1) Solve Problem 2.3 at a concentration Cy = 0.2. The volumetric sediment concentration of
a sample is Cy = 0.2. Determine the corresponding: a) porosity p,; b) void ratio e; c)
specific weight ym; d) specific mass pm; €) dry specific weight ymg; f) dry specific mass
Prmd.

a p,=1-¢,=1-(02)=08 _~

_ pbo _ (08 _
b. e_(l po)  1-(0.8)
c. Ym=y(1+(G-1)C,)= (9810 ) (1+ (265 —1)(0.2)) = 13.05% /
305—
d pm= 1;2 =~ = 133022 s

52

e. Yma = VsCy = (25996 5 )(0 2)=5.22/
i. ¥ =Gy =(265) (9810 Tn‘a) = 25996.57—:—3

N
f. Pma=12%="—25=530-5
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3) Solve Problem 3.9.

Consider a quarter-sphere of radius R under hydrostatic pressure. Determine the
pressure distribution around the surface if the pressure on the flat base is p,.
Integrate the pressure distribution to determine the buoyancy force components
in the x and z directions.

Figure P-3.9 Quarter-sphere



Defining Variables:

f 1&
Where R is the radius, r is some distance between the base of R and R. 6 and ¥ are defined
above. "

Z Direction:

Surface of the quarter-sphere:

0z _
= cos(6)

P = Do — PmgRcos(8) = p, — yRcos(8)
= (Rd6)(Rsin(0)d¥) = R? sin(6) d¥d6

Fg, = ! -p (Z_Tzl) dA
Fa, = | =90~ vReos(8))(cos(0))da

Fp, = ﬂ —(p, — YRcos(6))(cos(8))(R?sin(8) d¥d8)

= T I (4
Fg, = —poR? J.Z sin(8) cos(6) def d¥ + yR3 fz sin(8) cos?(6) def dy
0 0 0 0

Fg

z

T Y/
=3YR° =p,R*7
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Base of the quarter-sphere:

d : .
ﬁ = —1, because the norma] force is perpendicular to the surface.

b= po
dA = (Td‘]’)(d?‘)

A
B's fA ~(P,)(~1)dA
B = || ~@o-1) rawyan)

R T
FBZ=pof rdrde
0

/

0
I
Fy =poR2§

z

Flat side of the quarter-sphere:

g—: = 0, because the normal force parallel to the side.

Since the normal force is zero:

FB =0

Z
Summation of forces in the z-direction:

LIS S 2
Fg, 3yR poR2+poR2+O
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X Direction:

Surface of the quarter—sphere:

gﬁ = sin(8) sin(¥)

" n
pP="Do— pmgRcos(8) = po — YRecos(6)
dA = (RdO)(Rsin(6)d¥) = RZsin(@) d¥d6

A

Fg, = L —(po — yRcos(8))(sin(6) sin(¥))dA

ox :
Fg, = j -p (—az) dA i

Fg, = ﬂ —(p, — YRcos(6)) (sin(B) sin(¥))(R?sin(8) dydeo)

T

E T - ™

Fg, = —poR? IZ sin?(8)d6 j sin(¥) d¥ + yR® f ? sin? (6) cos(0) db f sin(¥) d¥
0 0 0 0
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T
FBx—B gy

YRA_ — PoR*

Base of the quarter-sphere:

aox

i 0 , because the normal force is parallel to the base.

Since the normal force is zero:

FBx=0

d




Flat side of the quarter-sphere:

ox

3. = —1, because the normal force is perpendicular to the surface.

P = Po — Pmgrcos(6) = p, — yrcos(h)
dA = (rd6)(dr)

ox

A

Fa, = | ~o = yreos(@))(-1)dd

Fo, = || =@, —yreos@)(-1) (rag)(ar)

_r _n

2 2
F, =p R2E_2 p3
By — pO 2 3 Y/

Summation of forces in the x-direction:
2 \ ; 4 - n 2
Fo, = = 3 _ 2 2= = 3
B, 3yR PoR 2+0+ PoR > 3yR

FB =0
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Question 4:

A spherical ball containing 0.1m3 of air at a density of 2 kg/m3 is held submerged at the bottom of a
pool, 5 m below the water surface. What is the force required to hold it in place? Also, determine its
acceleration when it is released from rest. (Hint: notice that without added mass, this ball would reach
an acceleration of about 500g!)

The firrst step for both parts is to visualize the forces acting on each ball with a free body diagram along
with the mass of each system and the direction of acceleration (Figures 5 and 6).

Part a:

YE=Ma,=0

> B =0=F, — Mg~ Fappiiea
= V()/) — Vsphe Y~ Fapplied
F applied = V(y) - YsphereV

kg

3 N L 3
Fapplied =0.1m (981()?) = 2;71—59.815—20.17)1

Figure 5: Free body diagram for the non-accelerating ball Fappliea = CREED

Part b: /
ZFZ = Ma,

% y

a, =Wy — YSphereV) (pspher *V + pwaterV)

5 N kg m
a; = (0.1711 (9810_171—3) = Z;n—3 * 9.81?
kg
* 0.1m3)/(2—7;1§ * 0.1m3

k
—-‘% 0.1m?)

az=- /u\e"(b/

+ 1000

Figure 6: Free body.diagram for the accelerating ball



