Solution
Topic: Statically Determinate Beams — Shear Force and Bending Moment
Problem Number: 4.1 Page No. 1
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Support Reactions
Consider the rotational equilibrium of the beam: +ve‘) ZMA=0

+(12.0 x 3.0) + (8.0 x 8.0)(4.0) — (Ve x 8.0) =0 * Ve=+365kN {

Consider the vertical equilibrium of the beam: +ve T XFy =0

+VAa-120-(8.0x80)+ V=0 S Va=+395kN T

Shear Force Diagram

Position of zero shear force x =[3.0 + (3.5/ 8.0)] =3.438 m
(This corresponds with the position of the maximum bending moment in the beam.)

Bending Moment Diagram
M, =+(39.5 x 3.438) — (8.0 x 3.438%/2.0) — (12.0 x 0.438) = + 83.3 kNm

Alternatively, calculating the area under the shear force diagram:
M, =+ 10.5(39.5 + 15.5)(3.0)] + (0.5 x 0.438 x 3.5) =+ 83.3 kNm
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Solution
Topic: Statically Determinate Beams - Shear Force and Bending Moment
Problem Number: 4.2 Page No. 1

12 kN/m

Support Reactions
Consider the rotational equilibrium of the beam: +ve‘) IMa=0
+(6.0 x 2.0)(1.0) + (15.0 x 2.0) + (12.0 x 6.0)(2.0 +3.0) - (Vc x 8.0)=0
" Ve=+50.25 kN

Consider the vertical equilibrium of the beam: ~ *+ve T XFy=0
+VAa—-(60x20)-150-(12.0x6.0)+ V=0

s Va=+4875kN |

Shear Force Diagram
36.75kN

875 kN 21.75kN
A C
B ‘\\l
150.25 kN

Position of zero shear force x =[2.0 +(21.75/12.0)] =3.813 m
(This corresponds with the position of the maximum bending moment in the beam.)

T X —

Bending Moment Diagram
M, =+ (48.75 x 3.813) — (6.0 x 2.0)(3.813 — 1.0) — (15.0 x 1.813) — (12.0 x1.813%/2)
=+ 105.2 kNm

Alternatively, calculating the area under the shear force diagram:
M, =+10.5(48.75 + 36.75)(2.0)] + (0.5 x 1.813 x 21.75) =+ 105.2 kNm
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105.2 kNm
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tension underside



Solution
Topic: Statically Determinate Beams — Shear Force and Bending Moment
Problem Number: 4.3 Page No. 1

Support Reactions
Consider the rotational equilibrium of the beam: +ve‘) IMA=0

+ (3.0 x 2.0)(1.0) + (5.0 x 2.0) + (2.0 x 4.0)(4.0) + (10.0 x 4.0) + (5.0 % 6.0)
+ (4.0 x 2.0)(7.0) - (Ve x8.0)=0

o Ve=+2175KN |

Consider the vertical equilibrium of the beam: +ve T XF,=0
+Vya=-(3.0x20)-50-(2.0%x4.0)-10.0-50-(4.0x20)+ V=0

. VAo=+20.25 kN
Shear Force Diagram

20.25 kN 14.25 kN
9.25 kN 5.25 kN 5
A ol E
B
4.75 kN 8.75kN
# 13.75 kN 21.75 kN

X L

Position of zero shear force x=4.0m
(This corresponds with the position of the maximum bending moment in the beam.)

Bending Moment Diagram
M,=+(20.25 x 4.0) = (3.0 x 2.0)(3.0) — (5.0 x 2.0) = (2.0 x 2.0)(1.0) = + 49.0 KNm

Alternatively, calculating the area under the shear force diagram:
M, =+[0.5(20.25 + 14.25)(2.0)] + [0.5(9.25 + 5.25)(2.0)] = + 49.0 kNm

B C
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Solution
Topic: Statically Determinate Beams — Shear Force and Bending Moment
Problem Number: 4.4

Support Reactions
Consider the rotational equilibrium of the beam: +ve) SMy=0

+(3.0 x 2.0)(1.0) + (8.0 x 2.0) + (6.0 x 6.0)(6.0) + (12.0 x 6.0) — (V& x 9.0)=0
- Vg=+34.44 kKN T

Consider the vertical equilibrium of the beam: tve T 2Fy=0

+Va— (3.0 x 2.0) — 8.0 — (6.0 x 6.0) — 12.0 + V= 0
. V,=+27.56 kNT

Shear Force Diagram
21.56 kN

27.56 kN

13.56 kN

x » 10.44 kN

34.44 kN

Position of zero shear force x=[3.0 + (13.56/6.0)] = 5.26 m (3.74 m from E)
(This corresponds with the position of the maximum bending moment in the beam.)

Bending Moment Diagram
M, =+ (34.44 x 3.74) — (6.0 x 3.74°/2) - (12.0 x 0.74) =+ 77.96 kNm

Alternatively, calculating the area under the shear force diagram:
M, =+1[0.5(34.44 + 16.44)(3.0)] + (0.5 x 0.74 x 4.44) =+ 77.96 KNm

FTHTRITHTHI
77.96 kNm

tension underside




Solution
Topic: Statically Determinate Beams — Shear Force and Bending Moment
Problem Number: 4.3 Page No. 1

Support Reactions
Consider the rotational equilibrium of the beam: +ve) IMA=0

(2.0 x 4.0)(2.0)+ (6.0 x 2.0)(5.0) +(12.0 x 6.0) - (Vs x 4.0) =0
- Vag=+37T.0kN T

Consider the vertical equilibrium of the beam: +tve 1 ZFy=0

+Vs—(2.0%x4.0)-(6.0%x2.0)-12.0+ V= 0

Va=-50kN |

B

C

Shear Force Diagram

13.0 kN

X

Position of zero shear force x =4.0 m
(This corresponds with the position of the maximum bending moment in the beam.)

Bending Moment Diagram
M, = (5.0 x 4.0) — (2.0 x 4.0°72) = - 36.0 kNm

Alternatively, calculating the area under the shear force diagram:
M, =—[0.5(5.0 + 13.0)(4.0)] = - 36.0 kKNm
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Solution
Topic: Statically Determinate Beams — Shear Force and Bending Moment
Problem Number: 4.6 Page No. 1

1.0m | 1.0m
[ 1om1om

Va 4

Support Reactions

Consider the rotational equilibrium of the beam: +ve) ZMA=0
+(10.0 x 6.0)3.0) + (5.0 x 2.0)(7.0) + (8.0 x 7.0) - (Vs x 6.0) = 0
- Va=+51.0kN |

Consider the vertical equilibrium of the beam: +ve 1 2F,=0
+VA—(100%x6.0)-(5.0x2.0)-8.0 + V=0

2 Va=+27.0kN 4

Shear Force Diagram
27.0 kN

18.0 kKN 13.0 kN

5.0 kN D
B C
—
33.0 kN

Positions of zero shear force: x=(27.0/10.0)=2.7m and x=6.0m
(These correspond with the positions of the maximum bending moments in the beam.)

Bending Moment Diagram
M, =+(27.0 x 2.7) - (10.0 x 2.7%2) = + 36.5 kNm
Mg =—(5.0 x 2.0)(1.0) - (8.0 x 1.0) = — 18.0 KNm

Alternatively, calculating the area under the shear force diagram:
M, =—-(0.5x27x27.0)=+36.5 kNm

Mg =-[0.5(18.0 + 13.0)(1.0)] + (0.5 x 1.0 x 5.0) =+ 18.0 kNm
18.0 kNm
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Solution
Topic: Statically Determinate Beams — Shear Force and Bending Moment
Problem Number: 4.7 Page No. 1

Load between A and B = (0.5 x 1.0 x 6.0) = 3.0 kN: centre of gravity is 0.67 m from A
Load between B and C = (6.0 x 3.0) =18.0 kN:centre of gravity is 2.50 m from A
Load between C and D = (0.5 x 1.0 x 6.0) = 3.0 kN: centre of gravity is 4.33 m from A

Support Reactions

Consider the rotational equilibrium of the beam: +ve) IMA=0

+ (3.0 x0.67)+ (18.0 x 2.5) + (3.0 x 4.33) + (20.0 x 5.0) + (4.0 x 4.0)(7.0)
-(VEx9.0)=0
- Ve=+3022kN T

Consider the vertical equilibrium of the beam: *ve 1 EFy=0
+Va-3.0-180-3.0 —20.0 - (4.0x4.0)+ Vg =0 o Va=+29.78 kNT

Shear Force Diagram (Note: the diagram is curved from A to B and from C to D)
26.78 kN

29.78 kN
8.78 kN
A 15.78 kN E
14.22 kN
\ x - 30.22 kN

Position of zero shear force x=5.0m
(This corresponds with the position of the maximum bending moment in the beam.)

Bending Moment Diagram: (consider the right-hand side)

M, =+ (3022 x 4.0) - (4.0 x 4.0%/2) = + 88.9 kNm
Alternatively, calculating the area under the shear force diagram:
M, =+0.5(14.22 + 30.22)(4.0) =+ 88.9 kNm

A B C D E
L s TR
I}

tension underside




Solution
Topic: Statically Determinate Beams — Shear Force and Bending Moment
Problem Number: 4.8 Page No. 1

Support Reactions
Consider the rotational equilibrium of the beam: +ve) IMg=0

= (60X LOX0.5)+ (0.5 % 8.0 x 5.00(4.0) + (0.5 x 2.0 x 4.0(9.0) ~ (Vo x 8.0) =0
Vo=+1413kN |

Consider the vertical equilibrium of the beam:;  tve T 2F,=0
—(6.0x1.0)+ Vg —(0.5x8.0x5.0)-(0.5x2.0 x 4.0)+ V=0

" Vy=+15.87 kN T

Shear Force Diagram

10.13 kN

h M (hix)=(5.0/4.0) - h=1.25x
B ‘mﬂlﬁﬂﬂﬂmﬂl C Force over length x = (0.5 x x x 1.25x) = 0.625x°
,: x — This force must equal 9.78 for zero shear at x
4.0 m——»

Position of zero shear force x: 9.78 = 0.625x> .. x=3.956 m from B
coh=(1.25%x3.956)=4.945

Bending Moment Diagram
M, =~ (6.0 x 1.0)(4.456) + (15.87 x 3.956) — [(0.625 x 3.956°)(3.956/3.0)]
=+ 23.15 kNm
Mp=-(6.0x 1.0/2==3.0kNm; M;=-(0.5x2.0 %4.0)(1.0) =+ 4.0 kNm

3.0kN 4.0 kN

tension under31de



Solution
Topic: Statically Determinate Beams — Shear Force and Bending Moment
Problem Number: 4.9

Support Reactions
Consider the rotational equilibrium of the beam: +ve‘) IMA=0

Ma + (8.0 x 2.0)(1.0) +(20.0 x 2.0) + (4.0 x 1.5)2.75)=0 .. My=~"T2.5 kNa

Consider the vertical equilibrium of the beam: +ve T 2F,=0
+Va-(8.0x2.0)-200-(4.0x15)=0 S Va=+42.0KkN T

Shear Force Diagram

42.0 kN
26.0 kN
6.0 kN

A B

Bending Moment Diagram
My==-T72.5 kNm
Mg =—- (4.0 x 1.5)(0.75) = - 4.5 kNm

Alternatively, calculating the area under the shear force diagram:
Mp =—-1[0.5(42.0 + 26.0)(2.0)] - (0.5 x 1.5 x 6.0) = — 72.5 kNm
Mg=-(0.5%1.5x6.0)=-4.5kNm

725 kNm [l
)




Solution
Topic: Statically Determinate Beams — Shear Force and Bending Moment
Problem Number: 4.10 Page No. 1

|/ .0m

A

Support Reactions
Consider the rotational equilibrium of the beam: +ve‘) IM:=0

—(10.0 x5.0) - (8.0 x4.0)(2.0) - (15.0x2.0)+ M=0 ;. Mg=+144.0 kN C

Consider the vertical equilibrium of the beam: tve T Fy =
- 10.0-(8.0x4.0)- 150+ V=0 VE=+57.0kNT

Shear Force Diagram
A B

|
10.0 kN 10.0 kKN

Bending Moment Diagram

MA = MB = Zero

Mc=-(10.0x1.0)=-10.0 kNm

Mp=—(10.0 x 3.0) — (8.0 x 2.0°/2) = — 46.0 KNm
Mg =—-144.0 kNm

Alternatively, calculating the area under the shear force diagram:
Mc=-(10.0x1.0)=~10.0 kNm

Mp=-(10.0 x 1.0) - [0.5(10.0 + 26.0)(2.0)] = — 46.0 kKNm

Mg =~ (10.0 x 1.0) - [0.5(10.0 + 26.0)(2.0)] — [0.5(41.0 + 57.0)(2.0)] =— 144.0 KkNm

Diagram straight ,
fromnBtoC  *+—>Curved from Cto E || 144.0 kNm

Zero moment 46.0 kNm
fromAtoB

tension topside




4.4.5 Example 4.10: Superposition — Beam 5

8.0 kN
15 kN 6 kN 6.0kN 8.0 kNm

4 kN/m

A A B E
16.0 kN 13.0 kN ‘

20m|20m | 20m [0 B.OKN 7.0kN
N Y ~

7.0m Figure 4.37 8.0 kKNm

=1

Using superposition this beam can be represented as the sum of:

8.0 kNm
4.0 KNm
4 kN/m 2.0 kN 2.0 kN
| v ’

A 4B C DF E R\\\\B C DE A B C D E
10.0 kN 2.0kN : I&OkNé o g : g L
+ ISKN

15kN ; : i Do
1 | c pDE A B C D E
A :3:3 C D§F E A B - A Voo

7.5kN 7.5 kN ? i f f ﬁ

: 75kN
+ | | | 0 150kNm -
6 kN § E T R f GOkNm
A B c D[ ] ﬂﬂ
.y V;'_.”" g |
: 1.5 kN 5kN © A
Figure 4.38

Ve=(+10.0+7.5-1.5)=16.0 kN;
Vb=(-2.0+7.5+7.5)=13.0kN;

Shear Force at B |cg-pand sice = — 8.0 kKN

Shear Force at B righ-hand sice = (+ 2.0 + 7.5 - 1.5) =+ 8.0 kN
Shear Force at C jef-tand size = (+2.0 + 7.5 — 1.5) =+ 8.0 kN
Shear Force at C righi-nand side = (+ 2.0 — 7.5 = 1.5) =~ 7.0 kN
Shear Force at D jep-nand sige = (+ 2.0 = 7.5 - 1.5) =— 7.0 kN
Shear Force at D right-hand side = + 6.0 kKN

Shear Force at E = + 6.0 kN

Bending Moment at B = — 8.0 kNm

Bending Moment at C = (- 4.0 + 15.0 - 3.0) =+ 8.0 kNm
Bending Moment at D = — 6.0 kNm



12kN 16 kN/m 12 kN

16 kN T
B
6 kN/m g
o
- <
A D < H[)
V, 5.0m \Ih 30m ! >
8.0 m P Figure 5.3
Solution:
Apply the three equations of static equilibrium to the force system
+ve $2F, =0 Va—12.0 -(16.0 x 5.0) - 12.0 + V=0 Equation (1)
+ve — ZF, =0 (6.0x4.0)+16.0+ Hy=0 Equation (2)
+ve ) IMy=0 (6.0 x 4.0)(2.0) + (16.0 x 5.0%2.5) + (12.0 x 5.0) +(16.0 x 4.0)
- (px8.0)=0 Equation (3)
From equation (2): 40.0+Hp=0 S Hp=—-40.0 kN <+
From equation (3):  372.0 — 8.0V =0 o Vp=+465kN |
From equation (1): Va—-104.0+46.5=0 o Va=+57.5kN T

Assuming positive bending moments induce tension inside the frame:
Mg =- (6.0 x4.0)(2.0)=-48.0kNm
Mc =+ (46.5 x 3.0) - (40.0 x 4.0) = - 20.50 kNm

48.0 kKNm 16 kN/m  20.50 kNm

20.50 kNm

Member forces
a 40.0 kN

57.50 kN

Figure 5.4

The values of the end-forces F; to Fs can be determined by considering the equilibrium
of each member and joint in turn.



Consider member AB:
+ve }SF,=0  +57.50-F,=0 . Fi=5150kN |
tve = ZF, =0 +(6.0x4.0)-F,=0 S Fy=240kN <

Consider joint B:
+ve T 2F,=0 There is an applied vertical load at joint B =12 kN ‘

~Fi+F3=-12.0 . F3=4550kN 4
+ve — LF, =0

-+ FE,=0 F4=240kN —
Consider member BC:

+ve } F,=0  +455-(16.0x5.0)+Fs=0 L Fs=345kN )
+tve — ZF,=0 +24.0-F¢=0 S Fe=240kN <«
Consider member CD:

+ve } BF,=0  +46.5-F=0 . F;=465kN |
tve — LFy=0 -40.0+Fz=0 o Fg=400kN —
Check joint C:

+ve T 2Fy There is an applied vertical load at joint C = 12 kN l
+Fs—F,=+345-46.5=-12.0

+ve —» X[, There is an applied horizontal at joint C =16 kN —

—F¢+ Fg=-24.0+40.0=+16.0

The axial force and shear force in member CD can be found from:

Axial load = +/- (Horizontal force x Cosa ) +/— (Vertical force x Sina )
Shear force = +/~ (Horizontal force x Sina ) +/— (Vertical force x Cosa)
The signs are dependent on the directions of the respective forces.

Member CD:
o = tan”'(4.0/3.0) = 53.13°
A Cos o =0.60; Sin c=0.80

Assume axial compression to be positive.

At joint C

Axial force =+ (40.0 x Cosax) + (46.50 x Sincx) =+ 61.2 kN
Shear force = + (40.0 x Sina ) - (46.50 x Cosar ) = + 4.10 kN

Similarly at joint D
Axial force =+ 61.2 kN
" Shear force =+ 4.10 kN

*.] 46.50 kN



24.0 kN compression

compression

57.50 kN

Axial Load Diagram

45.50 kN

48.0 kNm

A

B / 24.0 kN _|

x4 (45.50/16.0)=2.84m 34.50 kN

Shear Force Diagram

20.50 kNm
mﬂmﬁm xﬂﬂﬂ

B TN

Maximum bending moment:
M =-48.0 + (0.5 x 2.84)(45.50)
=16.61 kNm

Bending Moment Diagram

Figure 5.5

61.2 kN
compression




5.1.2 Example 5.2 Statically Determinate Rigid-Jointed Frame 2

A pitched-roof portal frame is pinned at supports A and H and members CD and DEF are
pinned at the ridge as shown in Figure 5.6. For the loading indicated:

i) determine the support reactions and

ii) sketch the axial load, shear force and bending moment diagrams.

12 kN/m 25 kN
35 kN N
15 kN D 20 kN =
pin <
8 kN E 5 kN ~
| —lp
C F
=
v &
e | 7 12kN =
S 7 B 8kN =
S G > T o
= N
e ]
3 H, ||A <
£ H n
S s N H H—
Va
/] 40m ] 30m | 3.0mY
K N Vu
i 10.0 m i
Figure 5.6

Apply the three equations of static equilibrium to the force system in addition to the
Z moments at the pin = 0:

+ve T ZFy=0

Va-15.0-(12.0x4.0)-25.0-35.0-20.0+F,;=0 Equation (1)
+tve = XF, =0

Hya+120+80+50+80+Hy=0 Equation (2)
+ve ) MA=0

(12.0 x 2.5) + (8.0 x 5.0) + (12.0 x 4.0)(2.0) + (25.0 x 4.0) +(35.0 x 7.0)

+(20.0 x 10.0) + (5.0 x 5.0) + (8.0 x 2.0) — (Hy x 1.0) = (V1 x 10.0)=0 Equation (3)

+ve ) IMpin =0 (right-hand side)

+(35.0 x 3.0) + (20.0 x 6.0) — (5.0 x 2.0) — (8.0 x 5.0) = (Hy x 8.0) = (V' x 6.0)=0
Equation (4)

From Equation (3):  +752.0 - /- 10.0/4=0 Equation (3a)
From Equation (4): + 175.0 - 8.0/, - 6.0},,=0 Equation (3b)



Solve equations 3(a) and 3(b) simultaneously: Vy=+ 78.93 kN 1 H,;=-3730 kN *+

From Equation (2):
FFrom Equation (1):

H_,\ +33.0 + HH =0
Va—-143.0+ V=0

12 kN/m 25 kN
35kN "
15kN DN 20 kN £
n (o]
8 kN P E 5kN N
C F
£ £
[
E1d 12kn o
g . B 8 kN =
G ;R o
= NS
- E
o~ <o
E 4.30 kN A
il P H
64.07 kN 40m | 30m | 30m S 37.30 kN
Yoom 78.93 kN

Hy=+430 kN —>
Va=+64.07 kN

Figure 5.7

Assuming positive bending moments induce tension inside the frame:
Mg =-(4.30x2.5)=-10.75 kNm
Mc=-(4.30x5.0)-(12.0 x 2.5) =-51.50 kNm
Mp = zero (pin)
Mg =—-1(20.0 x3.0) + (5.0 x 1.0) + (8.0 x 4.0) — (37.3 x 7.0) + (78.93 x 3.0)

=~47.31 kNm
Mr =+ (8.0 x3.0) - (37.30 x 6.0) = — 199.80 kNm
Mg =-(37.30x3.0)=-111.90 kNm

12.0 kN

—>

430 kN
—

64.07 kN

A]

51.5 kNm

51.5 kNm

A

12 kKN/m

Member Forces

Figure 5.8

199.80 kNm

199.80 kNm

3730 kN

<+—3
78.93 kN

Y F
A

8.0 kN

H



The values of the end—forces F; to Fj; can be determined by considering the equilibrium
of each member and joint in turn.

Consider member ABC:

+ve §2F,=0  +64.07-F,=0 L Fi=6407kN |
tve — ZFx=0 +430+120-F,=0 S Fy=1630kN <=—
Consider joint C:

tve | ZF, =0 There is an applied vertical load at joint C = 15 kN l
—F+F;=-150 L F3=49.07kN 1}
+ve = LF,=0 There is an applied horizontal load at joint C = 8 KN —

-t Fy=+8.0 o Fy=2430kN —=
Consider member CD:

+ve $EF, =0 +49.07- (120 x4.0)+ F5=0 . Fs=—107kN |
tve —» LF,=0 +2430-F:=0 5o Fg=2430kN «—
Consider member FGH:

el zF,=0  +7893-F;=0 . Fu=T7893kN |
+ve — LFy=0 -3730+8.0+F;,=0 o F1=29.30kN —

Consider joint F:
+ve TEFy =0 There is an applied vertical load at joint F = 20 kN l

Fiy+Fy ==20.0 . Fo=5893kN 1}
+ve = XF, =0 There is an applied horizontal load at joint F =5kN —
+F,—Fp=+5.0 F]0=2430kN -
Consider member DF:

+vef TF,=0  +5893-350+F=0 L F=2393kN |
tve — TF, =0 -2430+Fz=0 S Fg=2430kN —»

The calculated values can be checked by considering the equilibrium at joint D.

12 kN/m D 24.30 kN 2430kN D

51.5 kNm

1.07 kN 23.93 kN

2430 1h 230 KN

58.93 kN
49.07 kN .
Figure 5.9

tve—s Xf, -2430+24.30=0

+ve TZF). —1.07 = 23.93 = - 25.0 kN (equal to the applied vertical load at D).



The axial force and shear force in member CD can be found from:

Axial load = +/- (Horizontal force x Cosar ) +/- (Vertical force x Sina )
Shear force = +/— (Horizontal force x Sina) +/— (Vertical force x Cosa)
The signs are dependent on the directions of the respective forces.

Similarly with @ for member DEF.

Member CD:

o = tan”'(2.0/4.0) = 26.565°
Cos a = 0.894; Sin o0 = 0.447

Assume axial compression to be positive.

At joint C

Axial force = + (24.30 x Cosar ) + (49.07x Sina ) = + 43.66 kN
Shear force = — (24.30 x Sina ) + (49.07x Cosa ) = + 33.01 kN

At joint D :
Axial force =+ (24.30 x Cosax ) + (1.07x Sinar) = + 22.20 kN
Shear force = - (24.30 x Sinar) + (49.07x Cosar ) = — 9.91 kN

9= tan"'(2.0/6.0) = 18.435°
Cos #=0.947;  Sin 8= 0316

Assume axial compression to be positive.

At joint D

Axial force = + (24.30 x Cos8) + (23.93x Siné) = + 30.57 kN
Shear force =+ (24.30 x Sin@) — (23.93 x Cos@) = + 14.98 kN

At joint F
Axial force = + (24.30 x Cos@) + (58.93x Siné) =+ 41.63 kN
Shear force = — (24.30 x Sin@) + (58.93x Cosf) = + 48.13 kN



22.20 kN 30.57 kN

compression compression
41.63 kN
43.66 KN < D Y compression
compression <o el NN RN,
AN N AN AN
=
2
Z 2 . .
% 9 Axial Load Diagram
- £
< E )
< © =
@ o E §
L~ =
< E
3 S
9.91 kN _ D
14.98 kN £
33.01 kN F
Cl 116.30 kN 48.13 kN 29.30 kN
48.13 kN
B |~ 16.30 kN
Gl 737.30kN
Shear Force Diagram
A 1| 4.30 kN
H)  |37.30 kN
_—Ty
199.80 kNm
111.90 kNm
. H .
Figure 5.10 pzero



5.1.4 Solutions: Statically Determinate Rigid-Jointed Frames

Solution
Topic: Statically Determinate Rigid-Jointed Frames
Problem Number: 5.1 Page No. 1

9.0m

Apply the three equations of static equilibrium to the force system in addition to the
Z moments at the pin = 0:

et =R, =0
Va—24.0 - (6.0 x 6.0)+ V=0 Equation (1)

+ve—» 2L,=0
Ha+120+150+H=0 Equation (2)

+V€) ZMA =(
(12.0 x 5.0) + (24.0 x 3.0) + (6.0 x 6.0)(6.0) + (15.0 x 2.5) = (V£ x 9.0)=0
Equation (3)
+ve ) TMy,=0 (righthand side)
—(15.0x25)-(Hrx5.0)=0 Equation (4)

From Equation (4): —-37.5-5.0Hr=0 Hg=-75kN <

From Equation (2): Hx+27.0-75=0 Hy,=-195kN =

From Equation (3): 385.5-9.0V=0 Vi=+42.83 kN T

From Equation (1): V- 60.0+42.83=0 Va=+17.17 kN t




Solution
Topic: Statically Determinate Rigid-Jointed Frames
Problem Number: 5.1 Page No. 2

N &

17.17 kN " 42.83 kN

\ .
AS

Assuming positive bending moments induce tension inside the frame:

Mg =+(19.5 x 5.0)=+ 97.50 kNm

Me=+(17.17 x3.0) + (19.5 x 5.0) = + 149.0 kNm
Mp = zero (pin)

My =-(7.5%x2.5)=-18.75 kNm

24 kN

N

7.5kN FB 2
97.5 kNm

17.17 kN 42.83 kN

17.17 kN 42.83 kN

v !
B < D
19.5 KN\J oA 7.5kN

97.5 kNm

Member Forces

17.17 kN 42.83 kN




Topic: Statically Determinate Rigid-Jointed Frames
Problem Number: 5.1 Page No. 3

7.50 kN tension

Axial Force Diagram

compression
compression

42.83 kN

A

17.17 kN 17.17 kN
C D

B {{ 7.50 kN
6.83_

42.83 kN

19.50 kN

Shear Force Diagram

1950 kN|_|A

=

97.50 kNm |

149.0 kNm

Bending Moment Diagram

=
s s S F R S IR NN AR S s an e




Solution
Topic: Statically Determinate Rigid-Jointed Frames
Problem Number: 5.2 Page No. 1

LZ.O m L2.O m

i

=

=
10m 20m

f=

2.0m \] 30m | 3.0m \| 3.0m \I 20m
I~ “K K X
13.0m

AY

Apply the three equations of static equilibrium to the force system in addition to the
¥ moments at the pin = 0:

+ve } =F,= 0
Va-160-160-8.0+ V=0 Equation (1)

+ve —2ZF, =0
Ha+50+50+Hy=0 Equation (2)

tve ) TMr=0
(5.0 x3.5)+ (5.0 x 7.0)+ (16.0 x 5.0) + (16.0 x 8.0) + (8.0 x 12.0) — (V}; x 13.0)
+ (Hyx 1.0)=0 Equation (3)

tve D My =0
+(16.0 x 3.0) + (16.0 x 6.0) + (8.0 x 10.0) — (V4 x 11.0) — (Hy x 6.0) = 0 Equation (4)

From Equation (3): +356.5-13.0/y+Hy=0 Equation (3a)
From Equation (4): +224.0-11.0Vy3-6.0Hy =0 Equation (3b)

-

Solve equations 3(a) and 3(b) simultaneously: Vy =+ 26.55 kN T Hy=-11.34 kN

—

From Equation (2): Ha+10.0+Hy=0 H,=+ 134 kN

From Equation (1): Vi +64.0+ V=0 Va=+13.45 kNT




Solution
Topic: Statically Determinate Rigid-Jointed Frames
Problem Number: 5.2 Page No.

[

20m LZ.O m

£
________________________ La
E -~
S
N
ET
=)
—

26.55 kN

13'45kN\2.0m\| 30m | 30m J 30m J20m
~ K ~

N
13.0m

Assuming positive bending moments induce tension inside the frame:

Mg =—(1.34 x3.5)+ (13.45 x 1.0) =+ 8.76 kNm

Mc¢ = zero (pin)

Mp=+(13.45 x5.0) — (1.34 x 6.33) — (5.0 x 2.83) + (5.0 x 0.67) =+ 47.97 KNm
My = +(26.55 x 5.0) — (11.34 x 4.67) — (8.0 x 4.0)=+47.79 kNm

M =—-(8.0 x 1.0) - (11.34 x 4.0) +(26.55 x 2.0) = - 0.26 kNm

Mg =-(11.34 x 2.0) + (26.55 x 1.0)=+3.87 kNm

16 kN

11.34 kN

0.26 kNm

13.45 kN

11.34 kN

13.45 kN
18.55kN

6.34 KN 18.55 kN

Note: For member ABC. 11.34 kN
Axial load = +/— (Horizontal force x Cosar )
+/— (Vertical force x Sina)
Shear force = +/— (Horizontal force x Sina )
+/— (Vertical force x Cosa)

The signs are dependent on the directions of the
respective forces.

1.34 kN Similarly with @and B for member CDEF and FGH. .. A

11.34 kN

13.45 kN
Member Forces 26.55 kN



Solution
Topic: Statically Determinate Rigid-Jointed Frames
Problem Number: S.2 Page No 3

8.15 kN
11.62 kN
A compression 15.10 kN
N C A A AR AN T . COmpression
467TKN N A O
compression (>N = w A
SO 21.65 kN
Wi compression

\: Vo, 28.81 kN
compression /N 5

™,
o ‘».
.,

15.59 kN

Shear Force Diagram




Solution
Topic: Statically Determinate Rigid-Jointed Frames
Problem Number: 5.3 Page No. 1

J

N

16.0 m

Apply the three equations of static equilibrium to the force system in addition to the
T moments at the pin = 0:

+ve f k=0
Va—20.0-(8.0x16.0)-40.0-20.0+Vg=0 Equation (1)

+ve —=ZF,=0
Hy+(4.0%6.0)+6.0+(2.0x6.0)=0 Equation (2)

+ve ) ZMA =0
My + (4.0 x 6.0)(3.0) + (6.0 x 6.0) + (8.0 x 16.0)(8.0) + (40.0 x 8.0) + (20.0 x 16.0)
+ (2.0 x 6.0)(3.0)— (V& x 16.0) =0 Equation (3)

+ve ) IMpn =0
+ (8.0 x 8.0)(4.0) + (20.0 x 8.0) - (2.0 x 6.0)(6.0) - (Vi x 8.0) = 0 Equation (4)

From Equation (2): Hat 420=0 Hy,=—-420KkN =

From Equation (4): +344.0-8.0Vx=0 Vi =+ 43.0 kN T

From Equation (3): Ma + 1808.0-(43.0x 16.0)=0 M, =-1120.0 kKN¥

Va—208.0+43.0=0 Vy=+165.0 kN T

From Equation (1):



Solution
Topic: Statically Determinate Rigid-Jointed Frames
Problem Number: 5.3 Page No. 2

E

(=)

O
1120.0 kNm
H

N
165.0 kN
N ) \I

<

Assuming positive bending moments induce tension inside the frame:
My =-1120.0 kNm

Mg =-1120.0 - (4.0 x 6.0)(3.0) + (42.0 x 6.0) = — 940.0 kNm

Mc = zero (pin)

Mp =+ (2.0 x 6.0)(3.0) =+ 36.0 kNm

8 kN/m 12.0kN 12.0kN
> <« C

940.0 kNm 36.0 kKNm

: 12.0 kN
B
145.0 kN

165.0 kN Note: For members BC and CD.
Axial load = +/- (Horizontal force x Cos8)
B +/- (Vertical force x Sind)
940.0 kNm Shear force = +/- (llorizontal force x Sind) 36.0 KNm
+/- (Vertical force x Cos@)
The signs are dependent on the directions of the 2 kN/m
4 kN/m respective forces.

1120.0 kNm

42.0 kN Member Forces

165.0 kN




Solution
Topic: Statically Determinate Rigid-Jointed Frames
Problem Number: 5.3 Page No. 3

17.2 kN 25.62 kN
compression tension

C
39.66 kN

, 3.16 kN
compression -

‘ tension
SN B Dl

Axial Load Diagram

compression
compression

80.03 kN
34.16 kN

139.93 kN

25.74 kN

Shear Force Diagram

940.0 kKNm

Bending Moment Diagram

1120.0 kNm|




Solution
Topic: Statically Determinate Rigid-Jointed Frames
Problem Number: 5.4 Page No. 1

10 kN 25kN
8 kN 12 kN/m

45m . N
N o VF

120m

Apply the three equations of static equilibrium to the force system in addition to the
Z moments at the pin = 0:

+ve T 2F,=0
Va—10.0-(12.0x3.0)-25.0-30.0-15.0+ V=0 Equation (1)

+tve —> 2, =0
Hy+80+10.0+Hg=0 Equation (2)

+ve ) MA=0
(8.0 x 5.0) + (12.0 x 3.0)(1.5) + (25.0 x 3.0) + (30.0 x 7.5) + (15.0 x 12.0)
+(10.0x 7.0) - (Vgx 12.0)=0 Equation (3)

+ve ‘) IMpin=0
+ (Vax3.0) = (Hax5.0)-(10.0x3.0)-(12.0 x3.0)(1.5)=0 Equation (4)

From Equation (3):  2710.0 - 12.0/5 =0 Ve=+53.67kN }
From Equation (1):  Vx—-116.0+53.67=0 Vi=+6233 kN T
From Equation (4):  +(62.33 x3.0)-5.0HA-84.0=0 H,=+20.60 kN —

From Equation (2): +20.60+ 18.0+ H:=0 Hp=-38.60 kKN *—




Solution
Topic: Statically Determinate Rigid-Jointed Frames
Problem Number: 5.4 Page No. 2

12.0 m

Assuming positive bending moments induce tension inside the frame:

Mg =-(20.60 x 5.0) =-103.0 kNm

M = zero (pin)

Mp=—(15.0 x 4.5) — (10.0 x 1.0) - (38.60 x 6.0) + (53.67 x 4.5) = — 67.59 kNm
M; = - (38.60 x 7.0) = — 270.2 kNm

30.0 kNl 270.2 kNm 28.60 kN
103.0kNm 12 kN/m 4GT‘E

28
28.60 kN 1B C C.T’ N

52.33 kN 16.33 kN 8.67 kN 53.67 kN

38.60 kN
62.33 kN —YE
\

Note: For member CDE. A

YB
103.0 kNm R/

20.60 kN Axial load = +/- (Horizontal force x Cosé) 270.2 kNm
‘_

+/— (Vertical force x Siné)
Shear force = +/- (Horizontal force x Siné)
+/— (Vertical force x Cos@)

The signs are dependent on the directions of the
respective forces.

20.60 kN
—>)

A Member Forces 3860kNe¢—3 F

62.33 kN 53.67 kN




Solution

Topic: Statically Determinate Rigid-Jointed Frames
Problem Number: 5.4

compression

19.52 kN

26.03 kN compression ’

28.60 kN compression
compression

B - C

'\,“‘W‘\\i. P o
lh‘:. .kh- \6\\ - p

Axial Load Diagram

52.30 kN
16.30 kN 5

43.95 kN

2060 kN € 1467 kN

Shear Force Diagram

20.60 kN

67.59 kNm
mlll'IlIII

Bending Moment Diagram

Page No. 3

compression

E

43.95 kN

38.60 kN

38.60 kN

270.2 kNm




