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Scilab numbering policy used in this document and the relation to the
above book.

Exa Example (Solved example)

Eqn Equation (Particular equation of the above book)

AP Appendix to Example(Scilab Code that is an Appednix to a particular
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For example, Exa 3.51 means solved example 3.51 of this book. Sec 2.3 means
a scilab code whose theory is explained in Section 2.3 of the book.
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Chapter 1

Singly Reinforced Sections

Scilab code Exa 1.1 Analysis of Singly Reinforced Section

1 // l e t the depth o f n e u t r a l a x i s be x
2 b=200 //width , i n mm
3 d=350 // e f f e c t i v e depth , i n mm
4 m=18.66 //modular r a t i o
5 sigma_cbc =5 // i n MPa
6 sigma_st =140 // i n MPa
7 x=d/(1+ sigma_st /(m*sigma_cbc))// i n mm
8 mprintf(”The depth o f n e u t r a l a x i s = %f mm\n”, x)

9 // to f i n d a r ea o f s t e e l
10 Ast=b*x*sigma_cbc /(2* sigma_st)// i n sq mm
11 mprintf(”Area o f s t e e l = %f mmˆ2\n”, Ast)

12 // to f i n d p e r c en t a g e s t e e l
13 pst=Ast *100/(b*d)// i n %
14 mprintf(” Pe r c en tage o f s t e e l = %f p e r c en t \n”, pst)

Scilab code Exa 1.2 Analysis of Singly Reinforced Section

1 // l e t the depth o f n e u t r a l a x i s be x
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2 b=150 //width , i n mm
3 d=400 // e f f e c t i v e depth , i n mm
4 Ast =804 // a r ea o f s t e e l , i n sq mm
5 m=18.66 //modular r a t i o
6 //b ( x ˆ2) /2=mAst (d−x )−−>t h i s becomes a quad r a t i c

e qua t i on o f form pxˆ2+qx+r=0
7 p=b/2

8 q=m*Ast

9 r=-m*Ast*d

10 // s o l v i n g the qu ad r a t i c e qua t i on
11 x=(-q+sqrt(q^2-4*p*r))/(2*p)// i n mm
12 mprintf(”The depth o f n e u t r a l a x i s = %f mm”, x)

Scilab code Exa 1.3 Analysis of Singly Reinforced Section

1 // assume d = 400 mm and b = 200 mm
2 b=200 // i n mm
3 d=400 // i n mm
4 sigma_cbc =5 // i n MPa
5 sigma_st =140 // i n MPa
6 m=18.66 //modular r a t i o
7 Xc=d/(1+ sigma_st/m/sigma_cbc)// i n mm
8 z=d-Xc/3 // i n mm
9 Mr=b*Xc*sigma_cbc /2*z// i n N−mm
10 Ast=b*Xc*sigma_cbc /2/ sigma_st // i n sq mm
11 pt=Ast *100/b/d// i n %
12 mprintf(”When d i s assumed as 400 mm and b as 200 mm

\n ( a ) P o s i t i o n o f n e u t r a l a x i s=%f mm\n ( b ) Lever
arm=%f mm\n ( c ) Moment o f r e s i s t a n c e=%f kN−m\n ( d )
Pe r c en tage o f s t e e l=%f p e r c en t ”,Xc ,z,Mr/10^6 ,pt)

Scilab code Exa 1.4 Analysis of Singly Reinforced Section
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1 b=250 //width , i n mm
2 d=500 // e f f e c t i v e depth , i n mm
3 sigma_cbc =5 // i n MPa
4 sigma_st =140 // i n MPa
5 m=18.66 //modular r a t i o
6 // to f i n d c r i t i c a l depth o f n e u t r a l a x i s
7 Xc=d/(1+ sigma_st /(m*sigma_cbc))// i n mm
8 z=d-Xc/3 // l e v e r arm , i n mm
9 Mr=b*Xc*sigma_cbc*z/2 // i n N−mm
10 mprintf(”Moment o f r e s i s t a n c e o f the beam = %f kN−m”

,Mr /10^6)

Scilab code Exa 1.5 Analysis of Singly Reinforced Section

1 b=250 //width , i n mm
2 D=550 // o v e r a l l depth , i n mm
3 Ast =1521 // a r ea o f s t e e l , i n sq mm
4 cover =25 // i n mm
5 d=D-cover // e f f e c t i v e depth , i n mm
6 sigma_cbc =7 // i n MPa
7 sigma_st =140 // i n MPa
8 m=13.33 //modular r a t i o
9 // to f i n d c r i t i c a l depth o f n e u t r a l a x i s

10 Xc=d/(1+ sigma_st /(m*sigma_cbc))// i n mm
11 // to f i n d a c t u a l depth o f n e u t r a l a x i s u s i n g b ( x ˆ2)

/2=mAst (d−x )−−> t h i s w i l l become o f the form px
ˆ2+qx+r=0

12 p=b/2

13 q=m*Ast

14 r=-m*Ast*d

15 x=(-q+sqrt(q^2-4*p*r))/(2*p)// i n mm
16 //x>Xc ; hence beam i s over−r e i n f o r c e d
17 Mr=b*x*sigma_cbc /2*(d-x/3) // i n N−mm
18 mprintf(”Moment o f r e s i s t a n c e o f the beam=%f kN−m”,

Mr /10^6)
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Scilab code Exa 1.6 Analysis of Singly Reinforced Section

1 b=200 //width , i n mm
2 d=450 // e f f e c t i v e depth , i n mm
3 Ast =3*.785*16^2 // t h r e e 16 d i a bars , i n sq mm
4 sigma_cbc =5 // i n MPa
5 sigma_st =140 // i n MPa
6 m=18.66 //modular r a t i o
7 // to f i n d c r i t i c a l depth o f n e u t r a l a x i s
8 Xc=d/(1+ sigma_st /(m*sigma_cbc))// i n mm
9 // to f i n d a c t u a l depth o f n e u t r a l a x i s u s i n g b ( x ˆ2)

/2=mAst (d−x ) , which becomes o f form pxˆ2+qx+r=0
10 p=b/2

11 q=m*Ast

12 r=-m*Ast*d

13 x=(-q+sqrt(q^2-4*p*r))/(2*p)// i n mm
14 // as x<Xc , beam i s under−r e i n f o r c e d
15 Mr=Ast*sigma_st *(d-x/3) // i n N−mm
16 mprintf(”Moment o f r e s i s t a n c e o f the beam = %f kN−m”

, Mr /10^6)

Scilab code Exa 1.7 Analysis of Singly Reinforced Section

1 b=300 //width , i n mm
2 D=700 // o v e r a l l depth , i n mm
3 Ast =3*.785*20^2 //3−20mm dia bars , i n sq mm
4 cover =50 // i n mm
5 d=D-cover // e f f e c t i v e depth , i n mm
6 sigma_cbc =7 // i n MPa
7 sigma_st =190 // i n MPa
8 m=13.33 //modular r a t i o
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9 l=6 // span , i n m
10 w=25 // un i t we ight o f c on c r e t e , i n kN/mˆ3
11 // to f i n d c r i t i c a l depth o f n e u t r a l a x i s
12 Xc=d/(1+ sigma_st /(m*sigma_cbc))// i n mm
13 // to f i n d a c t u a l depth o f n e u t r a l a x i s u s i n g b ( x ˆ2)

/2=mAst (d−x ) , which becomes o f the form pxˆ2+qx+r
=0

14 p=b/2

15 q=m*Ast

16 r=-m*Ast*d

17 // s o l v i n g quad r a t i c e qua t i on
18 x=(-q+sqrt(q^2-4*p*r))/(2*p)// i n mm
19 //x<Xc , hence beam i s under−r e i n f o r c e d
20 Mr=sigma_st*Ast*(d-x/3) // i n N−mm
21 UDL=(Mr /10^6) *8/l^2 // i n kN/m
22 self_weight=w*b*D/10^6 // i n kN/m
23 net_weight=UDL -self_weight // i n kN/m
24 mprintf(”Moment o f r e s i s t a n c e=%f kN−m\ nSa f e

un i f o rm ly d i s t r i b u t e d l oad tha t the beam can
c a r r y=%f kN/m”,Mr/10^6, net_weight)

Scilab code Exa 1.8 Analysis of Singly Reinforced Section

1 b=250 //width , i n mm
2 D=500 // o v e r a l l depth , i n mm
3 Ast =4*.785*22^2 // f o u r 22 mm d ia bars , i n sq mm
4 cover =25 // i n mm
5 d=D-cover // e f f e c t i v e depth , i n mm
6 l=5 // e f f e c t i v e span , i n m
7 sigma_cbc =5 // i n MPa
8 sigma_st =190 // i n MPa
9 m=18.66 //modular r a t i o

10 // to f i n d c r i t i c a l depth o f n e u t r a l a x i s
11 Xc=d/(1+ sigma_st /(m*sigma_cbc))// i n mm
12 // to f i n d a c t u a l depth o f n e u t r a l a x i s u s i n g b ( x ˆ2)

14



/2=mAst (d−x ) , which becomes o f the form pxˆ2+qx+r
=0

13 p=b/2

14 q=m*Ast

15 r=-m*Ast*d

16 x=(-q+sqrt(q^2-4*p*r))/(2*p)// i n mm
17 // as x>Xc , beam i s over−r e i n f o r c e d
18 Mr=b*sigma_cbc*x/2*(d-x/3) // i n N−mm
19 self_weight =25*(b/10^3) *(D/10^3) // i n kN/m
20 M=Mr/10^6- self_weight*l^2/8 //moment o f r e s i s t a n c e

a v a i l a b l e f o r e x t e r n a l load , i n kN−m
21 W=4*M/l// i n kN
22 mprintf(”The c on c en t r a t e d l oad the beam can suppor t

at c e n t r e=%f kN”,W)

Scilab code Exa 1.9 Analysis of Singly Reinforced Section

1 d=120 // e f f e c t i v e depth o f s l ab , i n mm
2 // c o n s i d e r 1 m s t r i p o f s l a b
3 b=1000 // i n mm
4 s=80 // spa c i n g o f 12mm dia ba r s c en t r e−to−c en t r e , i n

mm
5 Ast =1000*.785*12^2/s// i n sq mm
6 l=3.2 // span , i n m
7 sigma_cbc =7 // i n MPa
8 sigma_st =140 // i n MPa
9 m=13.33 //modular r a t i o

10 // to f i n d c r i t i c a l depth o f n e u t r a l a x i s
11 Xc=d/(1+ sigma_st /(m*sigma_cbc))// i n mm
12 // to f i n d a c t u a l depth o f n e u t r a l a x i s u s i n g b ( x ˆ2)

/2=mAst (d−x ) , which becomes o f the form pxˆ2+qx+r
=0

13 p=b/2

14 q=m*Ast

15 r=-m*Ast*d
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16 x=(-q+sqrt(q^2-4*p*r))/(2*p)// i n mm
17 // as x>Xc , the beam i s over−r e i n f o r c e d
18 Mr=b*sigma_cbc*x/2*(d-x/3) /10^6 // i n kN−m
19 UDL=Mr*8/l^2 // i n kN/m
20 self_weight =25*(d/10^3) *(b/10^3) // i n kN/m
21 W=UDL -self_weight // i n kN/m
22 mprintf(”The s a f e l oad f o r s l a b=%f kN/m”,W)

Scilab code Exa 1.10 Analysis of Singly Reinforced Section

1 b=300 //width , i n mm
2 D=700 // o v e r a l l depth , i n mm
3 Ast =4*.785*25^2 // f o u r 25mm d ia bars , i n sq mm
4 cover =30 // i n mm
5 d=D-cover // e f f e c t i v e depth , i n mm
6 M=130*10^6 // bending moment , i n N−mm
7 m=18.66 //modular r a t i o
8 // to f i n d a c t u a l depth o f n e u t r a l a x i s u s i n g b ( x ˆ2)

/2=mAst (d−x ) , which becomes o f the form pxˆ2+qx+r
=0

9 p=b/2

10 q=m*Ast

11 r=-m*Ast*d

12 x=(-q+sqrt(q^2-4*p*r))/(2*p)// i n mm
13 z=d-x/3 // l e v e r arm , i n mm
14 // assuming under−r e i n f o r c e d s e c t i o n , Mr=Ast∗ s i gma s t

( d−x /3) and equa t i ng Mr to M
15 sigma_st=M/(Ast*z)// i n MPa
16 sigma_st =116 // round−o f f , i n MPa
17 sigma_cbc =( sigma_st/m)*x/(d-x)// i n MPa
18 sigma_cbc =5 // round−o f f , i n MPa
19 mprintf(” S t r e s s i n s t e e l=%d N/mmˆ2\ nS t r e s s i n

c o n c r e t e=%d N/mmˆ2”,sigma_st ,sigma_cbc)
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Scilab code Exa 1.11 Analysis of Singly Reinforced Section

1 b=350 //width , i n mm
2 D=650 // o v e r a l l depth , i n mm
3 Ast =4*.785*22^2 // f o u r 22mm d ia bars , i n sq mm
4 cover =25 // i n mm
5 d=D-cover // e f f e c t i v e depth , i n mm
6 W=20 //UDL, i n kN/m
7 l=7 // span , i n m
8 M=W*l^2/8*10^6 // bending moment , i n N−mm
9 m=13.33 //modular r a t i o

10 // to f i n d a c t u a l depth o f n e u t r a l a x i s u s i n g b ( x ˆ2)
/2=mAst (d−x ) , which becomes o f the form pxˆ2+qx+r
=0

11 p=b/2

12 q=m*Ast

13 r=-m*Ast*d

14 x=(-q+sqrt(q^2-4*p*r))/(2*p)// i n mm
15 z=d-x/3 // l e v e r arm , i n mm
16 // assuming under−r e i n f o r c e d s e c t i o n , Mr=Ast∗ s i gma s t

( d−x /3) and equa t i ng Mr to M
17 sigma_st=M/(Ast*z)// i n MPa
18 sigma_cbc =( sigma_st/m)*x/(d-x)// i n MPa
19 mprintf(” S t r e s s i n s t e e l=%f N/mmˆ2\ nS t r e s s i n

c o n c r e t e=%f N/mmˆ2”,sigma_st ,sigma_cbc)

Scilab code Exa 1.12 Design of Singly Reinforced Section

1 b=250 //width , i n mm
2 sigma_cbc =5 // i n MPa
3 sigma_st =190 // i n MPa
4 m=280/(3* sigma_cbc)//modular r a t i o
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5 M=75*10^6 // bending moment , i n N−mm
6 // c r i t i c a l depth o f n e u t r a l ax i s , Xc=d/(1+ s i gma s t /(

m∗ s i gma cbc ) )=a∗d
7 a=1/(1+ sigma_st /(m*sigma_cbc))

8 d=(M/(b*sigma_cbc*a*(1-a/3)/2))^0.5 // i n mm
9 d=640 // round−o f f , i n mm

10 Xc=a*d// i n mm
11 Ast=b*Xc*sigma_cbc /(2* sigma_st)// i n sq mm
12 mprintf(” E f f e c t i v e depth=%d mm\nArea o f s t e e l=%f mm

ˆ2”,round(d),Ast)

Scilab code Exa 1.13 Design of Singly Reinforced Section

1 //b=d/2 ( g i v en )
2 sigma_cbc =5 // i n MPa
3 sigma_st =140 // i n MPa
4 m=18.66 //modular r a t i o
5 M=65*10^6 // bending moment , i n N−mm
6 // c r i t i c a l depth o f n e u t r a l ax i s , Xc=d/(1+ s i gma s t /(

m∗ s i gma cbc ) )=a∗d
7 a=1/(1+ sigma_st /(m*sigma_cbc))

8 d=(M/( sigma_cbc*a*(1-a/3)/4))^(1/3) // i n mm
9 d=530 // round−o f f , i n mm

10 Xc=a*d// i n mm
11 b=d/2 // i n mm
12 Ast=M/sigma_st /0.87/d// i n sq mm
13 Ast =1007 // round−o f f , i n sq mm
14 mprintf(”Dimens ions o f s e c t i o n=%d x %d mm\nArea o f

s t e e l=%d mmˆ2”,b,d,Ast)
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Chapter 2

Doubly Reinforced Sections

Scilab code Exa 2.1 Analysis of Doubly Reinforced Section

1 b=200 //width , i n mm
2 D=400 // o v e r a l l depth , i n mm
3 m=18.66 //modular r a t i o
4 Ast =4*0.785*22^2 // f o u r 22 mm d ia ba r s at bottom , i n

sq mm
5 Asc =3*0.785*20^2 // t h r e e 20 mm d ia ba r s at top , i n sq

mm
6 bottom_cover =30 // i n mm
7 top_cover =25 // i n mm
8 d=D-bottom_cover // e f f e c t i v e depth , i n mm
9 // to f i n d x u s i n g b ( x ˆ2) /2 + ( 1 . 5m−1)Asc ( x−d ’ )=mAst (

d−x ) , which becomes o f the form pxˆ2+qx+r=0
10 p=b/2

11 q=(1.5*m-1)*Asc+m*Ast

12 r= -(1.5*m-1)*Asc*top_cover -m*Ast*d

13 x=(-q+sqrt(q^2-4*p*r))/(2*p)// i n mm
14 mprintf(”Depth o f n e u t r a l a x i s=%f mm”,x)

Scilab code Exa 2.2 Analysis of Doubly Reinforced Section
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1 b=280 //width , i n mm
2 D=540 // o v e r a l l depth , i n mm
3 Ast =5*0.785*22^2 // f i v e 22 mm d ia ba r s on t e n s i o n

s i d e , i n sq mm
4 Asc =4*0.785*20^2 // f o u r 20 mm d ia ba r s on compre s s i on

s i d e , i n sq mm
5 bottom_cover =40 // i n mm
6 top_cover =30 // i n mm
7 sigma_cbc =5 // i n MPa
8 sigma_st =140 // i n MPa
9 m=18.66 //modular r a t i o
10 d=D-bottom_cover // e f f e c t i v e depth , i n mm
11 // to f i n d c r i t i c a l depth o f n e u t r a l a x i s
12 Xc=d/(1+ sigma_st /(m*sigma_cbc))// i n mm
13 // to f i n d x u s i n g b ( x ˆ2) /2 + ( 1 . 5m−1)Asc ( x−d ’ )=mAst (

d−x ) , which becomes o f the form pxˆ2+qx+r=0
14 p=b/2

15 q=(1.5*m-1)*Asc+m*Ast

16 r= -(1.5*m-1)*Asc*top_cover -m*Ast*d

17 x=(-q+sqrt(q^2-4*p*r))/(2*p)// i n mm
18 // as x<Xc , beam i s under−r e i n f o r c e d
19 sigma_cbc =( sigma_st/m)*x/(d-x)// i n MPa
20 sigma_cbc_dash=sigma_cbc *(x-top_cover)/x// i n MPa
21 sigma_sc =1.5*m*sigma_cbc_dash // i n MPa
22 // s t r e s s i n compre s s i on s t e e l i s found to be l e s s

than i t s p e rm i s s i b l e l i m i t o f 130 N/mmˆ2
23 Mr=b*x*sigma_cbc *(d-x/3) /2+(1.5*m-1)*Asc*

sigma_cbc_dash *(d-top_cover)// i n N−mm
24 mprintf(”Moment o f r e s i s t a n c e o f the beam=%f kN−m”,

Mr /10^6)

Scilab code Exa 2.3 Analysis of Doubly Reinforced Section

1 b=300 //width , i n mm
2 d=600 // e f f e c t i v e depth , i n mm
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3 Ast =1256 // i n sq mm
4 Asc =1256 // i n sq mm
5 top_cover =30 // i n mm
6 sigma_cbc =7 // i n MPa
7 sigma_st =190 // i n MPa
8 m=13.33 //modular r a t i o
9 // u s i n g e l a s t i c th eo ry method
10 // to f i n d c r i t i c a l depth o f n e u t r a l a x i s
11 Xc=d/(1+ sigma_st /(m*sigma_cbc))// i n mm
12 // to f i n d x u s i n g b ( x ˆ2) /2 + ( 1 . 5m−1)Asc ( x−d ’ )=mAst (

d−x ) , which becomes o f the form pxˆ2+qx+r=0
13 p=b/2

14 q=(1.5*m-1)*Asc+m*Ast

15 r= -(1.5*m-1)*Asc*top_cover -m*Ast*d

16 x=(-q+sqrt(q^2-4*p*r))/(2*p)// i n mm
17 // as x<Xc , beam i s under−r e i n f o r c e d
18 sigma_cbc =( sigma_st/m)*x/(d-x)// i n MPa
19 sigma_cbc_dash=sigma_cbc *(x-top_cover)/x// i n MPa
20 sigma_sc =1.5*m*sigma_cbc_dash // i n MPa
21 // s t r e s s i n compre s s i on s t e e l i s found to be l e s s

than i t s p e rm i s s i b l e l i m i t o f 130 N/mmˆ2
22 Mr1=b*x*sigma_cbc *(d-x/3) /2+(1.5*m-1)*Asc*

sigma_cbc_dash *(d-top_cover)// i n N−mm
23 // u s i n g s t e e l beam theo ry method
24 Mr2=Ast*sigma_st *(d-top_cover)// i n N−mm
25 mprintf(”Moment o f r e s i s t a n c e o f the beam us i ng

e l a s t i c th eo ry method=%f kN−m\nMoment o f
r e s i s t a n c e o f the beam us i ng e l a s t i c th eo ry
method=%f kN−m”,Mr1/10^6, Mr2 /10^6)

Scilab code Exa 2.4 Analysis of Doubly Reinforced Section

1 b=250 //width , i n mm
2 D=550 // o v e r a l l depth , i n mm
3 Ast =4*0.785*25^2 // f o u r 25 mm d ia ba r s on t e n s i o n
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s i d e , i n sq mm
4 Asc =3*0.785*22^2 // t h r e e 22 mm d ia ba r s on

compre s s i on s i d e , i n sq mm
5 bottom_cover =50 // i n mm
6 top_cover =30 // i n mm
7 d=D-bottom_cover // e f f e c t i v e depth , i n mm
8 sigma_cbc =5 // i n MPa
9 sigma_st =140 // i n MPa
10 sigma_sc =130 // i n MPa
11 m=18.66 //modular r a t i o
12 // to f i n d c r i t i c a l depth o f n e u t r a l a x i s
13 Xc=d/(1+ sigma_st /(m*sigma_cbc))// i n mm
14 // to f i n d x u s i n g b ( x ˆ2) /2 + ( 1 . 5m−1)Asc ( x−d ’ )=mAst (

d−x ) , which becomes o f the form pxˆ2+qx+r=0
15 p=b/2

16 q=(1.5*m-1)*Asc+m*Ast

17 r= -(1.5*m-1)*Asc*top_cover -m*Ast*d

18 x=(-q+sqrt(q^2-4*p*r))/(2*p)// i n mm
19 // as x>Xc , beam i s over−r e i n f o r c e d
20 sigma_cbc_dash=sigma_cbc *(x-top_cover)/x// i n MPa
21 sigma_sc =1.5*m*sigma_cbc_dash //< 130 MPa, hence OK
22 // s t r e s s i n compre s s i on s t e e l i s found to be l e s s

than i t s p e rm i s s i b l e l i m i t o f 130 N/mmˆ2
23 Mr=b*x*sigma_cbc *(d-x/3) /2+(1.5*m-1)*Asc*

sigma_cbc_dash *(d-top_cover)// i n N−mm
24 mprintf(”Moment o f r e s i s t a n c e o f the beam=%f kN−m”,

Mr /10^6)

Scilab code Exa 2.5 Analysis of Doubly Reinforced Section

1 b=250 //width , i n mm
2 d=450 // e f f e c t i v e depth , i n mm
3 Ast =4*0.785*22^2 // f o u r 22 mm d ia ba r s on t e n s i o n

s i d e , i n sq mm
4 Asc=Ast
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5 top_cover =30 // i n mm
6 sigma_cbc =7 // i n MPa
7 sigma_st =140 // i n MPa
8 sigma_sc =130 // i n MPa
9 m=13.33 //modular r a t i o
10 l=5.7 // e f f e c t i v e span , i n m
11 // to f i n d c r i t i c a l depth o f n e u t r a l a x i s
12 Xc=d/(1+ sigma_st /(m*sigma_cbc))// i n mm
13 // to f i n d x u s i n g b ( x ˆ2) /2 + ( 1 . 5m−1)Asc ( x−d ’ )=mAst (

d−x ) , which becomes o f the form pxˆ2+qx+r=0
14 p=b/2

15 q=(1.5*m-1)*Asc+m*Ast

16 r= -(1.5*m-1)*Asc*top_cover -m*Ast*d

17 x=(-q+sqrt(q^2-4*p*r))/(2*p)// i n mm
18 // as x<Xc , beam i s under−r e i n f o r c e d
19 sigma_cbc =( sigma_st/m)*x/(d-x)// i n MPa
20 sigma_cbc_dash=sigma_cbc *(x-top_cover)/x// i n MPa
21 sigma_sc =1.5*m*sigma_cbc_dash // i n MPa
22 // s t r e s s i n compre s s i on s t e e l i s found to be l e s s

than i t s p e rm i s s i b l e l i m i t o f 130 N/mmˆ2
23 Mr=b*x*sigma_cbc *(d-x/3) /2+(1.5*m-1)*Asc*

sigma_cbc_dash *(d-top_cover)// i n N−mm
24 W=(Mr /10^6) *8/l^2 // i n kN/m
25 mprintf(” Uni fo rmly d i s t r i b u t e d l oad the beam can

c a r r y ( i n c l u d i n g s e l f −weight )=%f kN/m”,W)

Scilab code Exa 2.6 Analysis of Doubly Reinforced Section

1 b=200 //width , i n mm
2 D=480 // o v e r a l l depth , i n mm
3 Ast =4*0.785*25^2 // f o u r 25 mm d ia ba r s on t e n s i o n

s i d e , i n sq mm
4 Asc =3*0.785*22^2 // t h r e e 22 mm d ia ba r s on

compre s s i on s i d e , i n sq mm
5 bottom_cover =30 // i n mm
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6 top_cover =30 // i n mm
7 d=D-bottom_cover // e f f e c t i v e depth , i n mm
8 m=18.66 //modular r a t i o
9 M=100*10^6 // i n N−mm
10 // to f i n d x u s i n g b ( x ˆ2) /2 + ( 1 . 5m−1)Asc ( x−d ’ )=mAst (

d−x ) , which becomes o f the form pxˆ2+qx+r=0
11 p=b/2

12 q=(1.5*m-1)*Asc+m*Ast

13 r= -(1.5*m-1)*Asc*top_cover -m*Ast*d

14 x=(-q+sqrt(q^2-4*p*r))/(2*p)// i n mm
15 // s i gma cbc da sh=s i gma cbc ∗ ( x−d ’ ) /x=a∗ s i gma cbc
16 a=(x-top_cover)/x

17 sigma_cbc=M/(b*x*(d-x/3) /2+(1.5*m-1)*Asc*a*(d-

top_cover))// i n MPa
18 sigma_st=m*sigma_cbc *(d-x)/x// i n MPa
19 sigma_cbc_dash=a*sigma_cbc // i n MPa
20 sigma_sc =1.5*m*sigma_cbc_dash // i n MPa
21 mprintf(” S t r e s s i n c o n c r e t e=%f N/mmˆ2\ nS t r e s s i n

t e n s i o n s t e e l=%f N/mmˆ2\ nS t r e s s i n compre s s i on
s t e e l=%f N/mmˆ2”,sigma_cbc ,sigma_st ,sigma_sc)

Scilab code Exa 2.7 Analysis of Doubly Reinforced Section

1 b=300 //width , i n mm
2 d=500 // e f f e c t i v e depth , i n mm
3 Ast =4*0.785*20^2 // f o u r 20 mm d ia ba r s on t e n s i o n and

compre s s i on s i d e , i n sq mm
4 Asc=Ast

5 top_cover =25 // i n mm
6 m=13.33 //modular r a t i o
7 M=120*10^6 // i n N−mm
8 // to f i n d x u s i n g b ( x ˆ2) /2 + ( 1 . 5m−1)Asc ( x−d ’ )=mAst (

d−x ) , which becomes o f the form pxˆ2+qx+r=0
9 p=b/2

10 q=(1.5*m-1)*Asc+m*Ast

24



11 r= -(1.5*m-1)*Asc*top_cover -m*Ast*d

12 x=(-q+sqrt(q^2-4*p*r))/(2*p)// i n mm
13 // s i gma cbc da sh=s i gma cbc ∗ ( x−d ’ ) /x=a∗ s i gma cbc
14 a=(x-top_cover)/x

15 sigma_cbc=M/(b*x*(d-x/3) /2+(1.5*m-1)*Asc*a*(d-

top_cover))// i n MPa
16 sigma_st=m*sigma_cbc *(d-x)/x// i n MPa
17 sigma_cbc_dash=a*sigma_cbc // i n MPa
18 sigma_sc =1.5*m*sigma_cbc_dash // i n MPa
19 mprintf(” S t r e s s i n c o n c r e t e=%f N/mmˆ2\ nS t r e s s i n

t e n s i o n s t e e l=%f N/mmˆ2\ nS t r e s s i n compre s s i on
s t e e l=%f N/mmˆ2”,sigma_cbc ,sigma_st ,sigma_sc)

Scilab code Exa 2.8 Design of Doubly Reinforced Section

1 b=250 //width , i n mm
2 D=600 // o v e r a l l depth , i n mm
3 bottom_cover =50 // i n mm
4 top_cover =50 // i n mm
5 d=D-bottom_cover // e f f e c t i v e depth , i n mm
6 sigma_cbc =5 // i n MPa
7 sigma_st =140 // i n MPa
8 m=18.66 //modular r a t i o
9 M=95*10^6 // i n N−mm

10 // to f i n d c r i t i c a l depth o f n e u t r a l a x i s
11 Xc=d/(1+ sigma_st /(m*sigma_cbc))// i n mm
12 // to f i n d Ast1
13 Ast1=b*Xc*sigma_cbc /(2* sigma_st)// i n sq mm
14 Ast1 =982 // round−o f f , i n sq mm
15 Mr=b*Xc*sigma_cbc /2*(d-Xc/3) //moment o f r e s i s t a n c e

o f s i n g l y r e i n f o r c e d beam , i n N−mm
16 M1=M-Mr // r ema in ing bending moment , i n N−mm
17 // to f i n d Ast2
18 Ast2=M1/( sigma_st *(d-top_cover))// i n sq mm
19 Ast2 =421 // round−o f f , i n sq mm
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20 Ast=Ast1+Ast2 // i n sq mm
21 // to f i n d Asc
22 Asc=m*Ast2*(d-Xc)/((1.5*m-1)*(Xc-top_cover))// i n sq

mm
23 Asc =565 // round−o f f , i n sq mm
24 mprintf(” T en s i l e s t e e l r e q u i r e d=%d mmˆ2\ nCompress ion

s t e e l r e q u i r e d=%d mmˆ2”,Ast ,Asc)

Scilab code Exa 2.9 Design of Doubly Reinforced Section

1 b=360 //width , i n mm
2 d=750 // e f f e c t i v e depth , i n mm
3 top_cover =50 // i n mm
4 sigma_cbc =7 // i n MPa
5 sigma_st =190 // i n MPa
6 m=13.33 //modular r a t i o
7 M=300*10^6 // i n N−mm
8 // to f i n d c r i t i c a l depth o f n e u t r a l a x i s
9 Xc=d/(1+ sigma_st /(m*sigma_cbc))// i n mm
10 // to f i n d Ast1
11 Ast1=b*Xc*sigma_cbc /(2* sigma_st)// i n sq mm
12 Ast1 =1638 // round−o f f , i n sq mm
13 Mr=b*Xc*sigma_cbc /2*(d-Xc/3) //moment o f r e s i s t a n c e

o f s i n g l y r e i n f o r c e d beam , i n N−mm
14 M1=M-Mr // r ema in ing bending moment , i n N−mm
15 // to f i n d Ast2
16 Ast2=M1/( sigma_st *(d-top_cover))// i n sq mm
17 Ast=Ast1+Ast2 // i n sq mm
18 // to f i n d Asc
19 Asc=m*Ast2*(d-Xc)/((1.5*m-1)*(Xc-top_cover))// i n sq

mm
20 mprintf(” T en s i l e s t e e l r e q u i r e d=%f mmˆ2\ nCompress ion

s t e e l r e q u i r e d=%f mmˆ2”,Ast ,Asc)
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Chapter 3

T and L Beams

Scilab code Exa 3.1 T beam

1 Bf=1300 // width o f f l a n g e , i n mm
2 Df=80 // t h i c k n e s s o f f l a n g e , i n mm
3 d=600 // e f f e c t i v e depth , i n mm
4 sigma_cbc =7 // i n MPa
5 sigma_st =140 // i n MPa
6 m=13.33 //modular r a t i o
7 // to f i n d c r i t i c a l depth o f n e u t r a l a x i s
8 Xc=d/(1+ sigma_st /(m*sigma_cbc))// i n mm
9 Xc=240 // round−o f f , i n mm
10 // to f i n d Ast
11 Ast=Bf*Df*(Xc-Df/2)/(m*(d-Xc))// i n sq mm
12 mprintf(” Neut ra l a x i s depth=%d mm\nArea o f s t e e l=%f

mmˆ2”, Xc,Ast)

Scilab code Exa 3.2 T beam

1 Bf=1500 // width o f f l a n g e , i n mm
2 Bw=300 // breadth o f web , i n mm
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3 Df=100 // t h i c k n e s s o f f l a n g e , i n mm
4 d=700 // e f f e c t i v e depth , i n mm
5 m=18.66 //modular r a t i o
6 Ast =8*0.785*25^2 // e i g h t 25 mm dia bars , i n sq mm
7 // assume depth o f n e u t r a l a x i s i s l e s s than or equa l

to t h i c k n e s s o f f l a n g e ; f i n d x u s i n g Bf ( x ˆ2) /2=
mAst (d−x ) , which becomes o f the form pxˆ2+qx+r=0

8 p=Bf/2

9 q=m*Ast

10 r=-m*Ast*d

11 // s o l v i n g quad r a t i c e qua t i on
12 x=(-q+sqrt(q^2-4*p*r))/(2*p)// i n mm
13 //x>Df ; hence our assumpt ion i s i n c o r r e c t ; e qua t i n g

moments o f a r ea on compre s s i on and t e n s i o n s i d e s
about N.A.

14 x=(m*Ast*d+Bf*Df ^2/2)/(m*Ast+Bf*Df)// i n mm
15 x=263 // round−o f f , i n mm
16 mprintf(” Neut ra l a x i s depth=%d mm”, x)

Scilab code Exa 3.3 T beam

1 Bf=1200 // width o f f l a n g e , i n mm
2 Bw=200 // breadth o f web , i n mm
3 Df=100 // t h i c k n e s s o f f l a n g e , i n mm
4 d=400 // e f f e c t i v e depth , i n mm
5 m=13.33 //modular r a t i o
6 Ast =4*0.785*18^2 // f o u r 18mm dia bars , i n sq mm
7 // assume x > Df ; ; e qua t i ng moments o f a r ea on

compre s s i on and t e n s i o n s i d e s about N.A.
8 x=(m*Ast*d+Bf*Df ^2/2)/(m*Ast+Bf*Df)// i n mm
9 // as x < Df ; our assumpt ion was i n c o r r e c t
10 //x < Df ; f i n d x u s i n g Bf ( x ˆ2) /2=mAst (d−x ) , which

becomes o f the form pxˆ2+qx+r=0
11 p=Bf/2

12 q=m*Ast
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13 r=-m*Ast*d

14 // s o l v i n g quad r a t i c e qua t i on
15 x=(-q+sqrt(q^2-4*p*r))/(2*p)// i n mm
16 //x<Df ; hence our assumpt ion i s c o r r e c t
17 mprintf(” Neut ra l a x i s depth=%f mm”, x)

Scilab code Exa 3.4 T beam

1 Bf=1500 // width o f f l a n g e , i n mm
2 Bw=300 // breadth o f web , i n mm
3 Df=100 // t h i c k n e s s o f f l a n g e , i n mm
4 d=700 // e f f e c t i v e depth , i n mm
5 sigma_cbc =5 // i n MPa
6 sigma_st =140 // i n MPa
7 m=18.66 //modular r a t i o
8 Ast =8*0.785*25^2 // e i g h t 25 mm dia bars , i n sq mm
9 // assume x < Df ; f i n d x u s i n g Bf ( x ˆ2) /2=mAst (d−x ) ,

which becomes o f the form pxˆ2+qx+r=0
10 p=Bf/2

11 q=m*Ast

12 r=-m*Ast*d

13 // s o l v i n g quad r a t i c e qua t i on
14 x=(-q+sqrt(q^2-4*p*r))/(2*p)// i n mm
15 //x > Df ; hence our assumpt ion i s i n c o r r e c t ;

e qua t i n g moments o f a r ea on compre s s i on and
t e n s i o n s i d e s about N.A.

16 x=(m*Ast*d+Bf*Df ^2/2)/(m*Ast+Bf*Df)// i n mm
17 // to f i n d c r i t i c a l depth o f n e u t r a l a x i s
18 Xc=d/(1+ sigma_st /(m*sigma_cbc))// i n mm
19 // as x < Xc , beam i s under−r e i n f o r c e d
20 sigma_cbc=sigma_st/m*x/(d-x)// i n MPa
21 sigma_cbc_dash=sigma_cbc *(x-Df)/x// i n MPa
22 // to f i n d l e v e r arm
23 z=d-( sigma_cbc +2* sigma_cbc_dash)/( sigma_cbc+

sigma_cbc_dash)*Df/3 // i n mm
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24 Mr=Bf*Df*( sigma_cbc+sigma_cbc_dash)*z/2 // i n N−mm
25 mprintf(”Moment o f r e s i s t a n c e o f the beam=%f kN−m”,

Mr /10^6)

Scilab code Exa 3.5 T beam

1 Bf=1200 // width o f f l a n g e , i n mm
2 Bw=200 // breadth o f web , i n mm
3 Df=100 // t h i c k n e s s o f f l a n g e , i n mm
4 d=400 // e f f e c t i v e depth , i n mm
5 sigma_cbc =7 // i n MPa
6 sigma_st =190 // i n MPa
7 m=13.33 //modular r a t i o
8 Ast =4*0.785*18^2 // f o u r 18 mm d ia bars , i n sq mm
9 // assume x < Df ; f i n d x u s i n g Bf ( x ˆ2) /2=mAst (d−x ) ,

which becomes o f the form pxˆ2+qx+r=0
10 p=Bf/2

11 q=m*Ast

12 r=-m*Ast*d

13 // s o l v i n g quad r a t i c e qua t i on
14 x=(-q+sqrt(q^2-4*p*r))/(2*p)// i n mm
15 //x < Df ; hence our assumpt ion i s c o r r e c t
16 // to f i n d c r i t i c a l depth o f n e u t r a l a x i s
17 Xc=d/(1+ sigma_st /(m*sigma_cbc))// i n mm
18 // as x < Xc , beam i s under−r e i n f o r c e d
19 sigma_cbc=sigma_st/m*x/(d-x)// i n MPa
20 // t ak i n g moments about t e n s i l e s t e e l
21 Mr=Bf*x*sigma_cbc *(d-x/3)/2 // i n N−mm
22 mprintf(”Moment o f r e s i s t a n c e o f the beam=%f kN−m”,

Mr /10^6)

Scilab code Exa 3.6 T beam

30



1 Bf=1500 // width o f f l a n g e , i n mm
2 Bw=200 // breadth o f web , i n mm
3 Df=100 // t h i c k n e s s o f f l a n g e , i n mm
4 d=400 // e f f e c t i v e depth , i n mm
5 sigma_cbc =5 // i n MPa
6 sigma_st =140 // i n MPa
7 m=18.66 //modular r a t i o
8 Ast =2190 // i n sq mm
9 // assume x>Df
10 x=(m*Ast*d+Bf*Df ^2/2)/(m*Ast+Bf*Df)// i n mm
11 // to f i n d c r i t i c a l depth o f n e u t r a l a x i s
12 Xc=d/(1+ sigma_st /(m*sigma_cbc))// i n mm
13 // as x<Xc , beam i s under−r e i n f o r c e d
14 sigma_cbc=sigma_st/m*x/(d-x)// i n MPa
15 sigma_cbc_dash=sigma_cbc *(x-Df)/x// i n MPa
16 // to f i n d l e v e r arm
17 z=d-( sigma_cbc +2* sigma_cbc_dash)/( sigma_cbc+

sigma_cbc_dash)*Df/3 // i n mm
18 // t ak i n g moments about t e n s i l e s t e e l
19 Mr=Bf*Df*( sigma_cbc+sigma_cbc_dash)*z/2 // i n N−mm
20 mprintf(”Moment o f r e s i s t a n c e o f the beam=%f kN−m”,

Mr /10^6)

Scilab code Exa 3.7 T beam

1 Bf=1200 // width o f f l a n g e , i n mm
2 Bw=300 // breadth o f web , i n mm
3 Df=120 // t h i c k n e s s o f f l a n g e , i n mm
4 d=500 // e f f e c t i v e depth , i n mm
5 sigma_cbc =7 // i n MPa
6 sigma_st =190 // i n MPa
7 m=13.33 //modular r a t i o
8 Ast =5*0.785*20^2 // f i v e 20 mm d ia bars , i n sq mm
9 l=6 // span , i n m

10 // assume depth o f n e u t r a l a x i s i s l e s s than or equa l
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to t h i c k n e s s o f f l a n g e ; f i n d x u s i n g Bf ( x ˆ2) /2=
mAst (d−x ) , which becomes o f the form pxˆ2+qx+r=0

11 p=Bf/2

12 q=m*Ast

13 r=-m*Ast*d

14 // s o l v i n g quad r a t i c e qua t i on
15 x=(-q+sqrt(q^2-4*p*r))/(2*p)// i n mm
16 //x < Df ; hence our assumpt ion i s c o r r e c t
17 // to f i n d c r i t i c a l depth o f n e u t r a l a x i s
18 Xc=d/(1+ sigma_st /(m*sigma_cbc))// i n mm
19 // as x<Xc , beam i s under−r e i n f o r c e d
20 sigma_cbc=sigma_st/m*x/(d-x)// i n MPa
21 // t ak i n g moments about t e n s i l e s t e e l
22 Mr=Bf*x*sigma_cbc *(d-x/3)/2 // i n N−mm
23 W=(Mr /10^6) *8/l^2 // i n kN/m
24 mprintf(”Moment o f r e s i s t a n c e o f the beam=%f kN−m\

nCapac i ty to take un i f o rm ly d i s t r i b u t e d l oad (
i n c l u d i n g s e l f −weight )=%f kN/m”, Mr/10^6 ,W)

Scilab code Exa 3.8 T beam

1 Bf=1400 // width o f f l a n g e , i n mm
2 Df=120 // t h i c k n e s s o f f l a n g e , i n mm
3 d=600 // e f f e c t i v e depth , i n mm
4 m=18.66 //modular r a t i o
5 Ast =4000 // i n sq mm
6 M=160*10^6 // i n N−mm
7 //Assume x>Df ; e qua t i ng moments o f a r ea on

compre s s i on and t e n s i o n s i d e s about N.A.
8 x=(m*Ast*d+Bf*Df ^2/2)/(m*Ast+Bf*Df)// i n mm
9 // l e t s i gma cbc da sh=a∗ s i gma cbc
10 a=(x-Df)/x

11 // to f i n d l e v e r arm
12 z=d -(1+2*a)/(1+a)*Df/3 // i n mm
13 sigma_cbc =2*M/(Bf*Df*(1+a)*z)// i n MPa
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14 sigma_st=m*sigma_cbc *(d-x)/x// i n MPa
15 mprintf(” S t r e s s i n c o n c r e t e=%f N/mmˆ2\ nS t r e s s i n

t e n s i o n s t e e l=%f N/mmˆ2”,sigma_cbc ,sigma_st)
16 // answer g i v en i n t ex tbook i s i n c o r r e c t

Scilab code Exa 3.9 T beam

1 Bf=1250 // width o f f l a n g e , i n mm
2 Df=120 // t h i c k n e s s o f f l a n g e , i n mm
3 d=700 // e f f e c t i v e depth , i n mm
4 m=13.33 //modular r a t i o
5 Ast =5500 // i n sq mm
6 W=60 //UDL i n c l u d i n g s e l f −weight , i n kN/m
7 l=8 // span , i n m
8 M=W*l^2/8*10^6 // i n N−mm
9 //Assume x>Df . Equat ing moments o f a r ea on

compre s s i ona and t e n s i o n s i d e s about N.A.
10 x=(m*Ast*d+Bf*Df ^2/2)/(m*Ast+Bf*Df)// i n mm
11 // l e t s i gma cbc da sh=a∗ s i gma cbc
12 a=(x-Df)/x

13 // to f i n d l e v e r arm
14 z=d -(1+2*a)/(1+a)*Df/3 // i n mm
15 sigma_cbc =2*M/(Bf*Df*(1+a)*z)// i n MPa
16 sigma_st=m*sigma_cbc *(d-x)/x// i n MPa
17 mprintf(” S t r e s s i n c o n c r e t e=%f N/mmˆ2\ nS t r e s s i n

t e n s i o n s t e e l=%f N/mmˆ2”,sigma_cbc ,sigma_st)

Scilab code Exa 3.10 T beam

1 Bf=1300 // width o f f l a n g e , i n mm
2 Df=100 // t h i c k n e s s o f f l a n g e , i n mm
3 d=500 // e f f e c t i v e depth , i n mm
4 sigma_cbc =5 // i n MPa
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5 sigma_st =275 // i n MPa
6 m=18.66 //modular r a t i o
7 Ast =1570 // i n sq mm
8 Asc =1256 // i n sq mm
9 top_cover =30 // i n mm
10 // to f i n d c r i t i c a l depth o f n e u t r a l a x i s
11 Xc=d/(1+ sigma_st /(m*sigma_cbc))// i n mm
12 // assume x>Df ; e qua t i ng moments o f a r ea on

compre s s i on and t e n s i o n s i d e s about N.A.
13 x=(m*Ast*d+Bf*Df ^2/2+(1.5*m-1)*Asc*top_cover)/(m*Ast

+Bf*Df +(1.5*m-1)*Asc)// i n mm
14 // as x<Xc , beam i s under−r e i n f o r c e d
15 sigma_cbc=sigma_st/m*x/(d-x)// i n MPa
16 sigma_cbc_dash=sigma_cbc *(x-top_cover)/x// s t r e s s i n

c o n c r e t e at l e v e l o f c ompre s s i on s t e e l , i n MPa
17 sigma_cbc_double_dash=sigma_cbc *(x-Df)/x// s t r e s s i n

c o n c r e t e at the und e r s i d e o f the s l ab , i n MPa
18 // to f i n d l e v e r arm
19 z=round(d-( sigma_cbc +2* sigma_cbc_double_dash)/(

sigma_cbc+sigma_cbc_double_dash)*Df/3) // i n mm
20 // t ak i n g moments about t e n s i l e s t e e l
21 Mr=Bf*Df*( sigma_cbc+sigma_cbc_double_dash)*z/2+(1.5*

m-1)*Asc*sigma_cbc_dash *(d-top_cover)// i n N−mm
22 mprintf(”Moment o f r e s i s t a n c e o f the beam=%f kN−m”,

Mr /10^6)

Scilab code Exa 3.11 T beam

1 Bf=1500 // width o f f l a n g e , i n mm
2 Df=150 // t h i c k n e s s o f f l a n g e , i n mm
3 d=600 // e f f e c t i v e depth , i n mm
4 sigma_cbc =7 // i n MPa
5 sigma_st =230 // i n MPa
6 m=13.33 //modular r a t i o
7 Ast =1964 // i n sq mm
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8 Asc =1140 // i n sq mm
9 top_cover =50 // i n mm
10 // to f i n d c r i t i c a l depth o f n e u t r a l a x i s
11 Xc=d/(1+ sigma_st /(m*sigma_cbc))// i n mm
12 // assume x>Df ; e qua t i ng moments o f a r ea on

compre s s i on and t e n s i o n s i d e s about N.A.
13 x=(m*Ast*d+Bf*Df ^2/2+(1.5*m-1)*Asc*top_cover)/(m*Ast

+Bf*Df +(1.5*m-1)*Asc)// i n mm
14 //we f i n d tha t x<Df , hence our assumpt ion tha t x>Df

i s wrong
15 // to f i n d x u s i n g Bf ( x ˆ2) /2 + ( 1 . 5m−1)Asc ( x−d ’ )=mAst

(d−x ) , which becomes o f the form pxˆ2+qx+r=0
16 p=Bf/2

17 q=m*Ast +(1.5*m-1)*Asc

18 r=-(m*Ast*d+(1.5*m-1)*Asc*top_cover)

19 // s o l v i n g quad r a t i c e qua t i on
20 x=(-q+sqrt(q^2-4*p*r))/(2*p)// i n mm
21 // as x<Xc , beam i s under−r e i n f o r c e d
22 sigma_cbc=sigma_st/m*x/(d-x)// i n MPa
23 sigma_cbc_dash=sigma_cbc *(x-top_cover)/x// s t r e s s i n

c o n c r e t e at l e v e l o f c ompre s s i on s t e e l , i n MPa
24 // t ak i n g moments about t e n s i l e s t e e l
25 Mr=Bf*x*sigma_cbc *(d-x/3) /2+(1.5*m-1)*Asc*

sigma_cbc_dash *(d-top_cover)// i n N−mm
26 mprintf(”Moment o f r e s i s t a n c e o f the beam=%f kN−m”,

Mr /10^6)

27 // answer g i v en i n t ex tbook i s i n c o r r e c t

Scilab code Exa 3.12 T beam

1 Bf=1450 // width o f f l a n g e , i n mm
2 Df=120 // t h i c k n e s s o f f l a n g e , i n mm
3 d=400 // e f f e c t i v e depth , i n mm
4 m=13.33 //modular r a t i o
5 Ast =1800 // i n sq mm
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6 Asc =450 // i n sq mm
7 top_cover =30 // i n mm
8 M=200*10^6 // i n N−mm
9 // assume x>Df ; e qua t i ng moments o f a r ea on

compre s s i on and t e n s i o n s i d e s about N.A.
10 x=(m*Ast*d+Bf*Df ^2/2+(1.5*m-1)*Asc*top_cover)/(m*Ast

+Bf*Df +(1.5*m-1)*Asc)// i n mm
11 //we f i n d tha t x<Df , hence our assumpt ion tha t x>Df

i s wrong
12 // to f i n d x u s i n g Bf ( x ˆ2) /2 + ( 1 . 5m−1)Asc ( x−d ’ )=mAst

(d−x ) , which becomes o f the form pxˆ2+qx+r=0
13 p=Bf/2

14 q=m*Ast +(1.5*m-1)*Asc

15 r=-(m*Ast*d+(1.5*m-1)*Asc*top_cover)

16 // s o l v i n g quad r a t i c e qua t i on
17 x=(-q+sqrt(q^2-4*p*r))/(2*p)// i n mm
18 // as x<Xc , beam i s under−r e i n f o r c e d ; l e t s t r e s s i n

c o n c r e t e at l e v e l o f s t e e l be equa l to ’ a ’ t imes
the s t r e s s i n c o n c r e t e at top

19 a=(x-top_cover)/x

20 // t ak i n g moments about t e n s i l e s t e e l
21 sigma_cbc=M/(Bf*x*(d-x/3) /2+(1.5*m-1)*Asc*a*(d-

top_cover))// i n MPa
22 sigma_st=m*sigma_cbc *(d-x)/x// i n MPa
23 sigma_sc =1.5*m*a*sigma_cbc // i n MPa
24 mprintf(” S t r e s s i n c o n c r e t e=%f N/mmˆ2\ nS t r e s s i n

t e n s i o n s t e e l=%f N/mmˆ2\ nS t r e s s i n compre s s i on
s t e e l=%f N/mmˆ2”,sigma_cbc ,sigma_st ,sigma_sc)

25 // answer i n t ex tbook i s i n c o r r e c t

Scilab code Exa 3.13 L beam

1 Bf=500 // width o f f l a n g e , i n mm
2 Bw=250 // breadth o f web , i n mm
3 Df=100 // t h i c k n e s s o f f l a n g e , i n mm
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4 d=500 // e f f e c t i v e depth , i n mm
5 sigma_cbc =5 // i n MPa
6 sigma_st =140 // i n MPa
7 m=18.66 //modular r a t i o
8 Ast =2000 // i n sq mm
9 // to f i n d c r i t i c a l depth o f n e u t r a l a x i s
10 Xc=d/(1+ sigma_st /(m*sigma_cbc))// i n mm
11 // assume x>Df
12 x=(m*Ast*d+Bf*Df ^2/2)/(m*Ast+Bf*Df)// i n mm
13 // as x>Xc , beam i s over−r e i n f o r c e d
14 sigma_cbc_dash=sigma_cbc *(x-Df)/x// i n MPa
15 // to f i n d l e v e r arm
16 z=d-( sigma_cbc +2* sigma_cbc_dash)/( sigma_cbc+

sigma_cbc_dash)*Df/3 // i n mm
17 // t ak i n g moments about t e n s i l e s t e e l
18 Mr=Bf*Df*( sigma_cbc+sigma_cbc_dash)*z/2 // i n N−mm
19 mprintf(”Moment o f r e s i s t a n c e o f the beam=%f kN−m”,

Mr /10^6)

Scilab code Exa 3.14 L beam

1 Bf=750 // width o f f l a n g e , i n mm
2 Bw=250 // breadth o f web , i n mm
3 Df=100 // t h i c k n e s s o f f l a n g e , i n mm
4 d=700 // e f f e c t i v e depth , i n mm
5 sigma_cbc =7 // i n MPa
6 sigma_st =190 // i n MPa
7 m=13.33 //modular r a t i o
8 M=460*10^6 // i n N−mm
9 // to f i n d c r i t i c a l depth o f n e u t r a l a x i s
10 Xc=d/(1+ sigma_st /(m*sigma_cbc))// i n mm
11 sigma_cbc_dash=sigma_cbc *(Xc -Df)/Xc // i n MPa
12 // to f i n d l e v e r arm
13 z=d-( sigma_cbc +2* sigma_cbc_dash)/( sigma_cbc+

sigma_cbc_dash)*Df/3 // i n mm
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14 // t ak i n g moments about t e n s i l e s t e e l
15 Ast=M/( sigma_st*z)// i n sq mm
16 Ast =3699 // round−o f f , i n sq mm
17 mprintf(”Area o f s t e e l r e q u i r e d=%d mmˆ2”, Ast)

Scilab code Exa 3.15 L beam

1 Df=120 // t h i c k n e s s o f f l a n g e , i n mm
2 Bw=200 // breadth o f web , i n mm
3 d=550 // e f f e c t i v e depth , i n mm
4 l=6 // span , i n m
5 Bf=l*1000/12+ Bw+3*Df // i n mm
6 m=13.33 //modular r a t i o
7 Ast =3200 // i n sq mm
8 M=190*10^6 // i n N−mm
9 // assume x>Df ; e qua t i ng moments o f a r ea on

compre s s i on and t e n s i o n s i d e s about N.A.
10 x=(m*Ast*d+Bf*Df ^2/2)/(m*Ast+Bf*Df)// i n mm
11 //we f i n d tha t x>Df , hence our assumpt ion tha t x>Df

i s c o r r e c t
12 // as x<Xc , beam i s under−r e i n f o r c e d ; l e t s t r e s s i n

c o n c r e t e at und e r s i d e o f s l a b be equa l to ’ a ’
t imes the s t r e s s i n c o n c r e t e at top

13 a=(x-Df)/x

14 // to f i n d l e v e r arm
15 z=d -(1+2*a)/(1+a)*Df/3 // i n mm
16 z=500 // round−o f f , i n mm
17 // t ak i n g moments about t e n s i l e s t e e l
18 sigma_cbc=M/(Bf*Df*(1+a)*z/2) // i n MPa
19 sigma_st=m*sigma_cbc *(d-x)/x// i n MPa
20 mprintf(” S t r e s s i n c o n c r e t e=%f N/mmˆ2\ nS t r e s s i n

t e n s i o n s t e e l=%f N/mmˆ2”,sigma_cbc ,sigma_st)
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Chapter 4

Shear and Development Length

Scilab code Exa 4.1 Shear

1 b=250 //width , i n mm
2 d=500 // e f f e c t i v e depth , i n mm
3 W=20 //UDL i n c l u d i n g s e l f −weight , i n kN/m
4 Pt=1 // p e r c en t a g e t e n s i l e s t e e l
5 l=6 // span , i n m
6 V=W*l/2 // i n kN
7 Tv=(V*10^3) /(b*d)// i n MPa
8 // f o r Pt=1% and f o r M15 grade c o n c r e t e
9 Tc=0.37 // i n MPa

10 // as Tv>Tc , sh e a r r e i n f o r c emen t i s r e q u i r e d
11 mprintf(”Nominal s h e a r s t r e s s i n beam=%f MPa\ nShear

s t r e n g t h o f c o n c r e t e=%f MPa”, Tv,Tc)

Scilab code Exa 4.2 Shear

1 b=230 //width , i n mm
2 d=500 // e f f e c t i v e depth , i n mm
3 W=24 //UDL i n c l u d i n g s e l f −weight , i n kN/m
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4 Ast =4*0.785*20^2 // f o u r 20 mm d ia bars , i n sq mm
5 Pt=Ast/(b*d)*100 // p e r c en t a g e t e n s i l e s t e e l
6 l=4.5 // span , i n m
7 V=W*l/2 // i n kN
8 Tv=(V*10^3) /(b*d)// i n MPa
9 // f o r Pt=1.1% and f o r M20 grade c o n c r e t e
10 Tc=0.40 // i n MPa
11 // as Tv>Tc , sh e a r r e i n f o r c emen t i s r e q u i r e d
12 mprintf(”Nominal s h e a r s t r e s s i n beam=%f MPa\ nShear

s t r e n g t h o f c o n c r e t e=%f MPa”, Tv,Tc)

Scilab code Exa 4.3 Shear

1 b=300 //width , i n mm
2 d=600 // e f f e c t i v e depth , i n mm
3 W=100 //UDL i n c l u d i n g s e l f −weight , i n kN/m
4 Pt=2 // p e r c en t a g e t e n s i l e s t e e l
5 l=7.2 // span , i n m
6 sigma_cbc =7 // i n MPa
7 sigma_st =190 // i n MPa
8 m=13.33 //modular r a t i o
9 V=W*l/2 // i n kN
10 Tv=(V*10^3) /(b*d)// i n MPa
11 Tcmax =1.8 // i n MPa
12 // as Tv>Tcmax , s e c t i o n i s to be r e d e s i g n e d so tha t

Tv becomes l e s s than Tcmax
13 mprintf(”Nominal s h e a r s t r e s s i n beam=%f MPa\nFor

g i v en grade o f c on c r e t e , Tcmax=1.8 MPa and as Tv
> Tcmax , s e c t i o n i s to be r e d e s i g n e d so tha t Tv
becomes l e s s than Tcmax”, Tv)

Scilab code Exa 4.4 Shear
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1 b=1000 // c o n s i d e r 1 m width o f s l a b
2 D=100 // depth o f s l ab , i n mm
3 cover =20 // i n mm
4 d=D-cover // e f f e c t i v e depth , i n mm
5 W=7 // un i f o rm ly d i s t r i b u t e d load , i n kN/mˆ2
6 dia =10 // i n mm
7 s=100 // spa c i n g o f 10 mm d ia bars , i n mm
8 l=4 // span , i n m
9 V=W*l/2 // i n kN
10 Pt =1000*.785* dia ^2/(s*b*d)*100 // i n %
11 Tv=(V*10^3) /(b*d)// i n MPa
12 // f o r g i v en Pt and M15 grade c o n c r e t e
13 Tc=0.37 // i n MPa
14 // and f o r s o l i d s l a b s
15 k=1.3

16 Tc=k*Tc // i n MPa
17 mprintf(”Nominal s h e a r s t r e s s i n s l ab , Tv=%f MPa\

nShear s t r e n g t h o f s l ab , Tc=%f MPa. As Tc > Tv ,
no sh ea r r e i n f o r c emen t i s r e q u i r e d ”, Tv, Tc)

Scilab code Exa 4.5 Shear

1 b=300 //width , i n mm
2 d=1010 // e f f e c t i v e depth , i n mm
3 W=45 //UDL i n c l u d i n g s e l f −weight , i n kN/m
4 Ast =6*0.785*22^2 // s i x 22 mm d ia bars , i n sq mm
5 l=7 // span , i n m
6 sigma_cbc =5 // i n MPa
7 sigma_sv =140 // i n MPa
8 Fy=250 // i n MPa
9 V=W*l/2 // i n kN

10 Tv=(V*10^3) /(b*d)// i n MPa
11 Tcmax =1.6 // i n MPa
12 //Tv<Tcmax ; OK
13 Pt=Ast/(b*d)*100 // p e r c en t a g e t e n s i l e s t e e l
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14 // f o r g i v en Pt and f o r M15 grade c o n c r e t e
15 Tc=0.34 // i n MPa
16 Vs=V-Tc*b*d/10^3 // i n kN
17 // p r o v i d i n g 6 mm d ia s t i r r u p s
18 dia=6 // i n mm
19 Asv =2*0.785* dia^2 // i n sq mm
20 Sv1=Asv*sigma_sv*d/(Vs *10^3) // i n mm
21 Sv1 =145 // round−o f f , i n mm
22 //Sv<0.75d or 450 mm, wh icheve r i s l e s s ; hence OK
23 // c a l c u l a t i n g minimum spa c i n g o f s h e a r r e i n f o r c emen t
24 Sv2=Asv*Fy/(b*0.4) // i n mm
25 Sv2 =118 // round−o f f , i n mm
26 Sv=min(Sv1 ,Sv2)

27 mprintf(” Prov ide 6 mm d ia ba r s at %d mm c/ c
throughout the l e n g t h o f the beam , as sh e a r
r e i n f o r c emen t ”, Sv)

Scilab code Exa 4.6 Shear

1 Bf=1600 //width , i n mm
2 Df=100 // t h i c k n e s s o f s l ab , i n mm
3 d=400 // e f f e c t i v e depth , i n mm
4 Bw=225 // breadth o f web , i n mm
5 b=Bw

6 W=30 //UDL i n c l u d i n g s e l f −weight , i n kN/m
7 Ast =5*0.785*22^2 // f i v e 22 mm d ia bars , i n sq mm
8 l=9.2 // span , i n m
9 sigma_cbc =5 // i n MPa

10 sigma_sv =230 // i n MPa
11 Fy=415 // i n MPa
12 V=W*l/2 // i n kN
13 Tv=(V*10^3) /(b*d)// i n MPa
14 Tcmax =1.6 // i n MPa
15 //Tv<Tcmax ; OK
16 Pt=Ast/(b*d)*100 // p e r c en t a g e t e n s i l e s t e e l
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17 // f o r g i v en Pt and f o r M15 grade c o n c r e t e
18 Tc=0.44 // i n MPa
19 Vs=V-Tc*b*d/10^3 // i n kN
20 // p r o v i d i n g bent−up bar s
21 Asv =0.785*22^2 // i n sq mm
22 Vs1=Asv*sigma_sv*sind (45) /10^3 // i n kN
23 // but sh ea r taken up by bent−up bar i s l im i t e d to Vs

/2
24 Vs1=Vs/2 // i n kN
25 // p r o v i d i n g 6 mm d ia s t i r r u p s , which w i l l t ake up

rema in ing sh ea r f o r c e
26 Vs2=Vs -Vs1 // i n kN
27 dia=6 // i n mm
28 Asv =2*0.785* dia^2 // i n sq mm
29 Sv=Asv*sigma_sv*d/(Vs2 *10^3) // i n mm
30 Sv1 =105 // round−o f f , i n mm
31 //Sv<0.75d or 450 mm, wh icheve r i s l e s s ; hence OK
32 // c a l c u l a t i n g minimum spa c i n g o f s h e a r r e i n f o r c emen t
33 Sv2=Asv*Fy/(b*0.4) // i n mm
34 Sv2 =260 // round−o f f , i n mm
35 // to c a l c u l a t e d i s t a n c e ’ x ’ from suppor t where sh e a r

s t r e s s i n c o n c r e t e i s e qua l to Tc
36 x=Tc/Tv*l/2 // i n m
37 mprintf(” Prov ide 6 mm d ia s t i r r u p s at %d mm c/ c upto

%f m from both ends \nFor the r ema in ing po r t i on ,
p r ov i d e 6 mm dia s t i r r u p s at %d mm”, Sv1 ,(l/2-x),

Sv2)

Scilab code Exa 4.7 Development Length

1 D=100 // t h i c k n e s s o f s l ab , i n mm
2 l=3 // span o f s l ab , i n m
3 s=0.23 // t h i c k n e s s o f support , i n m
4 Lef=l+s// e f f e c t i v e span , i n m
5 W=5 //UDL, i n kN/m
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6 cover =15 // i n mm
7 R=W*Lef/2 // i n kN
8 M=(R*s/2-W*s^2/2) *10^6 // bending moment at f a c e o f

wa l l , i n N−mm
9 // 10 mm d ia ba r s at 145 mm c/ c as main s t e e l
10 dia =10 // i n mm
11 c=145 // spa c i n g o f r e i n f o r c emen t , i n mm
12 Ast =1000*0.785* dia^2/c// i n sq mm
13 // as a l t e r n a t e ba r s a r e bent up
14 Ast=Ast/2 // a v a i l a b l e s t e e l r e i n f o r c emen t at f a c e o f

wa l l , i n sq mm
15 d=D-10/2- cover // i n mm
16 // assuming ba l anced s e c t i o n
17 z=0.87*d// i n mm
18 sigma_st=M/(Ast*z)// i n MPa
19 Tbd =0.6 //bond s t r e s s , i n MPa
20 Ld=dia*sigma_st /(4* Tbd)// i n mm
21 Ld=177 // round−o f f , i n mm
22 mprintf(”Development l e n g t h r e q u i r e d from the f a c e

o f the suppor t = %d mm”,Ld)
23 // answer g i v en i n t ex tbook i s i n c o r r e c t

Scilab code Exa 4.8 Development Length

1 b=230 //width , i n mm
2 d=500 // e f f e c t i v e depth , i n mm
3 l=6 // span , i n m
4 s=0.3 // t h i c k n e s s o f support , i n m
5 Lef=l+s// e f f e c t i v e span , i n m
6 W=60 //UDL, i n kN/m
7 Ast =6*0.785*20^2 // s i x 20 mm d ia ba r s at bottom , i n

sq mm
8 Asc =2*0.785*20^2 // two 20 mm dia ba r s at top , i n sq

mm
9 dia =20 // i n mm
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10 sigma_cbc =5 // i n MPa
11 sigma_st =230 // i n MPa
12 m=18.66 //modular r a t i o
13 R=W*l/2 // i n kN
14 M=(R*s/2-W*s^2/2) *10^6 // bending moment at f a c e o f

wa l l , i n N−mm
15 // assuming ba l anced s e c t i o n
16 z=0.87*d// i n mm
17 sigma_st1=M/(Ast*z)// i n MPa
18 Tbd =0.6*1.4 //bond s t r e s s i n MPa f o r deformed s t e e l

and M15
19 Ld1=dia*sigma_st1 /(4* Tbd)// i n mm
20 // to f i n d c r i t i c a l depth o f n e u t r a l a x i s
21 Xc=d/(1+ sigma_st /(m*sigma_cbc))// i n mm
22 Xc=144 // round−o f f , i n mm
23 // at f a c e o f suppor t
24 sigma_cbc=sigma_st1/m*Xc/(d-Xc)// i n MPa
25 sigma_sc =1.5*m*sigma_cbc // i n MPa
26 Tbd =1.68 //bond s t r e s s i n MPa f o r M15 and deformed

s t e e l i n compre s s i on
27 Ld2=dia*sigma_sc /(4* Tbd)// i n mm
28 mprintf(”Development l e n g t h r e q u i r e d from the f a c e

o f the suppor t f o r t e n s i o n s t e e l = %d mm\
nDevelopment l e n g t h r e q u i r e d from the f a c e o f the
suppor t f o r compre s s i on s t e e l = %d mm”,Ld1 ,Ld2)

Scilab code Exa 4.9 Development Length

1 D=120 // t h i c k n e s s o f s l ab , i n mm
2 l=1.5 // span o f s l ab , i n m
3 s=0.23 // t h i c k n e s s o f support , i n m
4 Lef=l+s// e f f e c t i v e span , i n m
5 W1=3 //UDL, i n kN/mˆ2
6 cover =15 // i n mm
7 sigma_cbc =5 // i n MPa
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8 sigma_st =140 // i n MPa
9 m=18.66 //modular r a t i o
10 W2=(D/10^3) *1*25 // s e l f load , i n kN/m
11 W=W1+W2 // i n kN/m
12 M=W*l^2/2*10^6 // bending moment at f a c e o f wa l l , i n N

−mm
13 // 10 mm d ia ba r s at 145 mm c/ c as main s t e e l
14 dia =10 // i n mm
15 d=D-dia/2-cover

16 c=100 // spa c i n g o f r e i n f o r c emen t , i n mm
17 Ast =1000*0.785* dia^2/c// i n sq mm
18 // assuming ba l anced s e c t i o n
19 z=0.87*d// i n mm
20 sigma_st=M/(Ast*z)// i n MPa
21 Tbd =0.6 //bond s t r e s s i n MPa
22 Ld=dia*sigma_st /(4* Tbd)// i n mm
23 Ld=412 // round−o f f , i n mm
24 mprintf(”Development l e n g t h r e q u i r e d from the f a c e

o f the suppor t = %d mm”,Ld)
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Chapter 5

Columns

Scilab code Exa 5.1 Short Column

1 sigma_cc =4 // i n MPa
2 sigma_sc =130 // i n MPa
3 Asc =4*0.785*25^2 // f o u r 25 mm d ia bars , i n sq mm
4 b=300 //width , i n mm
5 D=300 // depth , i n mm
6 Ag=b*D// i n sq mm
7 Ac=Ag-Asc // i n sq mm
8 P=sigma_cc*Ac+sigma_sc*Asc // i n N
9 mprintf(” P e rm i s s i b l e l oad on the column = %f kN”, P

/10^3)

Scilab code Exa 5.2 Short Column

1 sigma_cc =5 // i n MPa
2 sigma_sc =190 // i n MPa
3 Asc =6*0.785*20^2 // s i x 20 mm d ia bars , i n sq mm
4 b=250 //width , i n mm
5 D=400 // depth , i n mm
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6 Ag=b*D// i n sq mm
7 Ac=Ag-Asc // i n sq mm
8 P=sigma_cc*Ac+sigma_sc*Asc // i n N
9 mprintf(” P e rm i s s i b l e l oad on the column = %f kN\n”,

P/10^3)

10 // d e s i g n o f l i n k s
11 dia =20/4 // i n mm
12 // as t h i s i s l e s s than 6
13 dia=6 // i n mm
14 // spa c i n g o f l i n k s
15 s1=b// i n mm
16 s2 =16*20 // i n mm
17 s3=48* dia // i n mm
18 s=min(s1,s2,s3)

19 mprintf(” Prov ide %d mm dia l i n k s at s p a c i n g equa l to
l e a s t o f ( i ) Lea s t l a t e r a l d imens ion = %d mm, ( i i

) 16 t imes l o n g i t u d i n a l bar d i a = %d mm, ( i i i ) 48
t imes l i n k bar d i a = %d mm, i . e . , 250 mm\nHence ,
s p a c i n g or p i t c h = %d mm\n”,dia ,b,16*20 , 48*dia ,

s)

20 Pc=Asc *100/(b*D)// p e r c en t a g e s t e e l
21 mprintf(” Pe r c en tage o f s t e e l i s i n between 0 . 8 to 4

as p r e s c r i b e d by IS code ”)

Scilab code Exa 5.3 Short Column

1 sigma_cc =5 // i n MPa
2 sigma_sc =130 // i n MPa
3 b=300 //width , i n mm
4 D=400 // depth , i n mm
5 P=1000 // a x i a l load , i n kN
6 Ag=b*D// i n sq mm
7 Asc=(P*10^3- sigma_cc*Ag)/(sigma_sc -sigma_cc)// i n sq

mm
8 // p r ov i d e 25 mm dia ba r s

48



9 n=round(Asc /(0.785*25^2))

10 mprintf(” Prov ide %d no . 25 mm d ia ba r s \n”, n)

11 // d e s i g n o f l i n k s
12 dia =20/4 // i n mm
13 // p r ov i d e 8 mm d ia l i n k s ( a v a i l a b l e as per market

s i z e )
14 dia=8 // i n mm
15 // spa c i n g o f l i n k s
16 s1=b// i n mm
17 s2 =16*25 // i n mm
18 s3=48* dia // i n mm
19 s=min(s1,s2,s3)

20 mprintf(” Prov ide %d mm dia l i n k s at s p a c i n g equa l to
l e a s t o f ( i ) Lea s t l a t e r a l d imens ion = %d mm, ( i i

) 16 t imes l o n g i t u d i n a l bar d i a = %d mm, ( i i i ) 48
t imes l i n k bar d i a = %d mm, i . e . , 300 mm\nHence ,
s p a c i n g or p i t c h = %d mm\n”,dia ,b ,16*25 ,48*dia ,s

)

Scilab code Exa 5.4 Short Column

1 sigma_cc =4 // i n MPa
2 sigma_sc =130 // i n MPa
3 Asc =6*0.785*12^2 // s i x 12 mm d ia bars , i n sq mm
4 D=200 // d i a o f column , i n mm
5 Ag =0.785*D^2 // i n sq mm
6 Ac=Ag-Asc // i n sq mm
7 P=sigma_cc*Ac+sigma_sc*Asc // i n N
8 dia=6 // d i a o f l i n k s used , i n mm
9 // spa c i n g o f l i n k s

10 s1=D// i n mm
11 s2 =16*12 // i n mm
12 s3=48* dia // i n mm
13 s=min(s1,s2,s3)

14 mprintf(” P e rm i s s i b l e l oad on the column = %f kN\
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nProv ide %d mm dia l i n k s at s p a c i n g equa l to
l e a s t o f ( i ) Lea s t l a t e r a l d imens ion = %d mm, ( i i )
16 t imes l o n g i t u d i n a l bar d i a = %d mm, ( i i i ) 48

t imes l i n k bar d i a = %d mm, i . e . , %d mm\nHence ,
s p a c i n g or p i t c h = %d mm”, P/10^3, dia ,D,16*12 ,

48*dia ,s,s)

Scilab code Exa 5.5 Short Column with Helical Bending

1 dia =300 // i n mm
2 Asc =8*0.785*20^2 //8−20 mm d ia bars , i n sq mm
3 helical_dia =8 // i n mm
4 pitch =25 // i n mm
5 cover =40 // i n mm
6 sigma_cc =5 // i n MPa
7 sigma_sc =130 // i n MPa
8 fck =25 // i n MPa
9 fy=250 // i n MPa

10 Ag =0.785* dia^2 // i n sq mm
11 Ac=Ag-Asc // i n sq mm
12 P=sigma_cc*Ac + sigma_sc*Asc // i n N
13 // to f i n d volume o f h e l i c a l r e i n f o r c emen t
14 core_dia=dia -2* cover +2* helical_dia // i n mm
15 l=%pi*core_dia // l e n g t h o f h e l i c a l s t e e l f o r one

r e v o l u t i o n , i n mm
16 Ab=l*0.785* helical_dia ^2/ pitch // volume o f h e l i c a l

r e i n f o r c emen t per mm he i gh t o f column , i n mmˆ3
17 Ak =0.785* core_dia^2-Asc // i n sq mm
18 Ac =0.785* core_dia ^2 // i n sq mm
19 m=Ab/Ak

20 n=0.36*( Ag/Ac -1)*fck/fy

21 // as m > n
22 P=1.05*P// i n N
23 mprintf(” Sa f e l oad=%f kN”,P/10^3)
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Scilab code Exa 5.6 Long Column

1 b=250 //width , i n mm
2 D=350 // depth , i n mm
3 Asc =4*0.785*22^2 // f o u r 22 mm d ia bars , i n sq mm
4 Lef=5 // e f f e c t i v e l e n g t h o f column , i n m
5 sigma_cc =4 // i n MPa
6 sigma_sc =130 // i n MPa
7 a=Lef *10^3/b

8 // as Le f /b > 12 , i t i s a l ong column
9 Cr=1.25- Lef *1000/(48*b)// r e du c t i o n c o e f f i c i e n t

10 sigma_cc=Cr*sigma_cc // i n MPa
11 sigma_sc=Cr*sigma_sc // i n MPa
12 Ag=b*D// i n sq mm
13 Ac=Ag-Asc // i n sq mm
14 P=sigma_cc*Ac+sigma_sc*Asc // i n N
15 mprintf(”The s a f e l oad on the column=%f kN”, P/10^3)

Scilab code Exa 5.7 Long Column

1 dia =500 // i n mm
2 Asc =6*%pi /4*25^2 // s i x 25 mm d ia bars , i n sq mm
3 Lef=8 // e f f e c t i v e l e n g t h o f column , i n m
4 sigma_cc =5 // i n MPa
5 sigma_sc =190 // i n MPa
6 a=Lef *10^3/ dia

7 // as Le f /b >12 , i t i s a l ong column
8 Cr=1.25- Lef *1000/(48* dia)// r e du c t i o n c o e f f i c i e n t
9 sigma_cc=Cr*sigma_cc // i n MPa

10 sigma_sc=Cr*sigma_sc // i n MPa
11 Ag=%pi/4* dia^2 // i n sq mm
12 Ac=Ag-Asc // i n sq mm
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13 P=sigma_cc*Ac+sigma_sc*Asc // i n N
14 mprintf(”The s a f e l oad on the column=%f kN”, P/10^3)

15 // the answer doesn ’ t match with tha t g i v en i n
t ex tbook due to round−o f f e r r o r

Scilab code Exa 5.8 Design of column

1 P=850 // i n kN
2 sigma_cc =4 // i n MPa
3 m=18.66 //modular r a t i o
4 sigma_sc =130 // i n MPa
5 Lef =5*1.001 // e f f e c t i v e l eng th , i n m
6 // assume 1% s t e e l
7 Ag=P*10^3/( sigma_cc *0.99+ sigma_sc *0.01) // i n sq mm
8 l=sqrt(Ag)// i n mm
9 l=400 // approx imate ly , i n mm

10 a=Lef *1000/l

11 // as a>12 , i t i s a l ong column
12 //Method I−s e c t i o n to be changed
13 b=Lef *1000/12 // i n mm
14 b=420 // approx imate ly , i n mm
15 Ag=b^2 // i n sq mm
16 Asc=(P*1000- sigma_cc*Ag)/(sigma_sc -sigma_cc)// i n sq

mm
17 minimum_steel =0.8/100*b^2 // i n sq mm
18 // as Asc < minimum s t e e l
19 Asc=minimum_steel // i n sq mm
20 // assume 20 mm d ia ba r s
21 n=Asc/(%pi /4*20^2) //no . o f ba r s
22 n=5 // round−o f f
23 // d e s i g n o f l i n k s
24 dia =1/4*20 // i n mm
25 // as d i a < 6 mm, p r ov i d e 6 mm diamete r l i n k s
26 dia=6 // i n mm
27 spacing=min(b,16*20 ,48*dia ,300) // i n mm
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28 mprintf(”Method I \nColumn s i z e %d x %d mm\nMain
s t e e l =%d−20 mm d ia ba r s \ nLinks=6 mm dia l i n k s @
%d mm c/ c\n”, b,b,n,spacing)

29 //Method I I−same s e c t i o n
30 b=400 // i n mm
31 Ag=b^2 // i n sq mm
32 Cr=1.25- Lef *1000/(48*b)// r e du c t i o n c o e f f i c i e n t
33 sigma_cc=Cr*sigma_cc // i n MPa
34 sigma_sc=Cr*sigma_sc // i n MPa
35 Asc=(P*1000 - sigma_cc*Ag)/(sigma_sc -sigma_cc)// i n MPa
36 n=round(Asc/(%pi /4*20^2))//no . o f ba r s
37 // d e s i g n o f l i n k s
38 dia =1/4*20 // i n mm
39 // as d i a < 6 mm, p r ov i d e 6 mm diamete r l i n k s
40 dia=6 // i n mm
41 spacing=min(b,16*20 ,48*dia ,300) // i n mm
42 mprintf(”Method I I \nColumn s i z e %d x %d mm\nMain

s t e e l =%d−20 mm dia ba r s \ nLinks=6 mm dia l i n k s @
%d mm c/ c ”, b,b,n,spacing)

Scilab code Exa 5.9 Design of column

1 P=400 // i n kN
2 b=200 //width , i n mm
3 sigma_cc =4 // i n MPa
4 sigma_sc =190 // i n MPa
5 Lef =3.5 // e f f e c t i v e l eng th , i n m
6 // assume 1% s t e e l
7 Ag=P*10^3/( sigma_cc *0.99+ sigma_sc *0.01) // i n sq mm
8 D=Ag/b// i n mm
9 D=340 // round−o f f , i n mm
10 a=Lef *1000/b

11 // as a > 12 , i t i s a l ong column
12 Cr=1.25- Lef *1000/(48*b)// r e du c t i o n c o e f f i c i e n t
13 sigma_cc=Cr*sigma_cc // i n MPa
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14 sigma_sc=Cr*sigma_sc // i n MPa
15 Asc=(P*1000 - sigma_cc*Ag)/(sigma_sc -sigma_cc)// i n sq

mm
16 // assume 18 mm d ia ba r s
17 n=Asc/(%pi /4*18^2) //no . o f ba r s
18 n=4 // round−o f f
19 // d e s i g n o f l i n k s
20 dia =1/4*20 // i n mm
21 // as d i a < 6 mm, p r ov i d e 6 mm diamete r l i n k s
22 dia=6 // i n mm
23 spacing=min(b,16*20 ,48*dia ,300) // i n mm
24 mprintf(”Column s i z e %d x %d mm\nMain s t e e l =%d−18

mm dia ba r s \ nLinks=6 mm dia l i n k s @ %d mm c/ c\n”,
b,D,n,spacing)

Scilab code Exa 5.10 Eccentrically Loaded Column

1 P=280 // i n kN
2 e=50 // e c c e n t r i c i t y , i n mm
3 b=300 //width , i n mm
4 D=300 // depth , i n mm
5 sigma_cc =4 // i n MPa
6 sigma_cbc =5 // i n MPa
7 m=18.66 //modular r a t i o
8 cover =50 // i n mm
9 Asc =4*0.785*20^2 // f o u r 20 mm d ia bars , i n sq mm
10 Ag=b*D// i n sq mm
11 Ac=Ag-Asc // i n sq mm
12 sigma_cc_cal=P*10^3/( Ac +1.5*m*Asc)// i n MPa
13 I=b*D^3/12 + (m-1)*Asc*(D/2-cover)^2 // i n mmˆ4
14 z=I/(D/2) // i n mmˆ3
15 sigma_cbc_cal=P*10^3*e/z// i n MPa
16 sigma_max=sigma_cc_cal + sigma_cbc_cal // i n MPa
17 sigma_min=sigma_cc_cal - sigma_cbc_cal // i n MPa
18 mprintf(”Maximum s t r e s s = %f MPa ( compr e s s i v e ) \
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nMinimum s t r e s s = %f MPa ( t e n s i l e ) ”, sigma_max ,

sigma_min)

Scilab code Exa 5.11 Eccentrically Loaded Column

1 P=200 // i n kN
2 b=200 //width , i n mm
3 D=350 // depth , i n mm
4 sigma_cc =5 // i n MPa
5 sigma_cbc =7 // i n MPa
6 m=13.33 //modular r a t i o
7 Mxx=6 // i n kN−m
8 Myy=4 // i n kN−m
9 cover =40 // i n mm
10 eff_cover=cover +25/2 // i n mm
11 Asc =4*0.785*25^2 // f o u r 25 mm d ia bars , i n sq mm
12 Ag=b*D// i n sq mm
13 Ac=Ag-Asc // i n sq mm
14 sigma_cc_cal=P*10^3/( Ac +1.5*m*Asc)// i n MPa
15 // to f i n d bending s t r e s s on XX ax i s
16 Ixx=b*D^3/12 + (m-1)*Asc*(D/2- eff_cover)^2 // i n mmˆ4
17 Zxx=Ixx/(D/2) // i n mmˆ3
18 sigma_cbc_xx=Mxx *10^6/ Zxx // i n MPa
19 // to f i n d bending s t r e s s on YY ax i s
20 Iyy=D*b^3/12 + (m-1)*Asc*(b/2- eff_cover)^2 // i n mmˆ4
21 Zyy=Iyy/(b/2) // i n mmˆ3
22 sigma_cbc_yy=Myy *10^6/ Zyy // i n MPa
23 sigma_cbc_cal=sigma_cbc_xx + sigma_cbc_yy // i n MPa
24 sigma_max=sigma_cc_cal + sigma_cbc_cal // i n MPa
25 sigma_min=sigma_cc_cal - sigma_cbc_cal // i n MPa
26 mprintf(”Maximum s t r e s s = %f MPa ( compr e s s i v e ) \

nMinimum s t r e s s = %f MPa ( t e n s i l e ) ”, sigma_max ,

sigma_min)
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Scilab code Exa 5.12 Cracked Section

1 b=450 //width , i n mm
2 D=900 // depth , i n mm
3 c=80 // cover , i n mm
4 d=D-c// i n mm
5 Asc =4000 // i n sq mm
6 Ast=Asc // i n sq mm
7 P=500 // i n kN
8 e=600 // i n mm
9 m=18.66

10 // equa t i on f o r x i s : xˆ2 + ( k1 − k2 / s i gma cbc da sh
) x − k3 = 0

11 k1=2/b*((1.5*m-1)*Asc+m*Ast)

12 k2=2*P*10^3/b

13 k3=2/b*(c*(1.5*m-1)*Asc+d*m*Ast)

14 // equa t i on f o r s i gma cbc da sh i s : s i gma cbc da sh =
Q1 x /(Q2 xˆ2 ( d − x /3) + Q3 ( x − c ) )

15 Q1=P*10^3*(e+d-D/2)

16 Q2=b/2

17 Q3 =(1.5*m-1)*(d-c)*Asc

18 sigma_cbc_dash =7 // assume , i n MPa
19 // s o l v i n g equa t i on f o r x
20 p=1

21 q=(k1-k2/sigma_cbc_dash)

22 r=-k3

23 x=(-q+sqrt(q^2-4*p*r))/2/p// i n mm
24 sigma_cbc_dash = Q1*x/(Q2*x^2*(d-x/3)+Q3*(x-c))// i n

MPa
25 // t h i s p r o c e s s i s r e p e a t ed t i l l c onve rg enc e
26 // s o l v i n g equa t i on f o r x
27 p=1

28 q=(k1-k2/sigma_cbc_dash)

29 r=-k3
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30 x=(-q+sqrt(q^2-4*p*r))/2/p// i n mm
31 sigma_cbc_dash = Q1*x/(Q2*x^2*(d-x/3)+Q3*(x-c))// i n

MPa
32 // s o l v i n g equa t i on f o r x
33 p=1

34 q=(k1-k2/sigma_cbc_dash)

35 r=-k3

36 x=(-q+sqrt(q^2-4*p*r))/2/p// i n mm
37 sigma_cbc_dash = Q1*x/(Q2*x^2*(d-x/3)+Q3*(x-c))// i n

MPa
38 // s o l v i n g equa t i on f o r x
39 p=1

40 q=(k1 -k2/sigma_cbc_dash)

41 r=-k3

42 x=(-q+sqrt(q^2-4*p*r))/2/p// i n mm
43 sigma_cbc_dash = Q1*x/(Q2*x^2*(d-x/3)+Q3*(x-c))// i n

MPa
44 // s o l v i n g equa t i on f o r x
45 p=1

46 q=(k1 -k2/sigma_cbc_dash)

47 r=-k3

48 x=(-q+sqrt(q^2-4*p*r))/2/p// i n mm
49 sigma_cbc_dash = Q1*x/(Q2*x^2*(d-x/3)+Q3*(x-c))// i n

MPa
50 // s o l v i n g equa t i on f o r x
51 p=1

52 q=(k1 -k2/sigma_cbc_dash)

53 r=-k3

54 x=(-q+sqrt(q^2-4*p*r))/2/p// i n mm
55 sigma_sc=m*sigma_cbc_dash *(x-c)/x// i n MPa
56 sigma_st=m*sigma_cbc_dash*x/(d-x)// i n MPa
57 // answer i n t ex tbook i s i n c o r r e c t
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Chapter 7

Slab Design One Way

Scilab code Exa 7.1 Design of One Way Simply Supported Slab

1 sigma_cbc =5 // i n MPa
2 sigma_st =140 // i n MPa
3 MF=1.6 // mod i f i c a t i o n f a c t o r
4 // l e t a be span to depth r a t i o
5 l=4 // span , i n m
6 a=MF*20

7 D=l*1000/a// i n mm
8 // to c a l c u l a t e l o a d i n g
9 self_weight =25*(D/10^3) // i n kN/m

10 finish =1 // i n kN/m
11 live_load =2 // i n kN/m
12 W=self_weight+finish+live_load // t o t a l load , i n kN/m
13 lef=l+D/1000 // i n m
14 M=W*lef ^2/8 // i n kN−m
15 // check f o r depth
16 d=round ((M*10^6/(0.87*1000))^0.5) // i n mm
17 // assume 12 mm d ia ba r s
18 D=d+12/2+15 // i n mm
19 // the c a l c u l a t e d va lu e o f D i s more than i t s assumed

va lu e
20 D=150 // r e v i s e d va l u e o f depth , i n mm
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21 self_weight =25*(D/10^3) // i n kN/m
22 finish =1 // i n kN/m
23 live_load =2 // i n kN/m
24 W=self_weight+finish+live_load // t o t a l load , i n kN/m
25 lef=l+D/1000 // i n m
26 M=W*lef ^2/8 // i n kN−m
27 // check f o r depth
28 d=round((M*10^6/(0.87*1000))^0.5) // i n mm
29 D=d+12/2+15 // i n mm
30 Ast=round(M*10^6/( sigma_st *0.87*d))// i n sq mm
31 s1 =1000*0.785*12^2/ Ast // which i s l e s s than 3d= 387

mm
32 s1=120 // approx imate ly , i n mm
33 Ads =0.15/100*1000*D// d i s t r i b u t i o n s t e e l , i n sq mm
34 // assume 8 mm dia ba r s
35 s2 =1000*0.785*8^2/ Ads // which i s l e s s than 5d= 645 mm
36 s2=220 // approx imate ly , i n mm
37 // to c a l c u l a t e deve lopment l e n g t h
38 w=0.345 // suppor t width , i n m
39 lef=l+w// i n m
40 R=W*lef/2 // r e a c t i o n at support , i n kN
41 M1=R*w/2-W*w^2/2 // bending moment at the f a c e o f wa l l

, i n kN−m
42 sigma_st=M1 *10^6/( Ast /2*0.87*d)// i n MPa
43 Tbd =0.6 // i n MPa
44 Ld=12* sigma_st /(4* Tbd)// i n mm
45 La=w*1000 -25 // a v a i l a b l e l e n g t h f o r bar ove r wa l l ,

which i s g r e a t e r than deve lopment l e n g t h
46 // check f o r s h e a r
47 V=W*4.15/2 // i n kN
48 Tv=V*10^3/(1000*d)// i n MPa
49 Tc=0.33 // p e rm i s s i b l e s h e a r i n c o n c r e t e f o r p=0.71

and M15 , i n MPa
50 Tc=1.3*Tc // p e rm i s s i b l e s h e a r f o r s l a b s , i n MPa
51 //Tc>Tv ; hence no sh ea r r e i n f o r c emen t i s r e q u i r e d
52 mprintf(”Summary o f d e s i g n \ nSlab t h i c k n e s s=%d mm\

nCover=15 mm\nMain s t e e l = 12 mm d ia @ %d mm c/ c \
nA l t e r na t e ba r s a r e bent up @ 45−deg r e e at
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suppor t at a d i s t a n c e l /7 from suppor t f a c e \
nD i s t r i b u t i o n s t e e l =8 mm dia @ %d mm c/ c ”,D,s1,s2
)

Scilab code Exa 7.2 Design of One Way Simply Supported Slab

1 sigma_cbc =5 // i n MPa
2 sigma_st =230 // i n MPa
3 MF=1.4 // mod i f i c a t i o n f a c t o r
4 // l e t a be span to depth r a t i o
5 l=4.5 // span , i n m
6 a=MF*20

7 D=l*1000/a// i n mm
8 D=160 // approx imate ly , i n mm
9 // to c a l c u l a t e l o a d i n g

10 self_weight =25*(D/10^3) // i n kN/m
11 finish =1 // i n kN/m
12 partitions =1 // i n kN/m
13 live_load =4 // i n kN/m
14 W=self_weight+finish+partitions+live_load // t o t a l

load , i n kN/m
15 lef=l+D/1000 // i n m
16 M=W*lef ^2/8 // i n kN−m
17 // check f o r depth
18 d=(M*10^6/(0.9* sigma_cbc /2*0.29*1000))^0.5 // i n mm
19 // assume 12 mm d ia ba r s
20 D=d+12/2+15 // i n mm
21 // the c a l c u l a t e d va lu e o f D i s more than i t s assumed

va lu e
22 D=1.1*D// r e v i s e d va l u e o f depth , i n mm
23 D=250 // assume , i n mm
24 self_weight =25*(D/10^3) // i n kN/m
25 finish =1 // i n kN/m
26 partitions =1 // i n kN/m
27 live_load =4 // i n kN/m
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28 W=self_weight+finish+partitions+live_load // t o t a l
load , i n kN/m

29 lef=l+D/1000 // i n m
30 M=W*lef ^2/8 // i n kN−m
31 // check f o r depth
32 d=round((M*10^6/(0.9* sigma_cbc /2*0.29*1000))^0.5) //

i n mm
33 D=d+12/2+15 // i n mm
34 D=250 // approx imate ly , i n mm
35 Ast=round(M*10^6/( sigma_st *0.9*d))// i n sq mm
36 s1 =1000*0.785*12^2/ Ast // which i s l e s s than 3d= 690

mm
37 s1=155 // approx imate ly , i n mm
38 pt=Ast /1000/d*100 // i n %
39 Ads =0.12/100*1000*D// d i s t r i b u t i o n s t e e l , i n sq mm
40 // assume 8 mm dia ba r s
41 s2 =1000*0.785*8^2/ Ads // which i s l e s s than 5d= 1150

mm
42 s2=165 // approx imate ly , i n mm
43 // to c a l c u l a t e deve lopment l e n g t h
44 w=0.23 // suppor t width , i n m
45 l=l+w// i n m
46 R=W*l/2 // r e a c t i o n at support , i n kN
47 M1=R*w/2-W*w^2/2 // bending moment at the f a c e o f wa l l

, i n kN−m
48 sigma_st=M1 *10^6/( Ast /2*0.9*d)// i n MPa
49 Tbd =0.6 // i n MPa
50 Ld=12* sigma_st /(4* Tbd)// i n mm
51 La=w*1000 -25 // a v a i l a b l e l e n g t h f o r bar ove r wa l l ,

which i s g r e a t e r than deve lopment l e n g t h
52 // check f o r s h e a r
53 V=W*lef/2 // i n kN
54 Tv=V*10^3/(1000*d)// i n MPa
55 Tc =0.2212 // p e rm i s s i b l e s h e a r i n c o n c r e t e f o r p=0.315

and M15 , i n MPa
56 Tc =1.15* Tc // p e rm i s s i b l e s h e a r f o r s l a b s , i n MPa
57 //Tc>Tv ; hence no sh ea r r e i n f o r c emen t i s r e q u i r e d
58 mprintf(”Summary o f d e s i g n \ nSlab t h i c k n e s s=%d mm\
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nCover=15 mm\nMain s t e e l = 12 d i a @ %d mm c/ c\
nA l t e r na t e ba r s a r e bent up at 45−deg r e e at
suppor t at a d i s t a n c e o f l /7 from suppor t f a c e \
nD i s t r i b u t i o n s t e e l =8 d i a @ %d mm c/ c ”,D,s1,s2)

Scilab code Exa 7.3 Design of One Way Continuous Slab

1 sigma_cbc =7 // i n MPa
2 sigma_st =230 // i n MPa
3 MF=1.22 // mod i f i c a t i o n f a c t o r
4 // l e t a be span to depth r a t i o
5 l=5 // span , i n m
6 a=MF*26

7 D=l*1000/a// i n mm
8 D=160 // assume , i n mm
9 // to c a l c u l a t e l o a d i n g

10 self_weight =25*(D/10^3) // i n kN/m
11 finish =0.75 // i n kN/m
12 partitions =1 // i n kN/m
13 live_load =3 // i n kN/m
14 Wd=self_weight // dead load , i n kN/m
15 Wl=finish+partitions+live_load // l i v e load , i n kN/m
16 lef =5.15 // e f f e c t i v e span , i n m
17 M1=Wd*lef ^2/12+ Wl*lef ^2/10 // bending moment at mid−

span , i n kN−m
18 M2=Wd*lef ^2/10+ Wl*lef ^2/9 // bending moment at suppor t

next to end support , i n kN−m
19 // check f o r depth
20 d=(M2 *10^6/(0.89*1000))^0.5 // i n mm
21 dia =12 // assume 12 mm d ia ba r s
22 D=d+12/2+15 // >160 , hence depth not s u i t a b l e
23 D=1.1*D// i n mm
24 D=210 // assume , i n mm
25 self_weight =25*(D/10^3) // i n kN/m
26 Wd=self_weight // i n kN/m
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27 M1=Wd*lef ^2/12+ Wl*lef ^2/10 // bending moment at mid−
span , i n kN−m

28 M2=Wd*lef ^2/10+ Wl*lef ^2/9 // bending moment at suppor t
next to end support , i n kN−m

29 // check f o r depth
30 d=round((M2 *10^6/(0.9* sigma_cbc /2*0.29*1000))^0.5) //

i n mm
31 D=d+12/2+15 // <210 , hence OK
32 D=200 // assume , i n mm
33 d=D-dia/2-15 // i n mm
34 //main s t e e l a t mid−span
35 Ast1=round(M1 *10^6/( sigma_st *0.91*d))// i n sq mm
36 s1 =1000*0.785*12^2/ Ast1 // i n mm
37 s1=175 // approx imate ly , i n mm
38 //main s t e e l a t suppor t
39 Ast2=round(M2 *10^6/( sigma_st *0.91*d))// i n sq mm
40 // a l t e r n a t e ba r s from mid−span a r e a v a i l a b l e at the

c e n t r a l suppor t as bent up ba r s ; assuming same
amount o f s t e e l i s a v a i l a b l e from anothe r
a d j o i n i n g mid−span s t e e l

41 Ast2=Ast2 -Ast1 // which i s nominal , hence no s e p a r a t e
s t e e l i s r e q u i r e d

42 Ads =0.12/100*1000*D// d i s t r i b u t i o n s t e e l , i n sq mm
43 // assume 8 mm dia ba r s
44 s2 =1000*0.785*8^2/ Ads // i n mm
45 s2=200 // approx imate ly , i n mm
46 mprintf(”Summary o f d e s i g n \ nSlab t h i c k n e s s=%d mm\

nMain s t e e l = 12 mm d ia @ %d mm c/ c \ nA l t e r na t e
ba r s a r e bent up at suppor t \ nD i s t r i b u t i o n s t e e l =8
mm dia @ %d mm c/ c ”,D,s1,s2)

47 // answer g i v en i n t ex tbook i s i n c o r r e c t

Scilab code Exa 7.4 Design of Cantilever Chajja

1 sigma_cbc =5 // i n MPa
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2 sigma_st =230 // i n MPa
3 MF=1.4 // mod i f i c a t i o n f a c t o r
4 // l e t a be span to depth r a t i o
5 l=1 // span , i n m
6 a=MF*7

7 D=l*1000/a// i n mm
8 D=105 // assume , i n mm
9 // to c a l c u l a t e l o a d i n g

10 self_weight =25*(D/10^3) *1.5 // i n kN/m
11 finish =0.5*1.5 // i n kN/m
12 live_load =0.75*1.5 // i n kN/m
13 W=self_weight+finish+live_load // i n kN/m
14 lef=l+0.23/2 // e f f e c t i v e span , i n m
15 M=W*lef/2 // i n kN−m
16 // check f o r depth
17 d=(M*10^6/(0.65*1500))^0.5 // i n mm
18 dia =12 // assume 12 mm d ia ba r s
19 D=d+12/2+15 // <105 , hence OK
20 D=100 // assume , i n mm
21 d=D-dia/2-15 // i n mm
22 //main s t e e l a t mid−span
23 Ast=M*10^6/( sigma_st *0.9*d)// i n sq mm
24 s1 =1500*0.785*12^2/ Ast //>3d = 237 mm
25 s1=235 // assume , i n mm
26 Ads =0.12/100*1000*D// d i s t r i b u t i o n s t e e l , i n sq mm
27 // assume 6 mm dia ba r s
28 s2 =1000*0.785*6^2/ Ads // i n mm
29 s2=235 // assume , i n mm
30 Tbd =0.84 // i n MPa
31 Ld=dia*sigma_st /4/Tbd // i n mm
32 Ld=821 // round−o f f , i n mm
33 Tv=W*10^3/1500/d// i n MPa
34 As =1500*0.785*12^2/235 // i n sq mm
35 pt=As /1500/d*100 // i n %
36 Tc =0.316 // i n MPa
37 // as Tc>Tv , no sh ea r r e i n f o r c emen t r e q u i r e d
38 mprintf(”Summary o f d e s i g n \ nThicknes s o f s l a b = %d

mm\nCover = 15mm\nMain s t e e l = 12 mm d ia @ %d mm
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c / c \ nProv ide deve lopment l e n g t h o f %d mm in the
beam from f a c e o f beam\ nD i s t r i b u t i o n s t e e l = 6 mm
dia @ %d mm c/ c ”,D,s1,Ld,s2)
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Chapter 8

Slab Design Two Way
Reinforced

Scilab code Exa 8.1 Design of Two Way Simply Supported Slab

1 lx=3.5 // i n m
2 ly=4 // i n m
3 sigma_cbc =5 // i n MPa
4 sigma_st =140 // i n MPa
5 D=lx *10^3/35 // i n mm
6 W1=(D/10^3) *25 // s e l f −weight , i n kN/m
7 W2=1.5 // l i v e load , i n kN/m
8 W=W1+W2 // i n kN/m
9 a=ly/lx

10 Ax =0.078

11 Ay =0.0602

12 Mx=Ax*W*lx^2 // i n kN−m
13 My=Ay*W*lx^2 // i n kN−m
14 d=sqrt(Mx *10^6/0.87/10^3) // i n mm
15 d=70 // assume , i n mm
16 // assume 10 mm d ia ba r s
17 dia =10 // i n mm
18 D=d+dia /2+15 //<100 mm assumed va lu e
19 D=100 // i n mm

66



20 d=D-dia/2-15 // i n mm
21 // s t e e l − s h o r t span
22 z=0.87*d// i n mm
23 Ast=Mx *10^6/ sigma_st/z// i n sq mm
24 s1 =1000*0.785* dia^2/ Ast // i n mm
25 s1=200 // assume , i n mm
26 // l ong span
27 d=d-dia/2-dia/2 // i n mm
28 Ast=My *10^6/ sigma_st /0.87/d// i n sq mm
29 s2 =1000*0.785* dia^2/ Ast //>3d = 210 mm
30 s2=210 // assume , i n mm
31 mprintf(”Summary o f d e s i g n \ nSlab t h i c k n e s s=%d mm\

nCover=15 mm\ nSt e e l −\n ( i ) Shor t span = 10 mm dia @
%d mm c/ c\n ( i i ) Long span = 10 mm dia @ %d mm c/ c
\ nA l t e r na t e ba r s a r e bent up at l /7 from suppor t
i n both d i r e c t i o n s ”,D,s1,s2)

Scilab code Exa 8.2 Design of Two Way Continuous Slab

1 sigma_cbc =5 // i n MPa
2 sigma_st =230 // i n MPa
3 lx=3.75 // i n m
4 ly=4 // i n m
5 D=lx *10^3/40 // i n mm
6 D=100 // assume , i n mm
7 W1=(D/10^3) *25 // s e l f −weight , i n kN/m
8 W2=0.5 // f l o o r f i n i s h , i n kN/m
9 W3=2 // l i v e load , i n kN/m

10 W=W1+W2+W3 // i n kN/m
11 a=ly/lx

12 // pan e l s I and I I I be l ong to c a s e 8 and pane l I I
be l ong to c a s e 6

13 // f o r p an e l s I and I I I
14 // at mid−span
15 Ax =0.0483
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16 Ay =0.043

17 Mx1=Ax*W*lx^2 // i n kN−m
18 My1=Ay*W*lx^2 // i n kN−m
19 // at suppor t
20 Ay =0.057

21 Ms=Ay*W*lx^2 // i n kN−m
22 // f o r pane l I I
23 // at mid−span
24 Ax =0.0403

25 Ay =0.035

26 Mx2=Ax*W*lx^2 // i n kN−m
27 My2=Ay*W*lx^2 // i n kN−m
28 // at suppor t
29 Ay =0.045 // <0.057 , hence not c o n s i d e r e d
30 d=sqrt(Ms *10^6/0.65/10^3) // i n mm
31 d=80 // assume , i n mm
32 // assume 10 mm d ia ba r s
33 dia =10 // i n mm
34 D=d+dia /2+15

35 // s t e e l a t c e n t r e
36 // f o r p an e l s I and I I I
37 // s h o r t span
38 z=0.9*d// i n mm
39 Ast=Mx1 *10^6/ sigma_st/z// i n sq mm
40 s1 =1000*0.785* dia^2/ Ast //>3d
41 // l ong span
42 Ast=My1 *10^6/ sigma_st/z// i n sq mm
43 s2 =1000*0.785* dia^2/ Ast //>3d
44 // f o r pane l I I
45 // s h o r t span
46 Ast=Mx2 *10^6/ sigma_st/z// i n sq mm
47 s3 =1000*0.785* dia^2/ Ast //>3d
48 // l ong span
49 Ast=My2 *10^6/ sigma_st/z// i n sq mm
50 s3 =1000*0.785* dia^2/ Ast //>3d
51 // s t e e l a t suppor t
52 Ast=Ms *10^6/ sigma_st/z// i n sq mm
53 s4 =1000*0.785* dia^2/ Ast //>3d
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54 s=3*d//maximum spa c i n g o f ba r s i n both d i r e c t i o n s as
per IS 456 , i n mm

55 Ast =1000*0.785* dia^2/s// i n sq mm
56 pt=Ast /10^3/d*100 // i n %
57 // s t e e l f o r t o r s i o n , p r ov i d e 6 mm d ia ba r s
58 // ( i ) a t ou t e r c o r n e r o f s l a b
59 At1 =3/4* Ast // i n sq mm
60 l=lx/5 // i n m
61 s5 =750*0.785*6^2/ At1 // i n mm
62 s5=85 // assume , i n mm
63 // ( i i ) a t c on t i nuou s suppor t
64 At2=At1/2 // i n sq mm
65 s6 =750*0.785*6^2/ At2 // i n mm
66 s6=170 // assume , i n mm
67 mprintf(”Summary o f d e s i g n \ nSlab t h i c k n e s s=%d mm\

nCover=15 mm\ nS t e e l f o r both pan e l s I and I I −\
nMain s t e e l= 10 mm d ia ba r s @ %d mm c/ c both ways
. A l t e r n a t e ba r s a r e bent up at suppo r t s . \
nTors ion s t e e l =( i ) At c o rn e r s , 6 mm d ia ba r s @ %d
mm c/ c both ways\n ( i i ) At con t i nuou s support , 6

mm d ia ba r s @ %d mm c/ c both ways”,D,s,s5,s6)

Scilab code Exa 8.3 Design of Two Way Continuous Slab

1 sigma_cbc =7 // i n MPa
2 sigma_st =275 // i n MPa
3 lx=6 // i n m
4 ly=7 // i n m
5 D=lx *10^3/35 // i n mm
6 D=180 // assume , i n mm
7 W1=(D/10^3) *25 // s e l f −weight , i n kN/m
8 W2=0.5 // f l o o r f i n i s h , i n kN/m
9 W3=1 // p a r t i t i o n s , i n kN/m

10 W4=5 // l i v e load , i n kN/m
11 W=W1+W2+W3+W4 // i n kN/m
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12 a=ly/lx

13 // pan e l s I , I I , V and VI be l ong to c a s e 4 and pan e l s
I I I and IV be l ong to c a s e 3

14 // f o r p an e l s I , I I , V and VI
15 // at mid−span
16 Ax =0.043

17 Ay =0.035

18 Mxm1=Ax*W*lx^2 // i n kN−m
19 Mym1=Ay*W*lx^2 // i n kN−m
20 // at suppor t
21 Ax =0.058

22 Ay =0.047

23 Mxs1=Ax*W*lx^2 // i n kN−m
24 Mys1=Ay*W*lx^2 // i n kN−m
25 // f o r p an e l s I I I and IV
26 // at mid−span
27 Ax =0.036

28 Ay =0.028

29 Mxm2=Ax*W*lx^2 // i n kN−m
30 Mym2=Ay*W*lx^2 // i n kN−m
31 // at suppor t
32 Ax =0.047

33 Ay =0.037 // <0.047 , hence w i l l not be c o n s i d e r e d
34 Mxs2=Ax*W*lx^2 // i n kN−m
35 // check f o r depth
36 M=max(Mxm1 ,Mym1 ,Mxs1 ,Mys1 ,Mxm2 ,Mym2 ,Mxs2)// i n kN−m
37 d=sqrt(M*10^6/0.81/10^3) // i n mm
38 d=170 // assume , i n mm
39 // assume 10 mm d ia ba r s
40 dia =10 // i n mm
41 D=d+dia /2+15 //>180 mm assumed va lu e
42 D=190 // i n mm
43 d=D-dia/2-15 // i n mm
44 //main s t e e l −s h o r t span
45 // f o r p an e l s I , I I , V and VI−at mid−span
46 z=0.92*d// i n mm
47 Astm=Mxm1 *10^6/ sigma_st/z// i n sq mm
48 s1 =1000*0.785* dia^2/ Astm // i n mm
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49 s1=195 // assume , i n mm
50 // at suppor t
51 Ast=Mxs1 *10^6/ sigma_st/z// i n sq mm
52 Astr=Ast -Astm // ba l an c e s t e e l r e q u i r e d at support , i n

sq mm
53 s2 =1000*0.785* dia^2/ Astr // i n mm
54 s2=565 // assume , i n mm
55 // f o r p an e l s I I I and IV−at mid−span
56 Astm=Mxm2 *10^6/ sigma_st/z// i n sq mm
57 s3 =1000*0.785* dia^2/ Astm // i n mm
58 s3=235 // assume , i n mm
59 // at suppor t
60 Ast=Mxs2 *10^6/ sigma_st/z// i n sq mm
61 Astr=Ast -Astm // ba l an c e s t e e l r e q u i r e d at support , i n

sq mm
62 s4 =1000*0.785* dia^2/ Astr // i n mm
63 s4=775 // assume , i n mm
64 // l ong span
65 // at mid−span
66 // f o r p an e l s I , I I , V and VI
67 Astm1=Mym1 *10^6/ sigma_st/z// i n sq mm
68 s5 =1000*0.785* dia^2/ Astm1 // i n mm
69 s5=240 // assume , i n mm
70 // f o r p an e l s I I I and IV
71 Astm2=Mym2 *10^6/ sigma_st/z// i n sq mm
72 s6 =1000*0.785* dia^2/ Astm2 // i n mm
73 s6=300 // assume , i n mm
74 // at suppor t
75 // f o r p an e l s I , I I , V and VI
76 Ast=Mys1 *10^6/ sigma_st/z// i n sq mm
77 Astr=Ast -Astm1/2-Astm2/2 // ba l an c e s t e e l r e q u i r e d at

support , i n sq mm
78 s7 =1000*0.785* dia^2/ Astr // i n mm
79 s7=550 // assume , i n mm
80 // s t e e l f o r t o r s i o n , p r ov i d e 6 mm d ia ba r s
81 // ( i ) a t o u t s i d e c o r n e r s o f s l a b
82 Ast=Mxm1 *10^6/ sigma_st/z// i n sq mm
83 At1 =3/4* Ast // i n sq mm
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84 l=lx/5 // i n m
85 s8=l*10^3*0.785*6^2/ At1 // i n mm
86 s8=110 // assume , i n mm
87 // ( i i ) a t c on t i nuou s suppor t
88 At2=At1/2 // i n sq mm
89 s9=l*10^3*0.785*6^2/ At2 // i n mm
90 s9=225 // assume , i n mm
91 mprintf(”Summary o f d e s i g n \ nSlab t h i c k n e s s=%d mm\

nCover=15 mm\ nS t e e l : (A) Pane l s I , I I , V and VI−\n1
. Shor t span ( l x=6 m) \nMid−span − 10 mm d ia ba r s
@ %d mm c/ c . A l t e r n a t e ba r s a r e bent up at
suppo r t s at a d i s t a n c e l x /4 from c e n t r e o f
suppor t \ nSupport − 10 mm d ia @ %d mm c/ c\n2 . Long
span ( l y=7 m) \nMid−span − 10 mm d ia ba r s @ %d mm
c/ c . A l t e r n a t e ba r s a r e bent up at suppo r t s at a
d i s t a n c e l y /4 from c e n t r e o f suppor t \ nSupport −

10 mm d ia @ %d mm c/ c\n (B) Pane l s I I I and IV−\n1 .
Shor t span ( l x=6 m) \nMid−span − 10 mm d ia ba r s @
%d mm c/ c . A l t e r n a t e ba r s a r e bent up at suppo r t s
at a d i s t a n c e l x /4 from c e n t r e o f suppor t \

nSupport − 10 mm d ia @ %d mm c/ c\n2 . Long span (
l y=7 m) \nMid−span − 10 mm d ia ba r s @ %d mm c/ c .
A l t e r n a t e ba r s a r e bent up at suppo r t s at a
d i s t a n c e l y /4 from c e n t r e o f suppor t \ nSupport −
10 mm d ia @ %d mm c/ c\ nTors ion s t e e l \ nOuts ide
c o rn e r s− 6 mm dia ba r s @ %d mm c/ c both ways at
top and bottom f o r a l e n g t h o f %f m\ nCont inuous
support− 6 mm dia ba r s @ %d mm c/ c both ways at
top and bottom f o r a l e n g t h o f %f m”,D,s1,s2,s5 ,
s7 ,s3 ,s4,s6,s7 ,s8,l,s9,l)

92 // answer i n t ex tbook i s i n c o r r e c t
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Chapter 9

Beam Design

Scilab code Exa 9.1 Design of Lintel Beam

1 l=3 // span , i n m
2 b=225 // wa l l t h i c k n e s s , i n mm
3 Dm=19.2 // we ight o f masonry , i n kN/ cu m
4 sigma_cbc =5 // i n MPa
5 sigma_st =230 // i n MPa
6 fy=415 // i n MPa
7 // a r ea o f t r i a n g l e o f b r i c k masonry
8 A=sqrt (3)/4*l^2 // i n sq m
9 V=A*(b/10^3) // volume o f t r i a n g l e o f masonry , i n cu m

10 W=V*Dm // we ight o f masonry , i n kN
11 M1=W*l/6 // i n kN−m
12 D=l*10^3/12 // i n mm
13 D=300 // approx imate ly , i n mm
14 self_weight =25*(D/10^3) *(b/10^3) // i n kN/m
15 M2=self_weight*l^2/8 // i n kN−m
16 M=M1+M2 // i n kN−m
17 // check f o r depth
18 d=sqrt(M*10^6/0.65/b)// i n mm
19 d=265 // approx imate ly , i n mm
20 dia =10 // i n mm
21 D=d+dia /2+25 //<300 mm, hence OK
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22 D=300 // i n mm
23 Ast=M*10^6/ sigma_st /0.9/d// i n sq mm
24 n=Ast /0.785/10^2 //no . o f 10 mm d ia ba r s r e q u i r e d
25 // p r ov i d e 2−10 mm d ia + 1−8 mm d ia ba r s
26 Ast =2*0.785*10^2+0.785*8^2 // i n sq mm
27 pt=Ast/b/d*100 // pt =0.35 , approx imate l y
28 W=W+self_weight*l// i n kN
29 V=W/2 // i n kN
30 Tv=V*10^3/b/d// i n MPa
31 // f o r M15 grade c o n c r e t e and pt =0.35
32 Tc =0.248 // i n MPa
33 // as Tc>Tv , no sh ea r r e i n f o r c emen t r e q u i r e d ; p r ov i d e

nominal s t i r r u p s
34 // p r ov i d e 6 mm d ia ba r s
35 Asv =2*0.785*6^2 // i n sq mm
36 Sv=Asv*fy/0.4/b// i n mm
37 Sv=260 // approx imate ly , i n mm
38 Svmax =0.75*d// i n mm
39 Svmax =200 // approx imate ly , i n mm
40 Sv=min(Sv,Svmax)// i n mm
41 mprintf(”Summary o f d e s i g n \ nS i z e o f l i n t e l beam=%d x

%d mm\ ncove r = 35 mm\ n s t e e l = 2−10 mm d ia ba r s +
1−8 mm d ia bar \ n s t i r r u p s = 6 mm dia @ %d mm c/ c

throughout ”,b,D,Sv)

Scilab code Exa 9.2 Design of Rectangular Beam

1 l=4.2 // span , i n m
2 b=225 //width , i n mm
3 D=300 // depth , i n mm
4 sigma_cbc =5 // i n MPa
5 sigma_st =230 // i n MPa
6 fy=415 // i n MPa
7 m=18.66 //modular r a t i o
8 W1=25*(D/10^3) *(b/10^3) // s e l f −weight , i n kN/m
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9 W2=6 // l oad on beam , i n kN/m
10 W=W1+W2 // i n kN/m
11 M=W*l^2/8 // i n kN−m
12 dia =12 // i n mm
13 d=D-dia/2-25 // i n mm
14 Xc =0.29*d// i n mm
15 Mr =0.65*b*d^2/10^6 //M>Mr , hence doubly r e i n f o r c e d

beam
16 Ast1=round(Mr *10^6/ sigma_st /0.9/d)// s t e e l r e q u i r e d

f o r s i n g l y r e i n f o r c e d beam , i n sq mm
17 M1=M-Mr // ba l an c e o f moment , i n kN−m
18 d1=25 // top cover , i n mm
19 Ast2=round(M1 *10^6/ sigma_st /(d-d1))// i n sq mm
20 Ast=Ast1+Ast2 // i n sq mm
21 n1=Ast /0.785/12^2 //no . o f 12 mm d ia ba r s on t e n s i o n

s i d e
22 n1=3 // assume
23 Asc=m*Ast2*(d-Xc)/(1.5*m-1)/(Xc-d1)// i n sq mm
24 n2=Asc /0.785/12^2 //no . o f 12 mm d ia ba r s on

compre s s i on s i d e
25 n2=3 // assume
26 V=W*l/2 // i n kN
27 Tv=V*10^3/b/d// i n MPa
28 pt=n1 *0.785*12^2/b/d*100 // pt =0.56 , approx imate l y
29 // f o r M15 grade c o n c r e t e and pt =0.56
30 Tc =0.302 // i n MPa
31 // as Tc>Tv , no sh ea r r e i n f o r c emen t r e q u i r e d ; p r ov i d e

nominal s t i r r u p s
32 // p r ov i d e 6 mm d ia ba r s
33 Asv =2*0.785*6^2 // i n sq mm
34 Sv=Asv*fy/0.4/b// i n mm
35 Sv=260 // approx imate ly , i n mm
36 Svmax =0.75*d// i n mm
37 Svmax =200 // approx imate ly , i n mm
38 Sv=min(Sv,Svmax)// i n mm
39 mprintf(”Summary o f d e s i g n \ nS i z e o f beam = %d x %d

mm\nCover , bottom = 25 mm\nTop = 25 mm\ nSt e e l ,
bottom = %d−12 mm dia ba r s \nTop = %d−12 mm dia
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bar s \ nS t i r r u p s = 6 mm dia @ %d mm c/ c throughout ”
,b,D,n1,n2,Sv)

Scilab code Exa 9.3 Design of Rectangular Beam

1 l=7 // span , i n m
2 sigma_cbc =5 // i n MPa
3 sigma_st =140 // i n MPa
4 fy=250 // i n MPa
5 m=18.66 //modular r a t i o
6 b=300 // assume , i n mm
7 W1=35 // imposed l oad on beam , i n kN/m
8 M=W1*l^2/8 // i n kN−m
9 d=(M*10^6/0.87/b)^0.5 // i n mm
10 d=910 // approx imate ly , i n mm
11 D=1.1*d+50 // i n c r e a s e d by 10% f o r s e l f −weight and

cove r i s 50 mm
12 D=1050 // approx imate ly , i n mm
13 W2=25*(b/10^3) *(D/10^3) // s e l f −weight , i n kN/m
14 W=W1+W2 // i n kN/m
15 M=W*l^2/8 // i n kN−m
16 d=(M*10^6/0.87/b)^0.5 // i n mm
17 d=1000 // approx imate ly , i n mm
18 dia =20 // i n mm
19 D=d+dia /2+35 // i n mm
20 Ast=round(M*10^6/ sigma_st /0.87/d)// i n sq mm
21 n=Ast /0.785/20^2 //no . o f 20 mm d ia ba r s
22 n=7 // assume
23 Ast=n*0.785*20^2 // i n sq mm
24 pt=Ast/b/D*100 // pt =0.7 , approx imate l y
25 As=round (0.85/ fy*b*d)//minimum s t e e l , As<Ast , hence

OK
26 Asf =0.1/100*b*d/2 // s i d e f a c e d s t e e l on each f a c e , i n

sq mm
27 // p r ov i d e 6 mm d ia ba r s
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28 s=1000*0.785*6^2/ Asf // i n mm
29 s=188 // assume , i n mm
30 V=W*l/2 // i n kN
31 Tv=V*10^3/b/d//<Tcmax=1.6 MPa, hence OK
32 // f o r M15 grade c o n c r e t e and pt =0.7
33 Tc=0.33 // i n MPa
34 // as Tv>Tc , sh e a r r e i n f o r c emen t r e q u i r e d
35 Vs=V-Tc*b*d/10^3 // i n kN
36 // p r ov i d e 6 mm d ia ba r s
37 Asv =2*0.785*6^2 // i n sq mm
38 sigma_sv =140 // i n MPa
39 Sv=Asv*sigma_sv*d/Vs/10^3 // i n mm
40 Sv=155 // approx imate ly , i n mm
41 Svmin=Asv*fy /0.4/b// i n mm
42 Svmin =117 // approx imate ly , i n mm
43 Sv=min(Sv,Svmin)// i n mm
44 mprintf(”Summary o f d e s i g n \ nS i z e o f beam = %d x %d

mm\nCover = 35 mm\ nS t e e l= %d−20 mm dia ba r s \
nS t i r r u p s = 6 mm dia @ %d mm c/ c throughout \ nS ide
f a c e d s t e e l −6 mm d ia @ %d mm c/ c on both

v e r t i c a l f a c e s o f beam”,b,D,n,Sv,s)

Scilab code Exa 9.4 Design of T beam

1 l=10 // span , i n m
2 sigma_cbc =5 // i n MPa
3 sigma_st =140 // i n MPa
4 fy=250 // i n MPa
5 m=18.66 //modular r a t i o
6 Df=100 // s l a b t h i c k n e s s , i n mm
7 D=l*10^3/12 // i n mm
8 D=850 // approx imate ly , i n mm
9 d=D-100 // cove r =100 mm

10 bw=300 // i n mm
11 bf=l*10^3/6+ bw+6*Df //>2500 mm c/ c d i s t a n c e o f beams
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12 bf=2500 // i n mm
13 W1=(bw /10^3) *(d-Df)/10^3*25 // i n kN/m
14 W2=(Df /10^3) *(bf /10^3) *25 // i n kN/m
15 W3=(bf /10^3) *5 // imposed load , i n kN/m
16 W=W1+W2+W3 // i n kN/m
17 W=24 // approx imate ly , i n kN/m
18 M=W*l^2/8 // i n kN−m
19 V=W*l/2 // i n kN
20 Ast=round(M*10^6/ sigma_st /0.87/d)// i n sq mm
21 // p r ov i d e 4−25 mm d ia ba r s + 4−20 mm d ia ba r s
22 Ast =4*0.785*25^2+4*0.785*20^2 // i n sq mm
23 // v e r i f i c a t i o n o f t r i a l s e c t i o n
24 // assume x>Df
25 x=(m*Ast*d+bf*Df ^2/2)/(bf*Df+m*Ast)// i n mm
26 // s igma cbc ’= s i gma cbc ( x−Df ) /x
27 a=(x-Df)/x

28 z=d -(1+2*a)/(1+a)*Df/3 // i n mm
29 sigma_st=M*10^6/ Ast/z//<140 MPa, hence OK
30 sigma_cbc=sigma_st/m*x/(d-x)//<5 MPa, hence OK
31 Tv=V*10^3/ bw/d// i n MPa
32 pt=Ast *100/( bw*d+(2500 -300) *100) // pt =0.72 ,

approx imate l y
33 // f o r M15 grade c o n c r e t e and pt =0.72
34 Tc=0.33 // i n MPa
35 // as Tv>Tc , sh e a r r e i n f o r c emen t r e q u i r e d
36 Vs=V-Tc*bw*d/10^3 // i n kN
37 // p r ov i d e 6 mm d ia ba r s
38 Asv =2*0.785*6^2 // i n sq mm
39 sigma_sv =140 // i n MPa
40 Sv=Asv*sigma_sv*d/Vs/10^3 // i n mm
41 Sv=130 // approx imate ly , i n mm
42 Svmin=Asv*fy /0.4/bw // i n mm
43 Svmin =117 // approx imate ly , i n mm
44 Sv=min(Sv,Svmin)// i n mm
45 mprintf(”T beam : b f=%d mm\nDf=%d mm\nd=%d mm\nbw=%d

mm\nCover = 50 mm\ nS t e e l= 4−25 mm d ia + 4−20 mm
d ia ba r s \ nS t i r r u p s = 6 mm dia @ %d mm c/ c
throughout ”,bf ,Df,d,bw ,Sv)
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Chapter 10

Staircase

Scilab code Exa 10.1 Design of Cantilever Stair

1 l=1 // span , i n m
2 t=0.27 // t r e ad i n m
3 sigma_cbc =5 // i n MPa
4 sigma_st =140 // i n MPa
5 MF=1.6

6 a=MF*7

7 D=l*10^3/a// i n mm
8 D=100 // assume , i n mm
9 W1=D/10^3*t*25 // i n kN/m

10 M1=W1*l/2 // i n kN−m
11 M2=t*3*l/2 // i n kN−m
12 M3=1.3*l// i n kN−m
13 M=M1+max(M2,M3)// i n kN−m
14 d=sqrt(M*10^6/0.87/t/10^3) // i n mm
15 d=83 // i n mm
16 // assume 8 mm dia ba r s
17 dia=8 // i n mm
18 D=d+dia /2+15 // t h i s i s s l i g h t l y more than assumed

va lue , hence OK
19 D=100 // i n mm
20 z=0.87*d// i n mm
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21 Ast=M*10^6/ sigma_st/z// i n sq mm
22 n=Ast /0.785/8^2

23 n=4 // assume
24 Ads =0.15/100*D*t*10^3 // d i s t r i b u t i o n s t e e l , i n sq mm
25 // p r ov i d e 6 mm d ia ba r s
26 s=1000*0.785*6^2/ Ads //>5d=415 mm
27 s=415 // i n mm
28 Tbd =0.6 // i n MPa
29 Ld=dia*sigma_st /4/ Tbd // i n mm
30 Ld=470 // assume , i n mm
31 mprintf(”Summary o f d e s i g n \ nThicknes s o f s t e p s=%d mm

\nCover from top=15 mm\nMain s t e e l = 8 mm dia , %d
in each s t ep with deve lopment l e n g t h o f %d mm\

nD i s t r i b u t i o n s t e e l = 6 mm dia @ %d mm c/ c ”,D,n,
Ld ,s)

Scilab code Exa 10.2 Design of Staircase

1 l=2.7+1 // span , i n m
2 R=0.15 // r i s e , i n m
3 t=0.27 // tread , i n m
4 sigma_cbc =5 // i n MPa
5 sigma_st =230 // i n MPa
6 // assuming 50 mm per 1 m o f span
7 D=50*l// i n mm
8 D=200 // assume , i n mm
9 W1=D/10^3*25* sqrt(R^2+t^2)/t// s l a b l oad on plan , i n

kN/m
10 W2=1/2*R*t*25/t// l oad o f s t e p per metre , i n kN/m
11 W3=3 // l i v e load , i n kN/m
12 W=W1+W2+W3 // i n kN/m
13 M=W*l^2/8 // i n kN−m
14 d=sqrt(M*10^6/0.65/10^3) // i n mm
15 d=170 // i n mm
16 // assume 10 mm d ia ba r s
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17 dia =10 // i n mm
18 D=d+dia /2+25 // which i s equa l to assumed va lue , hence

OK
19 z=0.9*d// i n mm
20 Ast=M*10^6/ sigma_st/z// i n mm
21 s1 =1000*0.785* dia^2/ Ast // spa c i n g o f 10 mm d ia ba r s
22 s1=150 // assume , i n mm
23 Ads =0.12/100*D*10^3 // d i s t r i b u t i o n s t e e l , i n sq mm
24 // p r ov i d e 8 mm d ia ba r s
25 s2 =1000*0.785*8^2/ Ads // i n mm
26 s2=210 // i n mm
27 // l e t span−to−depth r a t i o be ’ a ’
28 a=l*10^3/D

29 // f o r Fe415 grade s t e e l and pt =.32
30 MF=1.2

31 b=20*MF // p e rm i s s i b l e span−to−depth r a t i o
32 // as a<b , hence OK
33 mprintf(”Summary o f d e s i g n \ nSlab t h i c k n e s s=%d mm\

nCover = 25 mm\nMain s t e e l = 10 mm d ia ba r s @ %d
mm c/ c \ nD i s t r i b u t i o n s t e e l = 8 mm dia @ %d mm c/ c
”,D,s1,s2)

Scilab code Exa 10.3 Design of Staircase

1 l=2.5+1.5 // span , i n m
2 R=0.15 // r i s e , i n m
3 t=0.25 // t r e ad i n m
4 sigma_cbc =7 // i n MPa
5 sigma_st =275 // i n MPa
6 // assuming 50 mm per 1 m o f span
7 D=50*l// i n mm
8 W1=D/10^3*25*1.5* sqrt(R^2+t^2)/t// s l a b l oad on plan ,

i n kN/m
9 W2=1/2*R*t*1.5*25/t// l oad o f s t e p per metre , i n kN/m

10 W3 =1.5*5 // l i v e load , i n kN/m
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11 W=W1+W2+W3 // i n kN/m
12 M=W*l^2/8 // i n kN−m
13 d=sqrt(M*10^6/0.81/1.5/10^3) // i n mm
14 d=177 // i n mm
15 // assume 10 mm d ia ba r s
16 dia =10 // i n mm
17 D=d+dia /2+25 // which i s s l i g h t l y more than assumed

va lue , hence OK
18 D=200 // i n mm
19 d=D-dia/2-25 // i n mm
20 z=0.92*d// i n mm
21 Ast=M*10^6/ sigma_st/z// i n sq mm
22 s1 =1500*0.785* dia^2/ Ast // spa c i n g o f 10 mm d ia bars ,

i n mm
23 s1=130 // assume , i n mm
24 Ads =0.12/100*D*1.5*10^3 // d i s t r i b u t i o n s t e e l , i n sq

mm
25 // p r ov i d e 8 mm d ia ba r s
26 s2 =1000*0.785*8^2/ Ads // i n mm
27 s2=140 // i n mm
28 // l e t span−to−depth r a t i o be ’ a ’
29 a=l*10^3/D

30 pt=Ast /1500/D*100 // pt =0.3
31 // f o r Fe500 grade s t e e l and pt =.3
32 MF=1.2

33 b=20*MF // p e rm i s s i b l e span−to−depth r a t i o
34 // as a<b , hence OK
35 mprintf(”Summary o f d e s i g n \ nSlab t h i c k n e s s=%d mm\

nCover = 25 mm\nMain s t e e l = 10 mm d ia ba r s @ %d
mm c/ c \ nD i s t r i b u t i o n s t e e l = 8 mm dia @ %d mm c/ c
”,D,s1,s2)

Scilab code Exa 10.4 Design of Staircase

1 R=0.15 // r i s e , i n m
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2 t=0.3 // tread , i n m
3 sigma_cbc =5 // i n MPa
4 sigma_st =230 // i n MPa
5 l1 =1.8+1.5 // span f o r f l i g h t AB, i n m
6 l2 =1.2+1.5+1.5 // span f o r f l i g h t BC, i n m
7 l3 =1.8+1.5 // span f o r f l i g h t CD, i n m
8 // assuming 50 mm s l a b t h i c k n e s s per 1 m o f span
9 D=50*l2 // s l a b t h i c k n e s s , i n mm
10 W1=D/10^3*25*1.5* sqrt(R^2+t^2)/t// s l a b l oad on plan ,

i n kN/m
11 W2=1/2*R*t*1.5*25/t// l oad o f s t e p per metre , i n kN/m
12 W3 =1.5*5 // l i v e load , i n kN/m
13 W=W1+W2+W3 // i n kN/m
14 // bending moment
15 // ( a ) f l i g h t AB and CD, r e f e r Fig . 1 0 . 9
16 Rb=(W/2*1.5*(1.8+1.5/2)+W*1.8^2/2) /(1.5+1.8) // i n kN
17 Ra=W/2*1.5+W*1.8-Rb // i n kN
18 x=Ra/Rb // po i n t o f z e r o sh ea r f o r c e from Ra , i n m
19 M1=Ra*x-W*x^2/2 //maximum bending moment , i n kN−m
20 // ( b ) f l i g h t BC, r e f e r Fig . 1 0 . 1 0
21 Rb=(W/2*1.5^2/2+W*1.2*(1.2/2+1.5)+W

/2*1.5*(1.5+1.2+1.5/2))/(1.5+1.2+1.5) // i n kN
22 Rc=Rb // i n kN
23 //maximum bending moment w i l l be at c e n t r e
24 M2=Rb *(1.5+1.2/2) -W/2*1.5*(1.5/2+1.2/2) -W*(1.2/2)

^2/2 //maximum bending moment , i n kN−m
25 M=max(M1,M2)// i n kN/m
26 d=sqrt(M*10^6/0.65/1.5/10^3) // i n mm
27 // assume 10 mm d ia ba r s
28 dia =10 // i n mm
29 D=d+dia /2+25 //< 210 mm ( assumed va lu e )
30 D=210 // i n mm
31 d=D-dia/2-25 // i n mm
32 // s t e e l
33 // f l i g h t AB and CD
34 z=0.9*d// i n mm
35 Ast=M1 *10^6/ sigma_st/z// i n sq mm
36 s1 =1500*0.785* dia^2/ Ast // spa c i n g o f 10 mm d ia bars ,
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i n mm
37 s1=210 // round−o f f , i n mm
38 Ads =0.12/100*D*1.5*10^3 // d i s t r i b u t i o n s t e e l , i n sq

mm
39 // p r ov i d e 6 mm d ia ba r s
40 s2 =1000*0.785*6^2/ Ads // i n mm
41 s2=70 // round−o f f , i n mm
42 // f l i g h t BC
43 Ast=M2 *10^6/ sigma_st/z// i n sq mm
44 s3 =1500*0.785* dia^2/ Ast // spa c i n g o f 10 mm d ia bars ,

i n mm
45 s3=130 // round−o f f , i n mm
46 // d i s t r i b u t i o n s t e e l i s same as f l i g h t s AB and CD
47 // l e t span−to−depth r a t i o be ’ a ’
48 a=l2 *10^3/D

49 // f o r Fe415 grade s t e e l and pt =.32
50 MF=1.2 // mod i f i c a t i o n f a c t o r
51 b=20*MF // p e rm i s s i b l e span−to−depth r a t i o
52 // as a < b , hence OK
53 mprintf(”Summary o f d e s i g n \ nSlab t h i c k n e s s=%d mm\

nCover = 25 mm\n ( a ) F l i g h t AB and CD\nMain s t e e l =
10 mm d ia ba r s @ %d mm c/ c\ nD i s t r i b u t i o n s t e e l =
6 mm dia @ %d mm c/ c \n ( b ) F l i g h t BC\nMain s t e e l =
10 mm d ia ba r s @ %d mm c/ c\ nD i s t r i b u t i o n s t e e l =
6 mm dia @ %d mm c/ c ”,D,s1,s2,s3 ,s2)

54 // answer i n t ex tbook i s i n c o r r e c t
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Chapter 11

Column Footing Design

Scilab code Exa 11.1 Design of Column Footing

1 b=0.2 // column width i n m
2 D=0.3 // column depth i n m
3 fck =15 // i n MPa
4 sigma_cbc =5 // i n MPa
5 sigma_st =230 // i n MPa
6 P1=600 // l oad on column in kN
7 P2 =0.05* P1 // we ight o f f o o t i n g , i n kN
8 P=P1+P2 // i n kN
9 q=150 // b e a r i n g c a p a c i t y o f s o i l i n kN/ sq m

10 A=P/q// i n sq m
11 L=sqrt(A)// assuming f o o t i n g to be squa r e
12 L=2.1 // assume , i n m
13 p=P1/L^2 // s o i l p r e s s u r e , i n kN/ sq m
14 p=136 // assume , i n sq m
15 bc=b/D

16 ks=0.5+bc //>1
17 ks=1

18 Tc =0.16* sqrt(fck)*10^3 // i n kN/ sq m
19 Tv=Tc

20 // l e t d be the depth o f f o o t i n g i n metre s
21 // c a s e I : c o n s i d e r g r e a t e r width o f shaded po r t i o n
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i n Fig . 1 1 . 3 o f t ex tbook
22 d1=L*(L-b)/2*p/(Tc*L+L*p)// i n m
23 // c a s e I I : r e f e r Fig . 1 1 . 4 o f t ex tbook ; we ge t a

qu ad r a t i c e qua t i on o f the form e dˆ2 + f d + g =
0

24 e=p+4*Tc

25 f=b*p+D*p+2*(b+D)*Tc

26 g=-(L^2-b*D)*p

27 d2=(-f+sqrt(f^2-4*e*g))/2/e// i n m
28 d2 =0.362 // assume , i n m
29 // bending moment c o n s i d e r a t i o n , r e f e r Fig . 1 1 . 5 o f

t ex tbook
30 Mx=1*((L-b)/2) ^2/2*p// i n kN−m
31 My=1*((L-D)/2) ^2/2*p// i n kN−m
32 d3=sqrt(Mx *10^6/0.65/10^3) //<362 mm, hence OK
33 z=0.9* d2 *10^3 // l e v e r arm , i n mm
34 Ast1=(Mx *10^6/ sigma_st/z)// i n sq mm
35 Ast=L*Ast1 // s t e e l r e q u i r e d f o r f u l l width o f 2 . 1 m,

i n sq mm
36 // p r ov i d e 12 mm dia ba r s
37 dia =12 // i n mm
38 n=Ast /0.785/ dia^2 //no . o f 12 mm d ia ba r s
39 n=16 // assume
40 Tbd =0.84 // i n MPa
41 Ld=dia*sigma_st /4/ Tbd // i n mm
42 Ld=825 // assume , i n mm
43 c=50 // s i d e cover , i n mm
44 La=(L-D)/2*10^3 -c//>Ld , hence OK
45 D=d2 *10^3+ dia /2+100 // i n mm
46 mprintf(”Summary o f d e s i g n : \ nOve ra l l depth o f

f o o t i n g=%d mm\nCover=100 mm bottom ; 50 mm s i d e \
nSt e e l−%d bar s o f 12 mm d ia both ways”,D,n)

Scilab code Exa 11.2 Design of Column Footing
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1 b=0.4 // column width , i n m
2 D=0.4 // column depth , i n m
3 fck =15 // i n MPa
4 sigma_cbc =5 // i n MPa
5 sigma_st =140 // i n MPa
6 P1=1000 // l oad on column , i n kN
7 P2 =0.05* P1 // we ight o f f o o t i n g , i n kN
8 P=P1+P2 // i n kN
9 q=200 // b e a r i n g c a p a c i t y o f s o i l , i n kN/ sq m
10 A=P/q// i n sq m
11 L=sqrt(A)// assuming f o o t i n g to be squa r e
12 L=2.3 // assume , i n m
13 p=P1/L^2 // s o i l p r e s s u r e , i n kN/ sq m
14 p=189 // assume , i n kN/ sq m
15 bc=b/D

16 ks=0.5+bc //>1
17 ks=1

18 Tc =0.16* sqrt(fck)*10^3 // i n kN/ sq m
19 Tv=Tc

20 // l e t d be the depth o f f o o t i n g i n metre s
21 // c a s e I : c o n s i d e r g r e a t e r width o f shaded po r t i o n

i n Fig . 1 1 . 7 o f t ex tbook
22 d1=L*(L-b)/2*p/(Tc*L+L*p)// i n m
23 // c a s e I I : r e f e r Fig . 1 1 . 8 o f t ex tbook ; we ge t a

qu ad r a t i c e qua t i on o f the form e dˆ2 + f d + g =
0

24 e=p+4*Tc

25 f=b*p+D*p+2*(b+D)*Tc

26 g=-(L^2-b*D)*p

27 d2=(-f+sqrt(f^2-4*e*g))/2/e// i n m
28 d2 =0.425 // assume , i n m
29 d=max(d1,d2)// i n m
30 // bending moment c o n s i d e r a t i o n , r e f e r Fig . 1 1 . 9 o f

t ex tbook
31 Mx=1*((L-b)/2) ^2/2*p// i n kN−m
32 d3=sqrt(Mx *10^6/0.87/10^3) //<425 mm, hence OK
33 z=0.87*d*10^3 // l e v e r arm , i n mm
34 Ast1=(Mx *10^6/ sigma_st/z)// i n sq mm
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35 Ast=L*Ast1 // s t e e l r e q u i r e d f o r f u l l width o f 2 . 3 m,
i n sq mm

36 // p r ov i d e 18 mm dia ba r s
37 dia =18 // i n mm
38 n=Ast /0.785/ dia^2 //no . o f 18 mm d ia ba r s
39 n=15 // assume
40 Tbd =0.6 // i n MPa
41 Ld=dia*sigma_st /4/ Tbd // i n mm
42 c=50 // s i d e cover , i n mm
43 La=(L-D)/2*10^3 -c// i n mm
44 // p r o v i d i n g hook at ends
45 La=La+16* dia //>Ld , hence OK
46 D=d2 *10^3+ dia /2+100 // i n mm
47 mprintf(”Summary o f d e s i g n : \ nOve ra l l depth o f

f o o t i n g=%d mm\nCover=100 mm bottom ; 50 mm s i d e \
nSt e e l−%d bar s o f 18 mm d ia both ways”,D,n)

Scilab code Exa 11.3 Design of Column Footing

1 B=0.5 // column diameter , i n m
2 fck =20 // i n MPa
3 sigma_cbc =7 // i n MPa
4 sigma_st =230 // i n MPa
5 P1=1600 // l oad on column , i n kN
6 P2 =0.05* P1 // we ight o f f o o t i n g , i n kN
7 P=P1+P2 // i n kN
8 q=300 // b e a r i n g c a p a c i t y o f s o i l , i n kN/ sq m
9 A=P/q// i n sq m

10 L=sqrt(A)// assuming f o o t i n g to be squa r e
11 L=2.4 // assume , i n m
12 p=P1/L^2 // s o i l p r e s s u r e , i n kN/ sq m
13 p=278 // assume , i n kN/ sq m
14 bc=1

15 ks=0.5+bc //>1
16 ks=1
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17 Tc =0.16* sqrt(fck)*10^3 // i n kN/ sq m
18 Tv=Tc

19 // l e t d be the depth o f f o o t i n g i n metre s
20 // c a s e I : r e f e r Fig . 1 1 . 1 1 o f t ex tbook
21 d1=L*(L-B)/2*p/(Tc*L+L*p)// i n m
22 // c a s e I I : r e f e r Fig . 1 1 . 1 2 o f t ex tbook ; we ge t a

qu ad r a t i c e qua t i on o f the form e dˆ2 + f d + g =
0

23 e=%pi/4*p+%pi*Tc

24 f=2*%pi/4*B*p+%pi*B*Tc

25 g=-(L^2-%pi /4*B^2)*p

26 d2=(-f+sqrt(f^2-4*e*g))/2/e// i n m
27 d2=0.57 // assume , i n m
28 d=max(d1,d2)// i n m
29 // bending moment c o n s i d e r a t i o n , r e f e r Fig . 1 1 . 1 3 o f

t ex tbook
30 M=1*((L-B)/2) ^2/2*p// i n kN−m
31 d3=sqrt(M*10^6/0.88/10^3) //<570 mm, hence OK
32 z=0.9*d*10^3 // l e v e r arm , i n mm
33 Ast1=(M*10^6/ sigma_st/z)// i n sq mm
34 Ast=L*Ast1 // s t e e l r e q u i r e d f o r f u l l width o f 2 . 4 m
35 // p r ov i d e 20 mm dia ba r s
36 dia =20 // i n mm
37 n=Ast /0.785/ dia^2 //no . o f 20 mm d ia ba r s
38 n=9 // assume
39 Tbd =1.12 // i n MPa
40 Ld=dia*sigma_st /4/ Tbd // i n mm
41 Ld=1030 // assume , i n mm
42 c=50 // s i d e cover , i n mm
43 La=(L-B)/2*10^3 -c// i n mm
44 // bend bar at r i g h t ang l e and p r ov i d e l eng th , l
45 l=Ld -La // i n mm
46 D=d*10^3+ dia /2+100 // i n mm
47 mprintf(”Summary o f d e s i g n : \ nOve ra l l depth o f

f o o t i n g=%d mm\nCover : 1 0 0 mm bottom ; 50 mm s i d e \
nS t e e l :%d−20 mm dia ba r s both ways”,D,n)

48 // answer i n t ex tbook i s i n c o r r e c t
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Scilab code Exa 11.4 Design of Rectangular Column Footing

1 b=0.3 // column width i n m
2 c1=0.4 // column depth i n m
3 fck =20 // i n MPa
4 sigma_cbc =7 // i n MPa
5 sigma_st =275 // i n MPa
6 P1=1200 // l oad on column , i n kN
7 P2 =0.05* P1 // we ight o f f o o t i n g , i n kN
8 P=P1+P2 // i n kN
9 q=200 // b e a r i n g c a p a c i t y o f s o i l , i n kN/ sq m

10 A=P/q// i n sq m
11 L1=2 // i n m
12 L2=A/L1 // assuming f o o t i n g to be squa r e
13 L2=3.2 // assume , i n m
14 p=P1/L1/L2 // s o i l p r e s s u r e , i n kN/ sq m
15 bc=b/c1

16 ks=0.5+bc //>1
17 ks=1

18 Tc =0.16* sqrt(fck)*10^3 // i n kN/ sq m
19 Tv=Tc

20 // l e t d be the depth o f f o o t i n g i n metre s
21 // c a s e I , r e f e r Fig . 1 1 . 1 5 o f t ex tbook
22 // s h o r t d i r e c t i o n
23 d1=L1*(L2-c1)/2*p/(Tc*L1+L1*p)// i n m
24 // l ong d i r e c t i o n
25 d2=L2*(L1-b)/2*p/(Tc*L2+L2*p)// i n m
26 // c a s e I I : r e f e r Fig . 1 1 . 1 6 o f t ex tbook ; we ge t a

qu ad r a t i c e qua t i on o f the form e dˆ2 + f d + g =
0

27 e=p+4*Tc

28 f=b*p+c1*p+2*(b+c1)*Tc

29 g=-(L1*L2-b*c1)*p

30 d3=(-f+sqrt(f^2-4*e*g))/2/e// i n m
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31 d3=0.47 // assume , i n m
32 d=max(d1,d2,d3)// i n m
33 // bending moment c o n s i d e r a t i o n , r e f e r Fig . 1 1 . 1 7 o f

t ex tbook
34 Mx=1*((L1-b)/2) ^2/2*p// i n kN−m
35 My=1*((L2-c1)/2) ^2/2*p// i n kN−m
36 d4=sqrt(My *10^6/0.8/10^3) // i n mm
37 d4=480 //>470 mm ( prov ided f o r s h e a r )
38 d=d4 // i n mm
39 z=0.92*d// l e v e r arm , i n mm
40 // s h o r t d i r e c t i o n
41 Ast1=(Mx *10^6/ sigma_st/z)// i n sq mm
42 Ast=L2*Ast1 // s t e e l r e q u i r e d f o r f u l l width o f 3 . 2 m,

i n sq mm
43 b1=L1 // c e n t r a l band width , i n m
44 beta=L2/L1

45 Astc=L1/(beta +1)*Ast // i n sq mm
46 // p r ov i d e 12 mm dia ba r s
47 dia =12 // i n mm
48 n1=Astc /0.785/ dia^2 //no . o f 12 mm d ia ba r s
49 n1=13 // assume
50 Astr=Ast -Astc // s t e e l i n r ema in ing width , i n sq mm
51 n2=Astr /0.785/ dia^2

52 n2=4 // assume
53 n2=n2/2 // on each s i d e
54 Tbd =1.12 // i n MPa
55 Ld=dia*sigma_st /4/ Tbd // i n mm
56 c=50 // s i d e cover , i n mm
57 La=(L1-b)/2*10^3 -c//>Ld , hence OK
58 // l ong d i r e c t i o n
59 Ast1=(My *10^6/ sigma_st/z)// i n sq mm
60 Ast=L1*Ast1 // s t e e l r e q u i r e d f o r f u l l width o f 2 m,

i n sq mm
61 // p r ov i d e 18 mm dia ba r s
62 dia =18 // i n mm
63 n=Ast /0.785/ dia^2 //no . o f 18 mm d ia ba r s
64 n=12 // assume
65 Ld=dia*sigma_st /4/Tbd // i n mm
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66 c=50 // s i d e cover , i n mm
67 La=(L2-c1)/2*10^3 -c//>Ld , hence OK
68 D=d+dia /2+100 // i n mm
69 D=590 // assume , i n mm
70 mprintf(”Summary o f d e s i g n : \ nOve ra l l depth o f

f o o t i n g=%d mm\nCover=100 mm bottom ; 50 mm s i d e \
nSt e e l−l ong d i r e c t i o n \n%d bar s o f 18 mm d ia i n %d
m width e q u a l l y spaced \ nShort d i r e c t i o n \ nCent ra l
band %d m:%d−12 mm dia ba r s e q u a l l y spaced \

nRemaining s i d e s :%d−12 mm d ia ba r s on each s i d e ”,
D,n,L1 ,L1,n1,n2)

93



Chapter 12

Retaining Walls

Scilab code Exa 12.1 Design of Cantilever Retaining Wall

1 sigma_cbc =5 // i n MPa
2 sigma_st =230 // i n MPa
3 phi =30 // ang l e o f r epose , i n d e g r e e s
4 H=5 // h e i g h t o f wa l l , i n m
5 B=0.6*H// assume , i n m
6 T=B/4 // assume to e to base r a t i o as 1 : 4
7 W=16 // d e n s i t y o f r e t a i n e d ear th , i n kN/ cu m
8 P=W*H^2/2*(1 - sind(phi))/(1+ sind(phi))// i n kN
9 P=67 // assume , i n kN

10 M1=P*H/3 // i n kN−m
11 M1=112 // assume , i n kN−m
12 // bending moment at 2 . 5 m below the top
13 h=2.5 // i n m
14 M2=W*h^2/2*(1 - sind(phi))/(1+ sind(phi))*h/3 // i n kN−m
15 M2=14 // i n kN−m
16 // t h i c k n e s s o f stem ( at the base )
17 d=sqrt(M1 *10^6/0.65/1000) // i n mm
18 d=415 // i n mm
19 dia =20 // assume 20 mm d ia ba r s
20 D1=d+dia /2+25 // i n mm
21 D2=200 // t h i c k n e s s at top , i n mm
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22 D3=D2+(D1-D2)*h/H// i n mm
23 d3=sqrt(M2 *10^6/0.65/1000) // i n mm
24 D3=d3+dia /2+25 //< 325 mm ( prov ided ) , hence OK
25 D3=325 // i n mm
26 d3=D3-dia/2-25 // i n mm
27 //main s t e e l
28 // ( a ) 5 m below the top
29 Ast=M1 *10^6/ sigma_st /0.9/d// i n sq mm
30 // p r ov i d e 20 mm dia ba r s
31 s1 =1000*0.785*20^2/ Ast // i n mm
32 s1=240 // assume , i n mm
33 // ( b ) 2 . 5 m below the top
34 Ast=M2 *10^6/ sigma_st /0.9/d3 // i n sq mm
35 Astmin =0.12/100*10^3* D3 // i n sq mm
36 Ast=max(Ast ,Astmin)// i n sq mm
37 // p r ov i d e 12 mm dia ba r s
38 s2 =1000*0.785*12^2/ Ast // i n mm
39 s2=290 // assume , i n mm
40 // d i s t r i b u t i o n s t e e l
41 Ads =0.12/100*10^3* D3 // i n sq mm
42 // p r ov i d e 8 mm d ia ba r s
43 s3 =1000*0.785*8^2/ Ads // i n mm
44 s3=125 // assume , i n mm
45 // check f o r s h e a r
46 V=P// i n kN
47 Tv=V*10^3/10^3/d// i n MPa
48 // f o r M15 grade c o n c r e t e and pt =0.31
49 Tc=0.22 // i n MPa
50 // as Tc > Tv , no sh ea r r e i n f o r c emen t r e q u i r e d
51 // deve lopment l e n g t h
52 // ( a ) At the base o f stem
53 dia =20 // i n mm
54 Tbd =0.84 // i n MPa
55 Ld=dia*sigma_st /4/ Tbd // i n mm
56 Ld=1370 // assume , i n mm
57 // ( b ) At 2 . 5 m below the top
58 dia =12 // i n mm
59 Ld=dia*sigma_st /4/ Tbd // i n mm
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60 Ld=825 // assume , i n mm
61 // check f o r s t a b i l i t y
62 D4=500 // t h i c k n e s s o f base , i n mm ( assume )
63 V1 =1/2*(D1-D2)/10^3*H*25 // i n kN
64 V2=(D2 /10^3)*H*25 // i n kN
65 V3=(D4 /10^3)*B*25 // we ight o f base , i n kN
66 V4=(B-T-D1 /10^3)*H*W// we ight o f s o i l , i n kN
67 V=V1+V2+V3+V4 // i n kN
68 M=V1*(T+2/3*(D1 -D2)/10^3)+V2*(T+(D1 -D2)/10^3+ D2

/10^3/2)+V3*B/2+V4*(B-(B-T-D1 /10^3) /2) // i n kN−m
69 x=M/V// i n m
70 x=1.8 // assume , i n m
71 // f a c t o r o f s a f e t y
72 // f o r o v e r t u r n i n g
73 F1=V*x/P/(H/3) //> 1 . 5 , hence OK
74 mu=0.5

75 // f o r s l i d i n g
76 F2=mu*V/P//> 1 . 5 , hence OK
77 mprintf(”Summary o f d e s i g n : \ nThicknes s o f stem ( at

base ) = %d mm\ nThicknes s o f stem at top = %d mm\
nRe f e r Fig . 1 2 . 4 o f t ex tbook f o r r e i n f o r c emen t
d e t a i l s ”,D1 ,D2)

Scilab code Exa 12.2 Design of Stem of Retaining Wall

1 sigma_cbc =5 // i n MPa
2 sigma_st =140 // i n MPa
3 phi =35 // ang l e o f r epose , i n d e g r e e s
4 H=6 // h e i g h t o f wa l l , i n m
5 B=0.4*H// assume , i n m
6 T=B/4 // assume to e to base r a t i o as 1 : 4
7 W=18 // d e n s i t y o f r e t a i n e d ear th , i n kN/ cu m
8 P=W*H^2/2*(1 - sind(phi))/(1+ sind(phi))// i n kN
9 P=88 // assume , i n kN

10 M1=P*H/3 // i n kN−m
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11 // bending moment at 3 m below the top
12 h=3 // i n m
13 M2=W*h^2/2*(1 - sind(phi))/(1+ sind(phi))*h/3 // i n kN−m
14 M2=22 // i n kN−m
15 // t h i c k n e s s o f stem ( at the base )
16 d=sqrt(M1 *10^6/0.87/1000) // i n mm
17 d=450 // i n mm
18 dia =20 // assume 20 mm d ia ba r s
19 D1=d+dia /2+25 // i n mm
20 D2=200 // t h i c k n e s s at top , i n mm
21 D3=D2+(D1-D2)*h/H// i n mm
22 d3=sqrt(M2 *10^6/0.87/1000) // i n mm
23 D3=d3+dia /2+25 //< 342 . 5 mm ( prov id ed ) , hence OK
24 D3 =342.5 // i n mm
25 d3=D3-dia/2-25 // i n mm
26 //main s t e e l
27 // ( a ) 6 m below the top
28 Ast=M1 *10^6/ sigma_st /0.87/d// i n sq mm
29 // p r ov i d e 20 mm dia ba r s
30 s1 =1000*0.785*20^2/ Ast // i n mm
31 s1=95 // assume , i n mm
32 // ( b ) 3 m below the top
33 Ast=M2 *10^6/ sigma_st /0.87/ d3 // i n sq mm
34 // p r ov i d e 10 mm dia ba r s
35 s2 =1000*0.785*10^2/ Ast // i n mm
36 s2=130 // assume , i n mm
37 // d i s t r i b u t i o n s t e e l
38 Ads =0.15/100*10^3* D3 // i n sq mm
39 // p r ov i d e 10 mm dia ba r s
40 s3 =1000*0.785*10^2/ Ads // i n mm
41 s3=150 // assume , i n mm
42 // check f o r s h e a r
43 V=P// i n kN
44 Tv=V*10^3/10^3/d// i n MPa
45 // f o r M15 grade c o n c r e t e and pt =0.71
46 Tc=0.34 // i n MPa
47 // as Tc > Tv , no sh ea r r e i n f o r c emen t r e q u i r e d
48 // deve lopment l e n g t h
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49 // ( a ) At the base o f stem
50 dia =20 // i n mm
51 Tbd =0.6 // i n MPa
52 Ld=dia*sigma_st /4/ Tbd // i n mm
53 Ld=1170 // assume , i n mm
54 // ( b ) At 3 m below the top
55 dia =10 // i n mm
56 Ld=dia*sigma_st /4/ Tbd // i n mm
57 Ld=590 // assume , i n mm
58 // check f o r s t a b i l i t y
59 D4=500 // t h i c k n e s s o f base , i n mm ( assume )
60 V1 =1/2*(D1-D2)/10^3*H*25 // i n kN
61 V2=(D2 /10^3)*H*25 // i n kN
62 V3=(D4 /10^3)*B*25 // we ight o f base , i n kN
63 V4=(B-T-D1 /10^3)*H*W// i n kN
64 V=V1+V2+V3+V4 // i n kN
65 M=V1*(T+2/3*(D1 -D2)/10^3)+V2*(T+(D1 -D2)/10^3+ D2

/10^3/2)+V3*B/2+V4*(B-(B-T-D1 /10^3) /2) // i n kN−m
66 x=M/V// i n m
67 // f a c t o r o f s a f e t y
68 // f o r o v e r t u r n i n g
69 F1=V*x/P/(H/3) //> 1 . 5 , hence OK
70 mu=0.5

71 // f o r s l i d i n g
72 F2=mu*V/P//< 1 . 5 , hence i t i s not s a f e a g a i n s t

s l i d i n g
73 mprintf(”Summary o f d e s i g n : \ nThicknes s o f stem ( at

base ) = %d mm\ nThicknes s o f stem at top = %d mm\
nRe f e r Fig . 1 2 . 7 o f t ex tbook f o r r e i n f o r c emen t
d e t a i l s ”,D1 ,D2)

74 // answers i n t ex tbook f o r f a c t o r o f s a f e t y a g a i n s t
o v e r t u r n i n g and s l i d i n g a r e i n c o r r e c t

Scilab code Exa 12.3 Design of Base Slab of Retaining Wall
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1 sigma_cbc =5 // i n MPa
2 sigma_st =230 // i n MPa
3 phi =30 // ang l e o f r epose , i n d e g r e e s
4 H=5 // h e i g h t o f wa l l , i n m
5 B=0.6*H// assume , i n m
6 T=B/4 // assume to e to base r a t i o as 1 : 4
7 t=450 // t h i c k n e s s o f wa l l , i n mm
8 W=16 // d e n s i t y o f r e t a i n e d ear th , i n kN/ cu m
9 P=W*H^2/2*(1 - sind(phi))/(1+ sind(phi))// i n kN

10 P=67 // assume , i n kN
11 y=1.8 // i n m
12 P=67 // i n kN
13 Wt=223 // i n kN
14 D=0.5 // t h i c k n e s s o f base , i n m
15 x=1.8-P*(H/3+D/10^3)/Wt // i n m
16 x=1.15 // i n m
17 e=B/2-x// i n m
18 q1=Wt/B+Wt*e/(1*B^2/6) //maximum pr e s s u r e , i n kN/ sq m
19 q2=Wt/B-Wt*e/(1*B^2/6) //minimum pr e s s u r e , i n kN/ sq m
20 Pa=q1 -(q1-q2)/B*T// p r e s s u r e at A, i n kN/ sq m
21 Pa=100 // assume , i n kN/ sq m
22 Pb=q1 -(q1-q2)/B*(T+t/10^3) // p r e s s u r e at B, i n kN/ sq

m
23 Pb=85 // assume , i n kN/ sq m
24 Ma=Pa*T^2/2+1/2*(q1-Pa)*T*2/3*T-T*D*25*T/2 // bending

moment at A, i n kN−m
25 Ma=30 // round−o f f , i n kN−m
26 Mb=(B-T-t/10^3) ^2*H*W/2+(B-T-t/10^3) ^2*D*25/2 -q2*(B-

T-t/10^3) ^2/2-(Pb -q2)*1/3*(B-T-t/10^3) ^2/2 //
bending moment at B, i n kN−m

27 Mb=80 // i n kN−m
28 // d e s i g n o f t o e
29 d=sqrt(Ma *10^6/0.65/10^3) // i n mm
30 D=d+10/2+70 //<500 mm ( prov ided ) , hence OK
31 D=500 // i n mm
32 d=D-70 // i n mm
33 Ast=Ma *10^6/ sigma_st /0.9/d// i n sq mm
34 Astmin =0.12/100*10^3*D// i n sq mm
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35 Ast=max(Ast ,Astmin)// i n sq mm
36 s1 =1000*0.785*10^2/ Ast // i n mm
37 s1=130 // assume , i n mm
38 // d i s t r i b u t i o n s t e e l i s same as above
39 // check f o r s h e a r
40 V=(q1+Pa)/2*T// i n kN
41 Tv=V*10^3/10^3/d// i n MPa
42 // f o r M15 grade c o n c r e t e and pt =0.32
43 Tc =0.2368 // i n MPa
44 // as Tc > Tv , no sh ea r r e i n f o r c emen t r e q u i r e d
45 // deve lopment l e n g t h
46 dia =10 // i n mm
47 Tbd =0.84 // i n MPa
48 Ld=dia*sigma_st /4/ Tbd // i n mm
49 Ld=685 // assume , i n mm
50 // d e s i g n o f h e e l
51 d=sqrt(Mb *10^6/0.65/10^3) //< 430 mm ( prov ided ) ,

hence OK
52 d=430 // i n mm
53 Ast=Mb *10^6/ sigma_st /0.9/d// i n sq mm
54 s2 =1000*0.785*10^2/ Ast // i n mm
55 s2=85 // assume , i n mm
56 // d i s t r i b u t i o n s t e e l : 0 . 1 2% o f Ag , hence p r ov i d e 10

mm dia ba r s @ 130 mm c/ c
57 V=(B-T-t/10^3)*H*W-(Pb+q2)/2*(B-T-t/10^3) // i n kN
58 Tv=V*10^3/10^3/d// i n MPa
59 // f o r M15 grade c o n c r e t e and pt =0.32
60 Tc =0.2368 // i n MPa
61 // as Tc > Tv , no sh ea r r e i n f o r c emen t r e q u i r e d
62 // deve lopment l e n g t h
63 dia =10 // i n mm
64 Tbd =0.84 // i n MPa
65 Ld=dia*sigma_st /4/ Tbd // i n mm
66 Ld=685 // assume , i n mm
67 mprintf(”Summary o f d e s i g n : \ nThicknes s o f base s l a b=

%d mm. Re f e r to Fig . 1 2 . 1 1 o f t ex tbook f o r
r e i n f o r c emen t d e t a i l s . ”,D)

68 // answer i n t ex tbook f o r s p a c i n g o f 10 mm dia ba r s
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f o r main s t e e l i n t o e and d i s t r i b u t i o n s t e e l i s
i n c o r r e c t
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Chapter 13

Water Tanks

Scilab code Exa 13.1 Design of Circular Water Tank

1 sigma_cbc =7 // i n MPa
2 sigma_ct =1.2 // i n MPa
3 sigma_st =100 // i n MPa
4 m=13.33 //modular r a t i o
5 V=200000 // capac i t y , i n L
6 V=V/10^3 // i n cu m
7 h=2.5 // assumed depth o f water i n tank , i n m
8 A=V/h// a r ea o f tank , i n sq m
9 B=sqrt (4/%pi*A)// d iameter , i n m

10 B=10.1 // assume , i n m
11 H=h+0.5 // i n c l u d i n g f r e eboa rd , i n m
12 w=10 // un i t we ight o f water , i n kN/ cu m
13 T=w*H*B/2 // hoop t en s i on , i n kN
14 Ast=T*10^3/ sigma_st // i n sq mm
15 s1 =10^3*0.785*16^2/ Ast // i n mm
16 s1=130 // assume , i n mm
17 t=(T*10^3/ sigma_ct -(m-1)*Ast)/1000 // i n mm
18 t=110 // assume , i n mm
19 // hoop t e n s i o n s t e e l a t 1 . 5 m below top o f wa l l
20 h=1.5 // i n m
21 T=w*h*B/2 // i n kN
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22 Ast=T*10^3/ sigma_st // i n sq mm
23 s2 =10^3*0.785*16^2/ Ast // i n mm
24 s2=260 // assume , i n mm
25 Ads =0.3/100*t*10^3 // v e r t i c a l s t e e l as d i s t r i b u t i o n

s t e e l , i n sq mm
26 s3 =1000*0.785*10^2/ Ads // i n mm
27 s3=235 // i n mm
28 // d e s i g n o f tank f l o o r
29 D=150 // i n mm
30 Ast =0.3/100*D*1000 // i n sq mm
31 s4 =1000*0.785*10^2/ Ast // i n mm
32 s4=170 // i n mm
33 mprintf(”Summary o f d e s i g n \ nDiameter o f tank=%f m\

nDepth o f tank=%d m\nTank wa l l t h i c k n e s s=%d mm\
nSt e e l−hoop s t e e l ; 3 m to 1 . 5 m below top=16 mm
dia @ %d mm c/ c \n1 . 5 m to 0 m below top=16 mm dia
@ %d mm c/ c\ n v e r t i c a l s t e e l =10 mm d ia @ %d mm c/
c\nTank f l o o r : Th i ckne s s %d mm\ nS t e e l =10 mm dia @
%d mm c/ c ”,B,H,t,s1,s2 ,s3,D,s4)

34 // answer i n t ex tbook f o r s p a c i n g o f 16 mm dia ba r s
from 1 . 5 m to 0 m below top i s i n c o r r e c t

Scilab code Exa 13.2 Design of Circular Water Tank

1 sigma_cbc =7 // i n MPa
2 sigma_ct =1.2 // i n MPa
3 sigma_st =170 // i n MPa
4 m=13.33 //modular r a t i o
5 V=400000 // capac i t y , i n L
6 V=V/10^3 // i n cu m
7 h=3 // assumed depth o f water i n tank , i n m
8 A=V/h// a r ea o f tank , i n sq m
9 B=sqrt (4/%pi*A)// d iameter , i n m

10 B=13 // assume , i n m
11 H=h+0.5 // i n c l u d i n g f r e eboa rd , i n m
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12 w=10 // un i t we ight o f water , i n kN/ cu m
13 T=w*H*B/2 // hoop t en s i on , i n kN
14 Ast=T*10^3/ sigma_st // i n sq mm
15 s1 =10^3*0.785*12^2/ Ast // i n mm
16 s1=80 // assume , i n mm
17 t=(T*10^3/ sigma_ct -(m-1)*Ast)/1000 // i n mm
18 t=175 // assume , i n mm
19 // s t e e l a t 2 m below top o f wa l l
20 h=2 // i n m
21 T=w*h*B/2 // i n kN
22 Ast=T*10^3/ sigma_st // i n sq mm
23 s2 =10^3*0.785*12^2/ Ast // i n mm
24 s2=145 // assume , i n mm
25 Ads =0.3/100*t*10^3 // v e r t i c a l s t e e l as d i s t r i b u t i o n

s t e e l , i n sq mm
26 s3 =1000*0.785*10^2/ Ads // i n mm
27 s3=150 // assume , i n mm
28 // d e s i g n o f tank f l o o r
29 D=190 // i n mm
30 Ast =0.3/100*D*1000 // i n sq mm
31 s4 =1000*0.785*10^2/ Ast // i n mm
32 s4=135 // assume , i n mm
33 mprintf(”Summary o f d e s i g n \ nDiameter o f tank=%d m\

nDepth o f tank=%f m\nTank wa l l t h i c k n e s s=%d mm\
nSt e e l−hoop s t e e l ; 4 m to 2 m below top=12 mm dia
@ %d mm c/ c\n2 m to 0 m below top=12 mm dia @ %d
mm c/ c \ n v e r t i c a l s t e e l =10 mm d ia @ %d mm c/ c\
nTank f l o o r : Th i ckne s s %d mm\ nS t e e l =10 mm dia @
%d mm c/ c both ways”,B,H,t,s1,s2 ,s3,D,s4)
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Chapter 14

Limit State Method

Scilab code Exa 14.1 Analysis of Singly Reinforced Section

1 b=250 //width , i n mm
2 d=500 // e f f e c t i v e depth , i n mm
3 Ast =4*0.785*20^2 // f o u r 20 mm d ia bars , i n sq mm
4 fck =15 // i n MPa
5 fy=250 // i n MPa
6 Xu=round (0.87* fy*Ast /0.36/ fck/b)// i n mm
7 Xc =0.531*d// i n mm
8 // as Xu<Xc , i t i s under−r e i n f o r c e d s e c t i o n , hence OK
9 Mu =0.87* fy*Ast*(d -0.416* Xu)/10^6 // i n kN−m

10 mprintf(”Moment o f r e s i s t a n c e o f the beam=%f kN−m”,
Mu)

Scilab code Exa 14.2 Analysis of Singly Reinforced Section

1 b=300 //width , i n mm
2 d=600 // e f f e c t i v e depth , i n mm
3 fck =15 // i n MPa
4 fy=500 // i n MPa
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5 Xc =0.456*d// i n mm
6 Mu =0.36* fck*b*Xc*(d -0.416* Xc)/10^6 // i n kN−m
7 Ast=round (0.36* fck*b*Xc /0.87/ fy)// i n sq mm
8 mprintf(”Moment o f r e s i s t a n c e o f the beam=%f kN−m\

nS t e e l r e q u i r e d=%d sq mm”, Mu,Ast)

Scilab code Exa 14.3 Analysis of Singly Reinforced Section

1 b=300 //width , i n mm
2 d=600 // e f f e c t i v e depth , i n mm
3 fck =20 // i n MPa
4 fy=415 // i n MPa
5 Xc =0.479*d// i n mm
6 Mu =0.36* fck*b*Xc*(d -0.416* Xc)/10^6 // i n kN−m
7 Ast=round (0.36* fck*b*Xc /0.87/ fy)// i n sq mm
8 mprintf(”Moment o f r e s i s t a n c e o f the beam=%f kN−m\

nS t e e l r e q u i r e d=%d sq mm”, Mu,Ast)

9 // answer does not match with t ex tbook because o f
round−o f f e r r o r

Scilab code Exa 14.4 Analysis of Singly Reinforced Section

1 b=300 //width , i n mm
2 d=650 // e f f e c t i v e depth , i n mm
3 Ast =942 // i n sq mm
4 lef=6 // i n m
5 fck =20 // i n MPa
6 fy=340 // i n MPa
7 Xu=round (0.87* fy*Ast /0.36/ fck/b)// i n mm
8 Xc=0.5*d// i n mm
9 // as Xu<Xc , i t i s under−r e i n f o r c e d beam , hence OK
10 Mu =0.87* fy*Ast*(d -0.416* Xu)/10^6 // i n kN−m
11 Wu=Mu*8/ lef^2 // i n kN/m
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12 self_weight =25*(b/1000) *(d/1000) // i n kN/m
13 W=Wu/1.5- self_weight // i n kN/m
14 mprintf(” Sa f e l oad on the beam=%f kN/m”,W)

Scilab code Exa 14.5 Analysis of Singly Reinforced Section

1 b=1000 //width , i n mm
2 d=120 // e f f e c t i v e depth , i n mm
3 Ast =1412 // i n sq mm
4 lef =3.2 // i n m
5 fck =20 // i n MPa
6 fy=250 // i n MPa
7 Xu =0.87* fy*Ast /0.36/ fck/b// i n mm
8 Xc =0.531*d// i n mm
9 // as Xu<Xc , i t i s under−r e i n f o r c e d s e c t i o n , hence OK
10 Mu =0.87* fy*Ast*(d -0.416* Xu)/10^6 // i n kN−m
11 Wu=Mu*8/ lef^2 // i n kN/m
12 self_weight =25*(b/1000) *(d/1000) // i n kN/m
13 W=Wu/1.5- self_weight // i n kN/m
14 mprintf(” Sa f e l oad on the s l a b=%f kN/m”,W)

Scilab code Exa 14.6 Design of Singly Reinforced Section

1 fck =15 // i n MPa
2 fy=250 // i n MPa
3 //b=d/2
4 M=65 // i n kN−m
5 Mu=1.5*M// f a c t o r e d moment , i n kN−m
6 d=(Mu *10^6/(0.149* fck *0.5))^(1/3) // i n mm
7 d=445 // approx imate ly , i n mm
8 b=d/2 // i n mm
9 Xc =0.531*d// i n mm

10 Ast=round (0.36* fck*b*Xc /0.87/ fy)// i n sq mm
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11 mprintf(”b=%f mm\nd=%f mm\nAst=%f sq mm”,b,d,Ast)
12 // answer does not match with t ex tbook because o f

round−o f f e r r o r

Scilab code Exa 14.7 Design of Singly Reinforced Section

1 b=300 //width , i n mm
2 d=500 // e f f e c t i v e depth , i n mm
3 fck =20 // i n MPa
4 fy=500 // i n MPa
5 Mu=175 // i n kN−m
6 Mulim =0.133* fck*b*d^2/10^6 // i n kN−m
7 // as Mu<Mulim , beam i s under−r e i n f o r c e d
8 // u s i n g Cu=Tu , Xu=0.87 f y Ast / ( 0 . 3 6 f c k b ) ; l e t Xu=

a Ast
9 a=0.87* fy /(0.36* fck*b)

10 //Mu=0.87 f y Ast ( d−0.416 Xu) , pu t t i n g Xu = a Ast ,
we ge t p Ast ˆ2 + q Ast + r =0

11 p=0.87*0.416* fy*a

12 q= -0.87*fy*d

13 r=Mu*10^6

14 // s o l v i n g the qu ad r a t i c e qua t i on
15 Ast=round((-q-sqrt(q^2-4*p*r))/2/p)// i n sq mm
16 mprintf(”Area o f s t e e l r e q u i r e d=%d sq mm”,Ast)
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Chapter 15

Doubly Reinforced Sections

Scilab code Exa 15.1 Analysis of Doubly Reinforced Section

1 b=300 //width , i n mm
2 d=800 // e f f e c t i v e depth , i n mm
3 Ast =3940 // i n sq mm
4 Asc =795 // i n sq mm
5 top_cover =40 // i n mm
6 fck =15 // i n MPa
7 fy=250 // i n MPa
8 Xc =0.531*d// i n mm
9 fcc =0.446* fck // i n MPa
10 fsc =0.87* fy // i n MPa
11 Mu =(0.36* fck*b*Xc*(d -0.416* Xc)+(fsc -fcc)*Asc*(d-

top_cover))/10^6 // i n kN−m
12 mprintf(”Moment o f r e s i s t a n c e o f the beam = %f kN−m”

,Mu)

Scilab code Exa 15.2 Analysis of Doubly Reinforced Section

1 b=230 //width , i n mm
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2 d=600 // e f f e c t i v e depth , i n mm
3 Asc =554 // i n sq mm
4 Ast =1524 // i n sq mm
5 top_cover =30 // i n mm
6 fck =15 // i n MPa
7 fy=415 // i n MPa
8 Xc =0.479*d// i n mm
9 fcc =0.446* fck // i n MPa
10 // f o r d ’ / d=30/600=0.05 and Fe415 grade s t e e l ,
11 fsc =355 // i n MPa
12 Mu =(0.36* fck*b*Xc*(d -0.416* Xc)+(fsc -fcc)*Asc*(d-

top_cover))/10^6 // i n kN−m
13 mprintf(”Moment o f r e s i s t a n c e o f the beam = %f kN−m”

,Mu)

Scilab code Exa 15.3 Analysis of Doubly Reinforced Section

1 b=250 //width , i n mm
2 d=550 // e f f e c t i v e depth , i n mm
3 fck =15 // i n MPa
4 fy=250 // i n MPa
5 M=95 // i n kN−m
6 Mu=1.5*M// f a c t o r e d moment , i n kN−m
7 Mulim =0.149* fck*b*d^2/10^6 // i n kN−m
8 // as Mu<Mulim , no s t e e l r e q u i r e d on compre s s i on s i d e
9 mprintf(”As f a c t o r e d moment i s l e s s than l i m i t i n g

moment , no s t e e l i s r e q u i r e d on compre s s i on s i d e
( as per LSM) ”)

Scilab code Exa 15.4 Analysis of Doubly Reinforced Section

1 b=225 //width , i n mm
2 d=500 // e f f e c t i v e depth , i n mm
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3 Asc =125 // i n sq mm
4 Ast =754 // i n sq mm
5 top_cover =50 // i n mm
6 fck =15 // i n MPa
7 fy=500 // i n MPa
8 Xc =0.456*d// i n mm
9 fcc =0.446* fck // i n MPa
10 // f o r d ’ / d=50/500=0.1 and Fe500 grade s t e e l ,
11 fsc =412 // i n MPa
12 Mu =(0.36* fck*b*Xc*(d -0.416* Xc)+(fsc -fcc)*Asc*(d-

top_cover))/10^6 // i n kN−m
13 mprintf(”Moment o f r e s i s t a n c e o f the beam = %f kN−m”

,Mu)

Scilab code Exa 15.5 Design of Doubly Reinforced Section

1 b=250 //width , i n mm
2 d=500 // e f f e c t i v e depth , i n mm
3 Mu=165 // i n kN−m
4 top_cover =50 // i n mm
5 fck =15 // i n MPa
6 fy=250 // i n MPa
7 Xc =0.531*d// i n mm
8 Mulim =0.149* fck*b*d^2/10^6 // i n kN−m
9 Ast1=round (0.36* fck*b*Xc /0.87/ fy)// i n sq mm
10 M1=Mu-Mulim // i n kN−m
11 fcc =0.446* fck // i n MPa
12 fsc =0.87* fy // i n MPa
13 Asc=round(M1 *10^6/(fsc -fcc)/(d-top_cover))// i n sq mm
14 Ast2=round((fsc -fcc)*Asc /0.87/ fy)// i n sq mm
15 Ast=Ast1+Ast2 // i n sq mm
16 mprintf(”Compress ion s t e e l = %d sq mm\ nTens ion s t e e l

= %d sq mm”,Asc ,Ast)
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Scilab code Exa 15.6 Design of Doubly Reinforced Section

1 b=200 //width , i n mm
2 d=300 // e f f e c t i v e depth , i n mm
3 Mu=74 // i n kN−m
4 top_cover =30 // i n mm
5 fck =20 // i n MPa
6 fy=415 // i n MPa
7 Xc =0.479*d// i n mm
8 Mulim =0.138* fck*b*d^2/10^6 // i n kN−m
9 Ast1=round (0.36* fck*b*Xc /0.87/ fy)// i n sq mm
10 M1=Mu-Mulim // i n kN−m
11 fcc =0.446* fck // i n MPa
12 // f o r d ’ / d=30/300=0.1 and Fe415 grade s t e e l ,
13 fsc =353 // i n MPa
14 Asc=round(M1 *10^6/(fsc -fcc)/(d-top_cover))// i n sq mm
15 Ast2=round((fsc -fcc)*Asc /0.87/ fy)// i n sq mm
16 Ast=Ast1+Ast2 // i n sq mm
17 mprintf(”Compress ion s t e e l = %d sq mm\ nTens ion s t e e l

= %d sq mm”,Asc ,Ast)

Scilab code Exa 15.7 Design of Doubly Reinforced Section

1 b=200 //width , i n mm
2 d=200 // e f f e c t i v e depth , i n mm
3 Mu=32 // i n kN−m
4 top_cover =30 // i n mm
5 fck =20 // i n MPa
6 fy=500 // i n MPa
7 Xc =0.456*d// i n mm
8 Mulim =0.133* fck*b*d^2/10^6 // i n kN−m
9 Ast1=round (0.36* fck*b*Xc /0.87/ fy)// i n sq mm
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10 M1=Mu-Mulim // i n kN−m
11 fcc =0.446* fck // i n MPa
12 // f o r d ’ / d=30/200=0.15 and Fe500 grade s t e e l ,
13 fsc =395 // i n MPa
14 Asc=round(M1 *10^6/(fsc -fcc)/(d-top_cover))// i n sq mm
15 Ast2=round((fsc -fcc)*Asc /0.87/ fy)// i n sq mm
16 Ast=Ast1+Ast2 // i n sq mm
17 mprintf(”Compress ion s t e e l = %d sq mm\ nTens ion s t e e l

= %d sq mm”,Asc ,Ast)
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Chapter 16

T Beams

Scilab code Exa 16.1 Analysis of T beam

1 Df=120 // i n mm
2 bf=1100 // i n mm
3 bw=275 // i n mm
4 d=450 // i n mm
5 Ast =2700 // i n sq mm
6 fy=500 // i n MPa
7 fck =25 // i n MPa
8 Asf=round (0.36* fck*bf*Df /0.87/ fy)// a r ea o f s t e e l

r e q u i r e d f o r f l a n g e , i n sq mm
9 // as Ast<Asf , Xu<Df

10 Xu =0.87* fy*Ast /0.36/ fck/bf // i n mm
11 Mu =0.36* fck*bf*Xu*(d -0.416* Xu)/10^6 // i n kN−m
12 mprintf(”Moment o f r e s i s t a n c e o f T−beam=%f kN−m”,Mu)

Scilab code Exa 16.2 Analysis of T beam

1 Df=100 // i n mm
2 bf=1500 // i n mm
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3 bw=300 // i n mm
4 d=600 // i n mm
5 Ast =4500 // i n sq mm
6 fy=415 // i n MPa
7 fck =20 // i n MPa
8 Asf=round (0.36* fck*bf*Df /0.87/ fy)// a r ea o f s t e e l

r e q u i r e d f o r f l a n g e , i n sq mm
9 // as Ast>Asf , Xu>Df
10 Xu =(0.87* fy*Ast -0.446* fck*(bf-bw)*Df)/0.36/ fck/bw //

i n mm
11 Xc =0.479*d//Xc>Xu ; hence OK
12 a=0.43* Xu // as Df<0.43 Xu , s t r e s s i n f l a n g e i s

un i fo rm
13 Mu =(0.36* fck*bw*Xu*(d -0.416* Xu)+0.446* fck*(bf -bw)*Df

*(d-Df/2))/10^6 // i n kN−m
14 mprintf(”Moment o f r e s i s t a n c e o f T−beam=%f kN−m”,Mu)

Scilab code Exa 16.3 Analysis of T beam

1 Df=100 // i n mm
2 bf=1500 // i n mm
3 bw=300 // i n mm
4 d=700 // i n mm
5 Ast =4510 // i n sq mm
6 fy=250 // i n MPa
7 fck =15 // i n MPa
8 Asf=round (0.36* fck*bf*Df /0.87/ fy)// a r ea o f s t e e l

r e q u i r e d f o r f l a n g e , i n sq mm
9 // as Ast>Asf , Xu>Df

10 Xu=round ((0.87* fy*Ast -0.446* fck*(bf-bw)*Df)/0.36/ fck

/bw)// i n mm
11 Xc =0.531*d//Xc>Xu ; hence OK
12 a=0.43* Xu // as Df>0.43 Xu , s t r e s s i n f l a n g e i s not

un i fo rm
13 yf =0.15* Xu +0.65* Df // i n mm
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14 Mu =(0.36* fck*bw*Xu*(d -0.416* Xu)+0.446* fck*(bf -bw)*yf

*(d-yf/2))/10^6 // i n kN−m
15 mprintf(”Moment o f r e s i s t a n c e o f T−beam=%f kN−m”,Mu)

Scilab code Exa 16.4 Analysis of T beam

1 Df=100 // i n mm
2 bf=1250 // i n mm
3 bw=250 // i n mm
4 d=650 // i n mm
5 Ast =2800 // i n sq mm
6 fy=415 // i n MPa
7 fck =20 // i n MPa
8 Asf=round (0.36* fck*bf*Df /0.87/ fy)// a r ea o f s t e e l

r e q u i r e d f o r f l a n g e , i n sq mm
9 // as Ast>Asf , Xu>Df

10 Xu=round ((0.87* fy*Ast -0.446* fck*(bf-bw)*Df)/0.36/ fck

/bw)// i n mm
11 // but Xu<Df ; t h i s i n d i c a t e s tha t s t r e s s i n the

f l a n g e i s not uni form , hence r e p l a c e Df by y f
12 Xu =(0.87* fy*Ast -0.446* fck*(bf-bw)*0.65* Df)/(0.36* fck

*bw +0.446* fck*(bf-bw)*0.15) // i n mm
13 Xc =0.479*d//Xc>Xu ; hence OK
14 a=0.43* Xu // as Df>0.43 Xu , s t r e s s i n f l a n g e i s not

un i fo rm
15 yf =0.15* Xu +0.65* Df // i n mm
16 Mu =(0.36* fck*bw*Xu*(d -0.416* Xu)+0.446* fck*(bf -bw)*yf

*(d-yf/2))/10^6 // i n kN−m
17 mprintf(”Moment o f r e s i s t a n c e o f T−beam=%f kN−m”,Mu)
18 // answer i n t ex tbook i s i n c o r r e c t

Scilab code Exa 16.5 Analysis of T beam
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1 Df=100 // i n mm
2 bf=1250 // i n mm
3 bw=250 // i n mm
4 d=660 // i n mm
5 fy=250 // i n MPa
6 fck =15 // i n MPa
7 Xc =0.531*d// i n mm
8 a=0.43* Xc //Df<0.43 Xu , s t r e s s i n e n t i r e f l a n g e i s

un i fo rm
9 Mu =(0.36* fck*bw*Xc*(d -0.416* Xc)+0.446* fck*(bf -bw)*Df

*(d-Df/2))/10^6 // i n kN−m
10 Ast =(0.36* fck*bw*Xc +0.446* fck*(bf-bw)*Df)/0.87/ fy //

i n sq mm
11 mprintf(”Moment o f r e s i s t a n c e o f T−beam=%f kN−m\

nArea o f s t e e l r e q u i r e d=%f sq mm”,Mu ,Ast)

Scilab code Exa 16.6 Design of T beam

1 Df=100 // i n mm
2 bf=1250 // i n mm
3 bw=250 // i n mm
4 d=550 // i n mm
5 Mu=400 // i n kN−m
6 fy=415 // i n MPa
7 fck =15 // i n MPa
8 Asf =0.446* fck*(bf -bw)*Df /0.87/ fy // i n sq mm
9 Muf =0.446* fck*(bf -bw)*Df*(d-Df/2) /10^6 // i n kN−m

10 Muw=Mu -Muf // i n kN−m
11 // u s i n g Cu=Tu , 0 . 3 6 f c k bw Xu = 0 . 8 7 f y Ast , Xu = a

Asw
12 a=0.87* fy /0.36/ fck/bw

13 //Muw=0.87 f y Asw (d−0.416 Xu)
14 p=0.87* fy *0.416*a

15 q= -0.87*fy*d

16 r=Muw *10^6
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17 Asw=(-q-sqrt(q^2-4*p*r))/2/p// i n sq mm
18 Ast=Asw+Asf // i n sq mm
19 mprintf(”Area o f s t e e l r e q u i r e d=%f sq mm”,Ast)
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Chapter 17

Shear and Development Length

Scilab code Exa 17.1 Shear Design

1 b=230 //width , i n mm
2 d=500 // e f f e c t i v e depth , i n mm
3 l=4.5 // span , i n m
4 Ast =4*0.785*20^2 // f o u r 20 mm d ia bars , i n sq mm
5 fck =20 // i n MPa
6 W=24 // i n kN/m
7 Wu=1.5*W// f a c t o r e d load , i n kN/m
8 Vu=Wu*l/2 // i n kN
9 Tv=Vu *10^3/b/d// i n MPa

10 Tcmax =2.8 // f o r M20 , i n MPa
11 //Tv<Tcmax , hence OK
12 p=Ast/b/d*100 //p=1.1 , approx imat e l y
13 // f o r p=1.1 and M20 grade c o n c r e t e
14 Tc=0.64 // i n MPa
15 //Tv>Tc , hence sh ea r r e i n f o r c emen t r e q u i r e d
16 mprintf(”Nominal s h e a r s t r e s s=%f MPa\ nShear s t r e n g t h

o f c o n c r e t e=%f MPa”,Tv ,Tc)

Scilab code Exa 17.2 Shear Design
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1 b=300 //width , i n mm
2 d=1010 // e f f e c t i v e depth , i n mm
3 l=7 // span , i n m
4 Ast=round (6*0.785*22^2) // s i x 22 mm d ia bars , i n sq

mm
5 fck =15 // i n MPa
6 fy=250 // i n MPa
7 W=45 // i n kN/m
8 Wu=1.5*W// f a c t o r e d load , i n kN/m
9 Vu=Wu*l/2 // i n kN
10 Tv=Vu *10^3/b/d// i n MPa
11 //Tv<Tcmax , hence OK
12 p=Ast/b/d*100 //p=0.75 , approx imat e l y
13 // f o r p=0.75 and M15 grade c o n c r e t e
14 Tc=0.54 // i n MPa
15 //Tv>Tc , hence sh ea r r e i n f o r c emen t r e q u i r e d
16 Vus=Vu -Tc*b*d/10^3 // i n kN
17 // p r ov i d e 6 mm d ia s t i r r u p s
18 Sv =0.87* fy *2*0.785*6^2*d/Vus /10^3 // i n mm
19 Sv=171 // approx imate ly , i n mm
20 Svmin =2*0.785*6^2* fy/b/0.4 // i n mm
21 Svmin =118 // approx imate ly , i n mm
22 Sv=min(Sv,Svmin)// i n mm
23 mprintf(” Prov ide 6 mm d ia s t i r r u p s at %d mm c/ c as

sh e a r r e i n f o r c emen t ”,Sv)
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Chapter 18

Columns

Scilab code Exa 18.1 Design of Short Axially Loaded Column

1 Pu=3000 // i n kN
2 fck =20 // i n MPa
3 fy=415 // i n MPa
4 l=3 // unsupported l eng th , i n m
5 // assume 1% s t e e l
6 Ag=Pu *10^3/(0.4* fck *0.99+0.67* fy *0.01) // i n sq mm
7 L=sqrt(Ag)// assuming a squa r e column
8 L=530 // i n mm
9 Asc =0.01*L^2 // i n sq mm

10 emin=l*10^3/500+L/30 // i n mm
11 ep =0.05*L//>emin , hence OK
12 mprintf(”Column s i z e − %d x %d mm”,L,L)

Scilab code Exa 18.2 Design of Short Axially Loaded Column

1 Pu=1500 // i n kN
2 fck =15 // i n MPa
3 fy=250 // i n MPa
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4 l=2.75 // unsupported l eng th , i n m
5 // assume 1% s t e e l
6 Ag=Pu *10^3/(0.4* fck *0.99+0.67* fy *0.01) // i n sq mm
7 L1=225 // assuming a squa r e column
8 L2=Ag/L1 // i n mm
9 L2=880 // i n mm
10 Asc =0.01* L1*L2 // i n sq mm
11 e1=l*10^3/500+ L1/30 // i n mm
12 e2=l*10^3/500+ L2/30 // i n mm
13 ep1 =0.05* L1 //<e1
14 ep2 =0.05* L2 //>e2 , hence Ok
15 mprintf(”The column i s s a f e on l ong d imens ion s i d e

but not on s h o r t d imens ion s i d e . As such , the
column be checked f o r e c c e n t r i c i t y i n s h o r t
d i r e c t i o n . ”)

Scilab code Exa 18.3 Uniaxial Bending

1 b=225 // i n mm
2 D=500 // i n mm
3 c=45 // cover , i n mm
4 Asc =2463 // i n sq mm
5 Ast=Asc

6 fck =15 // i n MPa
7 fy=250 // i n MPa
8 fcc =0.446* fck // i n MPa
9 // ( i )

10 xu=1.1*D// i n mm
11 m=0.43*D// i n mm
12 esc1 =0.002*(xu -c)/(xu-m)

13 esc2 =0.002*(xu -D+c)/(xu-m)

14 //by i n t e r p o l a t i o n
15 fsc1 =217.5 // i n MPa
16 fsc2 =217.5* esc2 /0.0010875 // i n MPa
17 // s t r e s s b l o ck paramete r s f o r xu / D = 1 . 1
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18 n=0.384

19 l=0.443

20 A=n*fck*D// a r ea o f s t r e s s b l o ck
21 r=l*D// d i s t a n c e o f c . g . , i n mm
22 Pu=(A*b+Asc*(fsc1 -fcc)+Ast*fsc2)/10^3

23 Mu=(A*b*(D/2-r)+Asc*(fsc1 -fcc)*(D/2-c)-Ast*fsc2*(D

/2-c))/10^6

24 mprintf(” ( i ) For xu = 1 . 1 D\nP=%f kN\nMu=%f kN−m\n”,
Pu ,Mu)

25 // answer i n t ex tbook i s i n c o r r e c t
26 // ( i i )
27 xu=330 // i n mm
28 esc =0.0035*(xu-c)/xu

29 est =0.0035*(D-c-xu)/xu

30 //by i n t e r p o l a t i o n
31 fsc =217.5 // i n MPa
32 fst =217.5 // i n MPa
33 Pu =(0.36* fck*b*xu+Asc*(fsc -fcc)-Ast*fst)/10^3 // i n kN
34 Mu =(0.36* fck*b*xu*(D/2 -0.416*xu)+Asc*(fsc -fcc)*(D/2-

c)+Ast*fst*(D/2-c))/10^6 // i n kN−m
35 mprintf(” ( i i ) For xu = 330 mm\nP=%f kN\nMu=%f kN−m”,

Pu ,Mu)

Scilab code Exa 18.4 Uniaxial Bending

1 b=300 // i n mm
2 D=400 // i n mm
3 c=30 // cover , i n mm
4 Asc =452 // i n sq mm
5 Ast=Asc

6 fck =15 // i n MPa
7 fy=415 // i n MPa
8 fcc =0.446* fck // i n MPa
9 // ( i )

10 xu=1.4*D// i n mm
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11 m=0.43*D// i n mm
12 esc1 =0.002*(xu -c)/(xu-m)

13 esc2 =0.002*(xu -D+c)/(xu-m)

14 //by i n t e r p o l a t i o n
15 fsc1 =356.8 // i n MPa
16 fsc2 =238.68 // i n MPa
17 // s t r e s s b l o ck paramete r s f o r xu / D = 1 . 4
18 n=0.417

19 l=0.475

20 A=n*fck*D// a r ea o f s t r e s s b l o ck
21 r=l*D// d i s t a n c e o f c . g . , i n mm
22 Pu=(A*b+Asc*(fsc1 -fcc)+Ast*fsc2)/10^3 // i n kN
23 Mu=(A*b*(D/2-r)+Asc*(fsc1 -fcc)*(D/2-c)-Ast*fsc2*(D

/2-c))/10^6 // i n kN−m
24 mprintf(” ( i ) For xu = 1 . 4 D\nP=%f kN\nMu=%f kN−m\n”,

Pu ,Mu)

25 // ( i i )
26 xu=370 // i n mm
27 esc =0.0035*(xu-c)/xu

28 est =0.0035*(D-c-xu)/xu

29 //by i n t e r p o l a t i o n
30 fsc =355.8 // i n MPa
31 Pu =(0.36* fck*b*xu+Asc*(fsc -fcc))/10^3 // i n kN
32 Mu =(0.36* fck*b*xu*(D/2 -0.416*xu)+Asc*(fsc -fcc)*(D/2-

c))/10^6 // i n kN−m
33 mprintf(” ( i i ) For xu = 370 mm\nP=%f kN\nMu=%f kN−m”,

Pu ,Mu)

Scilab code Exa 18.5 Uniaxial Bending

1 b=225 // i n mm
2 D=500 // i n mm
3 c=50 // cover , i n mm
4 Asc =1520 // i n sq mm
5 Ast=Asc
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6 fck =20 // i n MPa
7 fy=500 // i n MPa
8 fcc =0.446* fck // i n MPa
9 // ( i )
10 xu=1.3*D// i n mm
11 m=0.43*D// i n mm
12 esc1 =0.002*(xu -c)/(xu-m)

13 esc2 =0.002*(xu -D+c)/(xu-m)

14 //by i n t e r p o l a t i o n
15 fsc1 =412.515 // i n MPa
16 fsc2 =183.794 // i n MPa
17 // s t r e s s b l o ck paramete r s f o r xu / D = 1 . 3
18 n=0.409

19 l=0.468

20 A=n*fck*D// a r ea o f s t r e s s b l o ck
21 r=l*D// d i s t a n c e o f c . g . , i n mm
22 Pu=(A*b+Asc*(fsc1 -fcc)+Ast*fsc2)/10^3 // i n kN
23 Mu=(A*b*(D/2-r)+Asc*(fsc1 -fcc)*(D/2-c)-Ast*fsc2*(D

/2-c))/10^6 // i n kN−m
24 mprintf(” ( i ) For xu = 1 . 3 D\nP=%f kN\nMu=%f kN−m\n”,

Pu ,Mu)

25 // ( i i )
26 xu=400 // i n mm
27 esc =0.0035*(xu-c)/xu

28 est =0.0035*(D-c-xu)/xu

29 //by i n t e r p o l a t i o n
30 fsc =422.11 // i n MPa
31 fst =87.45 // i n MPa
32 Pu =(0.36* fck*b*xu+Asc*(fsc -fcc)-Ast*fst)/10^3 // i n kN
33 Mu =(0.36* fck*b*xu*(D/2 -0.416*xu)+Asc*(fsc -fcc)*(D/2-

c)+Ast*fst*(D/2-c))/10^6 // i n kN−m
34 mprintf(” ( i i ) For xu = 400 mm\nP=%f kN\nMu=%f kN−m”,

Pu ,Mu)

35 // answer i n t ex tbook f o r Mu in ( i i ) i s i n c o r r e c t
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Figure 18.1: Interaction diagram
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Scilab code Exa 18.6 Interaction diagram

1 b=250 //width , i n mm
2 D=450 // depth , i n mm
3 c=50 // cover , i n mm
4 Asc =1472 // i n sq mm
5 Ast=Asc

6 fck =15 // i n MPa
7 fcc =0.446* fck // i n MPa
8 fy=250 // i n MPa
9 Es =2*10^5 // i n MPa

10 ey =0.87* fy/Es // s t r a i n i n mi ld s t e e l a t y i e l d po i n t
11 fs =0.87* fy // s t r e s s i n mi ld s t e e l a t y i e l d po int , i n

MPa
12

13 //xu=i n f i n i t y
14 Pu1 =(0.446* fck*(b*D-Asc -Ast)+(Asc+Ast)*fs)/10^3 // i n

kN
15 Mu1=0 // i n kN−m
16

17 //xu=1.5 D
18 xu=1.5*D// i n mm
19 m=0.43*D// i n mm
20 esc1 =0.002*(xu -c)/(xu-m)

21 if(esc1 <=ey)

22 fsc1=esc1/ey*fs

23 else

24 fsc1=fs

25 end

26 esc2 =0.002*(xu -D+c)/(xu-m)//>ey
27 if(esc2 <=ey)

28 fsc2=esc2/ey*fs

29 else

30 fsc2=fs
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31 end

32 // s t r e s s b l o ck paramete r s f o r xu / D = 1 . 5
33 n=0.422

34 l=0.48

35 A=n*fck*D// a r ea o f s t r e s s b l o ck
36 r=l*D// d i s t a n c e o f c . g .
37 Pu2=(A*b+Asc*fsc1+Ast*fsc2)/10^3 // i n kN
38 Mu2=(A*b*(D/2-r)+Asc*fsc1*(D/2-c)-Ast*fsc2*(D/2-c))

/10^6 // i n kN−m
39

40 //xu=1.3 D
41 xu=1.3*D// i n mm
42 m=0.43*D// i n mm
43 esc1 =0.002*(xu -c)/(xu-m)

44 if(esc1 <=ey)

45 fsc1=esc1/ey*fs

46 else

47 fsc1=fs

48 end

49 esc2 =0.002*(xu -D+c)/(xu-m)//>ey
50 if(esc2 <=ey)

51 fsc2=esc2/ey*fs

52 else

53 fsc2=fs

54 end

55 // s t r e s s b l o ck paramete r s f o r xu / D = 1 . 3
56 n=0.409

57 l=0.468

58 A=n*fck*D// a r ea o f s t r e s s b l o ck
59 r=l*D// d i s t a n c e o f c . g .
60 Pu3=(A*b+Asc*fsc1+Ast*fsc2)/10^3 // i n kN
61 Mu3=(A*b*(D/2-r)+Asc*fsc1*(D/2-c)-Ast*fsc2*(D/2-c))

/10^6 // i n kN−m
62

63 //xu=1.2 D
64 xu=1.2*D// i n mm
65 m=0.43*D// i n mm
66 esc1 =0.002*(xu -c)/(xu-m)
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67 if(esc1 <=ey)

68 fsc1=esc1/ey*fs

69 else

70 fsc1=fs

71 end

72 esc2 =0.002*(xu -D+c)/(xu-m)//>ey
73 if(esc2 <=ey)

74 fsc2=esc2/ey*fs

75 else

76 fsc2=fs

77 end

78 // s t r e s s b l o ck paramete r s f o r xu / D = 1 . 2
79 n=0.399

80 l=0.458

81 A=n*fck*D// a r ea o f s t r e s s b l o ck
82 r=l*D// d i s t a n c e o f c . g .
83 Pu4=(A*b+Asc*fsc1+Ast*fsc2)/10^3 // i n kN
84 Mu4=(A*b*(D/2-r)+Asc*fsc1*(D/2-c)-Ast*fsc2*(D/2-c))

/10^6 // i n kN−m
85

86 //xu=1.1 D
87 xu=1.1*D// i n mm
88 m=0.43*D// i n mm
89 esc1 =0.002*(xu -c)/(xu-m)

90 if(esc1 <=ey)

91 fsc1=esc1/ey*fs

92 else

93 fsc1=fs

94 end

95 esc2 =0.002*(xu -D+c)/(xu-m)//>ey
96 if(esc2 <=ey)

97 fsc2=esc2/ey*fs

98 else

99 fsc2=fs

100 end

101 // s t r e s s b l o ck paramete r s f o r xu / D = 1 . 1
102 n=0.384

103 l=0.443
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104 A=n*fck*D// a r ea o f s t r e s s b l o ck
105 r=l*D// d i s t a n c e o f c . g .
106 Pu5=(A*b+Asc*fsc1+Ast*fsc2)/10^3 // i n kN
107 Mu5=(A*b*(D/2-r)+Asc*fsc1*(D/2-c)-Ast*fsc2*(D/2-c))

/10^6 // i n kN−m
108

109 //xu = D
110 xu=D// i n mm
111 m=0.43*D// i n mm
112 esc1 =0.002*(xu -c)/(xu-m)

113 if(esc1 <=ey)

114 fsc1=esc1/ey*fs

115 else

116 fsc1=fs

117 end

118 esc2 =0.002*(xu -D+c)/(xu-m)//>ey
119 if(esc2 <=ey)

120 fsc2=esc2/ey*fs

121 else

122 fsc2=fs

123 end

124 // s t r e s s b l o ck paramete r s f o r xu / D = 1
125 n=0.361

126 l=0.416

127 A=n*fck*D// a r ea o f s t r e s s b l o ck
128 r=l*D// d i s t a n c e o f c . g .
129 Pu6=(A*b+Asc*fsc1+Ast*fsc2)/10^3 // i n kN
130 Mu6=(A*b*(D/2-r)+Asc*fsc1*(D/2-c)-Ast*fsc2*(D/2-c))

/10^6 // i n kN−m
131

132 //xu=400 mm
133 xu=400 // i n mm
134 esc =0.0035*(xu-c)/xu

135 if(esc <=ey)

136 fsc=esc/ey*fs

137 else

138 fsc=fs

139 end
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140 est =0.0035*(D-xu -c)/xu

141 if(est <=ey)

142 fst=est/ey*fs

143 else

144 fst=fs

145 end

146 Pu7 =(0.36* fck*b*xu+Asc*fsc -Ast*fst)/10^3

147 Mu7 =(0.36* fck*b*xu*(D/2 -0.416*xu)+Asc*fsc*(D/2-c)+

Ast*fst*(D/2-c))/10^6

148

149 //xu=375 mm
150 xu=375 // i n mm
151 esc =0.0035*(xu-c)/xu

152 if(esc <=ey)

153 fsc=esc/ey*fs

154 else

155 fsc=fs

156 end

157 est =0.0035*(D-xu -c)/xu

158 if(est <=ey)

159 fst=est/ey*fs

160 else

161 fst=fs

162 end

163 Pu8 =(0.36* fck*b*xu+Asc*fsc -Ast*fst)/10^3

164 Mu8 =(0.36* fck*b*xu*(D/2 -0.416*xu)+Asc*fsc*(D/2-c)+

Ast*fst*(D/2-c))/10^6

165

166 //xu=350 mm
167 xu=350 // i n mm
168 esc =0.0035*(xu-c)/xu

169 if(esc <=ey)

170 fsc=esc/ey*fs

171 else

172 fsc=fs

173 end

174 est =0.0035*(D-xu -c)/xu

175 if(est <=ey)
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176 fst=est/ey*fs

177 else

178 fst=fs

179 end

180 Pu9 =(0.36* fck*b*xu+Asc*fsc -Ast*fst)/10^3

181 Mu9 =(0.36* fck*b*xu*(D/2 -0.416*xu)+Asc*fsc*(D/2-c)+

Ast*fst*(D/2-c))/10^6

182

183 //xu=325 mm
184 xu=325 // i n mm
185 esc =0.0035*(xu-c)/xu

186 if(esc <=ey)

187 fsc=esc/ey*fs

188 else

189 fsc=fs

190 end

191 est =0.0035*(D-xu -c)/xu

192 if(est <=ey)

193 fst=est/ey*fs

194 else

195 fst=fs

196 end

197 Pu10 =(0.36* fck*b*xu+Asc*fsc -Ast*fst)/10^3

198 Mu10 =(0.36* fck*b*xu*(D/2 -0.416*xu)+Asc*fsc*(D/2-c)+

Ast*fst*(D/2-c))/10^6

199

200 //xu=300 mm
201 xu=300 // i n mm
202 esc =0.0035*(xu-c)/xu

203 if(esc <=ey)

204 fsc=esc/ey*fs

205 else

206 fsc=fs

207 end

208 est =0.0035*(D-xu -c)/xu

209 if(est <=ey)

210 fst=est/ey*fs

211 else
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212 fst=fs

213 end

214 Pu11 =(0.36* fck*b*xu+Asc*fsc -Ast*fst)/10^3

215 Mu11 =(0.36* fck*b*xu*(D/2 -0.416*xu)+Asc*fsc*(D/2-c)+

Ast*fst*(D/2-c))/10^6

216

217 //xu=275 mm
218 xu=275 // i n mm
219 esc =0.0035*(xu-c)/xu

220 if(esc <=ey)

221 fsc=esc/ey*fs

222 else

223 fsc=fs

224 end

225 est =0.0035*(D-xu -c)/xu

226 if(est <=ey)

227 fst=est/ey*fs

228 else

229 fst=fs

230 end

231 Pu12 =(0.36* fck*b*xu+Asc*fsc -Ast*fst)/10^3

232 Mu12 =(0.36* fck*b*xu*(D/2 -0.416*xu)+Asc*fsc*(D/2-c)+

Ast*fst*(D/2-c))/10^6

233

234 //xu=250 mm
235 xu=250 // i n mm
236 esc =0.0035*(xu-c)/xu

237 if(esc <=ey)

238 fsc=esc/ey*fs

239 else

240 fsc=fs

241 end

242 est =0.0035*(D-xu -c)/xu

243 if(est <=ey)

244 fst=est/ey*fs

245 else

246 fst=fs

247 end
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248 Pu13 =(0.36* fck*b*xu+Asc*fsc -Ast*fst)/10^3

249 Mu13 =(0.36* fck*b*xu*(D/2 -0.416*xu)+Asc*fsc*(D/2-c)+

Ast*fst*(D/2-c))/10^6

250

251 //xu=225 mm
252 xu=225 // i n mm
253 esc =0.0035*(xu-c)/xu

254 if(esc <=ey)

255 fsc=esc/ey*fs

256 else

257 fsc=fs

258 end

259 est =0.0035*(D-xu -c)/xu

260 if(est <=ey)

261 fst=est/ey*fs

262 else

263 fst=fs

264 end

265 Pu14 =(0.36* fck*b*xu+Asc*fsc -Ast*fst)/10^3

266 Mu14 =(0.36* fck*b*xu*(D/2 -0.416*xu)+Asc*fsc*(D/2-c)+

Ast*fst*(D/2-c))/10^6

267

268 //xu=200 mm
269 xu=200 // i n mm
270 esc =0.0035*(xu-c)/xu

271 if(esc <=ey)

272 fsc=esc/ey*fs

273 else

274 fsc=fs

275 end

276 est =0.0035*(D-xu -c)/xu

277 if(est <=ey)

278 fst=est/ey*fs

279 else

280 fst=fs

281 end

282 Pu15 =(0.36* fck*b*xu+Asc*fsc -Ast*fst)/10^3

283 Mu15 =(0.36* fck*b*xu*(D/2 -0.416*xu)+Asc*fsc*(D/2-c)+
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Ast*fst*(D/2-c))/10^6

284

285 //xu=150 mm
286 xu=150 // i n mm
287 esc =0.0035*(xu-c)/xu

288 if(esc <=ey)

289 fsc=esc/ey*fs

290 else

291 fsc=fs

292 end

293 est =0.0035*(D-xu -c)/xu

294 if(est <=ey)

295 fst=est/ey*fs

296 else

297 fst=fs

298 end

299 Pu16 =(0.36* fck*b*xu+Asc*fsc -Ast*fst)/10^3

300 Mu16 =(0.36* fck*b*xu*(D/2 -0.416*xu)+Asc*fsc*(D/2-c)+

Ast*fst*(D/2-c))/10^6

301

302 //xu=100 mm
303 xu=100 // i n mm
304 esc =0.0035*(xu-c)/xu

305 if(esc <=ey)

306 fsc=esc/ey*fs

307 else

308 fsc=fs

309 end

310 est =0.0035*(D-xu -c)/xu

311 if(est <=ey)

312 fst=est/ey*fs

313 else

314 fst=fs

315 end

316 Pu17 =(0.36* fck*b*xu+Asc*fsc -Ast*fst)/10^3

317 Mu17 =(0.36* fck*b*xu*(D/2 -0.416*xu)+Asc*fsc*(D/2-c)+

Ast*fst*(D/2-c))/10^6

318
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319 //xu=0.531 d
320 d=D-c

321 xu =0.531*d

322 Pu18=0 // i n kN
323 Mu18 =0.149* fck*b*d^2/10^6 // i n kN−m
324

325 Pu=[Pu1 Pu2 Pu3 Pu4 Pu5 Pu6 Pu7 Pu8 Pu9 Pu10 Pu11

Pu12 Pu13 Pu14 Pu15 Pu16 Pu17 Pu18]

326 Mu=[Mu1 Mu2 Mu3 Mu4 Mu5 Mu6 Mu7 Mu8 Mu9 Mu10 Mu11

Mu12 Mu13 Mu14 Mu15 Mu16 Mu17 Mu18]

327 xtitle( ’P−M In t e r a c t i o n Diagram ’ , ’Mu (kN−m) ’ , ’Pu (
kN) ’ )

328 plot(Mu,Pu)

Scilab code Exa 18.8 Biaxial Bending

1 b=250 // column width i n mm
2 D=450 // column depth i n mm
3 Asc =2*1472 // i n sq mm
4 fck =15 // i n MPa
5 fy=250 // i n MPa
6 ex=200 // i n mm
7 ey=150 // i n mm
8 // from i n t e r a c t i o n curve
9 // f o r ex=200 mm on x−a x i s
10 Pum1 =610 // i n kN
11 Muy1 =120 // i n kN−m
12 // f o r ey=150 mm on y−a x i s
13 Pum2 =720 // i n kN
14 Mux1 =106 // i n kN−m
15 // ( i )
16 Pu=300 // i n kN
17 Mux=Pu*ey /10^3 // i n kN−m
18 Muy=Pu*ex /10^3 // i n kN−m
19 Puz =(0.45* fck*(b*D-Asc)+0.75* fy*Asc)/10^3 // i n kN
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20 a=Pu/Puz

21 an =1+1/0.6*(a-0.2)

22 b=(Mux/Mux1)^an+(Muy/Muy1)^an //<1
23 mprintf(”The column can take a l oad o f 300 kN with

ex=200 mm and ey=150 mm\n”)
24 // ( i i )
25 Pu=500 // i n kN
26 Mux=Pu*ey /10^3 // i n kN−m
27 Muy=Pu*ex /10^3 // i n kN−m
28 a=Pu/Puz

29 an =1+1/0.6*(a-0.2)

30 b=(Mux/Mux1)^an+(Muy/Muy1)^an //>1
31 mprintf(”The s e c t i o n i s not s u i t a b l e f o r a l oad o f

500 kN with ex=200 mm and ey=150 mm\n”)

Scilab code Exa 18.9 Biaxial Bending

1 b=250 // column width , i n mm
2 D=500 // column depth , i n mm
3 lex=4 // i n m
4 ley=4 // i n m
5 Pu=300 // i n kN
6 Asc =1472 // i n sq mm
7 Ast =1472 // i n sq mm
8 fck =15 // i n MPa
9 fy=250 // i n MPa
10 c=50 // cover , i n mm
11 Max=Pu *10^3*D/2000*( lex/(D/10^3))^2/10^6 // i n kN−m
12 May=Pu *10^3*b/2000*( ley/(b/10^3))^2/10^6 // i n kN−m
13 Puz =(0.45* fck*(b*D-(Asc+Ast))+0.75* fy*(Asc+Ast))

/10^3 // i n kN
14 // to f i n d Pb
15 xu=(D-c)/(1+0.002/0.0035) // i n mm
16 fsc =217.5 // i n MPa
17 fst =217.5 // i n MPa
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18 Pb =(0.36* fck*b*xu+fsc*Asc -fst*Ast)/10^3 // i n kN
19 k=(Puz -Pu)/(Puz -Pb)//>1
20 k=1

21 Max=k*Max // i n kN−m
22 May=k*May // i n kN−m
23 mprintf(” Add i t i o n a l Moments a r e : \nMax=%f kN/m\nMay=

%f kN−m”, Max ,May)
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Chapter 19

Designs by Limit State Method

Scilab code Exa 19.1 Design of One Way Slab

1 fck =15 // i n MPa
2 fy=250 // i n MPa
3 l=4 // span , i n m
4 MF=1.6

5 a=MF*20

6 D=l*10^3/a// i n mm
7 W1=(D/10^3) *25 // s e l f −weight , i n kN/m
8 W2=1 // f l o o r f i n i s h , i n kN/m
9 W3=2 // l i v e load , i n kN/m

10 W=W1+W2+W3 // i n kN/m
11 Wu=1.5*W// i n kN/m
12 lef =4.125 // i n m
13 Mu=Wu*lef ^2/8 // i n kN−m
14 d=sqrt(Mu *10^6/0.149/ fck /10^3) // i n mm
15 dia =12 // assume 12 mm d ia ba r s
16 D=d+dia /2+15 //<125 mm ( assumed va lu e ) , hence OK
17 D=125 // i n mm
18 d=D-dia/2-15 // i n mm
19 // s t e e l
20 //Xu=0.87∗ f y ∗Ast /0 . 3 6/ f c k /b = a∗Ast
21 a=0.87* fy /0.36/ fck /10^3
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22 // u s i n g Mu=0.87 f y Ast ( d−0.416 Xu) , we ge t a
qu ad r a t i c e qua t i on

23 p=0.87* fy *0.416*a

24 q= -0.87*fy*d

25 r=Mu*10^6

26 Ast=(-q-sqrt(q^2-4*p*r))/2/p// i n sq mm
27 s1 =1000*0.785* dia^2/ Ast // i n mm
28 s1=105 // i n mm
29 pt =1000*0.785* dia^2/s1 /10^3/d*100 // i n %
30 Ads =0.15/100*10^3*D// i n sq mm
31 // p r ov i d e 8 mm d ia ba r s
32 s2 =1000*0.785*8^2/ Ads // i n mm
33 s2=265 // i n mm
34 Vu=Wu*lef/2 // i n kN
35 Tv=Vu *10^3/10^3/d// i n MPa
36 // f o r M15 and pt=1
37 Tc=0.6 // i n MPa
38 // f o r s o l i d s l a b s
39 Tc=1.3*Tc // i n MPa
40 // as Tc>Tv , no sh ea r r e i n f o r c emen t r e q u i r e d
41 mprintf(”Summary o f d e s i g n : \ nSlab t h i c k n e s s= %d mm\

nCover = 15 mm\nMain s t e e l = 12 mm d ia @ %d mm c/
c\ nD i s t r i b u t i o n s t e e l = 8 mm dia @ %d mm c/ c ”,D,
s1 ,s2)

Scilab code Exa 19.3 Design of One Way Slab

1 fck =15 // i n MPa
2 fy=415 // i n MPa
3 l=4.5 // span , i n m
4 MF=1.4

5 a=MF*20

6 D=l*10^3/a// i n mm
7 D=160 // i n mm
8 W1=(D/10^3) *25 // s e l f −weight , i n kN/m
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9 W2=1 // f l o o r f i n i s h , i n kN/m
10 W3=1 // p a r t i t i o n s , i n kN/m
11 W4=4 // l i v e load , i n kN/m
12 W=W1+W2+W3+W4 // i n kN/m
13 Wu=1.5*W// i n kN/m
14 lef=l+0.16 // i n m
15 Mu=Wu*lef ^2/8 // i n kN−m
16 d=sqrt(Mu *10^6/0.138/ fck /10^3) // i n mm
17 dia =12 // assume 12 mm d ia ba r s
18 D=d+dia /2+15 //=160 mm( assumed va lu e ) , app rox imate l y
19 D=160 // i n mm
20 d=140 // i n mm
21 // s t e e l
22 //Xu=0.87∗ f y ∗Ast /0 . 3 6/ f c k /b = a∗Ast
23 a=0.87* fy /0.36/ fck /10^3

24 // u s i n g Mu=0.87 f y Ast ( d−0.416 Xu) , we ge t a
qu ad r a t i c e qua t i on

25 p=0.87* fy *0.416*a

26 q= -0.87*fy*d

27 r=Mu*10^6

28 Ast=(-q-sqrt(q^2-4*p*r))/2/p// i n sq mm
29 s1 =1000*0.785* dia^2/ Ast // i n mm
30 s1=112 // i n mm
31 pt=Ast /10^3/d*100 // i n %
32 Ads =0.12/100*10^3*D// i n sq mm
33 // p r ov i d e 8 mm d ia ba r s
34 s2 =1000*0.785*8^2/ Ads // i n mm
35 s2=260 // i n mm
36 Vu=Wu*lef/2 // i n kN
37 Tv=Vu *10^3/10^3/d// i n MPa
38 // f o r M15 and pt =0.718
39 Tc=0.53 // i n MPa
40 // f o r s o l i d s l a b s
41 Tc =1.25* Tc // i n MPa
42 // as Tc>Tv , no sh ea r r e i n f o r c emen t r e q u i r e d
43 mprintf(”Summary o f d e s i g n : \ nSlab t h i c k n e s s= %d mm\

nCover = 15 mm\nMain s t e e l = 12 mm d ia @ %d mm c/
c\ nD i s t r i b u t i o n s t e e l = 8 mm dia @ %d mm c/ c ”,D,
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s1 ,s2)

Scilab code Exa 19.4 Design of Chajja

1 fck =15 // i n MPa
2 fy=415 // i n MPa
3 MF=1.4 // mod i f i c a t i o n f a c t o r
4 // l e t a be span to depth r a t i o
5 l=1 // span , i n m
6 a=MF*7

7 D=l*1000/a// i n mm
8 D=105 // assume , i n mm
9 // to c a l c u l a t e l o a d i n g

10 W1=25*(D/10^3) *1.5 // s e l f −weight , i n kN/m
11 W2 =0.5*1.5 // f i n i s h , i n kN/m
12 W3 =0.75*1.5 // l i v e load , i n kN/m
13 W=W1+W2+W3 // i n kN/m
14 Wu=1.5*W// i n kN/m
15 lef=l+0.23/2 // e f f e c t i v e span , i n m
16 Mu=Wu*lef/2 // i n kN−m
17 // check f o r depth
18 d=sqrt(Mu *10^6/(0.138* fck *1500))// i n mm
19 dia =12 // assume 12 mm d ia ba r s
20 D=d+12/2+15 // <105 , hence OK
21 D=100 // assume , i n mm
22 d=D-dia/2-15 // i n mm
23 // s t e e l
24 //Xu=0.87∗ f y ∗Ast /0 . 3 6/ f c k /b = a∗Ast
25 a=0.87* fy /0.36/ fck /1.5/10^3

26 // u s i n g Mu=0.87 f y Ast ( d−0.416 Xu) , we ge t a
qu ad r a t i c e qua t i on

27 p=0.87* fy *0.416*a

28 q= -0.87*fy*d

29 r=Mu*10^6

30 Ast=(-q-sqrt(q^2-4*p*r))/2/p// i n sq mm
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31 // p r ov i d e 8 mm d ia ba r s
32 dia=8 // i n mm
33 s1 =1500*0.785* dia^2/ Ast //>3d=3x79=237 mm
34 s1=235 // i n mm
35 Ads =0.12/100*1000*D// d i s t r i b u t i o n s t e e l , i n sq mm
36 // assume 6 mm dia ba r s
37 s2 =1000*0.785*6^2/ Ads // i n mm
38 s2=235 // round−o f f , i n mm
39 Tbd =1.6 // i n MPa
40 Ld=dia *0.87* fy/4/Tbd // i n mm
41 Ld=452 // i n mm
42 Tv=Wu *10^3/1500/d// i n MPa
43 Ast =1500*0.785*8^2/235 // i n sq mm
44 pt=Ast /1500/d*100 // i n %
45 // f o r M15 and pt =0.26
46 Tc=0.35 // i n MPa
47 // as Tc>Tv , no sh ea r r e i n f o r c emen t r e q u i r e d
48 mprintf(”Summary o f d e s i g n \ nThicknes s o f s l a b = %d

mm\nCover = 15 mm\nMain s t e e l = 8 mm dia @ %d mm
c/ c \nDevelopment l e n g t h = %d mm\ nD i s t r i b u t i o n
s t e e l = 6 mm dia @ %d mm c/ c ”,D,s1,Ld,s2)

Scilab code Exa 19.5 Design of Two Way Slab

1 lx=3.5 // i n m
2 ly=4 // i n m
3 fck =15 // i n MPa
4 fy=250 // i n MPa
5 D=lx *10^3/35 // i n mm
6 W1=(D/10^3) *25 // s e l f −weight , i n kN/m
7 W2=1.5 // l i v e load , i n kN/m
8 W=W1+W2 // i n kN/m
9 Wu=1.5*W// i n kN/m

10 a=ly/lx

11 Ax =0.078
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12 Ay =0.0602

13 Mx=Ax*Wu*lx^2 // i n kN−m
14 My=Ay*Wu*lx^2 // i n kN−m
15 d=sqrt(Mx *10^6/0.149/ fck /10^3) // i n mm
16 d=51 // round−o f f , i n mm
17 // assume 10 mm d ia ba r s
18 dia =10 // i n mm
19 D=d+dia /2+15 //<100 mm assumed va lu e
20 D=100 // i n mm
21 d=D-dia/2-15 // i n mm
22 // s t e e l − s h o r t span
23 //Xu=0.87∗ f y ∗Ast /0 . 3 6/ f c k /b = a∗Ast
24 a=0.87* fy /0.36/ fck /10^3

25 // u s i n g Mu=0.87 f y Ast ( d−0.416 Xu) , we ge t a
qu ad r a t i c e qua t i on

26 p=0.87* fy *0.416*a

27 q= -0.87*fy*d

28 r=Mx*10^6

29 Ast=(-q-sqrt(q^2-4*p*r))/2/p// i n sq mm
30 s1 =1000*0.785* dia^2/ Ast // i n mm
31 s1=220 // round−o f f , i n mm
32 // l ong span
33 d=d-dia/2-dia/2 // i n mm
34 //Xu=0.87∗ f y ∗Ast /0 . 3 6/ f c k /b = a∗Ast
35 a=0.87* fy /0.36/ fck /10^3

36 // u s i n g Mu=0.87 f y Ast ( d−0.416 Xu) , we ge t a
qu ad r a t i c e qua t i on

37 p=0.87* fy *0.416*a

38 q= -0.87*fy*d

39 r=My*10^6

40 Ast=(-q-sqrt(q^2-4*p*r))/2/p// i n sq mm
41 s2 =1000*0.785* dia^2/ Ast // i n mm
42 s2=250 // round−o f f , i n mm
43 mprintf(”Summary o f d e s i g n \ nSlab t h i c k n e s s=%d mm\

nCover=15 mm\ nSt e e l −\n ( i ) Shor t span = 10 mm dia @
%d mm c/ c\n ( i i ) Long span = 10 mm dia @ %d mm c/ c

”,D,s1,s2)
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Scilab code Exa 19.6 Design of Rectangular Beam

1 b=225 // width i n mm
2 D=300 // depth i n mm
3 fck =15 // i n MPa
4 fy=415 // i n MPa
5 l=4.2 // span , i n m
6 W1=(b/10^3) *(D/10^3) *25 // s e l f −weight , i n kN/m
7 W2=6 // l i v e load , i n kN/m
8 W=W1+W2 // i n kN/m
9 Wu=1.5*W// i n kN/m

10 Mu=Wu*l^2/8 // i n kN−m
11 d=270 // assume , i n mm
12 Mulim =0.138* fck*b*d^2/10^6 // i n kN−m
13 // as Mulim > Mu, i t w i l l be a s i n g l y r e i n f o r c e d beam
14 //Xu=0.87∗ f y ∗Ast /0 . 3 6/ f c k /b = a∗Ast
15 a=0.87* fy /0.36/ fck/b

16 // u s i n g Mu=0.87 f y Ast ( d−0.416 Xu) , we ge t a
qu ad r a t i c e qua t i on

17 p=0.87* fy *0.416*a

18 q= -0.87*fy*d

19 r=Mu*10^6

20 Ast=(-q-sqrt(q^2-4*p*r))/2/p// i n sq mm
21 // p r ov i d e 12 mm dia ba r s
22 n=Ast /0.785/12^2

23 n=3 // assume
24 Ast=n*0.785*12^2 // i n sq mm
25 Vu=Wu*l/2 // i n kN
26 Tv=Vu *10^3/b/d// i n MPa
27 pt=Ast/b/d*100 // pt =0.56
28 // f o r M15 and pt =0.56
29 Tc=0.46 // i n MPa
30 // as Tc>Tv , no sh ea r r e i n f o r c emen t r e q u i r e d
31 // p r ov i d e nominal s t i r r u p s and p r ov i d e 6 mm s t i r r u p s
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32 Asv =2*0.785*6^2 // i n sq mm
33 Sv=Asv*fy/0.4/b// i n mm
34 Sv=260 // assume , i n mm
35 Svmax =0.75*d// i n mm
36 Svmax =200 // round−o f f , i n mm
37 Sv=min(Sv,Svmax)// i n mm
38 mprintf(”Summary o f d e s i g n : \ nBeam s i z e − %d x %d mm\

nCover − 25 mm\ nS t e e l − %d−12 mm dia ba r s \
nS t i r r u p s − 6 mm dia @ %d mm c/ c ”,b,D,n,Sv)

39 // d e f l e c t i o n check
40 Ec =5700* sqrt(fck)// i n MPa
41 Es =2*10^5 // i n MPa
42 m=Es/Ec

43 fcr =0.7* sqrt(fck)// i n MPa
44 // u s i n g b x x/2 = m Ast (d−x ) , we ge t a quad r a t i c

e qua t i on
45 // s o l v i n g the qu ad r a t i c e qua t i on
46 p=b/2

47 q=m*Ast

48 r=-m*Ast*d

49 x=(-q+sqrt(q^2-4*p*r))/2/p// i n mm
50 z=d-x/3 // i n mm
51 Ir=b*x^3/12+b*x*(x/2) ^2+m*Ast*(d-x)^2 // i n mmˆ4
52 Igr=b*D^3/12 // i n mmˆ4
53 yt=D/2 // i n mm
54 Mr=fcr*Igr/yt // i n N−mm
55 M=W*l^2/8*10^6 // i n N−mm
56 Ieff=Ir/(1.2-Mr/M*z/d*(1-x/d)*b/b)// i n mmˆ4
57 // I r< I e f f <Ig r , hence OK
58 W1=W*l// i n kN
59 u1 =5/384*( W1 *10^3) *(l*10^3) ^3/Ec/Ieff // shor t−term

d e f l e c t i o n , i n mm
60 // long−term d e f l e c t i o n
61 // ( i ) d e f l e c t i o n due to s h r i n k a g e
62 k3 =0.125 // f o r s imp ly suppor t ed beam
63 pt=0.56 // i n %
64 pc=0 // i n %
65 k4 =0.72*(pt -pc)/sqrt(pt)
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66 phi=k4 *0.0003/D

67 u2=k3*phi*(l*10^3) ^2 // i n mm
68 // ( i i ) d e f l e c t i o n due to c r e ep
69 Ecc=Ec /(1+1.6) // i n MPa
70 // assuming a permanent l oad o f 60%
71 W2=0.6*W*l// i n kN
72 u3 =5/384*( W2 *10^3) *(l*10^3) ^3/ Ecc/Ieff // i n mm
73 u4 =5/384*( W2 *10^3) *(l*10^3) ^3/Ec/Ieff // i n mm
74 u5=u3-u4 // i n mm
75 u=u1+u2+u5 // t o t a l d e f l e c t i o n , i n mm
76 v1=l*10^3/250 // p e rm i s s i b l e d e f l e c t i o n , i n mm
77 v2=l*10^3/350 // i n mm
78 // assuming h a l f the s h r i n k a g e s t r a i n o c cu r s w i th i n

the f i r s t 28 days , the d e f l e c t i o n o c c u r r i n g a f t e r
t h i s t ime

79 v3=u2/2+u5 //< p e rm i s s i b l e va lue , hence OK

Scilab code Exa 19.7 Design of Rectangular Beam

1 l=7 // span , i n m
2 fck =15 // i n MPa
3 fy=250 // i n MPa
4 b=300 // assume , i n mm
5 W=35 // l i v e load , i n kN/m
6 Wu=1.5*W// i n kN/m
7 Mu=Wu*l^2/8 // i n kN−m
8 d=(Mu *10^6/0.149/ fck/b)^0.5 // i n mm
9 d=1.1*d// i n c r e a s e depth by 10% f o r s e l f −weight

10 d=750 // assume , i n mm
11 c=50 // cover , i n mm
12 D=d+c// i n mm
13 W1=(b/10^3) *(D/10^3) *25 // s e l f −weight , i n kN/m
14 W2=35 // l i v e load , i n kN/m
15 W=W1+W2 // i n kN/m
16 Wu=1.5*W// i n kN/m
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17 Mu=Wu*l^2/8 // i n kN−m
18 d=(Mu *10^6/0.149/ fck/b)^0.5 //<750 mm, hence OK
19 d=750 // i n mm
20 // s t e e l
21 //Xu=0.87∗ f y ∗Ast /0 . 3 6/ f c k /b = a∗Ast
22 a=0.87* fy /0.36/ fck/b

23 // u s i n g Mu=0.87 f y Ast ( d−0.416 Xu) , we ge t a
qu ad r a t i c e qua t i on

24 p=0.87* fy *0.416*a

25 q= -0.87*fy*d

26 r=Mu*10^6

27 Ast=(-q-sqrt(q^2-4*p*r))/2/p// i n sq mm
28 // p r ov i d e 20 mm dia ba r s
29 n=Ast /0.785/20^2

30 // p r ov i d e 8−20 mm + 2−18 mm d ia ba r s
31 Ast =8*0.785*20^2+2*0.785*18^2 // i n sq mm
32 pt=Ast/b/d*100 // pt =1.34
33 Vu=Wu*l/2 // i n kN
34 Tv=Vu *10^3/b/d// i n MPa
35 // f o r M15 and pt =1.34
36 Tc=0.65 // i n MPa
37 // as Tv>Tc , sh e a r r e i n f o r c emen t r e q u i r e d
38 // p r ov i d e 6 mm s t i r r u p s
39 Vus=Vu -Tc*b*d/10^3 // i n kN
40 Asv =2*0.785*6^2 // i n sq mm
41 Sv=Asv *0.87* fy*d/Vus /10^3 // i n mm
42 Sv=130 // assume , i n mm
43 Svmin=Asv*fy /0.4/b// i n mm
44 Svmin =115 // assume , i n mm
45 Sv=min(Sv,Svmin)// i n mm
46 mprintf(”Summary o f d e s i g n : \ nBeam s i z e − %d x %d mm\

nCover − 50 mm\ nS t e e l − 8−20 mm + 2−18 mm d ia
ba r s \ nS t i r r u p s − 6 mm dia @ %d mm c/ c ”,b,D,Sv)

47 // d e f l e c t i o n check
48 Ec =5700* sqrt(fck)// i n MPa
49 Es =2*10^5 // i n MPa
50 m=Es/Ec

51 fcr =0.7* sqrt(fck)// i n MPa
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52 // u s i n g b x x/2 = m Ast (d−x ) , we ge t a quad r a t i c
e qua t i on

53 // s o l v i n g the qu ad r a t i c e qua t i on
54 p=b/2

55 q=m*Ast

56 r=-m*Ast*d

57 x=(-q+sqrt(q^2-4*p*r))/2/p// i n mm
58 x=290 // assume , i n mm
59 z=d-x/3 // i n mm
60 Ir=b*x^3/12+b*x*(x/2) ^2+m*Ast*(d-x)^2 // i n mmˆ4
61 Igr=b*D^3/12 // i n mmˆ4
62 yt=D/2 // i n mm
63 Mr=fcr*Igr/yt // i n N−mm
64 M=W*l^2/8*10^6 // i n N−mm
65 Ieff=Ir/(1.2-Mr/M*z/d*(1-x/d)*b/b)// i n mmˆ4
66 // I r> I e f f
67 Ieff=Ir // i n mmˆ4
68 W1=W*l// i n kN
69 u1 =5/384*( W1 *10^3) *(l*10^3) ^3/Ec/Ieff // shor t−term

d e f l e c t i o n , i n mm
70 // long−term d e f l e c t i o n
71 // ( i ) d e f l e c t i o n due to s h r i n k a g e
72 k3 =0.125 // f o r s imp ly suppor t ed beam
73 pt=1.34 // i n %
74 pc=0 // i n %
75 k4 =0.65*(pt -pc)/sqrt(pt)

76 phi=k4 *0.0003/D

77 u2=k3*phi*(l*10^3) ^2 // i n mm
78 // ( i i ) d e f l e c t i o n due to c r e ep
79 Ecc=Ec /(1+1.6) // i n MPa
80 // assuming a permanent l oad o f 60%
81 W2=0.6*W*l// i n kN
82 u3 =5/384*( W2 *10^3) *(l*10^3) ^3/ Ecc/Ieff // i n mm
83 u4 =5/384*( W2 *10^3) *(l*10^3) ^3/Ec/Ieff // i n mm
84 u5=u3-u4 // i n mm
85 u=u1+u2+u5 // t o t a l d e f l e c t i o n , i n mm
86 v1=l*10^3/250 // p e rm i s s i b l e d e f l e c t i o n , i n mm
87 v2=l*10^3/350 // i n mm
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88 // assuming h a l f the s h r i n k a g e s t r a i n o c cu r s w i th i n
the f i r s t 28 days , the d e f l e c t i o n o c c u r r i n g a f t e r
t h i s t ime

89 v3=u2/2+u5 //< p e rm i s s i b l e va lue , hence OK

Scilab code Exa 19.8 Design of T beam

1 l=10 // span , i n m
2 fck =15 // i n MPa
3 fy=250 // i n MPa
4 Df=100 // s l a b t h i c k n e s s , i n mm
5 D=l*10^3/15 // depth o f beam , i n mm
6 D=600 // assume , i n mm
7 d=D-50 // cove r=50 mm
8 bw=300 //beam width , i n mm
9 bf=l*10^3/6+ bw+6*Df //>2500 mm c/ c d i s t a n c e o f beams

10 bf=2500 // i n mm
11 W1=(bw /10^3) *(D-Df)/10^3*25 //web , i n kN/m
12 W2=(Df /10^3) *(bf /10^3) *25 // s l ab , i n kN/m
13 W3=(bf /10^3) *5 // imposed load , i n kN/m
14 W=W1+W2+W3 // i n kN/m
15 Wu=1.5*W// i n kN/m
16 Mu=Wu*l^2/8 // i n kN−m
17 Vu=Wu*l/2 // i n kN
18 Asf =0.36* fck*bf*Df /0.87/ fy // s t e e l r e q u i r e d on ly f o r

f l a n g e , i n sq mm
19 Asf =6210 // round−o f f , i n sq mm
20 // v e r i f i c a t i o n o f t r i a l s e c t i o n
21 xu=100 // assume , i n mm
22 Ast=Asf // i n sq mm
23 Mulim =0.87* fy*Ast*(d -0.416* xu)/10^6 // i n kN−m
24 //Mulim > Mu, hence OK
25 // ke ep ing the assumed t r i a l s e c t i o n , work out the

s t e e l r e q u i r e d
26 //Xu=0.87∗ f y ∗Ast /0 . 3 6/ f c k /b = a∗Ast
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27 a=0.87* fy /0.36/ fck/bf

28 // u s i n g Mu=0.87 f y Ast ( d−0.416 Xu) , we ge t a
qu ad r a t i c e qua t i on

29 p=0.87* fy *0.416*a

30 q= -0.87*fy*d

31 r=Mu*10^6

32 Ast=(-q-sqrt(q^2-4*p*r))/2/p// i n sq mm
33 // p r ov i d e 5−25 mm d ia + 3−22 mm d ia ba r s
34 pt=Ast *100/( bw*d+(bf-bw)*Df)// pt=1%, approx imate l y
35 // check f o r s h e a r
36 Tv=Vu *10^3/ bw/d// i n MPa
37 // f o r M15 grade c o n c r e t e and pt=1%
38 Tc=0.6 // i n MPa
39 // as Tv > Tc , sh e a r r e i n f o r c emen t r e q u i r e d
40 Vus=Vu -Tc*bw*d/10^3 // i n kN
41 // p r ov i d e 6 mm d ia s t i r r u p s
42 Asv =2*0.785*6^2 // i n sq mm
43 Sv=Asv *0.87* fy*d/Vus /10^3 // i n mm
44 Sv=90 // round−o f f , i n mm
45 mprintf(”T beam : b f=%d mm\nDf=%d mm\nd=%d mm\nD=%d mm

\nCover = 50 mm\ nS t e e l= 5−25 mm d ia + 3−22 mm d ia
ba r s \ nS t i r r u p s = 6 mm dia @ %d mm c/ c throughout

”,bf ,Df,d,D,Sv)
46 // answer i n t ex tbook f o r s p a c i n g o f s t i r r u p s i s

i n c o r r e c t
47 // d e f l e c t i o n check
48 Ec =5700* sqrt(fck)// i n MPa
49 Es =2*10^5 // i n MPa
50 m=Es/Ec //modular r a t i o
51 fcr =0.7* sqrt(fck)// i n MPa
52 // u s i n g b f Df ( x−Df /2) = m Ast (d−x ) , we ge t a

qu ad r a t i c e qua t i on
53 x=(m*Ast*d+bf*Df ^2/2)/(bf*Df+m*Ast)// i n mm
54 z=0.87*d// assume , i n mm
55 // r e f e r Fig . 1 9 . 5 o f t ex tbook
56 Ir=bf*x^3/12+ bf*Df*(x/2)^2+m*Ast*(d-x)^2 // i n mmˆ4
57 y=(bf*Df*Df/2+(D-Df)*bw*((D-Df)/2+Df))/(bf*Df+(D-Df)

*bw)// c . g . from top , i n mm ( n e g l e c t i n g s t e e l )
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58 Igr=bf*Df ^3/12+ bf*Df*(Df/2-y)^2+bw*(D-Df)^3/12+ bw*(D

-Df)*((D-Df)/2+Df-y)^2 // i n mmˆ4
59 yt=d/2 // i n mm
60 Mr=fcr*Igr/yt // i n N−mm
61 M=W*l^2/8*10^6 // i n N−mm
62 Ieff=Ir/(1.2-Mr/M*z/d*(1-x/d)*bw/bf)// i n mmˆ4
63 // I r > I e f f
64 Ieff=Ir // i n mmˆ4
65 W1=W*l// i n kN
66 u1 =5/384*( W1 *10^3) *(l*10^3) ^3/Ec/Ieff // s h o r t term

d e f l e c t i o n , i n mm
67 // d e f l e c t i o n due to s h r i n k a g e
68 k3 =0.125 // f o r s imp ly suppor t ed beam
69 pt=1 // i n %
70 pc=0 // i n %
71 k4 =0.65*(pt -pc)/sqrt(pt)

72 phi=k4 *0.0003/D

73 u2=k3*phi*(l*10^3) ^2 // i n mm
74 // d e f l e c t i o n due to c r e ep
75 Ecc=Ec /(1+1.6) // i n MPa
76 // assuming a permanent l oad o f 60%
77 W2=0.6*W*l// i n kN
78 u3 =5/384*( W2 *10^3) *(l*10^3) ^3/ Ecc/Ieff // i n mm
79 u4 =5/384*( W2 *10^3) *(l*10^3) ^3/Ec/Ieff // i n mm
80 u5=u3-u4 // i n mm
81 u=u1+u2+u5 // t o t a l d e f l e c t i o n , i n mm
82 v1=l*10^3/250 // p e rm i s s i b l e d e f l e c t i o n , i n mm
83 v2=l*10^3/350 //>20 mm
84 v2=20 // i n mm
85 // assuming h a l f the s h r i n k a g e s t r a i n o c cu r s w i th i n

the f i r s t 28 days , the d e f l e c t i o n o c c u r r i n g a f t e r
t h i s t ime

86 v3=u2/2+u5 //< p e rm i s s i b l e va lue , hence OK

Scilab code Exa 19.9 Design of Staircase
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1 l=2.7+1 // span , i n m
2 R=0.15 // r i s e , i n m
3 t=0.27 // tread , i n m
4 fck =15 // i n MPa
5 fy=415 // i n MPa
6 D=200 // assume , i n mm
7 W1=D/10^3*25* sqrt(R^2+t^2)/t// s l a b l oad on plan , i n

kN/m
8 W2=1/2*R*t*25/t// l oad o f s t e p per metre , i n kN/m
9 W3=3 // l i v e load , i n kN/m
10 W=W1+W2+W3 // i n kN/m
11 Wu=1.5*W// i n kN/m
12 Mu=Wu*l^2/8 // i n kN−m
13 d=sqrt(Mu *10^6/0.138/ fck /10^3) // i n mm
14 d=115 // round−o f f , i n mm
15 // assume 10 mm d ia ba r s
16 dia =10 // i n mm
17 D=d+dia /2+25 //< 200 mm, hence OK
18 D=l*10^3/24 // depth r e q u i r e d f o r d e f l e c t i o n , i n mm
19 D=155 // round−o f f , i n mm
20 d=D-dia/2-25 // i n mm
21 // s t e e l
22 //Xu=0.87∗ f y ∗Ast /0 . 3 6/ f c k /b = a∗Ast
23 a=0.87* fy /0.36/ fck /10^3

24 // u s i n g Mu=0.87 f y Ast ( d−0.416 Xu) , we ge t a
qu ad r a t i c e qua t i on

25 p=0.87* fy *0.416*a

26 q= -0.87*fy*d

27 r=Mu*10^6

28 Ast=(-q-sqrt(q^2-4*p*r))/2/p// i n sq mm
29 s1 =1000*0.785* dia^2/ Ast // spa c i n g o f 10 mm d ia ba r s
30 s1=110 // round−o f f , i n mm
31 Ads =0.12/100*D*10^3 // d i s t r i b u t i o n s t e e l , i n sq mm
32 // p r ov i d e 8 mm d ia ba r s
33 s2 =1000*0.785*8^2/ Ads // i n mm
34 s2=270 // round−o f f , i n mm
35 mprintf(”Summary o f d e s i g n \ nSlab t h i c k n e s s=%d mm\

nCover = 25 mm\nMain s t e e l = 10 mm d ia ba r s @ %d
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mm c/ c \ nD i s t r i b u t i o n s t e e l = 8 mm dia @ %d mm c/ c
”,D,s1,s2)

36 // answer i n t ex tbook f o r s p a c i n g o f 10 mm dia ba r s
i s i n c o r r e c t

Scilab code Exa 19.10 Design of Column Footing

1 b=0.2 // column width , i n m
2 D=0.3 // column depth , i n m
3 fck =15 // i n MPa
4 fy=415 // i n MPa
5 P1=600 // l oad on column , i n kN
6 P2 =0.05* P1 // we ight o f f o o t i n g , i n kN
7 P=P1+P2 // i n kN
8 Pu=1.5*P// i n kN
9 q=150 // b e a r i n g c a p a c i t y o f s o i l , i n kN/ sq m

10 qu=2*q// u l t ima t e b e a r i n g c a p a c i t y o f s o i l , i n kN/ sq
m

11 A=Pu/qu // i n sq m
12 L=sqrt(A)// assuming f o o t i n g to be square , i n m
13 L=1.8 // round−o f f , i n m
14 p=P1*1.5/L^2 // s o i l p r e s s u r e , i n kN/ sq m
15 p=277.8 // round−o f f , i n kN/ sq m
16 bc=b/D

17 ks=0.5+bc //>1
18 ks=1

19 Tc =0.25* sqrt(fck)*10^3 // i n kN/ sq m
20 Tv=Tc

21 // l e t d be the depth o f f o o t i n g i n metre s
22 // c a s e I : c o n s i d e r g r e a t e r width o f shaded po r t i o n

i n Fig . 1 9 . 6 o f t ex tbook
23 d1=L*(L-b)/2*p/(Tc*L+L*p)// i n m
24 // c a s e I I : r e f e r Fig . 1 9 . 7 o f t ex tbook ; we ge t a

qu ad r a t i c e qua t i on o f the form e dˆ2 + f d + g =
0
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25 e=p+4*Tc

26 f=b*p+D*p+2*(b+D)*Tc

27 g=-(L^2-b*D)*p

28 d2=(-f+sqrt(f^2-4*e*g))/2/e// i n m
29 d2=0.35 // round−o f f , i n m
30 // bending moment c o n s i d e r a t i o n , r e f e r Fig . 1 9 . 8 o f

t ex tbook
31 Mx=1*((L-b)/2) ^2/2*p// i n kN−m
32 My=1*((L-D)/2) ^2/2*p// i n kN−m
33 d3=sqrt(Mx *10^6/0.138/ fck /10^3) //<350 mm, hence OK
34 // s t e e l
35 //Xu=0.87∗ f y ∗Ast /0 . 3 6/ f c k /b = a∗Ast
36 a=0.87* fy /0.36/ fck /10^3

37 // u s i n g Mu=0.87 f y Ast ( d−0.416 Xu) , we ge t a
qu ad r a t i c e qua t i on

38 p=0.87* fy *0.416*a

39 q= -0.87*fy*d2*10^3

40 r=Mx*10^6

41 Ast=(-q-sqrt(q^2-4*p*r))/2/p// i n sq mm
42 Ast=L*Ast // s t e e l r e q u i r e d f o r f u l l width o f 1 . 8 m
43 // p r ov i d e 12 mm dia ba r s
44 dia =12 // i n mm
45 n=Ast /0.785/ dia^2 //no . o f 12 mm d ia ba r s
46 n=12 // round−o f f
47 Tbd =1.6 // i n MPa
48 Ld=dia *0.87* fy/4/Tbd // i n mm
49 Ld=677 // assume , i n mm
50 // t h i s l e n g t h i s a v a i l a b l e from the f a c e o f the

column in both d i r e c t i o n s
51 D=d2 *10^3+ dia /2+100 // i n mm
52 mprintf(”Summary o f d e s i g n : \ nOve ra l l depth o f

f o o t i n g=%d mm\nCover=100 mm\ nSt e e l−%d bar s o f 12
mm dia both ways”,D,n)

Scilab code Exa 19.11 Design of Retaining Wall
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1 fck =15 // i n MPa
2 fy=415 // i n MPa
3 phi =30 // ang l e o f r epose , i n d e g r e e s
4 H=5 // h e i g h t o f wa l l , i n m
5 B=0.6*H// assume , i n m
6 T=B/4 // assume to e to base r a t i o as 1 : 4 , i n m
7 W=16 // d e n s i t y o f r e t a i n e d ear th , i n kN/ cu m
8 Wu=1.5*W// f a c t o r e d load , i n kN/ cu m
9 P=Wu*H^2/2*(1 - sind(phi))/(1+ sind(phi))// i n kN

10 M1=P*H/3 // i n kN−m
11 M1=167 // round−o f f , i n kN−m
12 // bending moment at 2 . 5 m below the top
13 h=2.5 // i n m
14 M2=Wu*h^2/2*(1 - sind(phi))/(1+ sind(phi))*h/3 // i n kN−m
15 M2=21 // round−o f f , i n kN−m
16 // t h i c k n e s s o f stem ( at the base )
17 d=sqrt(M1 *10^6/0.138/ fck /1000) // i n mm
18 d=285 // round−o f f , i n mm
19 dia =20 // assume 20 mm d ia ba r s
20 D1=d+dia /2+25 // i n mm
21 D2=200 // t h i c k n e s s at top , i n mm
22 D3=D2+(D1-D2)*h/H// t h i c k n e s s at 2 . 5 m below top , i n

mm
23 d3=sqrt(M2 *10^6/0.138/ fck /1000) // i n mm
24 D3=d3+dia /2+25 //< 260 mm ( prov ided ) , hence OK
25 D3=260 // i n mm
26 d3=D3-dia/2-25 // i n mm
27 //main s t e e l
28 // ( a ) 5 m below the top
29 //Xu=0.87∗ f y ∗Ast /0 . 3 6/ f c k /b = a∗Ast
30 a=0.87* fy /0.36/ fck /10^3

31 // u s i n g Mu=0.87 f y Ast ( d−0.416 Xu) , we ge t a
qu ad r a t i c e qua t i on

32 p=0.87* fy *0.416*a

33 q= -0.87*fy*d

34 r=M1*10^6

35 Ast=(-q-sqrt(q^2-4*p*r))/2/p// i n sq mm
36 pt=Ast /1000/d*100 // i n %
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37 // p r ov i d e 20 mm dia ba r s
38 s1 =1000*0.785*20^2/ Ast // i n mm
39 s1=155 // round−o f f , i n mm
40 // ( b ) 2 . 5 m below the top
41 //Xu=0.87∗ f y ∗Ast /0 . 3 6/ f c k /b = a∗Ast
42 a=0.87* fy /0.36/ fck /10^3

43 // u s i n g Mu=0.87 f y Ast ( d−0.416 Xu) , we ge t a
qu ad r a t i c e qua t i on

44 p=0.87* fy *0.416*a

45 q= -0.87*fy*d3

46 r=M2*10^6

47 Ast=(-q-sqrt(q^2-4*p*r))/2/p// i n sq mm
48 Astmin =0.12/100*10^3* D3 // i n sq mm
49 Ast=max(Ast ,Astmin)// i n sq mm
50 // p r ov i d e 12 mm dia ba r s
51 s2 =1000*0.785*12^2/ Ast // i n mm
52 s2=360 // round−o f f , i n mm
53 // d i s t r i b u t i o n s t e e l
54 Ads =0.12/100*10^3* D3 // i n sq mm
55 // p r ov i d e 8 mm d ia ba r s
56 s3 =1000*0.785*8^2/ Ads // i n mm
57 s3=160 // round−o f f , i n mm
58 // check f o r s h e a r
59 Vu=P// i n kN
60 Tv=Vu *10^3/10^3/d// i n MPa
61 // f o r M15 grade c o n c r e t e and pt =0.71
62 Tc=0.54 // i n MPa
63 // as Tc > Tv , no sh ea r r e i n f o r c emen t r e q u i r e d
64 // deve lopment l e n g t h
65 // ( a ) At the base o f stem
66 dia =20 // i n mm
67 Tbd =1.6 // i n MPa
68 Ld=dia *0.87* fy/4/Tbd // i n mm
69 Ld=1130 // round−o f f , i n mm
70 // ( b ) At 2 . 5 m below the top
71 dia =12 // i n mm
72 Ld=dia *0.87* fy/4/Tbd // i n mm
73 Ld=680 // round−o f f , i n mm
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74 mprintf(”Summary o f d e s i g n : \ nThicknes s o f stem ( at
base ) = %d mm\ nThicknes s o f stem at top = %d mm\
nRe f e r Fig . 1 9 . 1 0 o f t ex tbook f o r r e i n f o r c emen t
d e t a i l s ”,D1 ,D2)

Scilab code Exa 19.12 Design of Axially Loaded Short Column

1 P=1000 // i n kN
2 Pu=1.5*P// i n kN
3 fck =15 // i n MPa
4 fy=415 // i n MPa
5 l=3.5 // unsupported l eng th , i n m
6 // assume 1% s t e e l
7 Ag=Pu *10^3/(0.4* fck *0.99+0.67* fy *0.01) // i n sq mm
8 L=sqrt(Ag)// assuming a squa r e column
9 L=420 // i n mm

10 emin=l*10^3/500+L/30 // i n mm
11 ep =0.05*L//=emin , hence OK
12 Asc =0.01*L^2 // i n sq mm
13 // p r ov i d e 6−20 mm d ia ba r s
14 Asc =6*0.785*20^2 // i n sq mm
15 mprintf(”Summary o f d e s i g n : \ nColumn s i z e − %d x %d

mm\ nSt e e l−main = 6−20 mm d ia ba r s ”,L,L)

Scilab code Exa 19.13 Design of Short Column with Uniaxial Bending

1 P=500 // i n kN
2 Pu=1.5*P// i n kN
3 fck =15 // i n MPa
4 fy=250 // i n MPa
5 l=3 // unsupported l eng th , i n m
6 // assume 1% s t e e l
7 Ag=Pu *10^3/(0.4* fck *0.99+0.67* fy *0.01) // i n sq mm
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8 L=sqrt(Ag)// assuming a squa r e column
9 L=315 // i n mm
10 emin=l*10^3/500+L/30 //<20
11 emin =20 // i n mm
12 ep =0.05*L//<emin , hence the column i s to be checked

f o r bending
13 Mu=Pu *10^3* emin // i n N−mm
14 a=Pu *10^3/ fck/L/L

15 b=Mu/fck/L/L^2 //b=0.032
16 d1=40 // cove r ( assume ) , i n mm
17 c=d1/L// c=d ’ /D
18 // f o r d ’ /D = 0 . 1 5
19 p=0.07* fck // i n %
20 Asc=p/100*L^2 // i n sq mm
21 // p r ov i d e 4−20 mm d ia ba r s
22 Asc =4*0.785*20^2 // i n sq mm
23 mprintf(”Summary o f d e s i g n : \ nColumn s i z e − %d x %d

mm\ nSt e e l−main = 4−20 mm d ia ba r s ”,L,L)

Scilab code Exa 19.14 Design of Short Column with Uniaxial Bending

1 P=500 // i n kN
2 Pu=1.5*P// i n kN
3 fck =15 // i n MPa
4 fy=250 // i n MPa
5 l=3 // unsupported l eng th , i n m
6 // assume 1% s t e e l
7 Ag=Pu *10^3/(0.4* fck *0.99+0.67* fy *0.01) // i n sq mm
8 b=250 // i n mm
9 D=Ag/b// i n mm

10 D=400 // round−o f f , i n mm
11 emin1=l*10^3/500+D/30 // i n d i r e c t i o n o f Y ax i s , i n mm

, < 20 mm
12 emin1 =20 // i n mm
13 ep1 =0.05*D//=emin , hence no moment i s r e q u i r e d to be
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c o n s i d e r e d i n t h i s d i r e c t i o n
14 emin2=l*10^3/500+b/30 // i n d i r e c t i o n o f X ax i s , i n mm

, < 20 mm
15 emin2 =20 // i n mm
16 ep2 =0.05*b//<emin , hence moment i n t h i s d i r e c t i o n

needs to be c o n s i d e r e d
17 // i n t e r a c t i o n diagram
18 b=400 // i n mm
19 D=250 // i n mm
20 Mu=Pu *10^3* emin2 // i n N−mm
21 m=Pu *10^3/ fck/b/D

22 n=Mu/fck/b/D^2 //b=0.032
23 d1=40 // cove r ( assume ) , i n mm
24 c=d1/D// c=d ’ /D
25 // r e f e r r i n g to Fig . 1 9 . 1 2
26 p=0.08* fck // i n %
27 Asc=p/100*b*D// i n sq mm
28 // p r ov i d e 6−16 d i a ba r s
29 Asc =6*0.785*16^2 // i n sq mm
30 mprintf(”Summary o f d e s i g n : \ nColumn s i z e − %d x %d

mm\ nSt e e l−main = 6−16 mm d ia ba r s ”,D,b)

Scilab code Exa 19.15 Design of Long Column

1 P=500 // i n kN
2 Pu=1.5*P// i n kN
3 fck =15 // i n MPa
4 fy=250 // i n MPa
5 l=5 // e f f e c t i v e l eng th , i n m
6 lex=5 // i n m
7 ley=5 // i n m
8 L=315 // column dimens ion i n mm ( squa r e column )
9 Asc =1256 // i n sq mm
10 m=lex *10^3/L//>12
11 n=ley *10^3/L//>12
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12 // hence the column i s s l e n d e r on both the axe s
13 Max=Pu *10^3*L/2000*( lex/(L/10^3))^2/10^6 // i n kN−m
14 May=Max

15 Puz =(0.45* fck*(L^2-Asc)+0.75* fy*Asc)/10^3 // i n kN
16 c=40 // cover , i n mm
17 // to f i n d Pb
18 xu=(L-c)/(1+0.002/0.0035) // i n mm
19 Pb =0.36* fck*L*xu /10^3 // i n kN
20 k=(Puz -Pu)/(Puz -Pb)//>1
21 Max=k*Max // i n kN−m
22 Mu=15 // i n kN−m
23 Mu=Mu+Max // i n kN−m
24 a=Pu *10^3/ fck/L/L

25 b=Mu *10^6/ fck/L/L^2 //b=0.047
26 d1=c/L//d1=d ’ /D
27 // f o r d ’ /D = 0 . 1
28 p=0.095* fck // i n %
29 Asc=p/100*L^2 // i n sq mm
30 // p r ov i d e 4−18 mm + 4−12 mm d ia ba r s
31 Asc =4*0.785*18^2+4*0.785*12^2 // i n sq mm
32 mprintf(”Summary o f d e s i g n : \ nColumn s i z e − %d x %d

mm\ nSt e e l−main = 4−18 mm + 4−12 mm d ia ba r s ”,L,L)

Scilab code Exa 19.16 Design of Column with Biaxial Bending

1 Pu=2000 // i n kN
2 Mux =50 // i n kN−m
3 Muy=Mux

4 fck =20 // i n MPa
5 fy=415 // i n MPa
6 // assume 2% s t e e l
7 p=2 // i n %
8 Ag=Pu *10^3/(0.4* fck*(1-p/100) +0.67* fy*p/100) // i n sq

mm
9 L=sqrt(Ag)// assuming a squa r e column
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10 L=400 // i n mm
11 m=Pu *10^3/ fck/L/L

12 n=p/fck

13 c=50 // cove r ( assume ) , i n mm
14 d1=c/L//d1=d ’ /D
15 // from Fig . 1 9 . 2 1 , f o r d ’ /D = 0 . 1 5 and Pu / f c k b D

= 0 . 6 25
16 f=0.046

17 Mux1=f*fck*L*L^2/10^6 // i n kN−m
18 Muy1=Mux1

19 Puz =(0.45* fck*(1-p/100)*L^2+0.75* fy*p/100*L^2) /10^3

// i n kN
20 a=Pu/Puz // >0.8
21 an=2

22 b=(Mux/Mux1)^an+(Muy/Muy1)^an //>1
23 // assume 2 . 5% s t e e l
24 p=2.5 // i n %
25 n=p/fck

26 // from Fig . 1 9 . 2 1 , f o r d ’ /D = 0 . 1 5 and Pu / f c k b D
= 0 . 6 25

27 f=0.08

28 Mux1=f*fck*L*L^2/10^6 // i n kN−m
29 Muy1=Mux1

30 Puz =(0.45* fck*(1-p/100)*L^2+0.75* fy*p/100*L^2) /10^3

// i n kN
31 a=Pu/Puz // <0.8
32 an =1+1/0.6*(a-0.2)

33 b=(Mux/Mux1)^an+(Muy/Muy1)^an //<1, hence OK
34 Asc=p/100*L^2 // i n sq mm
35 // p r ov i d e 12−22 mm d ia ba r s
36 Asc =12*0.785*22^2 // i n sq mm
37 mprintf(”Summary o f d e s i g n : \ nColumn s i z e − %d x %d

mm\ nSt e e l−main = 12−22 mm d ia ba r s p l a c ed e q u a l l y
on f o u r f a c e s o f the column”,L,L)
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Scilab code Exa 19.17 Design of Column with Biaxial Bending

1 b=400 // i n mm
2 D=500 // i n mm
3 Pu=1600 // i n kN
4 Mux =90 // i n kN−m
5 Muy =50 // i n kN−m
6 fck =15 // i n MPa
7 fy=415 // i n MPa
8 p=1.5 // assume 1 . 5% s t e e l , p l a c ed on f o u r s i d e s
9 m=p/fck

10 c=50 // cove r ( assume ) , i n mm
11 // to f i n d Mux1
12 n=c/D//n=d ’ /D
13 l=Pu *10^3/ fck/b/D

14 // r e f e r r i n g to Fig . 1 9 . 2 0 , f o r Pu/ f c k / b/ D = 0 . 5 3
and p/ f c k = 0 . 1

15 f=0.09

16 Mux1=f*fck*b*D^2/10^6 // i n kN−m
17 // to f i n d Muy1
18 b=500 // i n mm
19 D=400 // i n mm
20 n=c/D//n=d ’ /D
21 l=Pu *10^3/ fck/b/D

22 // r e f e r r i n g to Fig . 1 9 . 2 1 , f o r Pu/ f c k / b/ D = 0 . 5 3
and p/ f c k = 0 . 1

23 f=0.08

24 Muy1=f*fck*b*D^2/10^6 // i n kN−m
25 Puz =(0.45* fck*(1-p/100)*b*D+0.75* fy*p/100*b*D)/10^3

// i n kN
26 a=Pu/Puz // <0.8
27 an =1+1/0.6*(a-0.2)

28 r=(Mux/Mux1)^an+(Muy/Muy1)^an //<1
29 Asc=p/100*b*D// i n sq mm
30 // p r ov i d e 6−16 mm + 6−20 mm d ia ba r s
31 Asc =6*0.785*16^2+6*0.785*20^2 // i n sq mm
32 mprintf(”Summary o f d e s i g n : \ nColumn s i z e − %d x %d

mm\ nSt e e l−main = 6−16 mm + 6−20 mm d ia ba r s ”,D,b)
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33 // answer i n t ex tbook i s i n c o r r e c t

Scilab code Exa 19.18 Design of Column with Biaxial Bending

1 b=300 // i n mm
2 Pu=1500 // i n kN
3 Mux =100 // i n kN−m
4 Muy =70 // i n kN−m
5 fck =15 // i n MPa
6 fy=250 // i n MPa
7 p=1.5 // assume 1 . 5% s t e e l , p l a c ed on f o u r s i d e s
8 Ag=Pu *10^3/(0.4* fck*(1-p/100) +0.67* fy*p/100) // i n sq

mm
9 D=Ag/b// i n mm

10 D=600 // assume , i n mm
11 m=p/fck

12 c=60 // cove r ( assume ) , i n mm
13 // to f i n d Mux1
14 n=c/D//n=d ’ /D
15 l=Pu *10^3/ fck/b/D

16 // r e f e r r i n g to Fig . 1 9 . 1 7 , f o r Pu/ f c k / b/ D = 0 . 5 6
and p/ f c k = 0 . 1

17 f=0.038

18 Mux1=f*fck*b*D^2/10^6 // i n kN−m
19 // to f i n d Muy1
20 b=600 // i n mm
21 D=300 // i n mm
22 n=c/D//n=d ’ /D
23 l=Pu *10^3/ fck/b/D

24 // r e f e r r i n g to Fig . 1 9 . 1 9 , f o r Pu/ f c k / b/ D = 0 . 5 6
and p/ f c k = 0 . 1

25 f=0.038

26 Muy1=f*fck*b*D^2/10^6 // i n kN−m
27 Puz =(0.45* fck*(1-p/100)*b*D+0.75* fy*p/100*b*D)/10^3

// i n kN
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28 a=Pu/Puz // >0.8
29 an=2

30 r=(Mux/Mux1)^an+(Muy/Muy1)^an //>1
31 p=4 // assume 4% s t e e l , s econd t r i a l
32 m=p/fck

33 // to f i n d Mux1
34 b=300 // i n mm
35 D=600 // i n mm
36 // r e f e r r i n g to Fig . 1 9 . 1 7 , f o r Pu/ f c k / b/ D = 0 . 5 6

and p/ f c k = 0 . 2 6
37 f=0.15

38 Mux1=f*fck*b*D^2/10^6 // i n kN−m
39 // to f i n d Muy1
40 b=600 // i n mm
41 D=300 // i n mm
42 n=c/D//n=d ’ /D
43 // r e f e r r i n g to Fig . 1 9 . 1 9 , f o r Pu/ f c k / b/ D = 0 . 5 6

and p/ f c k = 0 . 2 6
44 f=0.15

45 Muy1=f*fck*b*D^2/10^6 // i n kN−m
46 Puz =(0.45* fck*(1-p/100)*b*D+0.75* fy*p/100*b*D)/10^3

// i n kN
47 a=Pu/Puz // <0.8
48 an =1+1/0.6*(a-0.2)

49 r=(Mux/Mux1)^an+(Muy/Muy1)^an //<1, hence OK
50 // but s t e e l can be reduced
51 p=3 // assume 3% s t e e l , s econd t r i a l
52 m=p/fck

53 // to f i n d Mux1
54 b=300 // i n mm
55 D=600 // i n mm
56 // r e f e r r i n g to Fig . 1 9 . 1 7 , f o r Pu/ f c k / b/ D = 0 . 5 6

and p/ f c k = 0 . 2
57 f=0.12

58 Mux1=f*fck*b*D^2/10^6 // i n kN−m
59 // to f i n d Muy1
60 b=600 // i n mm
61 D=300 // i n mm
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62 n=c/D//n=d ’ /D
63 // r e f e r r i n g to Fig . 1 9 . 1 9 , f o r Pu/ f c k / b/ D = 0 . 5 6

and p/ f c k = 0 . 2
64 f=0.12

65 Muy1=f*fck*b*D^2/10^6 // i n kN−m
66 Puz =(0.45* fck*(1-p/100)*b*D+0.75* fy*p/100*b*D)/10^3

// i n kN
67 a=Pu/Puz // <0.8
68 an =1+1/0.6*(a-0.2)

69 r=(Mux/Mux1)^an+(Muy/Muy1)^an //<1, hence OK
70 Asc=p/100*b*D// i n sq mm
71 // p r ov i d e 12−25 d i a ba r s
72 Asc =12*0.785*25^2 // i n sq mm
73 mprintf(”Summary o f d e s i g n : \ nColumn s i z e − %d x %d

mm\ nSt e e l−main = 12−25 mm d ia ba r s ”,D,b)
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