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PYLON SECTION A-A

5640
ko1 1810 1000 1818 5D1
20h.800 2b0
130 152 13gthai okl as 152 14
14 T1x125 %t Tixies Y
Ja6h| 1377 i 50, i =1377 | H44H
gTa? Hilzo
D35
035 Dzo | @DBO @._03—5
////// 5 I I3 bas
= [~ 1 [
O TEES = e e, 020
o == 2 i ; S
T /// DI |
- FH rﬁ'// LT IEiith =]
SRR ' NSRS
® Esii 9; pzd %EE
o] ol ® (8pzo EHET ! :_-__:@:: DEG
9| 9| e | e b _% -
A RAE SRS ; S
- Wiy e = gy . i, A
& SR 9020 : ’ ozo  |IESHEE
” SESS|| i IS8
i - DASSISS
. b VAR AT L ]
N 250 77 Sy
o DR == / / /4 N pzo
Bl e A /i 3
- .
%;/%; L LAY D35
| @oss

= (Do
2o 020
g"' 12035
i 6 ‘Enzo .

PYLON SECTION B-B
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PYLON SECTION C-C
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CROSS BEAM

8570

AP 150=-600D

©dozz

@ozz

€z

T

3-100

%ﬁ)’—-.._. ////// '//// //////I/////// ////////J‘ : D32
o E:m‘l‘ ofo o b OEOODOOSOO;Eé B3pze

(Bozz

B4)paz



3.94 Check from Load and Resistance Factor Design of Column of Pylon

Determination of Internal Forces for ULS - Strehgth I
Longitudinal direction

L Total
c pw | Mmax | Mmin | Smax | Smin | Nmax | Nmin ws WL L] CR SH 16 uLT.
strength
Strengih [ | 125 15 175 1.75 175 175 175 175 0 0 12 1.2 12 0 IkNmykN | factor
Sectlon A-A
Mrrax o 4 o e 3,39t ) [ 32511
Nref| -12.674]  -1.429 0 17,986
Mmin 0 0 -3,391 0
Nrefp 1267 1429 0] 17,984
Seclion B-B
Mmax 549,286)  46,609] 81,930 484 5,222 53 2253
Mrelf 102,202 16467  -8673 -6,101 177 A
Nimin 549,286 46,604 4,503 4824 45,222 1.165
Nref| -102.292) -16.467 5,23 6,101 117
Section C-CC
Mmax 145,655 42,055 438 6,305 45| 16572 171 sI 22179 2509
Nref| 5114 4799 10308 5533 15 2 2 0 229,136
Nmin 145,655] 42,055 12,980 £,303 435) 16572 4638] 161,566 2.323)
Nref| -151,184f 14,799 427 -5,533 151 28 an| -n330m
Seclion D-D
Mimax 869560 14460 57,428 302361  2766] 32348 193 12I 93,034 2615
Nref| -187.483] -16722]  9.638 4,775 413 121 1 0 276,187
Mmin 86,936 41,346 27,063 392351) 2,766 3236 6012 132701 2583
Nrel} -187,483f 16,742 3,097 5,775 543 A 56| 265,002
Determination of Internal Forces for ULS - Strength I
Transversat direction
oCeDwW| 1L w5 wL | Total
Strength 1 15 175 0 ] kNm/kN
Section A-A '
Afmax o 35| a662] 1§ 6
Nrel Taken from longitudinal section resuits
Mmin o] 235 -3.662) -] 51
Nref Taken from longiludinal section results
- Seclion B-B
Mmax o] 3987 174764 %2} 65%
Nref Taken from longitudinal section results
Mein o] 38| anrel] w2 4715
Nrel] Taken from longitudinal section results
Section C-C
Mmax D e 10] 46,689
Nrel Taken from longitudinal section results
Mmin Sram] e37] mas] o] 836
Nref Taken from longitudinal section results
Section D-D
Mmax 103035 - sH] 174s2f  zom| assenm
Nrel Taken from langitudinal section results
Mmin aez0m]  2am] Mern] oMl 29339
Nref Taken from longitudinal section results
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Determination of Internal Forces for ULS - Strength Il

Longitudinal direction

11 Tolal
ULE,
DC DwW Mmax Mmin Sinax Smin Nmax Nmin ws WL TU CR St TG strengih
factor
S!renglhll! 125 5 G L] 0 L] 0 L] 14 0 1.2 1.2 12 [ kNnykN
Seclion A-A
Mmax 0 0 330 4,747 28.112]
Nrell -12.674 -1,429 Q -12,966
hmin ¢ 0 -3.39 4,747
e a267) 1429 0 17,966
Section B-B
Mmax -549,286 46,604 81,93 4,824 5,222 53 3219 603618 1.391
Nrell -102292)  -16,467 -8,675] -5,101 117 -3 -2080  -160.970
Mmin -549,286 46,604 44,303 -1.824% -5,222 629,72 1.208
Nrel{ -192292) 16,467 5,23 6101 -117 -144,165
Section C-C
Mmax -145,655 42,055 43,832 6,505 435 16,572 171 8 -90.058 1519
Nreff -151,149]  -147%9] 10308 5,53, -15 28 -2 a -203,351
Mmin -145,635 42,055 -12.980, -6,305 4350 16,572 -3.638] 142,700 1877
MNeeff -15L14] 14,79 1,227 -5,533 15 28 -113] -218,908
Section D-D
Mmax 86,956, 41,446 57,428 392,361 2,766 RNHE 193 12 541841 229
Nrell -187483F -16,742 9,638 4,775 H3 i1 1 [t -266,005
Mmin -86,956 11445 . -27.063 -392,351 2,766 32,346 6,012] 634,633 1.235]
Nref| -187483] -16,742 -3,097 ' 4,775 w43 2. 561 -25L927

Determination of Internal Forces for ULS - Strength 111

Transversal direction

DC+DW LL W5 WL [Total
Sirenglih 1l 15 0 1 X} 0 kNmykN
Seclion A-A
Amax of s asead TEEE
Nref Taken from Tongitudinal section results
Mmin o -] -aseer a] 5127
Nref| Taken from longitudinal secticn resulis
Seclion B-B
Amax o] am7] 174764 92| 2446705
Nref| Taken from tongitudinal seclion results I
Mmin o] 383 174764 9 244,670
Nrel Taken from longitudinat section results
. Section C-C
Mmax mam] 3] snoen] 0] #0237
Nrel Taken [rom longitedinal section results
Mmin 9| 637] 109440 -10] -200,463
Nref] Taken from Jongitudinal section results
Section D-D -
Mmax 93035 su] wraea]  29m| azsa0e
Nref| Taken from longitudinal section results
Mmin s300s] 2es] uera]  2em| 452962
Nref| Taken from longitudinal section resulis

[ 1 i !
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Determination of Internal Forces for ULS - Strength V

Longitudinal direction

[T Tota)
ULT.
oo DWW himax Mmin Smax Smin Nmay Nmin WS WL TU CR SH TG strengih
- facior
Strengeth v| 125 15 135 1.35 135 135 135 135 04 1 12 12 12 6 fRNmAN
Section A-A
Mmax 0 [ 3,391 1356 a9z
Nref| 12674 1420 0 17,986
Munin 0 0 -3,391 1,356
Nref]  a24678] 429 o Tarm6
Section B-B
Mrax 549,286 4524 5222 53 2043
Nred] -102,292 4,101 W7 K
Mmin 549,286 4821 -5,222 1175
" Neel] 02,202 6,101 117
Section C-C
Mmax 45.655] 42055 43832 5,305 135 18572 i 8 -36,755 24685
Nref| -151,133]  a7e9] 10308 5,333 15, 3 -2 0 222,815,
Mmin 45,655] 42055 -12,980 6,305 4350 16572 -3.638] 159,353 2237]
Nref] -151,18] 14799 1,227 5,533 15 28 ALA] 215,017
Seclion D-D
Mmax 86,956)  45,446] 5742 aonae| 276 32046 193 12 229,773 2619
Nrei] -187.483] -16742]  .9.638 4,775 443 121 1 0 Z7 T
himin 86956} 41,46 27,063 392351 -2786] -32,346 -6012] -281,583 2110
Nref| -187483) -16742 -3.097 ’ 4775 443 12t 56| 262,32

Determination of Internal Forces for ULS - Strength V
Transversal direction :

. DC+DW LL ws WL |Total
Strength V 1.5 135 04 1 kNmykN
Section A=A .
himax o EEE 111513
Mref Taken from longitudinal séction results
Mmin of ) -3602) A 513
Nref Taken from longitudinal section results
Section B-B
Mmax o 3ew] 17476 52] 75313
Nrelf Taken from iengitudinal section results
himin of 8w amze] e manm
Nrel Taken Frosn longitudinak section results
Section C-C
Mmax a1498] - 319 91.060] 10] 10382
Nrel Taken from longitudinal section results
hmin Stass]  637] -109.440] 1o 91893
Nref Taken from langitudinal section results
Section D-D
hmax -193,035 S| di7se2]  2em| 23w
Nref} - Taken from longiludinal section results
Amin -9a,035]  2.08] men|  29%] 22
MNref Takets from longjitudinal section results
] | i {
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Determination of Internal Forces for ULS - Extreme Event |
Longitudinal direction

LL Total
yLY.
DC bW Mmax Mmin Srax Smin Nmax Nmin Wws Wk TU CR SH TG EQ strenglh
- factor
Extreme | 125 15 133 a5 0.5 05 05 5 0 [+] 0 0 ] 1] 1 kNm/kN
Section A-A
Mmax oI o 3391 3,035 3ol 29556
Nref] 1261|0428 0 104 18090
Mimin of 0 3,391 03] 3005 29670
Tl 26| Aam 0 104 1782
Section B-B
Mmax Si92ms|  ss604) 81,930 482 5222 53 el 12754 asma| 2208
nreff dmama| 1es67]  B67s 5101 17 -3 208 63| -156340
Mian -549,286, 46,604 44,303, 4824 -5,223 -§27.524 766,377 1.000|
© T hret] o292 s367 5,24 610 -n7, 63 155,246
Section CC
Manax 45,655 42055 43832 6,305 435| 16522 171 8 1971
7 Nref] TBEI4e] 4795] 10308 5533 5] 2 -2 0
Mumin -145,653]  42.055 6,305 435 16572 1415
Nref| 15814 14799 5533 15 28
Section D-O
M imax 86,956 41,446/ 57,428 392,361 2,766 32,3 193 12 £31,952] 8M,140 1430
Nref] -187.483 -16742 +9,638 . -4.775 H3 2 i 9 2.2 -mi
Aomin -86,950 41,46, -27.063 *392,351 -L156 -32.346 5012 -851,952 ~?12,Ul(li 1.006
T Nref] israsa| sz ) a0 £775 +3 a2 6| 21| “ae3286

Determination of Internal Forces for ULS - Extreme Event I
Transversal direction

DCHDW LE ws WL EQ |Total
Extrenwe | 1.5 05 o ) 1 kNmkN
Section A-A
Mmax of EEE I RS
Nrel ‘Faken from longitudinal section results .
Mmin of EEE N
Nref Taken from longitudinal section esults
Section B-B
Mmax of aew| imere] 9o seses] 57435
Nref| Taken from longitudinal section results
Mimin of " agw] ame] 92] 354661 57,385
Nref Taken {rom longitudinal section results
Seclion CC
Mmax -31.4%8] 39]  91.060] 1] ebon| 1954
Nref Taken fram loangitudinal section results
Mmin 48] -637[ -ga0] -i0] -66,778] 114344
Nref Taken from longitudinal section results
Section D-D
Mmax -193,035] sH] nzas]  29m] vies7e] mam
Nref Taken fronk longitudinal seciipn sesults
Minin 9n035]  2198] Twern] T 2em] -nesw] 075
Nref Taken from lengitedinal section results
I | ! I |

3-104



Determination of Internal Forces for SLS - Service |
Longitudinal direction

Fotal

[
DC oW Mmmax Minin Smax Simin  Nmax Nmin WS WL TU CR SH TG
Sorvice | 1 1 1 3 1 1 1 i 03 1 P 1 V 05 JkNnykN
Seclion A-A
Mmax 0 0 3,391 1017
Nref] 2678|429 0 A410
himin 0 0 ] B 23,39 1,017
Nref|  -126m) 1429 a 23,100
Sexlion B-B
Mmax si0286]  g6s09| 81500 B ) 53 39] 12470
Nretl 00z sde7| 84675 A 208 129,254
Mraiin 19| 46008 e 553,654
Nrel]  -102.392] 18467 5,234 122280
Section C-C
Mnay, Lasess|  eness] 4832 1 6,305 s8] e 17l 8 50,691
Neof| 151144)  -14799]  -10.308 5533 a5 25 2 g 174,550
Memin 145,655 42055 -12,960) 5,305 ams) 6572 3,636 137,298
Nrel] s8] a1790 .27 5533 15 28 i 68399
Section D=1}
Mmax Be9s6|  anHe|  S74u 92,361 2766| 32346 1L I 164,343
nret| wszaeal ez o 4,775 49 ” 1 0 e
Nimin 86956 4146 27063 92351]  -A766]  -3A36 5012]  -228.3%
Nref] 187483 16742 3087 4775 43 an 36| 206,182

Determination of Internal Forces for SLS - Service |
Transversal direction

DC+DW LL. WS WL |Total
Service | 1 1 03 1 kNmykN
Section A-A
Mmax o 35] - 3.662) i 1
Nrel Taken from longitudinal section results .
Memin of -] 3662 Al 1138
Nref Taken from longitudinal section resuits
Section B-B
Mmax of 3w i) 92] 56458
Nref Taken from longitudinal section resulis
Mmin of 38| avazed| IR
Nref Taken {rom lungitudinal section resulls
Section C-C
Mmas, -31,198] 319] 91060} 10f 3351
Nref Taken from lengitudinal section results
hmin 314mf 7] -1m940] 0] sh97
Nref Taken from longitudinal section results
Seclion D-B
Memax a93038]  su] wzae]  z9m] sems
Nref Taken from longitudinal section resuits -
Mmin 193,005]  -2198] -le7a] 293 23183
Nref Taken from longitud inal section results
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Determination of Stresses @ Extreme Fibers (Service I )

Stresses caused by Flexure in Longitudinal Direction

Bottom

3-106

Ineritia
Description|  Area moment Ziop Zbot Mutax Nref Sig. top Sig. bot Mmin Nref Sig.top | Sig. bot
{m?2} {md] [em) fem] [kKNm]} [kN] [N/mm2] | [N/mm?] [&Nm] XN {N/mm2} | [N/mm3)
Section A-A §7.56 63,80 262.50 262.50 07 14103 £0.76 -0.54 Biur -14103 0.84 076
Section B-B 36.97 150.61 29240 29240 A1H20 192534 -11.50 4.51 553654 -122280 14,06 744
Section C-( 17.54 11665 325 362.50 0691 -174580 <1122 =8.69/ -137298 -168899 -33.90 -5.36
Section D-I% 40.44 215.68 400.00 400.00 161343 -21471 -2.25 -8.37 «22819 206482 -9.34 -0.87
Stresses caused by Flexure in Transversal Direction
Ineritia .
Description]  Area moment Ziop Zbot Mmax Nref Sig. left | Sig. right Minin Nref Sig. left } Sig.right
im2] fmi} [em} {cm] [kNm) 1&N] [N/mm2] § [N/mm2] [kNm] [kM) [Nfmm2] § [N/mml]
Seclion A-A 17.56 84.26 325.00 325.00 1135 -14103] -0.76 +0.85 1135 -14103 085 -0.76/
Section B-B 3697 380.70/ 555.50 555.50 56458 -129254 -2.67 4.3, -56358 -122280 -4.13 -24%
Section C-C 17,54 56,96 25275 25275 3851 174580 -10.12 9.78 $1977 -168899 <251 4675
Section D-E1 40.44 861 25275 25275 ~154318 -214731 -9.84 0.78 -233183 -206482{ 1195 1.4
Normal Stresses caused by Biaxial Flexure at the Corner Points
Mmax, Nref Mmin, Nref
Sig. at Cor. | Sig. at Cor. | Sig. at Cor. | Sig. 2t Cor. | Sig. at Cor. | Sig. at Cor. | Sig. at Cor. | Sig. at Cor.
{Description 1 2 3 4 1 2 "3 4
Section A=Al -1.52 -1.61 -1.60 -1.69 -1.69 +1.60 -1.61 -1.52]
Section B-8 -14.18| -15.82 18 0.19 -18.1% -16.54 k1] 4.96
Section C-(J 21 Ql.ﬂﬂl -18.81 -18.47 -26.41 <2064 - -17.83 -1211
Section D- -12409 -3.03; -18.21 -9.15 -21.29 -1.60 -12.82 0.87
Corner 1 Top Corner 2
V/ /
Leaft Right
Corner3 / é Corner 4



310 Design of Stay Cable

As for determination of Stay Cable Unit, those are considered action of tensile force on
stay cable, whether tensile force should be less than 56% of tensile strength while short
term loading, and 45% of tensile strength for long term loading. At examination of cable
unit, apply statical load resulting from 2-Dimensional analysis. On the other hand, live
load is applied from 3-Dimensional analysis.

3.10.1 Section Analysis of Stay Cable

(1) Property of stay cables
Adjustment force of stay cables

Cable Name Nos. of | Introduce Tension(kN}
Sirand (i-plane)
5N-1 S5-1 60 5500
SN-2 55.2 60 5900
SN-3 55-3 60 6250
SN-4 554 55 5950
SN5| 555 55 5100
SN-6 55-6 55 6500
SN-7 55-7 55 6850
SN-8 ) 50 6600
SN-9 S5.9 50 6350
SN-10 55-10 50 5900
SN-11 5$5-11 50 5750
SN-12 55-12 55 6350
SN-13 55-13 60 6300
SN-14 5514 50 5600
SN-15| 5545 45 5050
SN-16 55-16 45 4600
SN-17 8517 - 37 4350
SN-18 - 5518 37 4150
SN-19 55-19 37 3750
SN-20 55-20 37 3550
SN-21 55-21 37 4000
(SN-22 §5-22 37 4000
SN-23 - 65.23 37 3250
SN-24 55-24 37 3600
SN-25 $5-25 45 3850
SN-26 85-26 50 4150
SN-27 5527 50 1400
SN-28) ~  S5-28 55 4600
SN-29 55-29 55 4950
SN-30 $5-30 60 5200
SN-31 S5-31 60 5450
SN-32 55-32 70 5700
SN-33 55-33 70 5850
SN-34]  S5-34 70 6000
SN-35 55351 . 37 2825
SN-36 55-36 30 1825
SN-37 55-37 30 2125
SN-38 5538 30 2525
SN-39 55-39 : 37 2875
SN-40 . 5540 - 37 3125
SiN-41 5541 45] - 3575
SN-421 - 5542 50 - 3725
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(3) Live Load with Impact

Table Tensile Force due to Live Load at Stay Cable

Tensile Force due to Live Load (kN)
Resulting From 3D} Resulting from 2D | Impact
Cable No. Analysis Analysis%Reference Fagtor

Maximun Minimun Maximun Minimun
SN-1  (Ss1) [ 372 -10 712 53] 0167
SN-2 (55-2) 52 -6 722 60| 0167
SN-3  (SS5-3) 726 3] 733 69| 0167
SN-4  (554) 698, . B84 68| 0167
SN-5  (SS-5) 659  -15 653 76| 0167
‘SN-6 (S56) | 615 -28 672 94] 0167
SN-7 (557) 568 61 712 132 0167
SN-8 (55-8) 664 <104 755 168 0167
SN-9  (SS5-9) 612 -117 608 153 0167
SN-10 (S5-10) | 734 147 6231 1661 0167
SN-11 (S5-11) 719 -139 618  -159| 0.167
SN-12 (55-12) 635, 96 582 123 oan
SN-13 (SS13)| 548, 20| 629 1000 0111
SN-14 (S514) 528 2 583 82{ 0111
SN-15 (S5-15) 518 0 575 80| 0111
SN-16 (SS5-16) 516 5 584 76| 0111
SN-17 (S517) | 4330 14 457 570 0111
SN-18 (S5-18) 449 29| 447 59| 0111
SN-19 (S5-19) 425 -62 420 87| 0111
SN-20 (S5-20) 323 -87 366 42 eIn
SN-21 (55-21) 135 -53 258 1291 0411
SN-22 (S5-22) 221 -11 241 1361 0,033
SN-23 (55-23) 316 -10 340 129 0.033
SN-24 (55-24) 428 -8 389 105 | 0.033
SN-25 (S5-25) 403 -10 518 2105  0.033
SN-26 (S5-26) 370 -16 519 90|  0.033
SN-27 ($5-27) 331 24 512 791 0033
SN-28 (SS28) | - 362 521 559 75| 0033
SN-29 (S529)| 516| 90| 555 621 0033
SN-30 (55-30) 518 102 647 58|  0.033
SN-31 (55-31) 621 127 674 47| 0033
5N-32 (55-32) 613 -119 720 391 0.033
SN-33 (S5-33) 579 -89 877 37| 0.083
SN-34 (SS34) | 491 45 970 31| 0.033
SN-35 (55-35) 375 1 506 131 0033
SN-36 (S5-36) 252 -2 548 11 0.033
SN-37 (S5-37) 172 -8 575 11| 0.033
SN-38 (SS-38) | 218 15 604 13| 0033
SN-39 (S5-39) 244 -42 623 16| - 0.033
SN-40 (S5-40) 185 -68 734 23 0.033
SN-41 (55-41) 164 -90 935 40| 0.033
SN-42 (55-42) 64 -52 921 | 57 0.033

Note : Tensile force due to live Ioad shown in this table, which include tensile
force caused by impact force. :
Tensile force shown in this table, these value are indicated as 1 plane. .
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(4) Section Analysis of Stay Cable

Side Span
Unit o1 ] sz | SN | s ] snes | N6 | sne7 | SN | 59 | SIN-10] SN-LL] SN-12| SN-13] SN-T4) SN-15F SN-15) $N-17| SN-18§ SN-19] SN-20] 5N-21
51 52| s63 ] 5641 555 556 | 5571 558 | 55-9 | 55-10§55-11] $5-12| 55-13| 55-14| 55-15] 85-16 55-17{ 55-18] 55-19] 55-20] 55-21
Nos, of Strand 60 F 60 | 60 | 55 F 55 | 55 | ss | S0 50| 50} 50| 55760 | 500 45 ) 45| 37 3| W4V
Property of Strand
Chasification T15.2) T15.2{ T15.2] T15.2) T15.2{ T15.2} T15.2] T15.2] T15.2 T|5.2|T|5.2 T15.2| T15.2f T15.2} T15.2| T15.2] T15.2] T15.2 TIS.ZITBJ T15.2
Tensile Strength N/mm2] 1860] 1860] 1860] 1860| 1860] 1B60] 1860] 186D 1860 1860] 1860 18601 1860f 1860] 1860{ 1850} 1860| 1860 IB&(I[ 1860} 1860
Area of Strand mm2 | 138.7] 138.7] 138.7] 138.7] 138.7] 138.7] 138.7} 138.7] 135.7 ]33.7! 138.7] 13871 138.7] 138.7] 138.7} 138.7] 138.7] 138.7 l38.7| 138.7] 138.7
Tensile Strength of Stay Cable
During Consteuctic 8.56fpu | kN 86681 8668 8668{ 79361 7946 796| 7946| 73231 7223| 7223) 7123| 7H6 8668i 7223] 650t 6501] 5M5} 3M5) 335} 5M5] 5345
After Coastruction 0.45fpu kN 6966! 6966 6%6[ 63851 6385| 6385] 6385| 5805| 3803} 5805| 5805 6385 b%h] 5805) 524| S224] 4295 1295] 4295] 4295} 4295

Tensile Force

DBuring Construction

I_.\hximum Tensile Foy kN

15936 [ 6251 | 6595 ] o261 ] 5409 ] 6797 [ 7508 1 6926 | 6749 | et [ 6530 ] 7vi0] 8126 [ 6572 ] soa1 [ sera [ ae10] 4500 [ 4087 [ 3859 } 4288

After Construction

D kN | 5929 6056] s858( s073| 3736 4812 50317 50331| 4012] 3245f 2004] 3905) 4771} 4072 A142f 4032] 3519] 3551 3]91' 3003] 3662
D+ L+ TU Max kN | ema7| es27) 6617 s7oa| 41| 5435 5600 5708] Ae13] A008[ 3761} 4584] 537 48| 4701] J600] 3970) fehE] 3620] 3329) 3806
D+ L+TU Min N | saz3| edtof ss22{ s043{ 3705] 4775] $968| 4914} 3875] 3068 2827| 3766] 4699 1026 41011 4015} 3487 351%] 3024 2913] 3600
Remark ok|ok|okK|OK]OK|OK}{OK|OKJOK|OK]JOK|OK|OKJOKJOK]OK|OK|OK|OK]OK]OK
Stress Range due to Live Lead [nfmm2] 46 65 88 € 83 2] 82| 1] 105 272) 124 9% 68 76 83 54 87 93 5 40 37
Midspan
Unit SN-22| SN-23] SN-24{ SN-15] 5226 SN2 SN.28 ] SN-2o| SN-30| SN-31 | SN-32P SN-33 SN-34| 5N-33| SN-36| SN-37 | 5N-38{ 5N-3%] SN-10] SN-11] SN-12
55721 55-23| 55-24} 55-25{ 55-26| 55-27] 55-28| 55-29| 55-30] 55-31| 55-32| 55-33] 55-34] 55-35] $5-26| 55-37| 55-38] 55-39] 55-10] 55-41] 55-42
Nos of Strand 37 37 37 15 50 50 55 55 50 60 70 70 o ¥ 30 30 30 37 37 45 50
Properly of Strand
Clasification T15.2) T15.2 TiS.ZITIS.Z T15.2§ T15.2| T15.2] T15.2 Tl5.21 T15.2} T15.2{ T15.2F T15.2] T15.2 T1542!1‘15.2 T15.2IT15.2 T15.2) T15.2} T15.2
Tensile Strength N/mm2] 1860] 1860, 13&0! 1860) 1860 1860] 1860] 1860 13601 1850] 1860 1840] 1860 1860 ]Bﬁl]i 1860 IBBUI 1860F 1860] 1860) 1860
Area of Strand mm2 | 138.7| 1387 ]38.7] 138.7] 138.7) 138.7} 138.7| 1387 138.7] 138.7] 138.7] 138.7] 138.7] 138.7 133471 1387 l?»S.?I 138.7] 138.7] 138.7] 138.7
Tensile Streagth of Stay Cable
During Constructic .56fpu kN | 5345] 5345) 335) 6501] 7223| 7223} 7946| 76| B66E 86681 10EL3] 100113 10113] 5M3{ 4333 4334 4334) 5345] 535] 65017 7223
After Construction 0.45fpu KN | 4295] 4293] 4295) 5224| 5805] 5805f 6385{ 63B5] 6966 ﬁQﬁﬁ] 8126] 8126 8126] 1295{ 3483| 34831 MBI} 4295 4295 52241 5865

Tensile Force

During Construction

ll\ia:\imum Tensile F(’l kN

After Construction

T 258 | 1285 | 4268 | 1258 ] 9288 | 4258 | 4288 | 4266 4265 | 4266 | 4288 | 4288 | 4256 | 4258 | 4oms | 4288 | 4288 | 4288 | 4268 | 4283 | 4268

D kiN 1 3826] 1131} 3638 4317[ 40| 48630 s021] 52231 S677) 5991 5303] 6549 6%46| 3128] 1967] 07| ) 2793 3125( 2469 1317
D+ L+TH Max kN | 4083 471| 081§ 47300 S014| 5195{ 5383| 3741 6196] 6643| 6921] 7137] 7449| 3509 2226| 2285| 2650f 3043F 3316) 4039] 4185
D+ L+ TU Min kN | 3779] 3006] 2615) 92971 1620] 4838} 4968 5135) 5574] 5662] 6179] 6451] 6669 3123] 19590 2093 2405] 2745f 3051] 373 4261
Remark OKJOK|OK]OK|OK|{OK|OK|OK|OK]JOK|OK|OK}JOK[OK]OK{OK}JOK|OK]OK]CK] OK
Stress Range due to Live Load |N/mm2| 45 ] 85 66 56 51 5 Bl M ol 75 69 55 73 61 43 56 56 19 41 17
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3.10.2 Design of Control Device for Vibration at Stay Cable
(1) Judgement for necessity of The Control Device for Vibration for Stay Cable

Stay cable unit is in the need of control device for vibration at stay cable under the
condition as mentioned below.

1) Natural frequency of stay cable is less than 3.0 Hz.
2) The scruton number is less than 60.

Result of Neccessity for Control Device

Stay Cable No. T Natuzl:cll f requeg::i(Hz) Scruton Number | Judgement
SN-01 [ {55-01) 0.44 0.89 1331 <3Hz 18.44 <60 Neccessaey
SN-02 | (55-02) 0.47 0.93 140]| <3Hz 1844 <60 Neccessaey
SN-03 | (55-03} 0.48 0.96 144§ <3Hz 18.44 < 60 Neccessaey
SN-(4 | (55-04) 0.50 1.01 151 <3Hz 15.94 <60 Neccessaey
SN-05 | (55-05) 0.45 0.91 1.36 | <3Hz 15.94 <60 Neccessaey
SN-06 { (55-06) 0.54 1.08 1.62 ] <3Hz 1594 <60 Neccessac

SN-07 | {85-07) (.58 1.17 1.75} <3Hz 15.94 <60 Neccessaey
SN-08 | (55-08) 0.55 1.10 1.65] <3H=z 15.94 <60 Neccessaey
SN-09 | (85-09) 0.68 1.36 204 | <3Hz 12.74 <60 Neccessaey
SN-10 | (55-10) 0.67 1.33 2.00] <3Hz 12.74 <60 Neccessaey
SN-11 § (55-11) 0.68 136 - 204} <3Hz 12.74 <60 Neccessaey
SN-12 | (55-12) 0.77 1.54 2311 <3Hz 12.74 <60 Neccessaey
SN-13 | (55-13) 0,86 1.72 259 «3Hz 1457 <60 Meccessaey
SN-14 | {55-14} 0.87 1.74 261 | <3Hz 14.57 <60 Neccessaey
SN-15 | (S5-15) 0.97 1.93 290 | <3Hz 14.57 <60 Neccessaey
SN-16 | (55-16) 1.06 2.12 317 <3H=z 14,57 <60 Neccessaay
SN-17 | (85-17) 1.23 247 3.70| <3Hz 11.82 <60 Neccessaey
SN-18 | {55-18) 1.37 2.74 4111 <3Hz 11.82 <6 Neccessaev
SN-19 | {85-19} 1.46 2.93 139} <3Hz 11.82 <60 Neccessaey
SN-20 | (55-20) 1.62 323 - 487| <3Hz 11.82 <60 Neccessaey
SN-21 | (55-21) 213 4.26 6391 <3Hz 11.82 <40 Neccessaey
SN-22 1 (55-22) 2.22 445 6.67 | <3Hz 11.82 <60 Neccessaey
SN-23 | {55-23) 1.70 3.41 511 <3Hz 11.82 <60 Neccessacy
SIN-24 | {85-24) 1.61 3.23 4.84] <3H=z 11.82 <60 Neccessaey
SN-25 | (85-25) 1.41 2.82 423 <3Hz - 14.57 <60 Neccessaey
SIN-26 { (55-26) 1.31 2.62 3931 <3Hz 14.57 <60 Neccessaey
SN-27 | (55-27) 1.21 2.43 3641 <3Hz 14,57 < 60 Neccessagy
SN-28 | {55-28) 1.07 2.15 3,22 <3Hz 1594 <60 Neccessaey
SN-29 | {55-29) 1,00 2.00 301} <3Hz 15.94 <60 Neccessaey
SN-30 | (55-30) (.90 1.79 2.69| <3Hz 18.41 <80 Neccessaey
SN-31 | (55-31) 0.85 1.70 255 <3H=z 18.44 <60 Neccessaey
SN-32 | {55-32) 0.81 1.62 241§ <3Hz 18.44 <60 Neccessaey
SN-33 | (5533 0.74 1.48 2211 <3Hz 14.08 <60 Neccessaey
SN-34 | (85-34) 0.71 1.41 2121 <3Hz 14.08 <60 Neccessaey
SM-35 | {85-35) (1.64 1.29 1.93| <3Hz 1449 <60 Neccessaey
SN-36 | (55-36) 0.48 0.96 1.45] <3Hz 1449 <60 Neccessaey
SN-37 | (55-37) 0.47 0.94 1.41] <3Hz 14.49 <60 Neccessaey
SN-38 | (55-38) 0.48 0.96 1.44] <3Hz 14.49 <60 Neccessaey
SN-39 | {55-39) 0.9 .98 147 | <3Hz 14.49 <60 Neccessaey
SN-40 | (S5-40) 0.:45 0.90 1.36| <3H= 11.82 <60 Neccessaey
SN-41 | (S5-41) 0.43 0.87 130} <3Hz 14.57 < 60 Neccessaey
SN-42 | (85-42) 0.4 0.88 1.31] <3H=z 1:4.57 <60 Neccessaey
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(2) Detail of Control Device for Vibration at Stay Cable

Hign Dgmping Rubber

wnistailing Pipe
19514

Section AA
<Rubbes Domper:dpieces>

PART NAME
High Comiping Rubber Domper
Fixing Flange B
Adgustable Flonge
Cable Fiange
Rubber Pod
Nut
Nut
Bolt- Nut
Boit» Nut
Woterproof Rubber Cover

cleelkelocdlolc?
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{4) Design Calculation of Control Device for cable vibrationn
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3.10.3 Study on the Increase of Stay Cable Stress

The purpose of the study herein is the comfirmation of safety for the increase of
temporary cable stress in the case that cable is broken or exchanged of the stay

cable.

(1) Tensile Force of Stay Cable (1Plane)

Unit : kN
Nos of Dead Load Due to Live Load Remarks
Stay Cable St:;nod at end of Max Min Range

creep Max-Min

SN-1 (55-01) 60 5929 712 -53 765 P12
SN-2 {55-02) 60 6056 722 -60 782
SN-3 (55-03) 60 5838 733 -69 802
5N-4 (SS-04) 55 5073 647 -63 715
5SN-5 (55-05) 55 3736 653 -76 729

SN-6  (55-06) 55 4812 672 94 7661 P13
SN-7 (55-07) 55 5031 712 -132 844
5N-§ (55-08) 50 5031 755 -168 923
SN-9 {55-09) 50 4012 608 -153 761
SN0 (55-10) 50 3245 623 166 789
5N-11 (55-11) 50 3004 618 -159 777

SN-12 (55-12) 53 3905 582 -123 705 P14
SN-13 (55-13) 60 4771 629 -100 729
SN-14 (55-14) 50 4072 283 -82 665
SN-15 (55-15) 45 4142 575 80 655
SN-16 {55-16) 45 4052 584 -76 660
SN-17 {55-17) 37 3519 457 -57 514
5N-18 (55-18) 37 3551 447 -59 306
SN-19 (S5-19) 37 3191 420 -87 507
SN-20 (55-20) 37 3003 366 -122 488
SN-21 (S5-21) a7 3662 258 ~129 387
SN-22  (55-22) 37 3826 241 136 377
SN-23 {55-23) 37 3131 340 -129 469
SN-24  (55-24) 37 3638 389 105 494
SN-25 (55-25) 45 4317 518 -105 623
5N-26 {55-26) 50 4640 519 -90) 609
SN-27 (55-27) 50 4863 512 -79 591
SN-28 (55-28) 55 5021 539 -75 634
SN-29 {55-29) 55 5225 535 -62 617
SN-30 . (55-30) 60 5677 647 -58 705
SN-31 . (85:31) 60 5991 674 -47 721
SN-32 {55-32) 70 6303 720 -39 759
'5N-33 (55-33) 70 6549 877 -37 914
SN-34 (55-34) 70 6946 970 -31 1001
SN-35 {55-35) 37 3128 506 -13 519
SN-36 (55-36) 30 1967 548 -11 559
SN-37 (55-37) 30 2107 575 -11 586
SN-38 (55-38) 30 2426 604 -13 617
SN-39 (55-39) 37 2793 623 -16 639
SN-40 {55-40) 37 3125 734 -23 757
SN-41 (55-41) 45 3869 935 -40 g75
SN-42  (55-42) - 50 4317 - 921 -57 978

Study Case : SN-34(S5-34) is beaking (Left Side)
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(2) Analysis Model

Examination of stay cable, in the case that the one of cable is broken, the analysis model is consider
as local model.

(3) Calculation Result

Tensile Force of Stay Cable

Re- Due to Live Load D.L+LL

Dead Load { ,. .. .. Allowable
Stay Cable Nos of at end of distribution} - Tensile Fo
y Strand | of Dead Max Min | Max Min nsi ree
creep Load _ (0.56fpu)
SN-32 (55-32) 70 it 6303] ~ 8536| 986| 153| 9522 8689} 10113 OK
g (SN-33 (55-33) 70 Lo ... 6549 8301 | 11531 16] 9455| 8317; 10113 OK .
g,j SN-34 (S5-34)] 70 6946 | Broken |Broken|] Broken| Broken Broken| -
3 SN—SS(SS-SS) 37 1. 3128 4083 82?_ -7 -491(?_‘ 4975 5345 OK
SN-36 (55-36) 30 1967 3163 709 14 3872 3177 4334 OK
|5N-32 (6532) 70 6303 | 6761| 735 -139| 7497 6622| 10113 OK
3 [sN:ETEEE) T 6545 G634 | 833 |49 7466 | 6585 | 10113 OK
2 [SNBIEE39) 70 6946 6450 | 965 |37 | 7415 | ed2d | 10113 OK
NI CEE O N A0 W I <~ 03608 | 3333|5345 OK
SN-36 (55-36) a0 1967 2606 527 10 3134 2616 4334 OK

3-118




3.11 Design of Pile-Cap
3111 Spaée Frarhe Analysis
(1) Explanation of Analysis model
Structural model of pilecap , pile cap structure divide as beam element into 13 rows
for longitudinal direction and 7 lines for transverse direction, basis the disposition

of piles and bottom of column of pylon. And spring constant given for each node
Analysis model of pile cap is as shown below.

7%7_5.‘52
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General View of Space Frame Model of Pile Cap

iV,

. | L $W'
b%h‘
ol
Horizontal Spring .
Virtical Spring

Detail of Modelin.g of Ground Spring

Fig Space Frame Model of Pite Cap
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(2) Spring Constant of Pile

Value of Spring constant of pile are taken from design calculation of composite pile.
The substance of calculation of spring constant refer to design calculation of pile.
Horizontal spring constant and vertical spring constant are mentioned below.

Table Horizontal spring constant of pile at Northern Pylon

Northern Pylon Southern Pylon
POINT | depth| A 1 kh: (kN/m) depth| A 1 o khe{kiN/m)
(m) | (m2)| (m2) [Ordinary [Earthquake} (m) | (m2) | (m2) [Ordinary |Earthquake
) 5] 9.863] 7.431 0 q 717 9.863] 7.431 0 0
@ 10| 9.863] 7.431 0 OI 12,1 9.863| 7.431 0 0
@ 15| 9.863| 7.431 0 of 17.1] 9.863] 7.431 0 0|
@ 20[ 9.863] 7431 0 0] 221] 9.863] 7.431 0 ol
® 251 9.863] 7.431 80542 161094 27.1) 9.863] 7.431 0 0
® 30| 9.863| 7.431 161054 322188F 32.1| 9.863| 7431 80542 161094
@D 35] 9.863| 7.431 161094 322188F 37.1} 9.863] 7.431 161094 322188
401 9.863F 7.431 1610594 322188F 421} 5.863] 7.431 161094 322188
@ 45 9.863} - 7.431 161094 322188] 47.1| 9.863| 7.431 161094 322188
(0] 50| 7.069] 3.976 235889 471788} 52.1| 9.863] 7.431 161094 322188
() 55) 7.0691 3.976 324600 6492001 571§ 7.069] 3.976 261975 523950
12 60| 7.069] 3.976 324600 6492000 621 7.069] 3.976 415194 830388
[iE) 65| 7.069| 3.976 324600 649200F 67.1} 7.069 3.976 415194 830388
® 701 7.069} 3.976 787474 15749481 721 7.069| 3.976 874704 1749418
(5] 75| 7.069j 3.976] 1090951 2181901 771 7.069| 3.976; 1090951 2181901
@ 7.069] 3.976] 1090951 2181901F 821 7.069; 3.9761 1090951 2181901
) 85] 7.069{ 3.976 1527327 3054654 871 7.069 3.976 1069131 2138262
@ 90| 7.069| 3.976 498227 996464F 921 7.069| 3.976] 1080036 2160081
fit] 97| 7.069| 3.976 763663 1527327 971 7.069| 3.976 459412 918834
Table Vertical spring constant

KV (kN/m) [Remark
Northern Pylon  |12988398
Southern Pylon  [11985541

Vertical spring constant is common value for calculate internal forces as Ordinaly
and Earthquake -

(3) Material

Concrete
fc! Ec G Ct Remark
{(MPa)|(MPa) (MPa)
Pile Cap 30] 263007 10900|10.8/deg |Class D
Pile 301 263000 10900(x1.0E-6 Class D

fc'= Compressive strength of concrete at 28 days (LRFD 5.4.2.1)

Ec= Elasticity Modules of concrete (LRFD 5.4.2.4)

G= Shear Modules (LRFD 5.4.2.5)

Ct= Coefficient of thermal expansion and contraction (LRFD 5.4.2.2)

3-120



(4) Design Section

Section 1-1,3-3 Section 4-4,5-5,6-6
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3.11.2 Calculation result
(1) Loading

For calculation of internal forces at pilecap, loading shall be considered with
effect due to dead load of superstructure, thermal effect, wind load,
earthquake, and collision force due to vessels.

Summary of Loadings is mentioned below.

Case No Load Name
LC-1  |Pilecap
LC-2  |Pile

LC-3  |Girder + Surfacing

1.C-4  |Live Load M-Max

LC-5 |Temperature Gradient

LC-6  {Uniform Temperature (+10 deg)

LC-7  |Uniform Temperature (-10 deg)

LC-8  |Uniform Temperature at Pylon (+10 deg)
LC-9  |Uniform Temperature at Pylon (-10 deg)
LC-10 |Shrinkage at Pylon

1.C-11 |Wind Load for Longitudinal Direction (L->R)
LC-12 !Wind Load for Longitudinal Direction (R->1)
LC-13 [Wind Load for Transverse Direction {L->R}
LC-14 |Wind Load for Transverse Direction (R->L)
1.C-15 |Wind Load on Live Load

.C-16 {Water Load (Stream Pressure)

LC-17 |Earthquake for Longitudinal Direction (L->R)
LC-18 [Farthquake for Longitudinal Direction (R->L)
LC-19 [Earthquake for Transverse Direction (L->R)
LC-20  |Earthquake for Transverse Direction (R->L)
LC-21  |EQ;Pilecap for Longitudinal Direction (L->R}
LC-22 |EQ;Pilecap for Longitudinal Direction (R->L)
LC-23  |EQ;Pilecap for Transverse Direction (L->R)
LC-24 |EQ;Pilecap for Transverse Direction (R->L)
LC-25 JEQ;Pile for Longitudinal Direction (L->R)
LC-26  |EQ;Pile for Longitudinal Direction (R->L)
LC-27 |EQ;Pile for Transverse Direction (L->R)
LC-28 {EQ;Pile for Transverse Direction (R->1.)
LC-29  |Vessel Collision for Longitudinal Direction
LC-30  |Vessel Collision for Transverse Direction
LC-31 |Breaking Force (L->R)

LC-32  |Breaking Force (R->L)
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(2) Load Combination

As for load combination, that according to LRFD{Article 3.4.1).
As concern sectional force check at pile-cap resulting from 3D-analysis,
load combination for examination, that is mentioned below.

Summary of Load Combination

Case No. [Contents Remark
Case-1 {1+2+3+4+6+8+10+16 Strength 1
Case-2 |1+2+3-+4+7+9+10+16
Case-3 [1+2+3+4+6+8+10+11+15+16 Strength 5
Case-4 [142+3+4+6+8+10+12+15+16 for Longitudinal Direction
Case-5 [1+243+4+6+8+10+11+15+16
Case-6 |1+2+3+4+6+8+10+12+15+16
Case-7 [1+2+3+4+6+8+10+13+15+16 Strength 5
Case-§  [112+3+4+6+8+10+14+15+16 for Transverse Direction
Case-9 [1+2+3+4+6+8+10+13+15+16
Case-10 |1+2+3+4+6+8+10+14+15t16
Case-11 [1+2+3+4+16+17+21+25 Earthquake
Case-12 [1+2+3+4+16+18+22+26 for Longitudinal Ditection
Case-13 [1+2+3+4+16+19+23+27 Earthquake
Case-14 |1+2+3+4+16+20+24+28 for Transverse Direction
Case-15 [1+2+3+4+16+29 Vessel Collision for Longitudinal
Case-16 {1+2+3+4+16+30 Vessel Collision for Transverse
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(3) Sectional Force

i oz 0 1 € 0 ¥l 81~ 0 3 8% 0 S 0 sy €L 0 €01
- ot 0 12 € 0 tzi- (8l 0 ¥S 8% 0 €8z 99- 0 s €L 0 €07
SL6L9  |9LLYL- {B6E 1065 |reso1- 901 I 0 0 0 0 0 0 0 0 0€-01
0 0 0 0 0 0 0 0 0 08108  |oFzST  [TE 9ce1z- |9T8ST  {1§ 08108~ |ObsST  [Ze- 6201
80IT1- |67~  |9F 158 L€ jee 1ISTL  [26€2-  [€F € L 0 st € L 1- 9 1 8T-21
STl (62¥C 9% 1488 L€ €€ 1ISTI- 2667 |¢F £ L 0 s¥ € 1- 1 9 5 L2201
0 0 0 1 0 0 I Y 0 90/9T |zels 1z 99€9-  |PIS8  (BL 0z/97- |881S  |¥E- 9701
0 0 0 5 0 0 I- 1- 0 909z |Tels-  |2€ 9969  |FISB- - [PL- 0z/9T |88~ |3E 5207
98E1S- 6026~  |PRiZ-  {PBEIE  ITSEOT- 687" [6zevy  |9806- (18 8 44 T 6%1- |91 0 - 7z 0 ¥01
98615 16076  1vbiZ  |¥BelE- [IGZ0L  |68Z 628V~ (9806 18- e - 5 6¥1 91- 0 ¥ 44 0 €201
1 L I £ 0 - 11 z 1- VO9ISL |SZ0ZE |WZOE  [Z06F |¥GE2S (1617 [Z991S1- |9Loze  [906- | TTOT
1 1- i £ 0 1 - z- 1 YO9IGL- |520Z6- [PL0E-  [4L06F  |¥BBTS- [161T-  [Z991S1 |9tOZE-  |9£0€ 1201
069597- |986¥T |196F  (8€90T |IEEl- 9900  |S6s9-  [9W00I- [Ius- |9t 00% 61 166€-  (86% 9 9sl-  |€6T 81- 0201
S6F6  [PELLL  |LZ19  |£GG01- |0L6F- (€9 |SSOIST 01981~ |OTXF  fPSL  |S¥E- |56 N - L 2 gre-  leg 6101
9¥Ee L2010 |IE Pl9g-  i6S1 - 86€9 096~ 9T SPobs  [09FI8 (5869  [TL88001-|PZEPEL [€8041  |4p0Ss- isvgze  [zo0s | 81D
e (201 [IE e A 86€9-  |096 @ 0S9bL- 0919~ [S869-  |0898001 |678P€1- |€80Z1- Jeg0sZ 05878~ [T004 L1017
e |09 €0F (91§~ {621 67 jees-  |9B1 g e € 0 e | 1 € - 0 91-0T
9ges- 98¢ ss1-  fess o1 €€ 0862 |8S- 991- [0 0 0 v I 0 0 0 0 S107
9ELL0T 66618 |L9TL-  |8VOSPL- [6E0TT (86§ €LELE  [STI0E- |9g€9-  [8SLL-  (ZERIE- /7€ |SC0%9S |ZZEIe- (299 {9849 [00L0E  |0ST P10
LTP6S- L0967 (9FE9  [RTTOPL (/044 S48 [R1981- [7946% (6169  |6SLL  6PIE  |4TE 9cPh9s- |GS618 (€59 €629  |LBOE- (1ST €101
9¥THL-  |¥BEC |69 ys 90yl 9291 |T6ET (LT SYCLL (66879 (9668 |BSTYEL (640901 |098FL  [4PS9L-  [0LBES 1965 [ 21D
OPTFL  |FSET- |69 IIbg-  |S0F 49 9LL91  |Te€Z- (AT SPE/L- (66879 |9665-  |8STPEL |6£0901 |098F1- {LPSOL  OLPEST 196G 11-01
7896|914 148 008Z- (BT |6ZSF  [0S6TT- (PIL lped JSE S67 0 sogz-  [bOT 4 g€ g6z 10 0101
{896 914 (8§ 967 881~ |zesk  legeZi- |LlL PSF {96 00¢ 4 vOET- (861 ¥ 9€ 00g- [T 61
£696  |91L 88" 6L |881 8P fue671  |412- [PESY [9E- 0og- |2 voez  [sel- i 9¢- 00¢ z- 801
s £8- 1- 96T~ |1 0 0Z8 3L T L6 [TEEF  |IeE 9gibs- [2512 208 L L1
e |es 1 967 gl 0 0z5- |82 z 06 [gesr  [teer  l96TPS  |ZSTL- 208~ lees€  [pERE- [gee 931
1€5-  |¥8 z 0sz zr- 0 ske- |98 1 Proz-  |evie-  |s€-  [OISeE  |PSIS-  J08S- (/99T |9FZE- /6T 81
89LIE | L01S- |21 {92081 Z6L Se- 60L1¢  |064b-  |ezl-  |STeT- 1948~ [€6z-  [8E/SET [elesl- |2g9- fTeIl  |TeLl-  |I€T 1
079459 |€04S01- 19092~  {€91PL€- [01S91 [€1L  |619/59 |[¥8I66- [£09T-  |STIPL- [£9219- (20T~ |098SPLL {8090L1- |LIT-  IBPO61- |6G0€8  |LE1T- €1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 z-01
L{G8C  |9TFLL- |OF&-  [CBZ9E  [9<T §¥71-  [8/S8€ |88TT - |86~ J9SBYE- . |TPLLL- LS 082001 0081~ |T6- Se89¢-  |ThLLT  |g- 107
() W (DS FIND N N WG (NS | (D N JeeaeD | (NS | (DN D ) INDS | (ND N [ W INDS | (NPD N JOeneD N (NS | (NPD N
g-g UoIag -G Uones F uonpeg ¢ ao1ag FArA (USREI 1-1 uonoag
UOTA ] WIDUIION

3-124



9-G Uonag

G-g UOKYIG

Fp uUO13IRg

€€ UOTG

-7 uonaeg

-1 uonoag

g1 a- £1 - (4} 8 79- 9 2 062" oc- 0 i I 0 oFS 9¢- 0 7e-01
51- = £r- 1 (4% g 79 9 £ 067 05 0 P4 1 0 9%c- 9g 0 €01
cgeer {9011 |46° 60F91  |POROI- L1 €979F  |STI0L-  |€EL- 0%06€-  |soTTI- |18 870,  [9T6¥L-  |¥91- zeger- |seees  |9€ 0601
€LLr ¥6 9%~ £20T- 16491~ (0T 278 L81-  |eF 5700 £60Z1- | LF1 0£90T  |860E-  [08L £/86  |zsgsl- 19T 6201
ci/8 A rARItA £91% 800z~  |¥- 9588 1961~  |8Z- 6LpL-  |WTET- (LT 97TFL  |¥98T-  [9¢- oFgF  |€BO- g 8201
30 [ra b (4! £91€-  |BOOT ¥ 9ceg- 1961 8z 6/P.  |BTET 11- 97TFL-  |B98T 9¢ orgr  [€F9 g- iyl
86T 9¢- 0z £08 159 6 70T |STL 81 €oez-  (269%  |To- gETy  |POTL LL- 9977-  |8ges 1 97-'1
$6¢- sg oz- £08- 189~ 6 &Zoe |sze g1 £eez  |T69 |79 gETF LA T4 907 gg6s- |2l erageg
PIEIE TP (BIF £0/8 g6L9-  |€ls- 6907 |ZF99-  [1BLT 1¥19z-  |Z808  |4I FETIS 0896 (Z6L geg6l- |5112- |0FF ¥Z-01
¥I616-  [CHLL Pl €048 15649 €18 690FE- | L¥99 811~ |1FT9T  |£808  LT- ¥6TIG- (0886 264" ges6l  [6112 (1} €01
g6l €91- 109 178€  {$€1E FPE- €96~ (PBPE |GV cI6s- |T9L€T  [Th- 6641 |C0e9 £erL OLLLT- 186€08  [0TTZ (240}
g€ {891 109 1785~ [sele-  [¥EE £926 eV |SLF cl6G  |T9s£7- |Z¥ 26621 {2089~ |€ETT~  {OTAZT |8GE0E-  |0TTT- 1201
lzesst  |81%6-  |8s¥T [LL241 [6FTF |ESFL FoCFR  |1S0bT €L geV/F (89611 |ZZI- 05061~ |1SBTT  (9ZkT-  |16T16T- |9549¢  |¥ESs irgey |
706 {9g0ET- [1Z8E-  j0SE9T (886l 6292 cobee-  [o%TF 1066 L6860 |WLTT |86 68998~ |/860¢  |088C-  jOSLEST- |fcziy  |689s 6101
£0£9 76T {506 18PEL  |0ETS-  [s8F 78¢01  |otee-  |soEr-  |szogsl j19zER  [9sgi-  j9r9e-  {¥ES6 £E£8T €8LFb- #6769 9558 81-01
(74 E AT 988 ZOFEL- G¥CS 4B P01~ 9EEC 1971 lostest- |soszh- oBET  |LTRE |04b6- 19440 (E6TeRP 00889 |00¥S- ygeg!
PLO- 56 651- 905" € #91- €9~ ¥6 €l 601 £ oET- LR 8¢1 151~ 162" Vi ZI- 91-71
00Z1 09 18 £€7 [ 74 SCET 0eF 9L €76 97z 1 §€F- FiZ £ 0enb- (298 €01 121
SFI6L  |sTiie  |LB0Z o1FET- 005" 6% 998591 |61C0E  |9C95  |0/68PL l6€18T  |895- goseE  |ezott  |zesl- . |PeziPT |1ZSTE  |APEC PO
6%  le¥bsze  |0S1e-  |6s621 (€192 [G€€Z P6LCPL- |07ERS- (€601 [TisTi- {gEos [61F Z688F1- {FIEOL  |06L1-  16869¢C- |¥T6TE  |6VOF €101
9pl6l  |9TLTE  |260T o18s1-  {00%- [43 999591 |6IE0E  [9€5S 06891 |6E187 895" gosee  |6zoIl  1Zsel-  [F6TIRC |1TSTH-  |LFEE 7101
0678~ |Ub 908 97€l-  |OTST 081~ ovbs |61 §201 PIv68-  |E189T  |00E 589 P665- | 1/G2-  {ER6ZET  [0STAE- {0609 -1
Z0ge- 065" 1106 |99 79 911 go1.,  |SFE 601~ |1 59T~ g61L €608~ |942 ceRl 7852 |66l Z6g o101
Goee-  |Z6s- 010¢ {29 g9 L1681 1412 |S¥8 601 e 691" 9611 ¥E0E-  |84T Fesl €85z~ |20T 65 601
S0E€ 765 [ g9- FAC S A A PR 7601 € 691 9611~ |¥E0E  |SLT- veal-  |essT  {ToT- P65- g1
85€ £61- i 8L 6le- 9T 204 181- 95- 86%6 z052 59~ 16- 785 S¥1 ¥O09Z- |96  |9€F ey
oray 68 1€ 616" AL L1 1% 0zZ1 i T€€9- (8991 |EF 09 £5¢- 96- S/E€L1 {0S9Z- 06T 91
§42- 95 g€ 509- 752 61- 865" el 15 ¥164-  |ssel- 10§ 44 67F- 601~ S8E0T  |/80E-  |€EE- &1
061" 85 82 £ 241 ¥1- 09%- [ or qIFs-  |TFPI-  [8€ ¥ £IE 8- PREFPT 0CZZ-  |BST- =1
1£63¢- (01906 |9ST1-  |84T0E- |809 PROT-  §042€07 (61164 |SS€1-  |609Z61 |€0BST 988" 6E9681 | LIS/ GeSI-  (ISI9EL [B6/911- |SI1ET- €01
0 0 v 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 01
ZeStt  (shee 19% S0LIT  lZ80€ {48F orL1 2659 0% 16740 |Z68F1  |&S¢- €19~ 11811  |6¥6- /8TV.  |6Z881-  |1€T- -1
et L 0D S (0D NN ) (eDs! oD mftanen | 00D s (D N(0EN) I (NDY S| (N N e | (el sy oD N[eD | (N s] (DN

UOL4J WISNoG

3-125



(4) Force Effect
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311.3 Check from Load and Resistance Factor Design

(1)  Check of Flexural Resistance
Pile Cap at Northern Pylon Longitudinal Direction
Section 1-1 Section 2-2 Section 3-3
Moment |Resistance |Moment Resistance  |Moment Resistance
(kNm/m) |Factor (kNm)|(kNm/m) Factor (kNm)|(kNm/m)  {Factor (kNm)
Strength 1 -D6266 1508233 -57755
Strength 5 -87357 | 1747605 -87567
Extreme 1 197941 1722080 2375789 2806274 201420 1722080
Extreme 2 -136089 1200127 [ 27798
Pile Cap at Northern Pylon Transverse Direction
Section 4-4 Section 5-5 Seclion 6-6
Moment |Resistance |Moment Resistance  {Moment Resistance
(kNm/m) |Factor (kNm)|(kNm/m) Factor (kNm) [(kNm/m) Factor (kNm)
Strength 1 750944 -369882 761224
Strength 5 750256 -305979 825775
Extreme 1 937005 1581899 -286241 1581899 764597 | 15818994
Extreme 2 779465 294419 643623
Pile Cap at Southern Pylon Longitudinal Direction
Section 1-1 Section 2-2 Section 3-3
Moment |Resistance (Moment Resistance  {Moment Resistance
(kNm/m) |Factor (kNm)|(kNm/m) Factor {KNm) |(kNm/m) Factor (kNm)
Strength 1 - 42444 : 1631040 -64189
Strength 5 -46418 _ 1841498 . 91250
Extreme 1 265010 1489222 2571596 2528508 252046 1489222
Extreme 2 53034 1600917| -155618
Pile Cap at Southern Pylon Transverse Direction
Section 44 Section 5.5 ~Section 6-6
Moment |Resistance {Moment Resistance  |Moment Resistance
(kNm/m) |Facior (kNm)|(kNm/m) Factor (kNm) j(kNm/m) Factor (kNm)
Strength 1 703107 -344586 713316
Strength 5 721721 402084 797734
Extreme 1 913696 1245621 ~264544 1245621 775349 1245621
Extreme 2 786815 -278730 621271
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(2) Calculation of Frexural Resistance

Calculation of Flexural Resistance (Northern Pylon)

. Northern Pylon
Sign | Unit
Section 1-1 [Section 2-2 [Section 3-3 |Section 4-4 [Section 5-5 [Section 6-6

Factored Flexural Resistance I M, l Nmm ] 8.61F+11 1.403E+1‘2‘ 8.61E+11| 1.582E+12] 1.582E+12} 1.582E+12
Resistance Faclor ¢ 0.9 09 09 0.9 0.9 09
Nominal Resistance M, Nmm | 9.567E+11| 1.559E+12| 9.567E+11] 1.758E+12) 1.758E+12] 1.758E+12
Area of prestressing steel A, mm? 0 o 0 0 0 0
Average stress in prestressing steel at nominal { MP o 0 o
bending, resistance i a 0 0 0
Yield strength of prestressing steel for MPa 0} o o 0 0 0
Specified tensile strength of prestressing steel fou MPa 0 0 0 G 0 OI

k 0 0 0 0 0 of
Distance from extreme compression fiber to the
centroid of prestressing tendons d mm 0 0 0 0 0 0
Specified yield strength of reinforcing bars £ MPa 390 390 390 390 390 300}
Area of nonprestressed tension reinforcement A, mm? 377022 462156 377022 561116 561116 561116
Distance from exireme compression {iber to the :
centroid of nonprestressed lensile d, mmn 6640 8783 6640 8235 8236 8236
reinforcement
Area of compression reinforcement Al mm® 118618 144447 115618 44960 44960 44960
Distance from extreme compression fiber to g . )
ceniroid of compression reinforcement : mm 150 150 150 19 194 194
Specified yield strength of compression \
reinforcement fy MPa 390 390 390 3% 3% 390
Specified compressive strength of concrete at "
28 days, unless another age is specified € MPa 30 30 0 0 30 30
Width of the compression face of the member b mem 18469 22755 18469 22653 22653 22653
Web width or diameter of a circular seclion b, mm 0 0 0 0 0 ol
Stress block factor . 8, 0.85 0.85 0.85 0.85 0.85 0.85
Distance from extreme compression fiber to the -
nutral axis assuming the lendon prestressing c mm 251.75 251.22 251.75 409.98 409.98 409.98

Jsteel has yielded

Compression flange depth of an T or T member by mm 25175 25122 25175 4(9.98 4998 409.98'
Drepth of the equivalent stress block a (=cffy) 213.99 213.54 213.99 31848 34848 H8.48

Fomula : Mn= Apsfps(dp_a/z)+Asfy(ds'a/2)'A.sf‘y(dﬁs'a/2)+0'85f'c(b_bw)5‘1hf(a/2"hl’/_2)

fo= Fu(l-ke/d,)

k

]

= (Apafpu

2(1.04-£,,/£,.)
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Calculation of Flexural Resistance (Southern Pylon)

) . Southern Pylon
Sign | Unit

Section 1-1 [Section 2-2 |Section 3-3 ]Soction 4-4 |Section 5-5 |Section 6-6
Factored Flexural Resistance M, Nmm | 7.416E+11| 1.264E+12 7.446E+11| 1.246E+12| 1.246E+12| 1.246E+12
Resistance Factor $ 0.9 49 0.9 0.9 0.2 0.9
Nominal Resistance M, Nowm | 8.273E+11] 1.405E+12] 8.273E+11§ 1384E+12| 1.384E+12| 1.3B4E+12
Area of prestressing steel Ap | mm? 0 ] 0 0 t of
Average sircss in presiressing steel at nominal ‘

Jbending resistance Ll MPa 0 0 ¢ 0 0 0
Yield strength of prestressing steel foy | MPa 0 0 ] 0 0
Specified tensile strength of prestressing steel fpu MPa o 0 0 0 o)

k 0 0 0 0 o}

Distance from extreme compression fiber to the 4 -

centroid of prestressing tendons ? nm 0 0 0 0 0 0
Specified yield strength of reinforcing bars fy MPa 390 390 350 390 390 390
Area of nonprestressed tension reinforcement A, mm’ 356752 141886 356752 478237 178237 478237
Distance rom extreme compression fiber to the ”

centroid of nonprestressed tensile d, mm 6091 8284 6091 7753 7753 “TI53
reinforcement ]

Area of compression reinforcement Al mm’ 111922 139664 111922 46873 46873 46873
Diistance from extreme compression fiber to & ~ T
centroid of compression reinforcement * wm 185 150 185 221 2 21
Specified yield strength of compression ,

reinforcement _ fy MPa 390 3% 390 390 390 390
tSpecified compressive strength of concrele at o -

28 days, unless another age is specified c MPa 30 3 30 30 30 30
Width of the compression face of the member b mm 17469 21755 17469 21653 21653 21653
Web width or diameter of a circular section by, mm 0 0 0 0 0 of
Stress block factor By 0.85 0.85 0.85 0.85 0.85 0.85
T¥istance from extreme compression fiber to the

nutral axis assuming the tendon prestressing c mm 25218 24996] 25218  62093] 62093 62093
steel has yielded

Compression flange depth of anlor T member hy mn 252,18 249.96 252,18 620.93 620.93 620.93
Depth of the equivalent stress block a(=chy) 214.35 21247 214.35 527.79 327.79 527.79

Fomula: M=

Apsfps(dp'a/2)+Asfy(ds'a/2)"A|5Py(d|s'a/2)+0'85f’c(b'bw)ﬁ]h{(a/z'hf/z)

fo= Fu(l-ke/dy)

k

2(1.04-Fy /)

(A f

psipu
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Effective Width

Determination of amount of reinforcing bar, that calculated in accordance with
effective width, The standpoint of effective width for calculation of flexural
resistance is considered as follows.

t

\-— Bottom Layer of Reinforce Bar
Effective width :  ttc +2*d :

d : Distance from upper fiber to lower layer
t. : Thickness of column
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3,12 Design of Foundation for Pylon

3.12.1 Detail of Hybrid Pile
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3.12.2 Calculation Model

Structure analysis of the foundation is done by Space frame .

Model of Space Frame

Pile Arrangement (Northern Pylon,Southern Pylon)

00582

COE 00S22=05£E%3 Q0D

21000

ok
of
]
3
5 oo
- a0
o B
& Q@
> —
M
AN T Y g
@
o Ed
[~ 8 -3 e N "
D " N O
] = m N7 43 m
N I
%
o | A &
&S0 ¥
) o 1, 4
v/ sl i Ry
o b Al e
& =8| %
[ale]
g2
o~ 138
@
@ g2
ry ma
[
e
o
I
o

3-134




3.12.3 Load Combination for Foundation

List of Load Cases

Case No Load Name

Case-1 |Pilecap

Case-2 |Pile

Case-3 |Girder + Surfacing

Case-4 |{Live Load M-Max

Case-5 |Temperature Gradient

Case-6 |Uniform Temperature (+10 deg)

Case-7 |Uniform Temperature (-10 deg)

Case-8 |Uniform Temperature at Pylon (+10 deg)
Case-9 | Uniform Temperature at Pylon (-10 deg)
Case-10 [Shrinkage at Pylon

Case-11 |Wind Load for Longitudinal Direction (L->R)
Case-12 |Wind Load for Longitudinal Direction (R->L)
Case-13 |Wind Load for Transverse Direction (L->R)
Case-14 {Wind Load for Transverse Direction (R->1)
Case-15 [Wind Load on Live Load

Case-16 [Water Load (Stream Pressure)

Case-17 |Earthquake for Longitudinal Direction (L->R)
Case-18 |Earthguake for Longitudinal Direction (R->L)
Case-19 {Earthquake for Transverse Direction (L->R)
Case-20 |Earthquake for Transverse Direction (R->1)
Case-21 |EQ;Pilecap for Longitudinal Direction (L->R)
Case-22 |EQ;Pilecap for Longitudinal Direction (R->L}
Case-23 |EQ;Pilecap for Transverse Direction (L->R)
Case-24 |EQ;Pilecap for Transverse Direction (R->L)
Case-25 |EQ;Pile for Longitudinal Direction (L->R)
Case-26 |EQ;Pile for Longitudinal Direction (R->L)
Case-27 |EQ;Pile for Transverse Direction (L->R)
Case-28 |EQ;Pile for Transverse Direction (R->L)
Case-29 |Vessel Collision for Longitudinal Direction
Case-30 |Vessel Collision for Transverse Direction

NOTE: “Case-4: Live Load M-Max” is the critical case for the foundation

design with the maximum absolute value of Working Force caused
by Live Load.
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Summary for Load Combination

Combination Name Contents Remark
T tion]. TH243+446+8+10+]
Combinationl 1 Strength- 1 10+16 Uniform Temperature
Combinationl-2 1+243+4+7+9+10+16
Combination2-1 14243 +4+6+8+10+11+15+16
ination2- 14+2+3+4+6+8+10412+15+1
Combination2-2 Strength-V 15+16 Wind Load:Longitudinal Direction
Combination2-3 1+2+3+4+6+8+10+11+15+16
Combination2-4 142+3+4+6+8+10+12+15+16
Combination2-5 142+3+4+6+8+10+13+15+16
ination2- 142+3+4+6+8+10+14+15+1
Combination2 6 Strength-V S+16 Wind Load:Transeverse Direction

Combination2-7

Combination2-8

1+2+3+4+6+8+10+13+15+16

1+2+3+4+6+8+10+14+15+16

Combination3-1

ExtremeEvent- 1

Combination3-2

1+243+4+16417421425

1+42+3+44+16+18+22426

Earthquake:Longitudinal Direction

Combination3-3

Combination3-4

ExtremeEvent- 1

1+2+3+4+16+19+23+27

1+243+4+16+20+24+28

Earthquake:Transeverse Direction

Combinationd-1

Combinationd-2

ExtremeEvent- I

1+2+3+4+16+29

Vessel Collision:Longitudinal Direction

1+2+43+4+16+30

Vessel Collision:Transeverse Direction

Combination3-1

Combination5-2

142+3+4+5+6+8+10+11+15+16

14243444 5+6+8+10+12+15+16

— Service- | Wind Lead:Longitudinal Direction
Combination5-3 1+2+3+4+5+6+8+10+11+15+16
Combination5-4 1+2+3+4+5+6+8+10+12+15+16
Combination5-5 Service- | 1+2+43+4+5+6+8+10+13+15+16

Combination5-6

Combination5-7

Combination5-8

1+24344+5+6+8+10+14+15+16

1+2+3+4+5+6+8+10+13+15+16

[14243+4+5+6+8+10+14+15+16

Wind Load:Transeverse Direction
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3.12.4 Soil Condition of Pile

Northern Pylon
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3.12.5 Vertical Spring Constant of P'ile

Northern Pylon
Total length of pile- = 970 m
stick out length of pile = 250 m
kv= !
. S S
kvl + kv2

kv: Equivalent Vertical Spring Constant
kvl: Kv of the part that stuck out in the water (Ap*Ec/h)

kv2: Kv of the part in the ground

Kv2=a ApItEp
o =0031(1/D)-015

kvl= 1/4* 7 *3.24A2*4.0°E6/ 25
= 1,130,976 tf/m

a = 0.031%(72.0/3)-0.15
0.5940

Kv2= 0.5940%1 /4* 1 *3.002*2.63*E6/72.0

= 153,371 t/m
_ 1
S W S
kvl + kv2
_ _ 1
_r N S
1130,976 + 153,371
= 135,056 t/m = 1324448 KN/m
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Southern Pylon

Total length of pile = 970 m
stick out length of pile = 371 m
kv = E
1 1

kvl + kv2
kv: Equivalent Vertical Spring Constant
kvl: Kv of the part that stuck out in the water

kv2: Kv of the part in the ground

£
Kv2= Ap'Ep
L.
o: =0031(L/D)-0.15
kvl= 1/4* n *3.2*"2*4*E6/37.1
= 867,115 tf/m
o= 0.031*(59.9/3)-0.15
= (.46896667
kv2= 0.469*1/4* x *3.072*2.63*e6/59.9
= 145,547 tf/m
_ 1
ky = q i
kvl + kv2
1
1 X
867,115 + 145,547
= 124,628 S d/m = 1,222,185
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3.12.6 Calculation of Horizontal Spring-constant for Pile

Northern Pylon

Layer N-Value kh.o: a E0(kgf/m3) 8 Bh=(D/ £ )"0.5(cm) .KH {kgf/cm3)
Number Ordinary | Earthquake Ordinary | Earthquake
D 10 9.333 18.667 |  0.00094 218.8 2.103 4.206
@ 20 18.667 37.333 0.00114 198.7 4,522 5.043
[€)) 60 56.000 112.000 0.00154 170.9 15.184 30.369
@ 25 23.333 46.667 0.00121 192.8 5,780 11.559
® 60 56.000 112.000 0.00154 170.9 15.184 30.369
® 30 28.000 56.000 |  0.00127 188.2 7.063 14,125
@ 80 74.667 149,333 0.00167 164.2 20.870 41.741

Southern Pylon

Layer N-Value kh‘o: a EO(kgf/ m3) P Bh=(D/ #)"0.5(cem) .KH (kgf/cm3)
Number Ordinary | Earthquake Ordinary | Earthquake
® 10 9.333 18.667 |  0.00094 218.8 2.103 4.206
@ 25 23.333 46.667 0.00121 192.8 5.780 11.559
€ 60 56.000 112.0001 0.00154 170.9 15.184 30,369
@ 45 42.000 34.000| 0.00142 178.0 11.047 22.094
® 80 74.667 149.333 0.00167 1642 20.870 41.741
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3.12.7 Calculation of Pile Capacity

NAME: Northern Pylon
PILETYPE Hybrid Pile (Cast-in-situ-pile with Parmanent Casing)
Dia: Upper Pile 3200 m (t=30mm)
Lower Pile 3.000 m
Pile Length Upper Pile 50.000 m
Lower Pile 47.000 m
Stick out length of pile: 25,000 m
Ulimate Soil End Bearing Capacity 300 tf/m?2 2942 kN/m?2
Skin Friction Capacity :
Layer Depath:d . N Value fs Qs (s |Remarks
Number | (n) | *00 PO | w/m)l @ | (N
1 25.00 clay 10 50{ 1256.6 | 12323.4 | Dia:3.2m
1 0.48 clay 10 10.0 45.2 443.6 { Dia:3.0m
2 19.00 clay 20 15.0 | 2686.1 1 26341.3 "
3 27.40 sand 60 200] 5164.8 | 506493 “
4 0.12 clay 25 15.0 17.0 166.4 "o
Total 72.00 - - - 9169.7 | 89924.1
End Bearing Capacity : Qu 2120.6 (tf) 20795.8 (kN)
Replaced Effective Weight of Soil(Ws): 480.0 (tf) 4706.78 (kN)
_Buoyaht Weight of Pile(W): 11814 (tf) 11586 (kN)
Allowable Bearing Capacity(Qa): |
Service Limit State (FS=3) 2902.0 (tf) 28458.5 (kN)
Strength Limit State  (F5=2) 4703.7 (tf) 46127.3 (kN)
Extreme Event Limit Ste (F5=2) 4703.7 (tf) 46127.3 (kN)
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NAME: Southern Pylon
Pile Type Hybrid Pile (Cast-in-situ-pile with Parmanent Casing)
Dia: Upper Pile 3.200 m {t=30mm)
Lower Pile 3.000 m
Pile Length Upper Pile 50.000 m
Lower Pile 47.000 m
Stick out length of pile : 37.100 m
Ulimate Soil End Bearing Capacity 300 tf/m2 2942 kN/m2
Skin Friction Capacity :
Layer - { Depath:d . N Value fs Qs Qs  |Remarks
Number (m) | lType t/m)l () | (KN)
1 12.90 clay 10 10.0 | 1296.9 | 12717.8 | Dia:3.2m
1 7.50 clay 10 100 706.9 | 6931.9 {Dia:3.0m
2 13.70 clay 25 15.01 1936.8 | 18993.5 o
3 2440 sand 60 200 4599.3 | 45103.7 "
4 1.40 clay 45 150 1979 19409 "
Total 59.90 - - - 8737.7 | 85687.9
End Bearing Capacity : Qu 2120.6 (tf) 20795.8 (kN)
Replaced Effective Weight of Soil(Ws): 3924 (tf) - 3847.89 (kN)
Buoyant Weight of Pile(W): 0.0 (tf) 0 (kN)
Allowable Bearing Capacity(Qa):
Service Limit State (FS=3) 29020 (tf) 28458.5 (kN)
Strength Limit State ~ (F5=2) 4703.7 (tf) 46127.3 (kN)
Extreme Event Limit Ste (F5=2) 4703.7 (tf) 46127.3 (kN)
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3,12.8 Calculation Result of Pile Reaction

Reaction of Pile (at pile top)

NORTHERN PYLON
Pile  |Load Combination Axial Force(I?n) Shear-Force(kn) | Morment(knm) Remarks
max min Y Z Y Z
Strength- I -23,329| 22,850 -76 -426 6,170 1,096
Strength-II - - - - - -
Strength-1II - - - - - -
Strength-IV - - - - - -
Pile NO.7 Strength-V -27,001| -19,412 -41 -789F 10,530 356|<Qa=52200KN
Extreme Event- 1 | -41,036} = -5,373 41| -2,648| 37,937 2881<Qa=52200KN
Extreme Event-IT | -25494( -22,371 -881 -1,132; 16,751 1,381
Service- 1 -26,4381 -19,888 <101 -466 6,145 1,350{<Qa=32500KN
Service- I - - - - - -
Service-I - - - - - -
Strength- I -22,827| -22,428 -90 424 -6,559 1,442
Strength-II - - - - - -
Strength-II - - - - - -
Strength-IV - - - - - -
Pile NO.1 Strength-V -26,078; -18,142 -61 729 -10,744 827
Extreme Event- 1 | -38,622| -3,416 -55 2,524 -38,635 526
Extreme Event-1 | -20,185] -18,730 1,285 3371 -6469) -23,377
Service- I -25,147f -18,656 -79 652 -9,956 1,154
Service- 11 - - - - - -
Service-1lI - - - - - -
Strength- I 213,329 -13,174| -1,487 -8 -169] 22,593
Strength-II - - - - - -
Strength-1I - - - - - -
Strength-IV - - - - - -
Pite NO.1 Strength-V -13,841} -12,175] -1,329 -298 4,244 20,506
Extreme Event-1 | -16,580( -11,433] -3,038 963| -16,317| 52,620
Extreme Event-1 | -12,840) 9,565 -1,419 -671 93251 21,553
Service- | -13,609 -12,205| -1,341 -245 3,062 20619
Service-1 - - - - - -
Service-1 - - - - - -
Strength- | 213,326 -13,174 1,554 ~14 103§ -22,667
Strength-1 - - - - - - -
Strength-III - - - - - -
Strength-IV - - - - - -
Pile NOA Strength-V -14,199; -13,016 1,841 256 4,881} -28,458
Extreme Event- 1 | -14,251] -9,082 2,822 -767| 10,424 -46,607
Extreme Event-I | -16,111} -12,836 2,739 -36 -742| -43,300
Service- | 15446 -12,607 1,610 <13 -770| -23,531
Service-1I - - - - - -
Service-1I - - - - - -
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Reaction of Pile (at pile top)

SOUTHERN PYLON :
Pile Load Combination Axial Force(Ifn) Shear-Force(kn) | Morment(knm) Remarks
max min Y Z Y Z

Strength- I -20,359; -19,856 42 -148 4,839 1,127
Strength- II - - - - - -
Strength-1I - - - - - -
Strength-IV - - - ~ - -

Pile NO.7 Strength-V -23481 -17,103 -25 -395 8,901 699
Extreme Event- 1§ -39,368| -1,897 19 -2,265] 46,381 481
Fxtreme Event-1 | -19591| -17,826 1,337 -175 5,345 -28,539
Service- [ -23,586] -17,291 -46 -160 5,026 1,353
Service- 1l - - - - - -
Service-1I - - - - - ~
Strength- [ -23,8431 -23,421 -44 114 -2,552 1,193
Strength- I - - - - - -
Strength-1I - - - - - -
Strength-IV - - - - - -

Pile NO.1 Strength-V f2_6,49.4 -20,985 -2 353 -6,554 216[<Qa=43500KN
Extreme Event- I | 41,6271 -4,535 -14 2,145 -42,717 325 <Qa=43500KN
Extreme Fvent-1 | -25,887| -22,126 -44 750 -~15,451 1,189
Service- [ - -26,195 -21,165 -30 741 2,046 946|<Qa=26400KN
Service- II - - - - - - '
Service-IIl - - - - - -
Strength- 1 -12,415 -12,261 -496 -41 1,635 14,677
Strength- II - - - - - -
Strength-HI - - - - - -
Strength-IV - - - - - -

Pile NO.1 Strength-V -12,910] -11,262 -354 162{ -2,523| 12,211
Extreme Event-1| -16,680f -9,772} -2,065 608 -8,941] 52,672
Extreme Event-1 | -~12,228 -8,324 -496 585 -10,527| 14,669
Service- 1 -12,790( -11,513 -386 106 -1,438] 12,770
Service- II - - - - - -
Service-Ill - - - - - -
Strength- I -12,3791  -12,225 553 41| 1,635 -14,553
Strength- I - - - - - -
Strength-II - - - - - -
Strength-IV - - - - - -

Pile NO 4 Strength-V -13,4781 -11,651 8271 ~26? 6,102 -20,958
Extreme Event- 1| -14,646| -9,361 1,942 -794| 15,8601 -47,721
Extreme BEvent-I | -16,096| -12,192 1,821 -571 1,850 -40,914
Service- 1 -14,646} -11,790 595 =71 2,128| -15,686
Service- I - - - - - -
Service-Ii - - - - - -

3-144




Depth {m)

Depth (m)

Northern Pylon Pile No.7
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Force and Resistance of Bending Moment, Extreme Event-I
(Load Combination Including Seismic Force)

Northern Pylon Pile No.7

Southern Pylon Pile No.10
Bending Moment (kNm} Bending Moment (kiNm)

o 25000 50000 0 25000 50000
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3.12.9 Calculation of Hibride Pile

Evaluate stiffness of hybrid pile as the member that composed concrete and steel pipe.

Axial force: distribute it by the ratio of the cross-section area of concrete and steel tube.
Bending morment: distribute it by the ratio of concrete and steel tube and geometrical

secton srea: A = Ac+ nAs

geometrica] moment of inertia.: I =Ic + nls

Steel Pipe
¢ 3200 t=30nmunThickness of the corrosion of the steel pipe in the future=2mm

As= 0.27867249 m?

Es

n

Ec

N

Es / Bc= 204107 / 263*10°

2.00*10
2.63*10°

7.605

(steel pipe)

(RC)

Is= 0.34962975 m’

Reinforced Concrete

Distribution of Axial Force and Bending Moment

Ac= 7.74372984 m*

Ie= 11.8292116 m*

moment

of inertia.

Axial Fore
steel pipr Ns=  0.215
RC pile Ne= 0.785
Bending Moment
steel pipr Ms= 0.184
RC pile Mc= 0.816
Calculation Result of Stress
Sectinal Force :
Pyvlon Pile Axial Force:max (KN)| Axial Force:min (KN)| Shear-Force(KN) | Morment(KNm)
Y' Steel Pile] RC-pile [Steel Pile| RC-pile |Steel Pile] RC-pile |Steel Pile RC-pile
North { No.7 88171 32,219 1,233 4,219 569 2,079 6,962 | 30,976
South | No.10'| 8,867 | 32400 974 3,561 461 1,684 7,839 | 34,879
Stress ‘ S _
Pvlon | Pile Steel Pipe(N/mm2)] RC-Pile(N/mm2) | Allowable sterss (IN/mm2)
oY Tension ompressid Concrete] Re.-Bar [Steel Pipej Concrete| Re-Bar
North | No.7 -27.40 63.46 13.74] 177.89 '
. . 220.
South | No10 | -32.33 67.65 15.46 | 207.16 18250 | 16.00 2000
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3.13 Design of Supplementary Pier
3.13.1 Design Condition

(1) Type of Substructure

Bearing
Type of Substructure Type of Foundation i
Support

P12 | Column Type Pier 172 Cast in situ Concrete Pile, dia. 1500mm | - Move

P13 | Column Type Pier | 12 Cast in situ Concrete Pile, dia. 1500mm | - Move
P14 | Column Type Pier | 12 Cast in situ Concrete Pile, dia. 1500mm | - Move
T1 | A-shaped Tower
T2 | A-shaped Tower
P15 | Column Type Pier | 18 Cast in situ Concrete Pile, dia. 2000mm | - Move

- P16 | Column Type Pier | 16 Cast in situ Concrete Pile, dia. 2000mm | - Move

P17 | Column Type Pier | 16 Cast in situ Concrete Pile, dia. 2000mm | - Move

+ Bearing Support Condition:
Move:  Free for the longitudinal direction movement

Fix: Fix for the longitudinal direction movement
(2) Materials
1} Concrete
Grade f¢’ Typical use
B 40 MPa |PC box girder, PC I-Girder
C 35 MPa | Hollow Slab
D 30 MPa |In situ concrete : Bored pile
E 25MPa |In situ concrete : Pier, Abut, Pile cap
E 20 MPa |ln situ concrete : Base concrete
G 15 MPa In situ concrete : Lean Concrete, Plain
Concrete
fc:  Compressive strength of concrete at 28 days
Ec EXP
G fc’
rade C (MPa)
B 40MPa 33990 1 0E o
D | 30MPa 294qg | 0EX1OE6(/0)
B 24MiPa 26 330

* Ec:  Young’'s Modulus (AASHTO LRFD, 5.4.2. 4), Ec =0.043y 15 x Vi
v Density of concrete (kg/ m?3)
EXP: Coefficient of thermal expansion and contraction
2) Reinforcement Steel

- Specified Yield Strength:
Plain Round: 240Mpa High Yield deformed: ~ 390MPa
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(3) Geological Conditions:

Lager Numbe.r & Nu:yf-r N-Value for Design fs
Type of Soil otation ’ (kN/m2)
(1) Lean Clay, soft Rd N= 0 -
(2) Clay, soft C1 N= 10
(3) Lean Clay or
5/5t N= 20 10
Silty Sand
(4) Lean Clay C2 N= 12 20
(5) Lean Clay, stiff St/C-1 N= 25 150
(6) Silty Sand, dense 51 N= 60 200
(7) Lean Clay, hard St/C-2 N= 20 150
(8) Silty Sand, dense 53 " N= 60 200
* fsi:  unit friction force along pile shaft.
Geotechnical Feature for Main Bridge
Substructure P12 - P13 P4 P15 Pl6 P17
Borehole Number BR.D12 BRDI12 BRD12 BRD15 BRD15 BRD15
Existing Ground . o126 +1.14 -13.81 1212 oss
Level
Pilecap botiom level -2.62 -2.28 -2.36 +0.50 +0.50 +0.50
Design Ground Le.vel -2.62 -2.28 -2.36 .23.81 -22.12 -19.55
Layer No Approx. Approx. Approx. Approx. Approx. - Approx.
Condition Height & Height & Height & Height & Height & Height &
Thickness {m) | Thickness (m} | Thickness {m) Thickness {m)} | Thickness {(m} | Thickness {m)
8] 2381~-2850 | -2212~2850 | -19.55--2850
(4.69m) (6.38m) (8.95m)
(2} -2:62 ~-34.30 238~34.30 | -236~-3430 | -2850~-3150 | -2850~-31.50 | -28.50~-31 50
(31.68m) (32.02m) {31.94m) {3.0m) (3.0m) (3.0m)
(3) | -34.30~-56.90 | -34.30 ~-56.90 | -34.30~ -56.90
(22.60m) {22.60m) (22.60m)
4) 3150 ~-5500 | -3150~-55.00 | -31.50~-55.00
(23.5m) (23.5m) {23.5m)
(5} | -56.90~-68.90 | -56.90 ~-68.90 5600~ -68.90 | -55.00 ~-6200 | -55.00~.62.00 | -55.00~-62.00
(12.00m) {12.00m) {12.00m) (7.0m) (7.0m) {7.0m)
(6) . . L6200~ 9720 | -62.00~-97.20 | -62.00 ~-97.20
. {35.2m) (35.2m) (35.2m)
{7} -97.2~-123.0 572~ -123.0 97.2~-1230
{25.8m) (25.8m) (25.8m)
{8) -123.0 ~ <123.0~ - -123.0 ~
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(4) Loading and Load Combinations

1) Vessel Collision CV (AASHTO 3.14)
Design Impact Velocity:
Items P15 Ple P17
Distance from pier to 955 35 305
edge of channel (m)
Design Impact 4.94 3.26 2.42
Velocity (m/s)

Tonnage of Design Vessel: 3000MG

Application of Vessel Collision Force

- Amplitude: 100% of the design impact force in a direction parallel to the
alignment of the centerline of the navigable channel, or 50% of the design
impact force in a direction normal to the alignment of the centerline of the

channel (applied separately)

- Location: The design impact force is applied as a concentrated force on the
pier at the mean high water level of the waterway.

2) Water Loads

a) Buoyancy: Pg = 1000*g*V (N).

(AASHTO 3.7)

Where: V=Volume of substructure components under water surface (m?).

g=gravity acceleration (~9.81 m/s?).

b) Longitudinal Stream Pressure:

p =514 x 10+ Cp V2 (MPa)

Where: V=design velocity of water (m/s)

Cp= drag coefficient for pierslf type of pier is semicircular-nosed then

Cp =0.7, if square-ended then Cp=1.4
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3) Load Combinations

a) Combination of Loads (AASHTO LRED, 3.4.1)
Load Combination DC LL WA | WS | WL I FR TU TG SE {Use one of these at a time
Db I CR
DwW CE SH
Limit State EH BR
EV PL
ES LS
EL
EQ | IC | CT 1 CV
STRENGTH-I yp 1.75 1.00 1.00 | Q.50 vig yce - - - -
STRENGTH-1I yp 1.35 1.00 1.00 ] 050 | yg yee - - -
STRENGTH-[l1 1P - 1.00 | 140 1004 050 { ytg | yee - - -~ -
STRENGTH-1V:
EH, EV, ES, DW Yp - 1.00 1.00 | 0.50 - - - - - -
DC ONLY 1.50
STRENGTH-V yo | 135 | 100 |040]1.00]1.00| 050 | 4tg | yee
EXTREMEEVENT-1 | yp | yeq | 1.00 100 - - R I
EXTREME EVENT-{I YD 0.50 1.00 1.00 - - - - 1.000 100 1.00
SERVICE 1200 | 100 | 100 |030|1c0|100] 100 [ yig | ye | - | - | ~ | -
SERVICE-II 100 | 130 | 1.00 100 100 yig | ye | - 1 - | = | =
SERVICE-I11 .00 | 080 | 1.00 100 .00 | ytg | yee | = | = | - | -
FATIGUE-LL,IM &
CE ONLY - 0.75 1.00 1.00 - - - - - - -

* Loading Denotations:
+ Permanent Loads

DD = downdrag

DC =

DW = dead load of wearing surfaces and utilities

EH = horizontal earth pressure load

EL =

ES = earth surcharge load _

EV = vertical pressure from dead load of earth fill
* Transient Loads

BR = vehicular braking force

CE = vehicular centrifugal force

CR = creep

CT = vehicular collision force
CV = vessel collision force
EQ

= earthquake
FR = friction
IC = iceload
IM = vehicular dynamic load allowance
LL = vehicular live load
LS = live load surcharge
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PL = pedestrian live load
SE = settlement
SH = shrinkage
TG = temperature gradient
TU = uniform temperature
WA = water load and stream pressure
WL = wind on live load
WS = wind load on structure

b) Application of Load Combinations:

Load Combinations

Load ltems Notation
STRENGTH | STRENGTH | STRENGTH | STRENGTH | STRENGTH | STRENGTH | EXTREME | EXTREME | EXTRENE | SERVICE | SERVICE
It 12 i} v V1 V2 EVENTH1 { EVENTL2 | EVENTI It 12
[Deadlead from superstructure DC1 1.25 090 1.25 1.50 1.25 0.90 1.25 0,90 1.25 100 | 100
[Deadload of pier De2 1.25 0.90 1.25 1.50 1.25 0.9 125 0.90 1.25 1.00 1.00
Superimposed Load of
superstructure DW 1.50 0.65 1.50 1.50 1.50 0.65 1.50 0.65 1.50 100 | 1.00
Live load max LLmax 1.75 1.35 0.50 L 0.50 1.00
ILive load min LLmin 175 133 0.50 100
iDynamic Allowance max Immax 1.75 1.35 0.50 0.50 1.00
[Dynamic Allowance min Immin 1756 1.35 0.50 1.00
Braking max BRmax 1.75 1.35 0.50 0.50 1.00
[Braking min BRmin 1.73 1.35 0.50 1.00
IWater pressure WA 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
[Wind pressure on vehicles WL 1.00 1.00 100 | 1.00
Wind pressure on
Buperstructure Ws1 1.40 040 040 030 0.30
iWind pressure on Substructure Ws2 140 0.40 0.40 0.30 0.30
Friction load FR 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 100 | 100
[Temperature uniform TU 0.50 0.50 0.50 0.50 0.50 0.50 1.00 1.00
Temperature Gradient TG 0.50 | 050
Creep _CR 0.50 0.50 0.50 ] Q50 0.50 0.50 100 | 1.00
Shrinkage SH 0.50 0.50 0.50 0.50 0.50 0.50 1.00 { 1.00
Earthquake from
Superstructure EQ1 1.00 1.00
Earthquake of Substructure EQ2 1.00 1.00
Vessel Collision Ccv 1.00
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3.13.2 Design of P12 pier

(1) Stability Calculation
1) Dimension of Pier

{Figure) (m) (Level) {(m)

Portion | Length | Portion | Length | Portion | Level [ Portion [ Level
H1 25.00 w1 23.00 (1) +22.38 (5) -0.12
H2 22.00 W2 15.00 (2 +19.38 (6) -2.62
H3 3.00 W3 7.00 (3) +12.38 V4 +1.14
H4 3.00 L1 4.00 4) +0.38
H5 19.00 Wi 18.00
Heé 1.50 L2 2.00
H7 0.50 L3 10.50

L4 3.15
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2) Summary of Load Combination Forces at the Botom of Pile Cap
- - v Longitudinal Transverse
Load Combination ) [H{D [Mtm)| ) | M (tm)
1 STRENGTH I-1 7349.5 104.9{ 26213 11.2 322.5
2 STRENGTH 1-2 4149.3 -8.1] 2027 11.2 3225
3 STRENGTH III 6229.6 61.4| 12215 4991 1039.6
4 STRENGTH IV 7403.0 20.8 520.1 0.0 0.0
5 STRENGTH V-1 7093.5 97.2| 23415 253 6182
6 STRENGTH V-2 4209.9 10.1 162.9 253 618.2
7 EXTREME EVENT I-1 6378.8] 1174.2| 23376.2{ 1153.7| 23057.1
8 EXTREME EVENT I-2 4167.7| 114191 22569.3| 1153.7] 23057.1
9 SERVICE I-1 5652.4 98.3| 2391.2 19.5 479.4
10  |SERVICEI-2 4861.2 33.8 7774 19.5 479.4
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3) Pile Capacity

INPUT DATA
BoreHole BRIN12
Pile Diameter D = 1500 yam
Factor of Safety F5 = 3
Pile length L = 81.00
Pile Embedded Length e = 81.00 m
Pile Cross-Section Circumference P = 4712 m
Pile Cross-Section Area Ab = 1.767 m2
Concrete Unit Weight ye = 2.3 t/m3
Ultmate Soil End Bearing Capacit  3qu = 300 t/m2
Soil Type of Bearing Layer 1 (1/2=S8and/Clay)
SKIN FRICTION CAPACITY Formula: Qs =S{fs*P*d)for N> 0
Layer [Thicknes§ Soil Type y'e N fs Qs
N Valtio Number| d(m) |'1'=Sand;'2'=clay (Ym3) (tYm2) ®
0 1 31.68 2 Clay 0.70 1.0 1.0 149
0 2 22.60 1 Sand 0.90 20,0 1.0 106
o 3 300 | 2 | Clay | 100 | 250 | 150 | 919
4 13.72 1 Sand 1.20 60.0 20.0 1293
Y
£
N
]
Total L = 8T m
Total Qs q4 2468
END BEARING CAPACITY Formula: Qt = qu* Ab
Type of Pile Soil Type of B.I? End Bearing Capacity
Cast-in-situ Friction & Bearing Sand | 530 tonne

ULTIMATE BEARING CAPACITY ( Oult)
*Qult=0Qt + Qs . ' 2998 tonne
REPLACED EFFECTIVE WEIGHT OF SOIL (Ws)

127 tonne
BUOYANT WEIGHT OF PILE (W)
215 tonne
Allowable Bearing Capacity for Service Load Combinations (Qall,)
*Qall; = (Qult-Ws) / FS+ Ws-W 869 tonne
Allowable Bearing Capacity for Earthquake & Strength Load Combinations{Qall,)
*Qall,={Qult-Ws) /FS+Ws-W 1348 tonne
FS= 2 _
Design Uplift Capacity for Service Load Combinations {Qup,)
*Qup, =Qs /F5+W _ 626 tonne
FS=6
Design Uplift Capacity for Earthquake & Strength Load Combinations(Qup,)
*Qup,=Qs /F5+W 1037 tonne
F5=3
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4) Reaction of Pile
a) Displacement

. o Longitudinal Transverse

Load Combination Todemy [ d ylem)| a(mad) | d xtom) | d ylem) | & Fad) xa{cm] Remark
1 [STRENGTH I-1 0.20 0.74] 0.000284 0.01 0.74; 0.000011 3.00f OK
2 |STRENGTHI-2 -0.02 0.42] -0.000022 0.01 0.42| 0.000011 3.00 OK
3 |STRENGTHIII 011 0.62| 0.000136 0.06 0.62{ 0.000037 3.00 OK
4 [STRENGTHIV 0.04 0.74| 0.000056 0.00 0.74] 0.000000 3000 OK
5 |STRENGTH V-1 0.18 0.71} 0.000254 0.03 .71 0.000022 3.00 OK
6 [STRENGTH V-2 0.02 0.42] 0.000019 0.03 0.42f 0.000022 300 OK
7 (EXTREME EVENT I-} 201 0641 0.002603 140 0.64] 0.000832 2.00 OK
8 |EXTREME EVENT -3 1.95 0.42] 0.002516 1.40 0.421 0.000832 2.00 0K
9 {SERVICEI-1 027 0.57f 0.000270 0.04 0.57| 0.000017 1500 OK
10 [SERVICEI-2 0.09 0.49| 0.000039 0.04 0.49! 0.000017 1.50] OK

b) Bearing and Uplift forces of piles:

— Longitudinal Transverse Allowable Capacities Checkin

Load Combination PNmax(?f) PNmin(t) | PNmax{tf) | PNmin(tf) | Bearing {tf} Uflifl {tf) | Bearing Us!lift
1 |STRENGTH I-1 700.81 524.11 619.40 605.52 1382.01 -1064.0] OK OK
2 |STRENGTHI-2 352.61 338.94 352.72 338.83 1382.0f -1064.01 OK CK
3 |STRENGTHIII 561.54 476.73 542.40 495.87 13820 -1064.0f OK OK
4 [ISTRENGTH IV 634.45 599.39 616.92 616.92 13820 -1064.0( OK OK
5 |STRENGTH V-1 670.39 511.86 604.68 B77.57 138201 -1064.0{ OK OK
6 |STRENGTH V-2 356.67 34498 364,38 337.27 13820 -1064.0f OK oK
7 |EXTREMEEBVENT -1 1343.04] -279.91 1050.50 12.63 13820 -1064.0] OK OK
8 |EXTREME EVENT -3 1131.58] -43697| - 866.24 -171.63 1382.0| -1064.0] OK OK
9 |SERVICE I-1 555.16 386.91 481.83 46023 892.0 -640.0 OK OK
10 |SERVICE I-2 432.67 37753 415.90 394.30 892.0 -640.0f OK OK .
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(2) Design of Pier Sections
1) Calculation model

P12
R . 5530 5500 . L
rts i3 TN ie w1
% # i
(. !
» |
! p) i
2) Loads from superstructure at pier top
A% Longitudinal Transverse
Load (t) (. [M ()] T | M (fm) Remarks
DC1 13345 0.0 0.0 0.0 0.0
Dw1 203.1 0.0 0.0 0.0 0.0
LLmax 567.4 14.0 0.0 0.0 0.0
LLmin -143.8 -16.51 - 0.0 0.0 0.0
IMmax 72,6 0.0 0.0 0.0 0.0
IMmin 7.6 0.0 0.0 0.0 0.0
BRmax 0.0 341 0.0 6.4 237
BRmin 0.0 0.0 0.0 64 237
TUmax 335 41.6 0.0 0.0 0.0
TUmin -7.9 -46.5| - 0.0 0.0 0.0
CR 822 0.0 0.0 0.0 0.0
WL 0.0 0.0 0.0 2.3 13.8
Ws1 0.0 0.0 0.0 18.6 39.9
EQ1-1. -112.9 747 .0 0.0 2241 181.5
EQ1-T -112.9 224.1 0.0 747.0 181.5

Loads acting on pier:

- Dead Load DC2: 2.5t/ m3
- Wind Pressute on Structure WS2: 0.194t/m?2
- Earthquake in longitudinal direction (EQ2-L):
+12% of self-weight in longitudinal direction.
+3.6% of self-weight in transverse direction.

- Earthquake in transverse direction (EQ2-T):
+12% of self-weight in transverse direction.
+3.6% of self-weight in longitudinal direction.




3) Envelope of Member End Actions

. . Nx Sy Sz Mx My Mz
MEMBER) JOINT | TYPE | 0 (th @0 | gftm) | (fm) | im)
1 A Maxi 72177 160044  a0354| 42167 azvear| 29945
case|  12al 1|  12a 13 108 128
MIN| -335165| -510411| -51006] -3.2966] -4679.06] -9513.83
CASE|  10B 11 108] 108 124 1
1 o Mmax| 285946 463161 46281 32966 608|  4037.49
CASE|  10B 11 108 108 10B 11
MIN|  367.4| -145860| -44620] -42467] -607.46| -1275.69
CASE|  12a] 128|124 13 12A 12B
2 o MAX| 5e9.65| 1aaase] as007| 197 67998 127649
casE| 1Al 18] 104 4A 108 128
MIN| -2502.14| -458411| -41201] -45627] -57133| -4040.28
CASE|  10B 11 12B 11 124 1
2 3 MAX| 2253.08| 425861 3704s] 4ase2| 2417.43) 61373
CASE|  10B 11 12B 11 12B 11
MIN]  32553| -134604] -46652|  -197| -320074| 19478
case|  12a| 12| 10a 4A 104 128
3 sl max| 19853 155349| 19027] 25.0649| 5059.26] 19326
CASE 10A 11 12A 11 10B 11
MIN| -11361| -28853| -136412| -7.2606| -245063 5853
cAsE| 18| 128 108| 128 124 128
3 d MAX| 7154 se013| 8o097] 7.2606] 112000] 51382
casE|  12B| 128 18| 128 1 1
MIN|  1s5.0a| 11720  49636| 250649 41959 16692
case|  10a 1l 12a u 2 128
4 s MAX| 16796] a37558|  807.6| 250649  -a211] 16692
case| 108  12B]  10A 11 128 128
MIN|  -s516| 117062 54269 -72606] 112469 51382
CASE|  12A 1 128|128 1 11
4 5| Max| 12865| 160682]  2366] 7.2606] 270767  67.03
CASE| 1A 1 128 128 12B 128
MIN| 21003 50308 -128076| -25.0649| -4589.81) -22259
case| 18| 12|  10A 1 10A T
5 5 MAX| 203626| 419284] 4e475| 831285 303693  653.99
CASE|  10A 1 108 11 10B 11
MINI - 2004| -132788]  38as8| 260708 -254334| 20645
CASE 12B 12B 12A 12B CO12A 128
5 6l Max| 4453 142553] 41735] 26.0706) 69099 127339
CaSE|  12B| 12|  12A]  12B 10B 128
MIN| -2375.33| -a51834| -4073| -83.1285| S6a94| -4029.57
CASE 10A 11 10B 11 12A 11
6 6ol  MAX| 263638| 453834 44273| 762933  s37e6| 403237
CASE|  10A 1 128 11 128 11
MIN|  23935| -143168] -a6635| -237967] -s1232] 12742
case| 18| 128  10a|  12B 10A 128
6 7 MaX| -59372| 157343| 51361 237967] 4724.68) 296457
casg| 12| 128|  10A] 128 108 128
MIN| -312857| -501.084| —4go.98| 76.2033| -a715.77 940378
CASE|  10A 11 128 11 12A 11
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(Continued)

. . VTR MNx Sy Sz Mx My Mz

MEMBER| JOINT | TYFE | o (tH @0 | gem) | wem) | gEm)
7 3| MAX| 5344 A 57065 oL 57.86
CASE]  10A 1| 124] 128 12A 128

MIN| 5131 -15721]  -668.12 o 246352 19782

cast| 108 128 5 11 5 1

7 9  MAX 0 0 0 0 0 0
CASE 4B 1 1Al 12 108 128

MIN 0 0 0 0 0 0

CASE|  10A| 128 108 12 12A 11

8 5| MAX]  416] 41722] 20185 of 173776 13946
CASE]  10A 1] 124 13 5 1

MiN|  -4018] 12271 520,08 of 9242 409

case| 10| 128 5| 128 128 128

8 10|  MAX 0 0 0 0 0 0
CASE 4B 11 128 1 128 108

MIN 0 0 0 0 0 0

case| 18|  128] 104 108 10A 1

9 2l Max| -3898|  a75] 20226] 27011 91016 12
CASE| 124 11 124 1 10B 3

MIN| 6762 -1411] 26732 -08085| -s2am4|  -038

CASE 5| 128 108] 128 12A 4A

9 8 Max| 6762 03s| 23217 osess| 3138 11st
CASE 5| 128 108] 128 5 1

MIN| 4167|1375 22787 27011 1893 376

CASE 8B 1l 124 1 124 12B

10 6| Max| e762] 2049 20518 os0ss| s3sss| 1034
CASE 5 13 128 128 128 11

MIN| 4077 -0663| -261.06| -27011] 8872 335

case| 128 108  10a 1 10A 12B

10 s Max| 41e7]  137| 22757 27ei1l 893 3z
| case 8B 1 12 1 124 128

MIN| 6762 -03%| -23217| -0s0ss] 3138|1151

CASE 5| 128 10B 12B 5 11|
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(3) Design of Section

1) Flexural Resistance and Bar Arrangement

a) Section A

Item Notation| Unit Tensile Side Remark
Top Bottom

Factored Loads

Maximum Moment M {tf.m) 24635 -1291.8

Factored Axial Force N (tf) - -

Load case of Max, Moment 1.5 12A e
Bar Arrangement

Dia. of tensile reinforcement Dm {mm) 32 32

Number of tensile reinf. layers nlay {nos.) 2 1
~Number of tensile bars n_ i (nos.) 64 32 o
Resistance

Flexural Resistance Mr (tf.m) 5344.44]  3035.95

Axial Compressive Resistance Nr {tf.m) - -

Compressive Depth < (mm) 220.84 163.83

Resistance Factor @ 0.90 0.90
Checking Resistance 0K OK
Checking Reinforcement Ratio OK OK

b) Section B

Item Notation| Unit Tensile Side Remark
: Top Bottom

Factored Loads

Maximum Moment M {tf.m) 5059.3 2450.6

Factored Axial Force N (tf) - -
_ Load case of Max, Moment 10B 2A YV
Bar Arrangement '

Dia. of tensile reinforcement Dm {mm) 32 32

Number of tensile reinf. layers nlay {(nos.) 2 1
 Number of tensile bars | n {nos.) 64 32 o
Resistance '

Flexural Resistance Mr (tf.m) 5344.44] 3035.95

Axial Compressive Resistance Nr (tf.m) - -

Compressive Depth c {mm) 220.84 163.83

Resistance Factor @ 0.90 0.90
Checking Resistance OK OK
Checking Reinforcement Ratio OK QK
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¢) Section C

RS ¥ .0/ A——

i .;.;.f.‘.-............:;,I. =
; -
prie kg, S
. ey
swws [
it 0
Item Notation] Unit T'I;f)nsﬂe g;ctl:)m Remark
Factored Loads
Maximum Moment M (tf.m) -421.1 1124.7
Factored Axial Force N {tf) - -
~ Load case of Max. Moment o 128 ¢ 1 o
Bar Arrangement
Dia. of tensile reinforcement Dm (mm) 32 32
Number of tensile reinf. layers nlay (nos.} 2 1
Number of tensile bars n {nos.) 64 32
Total Area of tensile reinforcement Ast {mm?2) 51472 25736
Bar spacing @ {mm) 125.0 125
__Concrete Cover cv (mmj} 100 100 o
Resistance
Flexural Resistance Mr (tf.m) 3010.64] 3010.64
Axial Compressive Resistance Nr (tf.m) - -
Compressive Depth C {(xnn) 139.35 139.35
Resistance Factor © 0.90 0.90
Checking Resistance OK OK
Checking Reinforcement Ratio QK OK
d) Section D
- BL8125
/‘/ /,Z/; ‘‘‘‘‘
//T ot i
panars VAt R LIAT LY ;
HETR A N
] d
ltem Notation] Unit ngnSﬂe ;’ﬁ:}m Remark
Factored Loads
Maximum Moment M (tf.m) 910.2 824.8
Factored Axial Force N {tf) - -
__Load case of Max, Moment 10B 12A
Bar Arrangement
Dia. of tensile reinforcement Dm (mm) 32 32
Number of tensile reinf. layers nlay {nos.) 2 2
Number of tensile bars o n ~ (nos.) 26 26
Resistance
Flexural Resistance Mr (tf.m) 1671.2 1071.2
Axial Compressive Resistance Nr (tf.m) - -
Compressive Depth c {mm) 199.84 199.84
Resistance Factor ® 0.90 0.90
Checking Resistance OK OK
Checking Reinforcement Ratio OK OK
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¢) Section E

D52805 .5
i

E
. . Tensile Side
Item Notation| Unit Tt Right - Remark

Factored Loads

Maximum Moment M (tf.m) 4774.4 4679.1 9513.8

Factored Axial Force "N (tf) 3,351.7 72181 22294
~ Load case of Max. Moment - 10B 12A L
Bar Arrangement

Dia. of main reinforcement Dm {mm) 32

Number of reinf. layers nlay {nos.) 2

Number of bars n {nos.)

Inlayer1 106
_Inlayer2 B B 48 I

Resistance

Flexural Resistance Mr (tf.m) 14061.02) 9402.67]  9865.51

Axial Compressive Resistance Nr {tf.m) 9871.04 | 145040 1 2311.74

Compressive Depth € (mm) 2112.67 790.24 939.18

Resistance Factor @ 0.753 0.368 0.802
Checking Resistance _ OK OK DK
Checking Reinforcement Ratio OK OK QK
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{(4) Design of Pile Cap

1) Section Analysis of Section A

- il i X
‘ | 3
FL ] - -
B RNER e
Total width of section 18000 mm
Calculation width 1008 mm
a) Section Dimensions & Material Properties
Ttem Notation] Unit Value Remark
Section Dimension
Width W mm 1000
Height H | mm | 3000
Material Properties
Concrete strength fc MPa 24
Yield Strength of Rebars fy MPa 390
Elastic modulus of Concrete Ec MPa 26332
- Elastic modulus of Steel Es MPa | 200000 o
Allowable Comp. Stress of Concretd  fca MPa 10.8
Allowable Stress of Steel fsa MPa -234
b) Envelope of Secticnal Forces
Item Notation| Unit Value Load Case
Maximum Flexural Moment
for Calculating Top Reinforcement Muy,, | kN.mm| -2181007 |EXTREME EVENT i-2
for Calculating Bottom Reinforcemeny Mup,, | KN.mm | 4471426 [EXTREME EVENT I-1
Maximum Shear Force :
Shear force Vu kN 2527 |EXTREME EVENT I-1
Coincidental moment Mugn | KN.mm| 4471426
c) Bar Arrangement
Item Notation| Unit Value Remark
Top Reinforcement
Diameter dtop mm 32
Area of 1 bar Als mm?2 804.2
Numbers of Rebar ns nos 8
Bottom Reinforcement
Diameter $bot. mm 32
Area of 1 bar Al's mm2 804.2
Numbers of Rebar n's nos 8
Total Area of Bottom Reinf. A's mm?2 6434.0
Concrete Cover C's mm 100.0
Shear Reinforcement
Diameter dv. mm 22
Area of 1 bar Alv mm2 380.1
Numbers of Rebar in section nv nos 2
Spacing of Shear Reinf. 5 mm 500
Total Area of Shear Reinf. withind  Av mm2 760.3
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d) Checking for Flexural Resistance {AASHTO5.73.2

Item Notation| Unit Value Remark
Top Reinforcement
Bending Moment Muy, | kN.anm| 2181007
Depth of Compressive Area c mm 115.25
Flexural Resistance Mryp | kN.mm{ 6415080
Checking Resistance OK
Checking Reinforcement Ratio
pst = ASensite/ (FLW) % 0.214
pmin=0.03fc/ty % 0.185 CK
Bottom Reinforcement
Bending Moment Mupg | kN.mm| 4471426
Depth of Compressive Area < mun 115.25
Flexural Resistance ) Mrye | kKN.mm/| 6415080
Checking Resistance OK
Checking Reinforcement Ratio
pst = ASiepsite/ (HL.W) % 0.214
pmin=0.03fc/fy % 0.185 OK
) Checking for Shear Resistance (AASHTO 5.8.3.3)
Item Notation} Unit Value Remark
Factored Shear | Vu | N 2526507 _
Shear Resistance Vr N
Effective shear Depth d, mrn 2160
Effective web width b, mm 1000
Spacing of stirrups 5 mm 500
Angle of inclination of transverse reinf. o degrees 20
Factor indicating ability of diagonally
cracked concrete to transmit tension B 1.7
Area of shear reinf. within a distance s A, mm> 760
Strain in the tensile reinforcement £y 0.002000
Inclination angle of diagonal comp. stres 3] degrees 42.83
Shear stress on the concrete v MPa 1.300
Area of Conc. on flexural tensile side Act mm-® 1500600
Nominal Resistance of Concrete V. N 1493091
Nominal Resistance of Reinforcement V, N 1381789
Nominal Resistance Vn N 2,874,880
Resistance factor for shear ¢ 08
Factored Resistance Vr N 2,587,392
Checking OK
f) Checking for Flexural Stress :
Item Notation| Unit Value Remark
Factored Moments Mu | kN.mm
SERVICE I-1 1563813 |Tensile at bottom
SERVICE I-2 ~ -1 1096676 [Tensile at bottom _
Factored Comp. Stress of Concrete acu MPa
SERVICE I-1 095
SERVICE -2 0.67
Checking Stress of Concrete i - - OK o
Factored Tensile Stress of Steel osu MPa
SERVICEI-] -6.75
SERVICE {-2 -4.73
OK

Checking Stress of Steel
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2} Section Analysis of Section B

c) Ba

Total width of section 10500 mm
Calculation width 1000 mm
a) Section Dimensions & Material Properties _
Item Notation| Unit Value Remark
Section Dimension
Width W mm 1000
Height H | mm 3009
Material Properties
Concrete strength fc MPa 24
Yield Strength of Rebars fy MPa 396
Elastic modulus of Concrete T MPa 26332
__Elastic modulus of Steel Es MPa | 200000 -
-Allowable Comp. Siress of Concretel  fca MPa 10.8
Allowable Stress of Steel fsa MPa =234
b} Envelope of Sectional Forces :
Item Notation| Unit Value Load Case
Maximum Flexural Moment .
for Calculating Top Reinforcemen} Mutop | kN.mm | -1255602 {EXTREME EVENT [-2
for Calculating Bottom Reinforceny Mubot. | kN.mm | 1638279 |EXTREME EVENTI-1
Maximum Shear Force .
Shear force Vu kN 1960 |EXTREME EVENT I-1
Coincidental moment Mucoin. { kN.mm | 1638279
r Arrangement
Item Notation] Unit Value Remark
Top Reinforcement
Diameter dtop mm 32
Area of 1 bar Als mm2 804.2
Numbers of Rebar ns nos 8
Total Area of Top Reinf. As mm2 6434.0
Concrete Cover Cs mim 100.0
Bottom Reinforcement
Diameter dbot. mm 32
Area of 1 bar Al's mm2 804.2
Numbers of Rebar n's nos . 8
Total Area of Bottom Reinf. A's mm2 6434.0
Concrete Cover C's mm 100.0
Shear Reinforcement
Diameter fv. mm 22
Area of 1 bar Alv mm2 380.1
Numbers of Rebar in section nv nos 2
Spacing of Shear Reinf. 5 mm 500
Total Area of Shear Reinf. withind Av mm?2 760.3
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d) Checking for Flexural Resistance (AASHTO 5.7.3.2

Item Notation| Unit Value Remark
Top Reinforcement
Bending Moment : Muy, | KN.mm| 1255602
Depth of Compressive Area C mm 115.25
Flexural Resistance Mrop |kN.amm| 6415080
Checking Resistance OK
Checking Reinforcement Ratio
pst = Asinsite/ (H-W) % 0.214
pomin=0.03fc/fy % 0.185 OK
Bottom Reinforcement
Bending Moment Mupe | KN.mm| 1638279
Depth of Compressive Area C mm 115.25
Flexural Resistance Mrp, | kN.mm| 6415080
Checking Resistance OK
Checking Reinforcement Ratio
pst = ASiencite/ (H.W) % 0.214
pmin=0.03fc/fy % 0.185 OK

Notes:  Reinforcement selection is controlled by the Minimum Reinforcement Ratio Requirement.

e) Checking for Shear Resistance (AASHTO 5.83.3)

Item Notation| Unit Value Remark

Factored Shear Vu N 1960430 o
Shear Resistance Vr N

Effective shear Depth d, mm 2160

Effective web width b, mm 1000

Spacing of stirrups 5 mm 500

Angle of inclination of transverse reinf. o degrees 90

Factor indicating ability of diagonally

cracked concrete to transmit tension B 2.0

Area of shear reinf. within a distance s A, mmt’ 760

Strain in the tensile reinforcemnent £y 0.001474

Inclination angle of diagonal comp. stres 0 degrees 40.74

Shear stress on the concrete % MPa 1.008

Area of Conc. on flexural tensile side Act mm? 1500000

Nominal Resistance of Concrete V. N 1730129

Nominal Resistance of Reinforcerent Y, N 1487163

Nominal Resistance Vn N 3,217,292

Resistance factor for shear @ 0.2

Factored Resistance Vr N 2,895,563
Checking OK

f) Checking for Flexural Stress -
Itern Notation] Unit Value Remark

Factored Moments Mu |kN.mm

SERVICE 11 204823 |Tensile at bottom

SERVICE I-2 | 1 .| 204823 |Tensile at bottom
Factored Comp. Stress of Concrete ocu MPa

SERVICE I-1 012

SERVICE I-2 0.12
Checking Stress of Concrete oK .
Factored Tensile Stress of Steel © osu MPa

SERVICE I-1 -0.88

SERVICE 1-2 -0.88
Checking Stress of Steel ' OK
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3) Section Analysis of Section C

154
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Total width of section 10500 mm
Calculation width 1000 mm
i ) Section Dimensions & Material Properties: :
Item Notation| Unit Value Remark
Section Dimension
Width W mm 1000
Height | .H mm | 3000 o
Material Properties
Concrete strength fc MPa 24
Yield Strength of Rebars fy MPa 390
Elastic modulus of Concrete Ec MPa 26332
__ Elastic modulus of Steel Es | MPa | 200000 o
-Allowable Comp. Stress of Concretd fca MPa 10.8
Allowable Stress of Steel fsa MPa -234

ii ) Envelope of Sectional Forces:

Item Notation| Unit Value Load Case

Maximum Flexural Moment
for Calculating Top Reinforcemen] Mutop | kN.mm | -1001230 |STRENGTH -1
for Calculating Bottom Reinforcery Mubot. | kN.mm | -485690 [EXTREME EVENT1-1
Maximum Shear Force
Shear force Vu kN -264 |EXTREME EVENT I-1
Coincidental moment Mucoin. | kN.mm | -1001230

iii) Bar Arrangement.

Itemn Notation| Unit Value Remark

‘Top Reinforcement

Diameter dtop mm 32

Area of 1 bar Als mm?2 804.2

Numbers of Rebar ns nos 8

Total Area of Top Reinf. As mm32 6434.0

Concrete Cover Cs mm 100.0
Bottom Reinforcement _

Diameter ¢bot. mm 32 The same to section B

Area of 1 bar Al's mm?2 804.2

Numbers of Rebar n's nos 8

Total Area of Bottom Reinf. Als mm2 6434.0

Concrete Cover C's mm 100.0
Shear Reinforcement

Diameter v, mm 22

Area of 1 bar Alv mm2 380.1

Numbers of Rebar in section nv nos .2

Spacing of Shear Reinf. s mm 500

Total Area of Shear Reinf. withind  Av mm?2 760.3
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) Checking for Flexural Resistance (AASHTO 5.7.3.2):

Item Notation| Unit Value Remark
Top Reinforcement
Bending Moment Muyg,, |kN.mm| 1001230
Depth of Compressive Area c mm 115.25
Flexural Resistance Mry, {KN.mm| 6415080
Checking Resistance OK
Checking, Reinforcement Ratio
pSt = Asmmue/ (HW) % 0,214
pmin=0.03{c/fy % 0.185 OK

Notes: Reinforcement selection is controlled by the Minimum Reinforcement Ratio Requirement.

V) Checking for Shear Resistance (AASHTO 5.8.3.3):
The shear force at this section is relatively small, so the calculation will be omitted

vi) Checking for Flexural Stress: :
Item Notation| Unit Value Remark

Factored Moments Mu | kN.mm

SERVICE I-1 -770446 |Tensile at top
_. SERVICEL2 -585717 |Tensileattop
Factored Comp. Stress of Concrete ocu MPa

SERVICE I-1 047

SERVICE I-2 0.36
Checking Stress of Concrete s 0K
Factored Tensile Stress of Steel osu MPa

SERVICE I-1 -3.32

SERVICE -2 -2.53
Checking Stress of Steel OK
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(5) Section Calculation of Pile

Dia: 1500 mm
Length : 81.0 m
Number : 12 nos.

1) Sectional Forces {Extracted from the Resulis of Pile Group Analysis)
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Longitudinal Transverse
Load Case Sectional Force Depth Sectional Force Depth
Mmax (tl.m¥ Nmin (tf} Z{m) [Mmax (tL.m)j Nmin {tf) Z(m)
STRENGTH -1 17.15] 524.11 5.502 0.94] 605.52 8.226
STRENGTH I-2 1.33] 33894 550 0.94] 338.83 8.23
STRENGTH III 8.401 476.73 6.15 3.79| 495.87 8.77
STRENGTH IV 3.40] 599.39 5.50 0.00{ 61692 0.00
STRENGTH V-1 1542 511.86 5.61 201} 57757 8.54
STRENGTH V-2 1.02] 344.98 6.69 201  337.27 8.54
EXTREME EVENT I-1]  160.74 -27991 6.15 86.73 12.63 8.83
EXTREME EVENT 1-2|  155.51| -436.97 6.16 86.73] -171.63 3.83
SERVICE I-1 14.34] 38691 7.81 1.69]  460.23 10.75
SERVICE [-2 478 377.53 7.98 169 39430 10.75
2) Section Calculation
a) General Conditions :
Item Notation| Unit Value Remark
Number of Reinf. layers My, er nos - 1
Concrete cover cv m 150
Diameter of Rebars d mm 32
MNumber of Rebars g nos 30
Total Area of Reinforcement Ay mm?2 24127
b) Checking Resistance {AASHTO 5.7.2)
Type of . Longitudinal Transverse -
Load Case . Fo‘ice Unit Actual | Allowable| Actual jAllowable Remark
STRENGTH I-1 ~ PNmin tf 52411 39149] 60552 415471 OK
at Z= 5.50m M tf.m 17.15 128.1 (.94 631 OK
STRENGTH I-2 ~ PNmin tf 338.94 4135.6] 338831 41451 OK
atZ= 5.50m M tf.m 133 16.1 0.94 11.3] OK
STRENGTIT I PNmin | 476.73] __4007.2] 495.87| 4103.2] OK
at Z= 6.15m M tH.m 8.40 705 3.79 31.2] OK
STRENGTH IV PNmin tf 599.39 41201| 61692 4166.0; OK
at Z= 5.50m M tf.m 3.40 23.4 0.00 00 OK
STRENGTH V-1 PNmin t 511.86 3930.6] 577.57] 41386 OK
atZ= 5.61m M . m 15.42 1184 2.01 146 OK
STRENGTH V-2 PNmin | # | 34498 41433] 337.27[ 4118.0| OK
atZ= 6.69m M tf.m 1.02 12.2 2.1 244 OK
EXTREME EVENT I-1| PNmin tf -279.91 -371.6 12,63 627} OK
at Z= 6.15m M tH.m 160.74 213.4 86.73 430.3 OK
EXTREME EVENT §-2| PNmin tf -436.97 -459.21 -171.631  -3954] OK
at 2= 6.16m M tf.m 155.51 163.4 86.73 199.8f OK
¢) Checking Stress
Force Tensile Steel (tf/m2) [Comp. Concrete (tf/ m2)|
Load Case PN (ih | M{f.m}| Actual | Allowable] Actual |Allowable Remark
SERVICE I-1 | Horizontal | 386,91 1434 | 116494 { 23861 242.23 1377 OK
at Z=7.81m | Transverse| 460,23 169 11,614.65( 23861 246.02 1377
SERVICE I-2 | Horizontal | 377.53 478 | 127395 | 23861 211.11 1377 OK
at Z=7.98m | Transverse| 394.30 1.69 1,379.74 1 23861 211.44 1377
d) Checking Minimum Steel Ratio
Item Notation] Unit Value Remark
Total Area of Reinforcement Ay mm?2 24127
Gross Area of Section Ag mm?2 |1767145.9
Reinforcement Ratio pst % 137
Minimum Reinforcement ratio pmin % 0.40 OK




(6) Calculation of Footing Concrete stress that pile connected
1)Vertical bearing stress of footing concrete

0P/ (D} 4) <= Oes

Maximum Reaction force of pile
Diameter of Pile

Vertical bearing stress
Allowable bearing stress

O, <= 0, —> OK

2) Vertical Punching Shear Stress
1.=P/ {nh(D+h)} <=1,

Maximum Reaction force of pile

Diameter of Pile

Depth from pile head to upper
surface of pile cap

Punching shear stress

Allowable punching shear stress

g <= 1, > OK
3) Horizontal Bearing stress

Gch=H/ (Dl) <= Oy

P:
D=
UUV

0., =0.5xf, =

Max. Horizontal force at pile head H=

Diameter of Pile
Embedded Length of Pile

Horizontal bearing siress
Allowable bearing stress

Geh <= O -> OK

4 YHorizontal Punching Shear Stress:
t=H/{h' x (21 +D+2h")} <=,

D:
=
Geh

o0,=0.3xf. =

Max. Horizontal force at pile head H=

Diameter of Pile
Distance from side of pile to the

D=

nearest edge of pile cap h'=

Embedded Length of Pile
~ Punching shear stress
Aliowable punching shear stress

T, = T, —=* OK

1=
T~

L
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1343040 kg
150 cm

76.00 kg/cm®
150.00 kg/cm’

1343040 kg
150 ¢m

290 cm
3.35 kg/cm’
9.00 kg/cm®

97850 kg
150 cm
10 cm

65.23 kg/ sz
90.00 kg/cm®

97850 kg
150 cm

75 cm
10 em

4.08 kg/cm®
9.00 kg/cem®

Load Combination: 7

Load Combination: 7

Load Combination: 7

Load Combination: 7



3.13.3 Design of P13 pier
(1) Stability Calculation
TYDimension of Pier

(Figure} (m) (Level) {m)

Portion | Length | Portion | Length | Portion | Level | Portion | Level
H1 27.60 Wi 15.00 (N +25.32 (6) +0.22
H2 24.60 W2 7.00 (2) +22,32 (7) -2.28
H3 3.00 L1 4.00 (3). | +15.32 (8) +1.26
H4 3.00 W3 18.00 4) +6.82
H5 21.60 L2 2.00 (5) +0.72
Hé 1.50 1.3 10.50
H7 0.50 L4 3.15
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2) Summary of Load Combination forces at the Bottom of Pile Cap
o v Longitudinal Transverse
Load Combination () [TEL(h) [M(tEm)] T{th | M (o)
1 STRENGTH 11 8269.3 426 11771 0.0 0.0
2 STRENGTH I-2 44291 -10.9 -300.41 - 0.0 0.0
3 STRENGTH 1II 7108.6 5951 1216.1 26.7 408.4
4 STRENGTH 1V 8528.5 18.2 502.4 0.0 0.0
5 STRENGTH V-1 8004.0 489 1226.8 7.6 116.7
6 STRENGTH V-2 4587.2 7.6 87.0 7.6 116.7
7 EXTREME EVENT 1-1 7167.5| 1060.4| 22263.4] 1053.4| 22070.6
8 EXTREME EVENT I-2 4650.4| 104517 21841.2] 1053.4} 22070.6
9 SERVICE I-1 6361.1 59.21 15433 57 87.5
10  {SERVICE -2 53027 28.6 698.9 5.7 87.5
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3) Piel Capacity

INPUT DATA
BoreHole BRD12
Pile Diameter D = 1500 mm
Factor of Safety F5 = 3
Pile length L = 82.00
Pile Embedded Length Le = 82.00 m
Pile Cross-Section Circumference P = 4712 m
Pile Cross-Section Area Ab = 1.767 m2
Concrete Unit Weight e = 2.5 t/m3
Ultmate Soil End Bearing Capacit  3qu = 300 t/m?2
Soil Type of Bearing Layer 1 (1/2=Sand/Clay)
SKIN FRICTION CAPACITY Formula: Qs =S (fs*P*d)for N >0
Layer [Thickness  Soil Type y'e N fs Qs
N Val Number | d(m) ['1I'=Sand;'2'=clay (t/m3) {t/m2) (6
o 1 32.02 2T Clay | 0.70 1.0 1.0 151
10 2 22.60 1 Sand 0.90 20.0 1.0 106
20 3 13.00 2 Clay 1.00 25.0 15.0 919
; 4 14.38 1 Sand 1.20 60.0 20.0 1355
E
£ w-
&
g =
“
a6
TotalL = 82 m
Total Qs 5 2532
END BEARING CAPACITY : Formula: Ot = qu* Ab
Type of Pile Soil Type of B.P End Bearing Capacity
Cast-in-situ Friction & Bearing Sand | 530 tonne |

ULTIMATE BEARING CAPACITY { Quit
FQuit=0t+ Qs . 3062 tonne
REPLACED EFFECTIVE WEIGHT OF SOIL (Ws)

129 tonne
BUOYANT WEIGHT OF PILE (W)

. 217 tonne

Allowable Bearing Capacity for Service Load Combinations {Qall
*Qall; = (Qult-Ws) / FS+Ws-W 889 tonne

Allowable Bearing Capacity for Earthquake & Strength Load Combinations{Qall,}

*Qall, = (Qult-Ws) /FS+Ws - W 1378 tonne
F5= 2 _

Design Uplift Capacity for Service Load Combinations (Qup.}

*Qup, =Qs /F5+W 639 tonne
FS=6

Design Uplift Capacity for Earthquake & Strength Load Combinations{Qup,)

*Qup,=Qs / F5+W ' 1061 tonne
FS=3
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4} Reaction of Piel

a) Displacement

Longitudinak

Transverse

Load Combination Sl 16 ylem | o (rad) | Bxfemi] b yfem) | _a (rad) & xa(cm)| Remark
1 [STRENGTH I-1 0.08 0.83] 0.000126 0.00 0.83| (.000000] 3.00 OK
2 |STRENGTH I-2 -0.02 0.44| -0.000032 0.00 0.44| 0.000000] 3.00 OK
3 {STRENGTHIII 0.10 0.711 0.000135 0.03 0.71} 0.000015{ 3.00 OK
4 [STRENGTHIV 0.04 0.85] 0.000054 0.00 0.85] 0.000000f 3.00 OK
5 |STRENGTH V-1 0.09 0.80 0.000133 0.01 0.80] 0.000004| 3.00 OK
6 |STRENGTH V-2 0.01 0.46] 0.000011 0.01 0.461 0.000004] 3.00 OK
7 |EXTREME EVENT [ 1.85 0.72} 0.002458 1.29 0.72] 0.000791] 2.00 OK
8 |EXTREME EVENT H 1.82 0.47] 0.002413 1.29 0.47| 0.000791 2.00 OK
9 |SERVICEI1 017 0.64| 0.000172 0.01 0.64 0.000003] 1.50 OK

10 |SERVICE -2 0.08 0.53{ 0.000079 0.01 0.531 0.000003] 1.50 OK

b) Bearing and Uplift forces of piles

L Longitudinal Transverse Allowable Capacities Checking -

Load Combination PNmang PNmin(th)| PNmax(tf) [ PNmin(t)| Bearing () Uglift (t) | Bearing | Uplift
1 |STRENGTH -1 728.34] 649.87 689.11] 689.11 1378.0 -1061.0] OK OK
2 JSTRENGTHI-2 379,111 359.08 369.09| 369.09 1378.0 -~1061.0f OK OK
3 |STRENGTHII 634.45| 550.32 601.98{ 58279 1378.0f -1061.0] OK OK
4 |STRENGTH IV 727.46] 693.96 710.71| 710.71 1378.0 -1061.0] OK OK
5 |STRENGTH V-1 708.34]  625.66 669.74 664.26 1378.0 -1061.0] O©OK OK
6 [STRENGTH V-2 385.61] 378.93 385.011 379.53 1378.0f -1061.0} OK OK
7 JEXTREME EVENT I{ 1364.52] -169.94 1090.80] 103.78 1378.0 -1061.0] OK OK
8 [|EXTREME EVENT I{ 1140.69| -365.62 881.04| -105.98 1378.0] -1061.0] ©OK OK
9 ISERVICEI-1 583.89] 476.30 532.231 52796 889.0 -639.0] OK OK

10 |SERVICE -2 46647 41732 444.03| 439.76 889.0 -639.0| OK OK
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(2) Design of Pier Sections

1) Calculation model

RS

2) Loads from superstructure at pier top

Load \Y Longitudinal Transverse Remarks

{tf) H @O (M (tt.m)l H () {M (tf.m)
DCl 2265.9 0.0 0.0 0.0 0.0
DwW1 0.0 0.0 0.0 0.0 0.0
LLmax 663.2 14.0 0.0 0.0 0.0
LLmin -395.2 -16.6 0.0 0.0 0.0
TUmax 184 36.4 0.0 0.0 0.0
TUmin -56.2 -40.5 0.0 0.0 0.0
EQ1-L -263.6| 64338 0.0 1931 0.0
EQ1-T -263.6] 1931 0.0] 64338 0.0

Loads acting on pier

- Dead Load DC2: 2.5t/ m3 .
- Wind Pressure on Structure WS52: 0.194t/ m2
- Earthquake in longitudinal direction (EQ2-L):
+12% of self-weight in longitudinal direction,
+3.6% of self-weight in transverse direction.
- Earthquake in transverse direction (EQ2-T):

+12% of self-weight in transverse direction.
+3.6% of self-weight in longitudinal direction.
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