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Chapter 1

Stress

Scilab code Exa 1.1 S1

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 1 . 1 : ”)
4
5 w_varying = 270;

6 l_crossection = 9;

7 l_cb = 6;

8 l_ac = 2;

9 w_c = (w_varying/l_crossection) * l_cb //By
propo r t i on , l o ad at C i s found .

10 f_resultant_c = 0.5* w_c *l_cb

11 // Equat ions o f Equ i l i b r i um
12
13 // Ba lanc ing f o r c e s i n the x d i r e c t i o n :
14 n_c = 0

15
16 // Ba lnc ing f o r c e s i n the y d i r e c t i o n :
17 v_c = f_resultant_c

18
19 // Ba lnc ing the moments about C :
20 m_c = - (f_resultant_c*l_ac)
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21
22
23 // D i s p l a y i n g r e s u l t s :
24
25 printf( ’ \n\nThe r e s u l t a n t f o r c e at C = %. 2 f N ’ ,

f_resultant_c);

26 printf( ’ \nThe h o r i z o n t a l f o r c e at C = %. 2 f N ’ ,n_c);
27 printf( ’ \nThe v e r t i c a l f o r c e at C = %. 2 f N ’ ,v_c);
28 printf( ’ \nThe moment about C = %. 2 f Nm’ ,m_c)

;

29
30
31 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 1.2 S2

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 1 . 2 : ”)
4
5 f_d = 225; //N
6 w_uniform = 800; // N/m
7 l_ac = 0.200; //m
8 l_cb = 0.05+0.1; //m
9 l_bd = 0.100; //m

10 l_bearing = 0.05; //m
11 f_resultant = w_uniform*l_cb // 120N
12 l_f_resultant_b = (l_cb /2)+ l_bearing; // 0 . 1 2 5m
13 l = l_ac + l_cb + l_bearing + l_bd

14
15
16 // This problem i s s o l v e d by c o n s i d e r i n g segment AC
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o f the s h a f t .
17
18 // Support Rea c t i on s :
19
20 m_b = 0; // Net moment about

B i s z e r o f o r e q u i l i b r i um . Sum Mb = 0 .
21 a_y = -((f_d*l_bd) - (f_resultant*l_f_resultant_b))/

(l - l_bd) // f i n d i n g the r e a c t i o n f o r c e at A
22
23 // Re f e r to the f r e e body diagram in Fig .1−5 c .
24 f_c = 40 //N
25 // Ba lanc ing f o r c e s i n the x d i r e c t i o n :
26 n_c = 0

27
28 // Ba lnc ing f o r c e s i n the y d i r e c t i o n :
29 v_c = a_y - f_c // −18.75N − 40N−Vc = 0
30
31 // Ba lnc ing the moments about C :
32 m_c = ((a_y * (l_ac + 0.05)) - f_c *(0.025) ) // Mc

+40N( 0 . 0 2 5m)+ 18 . 7 5N( 0 . 2 5 0m) = 0
33
34
35 // D i s p l a y i n g r e s u l t s :
36
37 printf( ’ \n\nThe r e s u l t a n t f o r c e = %. 2 f N ’ ,

f_resultant);

38 printf( ’ \nThe r e a c t i o n f o r c e at A = %. 2 f N ’ ,a_y);
39 printf( ’ \nThe h o r i z o n t a l f o r c e at C = %. 2 f N ’ ,n_c);
40 printf( ’ \nThe v e r t i c a l f o r c e at C = %. 2 f N ’ ,v_c);
41 printf( ’ \nThe moment about C = %. 2 f Nm’ ,m_c);
42
43 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Scilab code Exa 1.3 S3

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 1 . 3 : ”)
4
5 // Given :
6 l_ac = 1; //m.
7 l_cd = 1.5 ; //m.
8 l_bd = 0.5; //m.
9 r_a = 0.125; //m.

10 r_d = 0.125; //m.
11 W = 2000; // N
12
13
14 // Equat ions o f e q u i l i b r i um :
15
16 // Ba lanc ing f o r c e s i n the x d i r e c t i o n :
17 n_c = -W; // N
18
19 // Ba lnc ing f o r c e s i n the y d i r e c t i o n :
20 v_c = -W; //N
21
22 // Ba lnc ing the moments about C :
23 m_c = - (W*(r_a +l_ac)- W*r_a)

24
25
26 // D i s p l a y i n g r e s u l t s :
27
28 printf( ’ \n\nThe h o r i z o n t a l f o r c e at C = %. 2 f N ’ ,

n_c);

29 printf( ’ \nThe v e r t i c a l f o r c e at C = %. 2 f N ’ ,v_c)
;

30 printf( ’ \nThe moment about C = %. 2 f Nm’ ,m_c

12



);

31
32 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 1.4 S4

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 1 . 4 : ”)
4
5 // Given :
6 l_ag = 1; // Length o f AG i s 1m.
7 l_gd = 1; // Length o f GD i s 1m.
8 l_de = 3; // Length o f DE i s 1m.
9 f_a = 1500; // Force at A i s 1500N.

10 l_ec = 1.5; // Length o f EC i s 1m.
11 l = l_ag +l_gd +l_de;

12 w_uniform_varying = 600; //Nm.
13
14 w_resultant = 0.5* l_de*w_uniform_varying;

15 // c a l l i n g po i n t o f a c t i o n o f r e s u l t a n t as P
16 l_ep = (2/3)*l_de; // D i s t anc e between p o i n t s P and E

.
17 l_ap = l - l_ep; // D i s t anc e between p o i n t s A and P .
18
19
20 f_ba = 7750; //N
21 f_bc = 6200; //N
22 f_bd = 4650; //N
23
24 // Free Body Diagram : Using the r e s u l t f o r Fba , the

13



l e f t s e c t i o n AG o f the beam i s shown in Fig 1−7d .
25
26 // Equat ions o f e q u i l i b r i um :
27
28 // Ba lanc ing f o r c e s i n the x d i r e c t i o n :
29 n_g = -f_ba * (4/5); // N
30
31 // Ba lnc ing f o r c e s i n the y d i r e c t i o n :
32 v_g = -f_a + f_ba *(3/5); //N
33
34 // Ba lnc ing the moments about C :
35 m_g = (f_ba * (3/5)*l_ag) - (f_a * l_ag); //Nm
36
37
38
39 // D i s p l a y i n g r e s u l t s :
40
41
42 printf( ’ \n\nThe h o r i z o n t a l f o r c e at G = %. 2 f N ’ ,n_g)

;

43 printf( ’ \nThe v e r t i c a l f o r c e at G = %. 2 f N ’ ,v_g);
44 printf( ’ \nThe moment about G = %. 2 f Nm’ ,m_g);
45
46
47 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 1.5 S5

1 clear all; clc;

2
3
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4 disp(” S c i l a b Code Ex 1 . 5 : ”)
5
6 // Given :
7 f_a = 50; //N
8 m_a = 70; // Moment at A in Nm
9 l_ad = 1.25; // Length o f AD in m.

10 l_bd = 0.5; // Length o f BD in m.
11 l_cb = 0.75; // Length o f BC in m.
12 w_l = 2; //Kg/m
13 g = 9.81; //N/kg− a c c e l e r a t i o n due to g r a v i t y
14
15
16
17 // Free Body Diagram :
18
19 w_bd = w_l*l_bd*g; // i n N. Weight o f each segment o f

p ip e tha t a c t s through the c e n t r e o f g r a v i t y o f
each segment .

20 w_ad = w_l*l_ad*g;

21
22 // Equat ions o f Equ i l i b r i um
23
24 // Ba lanc ing f o r c e s i n the x d i r e c t i o n :
25 f_b_x = 0; // N
26
27 // Ba lnc ing f o r c e s i n the y d i r e c t i o n :
28 f_b_y = 0; //N
29
30 // Ba lnc ing f o r c e s i n the z d i r e c t i o n :
31 f_b_z = g + w_ad + f_a; //N
32
33 // Ba lanc ing Moments i n the x d i r e c t i o n :
34 m_b_x = - m_a + (f_a*l_bd) + (w_ad*l_bd) + (l_bd /2)*

g; //Nm
35
36 // Ba lanc ing Moments i n the y d i r e c t i o n :
37 m_b_y = - (w_ad*(l_ad /2)) - (f_a*l_ad); //Nm
38

15



39 // Ba lanc ing Moments i n the z d i r e c t i o n :
40 m_b_z = 0; //Nm
41
42 v_b_shear = sqrt(f_b_z ^2 + 0); // Shear Force i n N
43 t_b = - m_b_y; // To r s i o n a l Moment i n Nm
44 m_b = sqrt(m_b_x ^2+ 0); // Bending moment i n Nm
45
46
47 // D i sp l ay
48
49 // D i s p l a y i n g r e s u l t s :
50
51
52 printf( ’ \n\n The we ight o f segment BD

= %. 1 f N ’ ,w_bd);
53 printf( ’ \n The we ight o f segment AD =

%. 1 f N ’ ,w_ad);
54 printf( ’ \n The f o r c e at B in the Z d i r e c t i o n =

%. 1 f N ’ ,f_b_z);
55 printf( ’ \n The moment about B in the X d i r e c t i o n =

%. 1 f Nm’ ,m_b_x);
56 printf( ’ \n The moment about G in the Y d i r e c t i o n =

%. 1 f Nm’ ,m_b_y);
57 printf( ’ \n The Shear Force at B =

%. 1 f N ’ ,v_b_shear);
58 printf( ’ \n The To r s i o n a l Moment at B =

%. 1 f Nm’ ,t_b);
59 printf( ’ \n The Bending Moment at B =

%. 1 f Nm’ ,m_b);
60
61
62
63 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Scilab code Exa 1.6 S6

1 clear all; clc;

2
3
4 disp(” S c i l a b Code Ex 1 . 6 : ”)
5
6 // Given :
7 netf_b = 18*(10 ^3); //N Net f o r c e at B .
8 netf_c = 8*(10^3); //N Net f o r c e at C .
9 f_a = 12 *(10^3); //N Force at A.

10 f_d = 22* (10^3); //N Force at D.
11 w = 35; //mm Width .
12 t = 10; //mm Thickne s s .
13
14 // c a l c u l a t i o n s :
15 p_bc = netf_b + f_a; //N Net f o r c e i n r e g i o n BC.
16 a = w*t; //mˆ2 The a r ea o f the c r o s s s e c t i o n .
17 avg_normal_stress = p_bc/a; // Average Normal S t r e s s .
18
19
20
21 // D i s p l a y i n g r e s u l t s :
22
23 printf( ’ \n\n Net f o r c e i n the r e g i o n BC

= %. 2 f N ’ ,p_bc);
24 printf( ’ \nThe Area o f c r o s s s e c t i o n

= %. 2 f mˆ2 ’ ,a);
25 printf( ’ \nThe Average Normal S t r e s s i n the bar when

s ub j e c t e d to l oad = %. 2 f MPa ’ ,avg_normal_stress);
26
27 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
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−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 1.7 S7

1 clear all; clc;

2
3
4 disp(” S c i l a b Code Ex 1 . 7 : ”)
5
6 // Given :
7 m_lamp = 80; //Mass o f lamp in Kg .
8 d_ab = 10; // Diameter o f AB in mm.
9 d_bc = 8; // Diameter o f BC in mm.

10 ab_h = 60 *(%pi /180); // In d e g r e e s − Angle made by
AB with the h o r i z o n t a l .

11 w = m_lamp *9.81; //N
12 a_bc = (%pi/4)*(d_bc ^2); //mˆ2 Area o f c r o s s s e c t i o n

o f rod BC
13 a_ab = (%pi/4)*(d_ab ^2); //mˆ2 Area o f c r o s s s e c t i o n

o f rod AB
14
15
16
17 // Equat ions o f e q u i l i b r i um : S o l v i n g e q u i l i b r i um

equa t i o n s s imu l t a n e ou s l y , u s i n g ma t r i c e s , i n the
x and y d i r e c t i o n s to ob t a i n f o r c e i n BC and
f o r c e i n BA.

18
19
20 a = [(4/5) -(cos(ab_h)) ; (3/5) (sin(ab_h))];

21 b = [0 ; w];

22 f = zeros (1)

23
24 f = a\b;

18



25 f_bc = f(1); // Force i n BC in N.
26 f_ba = f(2); // Force i n BA in N.
27 avg_normal_stress_a = f_ba / a_ab; //Mpa Average

Normal S t r e s s i n AB
28 avg_normal_stress_c = f_bc/ a_bc;// Mpa Average

Normal S t r e s s i n BC
29
30
31 // D i s p l a y i n g r e s u l t s :
32
33
34 printf( ’ \n\nThe Weight o f lamp = %. 2 f N ’ ,w);
35 printf( ’ \nThe Net f o r c e i n BC = %. 2 f N ’ ,f_bc);
36 printf( ’ \nTheNet f o r c e i n BA = %. 2 f N ’ ,f_ba);
37 printf( ’ \nThe Average Normal S t r e s s i n AB when

s ub j e c t e d to l oad = %. 2 f MPa ’ ,avg_normal_stress_a
);

38 printf( ’ \nThe Average Normal S t r e s s i n BC when
s ub j e c t e d to l oad = %. 2 f MPa ’ ,avg_normal_stress_c
);

39
40 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 1.8 S8

1 clear all; clc;

2
3
4 disp(” S c i l a b Code Ex 1 . 8 : ”)
5
6 // Given :
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7 h_above_ab = 0.8;

8 h_below_ab = 0.2;

9 d_a = 0.2;

10 d_b = 0.1;

11 sp_w = 80;

12
13 // Equat ion o f Equ i l i b r i um :
14
15
16 a = %pi* (d_a^2); // Area o f c r o s s s e c t i o n i n mˆ2
17 p = sp_w * h_above_ab * a;

18 avg_comp_stress = p/a; // The ave rage c ompr e s s i v e
s t r e s s i n kN/mˆ2

19
20 // D i sp l ay :
21
22 printf( ’ \nThe i n t e r n a l Ax ia l f o r c e P = %. 2 f kN ’ ,

p);

23 printf( ’ \nThe ave rage c ompr e s s i v e s t r e s s = %. 2 f kN/m
ˆ2 ’ ,avg_comp_stress);

24
25
26 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 1.9 S9

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 1 . 9 : ”)
4
5 // Given :
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6 f = 3000; //N Force a c t i n g at d i s t a n c e x from AB.
7 l_ac = 200; // Length o f AC in mm.
8 a_ab = 400; // Cross s e c t i o n a l a r ea o f AB in mmˆ2 .
9 a_c = 650; // a r ea o f C in mmˆ2 .

10
11
12 f_ans = zeros (3)

13
14 k = [1 1 0;0 l_ac -f; 1.625 -1 0]

15 l = [f ; 0 ; 0 ]

16 f_ans = k\l;

17
18 f_ab = f_ans (1)

19 f_c = f_ans (2)

20 x = f_ans (3)

21
22 // D i sp l ay :
23
24 printf( ’ \n\nThe Net f o r c e on AB = %. 2 f N ’ ,ceil

(f_ab));

25 printf( ’ \nNet f o r c e on C = %. 2 f N ’ ,f_c);
26 printf( ’ \ nDi s tance o f f o r c e from AB = %. 2 f mm’ ,ceil(

x));

27
28
29 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 1.10 S10

1 clear all; clc;

2
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3 disp(” S c i l a b Code Ex 1 . 1 0 : ”)
4
5 // Given :
6 af = 800; //N Ax ia l f o r c e a l ong c e n t r o i d a l a x i s
7 t = 0.040; //m t h i c k n e s s o f s qua r e c r o s s s e c t i o n
8 ang_b = 30 *(%pi /180) ;

9 ang_b_comp = 60 *(%pi /180);

10 a = t^2; //mˆ2 Area o f c r o s s s e c t i o n
11 a_new = ((t*1000) ^2)/(sin(ang_b_comp)); // mmˆ2 Area

o f s e c t i o n at b−b
12
13 // Part ( a )
14
15 // I n t e r n a l Loading : The bar i s s e c t i o n ed , Fig 1−24b ,

and the i n t e r n a l r e s u l t a n t l o a d i n g c o n s i s t s o f
on ly a x i a l f o r c e .

16
17 // Average S t r e s s :
18 avg_stress = af/(a* 1000);

19
20 // Shear Force at the s e c t i o n i s z e r o .
21 //The ave rage normal s t r e s s d i s t r i b u t i o n ove r the

c r o s s s e c t i o n i s shown in Fig 1−24c .
22
23
24 // Part ( b )
25
26
27 // s o l v e the two e qua t i o n s f o r two unknowns :
28
29 N = af * cos(ang_b);

30 V = af * sin(ang_b);

31 avg_normal_stress = (N*1000)/ a_new; // kPa
32 avg_shear_stress = (V*1000)/a_new; //kPa
33
34 // D i sp l ay
35
36 printf( ’ \n\nThe ave rage s t r e s s f o r s e c t i o n a−a
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= %. 2 f kPa ’ ,avg_stress);
37 printf( ’ \nThe Normal Force f o r s e c t i o n b−b

= %. 2 f N ’ ,N);
38 printf( ’ \nThe Shear Force f o r s e c t i o n b−b

= %. 2 f N ’ ,V);
39 printf( ’ \nThe Average Normal S t r e s s f o r s e c t i o n b−b

= %. 2 f kPa ’ ,avg_normal_stress);
40 printf( ’ \nThe Average Shear S t r e s s f o r s e c t i o n b−b

= %. 2 f kPa ’ ,ceil(avg_shear_stress));
41
42 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 1.11 S11

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 1 . 1 1 : ”)
4
5 // Given :
6 f = 5000; //N
7 d_rod = 10; // Diameter o f s t e e l rod i n mm.
8 l_bc = 20; // Length o f s i d e bc i n mm.
9 l_bd = 40; // Length o f s i d e bd in mm.

10 a_rod = (%pi/4)* (d_rod ^2); // Area o f c r o s s s e c t i o n
o f the rod i n mmˆ2 .

11 a_strut = l_bc*l_bd ; // Area o f s t r u t i n mmˆ2 .
12
13
14 // Average sh ea r s t r e s s
15
16 avg_shear_rod = f/a_rod; // f o r rod i n Mpa

23



17 avg_shear_strut = (f/2)/a_strut; // f o r s t r u t
18
19 // D i sp l ay :
20
21 printf( ’ \n\nThe ave rage sh ea r s t r e s s f o r the rod

= %. 2 f MPa ’ ,avg_shear_rod);
22 printf( ’ \nThe ave rage sh ea r s t r e s s f o r the s t r u t =

%. 2 f MPa ’ ,avg_shear_strut);
23
24
25
26 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 1.12 S12

1 clear all; clc;

2
3
4 disp(” S c i l a b Code Ex 1 . 1 2 : ”)
5
6 // Given :
7 l_bc = 50; // Length o f BC in mm.
8 l_db = 75; // mm.
9 l_ed = 40; // mm.

10 l_ab = 25; // mm.
11 f_diagonal = 3000; //N
12 a1 = l_ab*l_ed; // Area o f f a c e AB in mmˆ2 .
13 a2 = l_bc*l_ed ; //mmˆ2 .
14 a3 = l_db*l_ed ; // mmˆ2 .
15
16 // I n t e r n a l l o a d i n g s − The f r e e body diagram o f the
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i n c l i n e d member i s shown in 1−26b .
17
18 // Equ i l i b r i um Equat ions
19
20 // Ba lanc ing f o r c e s a l ong the x− d i r e c t i o n .
21 f_ab = f_diagonal *(3/5); // Force on segment AB in N
22 V = f_ab; // Shear f o r c e a c t i n g on the s e c t i o n e d

h o r i z o n t a l p l ane EDB in N
23
24 // Ba lanc ing f o r c e s a l ong the Y d i r e c t i o n .
25 f_bc = f_diagonal *(4/5); // Force on segment BC in N.
26
27 // Average c ompr e s s i v e s t r e s s e s a l ong the h o r i z o n t a l

and v e r t i c a l p l a n e s :
28
29 avg_comp_ab = f_ab/a1; // N/mmˆ2
30 avg_comp_bc = f_bc/a2; // N/mmˆ2
31
32 // Average sh ea r s t r e s s a c t i n g on the h o r i z o n t a l

p l ane d e f i n e d by EDB :
33
34 avg_shear = f_ab/a3; // N/mmˆ2
35
36 // D i sp l ay :
37
38
39 printf( ’ \n\nThe Force on segment AB

= %. 2 f N ’ ,f_ab);
40 printf( ’ \nThe Shear Force on s e c t i o n e d p l ane EDB =

%. 2 f N ’ ,V);
41 printf( ’ \nThe Force on segment BC =

%. 2 f N ’ ,f_bc);
42 printf( ’ \nThe ave rage c ompr e s s i v e s t r e s s a l ong AB =

%. 2 f N/mmˆ2 ’ ,avg_comp_ab);
43 printf( ’ \nThe ave rage c ompr e s s i v e s t r e s s a l ong BC =

%. 2 f N/mmˆ2 ’ ,avg_comp_bc);
44 printf( ’ \nThe ave rage sh ea r s t r e s s a l ong EDB =

%. 2 f N/mmˆ2 ’ ,avg_shear);
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45
46 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 1.13 S13

1
2 clear all; clc;

3
4
5 disp(” S c i l a b Code Ex 1 . 1 3 : ”)
6
7 // Given :
8 shear_allow = 90; //MPa
9 tensile_allow = 115; //MPa

10
11 l_AP = 2; //m
12 l_PB = 1; //m
13 resultant_A = 5.68; //kN
14 resultant_B = 6.67; //kN
15 v_a = 2.84; //kN
16 v_b = 6.67; //kN
17
18
19 // Diameter o f the Pins :
20 A_A = (v_a *10^3) /( shear_allow *10^6); // Area o f p in A
21 da = (sqrt ((4* A_A)/%pi))*10^3 // d = ( squa r e r o o t o f

( a r ea ∗4/ p i ) ) i n mm
22 A_B = (v_b *10^3) /( shear_allow *10^6) ; // Area o f p in

B
23 db = (sqrt ((4* A_B)/%pi))*10^3 // Area = ( %pi \4) dˆ2

i n mmˆ2
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24
25 chosen_da = ceil(da);

26 chosen_db = ceil(db);

27
28 // Diameter o f Rod :
29 A_bc = (resultant_B *10^3) /( tensile_allow *10^6); //

Area o f BC
30 dbc = (sqrt ((4* A_bc)/%pi)*10^3); // Area = %pi \4) d

ˆ2
31 chosen_dbc = ceil(dbc);

32
33 // D i s p l a y i n g Re s u l t s :
34
35 printf (”\n\n The d iamete r o f p in A = %. 3 f mm”,da)

;

36 printf (”\n The d iamete r o f p in B = %. 3 f mm”,db);
37 printf (”\n The d iamete r o f rod BC = %. 2 f mm”,dbc);
38 printf (”\n\n\nThe chosen d i ame t e r s a r e : ”);
39 printf (”\n The d iamete r o f p in A = %. 3 f mm”,

chosen_da);

40 printf (”\n The d iamete r o f p in B = %. 3 f mm”,
chosen_db);

41 printf (”\n The d iamete r o f rod BC = %. 2 f mm”,
chosen_dbc);

42
43 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 1.14 S14

1 clear all; clc;

2
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3
4 disp(” S c i l a b Code Ex 1 . 1 4 : ”)
5
6 // Given :
7 shear_allow = 55; //MPa
8 l_ac = 200; //mm
9 l_cd= 75; //mm

10 l_de = 50; //mm
11 l_ce = l_cd + l_de;

12 load_d =15; //kN
13 load_e = 25; //kN
14
15 // I n t e r n a l Shear Force :
16 // summation Mc = 0
17
18 f_ab = (( load_d*l_cd +load_e *(3/5)*l_ce)/l_ac);

19 c_x =-load_d + (load_e *(4/5)); // r e s o l v i n g C in x
d i r

20 c_y = load_d + (load_e *(3/5)); // r e s o l v i n g C in y
d i r

21
22 f_c = sqrt(c_x^2 + c_y^2); //kN
23 V = f_c/2;

24
25 // Requ i red Area
26 A = ((V*10^3) /( shear_allow)); //A = V/ Al l owab l e

sh e a r i n mmˆ2
27 d = ((sqrt ((4*A)/%pi))) // Area = ( %pi \4) dˆ2 i n mmˆ2
28
29 chosen_d = ceil(ceil(d))+1;

30
31 // D i s p l a y i n g Re s u l t s :
32
33
34 printf(”\n\nThe f o r c e at AB = %. 2 f kN”,

f_ab);

35 printf(”\nThe r e s u l t a n t f o r c e at C = %. 2 f kN”,f_c);
36 printf(”\nThe a r ea o f p in = %. 2 f mmˆ2”,A);
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37 printf(”\nThe d iamete r o f p in = %. 2 f mm”,
chosen_d);

38
39 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 1.15 S15

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 1 . 1 5 : ”)
4
5 // Given :
6 P= 20; //kN
7 d_hole = 40; //mm
8 normal_allow = 60; //MPa
9 shear_allow = 35; //MPa

10
11
12 // Diameter o f Rod :
13 area1 = (P*10^3) /( normal_allow *10^6); // Area i n mˆ2
14 d = ((sqrt ((4* area1)/%pi))*1000); // Area = ( %pi \4) d

ˆ2
15
16
17 // Th i ckne s s o f d i s c :
18 V = P;

19 area2 = (V*10^3) /( shear_allow *10^6); // Area i n mˆ2
20 thickness = (area2 *10^6) /( d_hole*%pi);// A = p i ∗d∗ t
21
22
23 printf(”\n\nThe c r o s s s e c t i o n a l a r ea o f d i s c = %. 8
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f mˆ2”,area1);
24 printf(”\nThe d iamete r o f rode = %. 2 f

mm”,d);
25 printf(”\nThe t h i c k n e s s o f d i s c = %. 2 f

mm”,thickness);
26
27 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 1.16 S16

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 1 . 1 6 : ”)
4
5 // Given :
6 bearing_allow = 75; //MPa
7 tensile_allow = 55; //MPa
8 d_shaft = 60; //mm
9 r_shaft = d_shaft /2; //mm

10 area_shaft = %pi*( r_shaft ^2); // Area = p i ∗ r ˆ2
11 d_collar = 80; //mm
12 r_collar = d_collar /2; //mm
13 area_collar = %pi*( r_collar ^2); // Area = p i ∗ r ˆ2
14 thick_collar = 20; //mm
15
16 //Normal S t r e s s :
17 P1 = (tensile_allow* area_shaft)/3; // T en s i l e s t r e s s

= 3P/A.
18 P1_kN = P1 /1000;

19
20
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21 // Bear ing S t r e s s :
22 bearing_area = area_collar -area_shaft; //mmˆ2
23 P2 = (bearing_allow*bearing_area)/3; // Bear ing

s t r e s s = 3P/A.
24 P2_kN= P2 /1000;

25
26 if(P2_kN <P1_kN)

27 big = P2_kN;

28 else big = P1_kN;

29 end

30
31 // D i s p l a y i n g Re s u l t s :
32
33 printf(”\n\nThe l oad c a l c u l a t e d by Normal S t r e s s

= %. 1 f kN”,P1_kN);
34 printf(”\nThe l oad c a l c u l a t e d by Bear ing S t r e s s

= %. 1 f kN”,P2_kN);
35 printf(”\nThe l a r g e s t l oad tha t can be app l i e d to

the s h a f t = %. 1 f kN”,big);
36
37 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 1.17 S17

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 1 . 1 7 : ”)
4
5 // Given :
6 d_ac= 20; //mm
7 area_ac = %pi*(d_ac /2)^2; // Area = ( %pi \4) dˆ2
8 area_al = 1800; //mmˆ2
9 d_pins = 18; //mm
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10 area_pins = %pi*( d_pins /2)^2;

11 st_fail_stress = 680; //MPa
12 al_fail_stress = 70; //MPa
13 shear_fail_pin = 900; //MPa
14 fos = 2; // Facto r o f s a f e t y
15 l_ab = 2; //m
16 l_ap = 0.75; //m
17
18
19 st_allow= st_fail_stress /fos; //MPa
20 al_allow = al_fail_stress/fos; //MPa
21 pin_allow_shear = shear_fail_pin/fos; //MPa
22
23 //Rod AC
24 f_ac = (st_allow*area_ac)/1000;

25 P1 = ((f_ac*l_ab)/(l_ab -l_ap));

26
27 // Block B
28 f_b =( al_allow*area_al)/1000;

29 P2 = ((f_b*l_ab)/l_ap);

30
31 // Pin A or C:
32 V = (pin_allow_shear*area_pins)/1000;

33 P3 = (V*l_ab)/(l_ab -l_ap);

34
35 if(P1<P2 & P1 <P3)

36 big = P1;

37 else if(P2 <P1 & P2<P3)

38 big = P2;

39 else big = P3;

40 end

41
42 // D i s p l a y i n g Re s u l t s :
43
44 printf(”\n\nThe l oad a l l owed on rod AC

= %. 1 f kN”,round(P1));
45 printf(”\nThe l oad a l l owed on b l o ck B

= %. 1 f kN”,P2);
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46 printf(”\nThe l oad a l l owed on p i n s A or C
= %. 1 f kN”,P3);

47 printf(”\nThe l a r g e s t l oad tha t can be app l i e d to
the bar = %. 1 f kN ”,big);

48
49 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Chapter 2

Strain

Scilab code Exa 2.1 Strain1

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 2 . 1 : ”)
4
5 // Given :
6 e_z= 4;

7 ab = 0.200; //m
8
9

10 // C a l c u l a t i o n s :
11
12 // Part a )
13
14 z=integrate( ’ 1+(40∗10ˆ−3) ∗ ( s q r t ( z ) ) ’ , ’ z ’ ,0,ab); //

S t r a i n fo rmu la f o r s h o r t l i n e segment = d e l t a (
sdash ) =(1+ e z ) d e l t a ( s )

15 deltaB= z-ab;

16 deltaB_mm= deltaB *1000;

17
18 // Part b )
19
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20 e_avg = deltaB/ab;// Normal s t r a i n fo rmu la : e = (
d e l t a ( sdash ) −d e l t a ( s ) ) / d e l t a ( s )

21
22 // D i sp l ay :
23
24
25 printf(”\n\nThe va lu e o f i n t e g r a t i o n i s

=%10 . 5 f m”,z);
26 printf(”\nThe d i s p l a c emen t at the end o f the rod i s

= %0 . 2 f mm”,deltaB_mm);
27 printf(”\nThe ave rage normal s t r a i n i n the rod i s

=%10 . 4 f mm/mm”,e_avg);
28
29 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 2.2 Strain2

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 2 . 2 : ”)
4
5 // Given :
6 theta = 0.002; // r a d i a n s
7 bc=1; //m
8 ba = 0.5; //m
9

10 // C a l c u l a t i o n s :
11
12 bb_dash = theta*ba;

13 avg_normal_strain = bb_dash/bc;//m/m
14
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15 // D i sp l ay :
16
17
18 printf(”\n\nThe ave rage normal s t r a i n =%10 . 3 f m/m”,

avg_normal_strain);

19
20 //−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−END

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 2.3 Strain3

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 2 . 3 : ”)
4
5 // Given :
6
7 ab= 250; //mm
8 bbdash_x = 3; //mm
9 bbdash_y = 2; //mm

10 ac = 300; //mm
11
12 // c a l c u l a t i o n s :
13
14 // Part ( a )
15 abdash = sqrt((ab - bbdash_y)^2 + (bbdash_x)^2); //

Pythagoras theorem
16 avg_normal_strain = (abdash -ab)/ab;

17
18 // Part ( b )
19 gamma_xy = atan(bbdash_x /(ab - bbdash_y)); // sh ea r

s t r a i n fo rmu la
20
21 // D i sp l ay :
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22
23 printf(”\n\nThe ave rage normal s t r a i n a l ong AB i s

=%10 . 5 f mm/mm”,avg_normal_strain);
24 printf(”\nThe ave rage sh ea r s t r a i n =

%10 . 5 f rad ”,gamma_xy);
25
26 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 2.4 Strain4

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 2 . 4 : ”)
4
5 // Given :
6 ab = 150; //mm
7 bc = 150; //mm
8 disp_cd= 2; //mm
9 ab_half = ab/2;

10 addash_half = (bc+disp_cd)/2 ;

11
12 // C a l c u l a t i o n s :
13
14 // Part ( a )
15
16 ac = sqrt((ab)^2 + (bc)^2); // Pythagoras theorem in

mm
17 ac_m = ac /1000; // i n m
18 acdash = sqrt((ab)^2 + (bc+disp_cd)^2); //

Pythagoras theorem in mm
19 acdash_m = acdash /1000; // i n m
20
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21 avg_strain_ac = (acdash_m - ac_m)/ac_m; //Normal
s t r a i n fo rmu la

22
23 // Part ( b )
24
25 theta_dash = 2* atan(( addash_half)/(bc/2)); // th e t a

found in r a d i a n s
26 gamma_xy = (%pi / 2)- theta_dash; // sh ea r s t r a i n

fo rmu la
27
28 // D i sp l ay :
29
30
31 printf(”\n\nThe ave rage normal s t r a i n a l ong the

d i a g ona l AC i s =%10 . 5 f mm/mm”,avg_strain_ac);
32 printf(”\nThe sh ea r s t r a i n at E r e l a t i v e to the x , y

axe s = %10 . 5 f rad ”,gamma_xy);
33
34 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Chapter 3

Mechanical Properties of
Materials

Scilab code Exa 3.1 MPM1

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 3 . 1 : ”)
4
5 // Given :
6 offset = 0.2; //%
7 a_x = 0.0016; //mm/mm
8 a_y = 345; //Mpa
9

10 // Re f e r to the g i v en graph .
11
12 // C a l c u l a t i o n s :
13
14 // Modulus o f E l a s t i c i t y
15 E = a_y/(a_x *10^3); //E i s the s l o p e i n GPa .
16
17 // Y i e l d S t r eng th :
18 sigma_ys = 469; // Graph i c a l l y , f o r a s t r a i n o f 0 . 0 0 2

mm/mm
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19
20 // Ul t imate S t r e s s :
21 sigma_u = 745.2; //Mpa B i s the peak o f s t r e s s

s t r a i n graph .
22
23 // Fra c tu r e S t r e s s :
24 ep_f = 0.23; //mm/mm
25 sigma_f = 621; //Mpa from the graph .
26
27 // D i sp l ay :
28
29 printf(”\n\nThe Modulus o f E l a s t i c i t y i s =

%10 . 1 f GPa”,E);
30 printf(”\nThe Y i e l d S t r eng th from the graph =

%0 . 2 f MPa”,sigma_ys);
31 printf(”\nThe Ul t imate S t r e s s from the graph i s =%10

. 1 f MPa”,sigma_u);
32 printf(”\nThe Fra c tu r e S t r e s s from the graph i s =%10

. 1 f MPa”,sigma_f);
33
34 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 3.2 MPM2

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 3 . 2 : ”)
4
5 // Given :
6 stress_b = 600; //MPa
7 strain_b = 0.023; //mm/mm
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8 stress_a = 450; //Mpa
9 strain_a = 0.006; //mm/mm

10
11 // C a l c u l a t i o n s :
12
13 // Permanent S t r a i n :
14 E = stress_a/strain_a;

15 strain_cd = stress_b/E; //The r e c o v e r e d e l a s t i c
s t r a i n

16 perm_strain = strain_b - strain_cd; //mm/mm
17
18 // Modulus o f R e s i l i e n c e :
19 ur_initial = (0.5* stress_a*strain_a);//MJ/mˆ3
20 ur_final = (0.5* stress_b*strain_cd); //MJ/mˆ3
21
22 // D i sp l ay :
23
24 printf(”\n\nThe Permanent S t r a i n i s =

%10 . 5 f mm/mm”,perm_strain);
25 printf(”\nThe I n i t i a l Modulus o f R e s i l i e n c e i s = %0

. 2 f MJ/mmˆ3”,ur_initial);
26 printf(”\nThe F ina l Modulus o f R e s i l i e n c e i s = %0

. 2 f MJ/mmˆ3”,ur_final);
27
28
29 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 3.3 MPM3

1 clear all; clc;

2

41



3 disp(” S c i l a b Code Ex 3 . 3 : ”)
4
5 // Given :
6 p = 10000; //N
7 E_al = 70*(10^3); //MPa
8 l_ab = 600; //mm
9 d_ab = 20; //mm

10 l_bc = 400; //mm
11 d_bc = 15; //mm
12
13 // C a l c u l a t i o n s :
14
15 a_ab = (%pi/4)*(d_ab ^2);// Area o f AB
16 a_bc = (%pi/4)*(d_bc ^2);

17 stress_ab = p/a_ab;// S t r e s s = load / a r ea
18 stress_bc = p/a_bc;

19
20 e_ab = stress_ab/E_al; // Hookes ’ s Law . E l a s t i c

s t r a i n .
21 e_bc = 0.045; //mm/mm . From the graph f o r s t r e s s b c
22
23 elongation = (l_ab*e_ab)+ (l_bc*e_bc);

24 strain_rec = stress_bc/E_al; // S t r a i n Recovery
25
26 e_og = e_bc -strain_rec;// mm/mm
27 rod_elong = e_og*l_bc;

28
29 // D i sp l ay :
30
31 printf(”\n\nThe e l o n g a t i o n o f the rod when l oad i s

a pp l i e d =%10 . 1 f mm”,elongation);
32 printf(”\nThe permanent e l o n g a t i o n o f the rod when

l oad i s removed = %0 . 1 f mm”,rod_elong);
33
34 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Scilab code Exa 3.4 MPM4

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 3 . 4 : ”)
4
5 // Given :
6 P = 80; //kN
7 l_z = 1.5; //m
8 l_y = 0.05; //m
9 l_x = 0.1; //m

10
11 // C a l c u l a t i o n s :
12 A= l_x*l_y;

13 normal_stress_z = (P*(10^3))/A; //Pa
14
15 Est = 200; //GPa − from the t a b l e s .
16 strain_z = (normal_stress_z)/(Est *(10^9)); // S t r a i n

= s t r e s s /modulus o f e l a s t i c i t y
17
18 axial_elong = strain_z*l_z; // e l o n g a t i o n i n the y

d i r e c t i o n
19
20 nu_st = 0.32; // Po i s son ’ s Rat io − from the t a b l e s .
21 strain_x = -(nu_st)*( strain_z); // s t r a i n i n the x

d i r e c t i o n .
22 strain_y = strain_x;

23
24 // E l onga t i o n s :
25 delta_x = strain_x*l_x;

26 delta_y = strain_y*l_y;

27
28 // D i sp l ay :
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29
30 printf(”\n\nThe change i n the l e n g t h ( z d i r e c t i o n )

= %10 . 8 f m”,axial_elong);
31 printf(”\nThe change i n the c r o s s s e c t i o n ( x

d i r e c t i o n )= %10 . 8 f m’ , d e l t a x ) ;
32 p r i n t f ( ”\nThe change in the cross section (y

direction)= %10.8f m’,delta_y);

33
34 printf(”\n\nIn the s tandard form : ”)
35 printf(”\nThe change i n the l e n g t h ( z d i r e c t i o n )

= %10 . 2 f x10 ˆ6m” ,(axial_elong *10^6));
36 printf(”\nThe change i n the c r o s s s e c t i o n ( x

d i r e c t i o n )= %10 . 2 f x10 ˆ6m’ , ( d e l t a x ∗10ˆ6) ) ;
37 p r i n t f ( ”\nThe change in the cross section (y

direction)= %10.2f x10^6m’,(delta_y *10^6));

38
39 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 3.5 MPM5

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 3 . 5 : ”)
4
5 // Given :
6 // Re f e r to the graph o f s h e a r s t r e s s −s t r a i n o f

t i t an ium a l l o y .
7 x_A = 0.008; // rad − x co−o r d i n a t e o f A
8 y_A = 360; //MPa − y co−o r d i n a t e o f A
9 height = 50; //mm

10 l = 75; //mm
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11 b = 100; //mm
12
13
14 // C a l c u l a t i o n s :
15
16 // Shear Modulus :
17 G = y_A/x_A;

18
19 // P r op o r t i o n a l L imi t :
20 tou_pl = 360; //Mpa Point A
21
22 // Ul t imate S t r e s s s :
23 tou_u = 504; //MPa − Max shea r s t r e s s at B
24
25 //Maximum E l a s t i c D i sp lacement :
26 tanA= x_A;// tan th e t a i s approx imated as th e t a .
27 d = tanA*height;

28
29 // Shear Force :
30 A = l*b;

31 V = tou_pl*A;

32
33 // D i sp l ay :
34
35
36 printf(”\n\nThe Shear Modulus = %10 . 2

f MPa”,G);
37 printf(”\nThe P r o p o r t i o n a l L imit = %10 . 2 f

Mpa”,tou_pl);
38 printf(”\nThe Ul t imate Shear S t r e s s = %10 . 2 f

MPa ”,tou_u);
39 printf(”\nThe Maximum E l a s t i c D i sp lacement = %10 . 2 f

mm”,d);
40 printf(”\nThe Shear Force = %10 . 2 f

kN ” ,(V/1000));
41
42 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 3.6 MPM6

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 3 . 6 : ”)
4
5 // Given :
6 d_o = 0.025; //m
7 l_o =0.25; //m
8 F =165; //kN
9 delta = 1.2; //mm

10 G_al = 26; //GPa
11 sigma_y = 440; //MPa
12
13 // C a l c u l a t i o n s :
14
15 // Modulus o f E l a s t i c i t y :
16 A = (%pi/4)*(d_o^2);

17 avg_normal_stress = (F*10^3)/A;

18 avg_normal_strain = delta/l_o;

19 E_al = avg_normal_stress/ avg_normal_strain;

20
21 E_al = E_al /10^6;

22
23 // Con t r a c t i on o f Diameter :
24 nu = (E_al /(2* G_al)) -1;

25 strain_lat = nu*( avg_normal_strain) ;

26 d_contraction = strain_lat* d_o ;

27
28
29 // D i sp l ay :
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30
31 printf(”\n\nThe Modulus o f E l a s t i c i t y

= %10 . 1 f GPa”,E_al);
32 printf(”\nThe c o n t r a c t i o n i n d i amete r due to the

f o r c e = %10 . 4 f mm”,d_contraction);
33
34 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Chapter 4

Axial Load

Scilab code Exa 4.1 AL1

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 4 . 1 : ”)
4
5 // Given :
6 a_ab = 600; //mmˆ2
7 a_bd = 1200; //mmˆ2
8 a_bc = a_bd;

9 p = 75; //kN
10 l_ab = 1; //m
11 l_bc = 0.75; //m
12 l_cd = 0.5; //m
13
14 // C a l c u l a t i o n s :
15
16 // I n t e r n a l Fo r c e s : By method o f S e c t i o n s
17 P_bc = 35; //kN
18 P_cd = 45; //kN
19
20 // Di sp lacement :
21 E_st = 210*(10^3); //From the t a b l e s

48



22
23 P = [p P_bc -P_cd];

24 A =[a_ab a_bc a_bd];

25 L= [l_ab l_bc l_cd];

26 E = []

27 n = length(P)

28
29 delta_sum =0;

30
31 for i = 1:n;

32 delta_sum = delta_sum + (P(i)*L(i)*(10^6))/(A(i)

*E_st);

33 end

34
35 delta_bc = (P_bc*l_bc *10^6) /(a_bc*E_st);

36
37
38
39 // D i sp l ay :
40
41 printf(”\n\nThe v e r t i c a l d i s p l a c emen t o f end A =

+%1. 2 f mm”,delta_sum);
42 printf(”\nThe d i s p l a c emen t o f B r e l a t i v e to C i s = +

%1 . 3 f mm”,delta_bc);
43
44 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 4.2 AL2

1 clear all; clc;

2
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3 disp(” S c i l a b Code Ex 4 . 2 : ”)
4
5 // Given :
6 a_ab = 400; //mmˆ2
7 d_rod = 10; //mm
8 r_rod = d_rod /(2*1000); // r a d i u s i n m
9 P = 80; //kN

10 E_st = 200*(10^9); //Pa
11 E_al = 70*(10^9); //Pa
12 l_ab = 400; //mm
13 l_bc = 600; //mm
14
15 // C a l c u l a t i o n s :
16
17 // I n t e r n a l f o r c e s : t e n s i o n = compre s s i on = 80kN .
18
19 // Di sp lacement :
20
21 // d e l t a =PL/AE
22 numerator1 = P*(10^3) *(l_bc /1000);

23 denominator1 = (%pi*r_rod ^2* E_st);

24 delta_cb = numerator1/denominator1; // to the r i g h t
25
26 numerator2 = -P*(10^3) *(l_ab /1000);

27 denominator2 = (a_ab* 10^-6 *E_al);

28 delta_a = -numerator2/denominator2; // to the r i g h t
29
30 delta_c = delta_a+delta_cb;

31
32 // D i sp l ay :
33
34
35
36 printf(”\n\nThe d i s p l a c emen t o f C with r e s p e c t to B

= +%1 . 6 f m’ , d e l t a c b ) ;
37 p r i n t f ( ”\nThe displacement of B with respect to A

= +%1.6f m” , d e l t a a ) ;
38 p r i n t f ( ’\ nThe d i s p l a c emen t o f C r e l a t i v e to A
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= +%1. 5 f m’ , d e l t a c ) ;
39
40 //−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 4.3 AL3

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 4 . 3 : ”)
4
5 // Given :
6 d_ac = 20; //mm
7 r_ac = d_ac /(2*1000); // r a d i u s i n m
8 d_bd =40; //mm
9 r_bd = d_bd /(2*1000); // r a d i u s i n m

10 P = 90; //kN
11 E_st = 200*(10^9); //Pa
12 E_al = 70*(10^9); //Pa
13 l_af = 200; //mm
14 l_fb = 400; //mm
15 l_bd = 300; //mm
16 l_ac = l_bd;

17
18 // C a l c u l a t i o n s :
19
20 // I n t e r n a l Force :
21 P_ac = 60; //kN
22 P_bd = 30; //kN
23
24 // Di sp lacement :
25
26 // Post AC: d e l t a = PL/AE
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27 num1 = -(P_ac *10^3*( l_ac /1000));

28 denom1 = %pi* r_ac ^2* E_st;

29 delta_a = -num1/denom1; // downwards
30 delta_a = delta_a *1000; // i n m
31
32 // Post BD: d e l t a = PL/AE
33 num2 = -(P_bd *10^3*( l_bd /1000));

34 denom2 = %pi* r_bd ^2* E_al;

35 delta_b = -num2/denom2; // downwards
36 delta_b = delta_b *1000; // i n m
37
38
39 delta_f = delta_b + (0.184) *(l_fb/(l_af+l_fb)); //By

s i m i l a r t r i a n g l e s from the f i g u r e .
40
41 // D i sp l ay :
42
43 printf( ’ \n\nThe d i s p l a c emen t o f Post AC = +%1

. 3 f mm downwards ’ ,delta_a);
44 printf( ’ \nThe d i s p l a c emen t o f Post BD = +%1. 3 f

mm downwards ’ ,delta_b);
45 printf( ’ \nnThe d i s p l a c emen t o f po i n t F = +%1. 3 f

mm downwards ’ ,delta_f);
46
47 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 4.5 AL5

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 4 . 5 : ”)
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4
5 // Given :
6 d_ab = 5; //mm
7 A = (%pi/4)*(d_ab /1000) ^2;

8 gap = 1; //mm
9 P = 20; //kN

10 E_st = 200; //GPa
11 l_ac = 0.4; //m
12 l_cb = 0.8; //m
13 l_ab = l_ac+l_cb;

14
15 // C a l c u l a t i o n s :
16
17 // Equ i l i b r i um :
18 // Eqn1 : −Fa − Fb +P∗10ˆ3 = 0 ;
19
20 // Compa t i b i l i t y :
21 delta_ba = gap /1000; // i n m
22
23 delta = delta_ba *(A*E_st *10^9); // d e l t a b a ∗ Lac/AE
24
25
26 //Eqn2 : (L/AE) ∗Fa −(Lb/AE) ∗Fb = d e l t a b a
27
28 // So l v i n g Equat ions 1 and 2 by ma t r i c e s :
29 coeff_F = [1 1; l_ac -l_cb];

30 b =[P*10^3 ; delta];

31 F = coeff_F\b;

32
33 F_a = F(1) /1000;

34 F_b = F(2) /1000;

35
36 // D i sp l ay :
37
38
39 printf(”\n\nThe r e a c t i o n f o r c e at A = %1 . 1 f kN”,F_a)

;

40 printf(”\nThe r e a c t i o n f o r c e at B = %1 . 2 f kN”,F_b);
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41
42 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 4.6 AL6

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 4 . 6 : ”)
4
5 // Given :
6 P = 45; //kN
7 E_al = 70*10^3;

8 E_br = 105*10^3;

9 h = 0.5; //m
10 ri = 25/1000; //m
11 ro = 50/1000; //m
12 A = (%pi*(ro^2 -ri^2));

13 Ai = %pi*ri^2;

14
15 // C a l c u l a t i o n s :
16
17 // Equ i l i b r i um : Eqn1 : F a l +F br = P
18
19 // Compa t i b i l i t y :
20 coeff_F_br = (A*E_al)/(Ai*E_br); // d e l t a a l =

d e l t a b r a s s
21
22 //Eqn2 : F a l− ( c o e f f F b r ∗F br ) = 0
23
24 // So l v i n g e qua t i o n s 1 and 2 u s i n g ma t r i c e s :
25
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26 coeff_F = [1 1; 1 -coeff_F_br ];

27 b = [P; 0];

28 F = coeff_F\b;

29
30 F_al =F(1);

31 F_br =F(2);

32
33 avg_stress_al = F_al/A;

34 avg_stress_br = F_br/Ai;

35
36 avg_stress_al = avg_stress_al /1000;

37 avg_stress_br = avg_stress_br /1000;

38
39 // D i sp l ay :
40
41
42 printf(”\n\nThe a x i a l f o r c e e xp e r i e n c e d by Al =

%1 . 1 f kN”,F_al);
43 printf(”\nThe a x i a l f o r c e e xp e r i e n c e d by Bras s = %1

. 2 f kN”,F_br);
44 printf( ’ \nThe ave rage normal s t r e s s i n Al = %1

. 2 f MPa ’ ,avg_stress_al);
45 printf( ’ \nThe ave rage normal s t r e s s i n Al Bras s = %1

. 2 f MPa ’ ,avg_stress_br);
46
47 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 4.7 AL7

1 clear all; clc;

2
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3 disp(” S c i l a b Code Ex 4 . 7 : ”)
4
5 // Given :
6 P = 15; //kN
7 a_ab = 25; //mmˆ2
8 a_ef =a_ab;

9 a_cd = 15; //mmˆ2
10 l_ef = 0.5; //m
11 l_ce = 0.4; //m
12 l_ac = 0.4; //m
13
14 // C a l c u l a t i o n s :
15
16 // Equ i l i b r i um :
17 // In the y d i r e c t i o n ; F a +F c +F e = P
18 // o f moments : −F a ( l a c )+ P( l a c /2) +F e ( l c e ) = 0
19
20 // Compa t i b i l i t y equa t i on f o r d i s p l a c emn t s :
21 coeff_Fc = (1/ a_cd); // c o e f f i c i e n t o f Fc
22 coeff_Fa = (0.5/ a_ab); // c o e f f i c i e n t o f Fc
23 coeff_Fe = (0.5/ a_ef); // c o e f f i c i e n t o f Fc
24
25 // Using ma t r i c e s to s o l v e the 3 Equat ions :
26 A = [1 1 1; -l_ac 0 l_ce; coeff_Fa -coeff_Fc

coeff_Fe ];

27 b = [P ; -P*(l_ac /2); 0];

28 F = A\b;

29
30
31 F_a = F(1);

32 F_b = F(2);

33 F_c = F(3);

34
35 // D i sp l ay :
36
37
38 printf(”\n\nThe f o r c e i n rod AB = %1. 2 f kN ’ ,

F a ) ;
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39 p r i n t f ( ’\ nThe f o r c e i n rod CD = %1. 2 f kN ’ , F b )
;

40 p r i n t f ( ’\ nThe f o r c e i n rod EF = %1 . 2 f kN ’ , F c )
;

41
42 //−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 4.8 AL8

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 4 . 8 : ”)
4
5 // Given :
6 r_o = 10; //mm
7 r_i = 5; //mm
8 l = 60; //mm
9 a_t = (%pi)*(r_o^2 - r_i^2); // Area o f th r ead

10 a_b = (%pi*(r_i ^2));// Area o f b o l t
11 one_turn =20/20;

12 E_am = 45; //GPa
13 E_al = 75; //GPa
14
15 // c a l c u l a t i o n s :
16
17 // Equ i l i b r i um :
18 // In Y d i r e c t i o n : F b − F t = 0
19
20 // Compa t i b i l i t y :
21 half_turn = one_turn /2;

22 coeff_Ft = l/(a_t*E_am *10^3); // d e l t a = PL/AE
23 coeff_Fb = l/(a_b*E_al *10^3);
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24
25 // So l v i n g the two s imu l t an eou s e qua t i o n s f o r F b and

F t :
26 A = [1 -1; coeff_Fb coeff_Ft ];

27 b = [0 ; half_turn ];

28 F = A\b;

29
30 F_b =F(1);

31 F_t = F(2);

32
33 stress_b = F_b/a_b;

34 stress_t = F_t/a_t;

35
36 F_b = F_b /1000; // i n kN
37 F_t = F_t /1000; // i n kN
38
39 // D i sp l ay :
40
41
42 printf( ’ \n\nThe f o r c e e xp e r i e n c e d by th r e ad s =

%1 . 2 f kN ’ ,F_t);
43 printf( ’ \nThe f o r c e e xp e r i e n c e d by the b o l t =

%1 . 2 f kN ’ ,F_b);
44 printf( ’ \nThe s t r e s s i n the sc rew =

%1 . 1 f MPa ’ ,stress_t);
45 printf( ’ \nThe s t r e s s i n the b o l t =

%1 . 1 f MPa ’ ,stress_b);
46
47 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 4.9 AL9
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1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 4 . 9 : ”)
4
5 // Given :
6 l_ab = 800 + 400; //mm
7 P = 20; //kN
8 d = 5/1000; //m
9 area = (%pi/4)*d^2; // Cross s e c t i o n a l a r ea

10 l_bbdash = 1/1000; //m
11 E = 200; //GPa
12
13 // C a l c u l a t i o n s :
14
15 // Compa t i b i l i t y
16 delta_p = (P*10^3*0.4) /(area*E*10^9); // d e l t a = PL/

AE
17 delta_b = delta_p -l_bbdash;

18 F_b = (delta_b*area*E*10^9) /(l_ab /1000);

19 F_b = F_b /1000;

20
21 // Equ i l i b r i um :
22 F_a = P - F_b;

23
24 // D i sp l ay :
25
26 printf(”\n\nThe r e a c t i o n at A = %1 . 1 f kN ’ , F a ) ;
27 p r i n t f ( ’\ nThe r e a c t i o n at B = %1 . 1 f kN ’ , F b ) ;
28
29 //−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 4.10 AL10
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1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 4 . 1 0 : ”)
4
5 // Given :
6 T1 = 30; // deg r e e c e l c i u s
7 T2 = 60; // d e g r e s s c e l c i u s
8 l_ab = 1; //m
9 area = 10*10*10^ -6; //mˆ2

10 alpha = 12*10^ -6; // per d eg r e e c e l c i u s
11 E = 200*10^6; //kPa
12
13 // Equ i l i b r i um :
14 // F a = F b = F
15
16 del_T = T2-T1;

17 F = alpha*del_T*area*E; // Thermal S t r e s s Formula
18
19 avg_normal_comp_stress = (F*10^ -3)/area; // sigma =

F/A
20
21 // D i sp l ay :
22
23 printf(”\n\nThe f o r c e at A and B =

%1 . 1 f kN”,F);
24 printf( ’ \nThe ave rage normal c ompr e s s i v e s t r e s s =

%1 . 1 f MPa ’ ,avg_normal_comp_stress);
25
26
27 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Scilab code Exa 4.11 AL11

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 4 . 1 1 : ”)
4
5 // Given :
6 area_sleeve = 600*10^ -6; //mˆ2
7 area_bolt = 400*10^ -6; //mˆ2
8 T1 = 15; // deg r e e c e l c i u s
9 T2 = 80; // deg r e e c e l c i u s

10 alpha_bolt = 12*10^ -6; // per d eg r e e c e l c i u s
11 alpha_sleeve = 23*10^ -6; // per d eg r e e c e l c i u s
12 l = 0.15; //m
13 E_bolt = 200*10^9; //N/mˆ2
14 E_sleeve = 73.1*10^9; //N/mˆ2
15
16 // Equ i l i b r i um :
17 // F s = F b
18
19 // Compa t i b i l i t y :
20 del_T = T2 - T1; // t empera tu re d i f f e r e n c e
21 delb_T = alpha_bolt*del_T*l;

22 delb_F = l/( area_bolt*E_bolt);

23 dels_T = alpha_sleeve*del_T*l;

24 dels_F = l/( area_sleeve*E_sleeve);

25
26 // de lb T + F b∗ de lb F = de l s T + F s ∗ d e l s F
27
28 F_b = (dels_T -delb_T)/( delb_F+dels_F);

29 F_b = F_b /1000; // i n kN
30 F_s= F_b;

31
32 sigma_b = F_b/( area_bolt *10^3); // Average Normal

S t r e s s
33 sigma_s = F_s/( area_sleeve *10^3); // Average Normal

S t r e s s
34
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35 // D i sp l ay :
36
37
38 printf(”\n\nThe f o r c e e xp e r i e n c e d by s l e e v e and b o l t

= %1 . 2 f kN”,F_s);
39 printf( ’ \nThe ave rage normal s t r e s s on b o l t

= %1 . 1 f MPa ’ ,sigma_b);
40 printf( ’ \nThe ave rage normal s t r e s s on s l e e v e

= %1 . 1 f MPa ’ ,sigma_s);
41
42
43 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 4.12 AL12

1
2 clear all; clc;

3
4 disp(” S c i l a b Code Ex 4 . 1 2 : ”)
5
6 // Given :
7 h = 0.250; //m
8 T1 = 20; // deg r e e c e l c i u s
9 udl = 150; //kN/m

10 T2 = 80; // deg r e e c e l c i u s
11 len = 0.3; //m
12 dia_steel = 0.04; //m
13 r_steel = 0.02;

14 dia_aluminium = 0.06; //m
15 r_al = dia_aluminium /2;

16 area_st = %pi*( r_steel ^2);
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17 area_al = %pi*(r_al ^2);

18 F = 90*10^3; //N
19 alpha_st = 12*10^ -6; // per d eg r e e c e l c i u s
20 alpha_al = 23*10^ -6; // per d eg r e e c e l c i u s
21 E_st = 200*10^9; // N/mˆ2
22 E_al = 73.1*10^9; // N/mˆ2
23
24 // Equ i l i b r i um :
25 //From the f r e e body diagram : Eqn1 : 2 F s t + F al−
26
27
28 // −d e l s t T + F s t ∗ d e l s t F = −d e l a l T + F a l ∗ d e l a l F
29
30 //Eqn2 : 165 . 9∗10ˆ3 =1.216 F a l − F s t F = 0
31
32 // Compa t i b i l i t y :
33 delst_T = alpha_st *(T1+T2)*h;

34 delst_F = h/( area_st*E_st);

35 delal_T = alpha_al *(T1+T2)*h;

36 delst_F = h/( area_al*E_al);

37
38 coeffMat = [2 1; -1 1.216]

39 b= [90*10^3 ; 165.9*10^3]

40 F = coeffMat\b;

41 F_st = F(1) /1000;

42 F_al =F(2) /1000;

43 F_al =ceil(F_al);

44
45 // D i sp l ay :
46
47
48 printf(”\n\nThe f o r c e on the s t e e l po s t =

%1 . 1 f kN”,F_st);
49 printf( ’ \nThe f o r c e on the aluminium pos t =

%1 . 1 f kN ’ ,F_al);
50
51 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 4.13 AL13

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 4 . 1 3 : ”)
4
5 // Given :
6 sigma_allow = 115; //MPa
7
8 // Determinng the s t r e s s c o n c e n t r a t i o n f a c t o r :
9

10 r_n =10/20;

11 w_h = 40/20;

12 k = 1.4; // from graph
13 sigma_avg = sigma_allow/k;

14 P =sigma_avg *20*10;

15 P = P/1000;

16
17 // D i sp l ay :
18
19 printf(”\n\nThe l a r g e s t a x i a l f o r c e tha t the bar can

c a r r y = %1 . 2 f kN”,P);
20
21 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Scilab code Exa 4.14 AL14

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 4 . 1 4 : ”)
4
5 // Given :
6 P = 80*10^3; //N
7 yield_stress = 700; //MPa;
8 E = 200*10^9; //N/mmˆ2
9 l1 = 0.3; //m

10 l2 = 0.8; //m
11
12 //Maximum Normal S t r e s s :
13 r_h = 6/20;

14 w_h = 40/20;

15 K = 1.6;

16
17 area2 = 0.02*0.01; //mˆ2 note i t s not 0 . 0 0 1 .
18 max_stress = (K*P)/area2;

19 max_stress = (max_stress /10^6); // c onv e r t i n g to MPa
20
21 // Di sp lacement :
22 area1 = 0.04*0.01;

23 del_ad_1 = (P*l1)/( area1*E);

24 del_ad_2 = (P*l2)/( area2*E);

25 del_ad = (2* del_ad_1)+ del_ad_2;

26 del_ad = del_ad *1000; // c o nv e r t i n g m to mm
27
28 // D i sp l ay :
29
30
31 printf(”\n\nThe maximum normal s t r e s s

= %1 . 1 f MPa”,
max_stress);

32 printf( ’ \nThe d i s p l a c emen t o f one end with r e s p e c t
to the o th e r = %1 . 2 f mm’ ,del_ad);
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Scilab code Exa 4.15 AL15

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 4 . 1 5 : ”)
4
5 // Given
6 weight = 15; //kN
7 l_ab = 5; //m
8 l_ac= 5.0075; //m
9 area = 30; //mmˆ2

10
11 // c a l c u l a t i o n s :
12 strain_ab = (l_ac -l_ab)/l_ab;

13 max_strain = 0.0017;

14
15 stress_ab = (350* strain_ab)/max_strain;

16 F_ab = stress_ab*area; // F= s t r e s s ∗ a r ea
17 E_st = 350/ max_strain; // Modulus o f e l a s t i c i t y
18
19 del1 = l_ab/(area *10^ -6* E_st *10^3); // d e l = PL/AE
20 del2 = l_ac/(area *10^ -6* E_st *10^3); // d e l = PL/AE
21
22 //Eqn1 = T ab + T ac = we ight
23 //Eqn2 = de l 1 ∗T ab − de l 2 ∗T ac = ( l a c− l a b )
24
25 // So l v i n g u s i n g ma t r i c e s :
26 A = [1 1;del1 -del2];

27 b = [weight; (l_ac -l_ab)];

28 T = A\b;

29
30 T_ab = T(1);

31 T_ac = T(2);

32
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33 stress_in_ab = (T_ab *10^3)/area;

34
35 if(stress_in_ab >350)

36 T_ab = (350* area)/1000;

37 end

38
39 T_ac = 15-T_ab;

40 stress = (T_ac *10^3)/area;

41 strain_ac = (stress*max_strain)/350;

42
43 elong_ac = strain_ac*l_ac; //m
44 elong_ab = (l_ac -l_ab)+elong_ac; //m
45
46
47
48 // D i sp l ay :
49
50 printf( ’ \n\nThe f o r c e e xp e r i e n c e d by w i r e AB = %1. 1

f kN ’ ,T_ab);
51 printf( ’ \nThe f o r c e e xp e r i e n c e d by w i r e AC = %1. 1 f

kN ’ ,T_ac);
52 printf( ’ \nThe e l o n g a t i o n i n w i r e AB = %1. 5 f

m ’ ,elong_ab);
53 printf( ’ \nThe e l o n g a t i o n i n w i r e AC = %1. 5 f

m ’ ,elong_ac);
54
55 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 4.16 AL16

1 clear all; clc;
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2
3 disp(” S c i l a b Code Ex 4 . 1 6 : ”)
4
5 // Given :
6 yield = 250; //MPa
7 r = 4; //mm
8 width = 40; //mm
9 thick = 2; //mm

10
11 // a )
12 r_h = r/(width - (2*r));

13 w_h = width /( width - (2*r));

14 K = 1.75;

15 area = (thick*(width - (2*r))*10^ -6);

16 P_y = (yield *10^6* area)/K;

17 P_y = P_y /1000;

18
19 //b )
20 P_p = (yield *10^6* area);

21 P_p = P_p /1000;

22
23 // D i sp l ay :
24
25 printf(”\n\nThe maximum load P tha t does not caus e

the s t e e l to y i e l d = %1 . 2 f kN”,P_y);
26 printf( ’ \nThe maximum load tha t the bar can suppor t

= %1 . 2 f kN ’ ,P_p);
27
28 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 4.17 AL17
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1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 4 . 1 7 : ”)
4
5 // Given :
6 r = 5/1000; //m
7 yield = 420; //MPa
8 E = 70; //GPa
9 P = 60; //kN

10 l_ac = 100/1000; //m
11 l_cb = 300/1000; //m
12 F_a = 45; //kN by e l a s t i c a n a l y s i s
13 F_b = 15; //kN by e l a s t i c a n a l y s i s
14
15 // C a l c u l a t i o n s :
16 area = %pi*(r^2)

17 sigma_ac = F_a/(area *1000);

18 sigma_ac1 = sigma_ac;

19 sigma_cb = F_b/(area *1000);

20 sigma_cb1 = sigma_cb;

21
22 if(sigma_ac >yield)

23 F_a_y = yield *10^3* area;

24 F_b = P - F_a_y;

25
26 sigma_ac = yield;

27 sigma_cb = F_b/(area *1000);

28 end

29
30 // Re s i dua l S t r e s s :
31 defl_c = (F_b*l_cb)/(area*E*10^6);

32 strain_cb = defl_c/l_cb;

33 strain_ac = -defl_c/l_ac;

34
35 sigma_ac_r = -sigma_ac+ sigma_ac1;

36 sigma_cb_r = sigma_cb - sigma_cb1;

37
38 sigma = sigma_cb_r;
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39
40 // Permanent Di sp lacement :
41 res_strain_cb = (sigma *10^6) /(E*10^9);

42 perm_defl_c = res_strain_cb*l_cb *1000;

43
44
45 // D i sp l ay :
46
47 printf(”\n\nThe r e s i d u a l s t r e s s i n AC

= %1 . 1 f MPa”,sigma_ac_r)
;

48 printf(”\nThe r e s i d u a l s t r e s s i n CB
= %1 . 1 f MPa”,sigma_cb_r)

;

49 printf(”\nThe permanent d i s p l a c emen t o f the c o l l a r
at C = %1 . 3 f mm”,perm_defl_c);

50
51 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Chapter 5

Torsion

Scilab code Exa 5.1 T1

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 5 . 1 : ”)
4
5 // Given :
6 r = 50; //mm
7 J = (%pi/2)*(r^4); // p o l a r moment o f i n e r t i a
8 tou_max = 56; //MPa
9 T = (tou_max*J)/(r*10^6); // toumax = Tc/J

10
11 // D i sp l ay :
12
13
14 printf(”\n\nThe r e s u l t a n t i n t e r n a l t o rque = %1 . 0 f

kNm’ ,T) ;
15
16 //−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Scilab code Exa 5.3 T3

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 5 . 3 : ”)
4
5 // Given :
6 T1 = 4250; //kNmm
7 T2 = -3000; //kNm
8 T3 = T1+T2; //kNm
9 r = 75; //mm

10
11 // S e c t i o n Proper ty :
12 J = (%pi/2)*(r^4); // p o l a r moment o f i n e r t i a
13
14 // Shear S t r e s s :
15 c_a = 75; //mm
16 tou_a = (T3*c_a *1000)/J; // tou = Tc/J
17
18 c_b = 15; //mm
19 tou_b = (T3*c_b *1000)/J; // tou = Tc/J
20
21 // D i sp l ay :
22
23 printf( ’ \n\nThe sh ea r s t r e s s deve l oped at A = %1 . 2

f MPa ’ ,tou_a);
24 printf( ’ \nThe sh ea r s t r e s s deve l oped at B = %1 . 3 f

MPa ’ ,tou_b);
25
26 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Scilab code Exa 5.4 T4

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 5 . 4 : ”)
4
5 // Given :
6 di = 80; //mm
7 ri = 40/1000; //m
8 d0 = 100; //mm
9 ro = d0 /2000; //m

10 F = 80; //N
11 l1 = 0.2; //m
12 l2 = 0.3; //m
13
14 // I n t e r n a l Torque :
15 T = F*(l1+l2);

16
17 // S e c t i o n Proper ty :
18 J = (%pi/2) *((ro^4) -(ri^4));

19
20 // Shear S t r e s s :
21 c_o = 0.05; //m
22 tou_o = (T*c_o)/(J*10^6);

23
24 c_i = 0.04; //m
25 tou_i = (T*c_i)/(J*10^6);

26
27 // D i sp l ay :
28
29
30 printf( ’ \n\nThe sh ea r s t r e s s i n the i n n e r wa l l =

%1 . 3 f MPa ’ ,tou_i);
31 printf( ’ \nThe sh ea r s t r e s s i n the ou t e r wa l l = %1
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. 3 f MPa ’ ,tou_o);
32
33
34 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 5.5 T5

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 5 . 5 : ”)
4
5 // Given :
6 P = 3750; //W
7 N = 175; //rpm
8 allow_shear = 100; //MPa
9

10 // C a l c u l a t i o n s :
11 ang_vel = (2*%pi*N)/60; // rad / s
12 T = P/ang_vel; //P = T∗ angu l a r v e l o c i t y
13
14 c = ((2*T*1000) /(%pi*allow_shear))^(1/3);

15 d = round (2*c);

16
17 // D i sp l ay :
18
19
20 printf( ’ \n\nThe r e q u i r e d d iamete r o f the s h a f t =

%1 . 0 f mm’ ,d);
21
22 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 5.6 T6

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 5 . 6 : ”)
4
5 // Given :
6 di = 30; //mm
7 ri= (di /2000); //m
8 d0 = 42; //mm
9 ro = (d0 /2000); //m

10 P = 90; //kW
11 max_shear = 50; //MPa
12
13 // C a l c u l a t i o n s :
14 c = ro; //m
15 J = (%pi/2) *((ro^4) -(ri^4)); // Po la r moment o f

i n e r t i a o f ho l l ow s h a f t
16 T = (max_shear*J)/c; // tou max = Tc/J
17
18 //P = 2( %pi ) fT
19 f = (P)/(2* %pi*T*10^3);

20
21 // D i sp l ay :
22
23
24 printf( ’ \n\nThe r e q u i r e d f r e qu en cy o f r o t a t i o n o f

the s h a f t = %1 . 1 f Hz ’ ,f);
25
26 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 5.7 T7

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 5 . 7 : ”)
4
5 // Given :
6 E = 80*10^3; //MPa
7 d = 14/1000; //m
8 r = d/2; //m
9 R = 100; //mm

10 l_ac = 0.4; //m
11 l_cd = 0.3; //m
12 l_de = 0.5; //m
13 T_c = 280; //Nm
14 T_a = 150; //Nm
15 T_d = 40; //Nm
16 T_ac = T_a; //Nm
17 T_cd = T_ac - T_c;

18 T_de = T_cd - T_d;

19
20 // Angle o f Twist :
21 J = (%pi/2)*(r^4);

22
23 T = [T_ac T_cd T_de];

24 l = [l_ac l_cd l_de];

25
26 sumTwist = 0;

27
28 for i= 1:3

29 sumTwist = sumTwist+ ((T(i)*l(i))/(J*E*10^6));
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30 end

31
32 displacement = - sumTwist*R;

33
34 // D i sp l ay :
35
36
37 printf( ’ \n\nThe ang l e o f tw i s t o f the s h a f t

= %1 . 3 f rad ’ ,sumTwist);
38 printf( ’ \nThe d i s p l a c emen t o f t oo th P on gea r A =

%1 . 1 f mm’ ,displacement);
39
40 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 5.8 T8

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 5 . 8 : ”)
4
5 // Given :
6 T = 45; //N
7 G = 80; //GPa
8 d = 20/1000; //m
9 r = d/2; //m

10 l_dc = 1.5; //m
11 l_ab = 2; //m
12 r1 = 75/1000; //m
13 r2 = 150/1000; //m
14
15 // I n t e r n a l Torque :
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16 F = T/r2;

17 T_d_x = F*r1;

18
19 // Angle o f tw i s t :
20 J = (%pi/2)*(r^4);

21 phi_c = (T*l_dc)/(2*J*G*10^9);

22 phi_b = (phi_c*r1)/r2;

23
24 phi_ab = (T*l_ab)/(J*G*10^9);

25
26 phi_a = phi_b + phi_ab;

27
28 // D i sp l ay :
29
30
31 printf( ’ \n\nThe ang l e o f tw i s t o f end A o f s h a f t AB

= + %1. 4 f rad ’ ,phi_a);
32
33 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 5.9 T9

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 5 . 9 : ”)
4
5 // Given :
6 d = 50; //mm
7 r = d/2;

8 c = d/2;

9 l_buried = 600; //mm
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10 G = 40*10^3; //MPa
11 F = 100; //N
12 l_handle= 150; //mm
13 l_ab = 900; //mm
14
15 // I n t e r n a l Torque :
16 T_ab = F*2* l_handle;

17 t = T_ab/l_buried;

18
19 //Maximum Shear S t r e s s :
20 J = (%pi/2)*(r^4);

21 tou_max = (T_ab*c)/(J);

22
23 // Angle o f Twist :
24
25 x0=0;

26 x1=l_buried;

27 X=integrate( ’ x ’ , ’ x ’ ,x0 ,x1);
28
29 phi_a = ((T_ab*l_ab)+(50*X))/(J*G);

30
31 // D i sp l ay :
32
33
34
35 printf( ’ \n\nThe maximum shea r s t r e s s i n the po s t

= %1 . 2 f N/mmˆ2 ’ ,tou_max);
36 printf( ’ \nThe ang l e o f tw i s t at the top o f the po s t

= %1 . 5 f rad ’ ,phi_a);
37
38 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Scilab code Exa 5.11 T11

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 5 . 1 1 : ”)
4
5 // Given :
6 d = 20/1000; //m
7 r = d/2;

8 l_bc = 0.2;

9 l_cd = 1.5;

10 l_da = 0.3;

11 T_c = 800; //Nm
12 T_d = -500; //Nm
13
14 // Equ i l i b r i um :
15 //Eqn 1 : 300 = T a + T b
16
17 // Compa t i b i l i t y :
18 //Eqn 2 :
19 coeff_Tb = -l_bc;

20 coeff_Ta = l_cd + l_da;

21
22 // So l v i n g Equat ions s imu l t a n e o u s l y u s i n g ma t r i c e s :
23 C = [1 1; coeff_Tb coeff_Ta ];

24 b = [300 ; -750];

25 T = C\b;

26
27 T_b = T(1);

28 T_a = T(2);

29
30 // D i sp l ay :
31
32
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33 printf( ’ \n\nThe r e a c t i o n at A = %1 . 0 f Nm’ ,T_a);
34 printf( ’ \nThe r e a c t i o n at B = %1 . 0 f Nm’ ,T_b);
35
36 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 5.12 T12

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 5 . 1 2 : ”)
4
5 // Given :
6 T = 250; //Nm
7 G_st = 80; //GPa
8 G_br = 36; //GPa
9 ri = 10; //mm

10 ro = 20; //mm
11 l_ab = 1.2; //m
12
13 // Equ i l i b r i um :
14 // −Tst−Tbr+250Nm = 0
15 coeff1_st = -1;

16 coeff1_br = -1;

17 b1 = -250;

18
19 // Compa t i b i l i t y :
20 // ph i = TL/JG
21
22 J1 = (%pi/2)*(ro^4 - ri^4);

23 J2 = (%pi/2)*(ri^4);

24 coeff2_st = 1/(J1*G_st *10^3);
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25 coeff2_br = -1/(J2*G_br *10^3);

26 b2 = 0;

27
28 // So l v i n g the above two e qua t i o n s s imu l t a n e ou s l y

u s i n g ma t r i c e s :
29 A = [coeff1_st coeff1_br;coeff2_st coeff2_br ];

30 b = [b1 ; b2];

31 T = A\b;

32
33 T_st = T(1);

34 T_br = T(2);

35
36 shear_br_max = (T_br *10^3* ri)/(J2); // tou = ( Tr ) /J
37 shear_st_min = (T_st *10^3* ri)/(J1); // tou = ( Tr ) /J
38 shear_st_max = (T_st *10^3* ro)/(J1); // tou = ( Tr ) /J
39
40 shear_strain = shear_br_max / G_br;

41 shear_strain = shear_strain;

42
43 // D i sp l ay :
44
45
46 printf( ’ \n\nThe Torque a c t i n g on S t e e l

= %1 . 2 f Nm’ ,T_st);
47 printf( ’ \nThe Torque a c t i n g on Bras s

= %1 . 2 f Nm’ ,T_br);
48 printf( ’ \nThe maximum shea r s t r e s s e xp e r i e n c e d by

S t e e l = %1 . 2 f MPa ’ ,shear_st_max);
49 printf( ’ \nThe minimum shea r s t r e s s e xp e r i e n c e d by

S t e e l = %1 . 2 f MPa ’ ,shear_st_min);
50 printf( ’ \nThe maximum shea r s t r e s s e xp e r i e n c e d by

Bras s = %1 . 2 f MPa ’ ,shear_br_max);
51 printf( ’ \nThe sh ea r s t r a i n at the i n t e r f a c e

= %1 . 5 f ∗10ˆ−3 rad ’ ,shear_strain);
52
53
54 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 5.13 T13

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 5 . 1 3 : ”)
4
5 // Given :
6 l = 1.2; //m
7 a = 40; //mm
8 tou_allow = 56; //MPa
9 phi_allow = 0.02; // rad

10 G = 26; //GPa
11 alpha = (60* %pi)/180; // d e g r e e s
12
13 // C a l c u l a t i o n s :
14 T_shear1 = (tou_allow*a^3) /(20*1000); // a l l ow ab l e

s h e a r s t r e s s = (20T) /( a ˆ3)
15 T_twist1 = (phi_allow*a^4*G*10^3) /(46*l*10^6); //

ang l e o f tw i s t =(46TL) /( a ˆ4∗G)
16
17 T1 = min(T_shear1 , T_twist1);

18
19 // C i r c u l a r Cros s S e c t i o n :
20 c_ = (a*a*sin(alpha))/(%pi*2);

21 c = sqrt(c_);

22
23 J = (%pi/2)*(c^4);

24 T_shear2 = (tou_allow*J)/(c*1000);

25 T_twist2 = (phi_allow*J*G*10^3) /(l*10^6);

26
27 T2 = min(T_shear2 , T_twist2);
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28
29
30 // D i sp l ay :
31
32 printf( ’ \n\nThe l a r g e s t t o rque tha t can be app l i e d

at the end o f the t r i a n g u l a r s h a f t = %1 . 2 f Nm’
,T1);

33 printf( ’ \nThe l a r g e s t t o rque tha t can be app l i e d at
the end o f the c i r c u l a r s h a f t = %1 . 2 f Nm’ ,T2
);

34
35
36 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 5.15 T15

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 5 . 1 5 : ”)
4
5 // Given :
6 l_cd = 0.5; //m
7 l_de = 1.5; //m
8 h =60/1000; //m
9 w = 40/1000; //m

10 t_h = 3/1000; //m
11 t_w = 5/1000; //m
12 T_c = 60; //Nm
13 T_d = 25; //Nm
14 G = 38*10^9; //N/mˆ2
15 T1 = T_c - T_d;
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16
17 // Average Shear S t r e s s :
18 area = (w-t_w)*(h-t_h);

19
20 shear_a = T1/(2* t_w*area *10^6);

21 shear_b = T1/(2* t_h*area *10^6);

22
23 // Angle o f Twist :
24
25 ds_t = 2*(((w-t_w)/t_h)+((h-t_h)/t_w));

26 T = [T_c T1];

27 l = [l_cd l_de];

28 phi = 0;

29
30 for i = 1:2

31 phi = phi+ (T(i)*l(i)*ds_t)/(4* area ^2*G);

32
33 end

34
35 // D i sp l ay :
36
37 printf( ’ \n\nThe ave rage sh ea r s t r e s s o f the tube at

A = %1 . 2 f MPa ’ ,shear_a);
38 printf( ’ \nThe ave rage sh ea r s t r e s s o f the tube at B

= %1 . 2 f MPa ’ ,shear_b);
39 printf( ’ \nThe ang l e o f tw i s t o f end C

= %1 . 6 f rad ’ ,phi);
40
41 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 5.16 T16
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1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 5 . 1 6 : ”)
4
5 // Given :
6 T = 85; //Nm
7 G = 26; //GPa
8 t = 10; //mm t h i c k n e s s
9 a = 60; //mm s i d e

10 l = 1.5; //m
11
12 // Average Shear S t r e s s :
13 area_m = (a-t)*(a-t);

14 avg_shear = (T*10^3) /(2*t*area_m); // tou avg = T/(2
tarea m ) ;

15
16
17 // Angle o f Twist :
18 ds_t = (4*(a-t))/t;

19 phi = (T*10^3*l*10^3* ds_t)/(4*( area_m ^2)*G*10^3);

20
21 // D i sp l ay :
22
23
24 printf( ’ \n\nThe ave rage sh ea r s t r e s s i n the tube at

A = %1 . 1 f N/mmˆ2 ’ ,avg_shear);
25 printf( ’ \nThe ang l e o f tw i s t due to l o a d i n g

= %1 . 5 f rad ’ ,phi);
26
27 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Scilab code Exa 5.17 T17

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 5 . 1 7 : ”)
4
5 // Given :
6 tou_allow = 90; //MPa
7 phi_allow = 2*10^ -3; // rad
8 a = 200; //mm s i d e
9 angle = (60* %pi)/180;

10 h = a*sin(angle);

11 l = 3; //m
12 t = 5/1000; //m
13 G = 75*10^9; //N/mmˆ2
14
15 // C a l c u l a t i o n s :
16 area_m = 0.5*a*h*10^ -6; //mˆ2 a = (1/2 ) bh
17 ds_t = (3*a)/(t*1000);

18
19 T_shear = (tou_allow *10^6*2*t*area_m); // tou avg = T

/(2 tarea m ) ;
20
21 T_twist = (phi_allow *4* area_m ^2*G)/(l*ds_t);

22
23 T = min(T_shear , T_twist);

24
25
26 // D i sp l ay :
27
28
29 printf( ’ \n\nThe maximum to rque tha t the t h i n tube

can be s u b j e c t e d to = %1 . 1 f Nm’ ,T);
30
31 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Scilab code Exa 5.18 T18

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 5 . 1 8 : ”)
4
5 // Given :
6 fillet_r = 6; //mm
7 D = 40/1000; //m
8 d = 20/1000; //m
9 T = 30; //Nm

10 D_d = D/d;

11 r_d = fillet_r/d;

12 k = 1.3;

13
14 //Maximum Shear S t r e s s :
15 c = D/2;

16 J = (%pi/2)*(c^4)

17 max_shear = (k*T*c)/(J*10^6); // tou = K(Tc/J )
18
19 // D i sp l ay :
20
21 printf( ’ \n\nThe maximum shea r s t r e s s i n the s h a f t

due to the a pp l i e d t o r qu e s = %1 . 2 f MPa ’ ,
max_shear);

22
23 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Scilab code Exa 5.19 T19

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 5 . 1 9 : ”)
4
5 // Given :
6 ro = 50/1000; //m
7 ri = 30/1000; //m
8 c = ro;

9 shear = 20*10^6; //N/mˆ2
10
11 //Maximum E l a s t i c Torque :
12 J = (%pi/2) *((ro^4) -(ri^4));

13 T_y = (shear*J)/c; // tou = Tc/J
14 T_y = T_y /1000; // i n kN
15
16 // P l a s t i c Torque :
17 x0 = 0.03;

18 x1 = 0.05;

19 I = integrate( ’ rho ˆ2 ’ , ’ rho ’ ,x0 ,x1)
20 Tp = (2*%pi*I*shear);

21 Tp= Tp /1000;

22
23 // Outer Shear S t r a i n :
24 strain = (0.286*10^ -3* ro)/(ri);

25
26 // D i sp l ay :
27
28
29 printf( ’ \n\nThe maximum to rque tha t can be app l i e d

to the s h a f t w i thout c au s i n g the ma t e r i a l to
y i e l d = %1 . 2 f kNm ’ ,T_y);

30 printf( ’ \nThe p l a s t i c t o rque tha t can be app l i e d to
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the s h a f t
= %1 . 2 f

kNm ’ ,Tp);
31 printf( ’ \nThe minimum shea r s t r a i n at the ou t e r

r a d i u s o f the s h a f t
= %1 . 7 f rad ’ ,

strain);

32
33
34 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 5.20 T20

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 5 . 1 9 : ”)
4
5 // Given :
6 r = 20/1000; //m
7 l = 1.5; //m
8 phi = 0.6; // rad
9 shear_y = 75*10^6; //N/mˆ2

10
11 // C a l c u l a t i o n s :
12 max_shear_strain = (phi*r)/(l); // ph i = ( s t r a i n ∗L) / r
13 strain_y = 0.0016;

14
15 r_y = (r*strain_y)/( max_shear_strain); //by r a t i o s
16
17 //T= ( %pi∗ s h e a r y ) ∗ (4 c ˆ3 − r y ˆ3) / 6 ;
18 c = r;
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19
20 T = (%pi*shear_y)*(4*c^3 - r_y^3)/6;

21 T = T/1000;

22
23 // D i sp l ay :
24
25 printf( ’ \n\nThe to rque needed to tw i s t the s h a f t by

0 . 6 rad = %1 . 2 f kNm ’ ,T);
26
27 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 5.21 T21

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 5 . 2 1 : ”)
4
5 // Given :
6 l = 1.5; //m
7 G = 42*10^3; //GPa
8 co = 50; //mm
9 ci = 25; //mm

10 shear_y = 84; //N/mmˆ2
11 strain_y = 0.002; // rad
12
13 // P l a s t i c Torque :
14 T_p = ((2* %pi)*(co^3 - ci^3)*shear_y)/3;

15 phi_p = (strain_y*l*10^3)/ci;

16
17 J = (%pi/2)*(co^4 - ci^4);

18 shear_r = (T_p*co)/J;
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19 shear_i = (shear_r*ci)/(co);// sh ea r = Tc/J
20
21 G = shear_y/strain_y;

22
23 phi_dash = (T_p*l*10^3) /(J*G); // ph i = TpL/JG ;
24
25 phi = phi_p - phi_dash;

26 T_p = T_p /10^6;

27
28 // D i sp l ay :
29
30
31 printf( ’ \n\nThe p l a s t i c t o rque Tp

= %1 . 2 f x 10ˆ6
Nmm’ ,T_p);

32 printf( ’ \nThe permanent tw i s t o f the tube i f Tp i s
removed = %1 . 5 f rad ’ ,phi);

33
34
35 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Chapter 6

Bending

Scilab code Exa 6.5 B5

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 6 . 5 : ”)
4
5 // Shear and Moment Diagrams :
6 p = [-1/9 -2 30]

7 x = roots(p)

8 y = (x(2));

9
10
11 M = (30*y) - (y^2) - (y^3) /27;

12
13
14
15 // D i sp l ay :
16
17 printf(”\n\nThe magnitude o f the maximum moment i s =

%1 . 0 f kNm’ , M) ;
18 p r i n t f ( ’\ nRe f e r to the sh ea r and moment d iagrams in

the book . ’ ) ;
19
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20
21 //−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 6.11 B11

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 6 . 1 1 : ”)
4
5 // Given :
6 l = 4.5; //m
7 R1 = 1.5; //kN
8 R2 = 3; //kN
9 uvl = 2; //kN/m

10
11 // Shear diagram :
12 x = sqrt ((2*R1*l)/(uvl));

13 M = (R1*x) - (0.5* uvl*x^3) /(3*l);

14
15 // D i sp l ay :
16
17
18 printf( ’ \n\nV becomes z e r o at x = %1 . 1 fm ’ ,x);
19 printf( ’ \nThe magnitude o f the maximum moment = %1

. 1 f kNm ’ ,M);
20
21 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Scilab code Exa 6.13 B13

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 6 . 1 3 : ”)
4
5 // Given :
6 l_ab = 4; //m
7 l_cd = 4; //m
8 l_bc = 6; //m
9 Rb = 8; //kN

10 uvl = 2; //kN/m
11
12 //Moment diagram :
13 p = [-1/18 0 -3.6 17.6]

14 x = roots(p)

15 y = x(3);

16
17 // D i sp l ay :
18
19 printf( ’ \n\nV becomes z e r o at x = %1 . 2 f m ’ ,y);
20
21
22 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 6.14 B14

1 clear all; clc;
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2
3 disp(” S c i l a b Code Ex 6 . 1 4 : ”)
4
5 // Given :
6 b = 60; //mm
7 h = 120; //mm
8 sigma_max = 20; //N/mmˆ2
9 c = b;

10
11 // Part ( a ) :
12 I = (1/12)*b*h^3;

13 M1 = (sigma_max*I)/(c); // sigma max = Mc/ I F l exu r e
Formula

14 M1 = M1*10^ -6; // i n kN/m
15
16 // Part ( b ) :
17 y0=60;

18 y1=-60

19
20 M2 = integrate( ’ −(20∗y ˆ2) ’ , ’ y ’ ,y0 ,y1);
21 M2 = M2*10^ -6;

22
23 F = (0.5* sigma_max*b*b);

24 c = 2*(60 -(0.5*b)); // d i s t a n c e between c e n t r o i d s o f
both the volumes .

25 M = F*c/1000;

26
27 // D i sp l ay :
28
29 printf(”\n\nThe i n t e r n a l moment M c a l c u l a t e d u s i n g

: ”);
30 printf( ’ \na )The f l e x u r e f o rmu la = %1 . 2 f kNm ’ ,M1);
31 printf( ’ \nb )The r e s u l t a n t o f the s t r e s s

d i s t r i b u t i o n u s i n g the b a s i c p r i n c i p l e s = %1 . 2 f
kNm ’ ,M2);

32
33
34 //
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−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 6.15 B15

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 6 . 1 5 : ”)
4
5 // Given :
6 udl = 5; //kN/m
7 l1 = 3; //m
8 l2 = 6; //m
9 t = 20/1000; //mm

10 yb = 0.15; //m
11
12 // S e c t i o n Proper ty :
13 I_bar1 = (1/12) *(0.25) *(0.02^3);

14 Ad2 = (0.25) *(0.02) *(yb+(t/2))^2;

15 I_bar2 = (1/12) *(0.02) *(0.3^3);

16 I = 2*( I_bar1 + Ad2) + I_bar2;

17
18 // Bending s t r e s s :
19 c = 0.15 + t;

20 M= 22.5; //kNm
21
22 sigma_max = (M*c)/(I*1000);

23
24 sigma_B = (M*yb)/(I*1000);

25
26 // D i sp l ay :
27
28 printf( ’ \n\nThe ab s o l u t e maximum bending s t r e s s i s
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= %1. 1 f MPa ’ ,sigma_max);
29
30
31 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 6.16 B16

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 6 . 1 6 : ”)
4
5 // Given :
6 t1 = 15/1000; //m
7 t2 = 20/1000; //m
8 l = 250/1000; //m
9 b = 200/1000; //m

10 P = 2.4; //kN
11 l_a = 2; //m
12 l_b = 1; //m
13
14 // I n t e r n a l Moment :
15 y1 = b/2;

16 y2 = t2/2;

17 A = (2*t1*b)+(t2*l);

18 y_bar = ((2*y1*t1*b)+(y2*t2*l))/A;

19
20 M = (P*l_a)+(1* y_bar);

21
22 // S e c t i o n Proper ty :
23 I1 = (1/12) *(l*t2^3) + (l*t2*( y_bar - y2)^2);

24 I2 = (1/12) *(t1*b^3) + (t1*b*(y1 - y_bar)^2);
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25 I =I1+ 2*I2;

26
27 //Maximum Bending S t r e s s :
28 c = b - y_bar;

29 sigma_max = (M*c)/(I*1000);

30
31 // D i sp l ay :
32
33 printf( ’ \n\nThe maximum bending s t r e s s at s e c t i o n

a−a = %1 . 1 f MPa ’ ,sigma_max);
34
35
36 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 6.17 B17

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 6 . 1 7 : ”)
4
5 // Given :
6 b = 60/1000; //m
7 h = 30/1000; //m
8 M = 40; //Nm
9 c1= h/2;

10 rib_t = 5/1000; //m
11 rib_w = 10/1000; //m
12
13 // Without Ribs :
14 I1 = (1/12) *(b*h^3);

15 sigma_max1 = (M*c1)/(I1 *10^6);

99



16
17 //With Ribs :
18 y1 = c1;

19 y2 = h+( rib_t /2);

20 A1 = h*b;

21 A2 = rib_t*rib_w;

22 y_bar = ((y1*A1)+2*(y2*A2))/(A1 + 2*A2);

23
24 c2 = h+rib_t - y_bar;

25 I2 = I1 + (b*h*(y_bar - y1)^2);

26 I3 = (1/12)*rib_w*rib_t^3 + (rib_w*rib_t *(y2 - y_bar

)^2);

27 I = I2 + 2*I3;

28
29 sigma_max2 = (M*c2)/(I*10^6);

30
31 if(sigma_max2 >sigma_max1)

32
33 printf(”\n\nThe maximum normal s t r e s s i n the

member wi thout r i b s = %1 . 2 f MPa’ , s igma max1 ) ;
34 p r i n t f ( ”\nThe maximum normal stress in the member

with ribs = %1.2f MPa ’,sigma_max2);

35 printf(”\nThe r i b s shou ld be omit t ed . ”);
36
37 end

38
39
40 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 6.18 B18
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1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 6 . 1 8 : ”)
4
5 // Given :
6 M = 12; //kNm
7 l_bc = 0.2; //m
8 l_be = 0.4; //m
9

10 // I n t e r n a l Moment Components :
11 My = ( -4/5)*M;

12 Mz = (3/5)*M;

13
14 Iy = (1/12) *(l_be*l_bc ^3);

15 Iz = (1/12) *(l_bc*l_be ^3);

16
17 // Bending S t r e s s :
18 sigma_B = (-Mz *1000*( l_be /2))/Iz + (My*1000*( - l_bc

/2))/Iy;

19 sigma_B = sigma_B /10^6;

20 sigma_C = (-Mz *1000*( l_be /2))/Iz + (My *1000*( l_bc /2)

)/Iy;

21 sigma_C = sigma_C /10^6;

22 sigma_D = (-Mz*1000*( - l_be /2))/Iz + (My *1000*( l_bc

/2))/Iy;

23 sigma_D = sigma_D /10^6;

24 sigma_E = (-Mz*1000*( - l_be /2))/Iz + (My*1000*( - l_bc

/2))/Iy;

25 sigma_E = sigma_E /10^6;

26
27 // O r i e n t a t i o n o f Nue t r a l Axis :
28 z = (0.45) /( sigma_E + sigma_B);

29
30 // th e t a = −atan ( 4/3 ) ;
31 tanA = (Iz/Iy)*( -4/3);

32 alpha = atan(tanA);

33 alpha = alpha *(180/ %pi);

34
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35
36 // D i sp l ay :
37
38
39 printf(”\n\nThe normal s t r e s s at B = %1 . 2 f MPa’ ,

s igma B ) ;
40 p r i n t f ( ”\nThe normal stress at C = %1.2f MPa ’,

sigma_C);

41 printf(”\nThe normal s t r e s s at D = %1 . 2 f MPa’ ,
s igma D ) ;

42 p r i n t f ( ”\nThe normal stress at E = %1.2f MPa ’,

sigma_E);

43 printf(”\nThe o r i e n t a t i o n o f the n u e t r a l a x i s = %1
. 1 f d eg r e e s ’ , a lpha ) ;

44
45 //−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 6.19 B19

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 6 . 1 9 : ”)
4
5 // Given :
6 theta = 30*( %pi /180);

7 M = 15; //kNm
8 My = M*cos(theta);

9 Mz = M*sin(theta);

10 b = 0.1; //m
11 t1 = 0.04; //m
12 t2 = 0.03; //m
13
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14
15 // S e c t i o n P r o p e r t i e s :
16 y1 = b/2;

17 y2 = b + t2/2;

18 A1 = (b*t1);

19 A2 = (b*2*t2);

20 z_bar = (y1*A1 + y2*A2)/(A1+A2);

21
22 Iz = (1/12) *(b*t1^3) + (1/12) *(t2*(2*b)^3);

23 Iy = (1/12) *(t1*b^3) + b*t1*( z_bar - y1)^2 + (1/12)

*(2*b*t2^3) + 2*b*t2*(y2 - z_bar)^2;

24
25 //Maximum Bending S t r e s s :
26 l_b = b+t2 - z_bar;

27 sigma_B = (-Mz*1000*( -b))/Iz + (My *1000*( l_b))/Iy;

28 sigma_B = sigma_B /10^6;

29 sigma_C = (-Mz *1000*( t1/2))/Iz + (My*1000*( - z_bar))/

Iy;

30 sigma_C = sigma_C /10^6;

31
32 sigma = max(abs(sigma_B),abs(sigma_C));

33
34 // O r i e n t a t i o n o f the n u e t r a l a x i s :
35 theta1 = 60*( %pi /180);

36 alpha = atan((Iz/Iy)*tan(theta1));

37 alpha = alpha *(180/ %pi);

38
39 // D i sp l ay :
40
41
42 printf(”\n\nThe maximum normal s t r e s s i n the beam =

%1 . 2 f MPa’ , s igma ) ;
43 p r i n t f ( ”\n The orientation of the nuetral axis = %1

.1f degrees ’,alpha);

44
45 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
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−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 6.20 B20

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 6 . 2 0 : ”)
4
5 // Given :
6 M =20; //kN
7 Iy = 0.96*10^ -3; //mˆ4
8 Iz = 7.54*10^ -3; //mˆ4
9 theta = 57.1*( %pi /180);

10
11
12 // I n t e r n a l moment Components :
13 My = M*sin(theta);

14 Mz = M*cos(theta);

15
16 // Bending S t r e s s :
17 y_p = -0.2; //y Coord ina t e o f P
18 z_p = 0.35; // z Coord ina t e o f P
19
20 theta1 = (%pi/2) -(theta);

21 yp = -z_p*sin(theta1)+ y_p*cos(theta1);

22 zp = z_p*cos(theta1) + y_p*sin(theta1);

23
24 //Eq 6−17
25
26 sigma_p = ((Mz*-yp)/Iz) + ((My*zp)/Iy) ;

27 sigma_p = sigma_p /10^3;

28
29 // O r i e n t a t i o n o f the Nue t r a l Axis :
30 alpha = atan((Iz/Iy)*tan(theta));
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31 alpha = alpha *(180/ %pi);

32
33 // D i sp l ay :
34
35
36 printf(”\n\nThe maximum normal s t r e s s at po i n t P =

%1 . 2 f MPa’ , s igma p ) ;
37 p r i n t f ( ”\nThe orientation of the nuetral axis = %1

.1f degrees ’,alpha);

38
39 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 6.21 B21

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 6 . 2 1 : ”)
4
5 // Given :
6 M = 2; //kNm
7 Ew = 12; //GPa
8 Est = 200; //GPa
9 bw = 150/1000; //m

10 t = 20/1000; //m
11 rib = 9/1000; //m
12
13 // S e c t i o n P r o p e r t i e s :
14 n = (Ew/Est);

15 bst = n*bw;

16
17 y1 = t/2;
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18 A1 = t*bw;

19 y2 = bw/2 + t;

20 A2 = rib*bw;

21
22 y_bar = (y1*A1 +y2*A2)/(A1+A2);

23
24 I1 = (1/12) *(bw)*(t^3) + A1*( y_bar - y1)^2;

25 I2 = (1/12) *(rib)*(bw^3) + A2*(y2-y_bar)^2;

26 Ina = I1+I2;

27
28 //Normal S t r e s s :
29 sigma_B = (M*(bw+t-y_bar))/(Ina *1000);

30 sigma_C = (M*( y_bar))/(Ina *1000);

31
32 //Normal S t r e s s i n the wood :
33 sigmaB = n*sigma_B;

34
35 // D i sp l ay :
36
37
38 printf(”\n\nThe normal s t r e s s at po i n t B = %1 . 1 f

MPa’ , s igma B ) ;
39 p r i n t f ( ”\nThe normal stress at point C = %1.2f MPa

’,sigma_C);

40 printf(”\nThe normal s t r e s s at po i n t B in the wood
= %1 . 2 f MPa’ , sigmaB ) ;

41
42 //−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 6.22 B22

1 clear all; clc;
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2
3 disp(” S c i l a b Code Ex 6 . 2 2 : ”)
4
5 // Given :
6 sigma_allow_st = 168; //MPa
7 sigma_allow_w = 21; //MPa
8 Est = 200; //GPa
9 Ew = 12; //GPa

10 Iz = 7.93*10^6; //mmˆ4
11 A1 = 5493.75; //mmˆ2
12 t = 5; //mm
13 h = 100; //mm
14
15 // Without Board :
16 c = h+t;

17 M1 = (sigma_allow_st*Iz)/(c*10^6);

18
19 //With Board :
20 bw = 300; //mm
21 n = (Ew/Est);

22 bst = n*bw;

23
24 // For the t r an s f o rmed s e c t i o n :
25 y1 = 0;

26 y2 = 55;

27 A2 = bst*h;

28
29 y_bar = (y1*A1 + y2*A2)/(A1+A2);

30
31 I1 = Iz + A1*y_bar ^2;

32 I2 = (1/12) *(bst*h^3) + (A2*(y2-y_bar)^2);

33 I = I1+I2;

34
35 c = c+y_bar;

36 M2 = (sigma_allow_st*I)/(c*10^6);

37
38 cw = c - y_bar;

39 Mw = (sigma_allow_w*I)/(n*cw *10^6);
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40
41 M = min(Mw,M2);

42
43 // D i sp l ay :
44
45 printf(”\n\nThe maximum bending moment wi thout re−

i n f o r c emen t = %1 . 3 f kNm’ ,M1) ;
46 p r i n t f ( ”\nThe maximum bending moment with re -

inforcement = %1.2f kNm ’,M);

47
48 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 6.23 B23

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 6 . 2 3 : ”)
4
5 // Given :
6 M = 60; //kNm
7 Est = 200; //GPa
8 Econc = 25; //GPa
9 d = 25; //mm

10 r = d/2;

11 w = 300; //mm
12 ht =400; //mm
13
14 // S e c t i o n P r o p e r t i e s :
15 n = Est/Econc;

16 Ast = 2*%pi*r^2;

17 A = n*Ast;
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18
19 p = [1 52.37 -20949.33]

20 h = roots(p)

21 h = h(2);

22
23 I = (1/12) *(w*h^3) +w*h*(h/2)^2 + A*(ht - h)^2;

24
25 //Normal S t r e s s :
26 sigma_conc_max = (M*1000*h*1000) /(I);

27 sigma_conc = (M*1000*(ht -h)*1000) /(I);

28 sigma_st = n*sigma_conc;

29
30 // D i sp l ay :
31
32
33 printf(”\n\nThe normal s t r e s s i n each s t e e l

r e i n f o r c i n g rod = %1 . 2 f MPa’ , s i gma s t ) ;
34 p r i n t f ( ”\nThe maximum normal stress in the concrete

= %1.2f MPa ’,sigma_conc_max);

35 //
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 6.24 B24

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 6 . 2 4 : ”)
4
5 // Given :
6 sigma = 140; //Mpa
7 ri = 90; //mm
8 ro = 110; //mm
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9 a = 20; //mm
10
11 // S e c t i o n P r o p e r t i e s :
12
13 y = integrate( ’ a ∗ (1/ r ) ’ , ’ r ’ ,ri ,ro)
14 R = (a*a)/y;

15
16 r_avg = (ri+ro)/2;

17 M1 = (-sigma*a*a*ro*(r_avg - R))/(R-ro);

18 M1 = M1*10^ -6;

19
20 M2 = (sigma*a*a*ri*(r_avg - R))/(R-ri);

21 M2 = M2*10^ -6;

22
23 M = min(M1,M2);

24
25 sigma1 = (M*(R - ro))/(a*a*ro*(r_avg - R));

26
27 // For a s t r a i g h t Bar :
28 I = (1/12) *(a*a^3);

29 c = 10; //mm
30 M_strt= (sigma*I)/c;

31 M_strt = M_strt *10^ -6;

32
33 // D i sp l ay :
34
35 printf(”\n\nThe maximum bending moment tha t can be

app l i e d to the bar = %1 . 3 f kNm’ ,M) ;
36 p r i n t f ( ”\nThe maximum bending moment that can be

applied to a straight bar = %1.3f kNm ’,M_strt);

37 //
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Scilab code Exa 6.25 B25

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 6 . 2 5 : ”)
4
5 // Given :
6 ri = 200/1000; //m
7 r1 = 250/1000; //m
8 ro = 280/1000; //m
9 M = 4; //kNm

10 a = 0.05; //m
11 h = 0.03; //m
12
13 // S e c t i o n P r o p e r t i e s :
14 A1 = a^2 ;

15 A2 = (0.5*a*h);

16 A = A1+A2;

17 r_avg1 = (r1+ri)/2;

18 r_avg2 = r1+(h/3);

19 r_bar =(( r_avg1*A1)+( r_avg2*A2))/A;

20
21 int_dA_r1 = a*log(r1/ri);

22 int_dA_r2 = (a*ro*log(ro/r1))/(ro-r1) - a;

23 R = (A)/( int_dA_r1+ int_dA_r2);

24 k= r_bar - R;

25
26 //Normal S t r e s s :
27 sigma_B = (-M*(R-ri))/(A*ri*k*1000);

28 sigma_A = (-M*(R-ro))/(A*ro*k*1000);

29
30 sigma = max(abs(sigma_B),abs(sigma_A))

31
32
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33 // D i sp l ay :
34
35 printf(”\n\nThe maximum normal s t r e s s i n the bar =

%1 . 0 f MPa’ , s igma ) ;
36
37 //−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 6.26 B26

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 6 . 2 6 : ”)
4
5 // Given :
6 M = 5; //kNm
7 sigma_y = 500; //MPa
8 r = 16; //mm
9 h = 80; //mm

10 w = 120; //mm
11 r_h = r/h;

12 w_h = w/h;

13 k = 1.45;

14 c = h/(2000);

15 t = 20/1000; //m
16
17 // C a l c u l a t i o n s :
18 I = (1/12) *(t)*(h/1000) ^3

19 sigma_max = (k*M*c)/(I*1000);

20
21 // D i sp l ay :
22
23 printf(”\n\nThe maximum normal s t r e s s i n the s t e e l
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= %1. 0 f MPa’ , sigma max ) ;
24
25 //−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 6.27 B27

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 6 . 2 7 : ”)
4
5 // Given :
6 sigma_y = 250; //MPa
7 t = 12.5; //mm
8 w = 200; //mm
9 h = 225; //mm

10
11 //Maximum E l a s t i c Moment :
12 yy = (h+t)/2;

13 I1 = (1/12) *(w*t^3) + (w*t*yy^2);

14 I = (1/12) *(t*h^3) + 2*(I1);

15 c = 125; //mm
16
17 My = (sigma_y*I)/(c); // F l exu r e Formula
18
19 // P l a s t i c Moment :
20 C1= sigma_y*t*(h/2);

21 C2= sigma_y*t*(w);

22 Mp = (2*56.25* C1) + (2*yy*C2);

23
24 // Shape Facto r :
25 k = Mp/My;

26
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27 // D i sp l ay :
28
29
30 printf(”\n\nThe shape f a c t o r f o r the beam = %1. 2 f

’ , k ) ;
31
32 //−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 6.28 B28

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 6 . 2 8 : ”)
4
5 // Given :
6 sigma_y = 250; //MPa
7 t = 15/1000; //m
8 w = 100/1000; //m
9 h = 120/1000; //m

10 c = 10/1000; //m
11
12 // C a l c u l a t i o n s :
13 d = (( sigma_y*t*w)+( sigma_y*t*h))/( sigma_y*t*2);

14
15 T = sigma_y*t*d*10^3;

16 C1 = sigma_y*t*c*10^3;

17 C2 = sigma_y*t*w*10^3;

18
19 Mp = (T*d/2)+(C1*c/2)+(C2*(c+t/2));

20
21 // D i sp l ay :
22
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23
24 printf(”\n\nThe p l a s t i c moment tha t can be r e s i s t e d

by the beam = %1. 1 f kNm’ ,Mp) ;
25
26 //−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 6.29 B29

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 6 . 2 9 : ”)
4
5 // Given :
6 ep1 = 0.01;

7 ep2 = 0.05;

8 sig1 = 1050; //N/mmˆ2
9 sig2 = 1330; //N/mmˆ2

10 sig3 = 280; //N/mmˆ2
11 y = 0.3; //cm
12 h = 3; //cm
13 w = 2; //cm
14
15 // C a l c u l a t i o n s :
16 yy = (h/2)-y

17 T1 = (1/2)*(sig3*yy*w);

18 y1 = y +(2/3) *(yy);

19 T2 = yy*sig1*w;

20 y2 = y+(0.5* yy);

21 T3 = (0.5*y*sig1*w);

22 y3 = (2/3)*(y);

23
24 M = 2*(T1*y1 + T2*y2 + T3*y3);
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25 M = M/1000;

26
27 // D i sp l ay :
28
29
30 printf(”\n\nThe bending moment app l i e d tha t w i l l

c au s e a s t r a i n o f 0 . 0 5mm/mm = %1. 2 f kNm’ ,M) ;
31
32 //−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 6.30 B30

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 6 . 3 0 : ”)
4
5 // Given :
6 sigma_y = 250; //MPa
7 t = 12.5; //mm
8 w = 200; //mm
9 h = 225; //mm

10 c = (h/2)+t;

11 I = 82.44*10^6; //mmˆ4
12 Mp = 188; //kN
13
14 // C a l c u l a t i o n s :
15 sigma_allow = (Mp *10^6*c)/(I);

16 y = (sigma_y*c)/( sigma_allow);

17
18 // D i sp l ay :
19
20 printf(”\n\nThe po i n t o f z e r o normal s t r e s s = %1 . 2 f
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mm’ , y ) ;
21 p r i n t f ( ”\nThe Residual Stress distribution is shown

in the text book.” ) ;
22
23 //−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Chapter 7

Transverse Shear

Scilab code Exa 7.1 TS1

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 7 . 1 : ”)
4
5 // Given :
6 V = 3; //kN
7 h = 125; //mm
8 b = 100; //mm
9 y_top = 50; //mm

10 x_right = 37.5; //mm
11
12 // Part ( a ) :
13
14 // S e c t i o n P r o p e r t i e s :
15 I = (b*h^3) /12;

16 y_dash_1 = ((h-y_top) -(h/2));

17 A = y_top*b;

18 Q = (y_dash_1 +(y_top /2))*A;

19
20 // Shear S t r e s s :
21 tou_p = (V*Q)/(I*b); // tou = VQ/ I t
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22 tou_p = tou_p *10^3;

23
24 // Part ( b ) :
25
26 // S e c t i o n P r o p e r t i e s :
27 y_dash_2 = (y_dash_1 +(y_top));

28 a_dash= b*y_dash_2;

29 Q_dash =( y_dash_2*a_dash)/2;

30
31 // Shear S t r e s s :
32 tou_max = (V*Q_dash)/(I*b);

33 tou_max = tou_max *10^3;

34
35 // D i sp l ay :
36
37 printf(”\n\nThe sh ea r s t r e s s i n the beam at po i n t P

= %1 . 3 f MPa’ , t ou p ) ;
38 p r i n t f ( ’\ nThe maximum shea r s t r e s s i n the beam

= %1 . 3 f MPa’ , tou max ) ;
39
40 //−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 7.2 TS2

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 7 . 2 : ”)
4
5 // Given :
6 V = 80; //kN
7 thick_1 = 20/1000; //m
8 thick_2 = 15/1000; //m
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9 l = 300/1000; //m
10 y = 100/1000; //m
11 h = 2*y;

12 y_dash = y +thick_1 /2;

13
14 // Part ( a ) :
15
16 I1 = (thick_2 *(h^3))/12;

17 I2 = (l*( thick_1 ^3))/12;

18 I3 = (l*thick_1 *( y_dash)^2);

19 I = I1+2*(I2+I3); //Moment o f i n e r t i a
20
21 Q_b = y_dash*l*thick_1;

22 //At B’
23 tou_b_dash = (V*Q_b)/(I*l*1000);

24 //At B
25 tou_b = (V*Q_b)/(I*thick_2 *1000);

26
27 //At C:
28 Q_c = (y_dash*l*thick_1)+(y*thick_2*y/2);

29 tou_c = (V*Q_c)/(I*thick_2 *1000);

30
31 // Part ( b )
32
33
34 y0 = -0.1;

35 y1 = 0.1;

36
37 function Q =f(y),Q = ((0.735 - (7.5*y*y))*10^ -3),

38 endfunction

39 Int =intg(y0 ,y1,f)

40
41 V_w = (V*Int*thick_2)/(I*thick_2);

42
43 // D i sp l ay :
44
45 printf(”\n\nThe sh ea r s t r e s s at B dash =

%1 . 2 f MPa’ , t ou b da sh ) ;
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46 p r i n t f ( ”\nThe shear stress at B =

%1.1f MPa ’,tou_b);

47 printf(”\nThe sh ea r s t r e s s at C =
%1 . 1 f MPa’ , t o u c ) ;

48 p r i n t f ( ”\nThe shear force resisted by the web =

%1.1f kN ’,V_w);

49
50 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 7.3 TS3

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 7 . 3 : ”)
4
5 // Given :
6 udl = 6.5; //kN
7 l_bc = 8; //m
8 l = 150/1000; //m
9 t = 30/1000; //m

10
11 // I n t e r n a l Shear :
12 w = udl*l_bc /2;

13 l_wc = l_bc /4;

14 l_bw = l_bc - l_wc;

15 V = (w*l_bw)/l_bc;

16 R_b = w - V;

17
18 // S e c t i o n P r o p e r t i e s :
19 y1= l/2;

20 A = (l*t);
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21 y2= l+(t/2);

22 y_dash = (y1*A + y2*A)/(2*A);

23 I1 = (t*l^3) /12;

24 I2 = (A*(y_dash -y1)^2);

25 I3 = (l*t^3) /12;

26 I4 = (A*(y2 - y_dash)^2);

27 I = I1+I2+I3+I4;

28
29 Q = ((l+t) -(t/2)-y_dash)*A;

30
31 // Shear S t r e s s :
32 tou_max = (V*Q)/(I*t*1000);

33
34 // D i sp l ay :
35
36 printf(”\n\nThe maximum shea r s t r e s s i n the g l u e

n e c e s s a r y to ho ld the boards t o g e t h e r = %1 . 2 f
MPa’ , tou max ) ;

37
38
39 //−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 7.4 TS4

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 7 . 4 : ”)
4
5 // Given :
6
7 V = 850; //kN
8 l1 =250/1000; //m
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9 l2 = 300/1000; //m
10 l3 = 125/1000; //m
11 t = 10/1000; //m
12 h = 200/1000; //m
13
14 A1 = l1*t;

15 A2 = l2*t;

16 A3 = l3*t;

17
18 y1 = l2+(t/2);

19 y2 = l2/2;

20 y3 = h+(t/2);

21
22 y_dash = (2*y2*A2 + A1*y1 + A3*y3)/(2*A2 + A1 + A3);

23
24 I1 = ((l1*t^3) /12) +(A1 * (l2+(t/2)-y_dash)^2);

25 I2 = ((t*l2^3) /12) +(A2 * (y_dash - (l2/2))^2);

26 I3 = ((l3*t^3) /12) +(A1 * (h+(t/2)-y_dash)^2);

27 I = 2*I2 + I1 + I3;

28
29 Q_b = (l2+(t/2) - y_dash)*A1; //Q = y ’A’
30 Q_c = (h+(t/2) - y_dash)*A3; //Q = y ’A’
31
32 // Shear Flow :
33
34 q_b = (V*Q_b)/I;

35 q_c = (V*Q_c)/I;

36
37 q_b = q_b /(2*1000);

38 q_c = q_c /(2*1000);

39
40 // D i sp l ay :
41
42 printf(”\n\nThe sh ea r f l ow at B, r e s i s t e d by the

g l u e i s = %1 . 2 f MN/m’ , q b ) ;
43 p r i n t f ( ”\nThe shear flow at C, resisted by the glue

is = %1.4f MN/m’,q_c);

44
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45
46
47
48 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 7.5 TS5

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 7 . 5 : ”)
4
5 // Given :
6 V = 80; //N
7 t = 1.5; //cm
8 a = 7.5; //cm
9 b = a-2*t; //cm

10 F_nail= 30; //N
11
12 // S e c t i o n P r o p e r t i e s :
13 I = (a*a^3 - b*b^3 )/12;

14 Q_b = (((a-2*t)/2)+(t/2))*a*t; //Q = y ’A’
15 Q_c = (((a-2*t)/2)+(t/2))*(a-2*t)*t; //Q = y ’A’
16
17 // Shear Flow :
18 q_b = (V*Q_b)/I;

19 q_c = (V*Q_c)/I;

20
21 s_b = F_nail /(q_b /2);

22 s_c = F_nail /(q_c /2);

23
24 // D i sp l ay :
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25
26
27 printf(”\n\nThe maximum spa c i n g o f n a i l s r e q u i r e d at

B i s = %1 . 0 f cm ’ , s b ) ;
28 p r i n t f ( ”\nThe maximum spacing of nails required at C

is = %1.1f cm’,s_c);

29
30
31
32 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 7.6 TS6

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 7 . 6 : ”)
4
5 // Given :
6 F = 40; //N
7 s = 9; //cm
8 h = 5; //cm
9 t = 0.5; //cm

10 w = 3; //cm
11 w_3 = w/3; //cm
12
13 // C a l c u l a t i o n s :
14
15 I = (w*h^3)/12 - (2*w_3*(h - 2*t)^3) /12;

16
17 // Case 1 :
18
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19 Q1 = ((h-t)/2)*(w*t);

20 V1 =((F/s)*I)/Q1 ; //q = VQ/ I
21
22 // Case2 :
23
24 Q2 = ((h-t)/2)*(w_3*t);

25 V2 =((F/s)*I)/Q2 ; //q = VQ/ I
26
27 // D i sp l ay :
28
29
30 printf(”\n\nThe l a r g e s t v e r t i c a l s h e a r tha t can be

suppor t ed i n Case 1 = %1 . 1 f N’ , V1) ;
31 p r i n t f ( ”\nThe largest vertical shear that can be

supported in Case 2 = %1.1f N’,V2);

32
33 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 7.7 TS7

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 7 . 7 : ”)
4
5 // Given :
6 V = 10; //kN
7 b1 = 6; //cm
8 h1 = 8; //cm
9 t = 1; //cm

10 b2 = b1 -2*t;

11 h2 = h1 -2*t; //cm
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12 b3 = 4; //cm
13
14 // C a l c u l a t i o n s :
15 I = ((b1*h1^3) /12) - ((b2*h2^3) /12);

16
17 q_b = 0;

18
19 Q_c = ((b1/2)+(t/2))*(b3+(t))*t;

20 q_c = (V*Q_c *100)/(I); //Q = VQ/ I
21
22 Q_d = (2*h1/4*t*b3) + ((b1/2)+(t/2))*b3*t;

23 q_d = (V*Q_d *100)/(I); //Q = VQ/ I
24
25 // D i sp l ay :
26
27
28 printf(”\n\ nVa r i a t i o n o f s h e a r f l ow at B = %1 . 1 f N/

mm’ , q b ) ;
29 p r i n t f ( ”\nVariation of shear flow at C = %1.1f N/mm

’,q_c);

30 printf( ’ \ nVa r i a t i o n o f s h e a r f l ow at D = %1 . 1 f N/mm
’ ,q_d);

31
32 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Chapter 8

Combined Loadings

Scilab code Exa 8.1 CL1

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 8 . 1 : ”)
4
5 // Given :
6 di = 1.2*1000; //m
7 ri = di/2;

8 t = 12; //mm
9 sigma = 140; //MPa

10
11 // C y l i n d r i c a l P r e s s u r e Ve s s e l :
12
13 p1 = (t*sigma)/ri; // sigma = pr / t
14
15 // S p h e r i c a l V e s s e l :
16
17 p2 = (2*t*sigma)/(ri); // sigma = pr /2 t
18
19 // D i sp l ay :
20
21 printf(”\n\nThe maximum i n t e r n a l p r e s s u r e the
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c y l i n d r i c a l p r e s s u r e v e s s e l can s u s t a i n = %1 . 1
f N/mmˆ2 ’ , p1 ) ;

22 p r i n t f ( ’\ nThe maximum i n t e r n a l p r e s s u r e a s p h e r i c a l
p r e s s u r e v e s s e l can s u s t a i n = %1 . 1 f N/mm
ˆ2 ’ , p2 ) ;

23
24 //−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 8.2 CL2

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 8 . 2 : ”)
4
5 // Given :
6 P = 15000; //N
7 a = 40; //mm
8 b = 100; //mm
9

10 // S t r e s s Components :
11
12 //Normal Force :
13 A = a*b;

14 sigma = P/A;

15
16 // Bending Moment :
17 I = (a*b^3) /12; // I = (1/12 ) ∗bhˆ3
18 M = P*(b/2);(b/2);

19 c = b/2;

20 sigma_max =(M*c)/I;

21
22 // Sup e r p o s i t i o n :
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23 x = ((sigma_max -sigma)*b)/(( sigma_max+sigma)+(

sigma_max -sigma));

24 sigma_b = (sigma_max -sigma);

25 sigma_c = (sigma_max + sigma);

26
27 // D i sp l ay :
28
29 printf(”\n\nThe s t a t e o f s t r e s s at B = %1 . 1 f MPa

( t e n s i l e ) ’ , s i gma b ) ;
30 p r i n t f ( ’\ nThe s t a t e o f s t r e s s at C = %1 . 1 f MPa (

compr e s s i v e ) ’ , s i gma c ) ;
31
32 //−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 8.3 CL3

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 8 . 3 : ”)
4
5 // Given :
6 ri = 600/1000; //m
7 t = 12/1000; //m
8 ro = ri+t;

9 sp_wt_water = 10; //kN/mˆ3
10 sp_wt_steel = 78; //kN/mˆ3
11 l_a = 1; //m depth o f po i n t A from the top
12
13 // I n t e r n a l Load ings :
14 v = (%pi*l_a)*(ro^2 - ri^2);

15 W_st = sp_wt_steel*v;

16
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17 p = sp_wt_water*l_a; // Pasca l ’ s Law
18
19 // S t r e s s Components :
20
21 // C i r c um f e r e n t i a l S t r e s s :
22 sigma1 = (p*ri)/t;

23
24 // Long i t ud i n a l S t r e s s :
25 A_st = (%pi)*(ro^2 - ri^2);

26 sigma2 = W_st/A_st;

27
28 // D i sp l ay :
29
30
31 printf(”\n\nThe s t a t e o f s t r e s s at A (

C i r c um f e r e n t i a l ) = %1 . 1 f kPa ’ , s igma1 ) ;
32 p r i n t f ( ’\ nThe s t a t e o f s t r e s s at A ( Long i t ud i n a l )

= %1 . 1 f kPa ’ , s igma2 ) ;
33
34 //−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 8.4 CL4

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 8 . 4 : ”)
4
5 // Given :
6 y_c = 125/1000; //m
7 x_c = 1.5; //m
8 y_b = 1.5; //m
9 x_b = 6; //m
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10 udl = 50; //kN/m
11 l_udl = 2.5; //m
12 l = 250/1000; //m
13 width = 50/1000; //m
14
15
16 // I n t e r n a l Load ings :
17 N = 16.45; //kN
18 V = 21.93; //kN
19 M = 32.89; //kNm
20
21 // S t r e s s Components :
22
23 //Normal Force :
24 A = l*width;

25 sigma1 = N/(A*1000);

26
27 // Shear Force :
28 tou_c = 0;

29
30 // Bending Moment :
31 c = y_c;

32 I = (1/12) *(width*l^3);

33 sigma2 = (M*c)/(I*1000);

34
35 // Sup e r p o s i t i o n :
36 sigmaC = sigma1+sigma2;

37
38 // D i sp l ay :
39
40
41 printf( ’ \n\nThe s t r e s s due to normal f o r c e at C

= %1 . 2 f MPa ’ ,sigma1);
42 printf( ’ \nThe s t r e s s due to sh ea r f o r c e at C =

%1 . 2 f MPa ’ ,tou_c);
43 printf( ’ \nThe s t r e s s due to bending moment at C =

%1 . 2 f MPa ’ ,sigma2);
44 printf( ’ \nThe r e s u l t a n t s t r e s s at C =
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%1. 1 f MPa ’ ,sigmaC);
45
46 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 8.5 CL5

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 8 . 5 : ”)
4
5 // Given :
6 r = 0.75*10; //mm
7 f_x =500; //N
8 f_y =800; //N
9 l1 = 8*10; //mm

10 l2 = 10*10; //mm
11 l3 = 14*10; //mm
12
13 // S t r e s s Components :
14
15 //Normal Force :
16 A1 = (%pi*r^2);

17 sigma1 = f_x/A1; // s t r e s s = P/A
18
19 // Shear Force :
20 y_bar = (4*r)/(3* %pi);

21 A2 = A1/2;

22 Q = y_bar*A2; //Q = yA
23 V = f_y;

24 I = (1/4) *(%pi*r^4);

25 t = 2*r;
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26 tou_a = (V*Q)/(I*t); // Shear = VQ/ I t
27
28 // Bending Moment :
29 M_y = f_x*l3;

30 c = r;

31 sigma_A = (M_y*c)/I;

32
33 // To r s i o n a l Moment :
34 T = f_y*l3;

35 J = (0.5* %pi*r^4);

36 tou_A = (T*c)/J;

37
38 // Re su l t an t :
39 res_normal= sigma1+sigma_A;

40 res_shear = tou_a+tou_A;

41
42 // D i sp l ay :
43
44 printf( ’ \n\nThe s t r e s s due to normal f o r c e at A

= %1 . 2 f MPa ’ ,sigma1);
45 printf( ’ \nThe s t r e s s due to sh ea r f o r c e at A

= %1 . 2 f MPa ’ ,tou_a);
46 printf( ’ \nThe s t r e s s due to bending moment at A

= %1 . 2 f MPa ’ ,sigma_A);
47 printf( ’ \nThe s t r e s s due to t o r s i o n a l moment at A

= %1 . 2 f MPa ’ ,tou_A);
48 printf( ’ \nThe r e s u l t a n t normal s t r e s s component at A

= %1 . 2 f MPa ’ ,res_normal);
49 printf( ’ \nThe r e s u l t a n t sh e a r s t r e s s component at A

= %1 . 2 f MPa ’ ,res_shear);
50
51 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Scilab code Exa 8.6 CL6

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 8 . 6 : ”)
4
5 // Given :
6 P = 40; //kN
7 l_ab = 0.4; //m
8 l_bc = 0.8; //m
9

10 // S t r e s s Components :
11
12 //Normal Force :
13 A = l_ab*l_bc;

14 sigma = P/A;

15
16 //Bendng Moments :
17 M_x = P*l_ab /2;

18 cy = l_ab /2;

19 Ix = (1/12) *(l_bc*l_ab ^3); // I = (1/12 ) ∗ ( bh ˆ3)
20 sigma_max_1 = (M_x*cy)/Ix; // sigma = My/ I
21
22 M_y = P*l_bc /2;

23 cx = l_bc /2;

24 Iy = (1/12) *(l_ab*l_bc ^3); // I = (1/12 ) ∗ ( bh ˆ3)
25 sigma_max_2 = (M_y*cx)/Iy; // sigma = My/ I
26
27 // Sup e r p o s i t i o n :
28 stress_A = -sigma + sigma_max_1 + sigma_max_2;

29 stress_B = -sigma - sigma_max_1 + sigma_max_2;

30 stress_C = -sigma - sigma_max_1 - sigma_max_2;

31 stress_D = -sigma + sigma_max_1 - sigma_max_2;

32
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33 e = abs(( stress_B*l_ab)/(stress_A -stress_B));

34 h = abs(( stress_B*l_bc)/(stress_A -stress_B));

35
36 // D i sp l ay :
37
38
39 printf( ’ \n\nThe normal s t r e s s at c o r n e r A

= %1 . 0 f kPa ’ ,stress_A);
40 printf( ’ \nThe normal s t r e s s at c o r n e r B =

%1 . 0 f kPa ’ ,stress_B);
41 printf( ’ \nThe normal s t r e s s at c o r n e r C =

%1 . 0 f kPa ’ ,stress_C);
42 printf( ’ \nThe normal s t r e s s at c o r n e r D =

%1 . 0 f kPa ’ ,stress_D);
43 printf( ’ \nThe l i n e o f z e r o s t r e s s a l ong AB =

%1 . 4 f m ’ ,e);
44 printf( ’ \nThe l i n e o f z e r o s t r e s s a l ong AD =

%1. 3 f m ’ ,h);
45
46 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Chapter 9

Stress Transformation

Scilab code Exa 9.1 ST1

1
2 clear all; clc;

3
4 disp(” S c i l a b Code Ex 9 . 1 : ”)
5
6 // Given :
7 tou = 25; //MPa
8 sigma1 = 50; //MPa
9 sigma2 = 80; //MPa

10 phi = 30*( %pi /180);

11
12 // Ca l c u l a t i o n s :
13 sigma_x1 = (sigma1*cos(phi)*cos(phi))- (tou*cos(phi)

*sin(phi)) - (sigma2*sin(phi)*sin(phi))- (tou*sin

(phi)*cos(phi));

14 tou1 = (sigma1*cos(phi)*sin(phi))+ (tou*cos(phi)*cos

(phi)) + (sigma2*sin(phi)*cos(phi))- (tou*sin(phi

)*sin(phi));

15 sigma_x2 = (tou*cos(phi)*sin(phi))- (sigma2*cos(phi)

*cos(phi)) + (tou*sin(phi)*cos(phi))+ (sigma1*sin

(phi)*sin(phi));
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16 tou2 = (tou*cos(phi)*cos(phi))+ (sigma2*cos(phi)*sin

(phi)) - (tou*sin(phi)*sin(phi))+ (sigma1*sin(phi

)*cos(phi));

17
18 // D i sp l ay :
19
20 printf(”\n\nThe normal s t r e s s component i n the x

d i e c t i o n i s = %1 . 2 f MPa’ , s i gma x1 ) ;
21 p r i n t f ( ”\n The shear stress component in the x

diection is = %1.1f MPa ’,tou1);

22 printf(”\n The normal s t r e s s component i n the y
d i e c t i o n i s = %1 . 1 f MPa’ , s i gma x2 ) ;

23 p r i n t f ( ”\n The shear stress component in the y

diection is = %1.1f MPa ’,tou2);

24
25 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 9.2 ST2

1 clear all; clc;

2
3
4 disp(” S c i l a b Code Ex 9 . 2 : ”)
5
6 // Given :
7 phi = -30*(%pi /180);

8 theta = 60*( %pi /180);

9 sigma_x = -80; //MPa
10 sigma_y = 50; //MPa
11 tou_xy = -25; //MPa
12
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13 // Plane CD:
14 sigma_x1 = (sigma_x+sigma_y)/2 + ((sigma_x -sigma_y)*

cos (2*phi))/2 + (tou_xy*sin (2*phi)); //Eqn 9 . 1
15 tou_xy1 = ((-( sigma_x - sigma_y)*sin(2* phi))/2) + (

tou_xy*cos(2* phi)); //Eqn 9 . 2
16
17 // Plane BC:
18 sigma_x2 = (sigma_x+sigma_y)/2 + ((sigma_x -sigma_y)*

cos (2* theta))/2 + (tou_xy*sin(2* theta)); //Eqn
9 . 1

19 tou_xy2 = (-(sigma_x - sigma_y)*sin(2* theta))/2 +

tou_xy*cos(2* theta); //Eqn 9 . 2
20
21 // D i sp l ay :
22
23 printf( ’ \n\nThe normal s t r e s s o f p l ane CD i n c l i n e d

at 30 d e g r e e s = %1 . 1 f MPa ’ ,sigma_x1);
24 printf( ’ \nThe sh ea r s t r e s s o f p l ane CD i n c l i n e d at

30 d e g r e e s = %1 . 1 f MPa ’ ,tou_xy1);
25 printf( ’ \nThe normal s t r e s s o f p l ane BC i n c l i n e d at

60 d e g r e e s = %1 . 2 f MPa ’ ,sigma_x2);
26 printf( ’ \nThe sh ea r s t r e s s o f p l ane BC i n c l i n e d at

60 d e g r e e s = %1 . 1 f MPa ’ ,tou_xy2);
27
28 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 9.5 ST5

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 9 . 5 : ”)
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4
5 // Given :
6 sigma_x = -20; //MPa
7 sigma_y = 90; //MPa
8 tou_xy = 60; //MPa
9

10 // O r i e n t a t i o n o f Element :
11 theta_p2 = atan ((2* tou_xy)/( sigma_x - sigma_y));

12 theta_p2 = theta_p2 /2;

13 theta_p1 = (180+2* theta_p2)/2;

14
15 // P r i n c i p a l S t r e s s e s :
16
17 sigma1 = (( sigma_x+sigma_y)/2)+(sqrt ((( sigma_x -

sigma_y)/2)^2 + tou_xy ^2));

18 sigma2 = (( sigma_x+sigma_y)/2)- sqrt ((( sigma_x -

sigma_y)/2)^2 + tou_xy ^2);

19 sigma_x2 = (( sigma_x+sigma_y)/2)+ ((( sigma_x -sigma_y

)/2)*cos(2* theta_p2)) + (tou_xy*sin (2* theta_p2));

20
21 // D i sp l ay :
22
23 printf(”\n\nThe f i r s t p r i n c i p a l s t r e s s i s

= %1 . 0 f MPa’ , s igma1 ) ;
24 p r i n t f ( ”\nThe second principal stress is

= %1.1f MPa ’,sigma2);

25 printf( ’ \nThe normal s t r e s s a c t i n g on the 2 3 . 7
d e g r e e s p l ane = %1 . 1 f MPa ’ ,sigma_x2);

26
27 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Scilab code Exa 9.6 ST6

1
2 clear all; clc;

3
4 disp(” S c i l a b Code Ex 9 . 6 : ”)
5
6 // Given :
7 sigma_x = -20; //MPa
8 sigma_y = 90; //MPa
9 tou_xy =60; //Mpa

10
11 // O r i e n t a t i o n o f Element :
12 theta_s2 = atan(-(sigma_x - sigma_y)/(2* tou_xy));

13 theta_s2 = theta_s2 /2;

14 theta_s1 = %pi + 2* theta_s2;

15 theta_s1 = theta_s1 /2;

16
17 //Maximum in p l ane Shear S t r e s s :
18 tou_max = (sqrt ((( sigma_x - sigma_y)/2)^2 + tou_xy

^2));

19 tou_xy1 = -(sigma_x - sigma_y)*(sin(2* theta_s2))/2 +

(tou_xy*cos (2* theta_s2));

20
21 // Average Normal S t r e s s :
22 sigma_avg = (sigma_x+sigma_y)/2;

23
24 // D i sp l ay :
25
26 printf(”\n\nThe maximum in−p lane sh ea r s t r e s s i s

= %1 . 1 f MPa’ , t ou xy1 ) ;
27 p r i n t f ( ”\nThe average normal stress is

= %1.0f MPa ’,sigma_avg);

28
29 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Scilab code Exa 9.9 ST9

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 9 . 9 : ”)
4
5 // Given :
6 sigma_x = -12; //MPa
7 sigma_y = 0;

8 tou_xy = -6; //MPa
9

10 // Con s t r u c t i on o f the c i r c l e :
11 sigma_avg = (sigma_x+sigma_y)/2;

12 R = sqrt((-sigma_x+sigma_avg)^2 + (tou_xy)^2);

13
14 // P r i n c i p a l S t r e s s e s :
15 sigma2 = -R+sigma_avg;//From the Mohr ’ s c i r c l e
16 sigma1 = R+sigma_avg;

17
18 theta_p2 = atan((-tou_xy)/(-sigma_x+sigma_avg));

19 theta_p2 = theta_p2 /2*(180/ %pi);

20
21 // D i sp l ay :
22
23 printf( ’ \n\nThe f i r s t p r i n c i p a l s t r e s s i s

= %1 . 2 f MPa ’ ,sigma1);
24 printf( ’ \nThe second p r i n c i p a l s t r e s s i s =

%1 . 1 f MPa ’ ,sigma2);
25 printf( ’ \nThe d i r e c t i o n o f the p r i n c i p a l p l ane i s =

%1 . 1 f d e g r e e s ’ ,theta_p2);
26
27
28 //
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−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 9.10 ST10

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 9 . 1 0 : ”)
4
5 // Given :
6 sigma_x = -20; //MPa
7 sigma_y = 90; //MPa
8 tou_xy = 60; //MPa
9

10 // Con s t r u c t i on o f the c i r c l e :
11 sigma_avg = (sigma_x+sigma_y)/2;

12 R = sqrt ((( sigma_x -sigma_avg))^2 + (tou_xy)^2);

13
14 //Maximum In p lane Shear S t r e s s :
15 tou_max = R;

16
17 theta_s1 = atan(-(sigma_x - sigma_avg)/( tou_xy));

18 theta_s1 = theta_s1 /2*(180/ %pi);

19
20 // D i sp l ay :
21
22 printf( ’ \n\nThe maximum in−p lane sh ea r s t r e s s e s a r e

= %1 . 1 f MPa ’ ,tou_max);
23 printf( ’ \n

= %1 . 1 f MPa ’ ,sigma_avg);
24 printf( ’ \nThe o r i e n t a t i o n o f the e l ement i s

= %1 . 1 f d e g r e e s ’ ,theta_s1);
25
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26 //
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 9.11 ST11

1
2 clear all; clc;

3
4 disp(” S c i l a b Code Ex 9 . 1 1 : ”)
5
6 // Given :
7 sigma_x = -8; //MPa
8 sigma_y = 12; //MPa
9 tou_xy = -6; //Mpa

10
11 // Con s t r u c t i on o f the c i r c l e :
12 sigma_avg = (sigma_x+sigma_y)/2;

13
14 R = sqrt( 10^2 + tou_xy ^2);

15
16 // S t r e s s e s on 30 deg r e e e l ement :
17 phi = atan (6/10);

18 psi = (%pi/3) - phi;

19
20 //On f a c e BD:
21 sigma_x1 = 2 - (R*cos(psi));

22 tou_xy1 = (R*sin(psi));

23
24 //On f a c e DE:
25 sigma_x2 = 2 + (R*cos(psi));

26 tou_xy2 = -(R*sin(psi));

27
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28 // D i sp l ay :
29
30 printf( ’ \n\nThe normal s t r e s s on p l ane BD i n c l i n e d

at 30 d e g r e e s i s = %1 . 2 f MPa ’ ,sigma_x1);
31 printf( ’ \nThe normal s t r e s s on p l ane DE i n c l i n e d at

60 d e g r e e s i s = %1 . 1 f MPa ’ ,sigma_x2);
32 printf( ’ \nThe sh ea r s t r e s s i s

= %1 . 2 f
MPa ’ ,tou_xy1);

33
34
35 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 9.12 ST12

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 9 . 1 2 : ”)
4
5 // Given :
6 P = 900; //N
7 T = 2.5; //Nm
8 d = 40/1000; //m
9 r = d/2;

10 c = r;

11
12 // S t r e s s Components :
13 J = (%pi/2)*(r^4);

14 tou = (T*c)/(J*1000);

15
16 A = (%pi*r^2);
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17 sigma = P/(A*1000);

18
19 // P r i n c i p a l S t r e s s e s :
20 sigma_avg = (0 + sigma)/2;

21
22 R = sqrt( sigma_avg ^2 + tou^2);

23 sigma1 = sigma_avg + R;

24 sigma2 = sigma_avg - R;

25
26 // D i sp l ay :
27
28 printf( ’ \n\nThe p r i n i c p a l s t r e s s e s at po i n t P a r e : ’ )

;

29 printf( ’ \n %1 . 1 f kPa ’ ,sigma1);
30 printf( ’ \n %1 . 1 f kPa ’ ,sigma2);
31
32 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 9.13 ST13

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 9 . 1 3 : ”)
4
5 // Given :
6 w = 120; //kN/m
7 I = 67.4*(10^ -6);

8 V= 84; //kN
9 M = 30.6; //kNm

10 t = 10/1000; //m
11
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12 // S t r e s s Components :
13 y = 0.200/2;

14 sigma = -(M*10^3*y)/(I*10^6);

15
16 Q = (0.100 + 0.015/2) *(0.175) *(0.015);

17 tou = (V*Q*10^3) /(I*t*10^6);

18
19 // P r i n c i p a l S t r e s s e s :
20
21 k = sigma /2;

22 R = sqrt( (-sigma+k)^2 + tou^2);

23 sigma1 = R + k;

24 sigma2 = k -R ;

25
26 theta_p2 = atan(-tou/(sigma -k));

27 theta_p2 =theta_p2 /2*(180/ %pi);

28
29 // D i sp l ay :
30
31
32 printf( ’ \n\nThe p r i n i c p a l s t r e s s e s at po i n t P a r e : ’ )

;

33 printf( ’ \n %1 . 1 f MPa ’ ,sigma1);
34 printf( ’ \n %1 . 1 f MPa ’ ,sigma2);
35 printf( ’ \nThe ang l e o f r o t a t i o n o f the p l ane %1 . 1 f

d e g r e e s ’ ,theta_p2);
36
37 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 9.14 ST14
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1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 9 . 1 4 : ”)
4
5 // Given :
6 tou = 40; //kPa
7 sigma = -20; //kPa
8
9 // P r i n c i p a l S t r e s s e s :

10 sigma_avg = sigma /2;

11 R = sqrt( (-sigma + sigma_avg)^2 + tou^2);

12 sigma_max = sigma_avg + R ;

13 sigma_min = sigma_avg - R ;

14
15 theta = atan(tou/(-sigma+sigma_avg));

16 theta = theta /2;

17
18 // Abso lu t e Maximum Shear S t r e s s :
19 tou_max = (sigma_max - sigma_min)/2;

20 sigma_avg = (sigma_max + sigma_min)/2;

21
22 // D i sp l ay :
23
24 printf( ’ \n\nThe p r i n i c p a l s t r e s s e s at the po i n t a r e :

’ );
25 printf( ’ \n %1 . 1 f kPa ’ ,sigma_max);
26 printf( ’ \n %1 . 1 f kPa ’ ,sigma_min);
27 printf( ’ \nThe ab s o l u t e maximum shea r s t r e s s at the

po i n t %1 . 1 f kPa ’ ,tou_max);
28
29 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Scilab code Exa 9.15 ST15

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 9 . 1 5 : ”)
4
5 // Given :
6 sigma_max = 32; //MPa
7 sigma_min = 0; //MPa
8 sigma_int = 16; //MPa
9

10 tou_max = (sigma_max - sigma_min)/2 ; //MPa
11 sigma_avg = (sigma_max + sigma_min)/2 ; //MPa
12
13 tou_in_plane = (sigma_max - sigma_int)/2;

14 sigma_avg2 = sigma_avg + (tou_in_plane);

15
16 // D i sp l ay :
17
18 printf( ’ \n\nThe maximum ab s o l u t e sh e a r s t r e s s = %1

. 2 f MPa ’ ,tou_max);
19
20 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Chapter 10

Strain Transformation

Scilab code Exa 10.1 StnT1

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 10 . 1 : ”)
4
5 // Given :
6 ep_x = 500; //Normal S t r a i n
7 ep_y = -300; //Normal S t r a i n
8 gamma_xy = 200; // Shear S t r a i n
9 theta = 30*( %pi /180);

10 theta = theta *-1;

11
12 ep_x_new = ((ep_x+ep_y)/2) + ((ep_x - ep_y)/2)*cos

(2* theta) + (gamma_xy /2)*sin (2* theta);

13
14 gamma_xy_new = -((ep_x - ep_y)/2)*sin(2* theta) + (

gamma_xy /2)*cos(2* theta);

15 gamma_xy_new = 2* gamma_xy_new;

16
17 phi = 60*( %pi /180);

18 ep_y_new = (ep_x+ep_y)/2 + ((ep_x - ep_y)/2)*cos (2*

phi) + (gamma_xy /2)*sin(2* phi);
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19
20 // D i sp l ay :
21
22
23 printf( ’ \n\nThe e q u i v a l e n t s t r a i n a c t i n g on the

e l ement i n the x p l a i n o r i e n t e d at 30 d e g r e e s
c l o c kw i s e = %1 . 1 f ∗10ˆ−6 ’ ,ep_x_new);

24 printf( ’ \nThe e q u i v a l e n t s t r a i n a c t i n g on the
e l ement i n the y p l a i n o r i e n t e d at 30 d e g r e e s
c l o c kw i s e = %1 . 1 f ∗10ˆ−6 ’ ,ep_y_new);

25 printf( ’ \nThe e q u i v a l e n t sh e a r s t r a i n a c t i n g on the
e l ement

= %1
. 0 f ∗10ˆ−6 ’ ,gamma_xy_new);

26
27 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 10.2 StnT2

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 10 . 2 : ”)
4
5 // Given :
6 ep_x = -350; // (∗10ˆ−6) Normal S t r a i n
7 ep_y = 200; // ∗(10ˆ−6) Normal S t r a i n
8 gamma_xy = 80; // ∗(10ˆ−6) Shear S t r a i n
9

10 // O r i e n t a t i o n o f the e l ement :
11 tan_thetap = (gamma_xy)/(ep_x - ep_y);

12 thetap1 = (0.5)*(atan(tan_thetap));
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13
14 // P r i n c i p a l S t r a i n s :
15
16 k = (ep_x + ep_y)/2;

17 l = (ep_x - ep_y)/2;

18 tou = gamma_xy /2;

19 R = sqrt( (l)^2 + tou ^2);

20 ep1 = R + k;

21 ep2 = k -R ;

22 ep = [ep1 ep2];

23
24 ep_x1 = k + l*cos(2* thetap1)+ tou*sin(2* thetap1);

25 thetap1 = thetap1 *(180/ %pi);

26 thetap2 = (90 + thetap1);

27 thetap =[ thetap1 thetap2 ];

28
29
30 // D i sp l ay :
31
32 printf( ’ \n\nThe o r i e n t a t i o n o f the e l ement i n the

p o s i t i v e c o u n t e r c l o c kw i s e d i r e c t i o n = %1 . 2 f
d eg r e e s , %1 . 2 f d e g r e e s ’ ,thetap);

33 printf( ’ \nThe p r i n c i p a l s t r a i n s a r e

= %1 . 0 f ∗10ˆ−6 , %1 . 0 f ∗10ˆ−6 ’ ,ep);
34 printf( ’ \nThe p r i n c i p a l s t r a i n i n the new x

d i r e c t i o n i s = %1 . 0
f ∗10ˆ−6 ’ ,ep_x1);

35
36 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Scilab code Exa 10.3 StnT3

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 10 . 3 : ”)
4
5 // Given :
6 ep_x = -350; // (∗10ˆ−6) Normal S t r a i n
7 ep_y = 200; // ∗(10ˆ−6) Normal S t r a i n
8 gamma_xy = 80; // ∗(10ˆ−6) Shear S t r a i n
9

10 // O r i e n t a t i o n o f the e l ement :
11 tan_thetap = -(ep_x - ep_y)/( gamma_xy);

12 thetap1 = (0.5)*(atan(tan_thetap));

13
14 //Maximum in−p lane sh ea r s t r a i n :
15
16 l = (ep_x - ep_y)/2;

17 tou = gamma_xy /2;

18 R = sqrt( l^2 + tou^2);

19 max_inplane_strain = 2*R;

20
21 gamma_xy_1 = (-l*sin(2* thetap1)+ tou*cos (2* thetap1))

*2;

22 strain_avg = (ep_x + ep_y)/2;

23
24 thetap1 = thetap1 *(180/ %pi);

25 thetap2 = (90 + thetap1);

26 thetap =[ thetap1 thetap2 ];

27
28 // D i sp l ay :
29
30 printf( ’ \n\nThe o r i e n t a t i o n o f the e l ement

= %1 . 1 f d eg r e e s , %1 . 1 f d e g r e e s ’ ,
thetap);

31 printf( ’ \nThe maximum in−p lane sh ea r s t r a i n
= %1 . 0 f ∗10ˆ−6 ’ ,max_inplane_strain);

32 printf( ’ \nThe ave rage s t r a i n
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= %1. 0 f ∗10ˆ−6 ’ ,strain_avg);
33
34 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 10.4 StnT4

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 10 . 4 : ”)
4
5 // Given :
6 ep_x = 250; // (∗10ˆ−6) Normal S t r a i n
7 ep_y = -150; // ∗(10ˆ−6) Normal S t r a i n
8 gamma_xy = 120; // ∗(10ˆ−6) Shear S t r a i n
9

10 // Con s t r u c t i on o f the c i r c l e :
11 strain_avg = (ep_x + ep_y)/2;

12 tou = gamma_xy /2;

13 R = sqrt((ep_x - strain_avg)^2 + (tou ^2));

14
15 // P r i n c i p a l S t r a i n s :
16 ep1 = (strain_avg + R);

17 ep2 = (strain_avg - R);

18 strain = [ep1 ep2];

19
20 tan_thetap = (tou)/(ep_x - strain_avg);

21 thetap1 = (atan(tan_thetap))/2;

22 thetap1 = thetap1 *(180/ %pi);

23
24 // D i sp l ay :
25
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26 printf( ’ \n\nThe p r i n c i p a l s t r a i n s a r e =
%1 . 0 f ∗10ˆ−6 , %1 . 0 f ∗10ˆ−6 ’ ,strain);

27 printf( ’ \nThe o r i e n t a t i o n o f the e l ement =
%1 . 2 f d e g r e e s ’ ,thetap1);

28 printf( ’ \nThe ave rage s t r a i n =
%1 . 0 f ∗10ˆ−6 ’ ,strain_avg);

29
30 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 10.5 StnT5

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 10 . 5 : ”)
4
5 // Given :
6 ep_x = 250; // (∗10ˆ−6) Normal S t r a i n
7 ep_y = -150; // ∗(10ˆ−6) Normal S t r a i n
8 gamma_xy = 120; // ∗(10ˆ−6) Shear S t r a i n
9

10 // O r i e n t a t i o n o f the e l ement :
11 thetas = 90 - 2*8.35;

12 thetas1 = thetas /2;

13
14 //Maximum in−p lane sh ea r s t r a i n :
15
16 l = (ep_x - ep_y)/2;

17 tou = gamma_xy /2;

18 R = sqrt( l^2 + tou^2);

19 max_inplane_strain = 2*R;

20
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21
22 strain_avg = (ep_x + ep_y)/2;

23
24
25 // D i sp l ay :
26
27 printf( ’ \n\nThe o r i e n t a t i o n o f the e l ement

= %1 . 1 f d e g r e e s ’ ,thetas1);
28 printf( ’ \nThe maximum in−p lane sh ea r s t r a i n

= %1 . 0 f ∗10ˆ−6 ’ ,max_inplane_strain);
29 printf( ’ \nThe ave rage s t r a i n

= %1 . 0 f ∗10ˆ−6 ’ ,strain_avg);
30
31 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 10.6 StnT6

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 10 . 6 : ”)
4
5 // Given :
6 ep_x = -300; // (∗10ˆ−6) Normal S t r a i n
7 ep_y = -100; // ∗(10ˆ−6) Normal S t r a i n
8 gamma_xy = 100; // ∗(10ˆ−6) Shear S t r a i n
9 theta = 20; // d e g r e e s

10
11
12 // Con s t r u c t i on o f the c i r c l e :
13 strain_avg = (ep_x+ ep_y)/2;

14 tou = gamma_xy /2;
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15 R = sqrt((-ep_x + strain_avg)^2 + tou ^2);

16
17 // S t r a i n s on I n c l i n e d Element :
18 theta1 = 2* theta;

19
20 phi = atan((tou)/(-ep_x +strain_avg));

21 phi = phi *(180/ %pi);

22 psi = theta1 - phi;

23 psi = psi*(%pi /180);

24
25 ep_x1 = -(-strain_avg+ R*cos(psi));

26 gamma_xy1 = -(R*sin(psi))*2;

27
28 ep_y1 = -(-strain_avg - R*cos(psi));

29
30 // D i sp l ay :
31
32 printf( ’ \n\nThe normal s t r a i n i n the new x d i r e c t i o n

= %1 . 0 f ∗10ˆ−6 ’ ,ep_x1);
33 printf( ’ \nThe normal s t r a i n i n the new y d i r e c t i o n

= %1 . 1 f ∗10ˆ−6 ’ ,ep_y1);
34 printf( ’ \nThe sh ea r s t r a i n i n the new xy d i r e c t i o n

= %1 . 0 f ∗10ˆ−6 ’ ,gamma_xy1);
35 printf( ’ \nThe ave rage s t r a i n

= %1 . 0 f ∗10ˆ−6 ’ ,
strain_avg);

36
37 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 10.7 StnT7
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1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 10 . 7 : ”)
4
5 // Given :
6 ep_x = -400; // (∗10ˆ−6) Normal S t r a i n
7 ep_y = 200; // ∗(10ˆ−6) Normal S t r a i n
8 gamma_xy = 150; // ∗(10ˆ−6) Shear S t r a i n
9

10 //Maximum in−p lane Shear S t r a i n :
11 strain_avg = (ep_x+ ep_y)/2;

12 tou = gamma_xy /2;

13
14 R = sqrt((-ep_x + strain_avg)^2 + tou ^2);

15 strain_max = strain_avg + R;

16 strain_min = strain_avg - R;

17
18 max_shear_strain = strain_max - strain_min;

19
20 // Abso lu t e Maximum Shear S t r a i n :
21 abs_max_shear = max_shear_strain;

22
23 // D i sp l ay :
24
25 printf( ’ \n\nThe maximum in−p lane p r i n c i p a l s t r a i n

= %1 . 0 f ∗10ˆ−6 ’ ,strain_max);
26 printf( ’ \nThe minimum in−p lane p r i n c i p a l s t r a i n

= %1 . 0 f ∗10ˆ−6 ’ ,strain_min);
27 printf( ’ \nThe maximum in−p lane sh ea r s t r a i n

= %1 . 0 f ∗10ˆ−6 ’ ,max_shear_strain);
28 printf( ’ \nThe ab s o l u t e maximum shea r s t r a i n

= %1 . 0 f ∗10ˆ−6 ’ ,abs_max_shear);
29 printf( ’ \nThe ave rage s t r a i n

= %1 . 0 f ∗10ˆ−6 ’ ,strain_avg);
30 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Scilab code Exa 10.8 StnT8

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 10 . 8 : ”)
4
5 // Given :
6 ep_a = 60; // (∗10ˆ−6) Normal S t r a i n
7 ep_b = 135; // ∗(10ˆ−6) Normal S t r a i n
8 ep_c = 264; // ∗(10ˆ−6) Normal S t r a i n
9

10 theta_a = 0;

11 theta_b = 60*( %pi /180);

12 theta_c = 120*( %pi /180);

13
14 // Using ma t r i c e s to s o l v e the e qua t i o n s :
15 a1 = (cos(theta_a))^2;

16 b1 = (sin(theta_a))^2;

17 c1 = cos(theta_a)*sin(theta_a);

18
19 a2 = (cos(theta_b))^2;

20 b2 = (sin(theta_b))^2;

21 c2 = cos(theta_b)*sin(theta_b);

22
23 a3 = (cos(theta_c))^2;

24 b3 = (sin(theta_c))^2;

25 c3 = cos(theta_c)*sin(theta_c);

26
27 A = [a1 b1 c1 ; a2 b2 c2; a3 b3 c3 ]

28 b = [ep_a ; ep_b ; ep_c];

29 strain = A\b;

30
31 ep_x = strain (1);
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32 ep_y = strain (2);

33 gamma_xy = strain (3);

34
35 strain_avg = (ep_x + ep_y )/2;

36 tou = gamma_xy /2;

37
38 R = sqrt((-ep_x + strain_avg)^2 + tou ^2);

39
40 ep1 = strain_avg + R;

41 ep2 = strain_avg - R;

42 ep = [ep1 ep2];

43
44 tan_thetap =atan(-tou/(-ep_x + strain_avg));

45 thetap = tan_thetap /2;

46 thetap2 = thetap *(180/ %pi);

47
48 // D i sp l ay :
49
50
51 printf( ’ \n\nThe maximum in−p lane p r i n c i p a l s t r a i n s

a r e = %1 . 0 f ∗10ˆ−6 , %1 . 1 f ∗10ˆ−6 ’ ,ep);
52 printf( ’ \nThe ang l e o f o r i e n t a t i o n

= %1 . 1 f d e g r e e s ’ ,thetap2);
53
54 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 10.9 StnT9

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 10 . 9 : ”)
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4
5 // Given :
6 E_st = 200*10^9; //GPa
7 nu_st = 0.3; // Po i s son ’ s r a t i o
8 ep1 = 272 *10^ -6;

9 ep2 = 33.8 *10^ -6;

10
11 // So l v i n g f o r s igma u s i n g ma t r i c e s :
12 A = [1 -nu_st; -nu_st 1];

13 b = [(ep1*E_st) ; (ep2*E_st)];

14 sigma = A\b;

15
16 sigma1= sigma (1) /(10^6);

17 sigma2= sigma (2) /(10^6);

18
19 // D i sp l ay :
20
21 printf( ’ \n\nThe p r i n c i p a l s t r e s s e s at po i n t A ar e

= %1 . 0 f MPa , %1 . 1 f MPa ’ ,sigma1 , sigma2);

22
23
24 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 10.10 StnT10

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 10 . 1 0 : ”)
4
5 // Given :
6 a = 300; //mm
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7 b = 50; //mm
8 t = 20; //mm
9 E_cu = 120*10^3; //MPa

10 nu_cu = 0.34; // Po i s son ’ s r a t i o
11
12 //By i n s p e c t i o n :
13 sigma_x = 800; //MPa
14 sigma_y = -500; //MPa
15 tou_xy = 0;

16 sigma_z = 0;

17
18 //By Hooke ’ s Law :
19 ep_x = (sigma_x/E_cu) - (nu_cu/E_cu)*( sigma_y +

sigma_z);

20 ep_y = (sigma_y/E_cu) - (nu_cu/E_cu)*( sigma_x +

sigma_z);

21 ep_z = (sigma_z/E_cu) - (nu_cu/E_cu)*( sigma_y +

sigma_x);

22
23 //New l e n g t h s :
24
25 a_dash = a + ep_x*a;

26 b_dash = b + ep_y*b;

27 t_dash = t + ep_z*t;

28
29 // D i sp l ay :
30
31 printf( ’ \n\nThe new l e n g t h = %1 . 2 fmm ’ ,a_dash);
32 printf( ’ \nThe new width = %1 . 2 f mm ’ ,b_dash);
33 printf( ’ \nThe new t h i c k n e s s = %1 . 2 f mm ’ ,t_dash);
34 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Scilab code Exa 10.11 StnT11

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 10 . 1 1 : ”)
4
5 // Given :
6 p = 20; //kPa
7 E = 600; //kPa
8 nu = 0.45

9 a = 4; //cm
10 b = 2; //cm
11 c = 3; //cm
12
13 // D i l a t a t i o n :
14 sigma_x = -p;

15 sigma_y = -p;

16 sigma_z = -p;

17
18 e = ((1-2*nu)/E)*( sigma_x + sigma_y + sigma_z);

19
20 //Change i n Length :
21 ep = (sigma_x - nu*( sigma_y + sigma_z))/E;

22
23 del_a = ep*a;

24 del_b = ep*b;

25 del_c = ep*c;

26
27 // D i sp l ay :
28
29 printf( ’ \n\nThe change i n l e n g t h a = %1 . 4 fcm ’ ,

del_a);

30 printf( ’ \nThe change i n l e n g t h b = %1 . 5 fcm ’ ,
del_b);
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31 printf( ’ \nThe change i n l e n g t h c = %1 . 4 fcm ’ ,
del_c);

32 //
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 10.12 StnT12

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 10 . 1 2 : ”)
4
5 // Given :
6 di = 60/1000; //m
7 ri = di/2;

8 d0 = 80/1000; //m
9 ro = d0/2;

10 T = 8000; //Nm
11 M = 3500; //Nm
12 sigma_y_sqr = 250^2; //MPa
13
14 // C a l c u l a t i o n s :
15 c = ro;

16 J = (%pi/2)*(ro^4 - ri^4) *(10^6);

17 I = (%pi/4)*(ro^4 - ri^4) *(10^6);

18 tou_a = (T*c)/J;

19 sigma_a = (M*c)/I;

20
21 sigma_avg = (0-sigma_a)/2;

22
23 R = sqrt (116.4^2 + sigma_avg ^2);

24 sigma1 = sigma_avg + R;

25 sigma2 = sigma_avg - R;
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26
27 test = (sigma1 ^2 - (sigma1*sigma2) + sigma2 ^2);

28
29
30 if(test <sigma_y_sqr)

31 printf(”\n\nThe ma t e r i a l w i t h i n the p ipe w i l l
not y i e l d . ”);

32 end

33
34 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 10.13 StnT13

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 10 . 1 3 : ”)
4
5 // Given :
6 T = 400; //Nm
7 sigma_ult = 150*10^6; //N/mˆ2
8
9 // C a l c u l a t i o n s :

10
11 x = T/(%pi/2);

12 r_3 = [x/sigma_ult ];

13 r = nthroot(r_3 , 3);

14 r= r*1000; // i n mm
15
16 // D i sp l ay :
17
18 printf( ’ \n\nThe s m a l l e s t r a d i u s o f the s o l i d c a s t
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i r o n s h a f t = %1 . 2 fmm ’ ,r);
19
20 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 10.14 StnT14

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 10 . 1 4 : ”)
4
5 // Given :
6 r = 0.5; //cm
7 sigma_yield = 360; //MPa
8 T = 3.25; //kN/cm
9 A= (%pi*r^2);

10 P = 15; //kN
11 J = (%pi/2)*(r^4);

12 sigma_y_sqr = sigma_yield ^2;

13
14 // C a l c u l a t i o n s :
15 sigma_x = -(P/A)*10;

16 sigma_y = 0;

17 tou_xy = (T*r*10)/J;

18
19 k = (sigma_x + sigma_y)/2;

20 R = sqrt(k^2 + (tou_xy ^2));

21
22 sigma1 = k+R;

23 sigma2 = k-R;

24 l = sigma1 - sigma2;

25
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26 //Maximum Shear S t r e s s Theory :
27 test1 = abs(l);

28
29 if(test1 >= sigma_yield)

30
31 printf(”\n\ nFa i l u r e o c cu r s by Maximum Shear

S t r e s s Theory . ’ ) ;
32 end
33
34
35 //Maximum D i s t o r t i o n−Energy Theory :
36 t e s t 2 = ( s igma1 ˆ2 − ( s igma1 ∗ s igma2 ) + sigma2 ˆ2) ;
37
38
39 i f ( t e s t 2 <s i gma y s q r )
40
41 p r i n t f ( ”\n\nFailure will not occur by Maximum

Distortion -Energy Theory.’);

42 end
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Chapter 11

Design of Beams and Shafts

Scilab code Exa 11.1 DBS1

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 11 . 1 : ”)
4
5 // Given :
6 sigma_allow = 170; //MPa
7 tou_allow = 100; //MPa
8
9 // Shear and Moment Diagrams :

10 V_max = 90; //kN
11 M_max = 120; //kNm
12
13 // Bending S t r e s s :
14 S_reqd = (M_max *(10^3))/sigma_allow;

15
16 W = [60 67 64 74 80 100];

17 S = [1120 1200 1030 1060 984 987];

18
19 i = find(min(W));

20 S_chosen = S(i);

21 flag1 = 0;
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22 flag2 = 0;

23
24 if (S_reqd <S_chosen)

25 flag1 =1;

26 end

27
28 // Shear S t r e s s :
29 d = 455; //mm
30 tw = 8; //mm
31 tou_avg = (V_max *10^3) /(d*tw);

32
33 if(tou_avg <tou_allow)

34 flag2 =1;

35 end

36
37 if(flag1 ==1 & flag2 ==1)

38
39
40 printf(”\n\nUse a W460X60 s tandard shape . ’ ) ;
41 end
42
43 //−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 11.2 DBS2

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 11 . 2 : ”)
4
5 // Given :
6 l = 200/1000; //m
7 t = 30/1000; //m
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8 sigma_allow = 12; //MPa
9 tou_allow = 0.8; //MPa

10 V_nail = 1.50; //kN
11 l_bc = 2; //m
12 l_cd = 2; //m
13
14 // Shear and Moment Diagrams :
15 V_max = 1.5; //kN
16 M_max = 2; //kNm
17
18 // Bending S t r e s s :
19 y1 = l/2;

20 A1 = l*t;

21 y2 = l+(t/2);

22 A2 = t*l;

23 y_dash = (y1*A1 + y2*A2)/(A1 + A2);

24
25 I1 = (t*l^3) /12 + (t*l*( y_dash - y1)^2);

26 I2 = (l*t^3) /12 + (t*l*(y2 - y_dash)^2);

27 I =I1 + I2;

28
29 c = y_dash;

30 sigma = (M_max*c)/(I);

31 flag1 = 0;

32 sigma_allow = sigma_allow *1000; //kPa
33
34 if(sigma <sigma_allow)

35 flag1 = 1;

36 end

37
38 // Shear S t r e s s :
39 y3 = y_dash /2;

40 A3 = y_dash*t;

41 Q = y3*A3;

42
43 tou = (V_max*Q)/(I*t);

44 tou_allow = tou_allow *1000; //kPa
45 flag2 =0;
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46
47 if(tou <tou_allow)

48 flag2 = 1;

49 end

50
51 // Na i l Spac ing :
52 y4a = (l+t-y_dash);

53 y4 = y4a - (t/2);

54 A4 = l*t;

55 Q4 = y4*A4;

56 V_bc = 1.5; //kN
57 V_cd = 1; //kN
58
59 q_bc = (V_bc*Q4)/I;

60 q_cd = (V_cd*Q4)/I;

61
62 s_bc = (V_nail)/(q_bc);

63 s_cd = (V_nail)/(q_cd);

64
65 chosen_bc = 150; //mm
66 chosen_cd = 250; //mm
67
68 if(flag1 ==1 & flag2 ==1)

69
70 printf( ’ \n\nThe d e s i g n i s s a f e i n bending and

sh ea r . ’ );
71 printf( ’ \nThe c a l c u l a t e d n a i l s p a c i n g BC = %1. 3 f

m ’ ,s_bc);
72 printf( ’ \nThe c a l c u l a t e d n a i l s p a c i n g CD = %1 . 3 f

m ’ ,s_cd);
73 printf( ’ \nThe chosen n a i l s p a c i n g BC = %1. 0 f

mm’ ,chosen_bc);
74 printf( ’ \nThe chosen n a i l s p a c i n g CD = %1. 0 f

mm’ ,chosen_cd);
75 end

76
77 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 11.3 DBS3

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 11 . 3 : ”)
4
5 // Given :
6 udl = 12; //kN/m
7 h_by_a = 1.5;

8 sigma_allow = 9; //MPa
9 tou_allow = 0.6; //MPa

10
11 // Shear and Moment Diagrams :
12 V_max = 20; //kN
13 M_max =10.67; //kNm
14
15 // Bending S t r e s s :
16 S_reqd = (M_max)/( sigma_allow *1000);

17 c = h_by_a /2;

18 a_cube = (S_reqd*c*12) /(1.5^3); // S r eqd = I / c
19 a = a_cube ^(1/3);

20
21
22 A = a*h_by_a*a;

23 tou_max = (1.5* V_max)/(A*1000);

24
25
26 if(tou_max >tou_allow)

27 a_sqr = (3/2) *( V_max)/( h_by_a*tou_allow *1000);

28 a =sqrt(a_sqr);

29 end
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30
31 // D i sp l ay :
32
33 printf(”\n\nThe s m a l l e s t width f o r the

l amina t ed wooden beam = %1 . 3 f m’ , a ) ;
34
35 //−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 11.6 DBS6

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 11 . 6 : ”)
4
5 // Given :
6 tou_allow = 50*10^6; //MPa
7 T = 7.5; //Nm
8 R_ah = 150; //N
9 R_av = 475; //N

10 l_ac = 0.25; //m
11
12 mc = R_ah*l_ac;

13 m = R_av*l_ac;

14
15 M_c = sqrt(m^2 + mc^2);

16
17 k = sqrt(M_c^2 + T^2);

18 c1 = (2*k)/(%pi*tou_allow);

19 c = c1 ^(1/3);

20
21 d = 2*c*1000;

22
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23 // D i sp l ay :
24
25 printf(”\n\nThe s m a l l e s t a l l ow ab l e d i amete r o f

the s h a f t = %1 . 1 f mm’ , d ) ;
26
27 //−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Chapter 12

Deflection of Beams and Shafts

Scilab code Exa 12.6 DefBS6

1
2 clear all; clc;

3
4 disp(” S c i l a b Code Ex 12 . 6 : ”)
5
6 // D i sp l ay :
7 printf(”\n\ nRe f e r to the r e l a t i o n d e r i v e d i n the

book . ’ ) ;
8
9 //−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 12.10 DefBS10

1 clear all; clc;

2
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3 disp(” S c i l a b Code Ex 12 . 1 0 : ”)
4
5 // Given :
6 E = 200*10^6; //kN/mˆ2
7 I = 17*10^ -6; //mmˆ4
8 l_ac = 2; //m
9 l_cF = 4; //m

10 l_Fb = 2; //m
11 l_cb = 6; //m
12 l_aF = 6; //m
13 l_ab = 8; //m
14 F = 16; //kN
15 R_b = (F*l_cb)/l_ab;

16 R_a = F - R_b;

17
18 mc = R_a*l_ac;

19 mf = R_b*l_Fb;

20 theta_ca = (0.5* l_ac*mc)/(E*I);

21
22 A1 = 0.5* l_aF*mf;

23 t1_ba = (l_Fb + l_aF /3)*(A1);

24
25 A2 = 0.5* l_Fb*mf;

26 t2_ba = (l_Fb *2*A2)/3;

27
28 t_ba = (t1_ba+t2_ba)/(E*I);

29
30 theta_c = (t_ba/l_ab)-(theta_ca);

31
32 // D i sp l ay :
33
34 printf(”\n\nThe s l o p e at po i n t C o f the s t e e l beam

= %1 . 5 f rad ’ , t h e t a c ) ;
35
36
37 //−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Scilab code Exa 12.12 DefBS12

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 12 . 1 2 : ”)
4
5 // Given :
6 E = 200; //kN/mˆ2
7 I = 50*10^6; //mmˆ4
8 l_ab = 4; //m
9 l_bc = 4; //m

10 l_ac = l_ab+l_bc;

11 R_a = -25; //kN
12 R_b = 50; //kN
13 R_c = 25; //kN
14
15 mb = R_a*l_ab;

16
17 //Moment−Area Theorem :
18
19 t_ca = (l_ab *0.5* l_ac*mb *(10^3) ^3)/(E*I);

20 t_ba = (l_ab *0.5* l_ab*mb *(10^3) ^3)/(E*I*3);

21
22 del_c = -t_ca + 2*t_ba;

23
24 // D i sp l ay :
25
26 printf(”\n\nThe d i s p l a c emen t at po i n t C f o r the

s t e e l ove rhang ing beam = %1. 1 f mm’ , d e l c ) ;
27
28
29 //−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

END
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−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 12.13 DefBS13

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 12 . 1 3 : ”)
4
5 // Given :
6 w = 2; //kN/m
7 L = 8; //m
8 P = 8; //kN
9

10 // C a l c u l a t i o n s :
11 EI_theta_A1 = (3*w*L^3) /(128); //ThetaA1 = (3wLˆ3)

/(128 EI )
12 EI_nu_C1 = (5*w*L^4) /(768); //NuC1 = (5wLˆ4) /(768 EI )
13
14 EI_theta_A2 = (P*L^2) /(16); // theta A2 = (PLˆ2) /(16

EI )
15 EI_nu_C2 = (P*L^3) /(48); // nu C2 = (PLˆ3) /(48 EI )
16
17 theta_A = EI_theta_A1 + EI_theta_A2;

18 nu_C = EI_nu_C1 + EI_nu_C2;

19
20 // D i sp l ay :
21
22 printf( ’ \n\nThe s l o p e at A in terms o f EI

= %1 . 0 f /EI kNmˆ2 ’ ,theta_A);
23 printf( ’ \nThe d i s p l a c emen t at po i n t C in terms o f EI

= %1 . 0 f /EI kNmˆ3 ’ ,nu_C);
24
25 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 12.14 DefBS14

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 12 . 1 4 : ”)
4
5 // Given :
6 w = 5; //kN/m
7 l_ab = 4; //m
8 l_bc = 2; //m
9 P = 10; //kN

10 M = w*l_ab; //kNm
11
12 // C a l c u l a t i o n s :
13 EI_theta_B1 = (w*l_ab ^3) /(24); //ThetaB1 = (wLˆ3)

/(24 EI )
14 EI_nu_C1 = l_bc*EI_theta_B1;

15
16 EI_theta_B2 = (M*l_ab)/(3); //
17 EI_nu_C2 = l_bc*EI_theta_B2;

18
19 EI_nu_C3 = (P*l_bc ^3) /(3); //nuC3 = (PLˆ3) /(24 EI )
20
21 nu_C = -EI_nu_C1 + EI_nu_C2 + EI_nu_C3;

22
23 // D i sp l ay :
24
25 printf( ’ \n\nThe d i s p l a c emen t at end C o f the

ove rhang ing beam , i n terms o f EI = %1 . 1 f /EI kNm
ˆ3 ’ ,nu_C);

26
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27 //
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 12.15 DefBS15

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 12 . 1 5 : ”)
4
5 // Given :
6 w = 4; //kN/m
7 l = 10; //m
8 l_bc =3; //m
9

10 // C a l c u l a t i o n s :
11 EI_theta_B = (w*l^3) /(24); //ThetaB1 = (wLˆ3) /(24 EI )
12 EI_nu_B = (w*l^4) /(30); //nuB = (wLˆ4) /(30 EI )
13
14 nu_C = EI_nu_B + (EI_theta_B*l_bc);

15
16 // D i sp l ay :
17
18 printf( ’ \n\nThe d i s p l a c emen t at end C o f the

c a n t i l e v e r beam , i n terms o f EI = %1 . 0 f /EI kNm
ˆ3 ’ ,nu_C);

19
20 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Scilab code Exa 12.16 DefBS16

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 12 . 1 6 : ”)
4
5 // Given :
6 k = 45; //kN/m
7 F = 3; //kN
8 E = 200*10^6; //kPa
9 l_ab = 3; //m

10 l_ac = 1; //m
11 l_cb = 2; //m
12 I = 4.687*10^ -6; //mˆ4
13 R_a = (F*l_cb)/(l_ab);

14 R_b = F-R_a;

15
16 // C a l c u l a t i o n s :
17 nu_a = (R_a)/k;

18 nu_b = (R_b)/k;

19
20 nu_c1 = nu_b + (l_cb/l_ab)*(nu_a - nu_b);

21 nu_c2 = ((F*l_ac*l_cb)*(l_ab^2 - l_ac^2 - l_cb ^2))

/(6*E*I*l_ab);

22
23 nu_c = nu_c1 + nu_c2;

24 nu_C = nu_c *1000;

25
26 // D i sp l ay :
27
28 printf( ’ \n\nThe v e r t i c a l d i s p l a c emen t o f the f o r c e

at C = %1 . 3 f mm’ ,nu_C);
29
30 //
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−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 12.21 DefBS21

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 12 . 2 1 : ”)
4
5 // Given :
6 l = 3; //m
7 l_af = l/2; //m
8 P = 8; //kN
9 w = 6; //kN/m

10
11 // Compa t i b i l i t y Equat ion :
12 EI_nu_b1 = (w*l^4)/8 + (5*P*l^3) /48; // nu b = ( wl ˆ4)

/8EI + (5 Pl ˆ3) /48 EI
13 EI_nu_b2 = (l^3)/3;

14
15 B_y = EI_nu_b1 / EI_nu_b2;

16
17 // D i sp l ay :
18
19 printf(”\n\nThe r e a c t i o n s at r o l l e r suppor t B =

%1 . 2 f kN ’ , B y ) ;
20
21
22 //−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Scilab code Exa 12.22 DefBS22

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 12 . 2 2 : ”)
4
5 // Given :
6 l = 8; //m
7 l_ab = l/2; //m
8 l_bc = l/2; //m
9 l_af = l_ab /2; //m

10 b = 12/1000; //m
11 w = 24; //kN/m
12 E = 200*10^6; //Kn/mˆ2
13 I = 80*10^ -6; // mˆ4
14
15 // Compa t i b i l i t y Equat ion :
16 nu_b = (5*w*l^4) /(768*E*I); // nu b = (5 wl ˆ4) /768 EI
17 nu_b_byBy = (l^3) /(48*E*I); // nu b ’ = ( Pl ˆ3) /48 EI
18
19 B_y = (nu_b -b)/nu_b_byBy;

20
21 C_y = ((w*l_ab*l_af) - (B_y*l_ab))/l;

22
23 A_y = (w*l_ab - B_y - C_y);

24
25 // D i sp l ay :
26
27 printf( ’ \n\nThe r e a c t i o n at A = %1 . 0 f kN ’ ,A_y);
28 printf( ’ \nThe r e a c t i o n at B = %1 . 0 f kN ’ ,B_y);
29 printf( ’ \nThe r e a c t i o n at C = %1 . 0 f kN ’ ,C_y);
30
31
32 //
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−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 12.23 DefBS23

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 12 . 2 3 : ”)
4
5 // Given :
6 d = 12; //mm
7 E = 210; //GPa
8 I = 186*10^6; //mmˆ4
9 P = 40; //kN

10 l_bc = 3; //m
11 l_ab = 4; //m
12 l = 5; //m
13
14 // Compa t i b i l i t y Equat ion : nuB ’ ’ = nuB − nuB ’
15 A = (%pi/4)*(d^2);

16
17 nuB1_by_Fbc = (l_bc *1000) /(A*E*1000); //nuB ’ ’ = PL/

AE
18 nuB2 = (5*P*1000*( l_ab *1000) ^3) /(48*E*1000*I); //nuB

= (5PLˆ3) /(48 EI )
19 nuB2_by_Fbc = ((l*1000) ^3) /(3*E*1000*I); //nuB ’ = (

PLˆ3) /(3 EI )
20
21 F_bc = (nuB2)/( nuB1_by_Fbc + nuB2_by_Fbc );

22 F_bc = F_bc /1000; // i n kN
23
24 // D i sp l ay :
25
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26 printf( ’ \n\nThe f o r c e i n the rod due to l o a d i n g =
%1 . 3 f kN ’ ,F_bc);

27
28
29 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 12.24 DefBS24

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 12 . 2 4 : ”)
4
5 // Given :
6 l_ab = 4; //m
7 l = l_ab /2;

8 w = 9; //kN/m
9

10 // Compa t i b i l i t y Equat ions :
11
12 EI_thetaB = (w*l_ab ^3) /(48); // thetaB = (wLˆ3) /(48 EI

)
13 EI_nuB = (7*w*l_ab ^4) /(384); //nuB = (7 wl ˆ4) /(384 EI )
14
15 //Only redundant By app l i e d :
16 EI_thetaB_by_By = (l_ab ^2) /(2); // thetaB ’ = (PLˆ2)

/(2 EI )
17 EI_nuB_by_By = (l_ab ^3) /(3); //nuB ’ = (PLˆ3) /(3 EI )
18
19 //Only redundant Mb i s a pp l i e d :
20 EI_thetaB_by_Mb = l_ab; // thetaB ’ ’ = (ML) /( EI )
21 EI_nuB_by_Mb = (l_ab ^2) /(2); //nuB ’ ’ = (MLˆ2) /(2 EI )
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22
23 // So l v i n g f o r By and Mb us i ng ma t r i c e s :
24
25 A = [EI_thetaB_by_By EI_thetaB_by_Mb; EI_nuB_by_By

EI_nuB_by_Mb ];

26 b = [-EI_thetaB; -EI_nuB ] ;

27 moments = A\b;

28
29 By = moments (1);

30 Mb = moments (2);

31
32 // D i sp l ay :
33
34 printf( ’ \n\nThe v e r t i c a l f o r c e at B f o r the beam

= %1 . 3 f kN ’ ,By);
35 printf( ’ \nThe moment at B f o r the beam =

%1 . 2 f kNm ’ ,Mb);
36
37 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

186



Chapter 13

Buckling of Columns

Scilab code Exa 13.1 BoC1

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 13 . 1 : ”)
4
5 // Given :
6 l = 7.2*1000; //mm
7 E = 200; //GPa
8 ro = 75; //mm
9 ri = 70; //mm

10 sigma_y = 250; //MPa
11
12 // C a l c u l a t i o n s :
13 I = (%pi/4)*(ro^4 - ri^4)

14 A = (%pi)*(ro^2 -ri^2);

15
16 Pcr = (%pi ^2*(E*10^6)*I*(1000) ^-2)/(l^2); // Pcr = (

%pi ˆ2∗EI ) /( l ˆ2)
17
18 sigma_cr = (Pcr *1000)/A;

19
20 if(sigma_cr <sigma_y)
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21
22 printf(”\n\nThe maximum a l l ow ab l e a x i a l l o ad

tha t the column can suppor t = %1 . 1 f kN ’ ,
Pcr ) ;

23 end
24
25 //−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 13.2 BoC2

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 13 . 2 : ”)
4
5 // Given :
6 E = 200; //GPa
7 I = 15.3*10^6; //mmˆ4
8 l= 4*1000; //mm
9 A = 5890; //mmˆ2

10 sigma_y = 250; //MPa
11
12 // C a l c u l a t i o n s :
13
14 Pcr = ((%pi^2)*E*10^6*I*1000^ -2)/(l^2); // Pcr = ( %pi

ˆ2∗EI ) /( l ˆ2)
15
16 sigma_cr = (Pcr *1000)/A;

17
18 if(sigma_cr >sigma_y)

19 Pcr = (sigma_y*A);

20 Pcr = Pcr /1000; // i n kN
21 end

188



22
23 // D i sp l ay :
24
25 printf(”\n\nThe maximum a l l ow ab l e a x i a l l o ad tha t

the column can suppor t = %1 . 1 f kN ’ , Pcr ) ;
26
27 //−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 13.3 BoC3

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 13 . 3 : ”)
4
5 // Given :
6 E = 200; //GPa
7 Ix = 13.4*10^ -6;

8 Iy = 1.83*10^ -6;

9 l = 8;

10 KLx = 0.5*l; //m
11 KLy = 0.7*(l/2); //m
12 rx = 66.2; //mm
13 ry = 24.5; //mm
14
15 Pcrx = (%pi^2*E*10^6* Ix)/(KLx^2); // Pcr = ( %pi ˆ2∗EI )

/( l ˆ2)
16 Pcry = (%pi^2*E*10^6* Iy)/(KLy^2); // Pcr = ( %pi ˆ2∗EI )

/( l ˆ2)
17
18 Pcr = min(Pcrx ,Pcry);

19 A = 3060; //mmˆ2
20 sigma_cr = Pcr/A;
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21
22 sl_ratio_x = (KLx *1000) /(rx);

23 sl_ratio_y = (KLy *1000) /(ry);

24 s_ratio = max(sl_ratio_x , sl_ratio_y);

25
26 // D i sp l ay :
27
28 printf(”\n\nThe maximum load tha t the column can

suppor t w i thout bu ck l i n g = %1 . 0 f kN ’ , Pcr ) ;
29 p r i n t f ( ”\nThe largest slenderness ratio

= %1.1f N/mm

^2’,s_ratio);

30 //
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 13.4 BoC4

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 13 . 4 : ”)
4
5 // Given :
6 E = 70; //GPa
7 Ix = 61.3*10^ -6;

8 Iy = 23.2*10^ -6;

9 l = 5;

10 KLx = 2*l; //m
11 KLy = 0.7*(l); //m
12 FS = 3; // Facto r o f s a f e t y
13 sigma_y = 215; //MPa
14
15
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16 Pcrx = (%pi^2*E*10^6* Ix)/(KLx^2); // Pcr = ( %pi ˆ2∗EI )
/( l ˆ2)

17 Pcry = (%pi^2*E*10^6* Iy)/(KLy^2); // Pcr = ( %pi ˆ2∗EI )
/( l ˆ2)

18
19 Pcr = min(Pcrx ,Pcry);

20 A = 7.5*10^ -3; //mmˆ2
21 P_allow = Pcr/FS;

22 sigma_cr = (Pcr *10^ -3)/A;

23
24
25 if(sigma_cr <sigma_y)

26
27 printf(”\n\nThe l a r g e s t a l l ow ab l e l oad tha t the

column can suppor t = %1 . 0 f kN ’ , P a l l ow ) ;
28 end
29
30 //−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 13.5 BoC5

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 13 . 5 : ”)
4
5 // Given :
6 E = 200*10^3; //MPa
7 sigma_y = 250; //MPa
8 x1 = 50; //mm
9 y1 = 75; //mm

10 z1 = 4.5; //m
11 e = 25; //mm
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12
13 Ix = (1/12)*x1*(y1*2) ^3;

14 A = x1*2*y1;

15 rx = sqrt(Ix/A);

16 L = z1 *1000;

17 KL = 1*L;

18
19 sl_ratio = KL/rx;

20 c = y1;

21 ec_r = e*c/(rx^2);

22 P_a = 83; //MPa
23 A = 7500; //mmˆ2
24 P = P_a*A;

25 P = P/1000; // i n kN
26
27 k = (L/(2*rx))*(sqrt(P/(E*A)));

28 sigma_max = (P*1000/A)*(1+ ec_r*sec(k)); // Secant
Formula

29
30 l = sqrt((P*1000) /(E*Ix));

31 nu_max = e*(sec(l*L/2) -1);

32
33 // D i sp l ay :
34
35 printf( ’ \n\nThe a l l ow ab l e e c c e n t r i c l o ad tha t can be

app l i e d on the column = %1 . 1 fkN ’ ,P);
36 printf( ’ \nThe maximum d e f l e c t i o n o f the column due

to the l o a d i n g = %1 . 0 f mm’ ,nu_max);
37
38 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Scilab code Exa 13.6 BoC6

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 13 . 6 : ”)
4
5 // Given :
6 z1 = 4*1000; //mm
7 e = 200; //mm
8 KLy = 0.7*z1;

9 Iy = 20.4*10^6;

10 E = 200*10^3; //N/mmˆ2
11 sigma_y =250; //MPa
12
13 //y−y Axis Buck l ing :
14 Pcry = (%pi^2*E*10^6* Iy)/(KLy^2); // Pcr = ( %pi ˆ2∗EI )

/( l ˆ2)
15 Pcry = Pcry /1000;

16
17 //x−x Axis Y i e l d i n g :
18 Kx= 2;

19 KLx = Kx*z1;

20 c = (z1-KLy)/2;

21 rx = 89.9;

22
23 // So lved by app l y i ng the Secant Formula and then

f i n d i n g Px by t r i a l and e r r o r :
24
25 trial_Px = 419.4; //kN
26
27 A = 7850; //mmˆ2
28 sigma = (trial_Px *1000) /(A);

29
30 if(Pcry >trial_Px & sigma <sigma_y)

31 printf( ’ \n\nThe maximum e c c e n t r i c l o ad tha t the
column can suppor t = %1 . 1 fkN ’ ,trial_Px);

32 printf( ’ \ nFa i l u r e w i l l o c cu r about the x−x a x i s . ’ );
33
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34 end

35
36 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 13.7 BoC7

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 13 . 7 : ”)
4
5 // Given :
6 d = 30; //mm
7 r = d/2;

8 L = 600; //mm
9 sigma_pl = 150; //MPa

10
11 // C a l c u l a t i o n s :
12 I = (%pi/4)*(r^4);

13 A = %pi*r^2;

14 r_gyr = sqrt(I/A);

15 K = 1;

16 sl_ratio = (K*L)/( r_gyr);

17 flag1 = 0;

18
19 // Assuming the c r i t i c a l s t r e s s i s e l a s t i c :
20 E = 150/0.001;

21 sigma_cr1 = (%pi^2*E)/( sl_ratio ^2); // Pcr = ( %pi ˆ2∗
EI ) /( l ˆ2)

22
23
24 if(sigma_cr1 > sigma_pl)

194



25 Et = (270 - 150) /(0.002 - 0.001);

26 sigma_cr2 = (%pi^2*Et)/( sl_ratio ^2); // Pcr = (
%pi ˆ2∗EI ) /( l ˆ2)

27
28 if(sigma_cr2 >150 & sigma_cr2 <270)

29 Pcr = sigma_cr2*A;

30 Pcr = Pcr /1000; // i n kN
31 printf( ’ \n\nThe c r i t i c a l l o ad when used as a

p in suppor t ed column = %1 . 0 fkN ’ ,Pcr);
32
33 end

34
35
36 end

Scilab code Exa 13.8 BoC8

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 13 . 8 : ”)
4
5 // Given :
6 E = 200*10^3; //MPa
7 sigma_y = 250; //MPa
8 L = 5*1000; //mm
9 K = 1;

10 A = 19000; //mmˆ2
11 rx = 117; //mm
12 ry = 67.4; //mm
13
14 // C a l c u l a t i o n s :
15 sl_ratio = (K*L)/(ry);

16 sl_ratio_c = sqrt ((2* %pi ^2*E)/( sigma_y));

17
18 if(sl_ratio >0 & sl_ratio <sl_ratio_c)
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19 num = (1 - (sl_ratio ^2/(2* sl_ratio_c ^2)))*

sigma_y;

20 denom1 = (5/3) + ((3/8)*sl_ratio/sl_ratio_c);

21 denom2 = (sl_ratio ^3) /(8* sl_ratio_c ^3);

22 sigma_allow = num/( denom1 - denom2);

23
24 P = sigma_allow*A;

25 P = P/1000;

26 printf( ’ \n\nThe l a r g e s t l oad the p in
suppor t ed column can s a f e l y bear = %1 . 0 f
kN ’ ,P);

27
28 end

29
30 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 13.9 BoC9

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 13 . 9 : ”)
4
5 // Given :
6 P = 80; //kN
7 E = 210*10^3; //MPa
8 sigma_y = 360; //MPa
9 L = 5000; //mm

10 K = 0.5;

11
12 // C a l c u l a t i o n s :
13 I_by_d = (1/4)*(%pi)*(0.5^4);
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14 A_by_d = (1/4)*(%pi);

15 r_by_d = sqrt(I_by_d/A_by_d);

16
17 sl_ratio_c = sqrt ((2* %pi ^2*E)/( sigma_y));

18 sigma_allow = (P*1000)/A_by_d;

19
20 d4 = (sigma_allow *23*(K*L)^2*16) /(12* %pi^2*E);

21 d = d4 ^(1/4);

22
23 //Check :
24 d = ceil(d);

25 r = d/4;

26 KL_r = (K*L)/r;

27
28
29 if(KL_r >sl_ratio_c & KL_r <200)

30 printf( ’ \n\nThe s m a l l e s t d i amete r o f the rod
as a l l owed by AISC s p e c i f i c a t i o n = %1 . 0

fmm ’ ,d);
31
32 end

33
34 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 13.10 BoC10

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 13 . 1 0 : ”)
4
5 // Given :
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6 L = 750; //mm
7 P = 60; //kN
8 sigma = 195; //N/mmˆ2
9 K = 1;

10
11 // C a l c u l a t i o n s :
12 b2 = (P*1000) /(2* sigma);

13 b = sqrt(b2);

14
15 A = 2*b*b;

16 Iy = (1/12) *(2*b*b^3);

17 ry = sqrt(Iy/A);

18
19 sl_ratio = (K*L)/(ry);

20
21
22
23 if(sl_ratio >12)

24 b4 = (P*1000*2598.1^2) /(2*378125); //Eqn 13 . 2 6
25 b = b4 ^(1/4);

26
27 sl_ratio = (2598.1) /(b);

28 w = 2*b;

29
30 if(sl_ratio >55)

31 printf( ’ \n\nThe t h i c k n e s s o f the bar = %1 . 0
fmm ’ ,b);

32 printf( ’ \nThe width o f the bar = %1 . 0 fmm
’ ,w);

33 end

34 end

35
36 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Scilab code Exa 13.11 BoC11

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 13 . 1 1 : ”)
4
5 // Given :
6 P = 20*10^3; //N
7 y1 = 150; //mm
8 x1 = 40; //mm
9 A = (x1*y1);

10 d = 40;

11 K = 1;

12
13 //Eqn 13 . 2 9
14
15 L2 = (3718*A*d^2)/(P);

16 L = sqrt(L2);

17 KL_d = (K*L)/(d);

18
19 if(KL_d >26 & KL_d <=50)

20 printf( ’ \n\nThe g r e a t e s t a l l ow ab l e l e n g t h L as
s p e c i f i e d by the NFPA = %1. 0 f mm’ ,L);

21
22 end

23
24 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Scilab code Exa 13.12 BoC12

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 13 . 1 2 : ”)
4
5 // Given :
6 L = 1600; //mm
7 K = 2;

8 l = 80; //mm
9 b = 40; //mm

10 e = 20; //mm
11 c = 40; //mm
12
13 // C a l c u l a t i o n s :
14 I1 = (1/12) *(l*b^3);

15 A = l*b;

16 r = sqrt(I1/A);

17 sl_ratio = (K*L)/(r);

18
19 //Eqn 1 3 . 2 6 :
20 sigma_allow = (378125) /( sl_ratio ^2);

21
22 I2 = (1/12) *(b*l^3);

23 coefficient = (1/A) + (e*c)/I2;

24 sigma_max = sigma_allow;

25 P = sigma_max/coefficient;

26 P = P/1000;

27
28 // D i sp l ay :
29
30 printf( ’ \n\nThe l oad tha t can be suppor t ed i f the

column i s f i x e d at i t s base = %1 . 2 f kN ’ ,P);
31
32 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Scilab code Exa 13.13 BoC13

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 13 . 1 3 : ”)
4
5 // Given :
6 sigmaB_allow = 160; //MPa
7 E = 200; //GPa
8 sigma_y = 250; //MPa
9 K= 1;

10 A = 3790; //mmˆ2
11 Ix = 17.1*10^6; //mmˆ4
12 ry = 38.2; //mm
13 d = 157; //mm
14 c= d/2;

15 e = 750; //mm
16 L = 4000; //mm
17
18 sl_ratio = (K*L)/(ry);

19 sl_ratio_c = sqrt ((2* %pi ^2*E*1000) /( sigma_y));

20
21
22
23 if(sl_ratio <sl_ratio_c)

24 num = (1 - (sl_ratio ^2/(2* sl_ratio_c ^2)))*

sigma_y;

25 denom1 = (5/3) + ((3/8)*sl_ratio/sl_ratio_c);

26 denom2 = (sl_ratio ^3) /(8* sl_ratio_c ^3);

27 sigmaA_allow = num/( denom1 - denom2);

28
29 coeffP = 1/( sigmaA_allow*A) + (e*c)/(Ix*

sigmaB_allow);
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30 P = 1/ coeffP;

31
32 sigA = (P/A)/( sigmaA_allow);

33 P = P/1000; // i n kN
34
35
36 if(sigA < 0.15)

37 printf( ’ \n\nThe maximum a l l ow ab l e va l u e o f
e c c e n t r i c l o ad = %1 . 2 f kN ’ ,P);

38 end

39 end

40
41 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 13.14 BoC14

1
2 clear all; clc;

3
4 disp(” S c i l a b Code Ex 13 . 1 4 : ”)
5
6 // Given :
7 K = 2;

8 d= 60; //mm
9 L = 1200; //mm

10 e = 80; //mm
11 c = d;

12 A = 60*120; //mmˆ2
13 l = 60; //mm
14 b = 120; //mm
15
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16
17 // C a l c u l a t i o n s :
18 sl_ratio = (K*L)/(d);

19
20 if(sl_ratio >26 & sl_ratio <50)

21 sigma_allow = (3718) /( sl_ratio ^2);

22 sigma_max = sigma_allow;

23
24 I = (1/12) *(l*b^3);

25 coeffP = (1/A) + (e*c)/(I);

26 P = sigma_max/coeffP;

27 P = P/1000; //kN
28
29 printf( ’ \n\nThe e c c e n t r i c l oad tha t can be

suppor t ed = %1 . 2 f kN ’ ,P);
30 end

31
32 //Answer g i v en i n the t ex tbook v a r i e s .
33
34 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Chapter 14

Energy Methods

Scilab code Exa 14.1 EM1

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 14 . 1 : ”)
4
5 // Given :
6 sigma_y = 310; //N/mmˆ2
7 db =18; //mm
8 rb = db/2;

9 Ab = %pi*(rb^2);

10 E = 210*10^3; //N/mmˆ2
11 da1 = 20; //mm
12 ra1 = da1/2;

13 Aa1 = %pi*(ra1^2);

14 La1 = 50; //mm
15 La2= 6; //mm
16 da2 =18; //mm
17 ra2 = da2/2;

18 Aa2 = %pi*(ra2^2);

19 Lb = 56; //mm
20
21
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22 // Bo l t A:
23 P_max = sigma_y*Ab;

24 Uia = (P_max ^2/(2*E))*(La1/Aa1 + La2/Aa2); //Ui = (N
ˆ2L) /(2AE)

25 Uia = Uia /1000;

26
27 // Bo l t B :
28 Uib = (P_max ^2/(2*E))*(Lb/Ab);

29 Uib = Uib /1000;

30
31 // D i sp l ay :
32 printf( ’ \n\nThe g r e a t e s t amount o f s t r a i n ene rgy

absorbed by b o l t A = %1 . 3 f J ’ ,Uia);
33 printf( ’ \nThe g r e a t e s t amount o f s t r a i n ene rgy

absorbed by b o l t B = %1 . 3 f J ’ ,Uib);
34
35 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 14.5 EM5

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 14 . 5 : ”)
4
5 // Given :
6 G = 75*10^9; //N/mˆ2
7 ro = 80/1000; //m
8 t = 15/1000; //m
9 ri = ro - t;

10 l1 = 750/1000; //m
11 l2 = 300/1000; //m
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12 T1 = 40; //Nm
13 T2 =15; //Nm
14
15 // C a l c u l a t i o n s :
16
17 J = (%pi/2)*(ro^4 - ri^4);

18
19 //Eqn 14−22
20 U1 = (T1^2*l1)/(2*G*J);

21 U2 = (T2^2*l2)/(2*G*J);

22 Ui = U1 + U2;

23 Ui = Ui *10^6; // i n micro Jou l e
24
25 // D i sp l ay :
26
27 printf( ’ \n\nThe s t r a i n ene rgy s t o r e d i n the s h a f t

= %1 . 0 fX10ˆ−6 J ’ ,Ui);
28
29 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 14.6 EM6

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 14 . 6 : ”)
4
5 // Given :
6 l_ab = 1; //m
7 l_bc = 2; //m
8 N_ab = 11.547*1000; //N
9 Nb = 20*1000; //N
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10 Nc = -23.094*1000; //N
11 N_ac = -20*1000; //N
12 A = 100/(1000^2); //mmˆ2
13 E = 200*10^9; //N/mˆ2
14 P = 20*10^3; //N
15
16 //Eqn 14−26
17 P_by_2 = P/2;

18 l_ac = sqrt(l_bc^2 - l_ab ^2);

19 del = 0;

20
21 N2= [N_ab^2 Nc^2 N_ac ^2];

22 L = [l_ab l_bc l_ac];

23
24 for i = 1:3

25 del = del + (N2(i)*L(i))/(2*A*E);

26 end

27
28 del_bh = del/P_by_2;

29 del_bh = del_bh *1000;

30
31 // D i sp l ay :
32
33 printf( ’ \n\nThe h o r i z o n t a l d i s p l a c emen t at po i n t B

= %1 . 2 fmm ’ ,del_bh);
34
35 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 14.8 EM8

1 clear all; clc;
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2
3 disp(” S c i l a b Code Ex 14 . 8 : ”)
4
5 // Given :
6 ro = 60; //mm
7 ri = 50; //mm
8 E = 70; //kN/mmˆ2
9 W = 600; //kN

10 L = 240; //mm
11 h = 0;

12
13 // Part a :
14
15 A = (%pi)*(ro^2 - ri^2);

16 del_st= (W*L)/(A*E);

17
18 // Part b :
19
20 del_max = del_st *(1 + sqrt(1 + 2*(h/del_st)));

21
22 // D i sp l ay :
23
24 printf( ’ \n\nThe maximum d i sp l a c emen t at the top o f

the p ip e f o r g r a du a l l y a pp l i e d l oad = %1 . 4 f
mm’ ,del_st);

25 printf( ’ \nThe maximum d i sp l a c emen t at the top o f
the p ip e f o r sudden ly app l i e d l oad = %1 . 4

f mm’ ,del_max);
26
27 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Scilab code Exa 14.9 EM9

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 14 . 9 : ”)
4
5 // Given :
6 W = 6000; //N
7 h = 50; //mm
8 E = 210*1000; //N/mmˆ2
9 L = 5000; //mm

10 I = 87.3*10^6; //mmˆ2
11
12 // C a l c u l a t i o n s :
13
14 del_st = (W*L^3) /(48*E*I);

15 del_max = del_st *(1 + sqrt(1 + 2*(h/del_st)));

16
17 c = 252/2;

18 sigma_max = (12*E*del_max*c)/(L^2);

19
20 // D i sp l ay :
21
22 printf( ’ \n\nThe maximum bending s t r e s s i n the

s t e e l beam = %1 . 2 f N/mmˆ2 ’ ,sigma_max);
23 printf( ’ \nThe maximum d e f l e c t i o n i n the beam

= %1 . 3 f mm’ ,del_max);
24
25 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 14.10 EM10
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1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 14 . 1 0 : ”)
4
5 // Given :
6 m = 80*1000; // kg
7 v = 0.2; //m/ s
8 l_ac = 1.5; //m
9 E = 200*10^9; //N/mˆ2

10 w = 0.2; //m
11 I = (1/12) *(w^4);

12 l_ab = 1000; //mm
13
14 // C a l c u l a t i o n s :
15 del_Amax = sqrt((m*v^2* l_ac ^3) /(3*E*I));

16
17 P_max = (3*E*I*del_Amax)/(l_ac ^3);

18 theta_A = (P_max*l_ac ^2) /(2*E*I);

19 del_Amax = del_Amax *1000;

20 del_Bmax = del_Amax + (theta_A*l_ab);

21
22
23 // D i sp l ay :
24
25 printf( ’ \n\nThe maximum h o r i z o n t a l d i s p l a c emen t

o f the po s t at B due to impact = %1 . 1 f mm’ ,
del_Bmax);

26
27
28 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Scilab code Exa 14.11 EM11

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 14 . 1 1 : ”)
4
5 // Given :
6 A = 400*10^ -6; //mˆ2
7 E = 200*10^6; //kN/mˆ2
8 P = 100; //kN
9

10 // V i r t u a l Work Equat ion :
11
12 n = [0 0 -1.414 1];

13 N = [-100 141.4 -141.4 200];

14 L = [4 2.828 2.828 2];

15 del_cv = 0;

16
17 for i=1:4

18 del_cv = del_cv + (n(i)*N(i)*L(i))/(A*E);

19 end

20
21 del_cv = del_cv *1000;

22
23 // D i sp l ay :
24
25 printf( ’ \n\nThe v e r t i c a l d i s p l a c emen t o f j o i n t C

o f the s t e e l t r u s s = %1 . 1 f mm’ ,del_cv);
26
27
28 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Scilab code Exa 14.12 EM12

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 14 . 1 2 : ”)
4
5 // Given :
6 A = 300*10^ -6; //mˆ2
7 E = 210*10^6; //kN/mˆ2
8 P = 60; //kN
9 F_ac = 1.25; //kN

10
11 // Part a :
12
13 // V i r t u a l Work Equat ion :
14
15 n = [0 1.25 0 -0.75];

16 N = [0 75 -60 -45];

17 L = [1.5 2.5 2 1.5];

18 del_ch = 0;

19
20 for i=1:4

21 del_ch = del_ch + (n(i)*N(i)*L(i))/(A*E);

22 end

23
24 del_chA = del_ch *1000;

25
26 // Part b :
27
28 del_L = -6; //mm
29 del_chB = F_ac*del_L;

30
31 if(del_chB <0)

32

212



33
34 // D i sp l ay :
35
36 printf( ’ \n\nThe h o r i z o n t a l d i s p l a c emen t o f j o i n t

C i f a f o r c e i s a pp l i e d to B = %1 . 3 f mm’ ,
del_chA);

37 printf( ’ \nThe h o r i z o n t a l d i s p l a c emen t o f j o i n t C
i f AC i s f a b r i c a t e d s h o r t = %1 . 1 f mm’ ,

del_chB);

38 end

39
40
41
42 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 14.13 EM13

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 14 . 1 3 : ”)
4
5 // Given :
6 del_T = 60; // deg r e e c e l c i u s
7 alpha = 12*10^ -6; // per d eg r e e c e l c i u s
8 E = 200*10^6; //kN/mˆ2
9 A = 250*10^ -6; //mˆ2

10 L = 4; //m
11
12 // V i r t u a l Work Equat ion :
13 n = 1.155; //kN
14 N = -12; //kN
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15
16 del_bh = (n*N*L)/(A*E) + (n*alpha*del_T*L);

17 del_bh = del_bh *1000;

18
19 // D i sp l ay :
20
21 printf( ’ \n\nThe h o r i z o n t a l d i s p l a c emen t o f j o i n t B

o f the t r u s s = %1 . 2 f mm’ ,del_bh);
22
23 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 14.16 EM16

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 14 . 1 6 : ”)
4
5 // Given :
6 I = 175.8*10^ -6; //mˆ4
7 E = 200*10^6; //kN/mˆ2
8 Ra = 1; //kN
9 l_ab = 3; //m

10 l_bc = 6; //m
11
12
13 // V i r t u a l Work Equat ion :
14 m1 = -1; //∗x1
15 M1 = -2.5; //∗x1 ˆ3
16 m2 = -0.5; //∗x2
17
18 x10 = 0;
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19 x11 = l_ab;

20 I1 = integrate( ’m1∗M1∗ ( x1 ˆ4) ’ , ’ x1 ’ ,x10 ,x11);
21
22 x20 = 0;

23 x21 = l_bc;

24 I2 = integrate( ’m2∗123 . 7 5∗ ( x2 ˆ2) ’ , ’ x2 ’ ,x20 ,x21);
25
26 x20 = 0;

27 x21 = l_bc;

28 I3 = integrate( ’ −m2∗ 2 2 . 5 ∗ ( x2 ˆ3) ’ , ’ x2 ’ ,x20 ,x21);
29
30 In = I1 + I2 + I3;

31 del_A = (In)/(E*I);

32 del_A = del_A *1000;

33
34
35 // D i sp l ay :
36
37 printf( ’ \n\nThe d i s p l a c emen t o f po i n t A o f the

s t e e l beam = %1 . 1 f mm’ ,del_A);
38
39 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 14.17 EM17

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 14 . 1 7 : ”)
4
5 // Given :
6 E = 210*10^3; //N/mmˆ2
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7 P = 40*10^3; //N
8 A_ab = 1250; //mmˆ2
9 A_ac = 625; //mmˆ2

10 A_cd = 1250; //mmˆ2
11 A_bc = 625; //mmˆ2
12
13 N_by_P = [0 0 1.67 -1.33];

14 L = [4000 3000 5000 4000];

15 A = [A_ab A_bc A_ac A_cd];

16 N = zeros (4);

17 sum = 0;

18
19
20 for i =1:4

21 N(i) = N_by_P(i)*P;

22 num(i) = N(i)*N_by_P(i)*L(i);

23
24 end

25
26 for i = 1:4

27 sum = sum + (num(i)/(A(i)*E)); //By Ca s t i g l i a n o ’
s Second theorem .

28 end

29
30 del_ch = sum;

31
32 // D i sp l ay :
33 printf( ’ \n\nThe h o r i z o n t a l d i s p l a c emen t o f j o i n t

C o f the s t e e l t r u s s = %1 . 2 f mm’ ,sum);
34
35 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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Scilab code Exa 14.18 EM18

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 14 . 1 8 : ”)
4
5 // Given :
6 E = 200*10^6; //kN/mˆ2
7 P = 0; //N
8 A = 400*10^ -6; //mˆ2
9

10 N_by_P = [0 0 -1.414 1];

11 L = [4 2.828 2.828 2];

12 N = [-100 141.4 -141.4 200];

13 sum = 0;

14
15
16 for i =1:4

17 num(i) = N(i)*N_by_P(i)*L(i);

18 end

19
20 for i = 1:4

21 sum = sum + (num(i)/(A*E)); //By Ca s t i g l i a n o ’ s
Second theorem .

22 end

23
24 del_ch = sum *1000;

25
26 // D i sp l ay :
27 printf( ’ \n\nThe v e r t i c a l d i s p l a c emen t o f j o i n t C

o f the s t e e l t r u s s = %1 . 1 f mm’ ,del_ch);
28
29 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Scilab code Exa 14.21 EM21

1 clear all; clc;

2
3 disp(” S c i l a b Code Ex 14 . 2 1 : ”)
4
5 // Given :
6 I = 125*10^ -6; //mˆ4
7 E = 200*10^6; //kN/mˆ2
8 Rc = 5; //kN
9 l_ac = 6; //m

10 l_cb = 4; //m
11
12
13 // Ca s t i g l i a n o ’ s Second Theorem :
14 m = 0.4/9;

15
16 x10 = 0;

17 x11 = l_ac;

18 I11 = integrate( ’ 4 . 4 ∗ ( x1 ˆ2) ’ , ’ x1 ’ ,x10 ,x11);
19 I12 = integrate( ’−m∗ ( x1 ˆ4) ’ , ’ x1 ’ ,x10 ,x11);
20 I1 = I11 + I12;

21
22 x20 = 0;

23 x21 = l_cb;

24 I21 = integrate( ’ 6 ∗ 0 . 6 ∗ ( x2 ˆ2) ’ , ’ x2 ’ ,x20 ,x21);
25 I22 = integrate( ’ 1 8∗ 0 . 6∗ ( x2 ) ’ , ’ x2 ’ ,x20 ,x21);
26 I2 = I21+I22;

27
28 In = I1 + I2 ;

29 del_cv = (In)/(E*I);
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30 del_cv = del_cv *1000;

31
32
33 // D i sp l ay :
34
35 printf( ’ \n\nThe v e r t i c a l d i s p l a c emen t o f po i n t C

o f the s t e e l beam = %1. 1 f mm’ ,del_cv);
36
37 //

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
END
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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