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Design of Low Rise Masonry Building

Introduction

Load bearing construction is most appropriately used for buildings in which the floor area is
subdivided into a relatively large number of rooms of small to medium size and in which the floo

plan is repeated on each story throughout the height of the building. These considerations give
ample opportunity for disposing load bearing walls, which are continuous from foundation to roof
level and, because of the moderate floor spans, are not called upon to carry unduly heavy
concentrations of vertical load. The types of buildings which are compatible with these
requirements include flats, hostels, hotels and other residential buildings

The basic advantage of masonry construction is that it is possible to use the same clkement to
perform a variety of functions, which in a steel framed building, for example, have to be provaded
for separately, with consequent complication in detailed construction. Thus masonry may,
simultaneously, provide structure, subdivision of space, thermal and acoustic insulation as well as
fire and weather protection. As a material, it is relatively cheap but durable and produces external
wall finishes of very acceptable appearance. Masonry construction is flexible in terms of butld:
layout and can be constructed without very large capital expenditure on the part of the builder.

However, the quality of th
maso;uy lmtc".‘.ﬁ must conform o eena
) the dotes bafay i fea!le composite of coteint, Biae 2nd sand ad

ars block, brick o morinn, ihe duted 1 5ell s compasite

sometimes of other constituents.

.
ot standards. The basic comoor

e masonry in a bulldmn depends on the materials used, and h'\*g ail
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pesign of one way slab (USD)

way slabs are !host? slabs hav'ing supports along onc way only (Figure 1)) or slabs having
orts having on all SIdC§ bm,wnh an aspect ratio in plan of 2:1 or Vn,:nt':r i;l)‘)ﬂ;ill' '; :‘, 1;4 m:
rily about the long axis (Figure 2(a)). The slabys having supports (;n :nli ;irl,., ,"’ "_ "': '|'«',,,m,,y',,..‘
(Figure 1(b) and 2(b)) where there are bending about the both axes but ae ' :,,' ,:,;,' ,”.,.' h,:;/
.SL/BZZ- C5, acts as Ay sl

way slab can be

ilid
sllow or
bbed

[ P e s

...............

ssessssmananana

3 3 ¥ 3
2 < P ) ) :‘__L__,_
e | 5 s ]
1 S LS s
(a3 Onz-vrigy slab oMWY Fypevray slaby

aiglic as Ani-way Goids and Uvaevea ) sal
ure 2(a) slab is supported on two opposite sides only. In this case the structural action of the
iessentially one way.

sie 2(b) there are beams on all four sides. Now if Jength to width ratio is 2 or greater, slab
fone wagslab even though supports arc provided on all sides.

DING OF ONE WAY SLAB

~.. Ut fideh Desop Wrg

Unit Wedth Devign Strip

t2: Slap (a) Supported on two opposite sides only and (b) Supported on all four sides
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o SR o opposite sides only loads being car:
Figure 2(a) shows that when slabs are supported on ‘.w \ l?[:m 8 carrie( by
the slab in the direction perpendicular to the supporting beaims.

Figure 2(b) shows that when supports are provided on all sx(_ics ::O'St Ojf the load is carried in g,
. : jon mned.
short direction to the supporting beams and one way action'is obla

1.1 SPECIFICATIONS
Minimum Slab Thickness

To control deflection, ACI Code 9.5.2.1 specifies minimum thickness values for one-way solid

slabs,
F : Both ends , \|
Element Simply On? e ti Cantilever |
Supported continuous continuous
One-way solid 1/20 124 128 110
slabs
: [ . =
Here, / is the clear span v : ; 2
- . S—efpore LY B’ 4
Multiplying factor = 0.4 + 160 * fy inksi
If, B I B
Thickness < 6 inch then upper rounding to neatest 0.25
Thickness > 6 inch then upper rounding to neatest 0.50
Minimum Concrewe Cover
According to ACI Code 7.7.1, the following minimum concrete cover is to be provided:
a. Concrete not exposed to weather or in contact with ground:
* Largerthan @ 36 mm bar ------------.. S NS i e 4 cm
* 36 mmand smaller bars —----eeeooe et Zem
b. Concrete exposed to weather or in contact with ground:
* O 19 mmand larger bars----oeeee e S5cm
* D16 mm and smaller bars —====--cooooooeee 4cm
¢. Concrete cast against and permanent ly exposed to earth - eemmeemm oo eaeem 7.5cm

Span Length

According to ACI code 8.7.1, if the slab rests frecly on its supports, the span length may be take?
cqual to the clear span plus the depth of the slab but need not exceed the distance between center®
of supports.

page | 3
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gPﬂcing

pacing of the flexural barg should pg xceed 3 s the thie
Codc 7.6.5-

Kneyg hor | 8

inch according 1o
tcor off erature

ng of temp

spacl

and shrinkagc
. the slab thickness or |
)

! rcinfnrccmcm sh
8 inch accordj

oukl not e Placed fyy
Ng to ACJ code 7,127,

ther apart than 5
ally, bar size should be selegyeq
rallys

al Spacing is poy | about 1,5 times the
hickness.
imum Reinforcement Ratio

forcement ratio: Reinforcement ratio is the ratjg of

rcinfurccmcnt

arca to Eross concrete arca,
vay solid slabs are designed a5

rectangular sections subj
num reinforcement ratio correspond

celed to moment,
S 10 a net tensile st

Thus, the
ain in the rcinlbrccmcnt,(cl) 0f 0,004,

emperature and shrinkage reinforcement ratio:

rding to ACI Code 7.12.2.
with Grade 40 or 50 deformed bars

.............. 0.0020
........... 0.0018
with Grade 60 deformed BAIS cvenureicrnnrinussenssnsnssrsemmnn.
where reinforceinan: sl yizid strength e
. '. .............................................. fy
ding 60000 psi........................
exural reinforcement: o
ding to ACI Code 10.5. 4,

Bh ' g em(.nt.
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1.2 DESIGN EXAMPLE
Design the slab followmg the prov:smns of the ACI code.
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Figure 3: Typical Layout of Load Bearing Building

Dimension, A 12 ft
Ultimate Strength of Concrete, f/ 3 ksi
Ly Yield Strength of Steel, f,, 40 ksi

Live Load on Floor 60 psf

Floor Finish (FF) 25 psf
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§ ESTIMATION

_.,1 R

- B -t s ka0 27 4
' Support in one f ['r,
{
: . - < Y J
| : (hm(,l,l‘nn‘only £
__1’1 ’
Figure 4: Load Transfer in Shorter Direction
I// One end Continuous ’ I Imth_c:'r'ul-(,'n—minurm':‘W”Oﬁu'a'wc? -
v <

" C——— PLETP . f
/s I 12" Beamn [— ’I/
“ /]

1 107 v B [
1} 2 %

[ 12 ft e |~ - 121 [—— or

Figure 5: Section 1-]

one end continuous

40
liplying factor, MF = 0.4 + T = 0.8

l "
kness = — % 0.8 = 4.43
24
both end continuous

P 40
liplying factor, MF = 0.4 + T 0.8

[
kness = —_ % 0.8 = 3.80"
287

A
(%4
"
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» For Cantilever

10 "
| = 6x12—?=67

Multiplying factor, MF = 0.4 + 100

40

. gl .

l "
Thickness = T X 0.8 = 5.36

" _ 1
Among the thickness maximum thickness = 5.36

" Hence use 5.5”

DETERMINING LOADS

Consider only a 1 ft width of beam.

Floor Finish = 25 psf

Live load = 60 psf

Dead load = 150x5.50/12=68.75 psf (Unit wt. of Concrete = 150 pcf)
Factored DL and LL, wy =[(68.75+25)x1.2+60 X1.6] psf

DETERMINING MAXIMUM MOMENTS

Moment coefficients at critical sections by ACI code:

0 = R 1 1
'@_ﬁ_k @ 12 @ 12 11 @ 3

. P S — —

] 1 L l_ l AT

gy ! - R/

1 : | [=133in /:j// =67in l
i : -\‘Ip\i

s R S

Figure 6: Moment Coefficient
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=0k - fepe = I~ in/fe

v 11 *Wull =235k~ fr/pp -

At Sechon | - Mu == x W

v ASection 2 ‘M
282k - in/ft
o ArSechion 3 (Left)

‘ l
WMy |- X W

l& ul —*21;)’( ft//t——ZJSk l.n./ft

AtSeetion 3 (Right) ‘M, = ~L

ZXWul' = <2145 k- ft/fe = _pc gy, — in/ft

AtSection 3 (Max)) . My = =258k — in/ft

—

At Section 4 My = 11 X Wul? =235 le=ft/ft =282k —in/ft

*AtSection S (Lef) 1, = - L

1T XWul?= =235 - Jt/ft = =282k —in/ft

y. N S A . — l .
AtSection S (Right) M, = e Xw =327 —ft/ft =-3927 ) — in/ft

AtSection § (Max,) M, ==3927 k- in/ft

u Mowent (Only Value) + M,,0 = 39.27 k - in/ft (For all Sections)
MUMEFFECTIVE DEPTH
})' ;Att 'i‘t

o
fe €y
= Pooes = 085, =-

fy €4 +0.005

, e
SRR

(o4

R 0.003
=005 F0BSXO0BEX —X—ouoo " ___p;
Fo.005 ’ "7 40 " 0.003 7 0,005 — 00203

L Mipax
Opf.b (1 - 0.59p -/-):)
N Je

- 3927
B . ; 10
0.9 X 0.0203 x 40 X 12 X (1 —~0.59 x 0.0203 x ?)

=231in

Page | 8
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CHECKING AVAILABILITY OF THI

As required effec
the thickness of 5.50 in can be adopted. .

MINIMUM REINFORCEMENT AREA
=0.002 bt =

As,min

= 0.13 in%/ft

Minimum reinforcement of 0.13 in

CKNESS

tive depth, dreq IS Jess than provided effective depth, dprov 0F (5.50-1.00) = 450,

(0.002 X 12 X 5.5) in?/ft

2/ft should be provided at every section.

REINFORCEMENT AREA DETERMINATION AT ALL SECTIONS

M,

e a7

As

> At Section 1: (M, =0 k-in/ft)

Let,
a=1in
poo M
0f;(d—a/2)
_ 0
0.9 % 40(45-1/2)
=0in?/ft
and,
a= A‘L N
0.85fb
a= —EL
085S x3x12
=i} n
Again,
e M,
ST e,
0fy(d—a/2)

- 0
Se—
0.9 x 40(4.5 - 0/2)

-— 0 yy 2 t
s s, min

= 0.013 in?/f;

a

_ A
0.85f'b

Scanned with CamScanner
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gection 2: (Mu = 28.2 kein/ft)

,:lln

My
.
ks = ofy(d —a/2)
28.2
=00 x 40(4.5 — 1/2)
=0.2 l'nz/ft
nd,

Ak
"= 085f/b

0.2 X 40
'T085%x3 x 12

=0.26 in

\gain,
L= M,
FTOfd—a/2)
28,7
T 09 X 40(45 - 0.26/2)
=0.18in?/ft
nd,

__Ashy
0.85//b

_0.18x40
T 0.85x3x12

=0.24 in

N

\gain,
= M,
- 0f(d=a/2)
- 28.2
0.9 X 40(4.5 — 0.24/2)

=0.18 in?/ft (Same as before)(tHere, As> Asuin), OK

Page | 10
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. At Section 3: (M, = 25.8 k-in/ft)

Let,
a=11in
A= -
= 0h(d-a/2)
25.8
T 0.9x40(45— 1/2)

= 0.18 in?/ft

and,

a= ———-—ASfy
~ 0.85f'b

_0.18x40
T 0.85x3x12

=0.24in

a

Again,
_ My,
@f,(d-a/2)

258

A

0.9 X 40{ 2.5 ~ 0.24/2)

=0.16 in*/ft
and,
a= b
0.85f/b
. 0.16 X 40
0.85x3x12
=0.21in
Again,
A, = ——._L_
T 0h[d=af2)
25.8

0.9 x40(45 - 0.21/2)

= 0.16 in*/ft (Same as before)(Here, A,

> As.min), OK

Scanned with CamScanner
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4: (M, = 28.2 k-in/f1)

[ \'t't"'i""

| m

M,
§ = ofy(d—a/2)
28.2

= 0.0 x 40(4.5 = 1/2)

=0.2 £7!2/[t

1,

Asfy

“0.85//b

0.2 X 40
“085x3x 12
=0.26 in
ain,
~ M,
S Of(d—a/2)

25 2
(A S Py

T 0.9 XAu(hS — Caors)
=0.18in?/ft
L,
Asly_
0.85/b .
01840
0.85x3x12
=024 in
un,
. My,
28.2
T 09X 40(45 = 0.24/2)

=0.18 in?/ft (Same as before)(Here, As > Agmin), OK

Page | 12
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5 At Section 5: (Ma= 39.27 k-in/ft)

Let,

a=1in
A M,
T pf,(d-a/2)
39.27
T 09x40(45-1/2)
=0.27 in?/ft
and,
a= ASB
0.85f'b
_ 0.27 x 40
= 085x3x12
=0.35in
Again,
M,
Ay = ———r
0fy(d. —a/2)
20,27
T 09X 4045~ G352
= 0.25 in?/ft
and,
_ Asfy
0.85f£'b
oo 0-25 x40
T 085x3x12
=0.33in
Again,
pom M
Bfy(d—a/2)
39.27

0.9 x40(45-033/2)

= 0.25 in?/ft (Same as before)(Here, Ag> A, ), OK
) min ),

Scanned with CamScanner
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U]!m’/ff 016 in? /11
025 m? /1t

0.10 in?
in?//t , l 0.0 in? /11t

5

12 ff —————————fe
S 121t . l oM

P ——— —
1 - -
\ < \
|
-
=2
p—

Figure 7: Reinforcement Arvea Required
(ORCEMENT SPACING DETERMINATION

ort Direction:
. =15t =15x 5.5 = 8.25"

= 3tor 18=(3x5.5)" or 18" =16.5" or 18" = 16.5" (Lower one)
=0.18 in%/ft : (I #3 is provided) (At Section 2 & Section 4)

2 . . o ~ #
0.18 in? reinforcement required in 12 inch
+ 2 . N . . 12 .

I in? reinforeement cequired in - ‘l“'mch
; 0

L : o 12%011,
0.11 in? reinforcement required in s 1E;“mc !
. )

= 7.33" = 7" (0.5" lower rounding).

But, S € Sy (not Ok)
= 0.18 in?/ft : (1L #4 is provided) (Al Seetion 2 & Scction 4)

)18 in? reinforcement required in 12 inch

12
I in? reinforcement required in mmch

12%0.2,
inch
8

3.2 in? reinforcement required in
= 13.33" ~ 13" (0.5" lower rounding)

N()Wa Sm(n <5< Smnx (Ok)
- #4 @13"c/c alt.chkd

=0.13 in?/ft : (At Section 1)

4 @ 26" ¢/c is already provided g
In 26 inch already provided reinforcement area = 0.2 in
pape | 14
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In 12 inch required reinforcement area = 0.13n
0.13%x26  ,
In 1 inchrequired reinforcement area =———>— If

. (2
In 26 inch required reinforcement area = 0.28 in

.2
Extra reinforcement required = (0.28-0.2) =0.08 in

o 0.73~ |
No. of extra top bar required (if # 3 bar is used) = 011 0.73%

1#3 extra top between ckd.bar

A; = 0.16 in%/ft : (At Section 3)

#4 @ 26" c/c is already provided
In 26 inch already provided reinforcement area = 0.2 in?

In 12 inch required reinforcement area = 0.16 in®
0.16X26
In 1 inchrequired reinforcement arca = T in

In 26 inch requircd reinforcement area = 0.35 in?

2

- .2
Extra reinfarczment required = (0.35-0.0 2,15 in

' 110 .
No. of extra top bar required (if # 4 bar is uscd) = %:;—f 0.75= 1
1i4 extra top between ckd. bar

As = 0.25in?/ft : (At Section 5)

#4 @ 26"c/c is already provided
In 26 inch already provided reinforcement area = 0.2 in?

In 12 inch required reinforcement area = 0.25 in?

_ , , 0.25%26
In 1 inchrequired reinforcement arcu=T n

In 26 inch required reinforcement area = 0,54 in?

Extra reinforcement required = (0.54-0.2) =0.34 in?

No. of extra top bar required (if # 4 bar is used) = e 1.70=2
0.2

Zitd extra top between ckd. bar
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ong Dircction:
~_15t=15x5.5=825"

""" _stor 18=(5%5.5)" or 18" =27.5" or 18"

= 18" (L
T Z013in?/ft (Lower one)

l_:"‘uﬂ
| :0.13i’lz/ft :
§
0.13 in? reinforcement required in 12 inch
Py QUL ) ; . 12
| in? reinforcement required in ——inch
0.13

12X0.11,

0.11 in? reinforcement required in ————
q 013 inch
= 10.15" = 10" (0.5" lower rounding)
Now, Smln <§< Smax (Ok) : Z
~#3@10"c/c
(ILING:
2 T (b 12
[ H— — () 1
I ! I - |
N | L —{(¢)
, T
Ce) % . t= 5.5 inch ‘
Y {d)
N’

— g sl I v —————

b) 1 #3extra top between ckd. bar
c) 1#4extratop between ckd. bar
d) 2 #4extra top between ckd. bar
e) #3@ 10" c/c

Figure 8: Detailing at Plan

- | ﬁ a) #4@ 13" ¢/calt. ckd.

Page | 16
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1#3 extrz; top r—» 1 #4 extratop 2 #4 extratop
9" 3-9"
b 3'.9" 3-9
T e L s
\ B ° e
[ ] \/ [ ] [ ] .\ e [ J 7

~N
°
°

:

L
1.8

(U] [ ] ‘.

// «— e — \ APTRTE /

/ ” #3@10"c/c #4 @ 13" c/calt ckd. /

/ = . =133in / l=67in

% B ] % - S

/ //

\ﬁ ¢

= 12 ft ’I 12 ft l 6 ft ‘
Figure 9: Detailing at Section 1-1
#4 @ 13" ¢/c alt. ckd.
/"I
. | 7
T s S e Oty B A - e - St St 2
.};'77_7-‘ ~_._.._...<,.'.;. B S h e 'f‘l/f':; e e v e W o R 5 o s e s e s 4 e S A A -?}—1
7 . > 7 7
_T/A #3@ 10" c/c /l /’/
——— 27t e 27 ft R
! I I
: , gy . ™
Figure 10: Detailing at Section 2-2
page | 17
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———— -

" [§IGN OF BEAM (USD)

Juction:
qate gtrength Design (USD)

. pased on the u.lhmate strength of the structure, assuming a failure condition either due to
concrete crushing or by yielding of steel. Additional strength of stecl due to strain

pardening is not encountered in the analysis or design.

. Actual / working loads are multiplied by load factor to obtain the design loads.

. ACI codes emphasizes this method.

ymptions:
¢ are five assumption that are made
nne sections before bending remain plane after bending.

rain in concrete is the same as in reinforcing bars at the same le
reen the steel and concrete is sufficient to keep them acting toget

s i.e., no slip can occur between the two materials.

vel, provided that the bond
her under the different load

e stress-strain curves for the stecl and concrete are known.

‘he tensile strength of concrete may be neglected.

y nllimate strepgth, the maximum slyain af the extroine compression iber i3 asu ed aqvalto
3 '
ign and Analysis
he main task of a structural engineer is the analysis and design of structures. The two
roaches of design and analysis will be used.

ute the

ign of a section:

This implics that the external ultim
ensions of an adequate concrete €
ngth and yield of steel used ar given.

nt is known, and it is required to comp

ate mome
forcement. Concrete

ction and the amount of steel rein

tion (in addition to concrete and steel

alysis of a section:
{ ultimate moment capacity of

This implics that the dimensions and steel used in the sec

ld strengths) are given, and it is required 10 calculate the interna
section so that it can be compared with the applicd external ultimate moment.

im Types
° Singly reinforced section

* Doubly reinforced section
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Flexure Lguations

Figure 12: Diagrams for flexure equations

C= T M, = T(d - -;) = A-f,(d - ‘21)
045 ab Aty M, = M

solving for a,

= */1 [’- e ',p‘.f!.d', Moz gM, = f"-"ﬁfv:/"" - ‘f\ . 1 % rad
0.4’} 553, v D \ '.
) 12 7/1,
£ hd
FAILURE, MODES -
*  No Reinforcing ’ :2-@
mn
*  DBrittle failure j;
* Reinforcing < balance o =0.75p
mux . bal
*  Steel yiclds before concrete fails
i B ’ 0.8548,f
*  ductile failure Prut = Z3A 57000
£ 87000 + f,

* Reinforcing = balance
*  Concrete fails just as steel yields
* Reinforcing = balance

- p > pﬂl!‘
* Concrete fails before steel yields

page | 19
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SIGN EXAMPLE OF BEAMS

T 1A —
== . e LELrI7 777774 rgmm S E—

—— —— —

e v e et e ——— e
S . S e e S - —— —— s — e, ]

Beam

A\ '| 1 ‘Vl

AN

|

|

|

|

|

|

|

|

|

|

| gl
| =
i ;
] 1
]

|
]
|
|

ANNARRRRR Y

ALl NARRRR. .,

BASNSNN

Figure 12: Beam Layout

d Calculation for Beam Design

L—h-.-—— "

R R

!,'I B | m—— '-“—-——*——..f;-*—]f‘.::-—--:::r"“:‘“ 4~

: RN [ [ iis: | 4
= (e‘. iz) =1z | /

I

. !
e 1z) >,
£ o 7 TR |
7 =i D (i R ),
i 77 w2 / s |
A N
N

/’ T Z
/ 7 17 /,4.// | (o7 -1 18
' /,//;// ,"/f// b3 /{,/ { I }_ i LIS

4

7
e

i
S/
L

Figure 13: Determination of Contributing Area for Load Calculation

1 ¢181 157y 133 7315 fe?
ControllingArea=2x§x(12 + 7 )x 4 - 32

Page | 20
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Step 02 : Determination of Load

Load from Slab, w,, = 0.21 ks f (factored)
, = (0.21 ksf) % ContributingArea/Length

Load on Beam from Slab, w,, s1a
7315 157
= (021 ksf) X (fgz—'ffz) /(Tf g

= 1.835 klp/ft

~ 1.84 kip/ft (Factored)
f—b—q

d
-0--—0---0——1-/1,

Let, Beam Cross section =12” x 24”(Assumption, h=2b)

—————

Self Weight of Beam, wy, st we, = (‘1-?1%} X 0-150) kip/ft

= 0.3 kip/ft(Unfactored)

Total Load on Beam,w,, = (1.84 + 0.3 x 1.2)kip/ft = 2.2 kip/ft

Bending Moment and Shear Force Diagram for Beam Design

4 3 £r (4 27 “ry 1 *gs LR I . - :;" _-:'
w o Reactions sl soooori: (Assuine: the Bean: £ have (o followiny support condiiions)
i : ‘ Y i

Wy, =22 kip/ft

nnnnnnnamm

W N Y. l h 4 r. v h 4
| I E DR ST r2 B Tey Ly e <l FTERNA Y e P ; s B : - %
LLO) B ”?‘ C moan

L
I
%WNL '§WuL %Wu,‘
3x22x%x54 5% 22x54 3 x2.2%x54
16 8 16
22.275 k'ip 74.25 kip 22.275 kip

Figure 14: Determination Support Reactions

o SIFDand BMD
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i

K;vwivvvvv\lzvva\ l—n \[ , Sl w\ IRAN LW 2.2 klp/ft
27° e e
; 37.125 ?
275} s 5
| Mg o .16.875° @ 10.125° |
e N ——————— | SFD(Ki
1012500 () 16.875% 1 e ()] 2
122275
é i “" |37, 5 :’
112.77 M 1277 |
_ : . | BMD (Kip-ft)

. 200.48
Figure 15: Shear Force Diagram and Bending Moment Diagram

hnp\f(‘)‘ lr "% ! Myl J“U nsh

ximum Moment, My max = 200.48 kip-ft= 2405.76 kip-in

40

x 0.0203 x 7

3)

f Eu
P = Po.oos = 0.8554 fym @ = 0.4833 + 83.33¢,
_ a5saas 3 3 At, €, = 0.005
xzaxg @ = 0.4833 + 83.33 x 0,005
= 0.0203 | =09
- Mu.max
fy
¢pfyb 1-0.59 =
fe
freq _ Mu,max ' 2405.76
Bof, b (1_059!)}1}) 0.9 % 0.0203 x 40 x 12(1- 059
4 »
ireq = 18.07 inch dprovided = (h— 2.5) in = (24 - 2.5) in = 21.5"

dpr{midwl > dr‘eqm’rctl

JRAL REINFORCEMENT AREA DETERMINATION:

Sectionis ok

Page | 22
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3Vfelpsi), , _3V3090 12 x 215 = 1.06 in?

——

fy (psi) 40000 = 1.29 in?
Ag min = max
. (200 200 o x215=129in?
f;,(psi) 40000
M A.\-f} Assume a, Get Ag; Check
n (: p—1

Ap= 0.85f, b' a with the newAg; Continue this
g . I'a

process until a converges

¢fi(d — a/2)
M, = 11277 kip - ft :

/]S _ 112.77 X 122 - ~1.85 inz(COﬂtFOIS) a=2422in
0.9x 40 X (215————)

M, = 20048 kip — ft :

200.48x12

As = 7543 = 348 in?(Controls) a=4.543in
0.9 x40 x (21. 5=—5—)

As = 1.85 in? (2#6 & 1#9)
Ag = 3.48 in? (2#10 & 1#9)

QTTT AT MYV IR YT A0 R YT Y MY e e
SLGAN JLUINP O ONAT SN 1RTIARTN Y

w=22kip/ft
y

o 37.125 ’
22.275E =, }

! :< 16.875' oy @ ! 10. 125 - :
> . .STD[K:p)
i 10.125 @ 16875 :

i 22,275

1833 | ¢
37.125

33.18

Figure 16: Shear Force Dingr'zﬁn of Beam
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v, = 2AJf! bd(f in psi)

=2x1xv3000x 12 x 21.5 PS5
= 28262.48 Ib
= 28.26 kip
oV, = (0.75 x 28.26) kip % = —2;—2 = 10.6 kip I

= 21.20 kip

[Tr

Vi > @V, ; then reinforcements are required as per requirement(By formula)

oVe ..
- S V< OV; thenminimum reinforcements are required (maximum spacing)

oV,
V< -TC i thenno reinforcements are required
but in construction minimum reinforcements are provided though J
From Shear Force Diagram(SFD) \
V. =1833kip
V. =33.18kip
PV, = 21.2 kip
@V, = 21.2 kip oV
o _ 7’ =10.6 kip
== =10.6 kip .
2
f-,l','

- T
= Vo= Wi

H - {0,

Vy > ol . 2

Minimumreinforcenients
are required

Reinforcements requirement
are determined by formula

| ] l l w=2.2 kip/ft
. \I‘jl\‘ R4 V‘I‘I'IJ W, PAAAARANAANAAANNEALE D
d=21'5u : e e — 271 s——yt it - : v e 271 ssore . E

37125}, _
22275
;da , ® ™. o 10125"
OV, = 21.2 kip l e el Q SFD (Kip)
Frzh ot 1
§ A0S 122275
37.125
g
Figure 17: Distance determination where V,, = 0V,
Page | 24

Scanned with CamScanner



lior7.24[t Zone | %215
O fyed _ 0.75 %0223 40X 215 1y po gy e

if we use #3 bar —> S=m— 33.18—-21.2
$> Spax 5T 105

LForMc‘m'mum Reinforcement Zone ] if we use #3 bar

Avfyt B 0.22 x 40000 = 17.85"

— 0.75Jfb 0.75x V3000 12
Aufye _ 022X 40000 _ . .. et
Smdxzmin_< SOb 50x%x 12 ;
d_21%_ 1075
2" 2
S 24"

lilthraugh 10.5" Spacing should be pravideciJ

10.5 ,
Reinforcement providing start at——z— = 5" Spacing from the face of support

Detailing of Beam Reinforcement

A

|1 #9 ext. bottom
o

2 Mg J 30@ 10.5”
e 314
2H#108& 1#
2410 19 #3 @105"C/C
i 24" 124
#3 @10.5"C/C
2168& 149 - }V 2#e
T NV
[ Section A-A 7 IJection B-B l

Figure 19: Beam Reinforcement Detailing According to the Design
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pESIGN OF STAIR (USD)

Figure 20: Stair

Stair Beamn

Landing

Stair Beam /

Figure 21: Components of Stair
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Rise = 6 inch
Steps =10 inch

- - - -
e h e b ey - e e

=4.50"

]
]
'
| 6"x9=54"
]
I
]
i
|

4.5 6
0 = mn"——g ortan~! 7 30.964°

Figure 22: Parameters of Stair

Step 01: Determination of Load

Dead Load :
1, WeistStuh, (Sial Thickness= 6mnch)
. 6 [
Waist Slab (Self Weight) T Sakuit o 0.088 Ksf
qQist ! If We = =0,
¢ 9 = 1000 c0s 309649 *
2. Rises & Steps: (2.57" equivalentthickness)
YR 237 X150
ises & Steps = ——1——— - ;
\ e 1000 cos 309640~ O-03BKsf

3. Railing: (3 inch Thickness & 3 ft height)

3 %3 xV7.5244.52X 150

Railing = 12 _ ,
ling 1000 X 3.5 X7.5 SRS

4. Floor Finish:
Floor Finish = 25 psf= 0.025 ksf

Live Load ;
Live Load = 100 psf= 0.1 ksf

Total Load = 1.2D1.+1.61.1.
=1.2x(0.088+0.038+ ().038*0.025)+ 1.6x0.1
=0.387 Ksf

Scanned with CamScanner
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ep02 Moment Calculation

—_—
/'L_z [(3.5%2)+7.5] ft=14.5 ft

2 2
positive Moment, M (+ve) = wl® _ 0387x1452
o 14 14

=581K-ft/ft

: Aoy — WL _ 0387 X14.52
vegative Moment, M (=ve) = == = =222 g 0s k- iym

ep 03 : d check for maximum Moment

e e —
yaximumMoment, M, ..., = 9.04 kip-ft/ft= 108.48 kip-in/ft
= = f e 3 3
P = Po.oos = 0.85ﬁ117y'———"Eu +0.005 — 0-85x0.85 XE X 3 = 0.0203
dooy = My max _ 108.48
req ] I 40
opf,b (1 - o,sgp_fx) 0.9 X 0.0203 % 40 x 12 (1 - 0.59 % 0.0203x %)
, c
d"’q =3.84inch dPTOVidEd =(6-1)in=5" dprom‘ded > dreqm’red [—>| ok

:p 04 : Reinforcement Area Determination

omin = 000252 {Asf,=40ks) | [Hereb=12ingt=¢ in |
= 0.14¢ 02 /ft . ;
Asly

- ' Y . 2

1y . T
IR, NI - a= ;
N grd - 4f2) 0.851 b

ud Transferring Direction :
M(+ve) =581 kip — ft/ft —> A (+ve) = 041 in?/ft (Controlled)

2
1—-)( 0.44 = 12.88" = 12.5"

§ffwe use # 6 reinforcement then spacing, s = 041

~ #6 @12.5"c/calt. ckd

M(—ve) = 9.04 kip — ft/ft —> As(—ve) = 0.66 in®/ft (Controlled)

0.44in? alrendypmvided_‘l

0.66 .,
In26" total requirement = — == X 25=138in
— 0.44
Extratop = 15 0 =214=3
0.44

rDirection :
A, =0.144 in?/ft
i 011 =9.17"=9"

f'weuse # 3 reinforcement thenspacings = 774
' Page | 28
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\lf:):_l)'_'_' St; m nc.un l)csu,n Area = A, + A,
=7.5%X35+75x 35

Assume, Beam Size = 10"x12" ] ‘A41 ‘ , r, =525ft2
dopp = (12 - 2.5) inch = 9.5 inch

Self Weight = ;—9 x-l—z % 0.150 = 0.125 kxp/ft(Unfactored)

12
X UDL 52.5% 0.387 .
Load on Stair beam from stair = ik - = 2.71 kip/ft(factored)
Length 7.5

Total Load on Beam,w = 2.71 +0.125 x 1.2 = 2.86 kip/ ft
2
Positive Moment, M (+ve) = “;—f;z = 286X75 _ 1149 kip — ft

14
2
Negative Moment, M(~ve) = “;—'6’2 = iaiei = 10.05kip— ft

Maximum Moment, My, a0 = 11.49 kip-ft = 137.88 Kip-in

’

- fe € 2 3
= s = 0850 ——«—— _ —X= =
P = Pooo 501 7, cu 70,005 0.85 x 0.85 X el 0.0203

P My max ) 137.88
8ofyb (1~ 0_59,,;1) 0.9%0.0203% 40 x 10 (1- 0.59 x 0.0203x 1)
5 .
dyeq = 474 inch d,,,,,uj@__ (1225 ;;a_:_q_swjf "IN I DR ey
B L RN | ——
7\/77(;;5;) P 33000 . '
B £, (psD) 20000 X10X 12.5=0.51in
Agpmin = max =0.625in2 |® °
200 200
- — 7 osD) #0000 % 10X 12.5 = 0.625 in?
&,
e

M(+ve) =11.49kip — ft ——> As(+ve)=0.42in2 < 4

snin

M(-ve) = 10.05kip - ft ——> A (~ve) = 0.36 in2 <A

s,min

]»= 0.625 in?(246)
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step 06 : Detailing

m )
Lo
7= 2.92

'1 2"

246 #6 @12.5" c/calt, ckd
| K2

Figure 23: Reinforcement Details of stair.
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4. DESIGN OF SUNSHADE

(USD)

Brick
Wall

Section

Sunshade

B L L L

1.5’
or
18"

Lintel

Side View

W [ =
- S
| fl__ I__.l__l lll A

Zl'_'lf_‘.l._'_l L lﬁ.l,_J l-l- _]

!3 1“»‘ L! \‘“
AR NS SE oo R ia DAt TUCSOWPRI R

[
1, X ‘. !y ":

Window

Figure 24: Section and Side Vluv of a Wall with Window

Step 01 : Determination of Load

Dead Load:
1. Self Weight:

Self Weight = i e 222

.
2,

Floor Finish:

Floor Finish=25 psf=0.025 ksf

w. LiveLoad: o

Live Load = 20 psf= 0.02 ksf

oment:

Step 02 : Determination of M
LZ _ 0112 X152
M(~ve) = = g =

= 0.1251 k-ft/ft

041 kst

Total Load, w = 1.2DL+1.6LL
=1.2x(0.041+0.025)+1.6x0.02
=0,1112 Ksf

L |lH NN

z i
:LO e} BMD
o
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03 .d check for maximum Moment

1ep
i MO My max = 01251 Kip-ft/ft = 1.5 kip-in/ft
par
£ & .
_ = 085,81 T 7 o= = 0.85 % 3 3 )
p = Po.00s fy €y +0.005 0.85 x e x§ = 0.0203

= 1.5
0.9 % 0.0203 x 40 x 12 (1 - 0.59 x 0.0203 )
; S+15
dreq = 0.204 inch Aprovided = ( 7~ 1) in = 2.25"
@ drequired >| ok
tep 04} ReinforcementArea Deterinination
fyin = 0.002 bt (4s f, = 40 ksi) Hereb=12in & ¢ =2 +21.5 —

= 0.078 in?/ft
M(-ve) = 0.1251 kip — ft/ft — s A(—ve) = 0.0186 in?/ft < Ay, = 0.078 in?/ft

ep 05 : Reinforcement Spacing Determination

D0 ink) L {[;’ w2 use 710 hait)

.

0078 in? area required in 12inch

‘ For Both Direction
1 in*arearequired in §omg inch
. 12 X 0.11 | : ;
0.11 in? area required in ——=— inch ~ #3@16.5" c/c
&078
=16.92 inch

~ 16.5 inch(0.5" lower rounding)

P06 Detailing %/
/ #3 @ 16.5" ¢/c
R |
e s
«— 1.5 ——-——>:

Figure 25: Detailing of Sunshade
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5. DESIGN OF LINTEL (USD)

Assume, Lintel =10"x10"

and -
EHi L
i

2t
v
>

-

> 9.67'

T

AT

AT A RO s

[
I_L [

O e A Tt
Y e AN

81

7’

.

i

T

4'

-

*

3
¥

1
L[:,_l
"

| ——
e
rlLL'i‘ij. e

1NN

L' S TS S, B0, S

 —

Fieure 26: Information necessary to determine lintel load

I 1-8" = 1.67

N AN
| / \;'/ N\
1 : /:\ 2'<__/_6_'9:12,
| 2N 7 AN |

Figure 27: Loads come to Lintel from Slab
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e petermination of Loag
(ep

 Brickwall : All Dead 1

0

p, = lArea of Trapezoid(A,) + Aye

: [[5 X (84 9.67) X 1.67 4 9.67
=4.38 kip (Unfactored)

aof Ru(.‘tunylc

fromSlab:

p, = Floor udl (wy) X {Area of Trape
=[021x 5x 8 +2)x6+5x 6}
=16.38 kip (factored)

Self Weight of Lintel :

J kip

P;=Volume (V) X 0.150 = l‘::% X 8 X 0.1

200d(A ) + Areq of Re

f{d&;ﬁ O Live Loqd

1
(20} 3% % 0,120
X3} x 2 0.120] py

T .Z()l leip

ctangle(A,))

50 = 0.833 kip (Unfactored)

Total Load (w) = 1.2x(4.38+0.833) 11639

5 =2.83 kip/ft

:n0Z:Moment Determination

) . (Y f"‘: 2 pP3wen 2
axiim Monien. :

» Munaye®™s =0 &= ===

=22.64 Nip-1t
8 .8
p03:d Check
_ fe €y 3 3
P _pO.UOS = OBSB —_—— e = 0.020‘;
dreq = | My max _ 22.64 % 12
- . 40
Q)pf).b (1 - 0.59p ‘?’T) 0.9 X 0.0203 x 40 x 10 (1 —0.59 x 0.0203 % —3-)
¢
dreq = 0inch dpravidcd =(8-2)in=6"

dm'ov[tlcd =d

required >| ok

30 . : - .
P04, Reinforcement Area Determination

WEGs), | %ﬁ%‘g’ x 10 X 6 = 0.25 in?
Ai.luiu = max.[ [y(pS‘)

200 bd 200
fy(psi) " 7 40000

= 0.3 in’

X 10 X 6 = 0.3in?

My max = 22.64 Kip-ft
Aq = 1.59 in?

246 (bottom)
243 (top)
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Step 05 : Detailing 7
0
243 — 1xa° [0
e Y A | f1s

10/1

AN

Figure 28: Detailing of Lintel
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sIGN OF BRICK FOUNDATION (wsp)

b ck foundation requires study and ex
’slg:wctufc of any building, since it is the bas
30

undation Depths

i rcquircd depth of the foundation will depend on several factors like:
™ A

Soil pearing capacity: How much load the existing soil can withstand

Type of soil: This depth will vary depending on the type of soil beneath the structure

Depth of frost penetration in case of fine sand and silt.
Height of ground water table: This will usually be reported on the soil study.

The minimum depth should not be less than 18 inches to allow removal of top soil

and
sriations in ground level. However, depending on the structure, the engineer will select the best
zpth.

:pundation Material

rre foundation is usually built in brick work, masonry or concrete under the base of a wall or
ohumn. This will enable to transfer the load to the soil in a uniform manner and allow the
zasition from the structure to the soil. It will depend on the recommiendation by the structuzal
mngineer. For smaller and lightweight structures, the design will be dift

] N N i\
¢ differemt deponding oo

material and location oi'the structure.
Usually dry and uniform graded dense materials should have maximum shear resistance and
maximum bearing capacity. In general submerged soil and clay have fewer beanng capacities,
reducing the czpacity to handle loads imposed by the structure.

T

-~

Foundation Design Precaution

The foundation will be designed in a way that loads will be transferred unifonnly to the ;‘""l";t
s A = _- ~ 3 e i “.\'.‘\i‘x‘.‘ to the

surface. It should be designed to transmit the sum of dead load, live load an e “_ g
_— i -eed the bearing capacity ofthe
ground. The net Joading capacity coming into the soil should not exceed the l\.x.mp\ ‘; Cily ¢ o
< ISt i = = i " N e e controlled
il Sentlements expected from the building will be design in such way that “k-} “1ll : o \x ;l .
wiald CALNC & ) R the \"ﬂ.(lufﬂ- \\h\\ ¢ \..“‘0\5“ \ e

and uniform f ctructure to avoid damages to e =t '
. nior 12 comple tructure 10 ¢ S : WO Ty o
: m for the complete s ) around should be studied to obtam benehits

ioundation, super structure and characteristics of the

curing construction work.

Page | 3o
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PUINTH__ .
1 WDRC
1'4 "4‘" IRICA Ve
p— O AN T ORI
| &
JGROUND _LEVEL

12

CIALN CQNERIEN
—— 3 Y

1315 TRCK SRICK WALLIOAD SEARNG)

Figure 29: Typical Brick Foundation

Design Procedure

|

IJ

.l

Find the total load on foundation. Suppose the load is 135k considering all load of
superstructure on that particuiar foundation.

Then the totd] oad F is (135+Seif weight of the foundation under G.L) k.

Generally 10%-12%% is considered as first assumption. For this example 10% load of
superstructure is added as self-weight. So the total load P is (135+13.5) = 148.5 k
Find the soil bearing capacity. Suppose soil bearing capacity is 3 ksf

148.5%x12
soil bearing capacityxlength of the foundation

Then the width of the foundation is B =

_148.5x12
3x22.5

where length of the foundation is 22.5 ft

=20.4 inch required width but in brick foundation width
must be roundad to upper 5". So width for this foundation is 30",

Check the self-weight of the foundation whether it is less than the assumed value. If it is less
than the design is ok.
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Scanned with CamScanner



;SIGNEXAMPLE OF FOUNDATION

1z

6’

Areafor27' = ix (27+15) x 6 = 126 f¢? |

Figure 30: Contributing area of slab on brick wall

"7 RoofSlab (py)

—— ) Lintel+Sunshade (P) \l,
10" > te—

L A T T et P, ] FloorSlab [Pz),l,

[—————— Lintel+Sunshade (7;) 1{

|

Wall (P5)¢ .

Self Weight (P;) \l;

i €,
We haveassumedthat

Roofslaband floorslab are identical.
Top floor Sunshade+ Lintel & Bottom Floor
Sunshadet Lintel areidentical

Bottom floor slab provides no Load on
Foundation

GL to PL distance 1.25

Py =P,
Py =P,
P5=0

\‘_N:__’/ et pemt v g el -] BottomFloorSlah[Ps],l,
1.25’

Figure 31: Loads on Foundation
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Step 01 : Determination of Load

=93.75+ 60
= 153.75 psf
‘ = 0.154 ksf

l' Unfactoredw of Slab = DL + LL

Py = P, = Contributing Area x Unfactored w of slab
= (126 x 0.154) kip
=19.404 kip

P3 = Py = Lintel Weight + Sunshade Weight

10 10 5+1.5 .
= —X— 8x1.5x0.150)} ki
[(8x12x12x0.150)+(2x12x p

= 1.321 kip
Ps = 0kip

Pg = Weight of wall
10 .
= [(1.25 +10+ 10 +2) x 7% 27 x 0.12] kip
=62.775 kip

Assume,P; =12% of (Py + P2 + P3 + P4+ P5 + Pg) = 12.507 kip (Have to check)
Toral Foundation Load = (19.404 x 2 + 1.321 X 2 + 0 + 62.775 + 12.507) = 116.732 kip

Step 02 : Width Determination

Given,
Bearing Capacity of soil = 1,25 Tsf = 2.5 Ksf

Total Foundation Load
Area at Dase of Foundation

Soil Bearing Capacity =

25 s f = 116.732 kip
: Sf_B([c)x27ft
B{jt) = 1.73

B =20.76%25" (5" upper rounding)
Step 03 : Self Weight Check '

15 6 20 6
Self Weight = — X —x27%x012 4+ — X —
elf Weig 2 %13 0.1 +12x12x27x0.12

e [

‘23x3x27x015+2Jx3 2
L TR T ; 12 EX 7x0.12

Self Weight = 8522 kip < 12.507 kip (ok)
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How to easily calculate the selfweight
(Method 1)

1 poundation Width, B= 40" & Length, L =25’

ce)f Weight
;_;:\Ex.‘:s X012 x(15+20+25+ 30+ 3S)+%gx%x 25 x(0.15+0.12)

T 2~
=2125 kip

soundation Width, B = 25" & Length, L =27

& 25 3
e x—X27x0.12 x(15 + 20) + — x —
=—X ( ) T2 X 13 % 27 x(015+0.12)

) 45 3
=—X—=X20 xO.le(lS+20+25+30+3S+40)+1—2-x§x20x(0.15+0.12)

} How to easily calculate the selfweight
{Method 2}

- i N 4= +5n-24 L
If Foundation Width, B(inch) & Length, L{ft) then Selfivt. = 320 *

B
Where,n= T

If Foundation Width, B = 40" & Length, L =25’ (n=40/5=8)

-“2 . : - _2 A
nieSn-24 _ 4x87+5x8-21 55 = 2125 kip
a0 320
-

If Foundation Width, B=25"&Length, L = 27" (n=25/5=5)
4x5%45Xx5-24 x 27 = 8.522 kip

P-4 a4
Qalftatas 1, 40 +5Sn=-24 _
Sell Weight=———X L= e

320
If Foundation Width, B = 45" & Length, L = 20" (n=4 5/5=9)

BT S ini+5n-24 1x9745%x9-24 — 915625 kip
S‘:.‘ ‘.|E|Ont:j__L_xL:_———T——_x20 ..lJ ‘L
° 320 320
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