in
providing lightning protection. Schools, hospitals, auditoriums, railway
stations, elc., are places where a large number of people congregate and,
therefore, would in general be structures of greafer importance than small
buildings and houses.

29.12 Type of Construction: The type of construction of the structure has
a large influence upon the extent of protection to be provided. A steel framed
building to some extent is self-protecting and may not generally require
additional protection, while brick buildings or buildings with thatched roof
reguire greater degree of protection.

29.13 Contents or Consequential Effects: In addition to direct loss due to
destruction of building by lightning, fire resulting from lightning, killing of
livesiock. etc. there may be indirect losses which sometimes accompany the
destruction of buildings z2nd their contents. An interruption to business or o
fzrming operations, specially at certain times of the year, may involve losses
guite distinct from, and in addition to, the losses arising from the direct
destruction of property. There are also cases where whole comrnunity
Cepends for szfety 2nd comfort in some respect on the integrity of 2 single
structure, 2s for instance on the brick chimney of a water pumping plant. A
Eghtning strike 10 it may have 2 serious consequence duc o disruption of
sznitzry fzcilities, drinking water, water for urigation, fire protection, etc.,
The contents of buildings should also be considered a3 1o whether they are
replaceable, explosive, combustible, flammable vapour or explosive dust
These may presert 2 hazerd in a building that is otherwise immune to
lightrang Conterts like hay or cotton may make protection measures
specizlily desirzble.

29.1.4 Degree of Isclation: The relative expoture of a particular building
will be an element in determining whether the expense of lightning protectian
B warrzesed. In closely buili-up towns and cities, the hazard s not as ve=at 23

- »
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