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ABBREVIATIONSAND ACRONYMS

Units of M easur ement

mm : millimeter

cm . centimeter

m : meter

km . kilometer

o, gr . gram

kg . kilogram

t, ton : metric ton

m? ;. square meter

ha, has . hectare, hectares

km? : square kilometer

m’ :cubic meter

S, Sec . second

m, min. : minute

h, hr . hour

Y, yr Loyear

MW : megawatt

mm/hr : millimeter per hour

m/'s . meter per second

km/hr . kilometer per hour

mg/I : milligram per liter

m’/s : cubic meter per second

m’/s/km? : cubic meter per second per square kilometer
% . percent

ppm . parts per million

X X . symbol of multiplication (times)

<,> : Inequality sign (e.g. A<B meansthat value A isless than or equal to value B.)
<,> . Inequality sign (e.g. A<B meansthat value A islessthan value B.)
Y,Y,JPY : Japanese Yen

P, P, PHP . Philippine Peso



The Detailed Design of Pasig-Marikina River Channel Improvement Project (Phase 111)

CHAPTER 1 STEEL SHEET PILE (SSP) REVETMENT

(LEFT BANK)

TableR 3.1.1 Design Results of SSP Revetment in Each Section (L eft Bank)

Section Designed SSP Revetment Result of Design Calculation
No. b ;; Z Length Stress (N/mn’) Dsiplacement (mm)
from to Bank | piverbed Type (e (m) Normal Seismic Normal Seismic
(EL.m) (acceptable) (acceptable) (50) (75)
1| 2+419 2+550 L 9.6 IV 2700 11.0 67 (180) 90 (270) 3517  50.05
2 | 2+550 2+694 L 9.6 IV 2700 115 77 (180) 99 (270) 4522 6290
3 | 2+854 2+950 L 9.6 A 3150 12.0 70 (180) 91 (270) 4562 6384
4 2+950 3+072 L 9.6 IV 2700 12.0 73 (180) 92 (270) 46.62 61.08
5 3+160 3+300 L 9.6 25H 1610 9.0 69 (180) 96 (270) 28.74 42 46|
6 6+116 6+219 L 10.0 Hly 1800 10.0 76 (180) 103 (270) 40.51 58.56
7 6+249 6+269 L 10.0 VI 3820 125 69 (180) 107 (270) 42.72 72.08
8 6+376 6+482 L 101 Vi 3150 11.0 76 (180) 111 (270) 42.63 66.49
9 7+326 7+444 L 101 VI 3820 12.0 66 (180) 98 (270) 40.09 61.52
10 | 7+494 7+514 L 101 VI 3820 12.0 68 (180) 100 (270) 41.11 63.39
11 | 11+500 | 11+628 L 10.2 Vi 3150 11.0 81 (180) 116 (270) 46.54 70.68
12 | 12+024 | 12+173 L 8.2 10H + 750x250x12x25 | 902+5390 | 16.5 103 (185) 126 (278) 44.11 54.41
13 | 13+806 | 13+900 L 10.2 10H + 450x250x9x22 | 902+2490 | 13.0 103 (185) 145 (278) 40.86 58.10
14 | 13+900 | 14+000 L 10.2 | 10H + 600x200x12x28 | 902+3630 | 14.5 105 (185) 158 (278) 42.48 64.25
15 | 14+000 | 14+150 L 10.2 | 10H +450x200x12x25 | 902+2320 | 125 90 (185) 166 (278) 29.48 60.53
16 | 14+150 | 14+250 L 10.2 [\ 2700 10.0 78 (180) 118 (270) 36.56 57.83
17 | 14+250 | 14+272 L 10.2 10H + 400x200x9x22 | 902+1760 | 11.5 116 (185) 194 (278) 37.10 65.31
18 | 15+236 | 15+311 L 10.2 VI 3820 11.0 81 (180) 136 (270) 39.37 7141
19 | 15+311 | 15+424 L 10.2 VI 3820 11.0 68 (180) 115 (270) 32.12 59.92
20 | 15+443 | 15+548 L 10.2 | 10H + 450x250x12x28 | 902+3070 | 13.0 102 (185) 168 (278) 41.61 70.56
21 | 15+747 | 15+870 L 10.2 10H + 450x250x9x22 | 902+2490 | 13.5 95 (185) 159 (278) 35.32 64.46
22 | 15+965 | 16+150 L 10.2 10H + 400x200x9x22 | 902+1760 | 12.0 94 (185) 153 (278) 31.70 55.46
23 | 16+150 | 16+200 L 10.2 10H + 400x200x9x22 | 902+1760 | 12.5 102 (185) 169 (278) 36.94 67.52
24 | 16+200 | 16+300 L 10.2 10H + 400x200x9x22 | 902+1760 | 12.5 106 (185) 168 (278) 37.91 65.70
25 | 16+300 | 16+450 L 10.2 10H + 400x200x9x22 | 902+1760 | 13.0 103 (185) 178 (278) 38.65 72.60
26 | 16+450 | 16+552 L 10.2 10H + 400x200x9x22 | 902+1760 | 12.5 91 (185) 154 (278) 32.03 59.46
27 | 16+552 | 16+564 L 10.2 | 25H + 850x250x16x28 | 1610+7240| 19.0 91 (185) 146 (278) 4511 72.99
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Case: Left Bank No. OL_STA 2+419 - 2+550

— Steel Sheet Pile Design Calculation—

Left Bank No. 01_STA 2+419 - 2+550

L_No.0L_pp.1

Case: Left Bank No. O1_STA 2+419 - 2+550

1-3 Applied Formula
Formula for generated stress Chang's formula

3
Penetration depths L= T
f

1-4 Congtant Numbers for Design

Unit weight of water 7w = 9.8 kN/m?

Type of water pressure trapezoidal water pressure

Lateral pressure calculated in consideration of site conditions
Study case - Normal Condition

- Seismic Condition
Design earthquake intensity k = 0.200

Dynamic water pressure due to earthquake
considered as distributed load

Arbitrary load ~ Horizontal load Pt 1.0 kN/m (Normal Condition)
45 kN/m (Seismic Condition)
-013 m (Normal Condition)
(Seismic Condition)
0.1 kN-m/m  (Normal Condition)
(Seismic Condition)

Depth of acting point Ht
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3

Moment Mm
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©
=
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3

Depth of acting point Hw = 000 m (Seismic Condition)
Hm = 080 m (Normal Condition)
(‘Depth’ means distance from top of coping)
Wind load, Impact load not considered
Minimum angle of rupture Zo = 10 degrees
Rear side angle of slope not considered

Angle of rupture (clayey soil) ¢ =tan!

Equilibrium factor of compression K. = 0.50 (considered in Seismic Condition)

1-5 Lateral Foundation Modulus

Applied formula Ki = 6910 X N’ 1%

Average N-vaue calculated from average N-value between imaginary riverbed and depth as 1/p

N-value distribution

No| PPN |\ vave| | No | PEN | Nvaue
(m) (m)

1| oso| s u| 118 2
2| 118 2| 118 3
3| 218 1 B3| 1818 2
2| 31| 13 | 119 3
5| 218 5| 218 2
6| 518| 10

7| e8| 16

8| 718 7

9| 81| 2

10 e1s| 1

L_No.0L pp.3

Case: Left Bank No. O1_STA 2+419 - 2+550
1Design Conditions
1-1 Longitudinal Section of SSP & Considered Geological Survey Log

Depth | ol Nvelve

(m) (kN/m3

0 1020304080

sandy
ol

ol

ol

ol

B

Sy
ol

ol

E

Clayey | o 6.0
o 5.0 o 3

L=11.00m)

daey | 6.0 0.0 12,0 |
sl

Clayey o 5ol
@9 | 160 o 18

Caey | 16.0| 0.0 1z.0|
il .

Clayey 3 o soof.
@ | 160 0 ' .

cavey | 6.0 | 0.0 1z2.0[
ol

1-2 Dimensions of Structure

Depth from coping top to riverbed H 280 m

Depth from coping top to rear side ground Ho 0.00 m

Depth from coping top to SSP top Hi 040 m

Landside WL Lya 0.00 m (Normal Condition)
Lwa = 0.00 m (Seismic Condition)

Riverside WL Ly = 230 m (Norma Condition)
Ly = 1.80 m (Seismic Condition)

Imaginary riverbed calculated in consideration of geotechnical conditions

L_No.0L_pp2

Case: Left Bank No. 01_STA 2+419 - 2+550
1-6 Vertical Load

Vertical load on landside calculated in consideration of embankment shape on landside
Vertical load on riverside not considered

1-7 Soil_Modulus

i Y c ¢ (degree) Kh(kN/)
No| P soi N-vae ¢ 1oa |
kN/m® | kN/m? KN/ normal | seismic | normal seismic
1[ 18] s[ 50 | 1800 1000/ 27.0 00 00| 0200 | ato | ato | — | ——
2| 218| S| 110 | 1800| 1000 | 280 00 00| 0200 | ato | ato | —— | ——
3| 318( S| 130 | 1800| 1000 | 29.0 00 00| 0200 ato | a0 | —— [ ——
4| 418| S| 60 | 1800| 1000 | 27.0 00 00| 0200 | ato | aio
5| 518| S| 100 | 1800| 1000 | 27.0 00 00| 0200 | ato | aito
6| 618| S| 160 | 1800| 1000 | 30.0 00 00 | O: ato | ato
7| 718| S| 70 | 1800| 1000 | 27.0 00 00| 0200 ato | ato | —— [ ——
8| 818| S| 20 1000 | 27.0 00 00| 0200 ato | ato | —— [ ——
9| 918 C| 10 | 1600| 8 0.0 60 00 | O: ato | ato | —— | ——
10| 1512 | C| 20 | 800| 00| 120 00| 0200 ato | ato | —— [ ——
11| 1612 C| 30 | 1600 800| 00| 180 00| 0200 ato | a0 | — [ ——
12| 1812 C| 20 | 1600 800| 00| 120 00| 0200 ato | a0 | — [ —
13| 1912 C| 30 | 800| 00| 180 00| 0200 ato | ato | —— [ ——
14| 2012 C| 20 | 1600 800| 00| 120 00| 0200 ato | a0 | — [ ——
Note) from top of coping to bottom of thelayer ~ C, : soil adhesion
sandy(S), clayey(C), mixed (M) a : slopeof soil adhesion
average N-valuein the layer k' . design seismic coefficient (underwater)
wet unit weight of soil ¢ : angleof active rupture
saturated unit weight of soil kh :  modulus of subgrade reaction

internal friction angle of soil

Angle of wall friction

Angle of wall -
O ion Normal | Seismic
active 9.00° 9.00°
passive -9.00° -9.00°

L_No.0L_pp4



1-8 Embankment on Landside

-

Case: Left Bank No. OL_STA 2+419 - 2+550

Embankment shape and soil modulus

1 layer

100 | 2layer

BEr

Soil X-coordirete ™| Vet | geton Cohesve | angie of rptue

No
@ | A @ o N | i | ceged () | Normel | saismic
1 [Sady mil | 000 000| 102| 102 027 180 200 00 | ato | ato
Surcharge load acting on embankment

Acting period Load
Nl from to Normal Seismic

m | M | kN | kNP
1| 12| 1000 100 50

Angle of rapture in embankment

1-9 Stedl Sheet Pile (SSP)

Y oung’'s modulus E =
Inertia sectional moment lo =
Sectional factor Z, =
Corrosion margin =
Corrosion rate (to lo) n =
Corrosion rate (to Zo) n =
Section efficiency (to lo) noo=
Section efficiency (to Z) noo=

Round unit of SSP length

Allowable stress

Allowable displacement

Bending of cantilever beam

Reduction of material modulus

celculated in consideration of embankment conditions

200000 N/mm?
56700 cm*
2700 cm®

1.00 mm (riverside) t, = 1.00mm (landside)
0.88

0.88

0.80

1.00

050 m

180 N/mm  (Normal)
270 N/mm  (Seismic)

50.0mm (Normal)
75.0 mm  (Seismic)

calculated as distributed load of each layer
Reduced: |, applied to calculation of lateral coefficient of subgrade reaction
Not reduced: |, applied to calculation of penetration depth

Reduced: |, applied to calculation of section forces and displacement
Reduced: Zo applied to calculation of stresses

L_No0L_pp5

Left Bank No. 01_STA 2+419 - 2+550

2-1-2 Coordinates of Line of Active Rupture

/Angle of | Thickness| Coordinae of Coordinate of
No| Tpture | of laver lower end upper
[4 z
Gege | @ | XM [ Y@ [ xm | vm
1| 5738 062 0.00 0.00 040 062
2| 5676 100 0.40 062 108 162
3| 5613 118 105 162 184 280

Therefore, width of acting load shall

2-1-3 Acting Load by Embankment

No| 7 A XA
i) | (D) (uim)
1 180 028 49
z 49

be set as 1.84 m

7 © unit weight of embankment soil

A : sectional area of embankment

enclosed by line of active rupture

2-1-4 Acting Load by Surcharge Load

Q | Qxl
No | iy | (m) (kN/m)
1 100 062 6.24
z 6.24

Q: surcharge load
|': width of surcharge load set

by line of active rupture

2-1-5 Celculation of Total Acting Load

Q =
L
4.96 + 6.24 + 0.00

1.84

= 6.07 kN/m*

)+X P

Ty XA)+2(QX1

L_No.0L_pp.7

Case: Left Bank No. O1_STA 2+419 - 2+550

2 Calculation of Acting Load
2-1Normal _Condition

154

*‘ 1o 00
s | ey
5615
H
a8
1. 00 2" layer
56. 76
"
57. 38 0. 62 Flayer
2-1-1 Angle of Active Rupture
- Ange of
¢ [} c | mwh| Q | whw
No|  Depth (m) Soil (degree) | (cegree) | (kNI) | (kN | (kNIT) | (ki) | R
Z (deyree)
1| 280~ 218 | sady Sail | 200 90| 00| 2800| 607 | 2744 | 5738
2| 218~ 118 | sady soil | 280 90| oo0| 2180| 607 | 213 | 5676
3| 118~ 000 | sady soil | 270 90| 00| 18| 607 | 115 | 5613

+ Angle of active rupture of sandy soil

=90

—sin(¢+06)+

— tan”!
cos(¢p+6)

+ Angle of active rupture of clayey soil

{ =tan’!

Xy h+t2Q

tan
2

Angle of active rupture of clayey soil ¢ is set as 45° since § = 0°

Where,

angle of active rupture (degree, £ > 10.00°)
internal friction angle (degree)
wall friction angle (degree)
earthquake combination angle (degree)
0=tan’'k or 0 = tank'
unit weight of soil (kN/m?) (ascending force considered under WL)
thickness of layer (m)
surcharge |oad (kN/m?)
cohesive force of soil (kN/m?)

@ oo

00 ==

L_No.0L_pp6

Case: Left Bank No. 01_STA 2+419 - 2+550

2-2 Earthquake Condition

283
—‘ 5ol
s | layer
4. 03
2
o
100 | 2%layer
Ga. o5
45, 03 0.6z 3 layer
2-2-1 Angle of Active Rupture
N Ange of
¢ 5 c | mh Q whw k 0
No|  Den (m) S| (cayes | egren) | (o) | (o) | (i) | (ki) | ) | e |, reey
1| 280~ 218 | Sady Sl | 290 90| 00| 2800| 460 | 27.44 | 0200| 1131| 4593
2| 218~ 118 | Sady Sl | 280 90| 00| 21.80| 460 | 2136 | 0200 1131| 4495
3| 118~ 000 | Sady Sl | 27.0 90| 00| 1180| 460 | 1156 | 0200 1131| 4393
« Angle of active rupture of sandy soil
sin(¢+6)+
90 tan™
¢ o cos($+0)
Where,
¢ @ angleof active rupture (degree, £ > 10.00°)
¢ : internal friction angle (degree)
3 :  wall friction angle (degree)
6 : earthquake combination angle (degree)
0=tan’k or 0 = tank'
¥ :  unitweight of soil (kN/m?) (ascending force considered under WL)
h :  thickness of layer (m)
Q @ surchargeload (kN/m’)
C cohesive force of soil (kN/m?)

13

L_No.01_pp.8



Case: Left Bank No. OL_STA 2+419 - 2+550 Case: Left Bank No. O1_STA 2+419 - 2+550

3 Lateral Pressure
2-2-2 Coordinates of Line of Active Rupture

3-1 Normal _Condition

Angleof [Thicknes§  Coordirete of Coordinate of
No| Tuptue | of layer lower end upper end
¢ z
(degreg) | (m) | XM | Y | X(m | ¥(m) 5o ol ] e
1| 4593 | o062| 000| 000 060| 062 1\ 56
2| 4495 | 100| 060| 062 160| 162 100|100 [ o7 ayer
3| 4393 | 118| 160| 162| 283| 28 0500 10| glaye
[BET)
Therefore, width of acting load shall be set as 2.83 m N
1.oo| 1.00]| 4layer
2-2-3 Acting Load by Embankment — oo R
1. 0n 5" layer
a0 —
y A yXA "
No | iy | (v tum) s oo 100 elayer
176, 56 —
1| 180 028 49% 100 100 | 7 layer
lso. 70
z 49 1.oo| 1.00| 8layer
\as. 21
7 : unit weight of embankment soil X X 1.00 1.00 | g"layer
A : sectional area of embankment enclosed by line of active rupture S e
- 5.0 5. 04 | 1071
2-2-4 Acting Load by Surcharge Load o " e

Q | ox1 Passive earth pressure Adtive earth pressire Residudl water pressure
N i) || o)
1 50 161 804 3-1-1 Soil Modulus of Active Side
z 804 Depth 7 ¢ C Tyh+Qa Ka
(m) ol i) | (degree) | ke | (ki) Ka X cosh
Q: surcharge load , ) 1| 000~ | sady | 100| 270 | — 6073 | 034800 | 0.34371
I": width of surcharge load set by line of active rupture 118 | il —_ 17.873 | 0.34800 | 0.34371
2-2-5 Calculation of Total Acting Load 2| U | sy | 100) 280 | T P e ]
_ Ty xXA)rI(@Qx1)+XP 3| 218~ | sady | 100| 200 | — 27873 | 032248 | 031851
Q= 230 wil — 20073 | 032248 | 0.31851

4| 230~ | sady | 100| 200 | — 20073 | 032248 | 031851
496 + 8.04 + 0.00 280 | wil — 34073 | 032248 | 0.31851
283 5| 280~ | sady | 100| 200 | — 34073 | 032248 | 0.31851
318 il — 37.873| 032248 | 0.31851
= 4.60 kN/m?

318~ | Sady | 100 | 270
418 | wil

37.873 | 0.34800 0.34371
47.873 | 0.34800 0.34371

7| 418~ Sandy 100 | 270
518 soil

47873 | 0.34800 0.34371
57.873 | 0.34800 0.34371

8| 518~ Sandy 100 | 300 57.873 | 0.31026 0.30644

618 il 67.873| 031026 | 0.30644
618~ | Sady | 100| 270 | — 67.873 | 034800 | 0.34371
718 | il — 77873 | 034800 | 0.34371
10| 718~ | Sady | 100| 270 | — 77873 | 034800 | 0.34371
818 | wil — §7.873 | 034800 | 0.34371
1| 818~ ¢ 80| — 60 87873 —— | ——
018 ol 60 %873 —— | ——
12| 918~ | Claey 80| — 120 %873 —— | ——
1512 | wil 20| 14338 — | —
13| 1512~ | Clayey 80| — 180 143303 —— | ——
1612 | wil 180 151303 | —— | ——
L_No.01_pp.9 L_No.01_pp.10
Case: Left Bank No. 01 STA 2+419 - 2+550 Case: Left Bank No. 01_STA 2+419 - 2+550
Depth 5 o c Syh Ka
™ Soil (NI | (degre) | KNP | (ki) Ka oo 3-1-3 Lateral Pressure
14| 1612~ | Clayey 80| — 1220| 15138 | —— | —— Residual
18 il 120 167303 | —— | —— Active side water pﬁe"e
Depth pressure
15| 1812~ | Clayey 80| — 180 | 16733 | —— | —— (m
1912 | wil 180 175393 | —— | —— Pal Pa2 Pa Pw Pp
KN/m? KN/m? | KN/ KkN/m? KN/m?
16| 1912~ | Clayey 80| — 1220 | 175393 1] 000~ 200 | —— 20 000 | ——
2012 | il 20 18338 | —— [ —— 118 614 | —— 6.14 156 | ——
2] 118~ 591 [ —— 591 156 | ——
Coefficient of active earth pressure of sandy soil Ka is calculated by the formula below; 218 92 | — 922 2136 | ——
- _ _ 3] 218~ 888 —— 888 213% | ——
8= 9.00, p 0.00, 6 0.00 cos(6-0) 230 0% | — 9% S8 | ——
K, = 4] 230~ 926 [ —— 9.26 254 [ ——
- 2 280 1085 | —— 1085 254 | ——
. sin(¢+8) +
cos@ +cos(6+0) |1+ 280~ 1085 | —— 10.85 254 000
cos(§+6) * cos(-B) 318 1206 | —— 12,06 254 1434
6| 318~ 1302 — 1302 254 1308
3-1-2 Soil Modulus of Passive Side 418 1645 | —— 16.45 22.54 4751
7] 418~ 1645 | —— 1645 254 4751
Depth y » c Syhi Kp
™ Sl i | degeey | kNI i Kp o 518 1989 1989 254 8193
8| 518~ 7 — 17.73 254 94.09
5| 280~ | Sady | 100| 200 — 0000| 382002| 377299 618 2080 | —— 2080 254 | 13362
318 | il — 3800| 382002| 377299 9| 618~ 233 — 233 254 | 11636
7.18 2677 | —— 26.77 254 | 15079
6| 318~ | Sady | 100 | 270 — 3800| 348553 3.44261 o 718~ 677 2677 254 | 15079
418 | il — 13800| 348553 | 344261 818 3020 | —— 3020| 2254 | 18521
— 1| 818~ 7587 4394 | 7587 254 6580
7 A S;:"" 00| 270 12000] Sases| g 918 | 8387 4794 | 8387 254 7380
2] 918~ 7187 4794 | 7187 254 8580
8| 518~ | Sady | 100| 300 — 23800 400247 395319 1512 | 11939 7170 | 11939 254 | 13332
618 | il — 33800 400247 | 395319 13] 1512~ 107.39 7170 | 107.39 254 | 14532
1612 | 11539 7570 | 11539 254 | 158332
9| 618~ | Sady | 100 | 270 — 33800| 348553 3.44261 a6~ 15739 w70 12739 2o | 1%
718 | il — 43800 348553 | 3.44261 1812 | 14339 8370 | 14339 254 | 157.32
~ 15[ 1812~ 131.39 8370 | 13139 254 | 16932
0 7'1%_15 S;:"" 00| 270 28500 Sasss| Saat 1912 | 13939 87.70 | 139.39 254 | 17732
16| 1912~ 15139 8770 | 15139 254 | 16532
1| 818~ | Claey 80| 00 60 53800 —— | —— 2012 | 15939 9170 | 159.39 254 | 17332
918 | il 6.0 61800 —— | ——
- Formula for active earth pressure
12| 918~ | Clajey 80| 00 120 61800 —— | —— Q
. 120 10930 —— | —— ;
82| =i Sadysol Pt [Syh o+ =] cosd
cos (-
BIREL e 0 ® | B /= = Clayeyoil Pu=yhiQ-2C
Pro=K:* (2y h+Q)
14| 1612~ | Clayey 80 00 120 117.320) —— _ K. Equilibrium coefficient of compression: 0.5
1812 | wil 120 13830 —— | —— Larger of Pal or Pa2 is applied as active earth pressure (Pa)
15| 1812~ | C 80| 00 180 138320 —— | —— ' ;
1912 Sf’ 180 14130 — | —— Mixedsoil P, =[ K.(Xy h+Q)-2 Ca/K, ]+ cosd
16| 1912~ | Clayey 80| 00 120 14130 —— | —— - Formula for passive earth pressure
2012 | wil 120 149320 —— | ——

Sandy soil =K, [Zyh +
Coefficient of active earth pressure of sandy soil Ka is calculated by the formula below; Clayeysoil  P,=%y h+Q+2C
5= -900, B= 000, 6 = 0.00

K.

s cos

9o
cos (- )

cos?(6-0) Mixed il P,=[ K,(2y h+Q)+2 CA/K; ] - cos §

[Sin(4+0) - sin(6-B-0) ]’
2050 * cos Cgy A P 00
cos® +cos(5+6) [+ 0s(5+0) - cosC )

14
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3-2 Seismic_Condition

160

Case: Left Bank No.

01_STA 2+419 - 2+550

118 118 | 1% layer
0. 62 o
L o] 2l
0. 62
] S N
oo | 100 | 4%aver
1. 00 1. 00| 5%ayer
100 1.00] 6"layer
1. 00 100 | 7"layer
1Loo| 100 8layer
\54. 74 ]
G5 w0
/ 100 1.00 | 9"layer
75,50 -
w5 50
500 | 504 100 ayer
Residual water pressire
3-2-1 Soil Modulus of Active Side
Depth y o c yQ | ywhw [k 0 Ka 0
(m) Sl | i) | (degres) | kNI? | (i) | (i) (k) | (deoreg | K@ xcoss | (degree)
1| 000~ | Sandy | 200 | 270 | — 460 | 000 | 0200 1131 | 050574 | 049951
118 | ol — 1640 | 1156 | 0200 | 1131 | 050574 | 049951 | —
2| 118~ | sady | 100| 280 1640 | 1156 | 0200 | 1131 | 048839 | 048237
180 | Sail — 2260 | 1764 | 0200 | 1131 | 048839 | 048237
3| 180~ 100 | 280 260 | 1764 | 0200 | 1131 | 048839 | 048237
218 soil — 2640 | 2136 | 0200 | 1131 | 048839 | 048237
4| 218~ 00| 200 | — 2640 | 2136 | 0200 1131 | 047163 | 046582
280 | soil — 3260 | 2744 | 0200 | 1131 | 047163 | 046582
5| 280~ | Ssady [ 1200| 200 | — 3260 | 2744 | 0200 1131 | 047163 | 046582
318 | soil — 3640 | 3116 | 0200 | 1131 | 047163 | 046582
6| 318~ 00| 270 | — 3640 | 3116 | 0200 | 1131 | 050574 | 049951 | ——
418 | soil 4640 | 4096 | 0200 | 1131 | 050574 | 049951 | —
7| 418~ 00| 270 | — 4640 | 4096 | 0200 | 1131 | 050574 | 049951 | —
518 | soil — 5640 | 5076 | 0200 | 1131 | 050574 | 049951 | —
8| 518~ 00| 300 | — 5640 | 5076 | 0200 | 1131 | 045543 | 044982 | —
618 | soil — 66.40 | 6056 | 0200 | 1131 | 045543 | 044982 | —
9| 618~ | sady | 100| 270 | — 66.40 | 6056 | 0200 1131 | 050574 | 049951 | ——
718 | soil — 7640 | 7036 | 0200 | 1131 | 050574 | 049951 | —
10| 718~ | sady [ 1200 270 | — 7640 | 7036 | 0200 | 1131 | 050574 | 049951 | —
818 | soil — 86.40 | 8016 | 0200 | 1131 | 050574 | 049951 | —
11| 818~ | Clayey 80| — 6.0 86.40 | 8016 | 0200 | 1131 | —— | —— | 1000
918 | soil 6.0 9440 | 8996 | 0200 | 1131 | —— | —— | 1000
12| 918~ | Clayey 80| — 120 9440 | 8996 | 0200 1131 | — | —— | 271
1512 | soil 120| 14192 | 14818 | 0200 | 1131 | —— | —— | 1000
13| 1512 Clayey 80| — 180| 14192 | 14818 | 0200 | 1131 | —— | —— | 233
1612 | soil 180| 14092 | 15798 | 0200 | 1131 | —— | —— | 2062
L_No.01_pp.13
Case: Left Bank No. 01 STA 2+419 - 2+550
3-2-3 Lateral Pressure
Residual .
Active sde water Rﬁé’e
No| Depth pressure
(m) Pal Pa2 Pa W P
KNM? | kNP | KNP | kN | kNP
1| 000~ 230 [ —— 230 000 | ——
118 819 | —— 819 1156
2| 118~ 791 | —— 791 156 | ——
180 1090 | —— 1090 1764 | ——
3| 180~ 1080 | —— 1090 1764 | ——
218 273 | — 1273 1764 | ——
4| 218~ 1230 | —— 1230 1764 | ——
280 1518 | —— 1518 1764 | ——
5| 280~ 1518 | —— 1518 1764 000
318 1695 | —— 1695 1764 1210
6| 318~ 1818 | —— 1818 1764 1093
418 2318 | —— 2318 1764 39.69
7| 418~ 2318 2318 1764 39.69
518 2817 | —— 2817 1764 68.45
8| 518~ 2537 | —— 2537 1764 7975
6.18 2087 | —— 2087 1764 | 11326
9| 618~ 3317 | —— 3317 1764 97.22
718 3816 —— 3816 1764 | 12598
10| 718~ 3816 | —— 3816 1764 | 12598
818 4316 | —— 4316 1764 | 15474
1| 818~ 14931 4320 | 14931 1764 65.80
918 | 16638 4720 | 16638 1764 7380
12| 918~ 10582 4720 | 10582 1764 85.80
1512 | 23271 709 | 23271 1764 | 13332
13| 1512~ 15822 0. 158.22 1764 | 14532
1612 | 1749 749 | 1749 1764 | 15332
14| 1612~ 24979 7496 | 24979 1764 | 14132
1812 | 28394 829% | 2839 1764 | 15732
15| 1812~ 227.91 829 | 22791 1764 | 169.32
1912 | 26592 86.9%6 | 26592 1764 | 17732
16| 19.12~ 30101 86.96 | 30101 1764 | 16532
2012 | 31808 9.9 | 31808 1764 | 17332
- Formula for active earth pressure
Q
Sandysoil  Pu=K.+-[Eyh + ———— ] cosd
cos (-8)
Clayey soil  P,=Xy h+Q-2C
Po=K.- (2y h+Q)
K. @ Equilibrium coefficient of compression: 0.5
Larger of Pal or Pa2 is applied as active earth pressure (Pa)
Mixedsoil  P,=[ K.(2y h+Q)-2 CA/K. ]+ cos §

- Formula for passive earth pressure

Sandy soil
Clayey soil
Mixed soil

Py=K;*[Zyh +
P,=2yh+Q+2C
Py

cos

_Q
-8)

[ K(Zyh+Q)t2C

1.

cos

Ky ] +cosd

L_No01_pp.15
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Case: Left Bank No. O1_STA 2+419 - 2+550

Depth v o c DhQ | whw |k 0 Ka 0
(m) Soil (kN/m?) | (degree) | kN/m? | (kN/T) | (kN/mP)| (k) | (degree) Ka xcos3 | (degree)
14| 1612~ | Clayey 80| — 120 14992 | 15798 | 0200 | 1131 | —— | —— | 1000
1812 | ol 120| 16592 | 17758 | 0200 | 1131 1000
15| 1812~ | Clayey 80| — 180| 16592 | 17758 | 0200 | 1131 | —— | —— | 1293
1912 | soil 180| 17392 | 187.38 | 0200 | 1131 | —— | —— | 1000
16| 1912~ | Clayey 80| — 120 17392 | 187.38 | 0200 | 1131 | —— | —— | 1000
2012 | ol 120 18192 | 197.18 | 0200 | 1131 | —— | —— | 1000

Coefficient of active earth pressure of

§=9.00, p= 000, 6 = 0.00

K

Angle between surface of collapse and level surface of clayey soil ¢

sandy soil Ka is calculated by the formula below;

cos?(

9-6)

cosf - cos(§+0) + [l*

sin(¢p+6) - sin(¢-B-0)

cos(6+6) + cos(-B)

]

is calculated by the formula below;

Sy ht2Q
tan
2C
3-2-2 Soil_ Modulus of Passive Side
Depth . ¥ o c whw |k 0 Kp
(m) Soil (kN/m?) | (degree) | kN/m? (NMA) | (K) | (degree) Kp X 00sH
5| 280~ | Sady | 1000 | 290 | — 000| 0200 | 1131 | 322324 | 318356
318 | il — 372| 0200 | 1131 | 322324 | 31835
318~ 1000 | 270 | — 3800 | 372| 0200 | 1131 | 291211 | 287626
418 | wil — 13800 | 1352 | 0200 | 1131 | 291211 | 287626
7| 418~ | sady | 1000 | 270 | — 13800 | 1352 | 0200 | 1131 | 291211 | 287626
518 il — 23800 | 2332 | 0200 | 1131 | 291211 | 287626
8| 518~ 1000 | 300 | — 23800 | 2332 | 0200 | 11.31 | 339273 | 335096
618 il — 33800 | 3312 | 0200 | 11.31 | 339273 | 335096
618~ 1000 | 270 | — 33800 | 3312 | 0200 | 11.31 | 291211 | 287626
718 | il — 43800 | 4292 | 0200 | 1131 | 291211 | 287626
10| 718~ 1000 | 270 | — 43800 | 4292 | 0200 | 1131 | 291211 | 287626
818 | wil 53800 | 5272 | 0200 | 1131 | 291211 | 287626
11| 818~ | Clajey | 800 | 00 60 53800 | 5272 | 0200 | 1131 | — | ——
918 | wil 6.0 61800 | 6252 | 0200 | 1131 | — | ——
12| 918~ | Clajey | 800| 00 120 61800 | 6252 | 0200 | 1131 | — | ——
1512 | wil 120 109.320 | 12074 | 0200 | 1131 | —— [ ——
13| 1512~ | Clajey | 800 | 00 180 100.320 | 120.74 | 0200 | 1131
1612 | wil 180 117.320 | 13054 | 0200 | 1131 | —— [ ——
14| 1612~ | Clajey | 800 | 00 120 117.320 | 13054 | 0200 | 1131 [ —— [ ——
1812 | wil 120 133320 | 15014 | 0200 | 1131 —
15| 1812~ | Clajey | 800 | 00 180 133320 | 15014 | 0200 | 1131 [ —— [ ——
1912 | sl 180 14130 | 15094 | 0200 | 1131 | —— [ ——
16| 1912~ | Clayey | 800 | 00 120 14130 | 15994 | 0200 | 1131 e
2012 | wil 120 149320 | 16974 | 0200 | 1131 | —— [ ——

Coefficient of passive earth pressure of sandy soil Kp is calculated by the formula below;
5=-900. p= 0.00. 0= tan'k

K,

cos’(¢-0)

cosf - cos(§-0) + [l*

sin(¢-0) - sin(o+p-0)

cos(6-0) - cos(-B)

L_No01 pp.14

3-2-4 Dynamic Water Pressure due to Earthquake

]

Case: Left Bank No. 01_STA 2+419 - 2+550

y : depth from water surface to the point where active water pressure is calculated

Depth | WL Paw
No| Z y
(m m | kNP
1| 18| 000| 000
2| 280| 100| 172
7
pw = * 3 kust yura/Hey
Where,
kns: design seismic coefficient
7w © Unit weight of water
H : water depth of riverside
——
V|
= *

L_No.01_pp.16



Case: Left Bank No. OL_STA 2+419 - 2+550

4 Imaginary Riverbed

Imaginary ground level Lk is calculated as the elevation level that the sum of active earth pressure and
residual water pressure are balanced with passive earth pressure.

4-1 Normal_Condition

ors| 1flayer

oo 2"layer

_oo| 3layer

oo| 4"layer

N

Residud water pressre  Total of lateral pressure

pressire pressure
Depth Pa Pw P Ps
(m) KNP | kNP | kNI | KN/
1| 000~ .09 000 200
118 614 1156 17.71
2| 118~ 591 115 | —— 1748
218 92| 213 | —— 3059
3| 218~ 888 | 2136 —— 3024
230 926 | 2254 —— 3180
4| 230~ 926 | 2254 3180
280| 1085 | 2254 —— 3339
5| 280~ 1085 | 2254 000 | 3339
318| 1206 | 2254 1434 2027
6| 318~ 1302 | 2254 1308 | 2248
301 1551 | 2254 3805 000
391~ 1551 | 2254 3805 000
418| 1645| 2254| 4751 851

P, : Active earth pressure

P, : Residual water pressure

P, : Passive earth pressure

Ps : Lateral pressure Ps= P+ R, - P,

Imaginary riverbed Ly 1.11 m (GL -3.91 m)

L_No01_pp.17

Case: Left Bank No. 01 STA 2+419 - 2+550
5Modulus of Lateral Subgrade Reaction

5-1 Formula for Modulus of Lateral Subgrade Reaction

Modulus of lateral subgrade reaction is calculated on the average N-value from imaginary riverbed to 1/3
depth. The modules are calculated by the formula below;

K, = 6910X N’ 0406

where,
B= 4
Unit width B 1.0000 m
Corrosion margin t 1.00 mm (active side) t; = 1.00 mm (passive side)
Corrosion rate n 0.88
Section efficiency m 0.80
Y oung’s modulus E 200000 N/mm?
Inertia sectional moment lo, = 56700 cm’(original condition)
| 39917 cm*(after reduction by corrosion and section)
Inertia sectional moment El = 200000 x 10°x 39917 x 10° = 7.983 x 10°
Depth | . Depth | .
o | Nvave | N
0s0| 5 1| 1518 2
118| 5 12| 1618 3
218| 11 13 2
318| 13 14| 1919 3
15 2

Som~onrwnk
IS
o

=

5-2 Normal _Condition

Ky = 17277 kN/m’is set tentatively.

8 4 Kh - B
4E1
0. 482 m'
1
L= — =20n

Therefore, average N-value is calculated on the actual N-value from imaginary riverbed (GL -3.91 m) to
207 m depth (GL -5.98 m).

ogn [Thores| Nt | gy

) ™ | upper | lower | (™)
1 391 0.27 79 6.0 191
2 418 1.00 6.0 | 100 8.00
3 518 0.80 | 100 | 148 9.90

L ==h = 207 IA = 1981

A: (upper N-value + lower N-value) X h2

L_No01_pp.19
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Case: Left Bank No. O1_STA 2+419 - 2+550

4-2 Seismic_Condition

Loas|oaoas| Player
1 ke 19,75
o
0. 62
. 1. 00| 2¢layer
7. 64 28, 54

3
2o, 01
0.62
1. 00| 3"layer
a2, 82

ool 4"layer

00

Pasive earth Activeearth Residual water pressure Totd of laterdl pressire
pressire pressire
Depth Pa Pw P Ps
(m) KNP | kNP | KNP kNI
1| 000~ 230 000 —— 230
118 819 1156 | —— 1975
2| 118~ 791 | 186 | — 1947
180 | 1090 | 1764 | —— 2854
3| 180~ 00| 1764 — 2854
218| 1273| 1764 —— 2037
4| 218~ 123| 1we4| — 2094
280| 1518 | 1764 | —— 282
5| 280~ 1518 | 17.64 000 | &2
318| 1695 | 1764 | 1210 2250
6| 318~ 1818 | 1764| 1093 2489
418 | 2318| 1764| 3969 112
7| 418~ 218| 1764 3969 112
423| 23a1| 1764|4105 000
8| a4z~ 241| 1764 4105 000
518| 2817 | 1764 | 6845 2264

P, : Active earth pressure

P, : Residual water pressure

P, : Passive earth pressure

P, : Lateral pressure P,= P,+ R, - P,

Imaginary riverbed L,: 1.43 m (GL -4.23 m)

L_No01 pp.18

Case: Left Bank No. 01_STA 2+419 - 2+550

A
L

19.81
2.07

AverageN-value N’ =

= 9.56
Calculated Kh is equal to tentative one, so modulus of lateral subgrade reaction (normal condition)
is set definitely as following:
K = 6910X N’ = 910X 9. 56" = 17277 kN/m’
Kh (normal condition) = 17277 kN/m®

5-3 Seismic_Condition

Ky = 18182 kN/m® is set tentatively.

Kh - B
B 4,
4E1
0.488 '
1
L= — =205n
B

Therefore, average N-value is calculated on the actual N-value from imaginary riverbed (GL -4.23 m) and
2,05 m depth (GL -6.27 m).

Area

Depth | Thickness|  N-value
z h

@ | @ [uoeriower| ™

1 423 095 6.2 | 100 771
2 518 100 | 100 160 1300
3 6.18 009 | 160 | 152 147

L =zh = 205 IA = 2218

A: (upper N-value + lower N-value) X h/2

S A
L

AverageN-value N’ =

22.18
2.05

= 10.84

Calculated Kh is equal to tentative one, so modulus of lateral subgrade reaction (normal condition)
is set definitely as following:

Ki = 6910 X N’ %46 = 6910 10. 84" = 18182 kN/m*
Kh (séismic condition) = 18182 kN/m*

L_No.01_pp.20



6 Sectional Forces and Displacement

Case: Left Bank No. OL_STA 2+419 - 2+550

Chang's formula is applied to calculate stress, displacement and penetration depth of SSP.

6-1 Calculation of Resultant Lateral Force Py & Acting Elevation hy

6-1-1 Normal_Condition

. Total of

Depth | Thickness lateral force Load |Arm length| Moment

z h s P Y M
(m) (m) (kN) (kN) (m) (kN-m)
1| 000~ 118 209 123 351 432
118 17.71 1045 312 258
2| 118~ 100 17.48 874 239 2090
218 3059 1529 206 3148
3| 218~ 012 3024 181 169 306
230 3180 191 165 314
4| 230~ 050 3180 7.95 144 1144
280 3339 835 127 1062
5| 280~ 038 3339 634 098 621
318 20.27 385 08 328
318~ 073 2248 815 048 394
391 000 000 024 0.00
P = 7408 M = 13098

:load P;x h2x B
: unit width = 1.000 m

ZT<wTo

: moment by load P x Y

Arbitrary load lateral load
depth to acting position
moment
depth to acting position
Height from riverbed to top of coping
Depth of Imaginary riverbed from riverbed

Moment M, by arbitrary load is as below
M= Pe(H + Ly = H) + My = 414 kN-m

. active earth pressure + residual water pressure - passive earth pressure

< height of acting position from imaginary riverbed

P = 10 kN/m
H = -013m

Mm = 01 kN-m/m
Ho = 000 m

H =28m

Lk =1llm

ho, Height of acting position of P, from imaginary riverbed

b~ Mo xMM
! Po SP+P
135.11
= 2 = 18%0m
75. 08
L_No.01_pp.21

6-2 Sectional Force

Corrosion rate and section efficiency for calct
followings:

Unit width B
Corrosion margin u
Corrosion rate n
Section efficiency n
Young's modulus E
Inertia sectional moment lo

EI = 200000 x 10°x 39917 x 10

K. * B
4E 1

A/ (1+2 Bho)* 1
2 B ho

M Mo+ ¢

1 1

La — Xtan! ———
B 1+2 8 ho
1 1+ h

1i = — Xtan™ $
B Bho

M Po o B

W =— exp

B

6-2-1 Normal_Condition

Gu ————————— X exp(-tan’

Case: Left Bank No. 01 STA 2+419 - 2+550

ulation of sectional forces and displacements are set as

1.0000 m
1.00 mm (active side)

0.88
0.80
200000 N/mm?

56700 cm’ (original condition)

39917 cm’ (after reduction by corrosion and section)
7.983x 10°

t,= 1.00 mm (passive side)

1
—)
1+2 B ho

(Bhy rcosfx + (1+8 ho)sinBx)

modulus of lateral subgrade reaction Kh = 17277 kN/m®
calculated value p = 048229 m*
resultant earth force (lateral) Py = 75.08 kN/m
height of acting position of load ho = 180 m
moment Mo = 13511 kN-m/m
in consideration of y,, =1.182,
maximum moment Mmac = 159.70 kN-m/m
depth of generated position of My Im = 0727 m
depth of 1% fixed point Ii = 235 m
6-2-2 Seismic_Condition
modulus of lateral subgrade reaction Ky = 18182 kN/m®
calculated value B = 048848 m?
resultant earth force (lateral) Py = 8744 kN/m
height of acting position of load hy = 217 m
moment Mo = 18941 kN-m/m

in consideration of y,, =1.134,
maximum moment

depth of generated position of Mpa Im
depth of 1% fixed point li

L_No01_pp.23
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Case: Left Bank No. O1_STA 2+419 - 2+550

6-1-2 Seismic_Condition

Depth | Thickness | Laterdl load | Load | Arm length|  Moment
z h Ps P Y M

(m (m) (kN/m?) kN (m) (kN-m)

1| 000~ 118 230 135 383 519
118 1975 1165 344 4010

2| 118~ 062 1947 604 284 17.15
180 2854 885 263 2330

3| 180~ 038 2854 542 230 1247
218 30.37 577 217 1255

4| 218~ 062 2094 928 184 17.08
280 3282 1018 163 1663

5| 280~ 038 3282 624 130 811
318 2250 427 117 502

6| 318~ 100 2489 1245 071 888
418 112 056 038 021
418~ 005 112 003 003 000
423 000 000 002 000

3P = 8209 M = 16670

P : active earth pressure + residual water pressure - passive earth pressure

P :load P;x h2x B

B : unit width = 1.000 m

Y : height of acting position from imaginary riverbed
M : moment by load P x Y

Arbitrary load lateral load P = 45 kN/m
depth to acting position H, 0.16 m
moment My, 2.9 kN-m/m
depth to acting position  Hp 0.80 m

Height from riverbed to top of coping H 2.80 m

Depth of Imaginary riverbed from riverbed Ly 143 m

Moment M, by arbitrary load is as below
M =P-(H + L = H) + My = 2120 kN-m
Dynamic water pressure
Dyramic water

No| Depth | Thickness Load | Arm length | Moment

z h pr;mire Pay Y Maw
(m) (m) kN;"'"F) KN (m) (kN-m)
1| 180~ 100 00 000 209 0.00
280 17 0.86 176 151
SRw = 086  SMdv = 151

hy, Height of acting position of P, from imaginary riverbed

L_No01 pp.22

Case: Left Bank No. 01_STA 2+419 - 2+550

6-3 Stress Intensity

Corrosion rate and section efficiency for check of stresses intensity are set as followings:

Corrosion margin t

1.00 mm (activeside)  t,= 1.00 mm (passive side)
0.88

Corrosion rate n o= .
Sectionefficiency  p = 100
Module of section  Z 2700 cm® (original condition)
Z = 2376 cm’ (after reduction by corrosion and section)
6-3-1 Normal Condition
159. 70 X 10°
o _— 67 N/mm* = o. 180 N/mm? (ok)
2376 X 10°
6-3-2 Seismic_condition
M 214. 73X 10°
o = = = ——— =90 Nm = o, =270 Nm (oK)
z 2376 10°

6-4 Displacement
6-4-1 Normal Condition

Modules of deformation

Depth Y a ¢ P Q
(m) (m) (kN) (kN)

1| 000~ 351 | 0899 0283 123 | 0349
118| 312| 0799 | 0284 | 1045 | 2444

2| 118~ 239 | 0612 0149 874 | 1305
218| 206| 0527 | 0115| 1520 | 1752

3| 218~ 169 | 0432 0080 181 0145
230| 165| 0421 | 0076 191| 0146

4| 230~ 144 | 0368 | 0060 79 | 0473
280 | 127| 0326 | 0047 835 | 03%

5| 280~ 0% | 0251 0029 63| 0183
318| 08| 0218 002 385 | 0085

6| 318~ 048 | 0124 0007 815 | 0060
391 | 024 0062 0002 000 | 0000

3Q = 7335

Y : Height from imaginary riverbed to acting position

Y
e ta
H+ Ly
¢ ot (3—a)Xa?
e
Q :{xP

P Latera force
H : Depthto design position
L« : Depthfrom design position to imaginary ground
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Case: Left Bank No. OL_STA 2+419 - 2+550

Design position

Imaginary ground

(148 ho) X Po

61 =
2E18°

(1+0. 4823 1. 80) X75.08
2 X2.00X10%X 39917 X 107X 0. 4823°

= 0.00783 m

(1+2 Bho) XP
5= ——— 0T S (H LY
2E18?
(1+2 %0.4823 1. 80) X 75. 08
2 X2.00X 10X 39917 X 107X 0. 4823

X (2.80+1.11) = 0.02160 m
QX (H+LW?
El
7.33X (2.80+1.11)°

= —————————— = 0.0054T m
2.00X10%X39917 X 107

Additional displacement 35" generated by horizontal load (P) and moment (M) acting at top of SSP
considered.

PL* . ML?
3ETI 2ET1

64

33 is calculated as 0.00026 m in consideration of following values:
Height from imaginary riverbed to top of SSP: L = 3.91 m
Horizontal load: P = 1.00
Moment: M = 0.13

Displacement 33, of cantilever beam by moment My, is additionally considered.

M, h
2ET1

O an X(2L~—h) (L=4.23m, h=L—Has Ha=0.80 m, 7272L u =)

2.90%3. 43

—————————————— X (2 X4.23-3.43) 0.00031 m
2 X2.00X10°X 39917 X107
3 =08, +38 + 3
= 0.00783+0.02160+ 0.00574
0.03517 m
3517 = &a = 50.00 mm (ok)
Where,
Displacement at imaginary ground
Displacement by angle of inclination slope at imaginary ground
Displacement at higher part of imaginary ground as cantilever
Displacement at top of SSP
Allowable displacement
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Case: Left Bank No. 01 STA 2+419 - 2+550

Displacement

Design position

Imaginary ground

(1+B ho) X Po

o1 =
2E18*

(1+0.4885X2.17) X87.44
= ~ = 0.00967 m
2 X2.00X10%X 39917 X 107X 0. 4885°

1+2 B ho) XP
b= LLIZBROXDY
2E1 B*

(1+2 X0.4885X2.17) X87.44
= X (2.80+1.43) = 0.03023 m
2 X2.00X 10°X 39917 X 10X 0. 4885*

QX (H+Lw*
EI

63 =

10. 39X (2. 80+1. 43)*
= ————— = 0.00983 m
2.00X10%X39917 X 10°%

Additional displacement &," generated by horizontal load (P) and moment (M) acting at top of SSP is
considered.

PL’ ML?
+
3EI  2EI

Displacement &3, of cantilever beem by moment My, is additionally considered.

M.+ h
§m = ——— X(2L—h) (L
2E1

4.23m, h=L—Ha Ha=0.80 m, 72750L .. —..)

2.90%3.43

= m X (2X4.23-3.43) =0.00031 m

d1+d3,+33

0.00967 +0.03023+ 0.01014
0.05005 m

=5005 = §,= 7500 mm (ok)

Where,
3, : Displacement at imaginary ground
3, : Displacement by angle of inclination slope a imaginary ground
3 : Displacement a higher part of imaginary ground as cantilever
: Displacement at top of SSP
a @ Allowable displacement

o oo

L_No01_pp.27
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Case: Left Bank No. O1_STA 2+419 - 2+550
6-4-2 Seismic_Condition

Modulus of deformation

Depth Y « . P Q
(m) (m) N (kN) (kN)

1| 000~ 383 | 0907 | 0287 135 | 0389
118| 344| 0814 0241 | 1165| 2813

2| 118~ 284 | 0672 0175 604 | 1088
180 | 263 | 0623 0154 885 1361

3| 180~ 230 | 0544 0121 542 | 0657
218| 217| 0514 | 0110 577 | 063

4| 218~ 184 | 0435 0081 928 | 0752
280| 163 | 0387 | 0065 1018 | 0662

5| 280~ 130 | 0308 | 0042 624 | 0265
318| 117 | 0278 | 0035 427 | 0150

6| 318~ 071 | 0169 0013 1245 | 0167
418| 038 0000 0004 056 | 0002
418~ 003 | 0007 0000 003 [ 0000
423| 002 0004 0000 000 [ 0,000

3Q = 8908

Y @ Height from imaginary riverbed to acting position
Y

H+ Lk
. . (B=a)X
[N 5
Q :{XP
P ¢ Latera force
H  : Depth to design position

* Depth from design position to imaginary ground

Dynamic water pressure due to earthquake is added to modulus of deformation Q

No| Depth Y . Pow Quw
@™ | o | ol | &y

1| 180~ 209 0.495 0.102 0.00 0.000
2.80 176 0.416 0.075 0.86 0.064
Quw = 0,064

Therefore, modulus of deformation Q is calculated as below:
Q = 10.323+0.064 = 10.387

L_No01 pp.26

Case: Left Bank No. 01_STA 2+419 - 2+550
7 Penetration Depth
Corrosion rate and section efficiency for calculation of penetration depth of SSP are as below:

Unitwidth B 1.0000 m
Corrosion rate n 1.00
Section efficiency w 1.00
Young's modulus E = 200000 N/mm?
Inertia sectional moment lo 56700 cm* (original condition)
| 56700 cm* (after reduction by corrosion and section)
El = 200000 x 10° x 56700 x 10° = 1134x 1

7-1 Penetration Depth and Whole Length of SSP (Chang)

Based on the depth of imaginary riverbed as Ly, penetration depth of SSP (D) and whole length of SSP (L)
are calculated as followings:

3
D=Lt —
L=H—-Hu+D

7-1-1Normal_Condition

Modules of lateral subgrade reaction K 17277 kN/m*
Calculated value 0.44177 m*
3
Penetration length of SSP D L+ — 7.90 m
0. 442

Whole length of SSP L = 2.80—0.40+7.90 = 10.30 m

7-1-2 Seismic_Conditic

Modules of lateral subgrade reaction

Ki = 18182 kN/m*
Calculated value B

0.44744 m*

3
Penetration length of SSP D 1.43+ oA 8.13 m
Whole length of SSP L = 2.80—0.40+8.13 = 10.53 m

Therefore, whole length of SSP is set as 11.00 m in consideration of round unit of SSP length.

L_No.01_pp.28



8 Calculation Result

Case: Left Bank No. OL_STA 2+419 - 2+550

Normd condition |  Seismic condition
I nertia sectional moment 1 (em 56700
Section modulus Z (am) 2700
Maximum bending moment M (KN mVim) 159.70 214.73
Stress intensity o (N/mn?) 67 ( 180) 90 ( 270)
Lateral displacement 5 (mm) B ( 50.0) 005 (750
Penetration depth D (m 11.00 h "
Whole length of SSP L (m :

L_No.01_pp.29
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Case: Left Bank No. 02 STA_2+550 - 2+694 Case: Left Bank No. 02 STA_2+550 - 2+694
1Design Conditions
1-1 Longitudinal Section of SSP & Considered Geological Survey Log

Desth N-Value
Soil v o
o toxlm | agen) | enome

Sy
ol

— Steel Sheet Pile Design Calculation—

Left Bank No. 02 STA_2+550 - 2+694 : Lisad

Cayey | 1 0.0 L=
El
oy T o 00 | e
17,8 Soil
c e 0.0 a
il =
oy T o o0 o
O -~
o Clayey 16.0 | 0.0 10
El
1-2 Dimensions of Structure
Depth from coping top to riverbed H 2.80 m
Depth from coping top to rear side ground Ho 0.00 m
Depth from coping top to SSP top Hy 040 m
Landside WL Lya = 0.00 m (Norma Condition)
Lya = 0.00 m (Seismic Condition)
Riverside WL Lwp = 230 m (Norma Condition)
Ly = 1.80 m (Seismic Condition)

Imaginary riverbed calculated in consideration of geotechnical conditions

L_No.02_pp.1 L_No.02_pp.2
Soil
Case: Left Bank No. 02 STA_2+550 - 2+694 Case: Left Bank No. 02 STA_2+550 - 2+694
1-6 Vertical Load

1-3 Applied Formula
Vertical load on landside calculated in consideration of embankment shape on landside

Formula for generated stress Chang's formula ! ! ! i

Penetration depths L= 2 Vertical load on riverside not considered

B

f

1-4 Constant Numbers for Design 1-7 Sdil Modulus

Unit weight of water Y = 98 kN/m® i 7 c ¢ (degree) Kn(kN/)
9 T No| P soi N-vae ¢ 1oa |
" KN/M® | kN/m® KN/ normal | seismic | normal selsmic
Type of water pressure trapezoidal water pressure
5| 28| 8| 80 B 1BR|Fo| 83| 88| oxp| Mo | e
g X X ¥ aut t _ —
Lateral pressure calculated in consideration of site conditions 3 656 S| 30 1800 | 1000 | 27.0 00 00 | 0200 o :13 —_— —_—
4| 756| S| 100 | 1800| 1000 | 27.0 00 00| 0200 ato | ato | —— [ ——
- 5| 85| S| 20 | 1800| 1000 | 27.0 00 00| 0200 | ato | ato
Study case - Normal Condition 6| 956| C| 10 | 1600| 800| 00| 120| 00| 0200| ato | aio
- Seismic Condition 7| 16| C| 20 800 | 00| 120 00| 0200 | ato | aito
8| 1256 C| 30 | 1600| 800| 00| 180 00| 0200 ato | a0 | — [ ——
9| 135 | C| 30 800 | 00| 180 00| 0200 ato | ato | —— [ ——
Design earthquake intensity Kk = 0.200 10| 145 | C| 10 | 1600 800| 00 0 00| 0200 ato | a0 | — [ ——
11| 165 | C| 20 | 1600 800| 00 0 00| 0200 ato | a0 | — [ ——
1756 | C| 30 800 | 00| 180 00| 0200 ato | —— | ——
Dynamic water pressure due to earthquake 13| 2156 | C 40 16.00 800 | 00 24.0 00| 0200| arto auto _— _—
14| 2256| C| 50 | 1600 800| 00| 250 00| 0200 ato | a0 | —— [ ——
considered &s distributed |oad 15| 235 | C| 40 | 1600| 800| 00| 240| 00| 0200| ato | ato | — | —
Arbitrary load  Horizontal |oad 2 gg th ENS::;?(I: E&:ﬂ'#ﬁ:& Note) depth : from top of coping to bottom of thelayer  C, : soil adhesion
Depth of acting point H = 005m (Normal Condiition) soil : sandy(S), clayey(C), mixed (M) a : slopeof soil adhesion
H' = 024m (Seismic Condition) N-value : averageN-valuein thelayer k' . design seismic coefficient (underwater)
Moment Mm = 00 kN-m/m (Normal Condition) wet unit weight of soil ¢ : angleof active rupture
Mm' = 22 kN-m/m (Seismic Condition) saturated unit weight of soil kh :  modulus of subgrade reaction
Depth of acting point Hm' = 000 m (Seismic Condition) b internal friction angle of soil
Hm = 080 m (Normal Condition)
(‘Depth’ means distance from top of coping) Angle of wall friction
Angle of wall -
Wind load, Impact load not considered friction Normdl | Sdismic
ative 9.00° 900°
Minimum angle of rupture Zo= 10 degrees passive 20 | -800°
Rear side angle of slope not considered

Angle of rupture (clayey soil) ¢ =tan!

Equilibrium factor of compression K. = 0.50 (considered in Seismic Condition)

1-5 Lateral Foundation Modulus

Applied formula Ki = 6910 X N’ 0100
Average N-value calculated from average N-value between imaginary riverbed and depth as 1/p
N-value distribution

No| P | nvave| | No [ PP | N-vaive

(m) (m)

1| o0s0| & 1| 145 1

2| as%| 6 2| 1% 3

3| 9% 2 B| 175 3

4| 65| 3 | 215 2

50 75| 10 15| 25 5

6| 85| 2 6 | 235 1

70 e | 1

8| 15| 2

9| 25| 3

10| 135%| 3

1.10

L_No.02_pp3 L_No.02_pp.4



1-8 Embankment on Landside

Case: Left Bank No. 02 STA_2+550 - 2+694

Embankment shape and soil modulus

soso | 1% layer

Embankment | Wet unit |Interna friction| Cohesive
ol X-coordinate ol e e ohesive | angle of rupture
No
1 2 3 4 y o c
@ [ @ | | @ [ "M i) | deges | g | N | Sdsme
1 | Sandy soil 0.00| 0.00 10.00 10.00 011 180 300 0.0 auto auto
Surcharge load acting on embankment
Adting period Load
No from to Normal Seismic
m | m | k) | kNP
1 020 10.00 100 50

Angle of rapture in embankment

1-9 Stedl Sheet Pile (SSP)

Y oung’'s modulus E
Inertia sectional moment lo
Sectiona factor Z, =
Corrosion margin 4y =
Corrosion rate (to lg) n o=
Corrosion rate (to Zo) n o=
Section efficiency (to lo) [T
Section efficiency (to Zg) noo=
Round unit of SSP length
Allowable stress Ga

og
Allowable displacement 8q

LN

Bending of cantilever beam

Reduction of material modulus

2-1-3 Acting Load by Embankment

No| 7 A 7XA
(kN/nP) () (KN/m)
1| 180 021 378
3 378

7 : unit weight of embankment soil

celculated in consideration of embankment conditions

200000 N/mm?
56700 cm*
2700 cm®

1.00 mm (riverside) t, = 1.00mm (landside)
0.88

0.88

0.80

1.00

050 m

180 N/mm  (Normal)
270 N/mm  (Seismic)

50.0mm (Normal)
75.0mm (Seismic)

calculated as distributed load of each layer

Reduced: |, applied to calculation of lateral coefficient of subgrade reaction

Not reduced: |, applied to calculation of penetration depth
Reduced: |, applied to calculation of section forces and displacement
Reduced: Zo applied to calculation of stresses

L_No.02_pp5

Case: Left Bank No. 02 STA_2+550 - 2+694

A : sectional area of embankment enclosed by line of active rupture

2-1-4 Acting Load by Surcharge Load

No| @ | QX1
(kN/nT) (m) (kN/m)
1| 100 174 17.43
3 17.43

Q: surcharge load
I': width of

surcharge load set by line of active rupture

2-1-5 Calculation of Total Acting Load

Q =
L

3.78 + 17.43 + 0.00
1.88

= 11.29 kN/u*

2-2 Earthquake Condition

T(yXA)+Z(QXx1)

+3 P

2-2-1 Angle of Active Rupture

2. 80 ¥ layer

- Ange of
b 5 c =rh Q whw Kk 0

No|  Depth (m) Soil (deyres) | (degres) | (kNin?) | (ki) | (ki) | (i) | (k) | (degres) Z';‘g;)

1| 280~ 000 | saysal | 270 | 90| 00| 2800 683 | 27.44 | 020| 13| wm

2 Embarkrent | 300 | — | 00| 18| 500 o000 | 0200] 1131 4060

L_No.02_pp.7
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Case: Left Bank No.

2 Calculation of Acting Load
2-1Normal _Condition

02 STA_2+550 - 2+694

Voo o

s wo | Tflayer
2-1-1 Angle of Active Rupture
Ange of
$ 5 c sh Q whw
No| Detn (m S| (dayee) | cegres) | (o) | )| i) | i) |, B
1 2.80~ 0.00 Sandy Soil 270 90 00| 2800 1129 2744 56.13
2 Embankment 300 —_— 00 198| 1000 0.00 60.00

+ Angle of active rupture of sandy soil

—sin(¢+6)H,

£=90 — tan®
- o cos(6+0)

+ Angle of active rupture of clayey soil

3y h+2

¢ =tan’! an 0

Angle of active rupture of clayey soil ¢ is set as 45° since 6 = 0°

Where,

angle of active rupture (degree, £ > 10.00°)
internal friction angle (degree)

wall friction angle (degree)

earthquake combination angle (degree)

0 =tan’k or 0 = tan’k'

D oo

thickness of layer (m)
surcharge load (kN/m?)
cohesive force of soil (kN/m?)

00 ==

2-1-2 Coordinates of Line of Active Rupture

Angle of | Thickness|  Coordinde of Coordindte of
No| Tptue | of layer lower_end upper_end
¢ z
ceged | m | XM | Y@ | x@ | Ym

1| 5613 280 0.00 0.00 188 280

2| 60.00 011 188 280 194 291

Therefore, width of acting load shall be set as 1.88 m
L_N0.02_pp.6

unit weight of soil (kN/m?) (ascending force considered under WL)

Case: Left Bank No. 02 STA_2+550 - 2+694

+ Angle of active rupture of sandy soil

sin(¢+6)+
=90

tan’! -
o cos(6+0)

Where,

angle of active rupture (degree, £ > 10.00°)
internal friction angle (degree)

wall friction angle (degree)

earthquake combination angle (degree)
0=tan’k or 0 = tank'

© %o u

thickness of layer (m)
surcharge load (kN/mf)
cohesive force of soil (kN/m?)

00 =

2-2-2 Coordinates of Line of Active Rupture

Angleof [Thicknesy  Coordirete of Coordinate of
No | Tupture | of layer lower end upper end
¢ z
(deg;) m | X | Y | xm | ym

1| 4393 280 0.00 0.00 291 280

2| 4960 | o011 291| 280 300| 291
Therefore, width of acting load shall be set as 2.91 m

2-2-3 Acting Load by Embankment

¥ A yXA
No | ) | (o (kim)

1| 180 03 585
B 585

¥ : unit weight of embankment soi

|
A : sectiona area of embankment enclosed by line of active rupture

2-2-4 Acting Load by Surcharge Load

Q | QX1
No | niny | (m) (KN/m)
1| 50 280 1400
z 1400

Q: surcharge load
I': width of surcharge load set by line of active rupture

2-2-5 Calculation of Total Acting Load

T (y XA+ (QX1)+EP
L

Q=

5.85 + 14.00 + 0.00
2.91

= 6.83 kN/m*

L_N0.02_pp.8

unit weight of soil (kN/m?) (ascending force considered under WL)



Case: Left Bank No. 02 STA_2+550 - 2+694 Case: Left Bank No. 02 STA_2+550 - 2+694

3 Lateral Pressure Depth il Y o cm2 Z;/m"?za a Ka
. m) kN/m’) | (degree) | kN/ KN/ X 008
3-1Normal Con ) (kv | Geres ¢ )
. ze 15| 1756~ | Clayey 80| — 240 168.887
- 2156 | wil 240 200,887
2. 30 16| 2156~ | Clayey 80| — 250 200887 —— | ——
2256 | il %0 208887 —— | —
o i o ase| g
o s | 1 layer 17| 256~ | Claey | 80| — 20| 208887
2356 | il 240 216887 —— | ——
o0 100 | 2%layer Coefficient of active earth pressure of sandy soil Ka is calculated by the formula below;
o] oo Slayer 5=9.00, p= 000, 6= 0.00
cos’(¢-0)
1. 00 100 | 4"layer K. = S
1 sin(¢+8) +sin(¢-B-6)
ool 10| S layer cos 0+ cos(§+0) - [H —_—
cos(8+6) * cos(-B)
1.00 oo | 6" layer
. n 3-1-2 Soil Modulus of Passive Side
2 00| 200 | Miayer
Residual water pressure
Depth ¥ o c =y Kp
(m) SOl (ki) | (degree) | kN ) | KP xcosd
3-1-1 Soil_ Modulus of Active Side 3| 280~ | Sady | 100 | 270 — 0000 | 348553| 344261
456 | il — 17.600 | 348553 | 344261
Depth 5 b c Syh+Qa Ka
™ Soil | i) | (degres) | KN/ | (eNi) Ka X 0S5 4| as6~ | sady | 100 270 — 17.600 | 348553 | 344261
556 | il — 27600 | 348553| 344261
1| 000~ | Sady [ 100 270 | — 11.287| 034800 | 034371
230 | il — 34287 034800 | 0.34371 5| 556~ | Sady | 100 | 270 — 27600 | 348553| 344261
656 | sl — 37,600 | 348553 | 344261
2| 230~ | Sady | 100| 270 34287 [ 034800 | 0.34371
280 | il — 39287 | 034800 | 0.34371 6| 656~ | Sandy | 100 | 270 37.600 | 348553 | 3.44261
7.56 | soil — 47600 | 348553 | 344261
3| 280~ | Sady [ 100 270 | — 39287 | 034800 | 0.34371
456 | il — 56887 | 034800 | 0.34371 7| 756~ | sady | 100 270 — 47.600 | 348553 | 3.44261
856 | il — 57600 | 348553| 344261
4| 4s6~ | Sady | 100 270 56887 | 034800 | 0.34371
556 | il — 66887 | 034800 | 0.34371 8| 856~ | Clayey 80| 00 120 57.600
956 | il 120 8560 | — | ——
5| 556~ | Sady [ 100 | 270 | — 66887 | 034800 | 0.34371
656 | il — 76887 | 034800 | 0.34371 9| 956~ | Clayey 80| 00 120 65600 | —— | ——
1156 | soil 120 81600
6| 656~ | Sady [ 100 270 | — 76887 | 034800 | 0.34371
756 | il — 86,887 | 034800 | 0.34371 10| 1156~ | Clayey 80| 00 180 81600 | —— | ——
1256 | il 180 89600 | —— | ——
7| 756~ | sady | 100 270 | — 86887 | 034800 | 0.34371
856 | il — 96887 | 034800 | 0.34371 11| 1256~ | Clayey 80| 00 180 89600 | —— | ——
1356 | sl 180 97600 | — | ——
8| 856~ | Clayey 80| — 120 %6887 [ —— | ——
956 | sl 120 104887 [ —— | —— 12| 1356~ | Clayey 80| 00 120 97600 | —— | ——
1456 | il 120 105600 | —— | ——
9| 956~ | Clayey 80| — 120 104887 [ —— | ——
1156 | sl 120 120887 | —— | —— 13| 1456~ | Clayey 80| 00 120 10560 | — | ——
1656 | il 120 121600 | —— | ——
10| 1156~ | Clayey 80| — 180 120887 [ —— | ——
1256 | il 180 128887 —— | —— 14| 1656~ | Clayey 80| 00 180 121600 | —— | ——
1756 | soil 180 12960 | — | ——
11| 1256~ | Clayey 80| — 180 128887 —— | ——
1356 | il 180 136887 | —— | —— 15| 17.56~ | Clayey 80| 00 240 12060 | — | ——
2156 | il 240 161600 | —— | ——
12| 1356~ | Clayey 80| — 120 136887 [ —— | ——
1456 | sl 120 144887 —— | — 16| 2156~ | Clayey 80| 00 250 161600 | — | ——
2256 | il %0 169600 | — | ——
13| 1456~ | Clayey 80| — 120 144887 —— | ——
1656 | il 120 160887 | —— | —— 17| 2256~ | Clayey 80| 00 240 169.600
2356 | il 240 177600 | —— —_—
14| 1656~ | Clayey 80| — 180 160887 [ —— | ——
1756 | il 180 168887 —— | ——
L_No.02_pp.9 L_No.02_pp.10
Case: Left Bank No. 02 STA_2+550 - 2+694 Case: Left Bank No. 02 STA_2+550 - 2+694
Coefficient of active earth pressure of sandy soil Ka is calculated by the formula below; - Fomula for active earth pressure Q
§=-9.00, B = 0.00, 6= 000 R Sandysoil  Pu=K,+[Zyh + ——— J-cosd
B cos?($-0) cos (-B)
K, = S Clayey ol  Pu=3y htQ-2C
N sin(¢+6) +sin(¢-5-0) Puo=K. (Xy h+Q)
cos @ +cos(§+0) -+ |1+ T eos(5+0) -cosB) K. : Equilibrium coefficient of compression: 0.5

Larger of Pal or Pa2 is applied as active earth pressure (Pa)

3-1-3 Lateral Pressure Mixedsoil  Po=[ Ki(2y h+Q)-2 CA/K. ]+ cos§
Residua . - Formula for passive earth pressure
! Passive
Active side water
Depth pressre | 5% Q
™ Sandy soil =K, [Zyh + ——— ]:cosé
Pal P2 Pa Pw Pp ) cos(-B)
KN/m? KN/m? | KN/ KN/m? KN/m? Clayey soil  P,=2y h+Q+2C
1| 000~ 388 —— 388 000 | —— Mixedsoil ~ P,=[ K.(Xy h+Q)+2 CA/K; ] * cosd
230 1179| —— 1079 254 | ——
2| 230~ 79| — 1| 25 | ——
280 | 1350 | —— 1350 2254 | ——
O % | BB —— | BE BU| &8 3-2 Seismic Condition
4| ase~ 1955 [ —— 1955 2254 6059
556 | 2290 | —— 29| 25 95.02 TR
5| 556~ 29 | —— 2%| 254 9502 {
656 | 2643 2643 254 | 12044 Lso
6| 656~ 2643 | —— 2643 2254 | 120. M v EER
756 | 2986 | —— 2985 2254 | 16387 L L Llaver
7] 756~ 2986 2085 2254 | 16387
85 | 3330 38| 2254 | 19829
8| 856~ 7289 | 4844 | 72 254 8160 [ oo 00| 2layer
056 | 8089 | 5244 | 8089| 2254 8960 L
9| 956~ 8089 | 5244 | 8089| 2254 60 vool oo 3layer
1156 | 9689 | 6044 | 9689| 2254 | 10560 ml o
10| 1156~ 8489 | 6044 | 84 254 | 117.60 H
1256 | 9289 | 6444 254 | 12560 S Y
11 1256~ 9289 | 6444 254 | 12560 [ oo 00| 6"layer
1356 | 10089 | 6844 254 L
12| 1356~ 11289 | 6844 254 | 12160 ”
1456 | 12089 | 7244 2254 | 12960 200|200 | 7ayer
13| 1456~ 12089 | 7244 2254 | 12960 D = o
1656 | 136.89 8044 2254 14560 Passive earth pressire Adtive earth pressure Residual water pressure
14 1656~ 12489 | 8044 254 | 157.60
17.56 13289 84.44 254 16560 3-2-1 Sail Modulus of Active Side
15[ 17.56~ 12089 | 8444 254 | 177.60
o mw ma| ESl BE | B O | it |t o et | S | it [oaven| @ | 2 [
2156~ . ) ] ] "
5~ | 19080 oo | sl zet | 2160 (m) (KN/M) | (degres) | KN/ | (kN/) | (kNm)| (k) | (degree) xcos> | (degree)
17| 2256~ 16089 | 10444 | 16089| 2254 | 217.60 1| 000~ | Sandy | 100 | 270 | — 683 | 000 | 0200| 1131 | 050574 | 049951 | —
2356 | 16880 | 10844 | 16889| 2254 | 22560 180 soil — 2483 | 1764 | 0200 | 1131 | 050574 | 049951 | —
2| 180~ | Sady | 100| 270 | — 2483 | 1764 | 0200 | 1131 | 050574 | 049951 | —
280 soil — 3483 | 2744 | 0200 | 1131 | 050574 | 049951 | —
3| 280~ | Sandy | 100| 270 | — 3483 | 2744 | 0200 | 1131 | 050574 | 049951 | —
456 | soil — 5243 | 2469 | 0200 | 1131 | 050574 | 049951 | —
4| 456~ | sady| 100| 27.0 5243 | 4469 | 0200 | 1131 | 050574 | 049951 | —
556 Soil — 6243 | 5449 | 0200 | 1131 | 050574 | 049951 | —
5| 556~ | Sady | 100 | 270 | — 6243 | 5449 | 0200 | 1131 | 050574 | 049951 | —
656 Soil — 7243 | 6429 | 0200 | 1131 | 050574 | 049951 | —
6| 656~ | Sandy | 100 | 27.0 7243 | 6429 | 0200 | 1131 | 050574 | 049951 | —
756 | Soil — €43 | 7400 | 0200 | 1131 | 050574 | 049951 | —
7| 756~ | sady | 100| 270 | — 8243 | 7409 | 0200 | 1131 | 050574 | 049951 | —
856 | ol — 9243 | 8389 | 0200 | 1131 | 050574 | 049951 | —
8| 856~ | Clayey| 80| — | 120 9243 | 8389 | 0200| 1131 — | —— | 2258
1.12 956 | Soil 120| 10043 | 9369 | 0200 | 1131 | —— | —— | 1805

L_No.02 pp.11 L_No.02 pp.12



Case: Left Bank No. 02 STA_2+550 - 2+694 Case: Left Bank No. 02 STA_2+550 - 2+694

Depth y ) c | s | whw | Kk 0 Ka 0 Depth : y ) c z;/h%p wiw |k 0 Kp
m | P o) | degred) [ kNP | (kNP | (NmB| (<) [(dere | KB | xcoss | (degree) @ || o) | cegred | ki | i) | )| (k)| ey | K| xoo
9| 956~ |Clayey | 80| — | 120| 10043 | 9369 | 0200| 1131 1805 12| 1356~ | Claey | 800| 00 | 120 97600 | 10545 | 0200 | 1131
1156 | soil 120 | 11643 | 11329 | 0200 | 1131 1000 1456 | il 120 | 105600 | 11525 0200 | 1L3L
10| 1156~ |Clayey | 80| — | 180| 11643 | 11329 | 0200 | 1131 | —— | —— | 2031 13| 1456~ |Claey | 800| 00 | 120| 105600 | 11525 0200 | 1131 | —— | ——
1256 | Soil 180 | 12443 | 12309 | 0200 | 1131 —— | —— | 2749 165 il 120 | 121600 | 13485 0200 | 1L3L
11| 1256~ |Clayey | 80| — | 180| 12443 | 12300 | 0200 | 1131 27.49 14| 165~ |Clajy | 800| 00 | 180| 121600 | 13485 0200 | 1131
1356 | Soil 180 | 13043 | 13289 | 0200| 1131 —— | —— | 54 1756 | sl 180 | 120600 | 14465 0200 | W3l | — | —
12| 1356~ |Clayey | 80| — | 120| 13243 | 13289 | 0200 | 1131 —— | —— | 1000 15| 1756~ | Clajey | 800| 00 | 240| 129600 | 14465 0200 | 1131
1456 | soil 120 | 14043 | 14269 | 0200 | 1131 —— | —— | 1000 2156 | il 240| 161600 | 18385 0200 | 1131
13| 1456~ |Clayey | 80| — | 120| 14043 | 14269 | 0200 | 1131 — | —— | 1000 16| 2156~ |Claey | 800| 00 | 250| 161600 | 18385 0200 | 1131 | —— | ——
1656 | Soil 120 | 15643 | 16220 | 0200 | 1131 —— | —— | 1000 2256 | sil 250 | 160600 | 19365 0200 | 13| — | —
14| 1656~ |Clayey | 80| — | 180| 15643 | 16229 | 0200 | 1131 — | —— | 169 17| 2256~ | Clajey | 800| 00 | 240| 169600 | 19365 0200 | 1131
1756 | oil 180 | 16443 | 17209 | 0200 | 1131 | — | —— | 1283 235 il 240| 177600 | 20345 0200 | 13| — | ——
56~ | Cl. . — X . X . . _— _— 3 - N . .
5 175261_56 ;{fy 80 %3,8 %%ﬁ %ﬁ% 8,% ﬂ%% P _ %‘é‘% Coefficient of passive earth pressure of sandy soil Kp is calculated by the formula below;
‘ 5=-900. p= 0.00. 0= tan'k
16| 2156~ |Clayey | 80| — | 250| 19643 | 21129 | 0200 | 1131 — | —— | 2338 20—
2256 | Soil 250 20443 | 22109 | 0200 | 1131 | —— | —— | 2149 K, = cos*(¢-0)
17| 2256~ | Clayey | 80| — | 240| 20443 | 22000 | 0200 | 1131 —— | —— | 1009 _ _ [ sin(6-0) - sin(o+B-0)
P — cosf +cos(6-0)+ |1
256 | soil 240| 21243 | 23089 | 0200 1131 1638 w0s(5-0) - cos(-§)
Coefficient of active earth pressure of sandy soil Ka is calculated by the formula below; 3-2-3 Laterd Pressure
8=9.00, p= 000, 6 = 0.00 , Resdud [ oo oo
K — cos’(¢-0) Active side water Sde
.= Ty 0 No| Depth pressure
sin( ¢+ in(eg-B- (m)
cose'c,os(ﬁ‘rﬂ)'[l‘r —_— ™ Pal Pa2 Pa Pw Pp
cos(8+6) « cos(-B) kN/m? KN/m? | kNP | KN/ kN/m?
Angle between surface of collapse and level surface of clayey soil { is calculated by the formula below; 1| 000~ 341 | —— 341 000 | ——
180 | 1240 1240 | 1764 | ——
2| 180~ 1240 | —— 1240 1764
280| 1740 —— 1740 1764 | ——
; o« 3| 280~ 1740 | —— 1740 | 1764 000
3-2-2 Soil Modulus of Pessive Side 456 2619 | —— 26.19 1764 50.62
Depth , i c ap | whw |k o Kp 4 456~ 2619 2619 1764 | 5062
m | 1| ki) | (degres) | ki | (kN N () | degrey|  KP X oo 5% | 818 SL18| we| B
5| 556~ 318 | —— 3118 1764 | 7938
3| 280~ | sady | 1000 | 270 0000 | 000| 0200| 1131 | 291211 287626
256 | wil 17600 | 17.25 | 0200 | 1131 | 201211 | 287626 656 | 3618 3618 | 1764| 10815
6 656~ 3618 3618 1764 | 10815
4| 456~ | Sady | 1000| 270 | — 17600 | 17.25 | 0200 | 1131 | 291211 | 287626
556 | il p— 27600 | 27.05| 0200 | 1131 | 291211 | 287626 7.56 a1 417 1764 | 13691
5| 556~ | Sady | 1000 | 270 27600 | 27.05| 0200 | 1131 | 291211 | 287626 7| 786 4117 a7 1764 | 13691
656 | il — 37600 | 3685| 0200 | 1131 | 291211 | 287626 856 6. 817 1764 | 16567
6| 656~ | Sady | 1000| 270 | — 37.600 | 3685 | 0200 | 1131 | 291211 | 287626 8| 856~ | l03o4| 4621| 10304 1764 )| 8160
756 | il — 27600 | 4665 | 0200 | 1131 | 291211 | 287626 956 | 1213 | 02| 13| ik | 8980
9 956~ | 12133 | 5021| 12133 1764 | 8960
7| 756~ | sady | 1000 | 270 47600 | 4665 | 0200 | 1131 | 291211 | 287626
856 | il 57600 | 5645 | 0200 | 1131 | 291211 | 287626 186 | 17832 5821 | 1783 1764 | 10560
8| s~ | 80| 00 | 120 57600 | 5645 | 0200 | 131 | — | — 10 156~ Usma| 21| 17| 1764|1760
956 | 120 85600 | 6625 | 0200 | 1131 — 125 | 1820 G21] 12820 1764 | 1560
9| os6~ |Claey| 80| 00 | 120 65600 | 6625 | 0200| 1131 — | —— 1| 1256~ lsx| 2| 1282 1764| 12560
1156 | soil 20 81600 | 585 0200 | 13| — | — 135 | WL &2 | WL 1764 13360
12 1386~ | 21247 | 6621 | 21247 1764 | 12160
10| 1156~ | Cl 800| 00 | 180 81600 | 8585 | 0200 | 131 | — | —
Toss | o’ 80 a0 | 882 0| o 456 | 220954 | 7021 | 2954 1764 | 12960
1| 1256~ | Cl 80| 00 | 180 80600 | 9565 | 0200 | 1131 — | —— 13) 1486~ | 2208 | 7021|2954 1764 12060
Tass | o 180 o7.600 | 10545 | 0200 | 1131 | — | —— 1656 | 26369 7821 | 26369 1764 | 14560
L_No.02_pp.13 L_N0.02_pp.14
Case: Left Bank No. 02 STA_2+550 - 2+694 Case: Left Bank No. 02 STA_2+550 - 2+694
Residud
Active side water Pa";'e
No| Depth pressure | S
(m) Pal P2 Pa v Pp Where,
KNP | KN | KNP | kN | ki kne: design seismic coefficient
14| 16.56~ 19450 7821 19450 1764 157.60 7w © Unit weight of water
1756 | 22801 8221 | 22801 1764 | 16560 H : water depth of riverside
15| 1756~ 16819 221 | 16819 1764 | 17760 y : depth from water surface to the point where active water pressure is calculated
2156 | 22611 9821 | 22611 | 1764 | 20960
16| 2156~ 21866 | 9821 | 21866 | 1764 | 21160 il
256 | 23494 10221 | 23494 | 1764 | 21960 o
17| 2256~ 22492 | 1221 | 204% | 1764 | 21760
2356 | 26825 | 10621 | 26825 | 1764 | 22560 ==
Y
- Formula for active earth pressure = +
Q
Sandy soil  Pu=K.-[Xyh + ———— ]-cosé
cos (-B)
Clayey soil Xy htQ-2C
c (Zyh+Q)
K. : Equilibrium coefficient of compression: 0.5
Larger of Pal or Pa2 is applied as active earth pressure (Pa)

Mixedsoil  P.,=[ K.(Xy h+Q)-2Ca/K. ]+ cosd

- Formula for passive earth pressure

Q
Sandy soil  Py=K; [Zyh + ———— J-cosd
cos(-f)
Clayey soil  P,= Xy h+Q+2C

Mixedsoil P =[ K;(Xy h+Q)+2 CA/K,; ] - cosd

3-2-4 Dynamic Water Pressure due to Earthquake

Depth | WL | pa
No| z y
(m m | NP

1 180 0.00 0.00
2 280 100 172
7

paw = £ s ket ywa/Hey
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Case: Left Bank No. 02 STA_2+550 - 2+694

4 Imaginary Riverbed

Imaginary ground level Lk is calculated as the elevation level that the sum of active earth pressure and
residual water pressure are balanced with passive earth pressure.

4-1 Normal_Condition

1.56| 1% layer
s b do L
o.50
2. s 4604 L
{o. 04 bz 50l L
Pasdve earth Active earth Residual water pressure Total of lateral pressure
pressre pressure
Depth Pa Pw P Ps
(m) KN/ KN/m? KN/m? KN/n?
1| 000~ 388 000 | —— 388
230 17 254 | —— 3433
2| 230~ 1.79 250 | —— 3433
280 1350 254 | — 3604
3| 280~ 1350 2254 000 3604
39 1750 2254 40.04 000
396~ 17.50 2254 2004 000
456 1955 2254 6050 | -1850

P, : Active earth pressure

P, : Residual water pressure

P, : Passive earth pressure

Ps : Lateral pressure Ps= P+ R, - P,

Imaginary riverbed L,: 1.16 m (GL -3.96 m)

L_No.02 pp.17

Case: Left Bank No. 02 STA_2+550 - 2+694

5Modulus of Lateral Subgrade Reaction

5-1 Formula for Modulus of Lateral Subgrade Reaction

Modulus of lateral subgrade reaction is calculated on the average N-value from imaginary riverbed to 1/3
depth. The modules are calculated by the formula below;

K, = 6910X N’ 0406

where,
B= 4
Unit width B = 1.0000m
Corrosion margin t; = 1.00 mm (active side) t, = 1.00 mm (passiveside)
Corrosion rate n = 088
Section efficiency p = 080
Young's modulus E = 200000 N/mm*
Inertia sectional moment ly, = 56700 cm*(original condition)
| = 39917 cm'(after reduction by corrosion and section)
Inertia sectional moment El = 200000 x 10°x 39917 x 10° = 7.983 x 10*
Depth | . Depth | .
oy | \vae | Nvave

1| os0| 6 11| 1456 1

2| 45| 6 12| 1656 2

3| 55| 2 1756 3

4| 65| 3 1) 2156 | 4

5| 75| 10 2256 5

6| 85| 2 2356 | 4

7| 95 1

8| 15| 2

9| 25| 3

10| 135 | 3

5-2 Normal Condition

Ky = 12177 kN/m®is set tentatively.

Therefore, average N-value is calculated on the actual N-value from imaginary riverbed (GL -3.96 m) to
226 m depth (GL -6.23 m).

Depth | Thickness|  N-value Area
z h h
() (M) | upper | lower
1| 39%| o060 | 60| 60 358
2| 25| 100 | 60| 20| 400
3 067 27
L =sh = 226 SA = 914

A: (upper N-value + lower N-value) X h2

L_No.02 pp.19
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Case: Left Bank No. 02 STA_2+550 - 2+694

4-2 Seismic_Condition

4 56| 1% layer
1ar
Passve eath Active earth Residual water pressure Total of laterdl pressure
pressure pressre
Depth Pa Pw P Ps
(m) KNP | KNP | kNI KN/
1| 000~ 341 000 | —— 341
180 12.40 1764 | —— 3004
2| 180~ 12.40 1764 | —— 2004
280 17.40 1764 | —— 304
3| 280~ 17.40 17.64 000 B0
421 2476 1764 4240 000
4| 427~ 2476 17.64 4240 000
456 2619 1764 5062 6.79

P, : Active earth pressure

P, : Residual water pressure

P, : Passive earth pressure

P : Lateral pressure P, = P+ P, - P,

Imaginary riverbed Ly: 1.47 m (GL -4.27 m)

2layer

L_No.02 pp.18

Case: Left Bank No. 02 STA_2+550 - 2+694

AverageN-value N’' = ——

= 4.04

Calculated Kh is equal to tentative one, so modulus of lateral subgrade reaction (normal condition)
is set definitely as following:

Ky = 6910X N’ 1% = 6910 X 4. 044 = 12177 kN/m*

Kh (normal condition) = 12177 kN/m®

5-3 Seismic_Condition

Ky = 11614 kN/m® is set tentatively.

Therefore, average N-value is calculated on the actual N-value from imaginary riverbed (GL -4.27 m) and
229 m depth (GL -6.56 m).

Depth | Thickness| N-vaue Area
z ()
(m) (m) | upper lower
1 427 029 6.0 6.0 171
2 456 100 6.0 20 4.00
3 556 100 20 30 250
4 6.56 0.00 30 30 0.01
L =Zh = 229 A = 823

A: (upper N-value + lower N-value) X h/2

AverageN-value N’'= ——

Calculated Kh is equal to tentative one, so modulus of lateral subgrade reaction (normal condition)
is set definitely as following:

Ki = 6910X N’ 1% = 6910X3.59"1% = 11614 kN/m"

Kh (séismic condition) = 11614 kN/m*
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Case: Left Bank No. 02 STA_2+550 - 2+694 Case: Left Bank No. 02 STA_2+550 - 2+694

6 Sectional Forces and Displacement Arbitrary load lateral load P, 3.9 kN/m
depth to acti it H, 0.24
Chang's formula is applied to calculate stress, displacement and penetration depth of SSP. n;ﬁm.no 119 postion M‘m = 22 LnNAm/m
" . " depth to acting position Hp 080 m
- ) g . "
6-1 Calculation of Resultant Lateral Force Py & Acting Elevation hy Height from riverbed to top of coping H 280 m
6-1-1 Normal Condition Depth of Imaginary riverbed from riverbed Lk = 147Tm

3 Totd of Moment M, by arbitrary load is as below
D;:rth Thc::nss tord force Lt;a:i Arm\\(er\gth MomemM Mc=Pe(H + L — H) + Moy = 17.93 KN-m
Ps
(m) (m) (kN) (m) KN'-m) .
(kN/mP) (k-m Dynamic water pressure
1| 000~ 230 388 446 320 1426
230 Zk <] 3947 28| %81 No| Depth | Thickness|PYMamic water |\ ooy | Arm length | Moment
z h p"ﬁ“ Pay Y Ma
2| 230~ 050 34.33 858 150 1284 KN KkN-
280 3604 901 13| 1198 (m) ™ (knN/m) ™ (e
1| 180~ 100 00 000 214 000
3| 280~ 116 36.04 2096 078 1625 280 17 086 181 155
39% 0.00 000 039 000
SPaw = 086 IMaw = 155
SP = 8249 M = 15125
hy, Height of acting position of P, from imaginary riverbed
P; : active earth pressure + residual water pressure - passive earth pressure .
P :load P;x h2 x B e — )-\.VH’.V[#’
B : unit width = 1.000 m PP
Y : height of acting position from imaginary riverbed =218 m
M : moment by load P x Y
Arbitrary load lateral load P, = 04kN/m 6-2 Sectional Force
depth to acti it H, = -0.05 : . - " . :
<Pih fo acting position - _ mn Corrosion rate and section efficiency for calculation of sectional forces and displacements are set as
moment Mm = 0.0 kN-m/m followings:
depth to acting position H, = 0.00 m
Height from riverbed to top of coping H = 280 m -
) ) ! - Unit width B = 10000m
Depth of Imaginary riverbed from riverbed Le = 116m Corrosion margin = 1.00 mm (active side)  t,= 1.00 mm (passive side)
. . Corrosion rate n = 088
Moment M, by arbitrary load is as below Section efficiency L = 080
M= Pe(H + L = H) + My, = 161 kN-m Young's modulus E = 200000 N/mm®
hy, Height of acting position of P, from imaginary riverbed Inertia sectional moment lo = 56700 cm’ (original condition)
§ | = 39917 cm® (after reduction by corrosion and section)
b — _ _IMiM El = 200000 x 10°x 39917 x 10° = 7.983x10°
P SP+P
152. 86
= = L8 m
82.89
Ky B
6-1-2 Seismic_Condition B =4 1EI
Depth | Thickness | Lateral load Load |Armlength| Moment
z h Ps P Y M (1+2Bh)*1 (-tan” 1 )
b = ——————— exp(-tan! ————
(m) (m (KN/MY?) kN (m) (kN-m) ¢ 28 ho P 1528 hy
1| 000~ 180 341 307 367 1128
180 3004 27.04 307 | 8312 M = Mo* ¢
2| 180~ 100 3004 1502 214 | 3216 1 1
280 3504 1752 181 | 3167 ln = — Xtan’
1+2 8 ho
280~ 147 3504 2583 098 | 2538
427 0.00 0.00 049 000 1+8 ho
i = — Xtan?
P = 8347 M = 18360 B B ho
P
P, : active earth pressure + residual water pressure - passive earth pressure Mo = TU X exp® (B ho rcosBx + (1+8 ho)sinfx)
P :load P, x h2x B
B : unit width = 1.000 m
Y : height of acting position from imaginary riverbed
M : moment by load P x Y
L_No.02_pp.21 L_No.02_pp.22
Case: Left Bank No. 02 STA_2+550 - 2+694 Case: Left Bank No. 02 STA_2+550 - 2+694
6-2-1 Normal_Condition
Y : Height from imaginary riverbed to acting position
modulus of lateral subgrade reaction Kh = 12177 kN/m® Y
calculated value B = 044190 m* a oL
resultant earth force (lateral) Py = 82.89 kN/m (3 ,‘a) X a?
height of acting position of load hy = 184 m e i l=s —
it M = .
moment o 152.86 kN-m/m Q :{xXP
P : Latera force
in consideration of y,, =1.200, B I : Depthto design position
maximum moment Mmac = 18348 kN-m/m L : Depth from design position to imaginary ground
depth of generated position of My Im = 082 m
depth of 1% fixed point I = 2600 m
6-2-2 Seismic_Condition
Displacement
modulus of lateral subgrade reaction Ky = 11614 kN/m® 5. 8, 8,
calculated value B = 043670 m?
resultant earth force (lateral) Po = 93.23 kN/m
height of acting position of load hy = 218 m
moment Mo = 20309 kN-m/m
in consideration of y,, =1.158, Design position
maximum moment Mmax = 23517 kN-m/m
depth of generated position of Mz ™ = 0760 m .
depth of 1% fixed point I = 2558 m Imaginary ground
6-3 Stress Intensity
Corrosion rate and section efficiency for check of stresses intensity are set as followings: ]
Corrosion margin t; = 100mm (activeside) t,=1.00 mm (passive side)
Corrosion rate n = 088 (148 ho) X Po
Section efficiency n = 100 81 = '7
Module of section ~ Z, = 2700 cm’ (original condition) 2ELB
Z = 2376 cm’ (after reduction by corrosion and section) 7 (140, 4419 % 1. 84) X 82. 89 o o
C 2 X2.00X10°X39917X 107X 0. 4410° "
6-3-1 Normal_Condition
(1+28h)XPo
o= X (H+L)
Mass 183. 48X 10° SNE
= = - 2220 o - /i
o 7 e 77 N/t = o, = 180 N/m (ok) o
= X (2.80+1.16) = 0.02771 m
99175 100 4419*
6-3-2 Seismic_condition
5 QX (H+LY?
) E1
Mo 235. 17X 10°
= == = = g9 N/ . = 270 N/mn 0K; 32 (2 6)
2.00X 108X 39917 X 10
6-4 Displacement
6-4-1 Normal Condition Additional displacement 35’ generated by horizontal load (P) and moment (M) acting at top of SSP

considered.
Modules of deformation

. PL? ML®
Depth | Y o 3 P Q © 3E1 21
(m) (m) (kN) (kN)
1| 000~ 320| 0807 | 0238 446 1061 35 is calculated as 0.00011 m in consideration of following values:
230 243 | 0613 | 0150 39.47 5903 Height from imaginary riverbed to top of SSP: L = 3.96 m
Horizontal load: P = 0.40
2| 230~ 150 | 0378 | 0062 858 | 0535 ©M =
280| 13| 033% | 0050 901 | 0451 Moment: M = 0.02
3| 280~ 078 | 019 | 0018 209 | 0375 8 =08+ 5 + 8
3% | 03] 00%] 0005 000 | 0000 = 0.01092+0.02771+0.00660
— = 0.04522 m
=83 1.15 = 4522 = sa= 5000 mm (k)
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Case: Left Bank No. 02 STA_2+550 - 2+694

Where,
Displacement at imaginary ground
Displacement by angle of inclination slope at imaginary ground
Displacement at higher part of imaginary ground as cantilever
Displacement at top of SSP
Allowable displacement

6-4-2 Seismic_Condition

Modulus of deformation

Depth Y . P Q

(m) (m) “ N (N (N
1| 0.00~ 367 0860 | 0.264 307 0.809
1.80 307 0.719 0.197 27.04 5317
2| 180~ 214 0.501 0.105 15.02 1570
280 181 0423 | 0.077 1752 1.346
280~ 0.98 0230 | 0.024 25.83 0.630
427 0.49 0115 | 0.006 0.00 0.000

IQ = 9672

Y : Height from imaginary riverbed to acting position
Y

a a=
H+ L
(3—a)xa’
& = —
6
Q :LxXP
P Latera force
H : Depth to design position
Ly : Depth from design position to imaginary ground

Dynamic water pressure due to earthquake is added to modulus of deformation Q

No| Depth Y
(m) (m)

1| 180~ 214 | 0501 | 0105 0.00 0.000
2.80 181 | 0423 | 0077 0.86 0.066

Pow Quw
* B N | kN

2Quv = 0,066

Therefore, modulus of deformation Q is calculated as below:
Q = 10.862+0.066 = 10.928

Design position

Imaginary ground

L_No.02 pp.25

Case: Left Bank No. 02 STA_2+550 - 2+694
7 Penetration Depth
Corrosion rate and section efficiency for calculation of penetration depth of SSP are as below:

Inertia sectional moment lo
|

56700 cm” (after reduction by corrosion and section)

Unit width B = 10000m
Corrosion rate = 100
Section efficiency w = 100
Young's modulus E = 200000 N/mm?
= 56700 cm’ (original condition)

El = 200000 x 10°x 56700 x 10°®

1.134 x 1

7-1 Penetration Depth and Whole Length of SSP_ (Chang)

Based on the depth of imaginary riverbed as Ly, penetration depth of SSP (D) and whole length of SSP (L)

are calculated as followings:

D=Lt —
L=H—-Hu+D
g 4] KB

4ET

7-1-1 Normal_Condition
Modules of lateral subgrade reaction
Calculated value

Peretration length of SSP
Whole length of SSP
7-1-2 Seismic_Condition

Modules of lateral subgrade reaction
Calculated value

Peretration length of SSP
Whole length of SSP

Ky = 12177 kN/m*
B = 0.40477 m

D = 1.16+ = 8.57 m
0. 405
L = 2.80—0.40+8.57 = 10.97 m
11614 kN/m'
B = 0.40002 m"*
D + —— =89Tm
0. 400
L = 2.80—0.40+8.97 = 11.37 m

Therefore, whole length of SSP is set as 11.50 m in consideration of round unit of SSP length.

L_No.02 pp.27
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Case: Left Bank No. 02 STA_2+550 - 2+694

(1+B ho) X Py
2E1 47
(1+0. 4367 2. 18) X 93. 23

= ———————————— = 0.01368 m
2 X2.00X10°X 39917 X 10X 0. 4367*

(1+2 B ho) X Py
2P (L)
2 B*

(1+2 X0.4367X2. 18) X 93.23
= T X (2.80+1.47) = 0.03798
2 X2.00X10°X39917X 10X 0. 4367°

QX (H+L)*

10. 93X (2.80+1.47)°
= ——————— = 0.01069 m
2.00X10%X 39917 X 10

Additional displacement ;' generated by horizontal load (P) and moment (M) acting at top of SSP is
considered.

Displacement 83, of cantilever beam by moment My, is additionally considered.

O = ~ X(2L—h) (L=4.2Tm, h=L—H. H.=0.80m, 72ZLh=L)

2.20X3.47

X (2 X4.2

_ —3.47) =0.00024 m
2 X2.00X10°X 39917 X 10"

3=3,+3,+3d,

= 0.01368-+0.03798+0.01093

= 0.06260 m

= 6260 = 6, = 7500 mm (ok)

Where,
3, : Displacement a imaginary ground
3, : Displacement by angle of inclination slope a imaginary ground
33 : Displacement at higher part of imaginary ground as cantilever
§ : Displacement a top of SSP
&, : Allowable displacement
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Case: Left Bank No. 02 STA_2+550 - 2+694

8 Calculation Result

Normdl condition | Seismic congition
I nertia sectional moment ! (0;\%
Section modulus Z o
Maximum bending moment M (kN mvim) 18348 2517
Stressintensity o (Nimn) AE) !
Lateral displacement 5 (mm) 355272 50.0) %2§67O 750
Penetration depth D (m 1150
Whole length of SSP L m
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Case Left Bank No 03 _STA 2+854 - 2+950

— Steel Sheet Pile Design Calculation—

Left Bank No 03 STA 2+854 - 2+950

L_No03ppl

Case Left Bank No 03 _STA 2+854 - 2+950

1-3Applied Fomua

Fomua fa generaed sress Chang's famua
3

Penetrai on dert hs L= T
f
1-4 Constart Nmbers fa Desgn

Uit wigt o wae Y = 98 kNm®
Tvpe d vde mesue trapezd dd vete [ressure

Laterd messue cdcdaed in cons dardion of dte condtions

Sudy case - Nomd Qondtion
- Sdsnic Gndtion
Desi an earthauake irtensity k = 0200
Dvnamic wae messue due to earthquake
considered & dtribued | oad
Arbitrav load  Horizortd |cad R = 11 kNm (Normd  Qondti o
R = 47 kNm (Sdamic Condtion
Denth d adina pdrt H = -013m (Normd  Condti on
H’ = 014m (Sdgnic Qondtion
Manert Mm = Q1 kNm/m (Nrmd Qondtion
Mn = 30 kNm/m (Sdgnic Qndtion)
Decth d adtina pdrt Hi = 000m (Sdsnic Gondtion
Hn = asom (Normd  Condti on)
(‘ Denth mears dgtance from too o cod nd
Wind lced Impact |cad nat cons dered
Miimun ande o rugue % = 10 decrees
Rear dde ande o dope not cons dered

{ =tan’,

Ange d rupue (dayey sal)

Equiliiun fada o compesson K. = Q50 (consdered in Seisnic Gndtion

1-5laed Founddion Modd us

Ki = 6910 N’ 0100

Appied famua
Average Nvd e cdclaed fran averace Nva ue be ween imadnary riverbed and derth as VB

Nvd ue dsribuion

No| PN N el | no | PR N vae
m) m)

1l 0| 4 | u| m.| 4
2| 51| 4 | | 2. 4
3 78| 2 | | 1B| zeo| s
2 81| 3 || m| BmB| 6
5| 91| 2 || 15| uw| 2
6| wis| 2

7| 2| 3

8| 18| 4

9| ui| 3

0| 56| s

L_No03pp3

1 Design Gondtions
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I-1longtud nd Section  SSP & onsdered Gedogcd Srvey Log

Depth

(m)

NVae

0 1020304080

2. 00m)

daey | 16.0| 0.0 2a.0|"

Qapy | 16.0| o

aaey | 16.0| 0.0 | =50

l-20memions d Srudtue

Denth fran cod na top to riverbed H
Denth fran codna too to rear sde aound H
Denth fran codna too to SSP ton H.
Landside WL

Rversde WL

Imag nary ri verbed

L_No.03_pp2

1-6 Verticd Load

Verticd load on lands de cdcuaed in cors derdtion

Gagy | 16.0| 0.0 s0. 0"

280 m
000 m
040 m
000 m
000 m
230m
180m

(Normd  Qondti o)
(Signic Qondtion
(Normd  Condti on)
(Signic Gndtion

cdcuaed in consideration of gecechricd condtions

Case Left Bank No 03 _STA 2+854 - 2+950

o enbankmert shape on lands de

Verticd load on rivers de nat cons dered
1-7 Sdl Modd s
oot | 7 7 c S(deged kh(kNm?)
No| Ty sl e o a K
kNm® | kNm* kNm? nomd | sdésnic| nomad sdsnic
1| 516| S| 40 | 1800| 1000 |27.0 Qo Q0| 020 ato | ato | — | —
2| 7 S| 20 | 1800 1000|270 Qo Q0| 020 ato | ato | — | —
3| 816| S| 30 [ 1800| 1000 |27.0 Qo Q0| 020 ato | ato | — | ——
4| 9 s| 20 00| 1000|270 Q0 Q0| 020 ato | ato | — | —
5| 1016| C| 20 | 1600| 80| Q0| 120 Q0| 020 ato | ato | —— | ——
6| 1216| C| 30 | 1600| 80| Q0| 180 Q0| 020 ato | ato | — | ——
7| 1316 C| 40 | 8m| ao| 240 Q0| 0200 | ato | ato
8| 1416| C| 30 | 1600| 80| Q0| 180 Q0| 0200 | ato | ato
9| 1516| C| 50 [ 1600| 80| Q0| 250 Q0| 0200 | ato | ato
10| 1816| C| 40 | 8| ao| 240 Q0| 020 ato | ato | —— | —
11| 2016| S| 40 | 1800| 1000 27.0 Q0 Q0| 020 | ato | ato | — | ——
12| 2116| C| 40 | 1600| 80| Q0| 240 Q0| 020 ato | ato | —— | —
13| 216| C| 50 | 8m| a0 0 Q0| 020 ato | ato | — | —
14| 216| C| 60 | 1600| 80| Q0| 250 Q0| 020 ato | ato | — | ——
15| 2416| C| 120 | 1600| 800 | Q0| 50 00| 020 | ato | ato | — | ——
Note) deth : frantopd copngtobatan of thelayer G : sdl adhesion
sal sandy( 9, dayey(Q, mixed (M) a : doped sdl adhes on
Nvd ue average Nva Leinthelayer Kk : desgnsdamic coeffidert (under vet &)

wet unit we ght o sdl
sauaedurit we gt o sadl
intend fricionand e of sdl

Age d wdl fridion

Ande d vdl .
ge d ) Nomd | Sdsmic
adive 00" 9007
pessi ve a0z | -a0

117

L_No.03_pp4

4 anded adiverugue
kh : modd us o subgrade readti on
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1-8Embankmert on landside 2Cdcddion d Ating Load

21Normd Qondtion
0. 00
L as

v 1 T e 00
Ves. 0o

1% layer

2.80 |

s0

Enbankmert shape and sal modu us

ol X-coordinate “;‘::P "‘Jvzgﬂ“ '"‘e'"gné"e""’” Cohesive | Angle of rupture b
No
1 2 3 4 o [
@@ || @ | "0 i | e | eumn | Nom | Sdsmie
1 |Sady il goof 000 | 1000 1000 s 180 00 Q0 | ato | auto
2080 | 1flayer
SQrcharge load ating on enbankmert 5613 I R
Acting period Load
Nl from to Nomd | Sdsmic X
(m) (m) (kNm?) | (kNm?) 21-1Ande d Adive Rigue
1| 02| 1000 100 50 Angle of
¢ 5 c | mh Q ywhw
No|  Depth (m) Sl (degres) | (degree) | (ki) | (knim?) | (ki) | (ki) Z'::“';)
Ande d rague in enbankmert cdcdaed in consderdtion of enbankmert condtions Ll
1| 280~ Q00 | Sendy Soil | 27.0 90| 00| 80| M15| 24| %13
1:9Sed Shedt Rle(SH
2 Embarkment | 300 | — 00| 432| 1000 | 000 | 6000
Yound smodd s E = 200000 Nmm?
I erti asedti ond manert l. =  63000an* . mde d adive rugure o sandy sdl
Sectiond fadtar Z = 3150m® 9 h )
. . o . —sin(p+5)t 2 -
Corres onmardi n t = 100mm (rivers d& t = 100mm (lands de) ¢ —90 — tan sin(¢-6)
=90 — tan
5t o
Corrosionrae(tola) n cos(¢+6)
Corros onrée(to ) n - Ande d ative rugue o dayey sdl
Sedti on éfidency (tolo) u
Sedti on éfid ency (to Z)) u = 100 h+2Q
L =tanj/1 tan 6
Round urit d SSPlendh 050m
Ade d adive rugue o d sdl {issd & 45 snoe 0 = O
Al oval e dress s, = 180 Nmm (Normd) d ut ayey ¢
' = 2710 Nmm (Sdsmic) Where
¢ : anded adiverugue(degee £ 210 00)
Alovet e dsd acemert 5 = Sa0mm (Nomd) 4 ¢ inare fricionande (ceree)
&' = 70mm (Sisnic) 5 ¢ vall fricionand e (deres)
6 @ earthauake cam i reti on and e (decr ee)

Bend na o cartil ever beam cd cu aed as dtri buted| oad of each | aver 0 =tai’k a 6 =tai*k’
urit weoft o sdl (kNm®) (ascend na farce cons dered under WL

: X . . - . v
Redudtion d maeid modd us Reduced |, apdiedtocdcudion o laed coeffidert o subaradereadi on . X
Not redueed Ir andi edtocda ation df penetration decth S : ‘hc';:rgfu'adav("k,&"“z)
Reduced 1, aprliedto cd cu ati on df secti onfarces and d sdacemert o 5;; ‘Ef p T(kN 2
Reduced 2 apdiedto cal cu ation df sresses conesvetace d sal (kNm
L_No.03 pp5 L_No.03_pp 6
Case Left Bank No 03 STA 2+854 - 2+950 Case Left Bank No 03 STA 2+854 - 2+950
21-2Coordnaes d line d Adive Ritue 22 Eathquake_ondtion
Angle of | Thickness|  Coordinete of Coordirete of
No| TP | of layer lower_end upper
e | @ | X [ Yo [ xm | vm e —
1| s13| 20| a0 a0 188 280 A
2| em | 02| 188 280 2@ 304 )
Theedae wah d ating load shdl be s& & 18 m
2-1-3Acting Load by Fnbankment
y A 7 XA °
R ) (kN/m) :
1| 180 Q47 842
3 842
y @ uit wegt o embankmert sdl "
A : sediond aea o enbankmert endosed by lire of ative rugue 2. 80 Tlaye