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EXERCISE for DESIGN OF CAST-IN PLACE RC PILE

DESIGN CONDITION

(1) Outline of Foundation
Cast-in-place RC pile
-Pile diameter :D =1.5m
-Pile length: L =40.0m
-Unit weight of RC concrete : 24.5 kN/m3

(2) Geological Condition

Cast-in-place RC pile 
D=1.5m  l=40m 

N-valueDep 
th 

Lay 
er 

Fig 
ure 

Filled 
soil 

Silty
cray 

Clay

Sand
1 

Sand
2 

N1 =2  f1 =0 kN/m2 
1 =17.0kN/m3  

( 1 ’ = 8.0kN/m3)  

N2 =6 
2 =18.0kN/m3  

( 2 ’ = 9.0kN/m3 ) 

Note 1) 
Shaft resistance intensity f1 for silty clay layer is evaluated as 0 kN/m2. 
Note 2) 
Liquefaction are not estimated in the ground. 

Water level 

Ground level 

4.0 

13.0 

28.0 

32.0 

Gra
vel N5 =50 

5 =20.0kN/m3  
( 5 ’ = 11.0kN/m3) 50

42.0 

N3 =20 
3 =19.0kN/m3  

( 3 ’ = 10.0kN/m3) 

N4 =25 
4 =19.0kN/m3  

( 4 ’ = 10.0kN/m3) 

6.0 

(Sturdy gravel)
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QUESTION. 1

Calculate following pile capacities by use of empirical bearing capacity 
estimation formula.  

Each shall be obtained for Ordinary case and Seismic case, respectively.

-Allowable bearing capacity of pile

-Allowable pull-out capacity of pile

End bearing capacity intensity (Cast-in-placed RC pile)

Maximum shaft resistance intensity
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ANSWER. 1

(1) Allowable bearing capacity

 : 1.0

n : for ordinary case : 3, for seisimic case : 2

Ru = 

qd = 5,000 kN/m2

A = 0.75 0.75 =1.766 m2

U = D = 1.5 =4.71 m 

i Depth

(m)

Thick
ness

li (m)

Soil 
type

Averag
ed 
N-valu
e 

Shaft 
resistance 
intensity
fi 

(kN/m2) 

li  fi

(kN/m)

Unit 
weight 

i

(kN/m3)

Effecti
ve 
weight 

i ’

(kN/m3) 

1 4.0-6.0 2.0 Silty 
clay

2 0 0 17.0 17.0

2 6.0-13.0 7.0 Silty 
clay

2 0 0 17.0 8.0

3 13.0-28.0 15.0 Clay 6 60 900 18.0 9.0

4 28.0-32.0 4.0 Sand1 20 100 400 19.0 10.0

5 32.0-42.0 10.0 Sand2 25 125 1250 19.0 10.0

6 42.0-42.5 0.5 Gravel 50 200 100 20.0 11.0 

6’ 42.5-44.0 1.5 Gravel 50 200 (300) 20.0 11.0 

Total 40.0 - - - 2,650
(2,950)

- - 

Note: ( ) is applied for allowable pull-out force. 

Ru = 5,000 1.766 + 4.71 2,650 = 21,311.5 kN

Ws : 0.75 0.75 (2.0 17.0 +7.0 8.0 +15.0 9.0 +4.0 10.0
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+10.0 10.0 +0.5 11.0 +1.5 11.0 ) =683.5kN

W : 0.75 0.75 {38 (24.5 10.0) +2 24.5} = 1059.8kN

i) For ordinary case

Ra = 1/3 (21,311.5 – 683.5) + 683.5 – 1059.8 = 6,500 kN/pile

ii) For seismic case

Ra = 1/2 (21,311.5 – 683.5) + 683.5 – 1059.8 = 9,938 kN /pile

(2)Allowable pull-out force

n : for ordinary case : 6, for seisimic case : 3 

Pu =4.71 (2,950) = 13,894.5 kN

W : 0.75 0.75 {38 (24.5 10.0) +2 24.5} = 1059.8kN

i) For ordinary case

Pa = 1/6 13,894.5 + 1059.8 = 3,376 kN/pile

ii) For seismic case

Pa = 1/3 13,894.5 + 1059.8 = 5,691 kN/pile
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QUESTION. 2

(1) Calculate a coefficient of horizontal subgrade reaction

(2) Determine the value of . In addition, confirm the pile length within
semi-infinite length of pile ( L 3)

(3) Calculate axial spring constant of pile

(4) Calculate radial spring constants of pile

(5) Calculate stiffness matrix of pile for bridge longitudinal direction by use
of displacement method

Each shall be calculated for both of Ordinary case and Seismic case.

Supplemental Design Condition

Modulus of deformation of ground (E0) for silty clay layer was evaluated
by unconfined compression test result ; E0 = 1,800 kN /m2

Use the Figure below for tentative value of -1/ D in order to obtain the
coefficient of horizontal subgrade reaction for ordinary case.

Pile 
Diameter 

Averaged N-value 

    1400   2800   4700   5600       E0 (kN/m2) 

 1800 

1.5m
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Pile arrangement
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Displacement at the origin point can be obtained by following equations ; 

Each coefficient can be obtained by following equations ;
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ANSWER. 2

(1) Coefficient of horizontal subgrade reaction

BH = (D/ ) = ( -1/D D2) = ( -1/D) D = 5.6 x 1.5 =3.55m 

kH0 = 1 / 0.3 E0

For ordinary ; KH =1/0.3 4 1,800 (3.55/0.3)-3/4 3,768 kN/m3

For seismic ; KH = 2 3,768 7,536 kN/m3

(2)Determination of and confirmation of the pile length

D = 1.5m 
E = 2.5 x 107 ( kN/m2)
I = D4 /64 = /64 1.54 = 0.2484 m4 

For ordinary ; = 0.12282 m-1 

For seismic ; = 0.14606 m-1 

L = 0.12282 40 =4.91 3.0
Therefore, the pile can be designed as semi-infinite length of pile.

(3) Axial spring constant of pile

a =0.031 L/D 0.15
=0.031  (40.0/1.5) 0.15 =0.677

Ap =1/4  D2 =1/4 1.52 =1.766m2 

Kv=0.677 (1.766 2.5 107) /40 =747,239 kN/m

(4) Radial spring constant of pile
a) Ordinary Case

 0.3 (kN/m3) 
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K1 =4EI 3 = 4 2.5 107 0.2484 0.122823 =46,021 kN/m
K2 (=K3) =2EI 2 = 2 2.5 107 0.2484 0.122822 =187,353 kN/rad
K4 =2EI  = 2 2.5 107 0.2484 0.12282 =1,525,424 kN m/rad 

b) Seismic Case
K1 =4EI 3 = 4 2.5 107 0.2484 0.146063 =77,401 kN /m
K2 (=K3) =2EI 2 = 2 2.5 107 0.2484 0.146062 =264,962 kN /rad
K4 =2EI = 2 2.5 107 0.2484 0.14606 =1,814,065 kN m/rad

(5) Stiffness matrix of pile (For Longitudinal direction)
a) Ordinary Case
Axx = (K1 cos2

i + Kv sin2
i) =(46,021 1.0+0) 12 =552,252 kN /m

Axy = Ayx = (Kv – K1) sin i cos i = 0 kN /m
Axa = Aax = {(Kv – K1) xi sin i cos i – K2cos i}

= (0 187,353) 12 = 2,248,236 kN
Ayy = (Kv cos2

i + K1 sin2
i) =(747,239 1.0+0) 12 =8,966,868 kN /m

Aya = Aay = {(Kv cos2
i + K1 sin2

i) xi +K2 sin i} 
={(747,239 1.0 + 0 ) 4.0} 4 +{(747,239 1.0 +0) 0.0} 4 
+{(747,239 1.0 + 0) ( 4.0)} 4 = 0 kN

Aaa = {(Kv cos2
i + K1 sin2

i) xi
2 + (K2+K3)xi sin i +K4} 

= {Kv xi
2 + K4} 

={(747,239 4.02+1,525,424} 4 +{(747,239 02 +1,525,424} 4 
+{(747,239 ( 4.0)2 +1,525,424) 4 = 113,951,680 kN m/rad

b) Seismic Case
Axx = (77,401 1.0+0) 12 =928,812 kN /m
Axy = Ayx = 0 kN /m
Axa = Aax = (0-264,962) 12 = 3,179,544 kN
Ayy = 747,239 12 =8,966,868 kN /m
Aya = Aay = 0 kN
Aaa ={(747,239 4.02+1,814,065} 4 +{747,239 02 +1,814,065} 4

+{(747,239 ( 4.0)2 +1,814,065) 4
= 117,415,372 kN m/rad
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QUESTION. 3

External force at the center of footing bottom is summarized in table below.

With the condition, calculate followings for bridge longitudinal direction; 

(1)  Displacement at pile head

(2) Axial force, radial force, moment acting on the pile head

(3) Verify the structural stability of the piles

Load case
(Ordinary /Seismic)

Vertical force 
V (kN)

Horizontal force 
H (kN)

Bending moment 
M (kN.m)

Ordinary 43,605 1,030 4,738
Seismic 38,005 11,309 39,259

Note: Above are external forces when bridge longitudinal direction is considered. 

Supplemental Explanation

With the condition of all piles arranged in vertical and with rigid connection
to the footing, the equations for displacement and each forces acting on the 
pile head can be simplified by equations below;

[Substructure Design_L03]

10



Detailed Design Study on Bago River Bridge Construction Project Design Technology Transfer 

2 

ANSWER. 3

(1) Displacement at pile head
a) Ordinary Case

={1,030 113,951,680 4,738 ( 2,248,236)} {552,252 113,951,680
– ( 2,248,236) ( 2,248,236)}

= 2.21 mm

= 43,605 8,966,868 =4.86 mm 

={ 1,030 ( 2,248,236) +4,738 552,252} {552,252 113,951,680
– ( 2,248,236) ( 2,248,236)}

= 0.0000852 rad

b) Seismic Case
={11,309 117,415,372 –39,259 ( 3,179,544)} {928,812

117,415,372 – ( 3,179,544) ( 3,179,544)} 
= 14.68 mm 

= 38,005 8,966,868 =4.24 mm 

={ 11,309 ( 3,179,544) +39,259 928,812} {928,812
117,415,372 – ( 3,179,544) ( 3,179,544)} 
= 0.0007319 rad

[Substructure Design_L03]
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(2)Force and moment acting on the pile head

a) Ordinary Case
1st row (i =1)

PN1 = 747,239 (0.00486 + 0.0000852 4.000) = 3,886.2 kN /pile
PH1 = 46,021 0.00221 – 187,353 0.0000852 = 85.7 kN /pile
Mt1 = 187,353 0.00221 + 1,525,424 0.0000852 = 284.1 kN m /pile

2nd row (i =2)
PN2 = 747,239 (0.00486 + 0.0000852 0) = 3,631.6 kN /pile
PH2 = 46,021 0.00221 – 187,353 0.0000852 = 85.7 kN /pile
Mt2 = 187,353 0.00221 + 1,525,424 0.0000852 = 284.1 kN m /pile

3rd row (i =3)
PN3 = 747,239 (0.00486 - 0.0000852 4.000) =3,376.9 kN /pile
PH3 = 46,021 0.00221 – 187,353 0.0000852 = 85.7 kN /pile
Mt3 = 187,353 0.00221 + 1,525,424 0.0000852 = 284.1 kN m /pile

b) Seismic Case
1st row (i =1)

PN1 = 747,239 (0.00424 + 0.0007319 4.000) = 5,355.9 kN /pile
PH1 = 77,401 0.01468 – 264,962 0.0007319 = 942.3 kN /pile
Mt1 = 264,962 0.01468 + 1,814,065 0.0007319 = 2,561.9 kN m /pile

2nd row (i =2)
PN2 = 747,239 (0.00424 + 0.0007319 0) = 3,168.3 kN /pile
PH1 = 77,401 0.01468 – 264,962 0.0007319 = 942.3 kN /pile
Mt1 = 264,962 0.01468 + 1,814,065 0.0007319 = 2,561.9 kN m /pile

3rd row (i =3)

[Substructure Design_L03]
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PN3 = 747,239 (0.00424 - 0.0007319 4.000) = 980.7 kN /pile
PH1 = 77,401 0.01468 – 264,962 0.0007319 = 942.3 kN /pile
Mt1 = 264,962 0.01468 + 1,814,065 0.0007319 = 2,561.9 kN m /pile

(3)Verification of structural stability

xmax (Ordinary) = 2.21 mm < a’=15.0 mm 
xmax (Seismic) = 14.68 mm < a’=15.0 mm 

PNmax (Ordinary) : 3,886.2kN < Ra = 6,500kN
PNmin (Ordinary) : 3,376.9kN > Pa = 0 kN

PNmax (Seismic) : 5,355.9kN < Ra’ = 9,938kN
PNmin (Seismic) : 980.7kN > Pa’ = -5,691 kN

[Substructure Design_L03]
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QUESTION. 4

(1) With refer the calculation formula for a pile of semi-infinite length by 
Hayashi-Chang, express the following formulas in relation with depth 
x(m). 

a) Horizontal displacement for pile head Rigid connection
b) Bending moment for pile head Rigid connection
c) Shear force for pile head Rigid connection
d) Bending moment for pile head Hinged connection

Above shall be calculated for Ordinary case and Seismic case in direction of 
the bridge longitudinal. 

(2) Calculate Maximum bending moment at underground

i) Maximum bending moment at underground with Rigid pile head
ii) Maximum bending moment at underground with Hinged pile head

(3) Express the formula of above a) to d) by tables and graphs in relation of 
depth x(m). For the graphs, indicate the maximum forces and its depths. 

[Substructure Design_L03]
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ANSWER. 4 

(1) Calculate sectional forces
A.For Ordinary Case
a) Horizontal displacement for pile head rigid

= 85.7 / (2 2.5 107 0.2484 0.122823) e-0.12282x {(1+0.12282
( 284.1) /85.7) cos(0.12282x) – 0.12282 ( 284.1) /85.7 sin 
(0.12282x)} 
=0.00372 exp ( 0.12282x) {0.5929cos(0.12282x)+0.4071sin(0.12282x)} 

b) Bending moment for pile head rigid

 = 85.7/0.12282 exp ( 0.12282x) {0.12282 ( 284.1) /85.7 cos 
(0.12282x) + (1+0.12282 ( 284.1) / 85.7 sin (0.12282x)) 
= 697.8 exp ( 0.12282x) ( 0.4071cos(0.12282x)  

+ 0.5929 sin (0.12282x))

c) Shear force for pile head rigid

= 85.7 exp ( 0.12282x) {cos(0.12282x) – (1+2 0.12282
( 284.1 /85.7) sin (0.12282x)} 

= 85.7 exp ( 0.12282x) {cos(0.12282x)– 0.1857 sin (0.12282x)} 

d) Bending moment for pile head hinged

= 85.7/0.12282 exp ( 0.12282x) sin(0.12282x) 
= 697.8 exp ( 0.12282x) sin(0.12282x) 

[Substructure Design_L03]
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B.For Seismic Case
e) Horizontal displacement for pile head rigid

= 942.3 / (2 2.5 107 0.2484 0.146063) e-0.14606x {(1+0.14606
( 2561.9) /942.3) cos(0.14606x) – 0.14606 ( 2561.9) /942.3 sin 
(0.14606x)} 
=0.02435 exp ( 0.14606x) {0.6029cos(0.14606x)+0.3971sin(0.14606x)} 

f) Bending moment for pile head rigid

 = 942.3/0.14606 exp ( 0.14606x) {0.14606 ( 2561.9) /942.3 cos 
(0.14606x) + (1+0.14606 ( 2561.9) / 942.3 sin (0.14606x)) 
= 6451.5 exp ( 0.14606x) ( 0.3971cos(0.14606x)  

+ 0.6029 sin (0.14606x))

g) Shear force for pile head rigid

= 942.3 exp ( 0.14606x) {cos(0.14606x) – (1+2 0.14606 (
2561.9) /942.3) sin (0.14606x)} 

= 942.3 exp ( 0.14606x) {cos(0.14606x)– 0.2057 sin (0.14606x)} 

h) Bending moment for pile head hinged

= 942.3/0.14606 exp ( 0.14606x) sin(0.14606x) 
= 6451.5 exp ( 0.14606x) sin(0.14606x) 

[Substructure Design_L03]
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(2)Maximum bending moment at underground
A.For Ordinary Case
(i) Pile head Rigid 

= 1/0.12282 tan-1{1/(1+2 0.12282 ( 284.1/85.7))} 
=11.294m 

= 85.7/(2 0.12282) {(1+2 0.12282 ( 284.1)/ 85.7)2 +1} 
exp( 0.12282 11.294) 

= 88.6 kN m 

(ii) Pile head Hinged

= / (4 0.12282) =6.391 m 

= 0.3224 85.7 / 0.12282 = - 225.0 kN m 

B.For Seismic Case
(iii) Pile head Rigid 

= 1/0.14606 tan-1{1/(1+2 0.14606 ( 2561.9/942.3))} 
=9.365m 

= 942.3/(2 0.14606) {(1+2 0.14606 ( 2561.9)/ 942.3)2  

+1} exp( 0.14606 9.365) 
= 838.6 kN m 

(iv) Pile head Hinged

= / (4 0.14606) =5.375 m 

= 0.3224 942.3 / 0.14606 = - 2080.0 kN m 

[Substructure Design_L03]

17



Fo
r O

rd
in

ar
y 

C
as

e

Pi
le

 H
ea

d 
H

ig
ed

D
ep

th
(m

)

H
or

iz
on

ta
l

di
sp

la
ce

m
en

t
y 

(m
)

Sh
ea

r f
or

ce
(k

N
)

Be
nd

in
g 

M
om

en
t

M
 (k

N
m

)
Be

nd
in

g 
M

om
en

t
M

 (k
N

m
)

0
0.

00
22

06
-8

5.
70

28
4.

07
0.

00
1

0.
00

21
00

-7
3.

50
20

4.
52

-7
5.

61
2

0.
00

19
61

-6
2.

00
13

6.
84

-1
32

.7
3

3
0.

00
18

01
-5

1.
34

80
.2

4
-1

73
.8

7
4

0.
00

16
27

-4
1.

64
33

.8
3

-2
01

.4
1

5
0.

00
14

48
-3

2.
94

-3
.3

7
-2

17
.5

8
6

0.
00

12
69

-2
5.

25
-3

2.
38

-2
24

.4
2

7
0.

00
10

95
-1

8.
57

-5
4.

21
-2

23
.7

9
8

0.
00

09
30

-1
2.

85
-6

9.
84

-2
17

.3
2

9
0.

00
07

76
-8

.0
3

-8
0.

20
-2

06
.4

6
10

0.
00

06
35

-4
.0

4
-8

6.
16

-1
92

.4
5

11
0.

00
05

07
-0

.8
2

-8
8.

53
-1

76
.3

7
12

0.
00

03
94

1.
73

-8
8.

02
-1

59
.0

8
13

0.
00

02
95

3.
67

-8
5.

27
-1

41
.3

1
14

0.
00

02
10

5.
09

-8
0.

84
-1

23
.6

4
15

0.
00

01
37

6.
07

-7
5.

23
-1

06
.5

2
16

0.
00

00
77

6.
67

-6
8.

82
-9

0.
28

17
0.

00
00

28
6.

97
-6

1.
98

-7
5.

18
18

-0
.0

00
01

1
7.

01
-5

4.
97

-6
1.

35
19

-0
.0

00
04

2
6.

86
-4

8.
02

-4
8.

91
20

-0
.0

00
06

4
6.

55
-4

1.
31

-3
7.

86
21

-0
.0

00
08

0
6.

14
-3

4.
95

-2
8.

21
22

-0
.0

00
09

1
5.

66
-2

9.
05

-1
9.

92
23

-0
.0

00
09

6
5.

12
-2

3.
66

-1
2.

89
24

-0
.0

00
09

8
4.

57
-1

8.
81

-7
.0

5
25

-0
.0

00
09

7
4.

02
-1

4.
51

-2
.3

0
26

-0
.0

00
09

4
3.

48
-1

0.
76

1.
48

27
-0

.0
00

08
8

2.
96

-7
.5

5
4.

40
28

-0
.0

00
08

2
2.

48
-4

.8
3

6.
56

29
-0

.0
00

07
5

2.
04

-2
.5

7
8.

08
30

-0
.0

00
06

7
1.

64
-0

.7
4

9.
05

31
-0

.0
00

05
9

1.
28

0.
71

9.
57

32
-0

.0
00

05
2

0.
96

1.
83

9.
72

33
-0

.0
00

04
4

0.
69

2.
66

9.
58

34
-0

.0
00

03
7

0.
46

3.
23

9.
21

35
-0

.0
00

03
1

0.
27

3.
60

8.
68

36
-0

.0
00

02
5

0.
11

3.
78

8.
03

37
-0

.0
00

02
0

-0
.0

1
3.

83
7.

31
38

-0
.0

00
01

5
-0

.1
1

3.
76

6.
55

39
-0

.0
00

01
1

-0
.1

9
3.

61
5.

78
40

-0
.0

00
00

8
-0

.2
4

3.
40

5.
03

Pi
le

 H
ea

d 
R

ig
id

0 5

1
0

1
5

2
0

2
5

3
0

3
5

4
0

0 5

1
0

1
5

2
0

2
5

3
0

3
5

4
0

Sh
ea

r 
Fo

rc
e

(k
N

)

0 5

1
0

1
5

2
0

2
5

3
0

3
5

4
0

0 5

1
0

1
5

2
0

2
5

3
0

3
5

4
0

B
e

n
d

in
g 

M
o

m
e

n
t

P
ile

 H
ea

d
H

in
ge

d
(k

N
m

)

D
is

p
la

ce
m

e
n

t
(m

)

B
e

n
d

in
g 

M
o

m
e

n
t

P
ile

 H
ea

d
R

ig
id

(k
N

m
)

0
.0

0
2

2
0

6
-8

5
.7

0
2

8
4

.0
7

1
1

.2
9

4
-8

8
.6

6
.3

9
1

-2
2

5
.0

[S
ub

st
ru

ct
ur

e 
D

es
ig

n_
L0

3] 18



Fo
r S

ei
sm

ic
 C

as
e

Pi
le

 H
ea

d 
H

ig
ed

D
ep

th
(m

)

H
or

iz
on

ta
l

di
sp

la
ce

m
en

t
y 

(m
)

Sh
ea

r f
or

ce
(k

N
)

Be
nd

in
g 

M
om

en
t

M
 (k

N
m

)
Be

nd
in

g 
M

om
en

t
M

 (k
N

m
)

0
0.

01
46

81
-9

42
.3

0
25

61
.8

9
0.

00
1

0.
01

37
67

-7
81

.2
0

17
01

.0
0

-8
11

.3
6

2
0.

01
25

77
-6

32
.1

1
99

5.
48

-1
38

7.
27

3
0.

01
12

24
-4

97
.4

8
43

1.
98

-1
76

6.
15

4
0.

00
98

01
-3

78
.6

1
-4

.6
9

-1
98

3.
93

5
0.

00
83

76
-2

75
.9

0
-3

30
.5

8
-2

07
3.

39
6

0.
00

70
04

-1
89

.0
3

-5
61

.7
3

-2
06

3.
75

7
0.

00
57

21
-1

17
.2

0
-7

13
.6

1
-1

98
0.

47
8

0.
00

45
52

-5
9.

25
-8

00
.7

0
-1

84
5.

26
9

0.
00

35
12

-1
3.

79
-8

36
.2

1
-1

67
6.

27
10

0.
00

26
05

20
.6

6
-8

31
.9

0
-1

48
8.

29
11

0.
00

18
32

45
.6

3
-7

98
.0

1
-1

29
3.

06
12

0.
00

11
88

62
.5

8
-7

43
.2

8
-1

09
9.

61
13

0.
00

06
63

72
.9

4
-6

75
.0

1
-9

14
.6

2
14

0.
00

02
46

77
.9

8
-5

99
.1

5
-7

42
.7

7
15

-0
.0

00
07

4
78

.8
7

-5
20

.4
1

-5
87

.0
7

16
-0

.0
00

31
0

76
.6

2
-4

42
.4

4
-4

49
.1

7
17

-0
.0

00
47

5
72

.1
2

-3
67

.9
0

-3
29

.6
4

18
-0

.0
00

58
1

66
.1

0
-2

98
.6

8
-2

28
.2

4
19

-0
.0

00
63

8
59

.1
7

-2
35

.9
9

-1
44

.1
1

20
-0

.0
00

65
8

51
.8

2
-1

80
.4

7
-7

5.
98

21
-0

.0
00

64
8

44
.4

1
-1

32
.3

7
-2

2.
30

22
-0

.0
00

61
7

37
.2

5
-9

1.
57

18
.6

0
23

-0
.0

00
57

1
30

.5
2

-5
7.

73
48

.4
5

24
-0

.0
00

51
5

24
.3

8
-3

0.
33

68
.9

5
25

-0
.0

00
45

5
18

.8
9

-8
.7

6
81

.7
2

26
-0

.0
00

39
3

14
.0

9
7.

67
88

.2
4

27
-0

.0
00

33
2

10
.0

0
19

.6
6

89
.8

6
28

-0
.0

00
27

5
6.

57
27

.8
9

87
.7

5
29

-0
.0

00
22

2
3.

76
33

.0
0

82
.9

4
30

-0
.0

00
17

4
1.

53
35

.6
0

76
.2

9
31

-0
.0

00
13

2
-0

.1
9

36
.2

3
68

.5
2

32
-0

.0
00

09
5

-1
.4

7
35

.3
7

60
.1

8
33

-0
.0

00
06

5
-2

.3
7

33
.4

2
51

.7
4

34
-0

.0
00

04
0

-2
.9

6
30

.7
3

43
.5

3
35

-0
.0

00
01

9
-3

.2
8

27
.5

9
35

.8
0

36
-0

.0
00

00
3

-3
.4

1
24

.2
3

28
.7

0
37

0.
00

00
09

-3
.3

7
20

.8
2

22
.3

4
38

0.
00

00
17

-3
.2

3
17

.5
1

16
.7

7
39

0.
00

00
23

-3
.0

0
14

.4
0

12
.0

0
40

0.
00

00
27

-2
.7

1
11

.5
4

7.
99

Pi
le

 H
ea

d 
R

ig
id

0 5

1
0

1
5

2
0

2
5

3
0

3
5

4
0

0 5

1
0

1
5

2
0

2
5

3
0

3
5

4
0

Sh
ea

r 
Fo

rc
e

(k
N

)

0 5

1
0

1
5

2
0

2
5

3
0

3
5

4
0

0 5

1
0

1
5

2
0

2
5

3
0

3
5

4
0

B
e

n
d

in
g 

M
o

m
e

n
t

P
ile

 H
ea

d
H

in
ge

d
(k

N
m

)
D

is
p

la
ce

m
e

n
t

(m
)

B
e

n
d

in
g 

M
o

m
e

n
t

P
ile

 H
ea

d
R

ig
id

(k
N

m
)

0
.0

1
4

6
8

1
-9

4
2

.3
0

2
5

6
1

.8
9

9
.3

6
5

-8
3

8
.6

5
.3

7
5

-2
0

8
0

.0

[S
ub

st
ru

ct
ur

e 
D

es
ig

n_
L0

3] 19

























































15
.2

75i=0.300%L=1052.000m

112000 112000 112000 112000 112000 112000 112000 104000 50000 50000
7-SPAN STEEL BOX GIRDER BRIDGE L=776000

BAGO RIVER BRIDGE L=2031000

P13 P14 P15 P16 P17 P18 P19 P21P20

VCL=200.000, VCR=9100

MSL=0.00
HHWL=4.99 Lowest Soffit of Thanlyin Bridge H=11.41

LWL=2.89

Footing 

Bottom Concrete
Sand Mat

Filled Concrete
(Cast after pile driving work)

EL-8.060

EL+4.840

Existing Riverbed EL-5.091

M.S.L=0.000

EL-52.160

Outside Steel Pipe Well Diaphragm Steel Sheet Pipe Wall 

Outside Steel Pipe Well 

Diaphragm Steel Sheet Pipe Wall 

Pipe-pipe Interlocking Joint













Outside Steel Pipe Well 
Diaphragm Steel Sheet Pipe Wall 

89
73

.2

6782.2
Circumference of the outer peripheral surface 
U1=47.312(m)

Circumference of the inter peripheral surface 
U2=55.319(m)

11000
7000 2000

11
37

3.2

17164.4
8582.28582.2

40
00

3082.2 3082.2
2000

36
86

.6
36

86
.6

3(kN/m )
2(kN/m ) (kN/m )2C DE

Soil Name Average
N-Value

Unit

Sat u

Cohesion Friction
Angle

Modulus of
Elasticity

Liquefaction
CoefficientWeight

Silty Sand
River Sediments

3 18 0 29 1,200 Liquefaction
1/3D  =E

Silty Sand-I 13 18.0 0 33 5,200 Liquefaction
D  =1E

Clay-AII 7 17.5 42 0 4,900 -

Clay-AII 7 17.5 42 0 4,900 -

Clayey Sand-B 13 18.0 0 32 9,100 -

Clayey Sand-C 20 18.0 0 33 14,000 -

Silty Sand-II 30 18.0 0 34 21,000 -

Clayey Sand-II 50 20.0 0 34 35,000 -

EL-52.160

E0

Clayey-AIV 30 18.0 180 0 21,000 -

Footing 

Bottom Concrete
Sand Mat

FRONT ELEVATION

Filled Concrete
(Cast after pile driving work)

STATION 1+566

EL-8.060

EL+4.840

Existing Riverbed EL-5.091

M.S.L=0.000





















Outside Steel Pipe Well 
Diaphragm Steel Sheet Pipe Wall 

89
73

.2

6782.2
Circumference of the outer peripheral surface 
U1=47.312(m)

Circumference of the inter peripheral surface 
U2=55.319(m)

11000
7000 2000

11
37

3.2

17164.4
8582.28582.2

40
00

3082.2 3082.2
2000

36
86

.6
36

86
.6

3(kN/m )
2(kN/m ) (kN/m )2C DE

Soil Name Average
N-Value

Unit

Sat u

Cohesion Friction
Angle

Modulus of
Elasticity

Liquefaction
CoefficientWeight

Silty Sand
River Sediments

3 18 0 29 1,200 Liquefaction
1/3D  =E

Silty Sand-I 13 18.0 0 33 5,200 Liquefaction
D  =1E

Clay-AII 7 17.5 42 0 4,900 -

Clay-AII 7 17.5 42 0 4,900 -

Clayey Sand-B 13 18.0 0 32 9,100 -

Clayey Sand-C 20 18.0 0 33 14,000 -

Silty Sand-II 30 18.0 0 34 21,000 -

Clayey Sand-II 50 20.0 0 34 35,000 -

EL-52.160

E0

Clayey-AIV 30 18.0 180 0 21,000 -

Footing 

Bottom Concrete
Sand Mat

FRONT ELEVATION

Filled Concrete
(Cast after pile driving work)

STATION 1+566

EL-8.060

EL+4.840

Existing Riverbed EL-5.091

M.S.L=0.000



















CROSS SECTION S=1:200
A - A B - B

15964.4

CL

+ 4.840

12
90

0
40

00
20

00
50

0
80

00

+ 4.340

30
00

+ 1.340

30
00

50
0

FOOTING CONCRETE

SPREAD SAND

CONCRETE FILL

- 12.060

- 14.060

- 16.060

-8.060

- 14.560

BOTTOM SLAB CONCRETE

WALE OF THE 2ND STAGE

WALE OF THE 3RD STAGE

SHORT STRUT OF THE 2ND STAGE

SHORT STRUT OF THE 3RD STAGE

15
0

30
00

- 1.660

WALE(GUIDE FRAME) OF THE 1ST STAGE

SHORT STRUT OF THE 1ST STAGE

2530

+ 4.840
+ 4.340

SUPPORT BEAM OF GUIDE FRAME

GUIDE FRAME(WALE)

GUIDE PILE

L=20000

- 15.160

- 5.091

34
00

WALE OF THE 4TH STAGESHORT STRUT OF THE 4TH STAGE

- 4.660

LAYOUT PLAN OF STRUTS AND WALES S=1:200

15964.4
5982.25982.2 4000

10
17

3.2

WALE(GUIDE) OF THE 1ST STAGE WALE OF THE 2ND STAGE

WALE OF THE 3RD,4TH STAGE

SHORT STRUT OF THE 2ND STAGE

SHORT STRUT OF THE 3RD,4TH STAGE

ANGLE BRACE OF THE 2ND STAGE

ANGLE BRACE OF THE 3RD,4TH STAGE

B B

SHORT STRUT OF THE 1ST STAGE

ANGLE BRACE OF THE 1ST STAGE

STEP 3STEP 2STEP 1

STEP 4 STEP 5 STEP 6

+0.340

+4.340

-5.091-5.091

Excavate inside of exterior sheet pilles and filled with
concrete as shown.

Casting of footing concrete.The 3rd support Installation.

CONCRETE FILL

Draining the inside of cofferdam up to -2.660m level.The 2nd support Installation.

+4.840

draining the inside of cofferdam up to +0.340m level.
the 1st support Installation.

+4.340

99
31

94
31

50
0

+0.340

+4.340

-5.091

-14.560

+4.840+4.340

19
40

0
15

90
0

50
0

+1.34030
00

-2.660

+4.340

-5.091

+4.840+4.340

18
90

0
15

40
0

50
0

+1.34030
00

underwater excavation up to -14.560m level. Placement of spread sand followed by

50
0

SPREAD SAND

+4.340

-5.091

+4.840+4.340

18
90

0
12

40
0

50
0

+1.34030
00

50
0

-1.66030
00

+4.340

-5.091

+4.840+4.340

16
90

0
34

00
50

0

+1.34030
00

50
0

-1.66030
00

BOTTOM SLAB CONCRETE

20
00

40
00

94
69

70
00

-14.560

18
90

0

-8.060

40
00

Casting undeawater bottom slab concrete.

-14.560

-12.060

-12.060 -12.060

30
00

30
00

Dry up inside the cofferdam.

30
00

50
0

-1.66030
00

-14.560

18
90

0

-12.060

-4.660-4.660

The 4th support Installation.

+4.340

-5.091

+4.840+4.340

18
90

0
94

00
50

0

+1.340















 Arranged reinforcement area (mm2/m) OK

OK



40
00

20
00

50
0

80
00

-5.091RIVERBED

-8.060

CONCRETE FILL

3686.6 4000 3686.6

FOOTING CONCRETE

BOTTOM SLAB CONCRETE
SPREAD SAND

M.W.L = 0.29

17
16

4.4

Surface Area of Footing: 115.205(m2)
Sectional Area of Pier: 40.57(m2)

2180
3633.3

5086.6

11
00

0
70

00
20

00

11373.2
4000

30
82

.2
30

82
.2

20
00

3686.6 3686.6

2486.6

180
1633.3

3086.6



11
00

0
70

00
20

00

11373.2
4000

30
82

.2
30

82
.2

20
00

3686.6 3686.6

2486.6

180
1633.3

3086.6

17
16

4.4

2180
3633.3

5086.6



14764.4 600600

300150

F D3213 F D3215

F D512F D511300 150

185 185 18@150=2700180.6
190

200
260

150
150

275
4@200
=800 160

200
180

576.6

3@150
=450

150

220
150

20518@150=2700 180.6
190

200
260

150
150

275
4@200
=800160

200
180

576.6

3@150
=450

150

220
150

205











DETAIL OF CONNECTION BETWEEN STEEL PIPE SHEET PILE AND FOOTING

150 150 375150375

40
00

40
0

4@
10

0
=4

00
16

5
17

@
11

0=
18

70
16

5
4@

10
0

=4
00

60
0

40
00

40
0

4@
10

0
=4

00
16

5
17

@
11

0=
18

70
16

5
4@

10
0

=4
00

60
0

3
3

44

2

2

RESISTANCE MOMENT
REINFORCING BARS OF

RESISTANCE MOMENT
REINFORCING BARS OF

SHEARFORCE
REINFORCING BARS OF

1 - 1 CROSS SECTION 2 - 2 CROSS SECTION

12
00 10
0

10
0

10
0

STUD WELDING
RESISTANCE MOMENT REINFORCING BARS D22

15
0

15
0

15
0

699
691

301
309

P1

P2

12
00 10
0

10
0

10
0

STUD WELDING

15
0

15
0

15
0

399
391

301
309

P3

P4

SHEARFORCE REINFORCING BARS D22

3 - 3 CROSS SECTION
(RESISTANCE MOMENT REINFORCING BARS CONNECTION PART)

4 - 4 CROSS SECTION
(SHEARFORCE  REINFORCING BARS CONNECTION PART)

11
00

0
70

00
20

00

11373.2
4000

30
82

.2
30

82
.2

20
00

3686.6 3686.6

2486.6

180
1633.3

3086.6

17
16

4.4

2180
3633.3

5086.6





































Item Unit Dead Load Dead+Live Seismic
(horizontal)

S
M

kN
kN.m

1839.69
35.68

2486.69
35.68

334.67
8.92

a
d/1.15

d

mm
mm
mm

2500
1193 
1371

2500
1193 
1371

2500

2050
Sh    kN 1830.03 2477.03 334.67

pt
ce
cpt

%
1.00
0.842
0.944
1.405

1.00
0.842
0.944
1.405

1.50
0.296
0.842
0.996

m
a1
a2
sa
s

Sca
Sh’

AwReq 
Aw

N/mm2

N/mm2

N/mm2

N/mm2

mm
kN
kN

mm2

mm2

0.607
0.305
1.700

180.00
150

920.92
909.10
635.28
1146.00  

0.821
0.305
1.700

180.00
150

920.92
1556.10
1087.40
1146.00  

0.104
0.294
2.550

Dead Load Dead+Live

1961.21
2407.98

2608.21
3216.73

2500
1596
1836

2500
1596
1836

1473.98  1957.34  
1.00
0.629
0.875
1.278

1.00
0.629
0.875
1.278

0.365
0.257
1.700

180.00
150

1037.94
436.05
227.64
1146.00  

0.485
0.257
1.700

180.00
150

1037.94
919.41
479.98
1146.00  





















a

a / d





xdx
sc

ss AT

Bx
C c

c

s

x

d

C

T

TC

TZCZM

x
E

xd
E s

s

c

c

x

xdn

B

A

B

A
x s

c

ss

xxdn sc

d
B

A
nx

B

A
nx ss

s

s

nA

Bd

B

nA
x

xdZ



x
d

Bx
M c

x
dBx

M
c

x
dA

M

s

s x

xd
n cs





Item Unit Dead Load Dead+Live Seismic
(horizontal)

S
M

kN
kN.m

1839.69
35.68

2486.69
35.68

334.67
8.92

a
d/1.15

d

mm
mm
mm

2500
1193 
1371

2500
1193 
1371

2500

2050
Sh    kN 1830.03 2477.03 334.67

pt
ce
cpt

%
1.00
0.842
0.944
1.405

1.00
0.842
0.944
1.405

1.50
0.296
0.842
0.996

m
a1
a2
sa
s

Sca
Sh’

AwReq 
Aw

N/mm2

N/mm2

N/mm2

N/mm2

mm
kN
kN

mm2

mm2

0.607
0.305
1.700

180.00
150

920.92
909.10
635.28
1146.00  

0.821
0.305
1.700

180.00
150

920.92
1556.10
1087.40
1146.00  

0.104
0.294
2.550

Dead Load Dead+Live

1961.21
2407.98

2608.21
3216.73

2500
1596
1836

2500
1596
1836

1473.98  1957.34  
1.00
0.629
0.875
1.278

1.00
0.629
0.875
1.278

0.365
0.257
1.700

180.00
150

1037.94
436.05
227.64
1146.00  

0.485
0.257
1.700

180.00
150

1037.94
919.41
479.98
1146.00  




	Appendix A Materials of Lectures and Seminars
	A-5 Substructure Design
	[Substructure Design_L03]
	[Substructure Design_L04]
	[Substructure Design_L05]
	[Substructure Design_L06]





