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4. Structural Mechanics

4.5 Determinate structure-2



Sub topics

• Influence Lines for Simple Structure
Point load and UDL

• Analysis of three hinged arches.

• Two hinged parabolic arches.
• ILD for continuous beam



Influence Lines

Influence Line Diagram shows the influence or effect of loads
or reaction on the span.

It shows reaction, shear force and bending moment at a
particular section when unit load moves throughout the
span.



ILD for reaction of beam
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ILD for SF and BM of beam
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ILD using Muller-Breslau Principle

Total height of shear diagram at section where ILD is drawn is 1.

Height of reaction is 1 at support whose ILD is computed

For ILD of BM it gives qualitative ILD

Rotation at section is 1



Uniformly distributed load of intensity 2 t/m longer than the span crosses 
the girder from left to right. The girder has length 16m. Find the 
maximum moment  at section 4m from left support.

Since ILD is of triangular shape, its 
area 
A = (1/2) × Base × Height;

Maximum BM = 2 × (½) × 16 × 3   = 
48 t-m



Uniformly distributed load of intensity 2 t/m longer than the span crosses 
the girder from left to right. The girder has length 16m. Find the 
maximum moment  in girder.



Uniformly distributed load of intensity 2 t/m having length 4m crosses 
the girder from left to right. The girder has length 16m. Find the 
maximum moment  at section 4m from left support.



Uniformly distributed load of intensity 2 t/m having length 4m crosses 
the girder from left to right. The girder has length 16m. Find the 
maximum moment  in girder.



ILD for continuous beam















ILD for continuous beam



Three hinged circular arches.

𝑅 =
𝑙2

8ℎ
+
ℎ
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𝑥 =
𝑙

2
− 𝑅𝑠𝑖𝑛𝜃

𝑦 = ℎ − 𝑅 1 − 𝑐𝑜𝑠𝜃
𝜃 = 𝑎𝑛𝑔𝑙𝑒 𝑚𝑎𝑑𝑒 𝑛𝑜𝑟𝑚𝑎𝑙 𝑓𝑟𝑜𝑚 𝑝𝑜𝑖𝑛𝑡 𝑤𝑖𝑡ℎ 𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙





Three hinged parabolic arches.

𝑦 =
4ℎ(𝑙 − 𝑥)

𝑙2

𝜃 = 𝑎𝑛𝑔𝑙𝑒 𝑚𝑎𝑑𝑒 𝑛𝑜𝑟𝑚𝑎𝑙 𝑓𝑟𝑜𝑚 𝑝𝑜𝑖𝑛𝑡 𝑤𝑖𝑡ℎ 𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙
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For support at different level
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ILD Three hinged arc
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Horizontal reaction (H)



ILD Three hinged arc

Lcos𝜃/4h

Lsin𝜃 /4h

𝑁 = 𝑉𝑠𝑖𝑛𝜃 + 𝐻𝑐𝑜𝑠𝜃

Q= 𝑉𝑐𝑜𝑠𝜃 − 𝐻𝑠𝑖𝑛𝜃
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𝑁𝑜𝑟𝑚𝑎𝑙 𝑆ℎ𝑒𝑎𝑟

𝑅𝑎𝑑𝑖𝑎𝑙 𝑆ℎ𝑒𝑎𝑟



Two hinged parabolic arches.

Degree of indeterminacy :1
Horizontal reaction as redundant.

𝐻 =
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𝐸𝐼

+ 𝐿𝛼𝑇


𝑦2𝑑𝑠
𝐸𝐼

+
𝐿
𝐴𝐸

+ 𝑘
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Two hinged parabolic arches.

For UDL entire span,

𝐻 =
𝑤𝐿2

8ℎ
For udl on whole span, only normal thrust occurs, M=0, Q=0;

For UDL half span,

𝐻 =
𝑤𝐿2

16ℎ
For UVL entire span,

𝐻 =
𝑤𝐿2

16ℎ



Two hinged semicircular arches.

For point load (W) at crown,
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𝜋
For UDL entire span,
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𝜋
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Two hinged semicircular arches.

The locus of the reaction of a two hinged semi-circular arch is a
straight line whereas the locus of the reaction of a two-hinged
parabolic arch is a parabolic curve.



MCQs
Ordinate of ild is dependent on

a. Load
b. Location of load
c. Direction of load
d. Independent of load



MCQs
Two hinged symmetric parabolic arch subjected to UDL over 
entire span is subjected to

a. Radial shear only

b. Normal thrust only

c. Normal thrust and bending moment

d. Normal thrust, bending moment and radial shear



MCQs
Maximum bending moment on a simply supported beam of 
length 8m subjected to 1KN/m load over entire span is:

a. 4.5 KNm

b. 6 KNm

c. 8 KNm

d. 16 KNm



MCQs
Maximum bending moment on a simply supported beam of 
length 8m subjected to 1KN/m load over 4m is:

a. 4.5 KNm

b. 6 KNm

c. 8 KNm

d. 16 KNm



MCQs
Maximum bending moment at a section 2m from left support 
on a simply supported beam of length 8m subjected to 1KN/m 
load over 4m is:

a. 4.5 KNm

b. 6 KNm

c. 8 KNm

d. 16 KNm



MCQs
Horizontal thrust when udl of 1KN/m covers left half span of 
symmetric three hinged parabolic arc, with rise 5m, span 20 m

a. 1 KN

b. 5 KN

c. 10 KN

d. 15 KN



Thank YOU !!!


