ROHINI COLLEGE OF ENGINEERING AND TECHNOLOGY

4.5 LADDER FRICTION

In problems involving ladders, draw F.B.D. of ladder and use equilibrium

conditions.
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Solved Examples

1.A ladder of weight 1000 N and length 4 m rests as shown in Fig. If a 750 N
weight is applied at a distance of 3 m from the top of ladder, it is at the point of
sliding. Determine the coefficient of friction between ladder and the floor.

Solution:
The F.B.D of ladder is shown in Fig. (a)
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Ny = 1750 N
Y F=0
Np—uNy =0
Ng = 1750 4 w

(750) (1 cos 60) +(1000) (2 cos 60)—(N g) (4sin60)= 0

750 cos 60 + 2000 cos 60~1750 u X 4 sin60 = 0

u = 0227

2.A uniform ladder of length 15 m rests against a vertical wall making an angle
of 60° with the horizontal. Coefficient of friction between wall and the ladder is
0.30 and between the ground and the ladder is 0.25. A man weighing 500 N
ascends the ladder. How long will he be able to go before the ladder slips? Find
the weight that is necessary to be put at the bottom of the ladder so as to be just
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sufficient to permit the man to go to the top. Assume weight of the ladder to be 850
N.

Solution:

The F.B.D. of ladder is shown in Fig. (a).
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Fig. (a).
Y FE =0
Np=025N, = 0
N4 = 4Np
> FE =0
N 4 + 03N — 850-500 = 0
4N +03Np = 1350
Np = 31395 N

‘EMA = (

ME3351 ENGINEERING MECHANICS



ROHINI COLLEGE OF ENGINEERING AND TECHNOLOGY

(850) (7.5 cos 60) + (500) (x cos 60)— (N g) (15 sin 60)~ (03N ) (15 cos 60) = 0
Substituting for N g, we get

X = 639m

The F.B.D. of ladder when weight W is put at the bottom is shown in Fig. (b).
03N

Bf.‘

2 MA - 0

(850) (7.5 cos 60) + (500) (15 cos 60 )—

(N g)(15 sin 60)— (0.3N ) (15 cos 60) = 0
- Np = 455205 N

Y F =0

Np-025N4 = 0

N, = 182082 N

2 F, =0 ;

N4 +03Np— 500- 850—-W = 0
W = 60738 N
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3.Determine the distance s to which the 90 kg painter can climb without causing
the 4-m ladder to slip at its lower end A Fig. The top of the 15 kg ladder has a
small roller and at the ground the coefficient of static friction is 0.25. The mass
center of the painter is directly above her feet.

Solution:

(i)  The FBD of ladder is shown in Fig. (a).

Ve

67.98
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EFy=0= N,4-90x981-15%x981 = 0
' N4 = 1030.05N
YF=0:" - 025N4-Ng =0
Np = 25751 N
TMu=0:  —90X981Xs5c0s 67.98=15 X 981X 075+ N p X 45in67.98 = 0

—90% 9.81X s cos 67.98—15% 9.81X 075+ 257.51 X 4sin67.98 = 0

s = 255 m
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