






1. hi

1-5 The deflection of a spring varies with the force applied to the spring as shown in the following

experimental data:

Force (lb) Deflection (inches)

0 0

1 0.08

2 0.17

3 0.20

4 0.27

5 0.34

6 0.43

7 0.50

(a) Plot the spring’s deflection as a function of force and determine the slope of the resulting curve.

(b) What physical property does the slope of the data represent?

The slope represents the inverse of the spring constant, 1
k .

(c) From your plotted data, determine how much the spring will deflect if a force of 4.6 pounds is

applied.

From the trendline, k = 1
0.0706 in

lb

= 14.1643 lb
in ∴ For F = 4.6 lbs , δ = F

k = 4.6 lb
14.1643 lb

in

= 0.325 in

(d) Write an equation representing the curve you fit to the data.

y = mx+ b or δ = 0.0706 in
lb · F + 0
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1-6 An oiler transfers 100,000 gallons of F-76 fuel to the tanks of a frigate. The density of the fuel is

1.616 lb·s2
ft4 .

(a) The weight of a volume of fluid can be found by the equation W = ρgV , where g represents the

acceleration of gravity and V represents the volume. Calculate how many long tons of fuel were

transferred from the oiler to the frigate.

W = ρgV = 1.616 lb·s2
ft4 · 32.2 ft

s2 · 100, 000 gal · 1 ft3

7.4805 gal ·
1 LT
2240 lb

W = 310.54 LT

(b) If the oiler’s draft changes 1 inch for every 136 LT added or removed, how many feet will the

oiler’s draft change after transferring the fuel?

Oiler’s draft will decrease by 310.54 LT · 1 in
136 LT = 2.28 in

(c) If the frigate’s draft changes 1 inch for every 33 LT added or removed, how many inches will the

frigate’s draft change after receiving the fuel?

Frigate’s draft will increase by 310.54 LT · 1 in
33 LT = 9.41 in

3. hi

1-7 A force of 250 lb is acting at an angle of 30◦ to the x-axis. Determine the x and y components of

the 250 lb force.

Fx = F · cos(θ) = 250 lb · cos(30 deg)

Fx = 250 lb · 0.866 = 216.5 lb

Fy = F · sin(θ) = 250 lb · sin(30 deg)

Fy = 250 lb · 0.500 = 125 lb

4. hi



I!>. '--";,.,!. ,,..,_ -¼,_ c.<s�t;.l..o.,- -I',,, �-1:;_c. e
6
...:,l,bA�� � 

Z.F'. 0 







1-11 A 285 lb football player is sitting on a see-saw as shown below. Where must a 95 lb gymnast sit

in order to balance the see-saw? What is the force at point “P”?

Sum moments (clockwise positive) about Point “P” based on unknown distance x:

ΣMP = (95 lb)(x) + (285 lb)(−3 ft) = 0 (for static condition)

∴ (95 lb)(x) = (285 lb)(+3 ft)⇒ x = (285 lb)(+3 ft)
95 lb = 9 ft

Sum forces in the y direction to find the upward reaction force at “P.”

ΣFy = FPy − 285 lb− 95 lb = 0 (for static condition)⇒ FPy = 285 lb+ 95 lb = 380 lb

5. hi

1-12 A simply supported beam 50ft in length is loaded as shown below. Calculate the vertical reaction

forces at each end of the beam.

Sum moments (clockwise positive) about Point “A”:

ΣMA = (3,000 lb)(15 ft) + (2,000 lb)(40 ft)− FB · 50 ft = 0 (for static condition)

∴ FB · 50 ft = 45,000 lb+ 80,000 lb⇒ FB = 125,000 ft·lb
50 ft = 2,500 lb

Sum forces in the y direction to find the upward reaction force at “A.”

ΣFy = FA − 3,000 lb− 2,000 lb+ 2,500 lb = 0 (for static condition)⇒ FA = 2,500 lb
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1-16 Determine the centroid of the shaded area about the x and y axes.

Area No. Shape xi yi Area Formula Area

1. Square 4 5 s2 62 = 36

2. Circle 4 5 −πr2 −π(2)2 = −12.566

3. Triangle 7 + 7
3 = 9.333 5 1

2 base · height
1
2 6 · 7 = 21

Total 44.434

x =
∑3

i=1 xi·Ai∑3
i=1 Ai

= x1A1+x2A2+x3A3

A1+A2+A3
= (4)(36)+(4)(−12.566)+(9.333)(21)

36−12.566+21 = 289.735
44.434 = 6.521

y =
∑3

i=1 yi·Ai∑3
i=1 Ai

= y1A1+y2A2+y3A3

A1+A2+A3
= (5)(36)+(5)(−12.566)+(5)(21)

36−12.566+21 = 222.168
44.434 = 5
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1-17 The following diagram represents the distributed weight of a small ship.

(a) What is the difference between a distributed force and a resultant force?

A distributed force is spread over an area whereas a resultant force is reduced to being applied at

a single location.

(b) Calculate the resultant weight of the ship. The concept of weighted averages may be useful.

Wresultant =
∑n

i=1 wi =
∑n

i=1(w
l )i · li = 2 LT

ft · 20 ft+ 4 LT
ft · 30 ft+ 2.5 LT

ft · 30 ft+ 2 LT
ft · 40 ft =

40 LT + 120 LT + 75 LT + 80 LT = 315 LT



(c) At what point on the ship would the resultant weight be applied?

Force will act at the average distance (measureing from the left hand side:

xWresultant
=

∑4
i=1 Wi·xi

Wresultant
= 40 LT ·10 ft+120 LT ·35 ft+75 LT ·65 ft+80 LT ·100 ft

315 LT

xWresultant
= 17,475 ft·LT

315 LT = 55.48 ft (from left side of beam)
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1-18 Calculate the second moment of area of the below object about the following axes:

(a) Axis xc − xc (centroidal axis in the x-direction).

Ixc−xc = bh3

12 = 2 in·(8 in)3

12 = 85.333 in4

(b) Axis yc − yc (centroidal axis in the y-direction).

Iyc−yc
= b3h

12 = (2 in)3·8 in
12 = 5.333 in4

(c) Axis x− x (use of the parallel axis theorem is necessary).

Ixx = Ixc−xc
+A · d2 = 85.333 in4 + (2 in)(8 in)(4 in)2 = 341.333 in4
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1-19 Sketch a diagram showing the six degrees of freedom of a floating ship. Name each one on your

diagram using the correct Naval Engineering terminology.

10. hi

1-20 Describe the difference between a ship’s list, heel, and roll.

List is the rotation about the x−axis resulting from a weight shift (static).

Heel is the rotation about the x−axis resulting from a an external force such as from the wind or from

the rudder (quasi-static).

Roll is the rotation about the x−axis resulting transient loading such as motion due to wave action in

a seaway.
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