
Chapter 2 
 

 
2.1 Eq. (2.3):  8.96%=×−=×−= 100

)73(
)73()2.76(100(%) 2

22

2

22

i

io
R D

DDA  

 
 
 
2.2  Depth 

from 
ground 
surface 

(m) 
 

N60

cu (kN/m2) 
[Eq. (2.8)] 

 
oσ′  (MN/m2) 

 
OCR 

[Eq. (2.9)] 
  

3.0 5 92.4 
03854.0

)]81.919)(5.1()5.16)(5.1[(
1000

1

=

−+
5.51 

  
4.5 8 129.6 

0490.0

)81.98.16)(5.1(
1000

103854.0

=

−+  6.46 

  
6.0 8 92.4 

0595.0

)81.98.16)(5.1(
1000

10490.0

=

−+  5.65 

  
7.5 9 141.1 

07.0

)81.98.16)(5.1(
1000

10595.0

=

−+  5.48 

  
9.0 10 152.2 

0805.0

)81.98.16)(5.1(
1000

107.0

=

−+  5.35 

            Average cu = 121.5 kN/m2                                  Average OCR = 5.69 
 
 
 
2.3  Depth (m) oσ′  (kN/m2) 

  1.5 
3.0 
4.5 
6.0 
7.5 
9.0 

                          18 × 1.5 = 27 
                          18 × 3.0 = 54 
                          18 × 4.5 = 81 
                          18 × 6.0 = 108 

108 + (1.5)(20.2 – 9.81) = 123.6 
123.6 + (1.5)(20.2 – 9.81) = 139.2 
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 Eq. (2.11):  ;
1

2

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ σ′
+

=

a

o
N

p

C   pa ≈ 100 kN/m2

 
Depth (m) N60 oσ′  (kN/m2) CN (N1)60

 a

1.5  6        27 1.92 12 
3.0  8        54 1.36 11 
4.5  9        81 1.11 10 
6.0  8      108 0.96   8 
7.5 13 123.6 0.9 12 
9.0 14 139.2 0.85 12 

a Rounded off to nearest whole number 
 
 
 
2.4 From Problem 2.3, the average value of 

 1183.10)12128101112(
6
1)( 601 ≈=+++++=N  

 Eq, (2.28):  °≈°=+=+=φ′ 3583.3420)11)(20(20)(20 601N  

 
 
2.5 From Problem 2.3 
 

Depth (m) oσ′  (kN/m2) pa (kN/m2) N60
φ′ (deg) 

[Eq. (2.27)] 
1.5       27 100  6 34.7 
3.0        54 100  8 34.9 
4.5        81 100  9 34.0 
6.0      108 100  8 31.4 
7.5 123.6 100 13 34.9 
9.0 139.2 100 14 34.9 
                                          Average φ′ = 34.1° ≈ 34° 
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2.6  Depth (m) oσ′  (kN/m2) pa (kN/m2) N60
Dr (%) 

[Eq. (2.20)]
 

 

1.5 
3.0 
4.5 
6.0 
7.5 
9.0 

        27 
        54 
        81 
      108 

123.6 
139.2 

100 
100 
100 
100 
100 
100 

 6 
 8 
 9 
 8 
13 
14 

50.6 
51.8 
49.7 
43.2 
52.8 
52.7 

                        Average Dr = 50.13% ≈ 50% 
 
 
 
2.7  Depth 

(m) 
oσ′  

(kN/m2) 
po

(kN/m2)

7.1

50

06.023.0 ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

D
N60

Dr (%) 
[Eq. (2.21)] 

  1.5 
3.0 
4.5 
6.0 
7.5 
9.0 

  26.4 
  52.8 
  79.2 
105.6 
132.0 
158.4 

100 
100 
100 
100 
100 
100 

0.133 
0.133 
0.133 
0.133 
0.133 
0.133 

 5 
11 
14 
18 
16 
21 

52.9 
55.5 
51.1 
50.2 
42.3 
44.3 

                                                                       Average Dr ≈ 49.4% 
 
 
 
2.8  Depth (m) γ (kN/m3) oσ′  (kN/m2) pa (kN/m2) N60

φ′ (deg)a

[Eq. (2.27)] 
    3.0 

  4.5 
  6.0 
  7.5 
  9.0 
10.5 
12.0 

16.66 
16.66 
10.66 
18.55 
18.55 
18.55 
18.55 

  49.98 
  74.97 
  99.66 
127.49 
155.31 
183.14 
210.97 

100 
100 
100 
100 
100 
100 
100 

 7 
 9 
11 
16 
18 
20 
22 

34 
34 
35 
37 
36 
36 
36 

  a rounded to nearest whole number 
 

 Average °≈°=++++++=φ′ 364.35)36363637353434(
7
1  

 
 
2.9 Between depths 6 m and 9 m, average 15)181611(3

1
60 =++=N . 

 

 Eq. (2.29):   2kN/m 15,000==α= )15)(10)(100(60NpE as
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2.10 Eq. (2.19):   
 

 
5.0

2
60 50779OCR))(711(231122275.02.12(%) ⎥

⎦

⎤
⎢
⎣

⎡
−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛ σ′
−−++= u

a

o
r C

p
ND  

 
 At a depth of 3.0 m: 
 

 

%3.46

)8.2)(50(
100
55)779()2()711(2311)9(22275.02.12(%)

5.0
2

=

⎥⎦
⎤

⎢⎣
⎡ −⎟

⎠
⎞⎜

⎝
⎛−−++=rD  

 
 At a depth of 4.5 m: 
 

 

%2.48

)8.2)(50(
100
82)779()2()711(2311)11(22275.02.12(%)

5.0
2

=

⎥⎦
⎤

⎢⎣
⎡ −⎟

⎠
⎞⎜

⎝
⎛−−++=rD  

 
 At a depth of 6.0 m: 
 

 

%9.48

)8.2)(50(
100
98)779()2()711(2311)12(22275.02.12(%)

5.0
2

=

⎥⎦
⎤

⎢⎣
⎡ −⎟

⎠
⎞⎜

⎝
⎛−−++=rD  

 

 Average Dr = 48%≈=++ %7.48)9.482.483.46(
3
1  

 
 

2.11 Eq. (2.31):  
K
Tcu =  

 
 Eq. (2.32b):   53838 107.93)35.6(1036610366 −−− ×=×=×= DK
 

 2
5)VST( kN/m 4.54

107.93
051.0 =
×

= −uc  

 
 Eqs. (2.34) and (2.35a): 
 

 
2kN/m 51.4=−=

−=λ=

)4.54)](2146log(54071[

)4.54)](PIlog(54.07.1[)VST()(corrected

.-.

cc uu
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2.12 Eq. (2.37):  
o

)field(OCR
σ′

β= uc
 

 
  = 59.5 kN/moσ′

2 (From Problem 2.2) 

 
 β = 22(PI)−0.48 = (22)(25)−0.48 = 4.69 
 

 4.29=⎟
⎠
⎞

⎜
⎝
⎛=

5.59
4.54)69.4(OCR  

 
 
 
2.13 a. From Eq. (2.33):   43838 108.4cm) 08.5(1036610366 −−− ×=×=×= DK
 

  22 kN/m 35 N/m 35,020.8 ≈=
×

== −4)VST( 108.4
81.16

K
Tcu  

 
 
 b. From Eqs. (2.34) and (2.35a): 
 

   
2kN/m 31.86=−−=

−=

)35)](2958log(54.07.1[

)35)](PIlog(54.07.1[)corrected(uc

 
 
 

2.14 Eq. (2.40):  18.4
)29(0055.008.0

1
)PI(0055.008.0

1
=

+
=

+
=β  

 

 Eq. (2.37):  2.28=⎟
⎠
⎞⎜

⎝
⎛=

σ′
β=

2.64
35)18.4(OCR

o

)field(uc
 

 
 
 
2.15  Depth (m) oσ′  (MN/m2) qc (MN/m2) φ′ (deg)
 1.5 

3.0 
4.5 
6.0 
7.5 
9.0 

0.024 
0.048 
0.072 
0.096 
0.120 
0.144 

  2.06 
  4.23 
  6.01 
  8.18 
  9.97 
12.42 

42.06 
42.15 
41.98 
42.03 
41.93 
42.07 

                                                 φ′ (average) ≈ 42° 
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2.16 Note:  OCR = 1 
 

Depth (m) qc (kN/m2) oσ′  (kN/m2) Dr (%) 
[Eq. (2.46)]

1.5 
3.0 
4.5 
6.0 
7.5 
9.0 

  2060 
  4230 
  6010 
  8180 
  9970 
12420 

  24 
  48 
  72 
  96 
120 
144 

37.1 
44.7 
48.2 
52.3 
54.6 
58.3 

 
 
 
2.17 a. σo = (2)(18) + (20)(4) = 116 kN/m2

 

  Eq. (2.51):  2kN/m 45.6≈−=σ−=
15

116800
k

oc
u N

qc  

 
 
 b. = (2)(18) + (20 – 9.81)(4) = 76.76 kN/moσ′

2

  Eq. (2.55):  3.37≈⎟
⎠
⎞

⎜
⎝
⎛ −

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
σ′
σ−

=
01.101.1

76.76
116800)37.0(37.0O

o

ocqCR  

 
 
2.18 Eq. (2.56): 
 

 
2kN/m 4121.6=

⎟
⎠
⎞

⎜
⎝
⎛

−
−

⎟
⎠
⎞

⎜
⎝
⎛ +

++=⎟
⎠
⎞

⎜
⎝
⎛
∆
∆

+µ+=
46180

4.425.326
2
18046535)5.01)(2())(1(2

v
pvVE mosp

 

 
 
 

2.19 a. 43.2
95

)38)(81.9(280 =−−=
σ′
−

=
o

oo
D

upK  

 

  Eq. (2.63):  0.65=−⎟
⎠
⎞⎜

⎝
⎛=−⎟

⎠
⎞

⎜
⎝
⎛= 6.0

5.1
43.26.0

5.1

47.047.0
D

o
KK  

  
 
 b. Eq. (2.64):  OCR = (0.5KD)1.6 = (0.5 × 2.43)1.6 = 1.37 
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2kN/m 2131=−−=

−µ−=µ−=

)280350)(7.34)(35.01(

))(7.34)(1()1(   :(2.67) Eq.c.
2

1
22

osDss ppEE

  
  
  

2.20 2.20 

2kN/m 2131=−−=

−µ−=µ−=

)280350)(7.34)(35.01(

))(7.34)(1()1(   :(2.67) Eq.c.
2

1
22

osDss ppEE

2.3
)81.98.19)(4()5.14)(2(

)81.9)(4(260 =
−+

−=
σ′
−

=
o

oo
D

upK  

 

 Eq. (2.69a):  °=
+

+=
+

+=φ′ 38.2
)2.3)(066.0(236.0

2.331
066.0236.0

31
D

D

K
K  

 
 
 

2.21 Eq. (2.72):  ;
)1)(21(

1
ss

ss

g

Ev
µ+µ−

µ−
γ

=   µs = 0.32 

 

 
)32.1)(36.0(

68.0

81.9
181900 ×= sE ;   Es = 3125 kN/m2    

 
 
 
2.22  A time-distance plot is shown.   
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5.7
1024.151 of Slope

3

1

−×
==

v
Oa  

 

 layer) (top 
24.15
105.7 3

1 m/s 492=×=v  

 
  

19.7
1010 of slope

3

2 m/s 1390≈×== abv  

 
  

9.5
1020 of slope

3

3 m/s 3390=×== bcv  

 
 xc = 7.5 m 
 
 m 2.6=

+
−=

+
−= )5.7(

4921390
4921390

2
1

2
1

12

12
1 cx

vv
vvZ  

 

 Eq. (2.74):  s 1020   ;
))((

2
2
1 3

22
2

2
3

23

13

2
1

2
31

22
−×≈

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

−⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡ −
−= ii T

vv

vv
vv

vvZ
TZ  

 

 0105.0
)492)(3390(

)492()3390()6.2)(2(
))((

2 22

13

2
1

2
31 =

−
=

−
vv

vvZ
 

 

 1524
)1390()3390(

)1390)(3390(
222

2
2
3

23 =
−

=
− vv
vv  

 

 So, m 7.24=−= )1524)(0105.002.0(
2
1

2Z  
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