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5.1 Moving Static Loads and Influence Lines

e

Dead

Load

Loads that do not change
their position during the
lifetime of a structural
member. e.g. self-weight
Fixed in magnitude and
position

Source: Timoshenko, S.P. and
Young, D.H. (1965). Theory of
Structures (2" ed.). Singapore:
McGraw-Hill Book Co. Singapore.

Live

Load

Loads that change their
position during the lifetime of a
structural member. e.qg. traffic
loads in bridge girders, railway
tracks, etc.

Fixed in magnitude but can
have a variety of positions on
a structural member.



5.1 Moving Static Loads and Influence Lines

Bridge girders — Are intended to carry loads which roll over them from
end to another (trucks, automobiles, etc.)

Railway tracks — Are intended to carry loads from train wheels that roll
over them from one end to another

W W W W W - Moving load
Wheel(s) (i) «%} (i‘;

Bridge girder or Railway track

Therefore, we need to analyze the response of Source: Timoshenko, S.P. and
. . Young, D.H. (1965). Theory of
the structural member for moving loads. For this Structures (2 ed.). Singapore:

purpose, Influence lines are used. McGraw-Hill Book Co. Singapore.



5.1 Moving Static Loads and Influence Lines

Influence lines show graphically how the changing the position of a single
load on a structure or structural member influences the response of the
structure such as reactions, bending moments, shear forces, and
deflections.

W W W
L : :

Source: Timoshenko, S.P. and Young, D.H. (1965). Theory of
Structures (2" ed.). Singapore: McGraw-Hill Book Co. Singapore.

Shear Force Diagrams for different positions of point load W

Q# For what location of W, shear force at point C in the simply supported
beam AB is maximum/critical? =2 We use influence lines for this.



5.2 Influence Line Diagrams
Determinate Structures
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for Statically

Shear Force Diagrams for different positions of point load W

Let us consider this statically determinate, simply supported beam AB with a
point load W acting at different locations. Here, as an example, let us plot
influence line diagram for shear force at location C of the beam.

Source: Timoshenko, S.P. and
Young, D.H. (1965). Theory of
Structures (2" ed.). Singapore:
McGraw-Hill Book Co. Singapore.




5.2 Influence Line Diagrams
Determinate Structures
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Shear Force Diagram (SFD)s for different positions of point load W

3

T

Step 1: Plot the SFDs for each @
location of point load W.

Step 2: Plot the ordinate of SFD at C. i
Positive ordinates are plotted above

the line, and negative below the line. @

l Source: Timoshenko, S.P. and
Young, D.H. (1965). Theory of
Structures (2" ed.). Singapore:
McGraw-Hill Book Co.
Singapore.



5.2 Influence Line Diagrams for Statically
Determinate Structures
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2
Shear Force Diagram (SFD)s for different positions of point load W
3
Step 3: Join these ordinates @\
to get the Influence Line
Diagram. 1 @ Influence line diagram
2 for Shear Force at C

Source: Timoshenko, S.P. and Young, D.H. (1965). Theory of
Structures (2" ed.). Singapore: McGraw-Hill Book Co. Singapore.



5.2 Influence Line Diagrams for Statically
Determinate Structures

ILD (Influence Line Diagram):

Drawn for various stress resultants —

O Reaction

O Shear Force

O Bending Moment
It is a graphical representation of variation of stress resultant at a
required section of the structural member when a unit load moves along
its span.
ILD for a stress resultant is the one in which the ordinate represents the
value of stress resultant for the position of unit load at the corresponding
abscissa.

Source: Bhavikatti, S. S. (2011).
Structural Analysis —I (4" ed.).New
Delhi: Vikas Publishing House.



5.3 Moving loads and ILDs for Statically
Determinate Beams

Let us make ILDs for the reaction, shear force (SF), and bending moment
(BM) at a point C at a distance x from support A of a simply supported
beam AB of span L.

Note:
y @ 1. We consider a unit load (1 KkN)
}—i C .
A S B moving along the span of the
A - beam AB.
P X n
) L i 2. In the adjacent figure, let us

< —» consider, at the moment, the unit
load is at a distance of y from

support A.
Source: Bhavikatti, S. S. (2011).

Structural Analysis —I (4" ed.).New ] ) o
Delhi: Vikas Publishing House. 3. Here, y is variable, x is fixed for

location of C, and L is fixed (span
of the beam AB).



5.3 Moving loads and ILDs for Statically
Determinate Beams

ILD for reaction at support A, R,y

B

e

X

»
>

-
A

Rav Rgy
Y

C
L
M
X

Source: Bhavikatti, S. S. (2011).
Structural Analysis —I (4" ed.).New
Delhi: Vikas Publishing House.

Taking moment about support B [one of
the equations of static equilibrium],

ZMBZO
OT,_RAv*L+1*(L_y)=O

L_
OT,RAV = Ty

Y
S Rpyy=1 — =
AV L

This expression gives us the ordinates
for ILD for R,, as y changes, i.e. as
unit load moves along the span.



5.3 Moving loads and ILDs for Statically
Determinate Beams

ILD for reaction at support A, R,y

Now, let us plot the ordinates of
influence lines for R, using the obtained
expression for different values of y.

.
A - . B

L y
> S Rpy=1 — 7
Rav Rgy
1 y 10 L4 L2 |3L/4
1/21/4 Ry 1 34 12 1/4 O
0
ILD for R,y

Source: Bhavikatti, S. S. (2011). Structural Analysis —I (4™ ed.).New Delhi: Vikas Publishing House.




5.3 Moving loads and ILDs for Statically
Determinate Beams

ILD for reaction at support B, Rgy,

B the equations of static equilibrium],

e

A

X
ZMA:O

»

>

y @‘ Taking moment about support A [one of
Or,Rgy *L—1%(y) =0
AV

R
Y Or'RBV :X

C
L
L
M y
~ Rpy= I
X

Source: Bhavikatti, S. S. (2011). This expression gives us the ordinates
Structural Analysis —I (4" ed.).New for ILD for RBV as y Changes’ l.e. as
Delhi: Vikas Publishing House. .

unit load moves along the span.

RBV




5.3 Moving loads and ILDs for Statically
Determinate Beams

ILD for reaction at support B, Rgy,

Now, let us plot the ordinates of
iInfluence lines for Rg,, using the obtained
expression for different values of y.

.
A - . B

L y
| - Rgy= Z
Rav Rgy
I y |0 [L/4 [L12 |3L/4
R 0 1/4 1/2 3/4 1
14 2 oV
0
ILD for Rg,

Source: Bhavikatti, S. S. (2011). Structural Analysis —I (4™ ed.).New Delhi: Vikas Publishing House.



5.3 Moving loads and ILDs for Statically
Determinate Beams

ILD for SF at C

We have,
@® Y @ Ro—1_7
y | > AV i
ﬂ C cl
A S B A ) B Yy
x| & o S Rpv =7
L L
Rav Rgy Rav Rgy
(0=y=x ([ijx<ysL
SFatC = Ryy — 1 SFatC=RAV=1—X
- (1-2)-1 L
L
_Y
L

Source: Bhavikatti, S. S. (2011). Structural Analysis —I (4™ ed.).New Delhi: Vikas Publishing House.




5.3 Moving loads and ILDs for Statically
Determinate Beams

ILD for SF at C

()0<y<x
y

y® SFatC = —=
A}_i ¢ L

A

N B . . .
7% X ; 7% Now, determining the ordinates of influence
— . . .

lines for SF at C using above expression for
values of y between 0 and x.

>

SFatC O Not applicable

0
©.5 _ Plotting the ordinates,

x/L

Source: Bhavikatti, S. S. (2011). Structural Analysis —I (4" ed.).New Delhi: Vikas Publishing House.



5.3 Moving loads and ILDs for Statically
Determinate Beams

ILD for SF at C

oy C) (ii)xsysL ;

SFatC = 1—2
¢ L

| c
7% i 7% Now, determining the ordinates of influence

lines for SF at C using above expression for
values of y between x and L.

SF at C Not applicable 1-x/L

1-x/L [\
i@ O_ Plotting the ordinates,

Source: Bhavikatti, S. S. (2011). Structural Analysis —I (4" ed.).New Delhi: Vikas Publishing House.



5.3 Moving loads and
Determinate Beams

ILD for SF at C

()0<sy<x (i) x<y<L

y y
F = 2 = 1-2
SF at C T SF at C 7

| y
[

,@
A}—i CV: ¢ B

I PF

P

o
]

Rav Rgy Rav i Rgy
i 1-x/L |
0~
| @®
X/L 0 w 0
Source: Bhavikatti, S. S. (2011).
Structural Analysis —I (4" ed.).New X/L

Delhi: Vikas Publishing House.

ILDs for

2

Statically

Combining the results,

____j0sysxxsysL

y=0 0
y=Xx -x/L 1-x/L
y=L 0

ILD for SF at C for a simply
supported beam when a unit
load moves along its span.



5.3 Moving
Determinate Beams

ILD for BM at C

.
A - . B

()0<y=<x
BMatC = Rypxx—1*(x—y)
=(1—%)x—x+y
=7 L—x)

loads and

We have,

ILDs for Statically
Ray =1 — % Rgy = %

y @

-
»

I Cl
A . B
g
L
l

Rav Rgy

(i) x<y<L
BM at C = Ry *x

- (i-2),

_ x(L-y)
L

Source: Bhavikatti, S. S. (2011). Structural Analysis —I (4" ed.).New Delhi: Vikas Publishing House.




5.3 Moving loads and ILDs for Statically
Determinate Beams

ILD for BM at C

@ ()0<y<x
Y

y BMatC == (L —x)

N < L

X i

o
>

A Now, determining the ordinates of influence
' L lines for BM at C using above expression for
values of y between 0 and x.

A 4

R R
g BMatC O X(L-x)/L  Not applicable
0 \
@ | . .
| _ Plotting the ordinates,
X
I (L —x)

Source: Bhavikatti, S. S. (2011). Structural Analysis —I (4" ed.).New Delhi: Vikas Publishing House.



5.3 Moving loads and ILDs for Statically
Determinate Beams

ILD for BM at C

(i)x<y<L
oy @ x(L—y)
| Cl BMat C = ———
A ) B A . L .
7% X ! Now, determining the ordinates of influence
' L lines for BM at C using above expression for

< " values of y between 0 and x.

BM at C Not applicable x(L-x)/L 0

/ _ Plotting the ordinates,

xL
Z(_x)

Source: Bhavikatti, S. S. (2011). Structural Analysis —I (4" ed.).New Delhi: Vikas Publishing House.



5.3 Moving loads and
Determinate Beams

ILD for BM at C

(i)0<sy<Xx (i) x<y<L
BMatC=%(L—x) BMatC=x(LL_y)
€y oy @
y ‘ c | >
A " B A Xi B
< X
L ¢ L
Rav Rgy Rav Rgy
0\ 0) 0
® R
- g
7 (L=x) 7 L=x)

ILDs for

2

Statically

Combining the results,

____j0sysxxsysL

0
X(L-x)/L

X(L-x)/L

0
X
L 0

< <K

ILD for BM at C for a simply
supported beam when a unit
load moves along its span.

Source: Bhavikatti, S. S. (2011). Structural Analysis —I (4" ed.).New Delhi: Vikas Publishing House.



5.3 Moving loads and ILDs
Determinate Beams

Summary for ILDs for a 1
Simply Supported Beam

with unit load moving ﬁ\'\y\
along its span. 0

@ ILD for R,y

> x ; 1-x/L

Lt . ®

b o & 0
x/L

ILD for SF at C

for Statically

1

1]

ILD for Rg,,

0

@
X
T (L —x)

ILD for BM at C

Source: Bhavikatti, S. S. (2011). Structural Analysis —I (4" ed.).New Delhi: Vikas Publishing House.



5.4 Influence Lines for Statically Determinate
Trusses

In the design of a truss, we must find the most unfavorable position of
live load for each member and then evaluate the corresponding axial
force in that member.

For such investigation, the influence lines can be used.

Source: Timoshenko, S.P. and Young,
D.H. (1965). Theory of Structures (2"
ed.). Singapore: McGraw-Hill Book
Co. Singapore.



5.4 Influence Lines for Statically Determinate
Trusses

U U, Us U, Us
©
h
L, ¢ Lg

L, L, L, L, L
) L= 6%a R
h |

Rl RZ

Let us consider the above simply supported, symmetric truss, with L,
L,, ...Lg denoting lower joints and U,, U,, ...Us denoting upper joints.
Correspondingly, L,L,, L;L,,... are lower chord members, U,U,,
U,U,,...are upper chord members and L,U,, U,L,,... are the web
members of the truss. Its span is 6a and height is h.

Let R, and R, be the reactions at the L, and L, supports as a unit load
moves along the span of the truss.

Source: Bhavikatti, S. S. (2011). Structural Analysis —I (4" ed.).New Delhi: Vikas Publishing House.



5.4 Influence Lines for Statically Determinate
Trusses

Let us start with drawing

ILD for support reactions 1 Ih

R, and R, when a unit load Lg Le
4 v L L L L L

moves along the span of y*t , -2 3 4 5 7%

the truss. | .

Fil L= 6*a R,

Source: Bhavikatti, S. S. (2011).
Structural Analysis —I (4™ ed.).New

Taking moment about support L, [one of Delhi: Vikas Publishing House.
the equations of static equilibrium], Y
=M, =0 M
Or,—R;*L+1x(L—y)=0 X
L—-y
Oor,R, = —
r 1 I

This expression gives us the ordinates
sR=1-2 for ILD for R, as y changes, i.e. as unit
L load moves along the span.



5.4 Influence Lines for Statically Determinate

Trusses

Similarly, taking moment about

support L, [one of the
equations of static equilibrium],
ZMLO - 0
Or,R,*xL—1+(y)=0
y
Or,R, ==
r, Ry I
y
S Ro= —
2L

This expression gives us the
ordinates for ILD for R, as vy
changes, i.e. as unit load
moves along the span.

u U, U, U, U
1
0 L h
T yL L L L L T%ﬁ
i
R‘]_ L= 6*a TQZ

Source: Bhavikatti, S. S. (2011).
Structural Analysis —I (4™ ed.).New
Delhi: Vikas Publishing House.

M



5.4 Influence Lines for Statically Determinate
Trusses

Now, plotting the ordinates U, U, Us Uy U
of influence lines for R; and 1
RZ’ Lo L h
6
y y 7%_ y Ll R L2 L3 L4 L5 7%‘
R]_:l_z ,R2=Z : ol |
L= 6*a R2

Structural Analysis —I (4™ ed.).New

R, 1 56 2/3 1/2 1/3 1/6 O DeIhi:VikasPublishingHous.el.
R, O 1/6 1/3 1/2 2/3 5/6 1

Where, L= 6*a

1
1 506

5/6
213 12 1y 1223
113 1/6 1/6
0 0

ILD for R, ILD for R,




5.4 Influence Lines for Statically Determinate
Trusses

Now, plotting ILD for forces 1
in members LU, Ly, L, 1 Ih
U,U,. T yL L Ly L L jirﬁ
i
ILD for force in member L,U, Ry L= 6*a R,
Source: Bhavikatti, S. S. (2011).
Using joint method of Structural Analysis —I (4™ ed.).New

. Delhi: Vikas Publishing House.
analysis of truss,

Frou, XF, =0
6 07", Rl + FLoulsing =0 Y
L, 4 M

IL L
o~1
O1 ’1;10171 = _Rl cosecO

X
R, ~ Froy, = Ry cosec (C)



5.4 Influence Lines for Statically Determinate
Trusses

ILD for force in member L,U, 0
Frou, L, L, Ih
: T yb L Lok L 7%
6 g
L < >l
OT Frot, R, L= 6*a R,

Source: Bhavikatti, S. S. (2011).
R1 Structural Analysis —I (4™ ed.).New

F R ech (C) Delhi: Vikas Publishing House.

LoU, — 1 cosec

y 0o Ja__l2a 3 |4 |52 l6a_
R, 1 5/6 2/3 1/2 1/3 1/6 0

Fryu, cosecB 5/6 cosect 2/3 cosecd 1/, cosect 1/3 cosect 1/6 cosecd 0



5.4 Influence Lines for Statically Determinate
Trusses

1
ILD for force in member L,U, L Ih

Le
1 L L L L Tf*
~ Fp oy, = Ry cosec (C) | :.

L= 6*a

FL0U1 cosect) 5/6 cosect 2/3 cosect 1/2 cosect 1/3 cosect 1/6 cosec O

L, L L Lo L L

1/6 cosec
1 5 cosect

5
cosecO
cosecH / 6 Source: Bhavikatti, S. S. (2011).

Structural Analysis —I (4 ed.).New
Delhi: Vikas Publishing House.



5.4 Influence Lines for Statically Determinate
Trusses

ILD for force in member L,U,

When unit load is between L,
and L,, it gets transferred
partly to joint L, and partly to
joint L.

Load transferred to L, goes
to the support without giving
rise to axial forces in the
member.

When the load is exactly on
L,, no force develops in the
member LyU;.

Hence, influence line for
force in LyU; varies linearly
from zero at L, to >/, cosecO
at L,.

Rl L= 6*a T?z

Source: Bhavikatti, S. S. (2011). Structural Analysis —I
(4" ed.).New Delhi: Vikas Publishing House.

L, L L Lo, L LGO
- 1/6cosec9
: 1/, coseco
cosech /6 cosect

The shaded region shows the ILD
for the force in the member L, U, as
unit load moves along the span.



5.4 Influence Lines for Statically Determinate
Trusses

ILD for force in member LL; 0
Using joint method of L Le I "
g | T yh L Ly L L
analysis of truss, >
P R‘]_ L= 6*a TQZ
LoU =
ot ZFx 0 Source: Bhavikatti, S. S. (2011).
_ Structural Analysis —I (4™ ed.).New
L 0 P Or, FL0U1 cos6 + FL0L1 =0 Delhi: Vikas Publishing House.
0 LoLq
T Or,Fy ., = —FL,u,c080 = Ry cosecOcos6
R,
Y Or’FLOLl = Rl Sind cos6

o FLOLl == Rl COtH (T)



5.4 Influence Lines for Statically Determinate
Trusses

ILD for force in member L,L, 0
A L, L, Ih
: T yb L Lok L 7%
6 g
L < >l
0T FLoLl Rl L= 6*a R2

Source: Bhavikatti, S. S. (2011).
1 . . Structural Analysis —I (4™ ed.).New
*e FL0L1 = Rl cotf (T) Delhi: Vikas Publishing House.

y 0 Ja 12 3 42 |52 l6a_
R, 1 5/6 2/3 1/2 1/3 1/6 0

Fro, cotB 5/6 cotd  ?/gcot® 1/ cotd 1/zcotd 1/ cotg O



5.4 Influence Lines for Statically Determinate
Trusses

1
ILD for force in member L,L, L Ih

L6
1 L2 L3 L4 L5
o FLOLl — Rl cotf (T) . ! :.

L= 6*a

FL0L1 cotd 5/6 cotf 2/3 cotd 1/2 cotf 1/3 cotd 1/6 cot§ O

cotd 5/6 cotO

1/ coto
/2 1/6 cotd

L, L L Ly L L L

Source: Bhavikatti, S. S. (2011). Structural Analysis —
| (4" ed.).New Delhi: Vikas Publishing House.



5.4 Influence Lines for Statically Determinate
Trusses

ILD for force in member LL;

When unit load is between L,
and L,, it gets transferred
partly to joint L, and partly to
joint L.

Load transferred to L, goes
to the support without giving
rise to axial forces in the
member.

When the load is exactly on
L,, no force develops in the
member LgL;.

Hence, influence line for
force in LyL, varies linearly
from zero at L, to >/, cotf at
L,.

Rl L= 6*a T?z

Source: Bhavikatti, S. S. (2011). Structural Analysis —I
(4™ ed.).New Delhi: Vikas Publishing House.

cot 5/6 cotd

1/2 cotf

1/6 cotf

0
LO Ll L2 I—3 I—4 L5 I—6

=+

The shaded region shows the ILD
for the force in the member L,L, as
unit load moves along the span.



5.4 Influence Lines for Statically Determinate
Trusses D

u U, U; U, U

1 i I
E h
: L

. . LO
Using section method of %+ L L L L L. 6
—ly * T%

ILD for force in member U,U,

analysis of truss, taking

section at I,

R‘]_ L= 6*a Rz
@ Source: Bhavikatti, S. S. (2011).
@ Structural Analysis —I (4™ ed.).New
U1 | Delhi: Vikas Publishing House.
EFU1U2 IM;, =0
F
‘xflle Or,—Ry*2a+1%Q2a—-y) —Fyy,*h=0
LO L :; —F—'-_l\ L2 Za y Y
T—y‘* v P, A y
: 2a y
Ry @ FU1U2 = (1 —Ry) = h  h X

Unit load between
L, and L,



5.4 Influence Lines for Statically Determinate

Trusses D
. U, U, U, U, U
ILD for force in member U,U, e T S h >
Using section method of L Le Ih
: : Ky yb L L Ly L
analysis of truss, taking ]
section at I-l, R‘l L= 6*a qu
@ Source: Bhavikatti, S. S. (2011).
@ Structural Analysis —I (4™ ed.).New
U : Delhi: Vikas Publishing House.
! F
ULl IM;, =0
F
Ule? Or,—R; *2a — Fy y, *h =10
E LR L 2a v
T 1 L1§L2 2 Or, FU1U2 — —R1 * 7 M
R 0 20 X
1 Fy,u, = Ry * — (O

Unit load between
L, and Lg



5.4 Influence Lines for Statically Determinate
Trusses

ILD for force in member U,U,

TR o b
- = — * — — — |
o Fuu, e Yohh 1?: Fy,u,
,‘5U1L2 Source: Bhavikatti, S. S. (2011). ;fUlLZ
L RN Structural Analysis —I (4" ed.).New L 5
0 P L2 Delhi: Vikas Publishing House. 0 Pt
y Lo iFL, Ly Fijp, Lo
~Fyu, = Ry * — (C) ‘
R @ 192 @
— — —a _ —
FL0U1 0 2a/3h 4a /3h /h 2a/3h /3]?, 0
Unit load between> < Unit load between >

L, and L, L, and Lg



5.4 Influence Lines for Statically Determinate
Trusses

ILD for force in member U,U, . Ih
L, Le
'S y L R L, L L, Ls 7%
g
) L= 6*a F
FUle 0 _Za/3h H /3h _a/h _Za/3h ) /3h 0

LO Ll L2 I—3 I—4 L5 I—6

0 | 0 ILD for the force in the
2a/ @ -y Yan member U,U, as unit load
3h as, /3n moves along the span.

4a/3h

Source: Bhavikatti, S. S. (2011). Structural Analysis —I (4"
ed.).New Delhi: Vikas Publishing House.



5.4 Influence Lines for Statically Determinate
Trusses

Similarly, Influence lines and Uu U, U U U
ILDs can be constructed for 1 I
the members U1U3, L1L2Z, Ly L, h
UlL2, ... 2 ybh L L L L %ff

i
Since the truss is symmetric, R;l | = 6*a hz
ILD need to be computed
only for the half the truss Source: Bhavikatti, S. S. (2011).
members. It will be the same Structural Analysis —I (4™ ed.).New

) Delhi: Vikas Publishing House.
for the corresponding

symmetric truss member.
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