Beams 173

s: Statically Determinate Beams — Shear Force and Bending Moment

£t Solution
e Topic: Statically Determinate Beams — Shear Force and Bending Moment
‘ L'E‘ ,I problem Number: 4.1 Page No. 1
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Support Reactions
Consider the rotational equilibrium of the beam: +ve) IMA=0

(120 x3.0)+ (8.0 x 8.0)(4.0)— (Ve x 8.0) =0 . Ve=+365kN T

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

+Vy—120-(8.0x8.0)+Vc=0 o Va=+395kN T

A ',fl_- ) Shear Force Diagram

o 395 KN
, o
1. o A | x c

- i ? * > 36.5 kN
AL fzf’_ ERL 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
i ) 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
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Support Reactions
Consider the rotational equilibrium of the beam: +ve) IMy=0
+(6.0 x 2.0)(1.0) + (15.0 x 2.0) + (12.0 x 6.0)(2.0 +3.0) — (Ve x 8.0) =0

5 Ve=+5025 kN

Consider the vertical equilibrium of the beam: tve T IF,=0
+ Vi (6.0%x2.0)-150-(120x6.0)+ Vc=0
S Va=+48.75 kN T

Shear Force Diagram
36.75kN

48.75 kN N
A C
B : \l
'L 50.25 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.)

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, =+ [0.5(48.75 +36.75)(2.0)] + (0.5 x 1.813 x 21.75) =+ 105.2 KNm
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Solution
Topic: Statically Determinate Beams — Shear Force and Bending Moment
problem Number: 4.3 Page No. 1

ng Moment
No. 1

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

)=0
c=+50.25kN T +(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 x 6.0)
Al (4.0 % 2.0)(7.0) - (P x 8.0)=0
' wVe=+2175k8 |
2=+ 48.75 kN T Consider the vertical equilibrium of the beam: +ve T $F,=0
+Va—(3.0%2.0)-50-(2.0x4.0)~10.0—-5.0— (4.0 x2.0)+ Vg =0
. Va=+2025kN 1
Shear Force Diagram
20.25 kN 423N
125 kN S N 5.25 kN
A D E

B C
475KN  goaN
| 13.75 kN 21.75 kN

t in the beam.) . x |
T |

Position of zero shear force x=4.0m

12.0 x1.813%2) (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 kKNm

Alternatively, calculating the area under the shear force diagram:
M, =+10.5(20.25 + 14.25)(2.0)] + [0.5(9.25 + 5.25)(2.0)] = + 49.0 kNm
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Solution
Topic: Statically Determinate Beams — Shear Force and Bending Moment
Problem Number: 4.4 Page No. 1

Support Reactions
Consider the rotational equilibrium of the beam: +ve) TMy=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
- Ve=+34.44 kNT

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

+V4—(3.0%x2.0)—8.0-(6.0x6.0)— 120+ V=0
- Va=+2156 kN1
Shear Force Diagram
27.56 kN 2156 KN
| 1356 kN
: D
—_— i
B¢ 444 kN | |
|

E

----.J34.44 KN

,I 1644 KN

Position of zero shear force x=[3.0 + (13.56/6.0)] =526 m (3.74m from E)
(This corresponds with the position of the maximum bending moment in the beam.)

Bending Moment Diagram
M, =+ (3444 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 * 0.74 x 4.44) =+ 77.96 KNm
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Solution
Statically Determinate Beams — Shear Force and Bending Moment
m Number: 4.5 Page No. 1

:nding Moment
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Support Reactions
Consider the rotational equilibrium of the beam: +VeD SMA=0

(Ve x9.0)=0

| 4 (2.0 x 4.0)(2.0) + (6.0 x 2.0)(5.0) +(12.0 X 6.0) - (Vs x 4.0) =0
. Ve=+34.44 kKN T

o Ve=+370kN 1
0

Consider the vertical equilibrium of the beam: +ve ? 2Fy=0

V- (2.0 x4.0)— (6.0 x2.0) = 12.0+ ¥5=0
A Va=—50KkN |

24.0 kN Nﬁ LN
C

L Va=+2156 kN
Shear Force Diagram

—‘|E

13444 kN

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

-

74 m from E)
ment in the beam.)
Bending Moment Diagram
M, =—(5.0 x 4.0) - (2.0 x 4.07/2) = — 36.0 KNm
» kNm
Alternatively, calculating the area under the shear force diagram:
M,=-10.5(5.0 + 13.0)(4.0)] = - 36.0 kKNm
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Solution

Topic: Statically Determinate Beams — Shear Force and Bending Moment Topic

Problem Number: 4.6 Page No. 1 Probl
4
I 10 kN/m
i A
- ' g
A N\
Vi =

i ':. Load by

by Support Reactions Load b

E Consider the rotational equilibrium of the beam: +Ve) IMy=0 | Load b
+(10.0 x 6.0)(3.0) + (5.0 % 2.0)(7.0) + (8.0 x 7.0) — (Vg x 6.0) = 0

5 Vg=+510kN Suppo
_:JIl Consid
: 'ﬁ: Consider the vertical equilibrium of the beam: +ve T ZFy =0 +(3.0:
Iy + ¥y~ (10.0 % 6.0) — (5.0 x 2.0) — 8.0 + V=0 — (Ve x
A L Va=+27.0kN 4
. Q Shear Force Diagram
3 27.0 kN Consid
Be. | 18.0 kN —_13-0kN + Va—
il A 5.0 kN

: D
1 ‘\{B c Shear ]
- P X ——
M 33.0 kN

il Positions of zero shear force: x=(27.0/10.0)=2.7m and x=6.0m
B (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 =—(5.0x2.0)(1.0)— (80 x 1.0)=—18.0 kNm Positio
(This ¢

Alternatively, calculating the area under the shear force diagram:

My=—(0.5x2.7%27.0)=+36.5kNm Bendir

Mg = - [0.5(18.0 + 13.0)(1.0)] + (0.5 x 1.0 x 5.0) =+ 18.0 kKNm
18.0 kKNm :
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Ve=+51.0kN |

VA=+27.0kNT

N
S.0 kN
—mm )

6.0 m
lents in the beam.)

Beams

Solution
~ opic: Statically Determinate Beams — Shear Force and Bending Moment
Il provlem Number: 4.7 Page No. 1

i

il 1.o0ad between A and B = (0.5 x 1.0 x 6.0) = 3.0 kN: centre of gravity is 0.67 m from A
il 1oad 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

' gupport Reactions )
§l Consider the rotational equilibrium of the beam: +Ve) IMA=0
+(3.0 % 0.67)+ (1 8.0 x 2.5) + (3.0 x 4.33) +(20.0 x 5.0) + (4.0 x 4.0)(7.0)

1 _(7.x9.0)=0

- vg=+3022kN |

Consider the vertical equilibrium of the beam: Ve T IFy,=0
+V,-3.0-180-30 ~200-(4.0x40)+Ve=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
R 5.78 kN B
B C D N
| 422 kN
| S 122k 30.22 kN

__.—.—p-|

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, =+ (30.22  4.0) — (4.0 * 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
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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) TMs=0

(6.0 X 1.0)(0.5) + (0.5 x 8.0 x 5.0)(4.0) + (0.5 x 2.0 x 4.0)(9.0) — (V5 x 8.0) = 0
- Vp=+1413 kN

Consider the vertical equilibrium of the beam: Tve 1 XFy=0
— (6.0 x 1.0)+ V5 — (0.5 x 8.0 x5.0) - (0.5x 2.0 x4.0)+ Vp=0
. Vp=+15.87 kN T
Shear Force Diagram

-

5 kN/m

h T (hix)=(5.0/4.0) h=125x
B -mm'llﬂmmm} 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
40m

Position of zero shear force x: 9.78 = 0.625x> .. x=13.956 m from B
soh=(1.25x3.956) =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
Mg =- (6.0 x 1.0)2=-3.0kNm; Mp=—(0.5x2.0x4.0)(1.0) =+ 4.0 kNm
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opic: Statically Determinate Beams — Shear Force and Bending Moment
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20 kN 4 kN/m
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Support Reactions o
' Consider the rotational equilibrium of the beam: +ve) SMy=0

-."‘mt‘ ..__=‘.

1= (Vo x 8.0)=0

5 Vp=+1413 kN B M+ (80 x2.0(1.0)+(20.0 x2.0) + (40 x 1L5)2.T5)=0 . My=—725 kN;D

: bonsider the vertical equilibrium of the beam: +ve T ZF,=0
o Vg=+158TkN T

4V, — (8.0 % 2.0)—20.0 - (4.0 x 1.5)=0 o vi=+4az01n |

\ | Shear Force Diagram
F
D E 42,0 kN
10.13 kN
A
)=10.625x" | Bending Moment Diagram
iear at x My==-T725KkNm
Mp=-(4.0x1.5)(0.75)=—-4.5 kNm
‘om B -
356) = 4.945 Alternatively, calculating the area under the shear force diagram:
Ma=—-10.5(42.0 +26.0)(2.0)] - (0.5 x 1.5 x 6.0) = — 72.5 kNm
3.956/3.0)] Mp=—(0.5%x15x%x6.0)=-4.5kNm
0) = + 4.0 kNm 725 kNm |

4.0 kN

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

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

—(10.0 % 5.0)— (8.0 x 4.0)(2.0) - (150 x 2.0) + M =0 .. Mg =+ 144.0 kN C

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

—10.0-(8.0x4.0)- 150+ V=0 S Ve=+57.0 kNT

Shear Force Diagram
A B

10.0 kN 10.0 kN

Bending Moment Diagram
My = Mg = zero
Mc=-(10.0 x 1.0)=~-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=-1(10.0 x 1.0)=— 1070 kNm

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

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
fromBto C <+——Curved from C to E

Zero moment
from A to B
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