3} Envelope of Member End Actions

; - Nx Sy Sz Mx My Mz
MEMBER JOINT | TYPE | o | 0 | 0 | ¢fm) | @fm) | (thm)
1 1| MAX| 72157} 442245 439.66| 559713} 3745.79| 9014.96
CASE 12A 11 12B 11 10A 11

MIN| -3874.36| -135.741} -437.34| -17.1713| -3741.95} -2775.35

CASE 108 128 10A 128 12B 12B

1 2| MAX{ 36403 12091  414.87] 17.1713] 1453.02| 2067.17
CASE 10B 12B 10A 12B 108 12B

MIN| 553.04| 419775 -417.19| -55.9713| -1469.25 -6709.05

CASE 12A 1 12B 11 12A 11

2 2l MAXI -706.69] 416.625| 411.42] 526953} 2369.74[ 6709.05
CASE 12A 11 12B 11 12A 11

MIN| -3430.21| -128.055] -415.34| -16.2339| -2531.68| -2067.17

CASE 10B 128 10A 12B 108 12B

2 a3l MAX| 3058.34| 117.345| 379.64] 16.2339] 10411 1024.22
CASE 10B 12B 10A 12B 10A 128

MIN| 43894| -380.925| -375.72| -52.6953} -845.84| -3319.47

CASE 12A 11 12B 11 128 1

3 3] MAX| -659.6] 377775 576.66] 59.4399| 278.09] 331947
CASE 12A 11 10B 11 12A 11

MIN| -2781.24] -116.4] -269.76| -18.3837| -667.08] -1024.22

CASE 10B 128 12A 12B 10B 128

3 4| MAX| 244218 106.635 237.21] 183837 1686.4| 159.96
CASE 108 12B 12A 12B 12A 12B

MIN|  41548| -345.225| -544.11] -59.4399 -3675.9| -517.84

CASE 12A 11 10B 11 10B 11

4 4|  MAX| 2261| 128275 11055 0| 449207  59.44
CASE|  12A 11 12A 10B 10B 11

MIN| -32951] -39.505 -1299.6 0f -2042.21| -18.39

CASE 10B 12B 10B 11 12A 12B

4 5{ MAX| 30971l 33565 1093.35 0| 2397.11F 591.63
CASE 10B 12B 108 11 1 11

MIN 2.81| -108.475] -259.05 0] 907.11| -182.56

CASE 12A 11 12A 10B 2 12B

5 5| MAX| -21.64| 33565 1005.45 0] -907.11| 182.56
CASE 12B 128 10A 10B 2 12B

MIN| -285.27] -108.475| -171.15 0] -2397.11|] -591.63

CASE 10A 1 128 1 - 1 11

5 6]  MAX| 305.07| 128275  22.65 0 1842 1839
CASE 10A 11 12B 11 12B 128

MIN 1.84] -39505| -1211.7 0| -4291.86] -59.44

CASE 12B 128 10A 108 10A 11

6 6|  MAX] 2207.4] 106635 519.67] 594399 351236 159.96
CASE 1 12B 10A 11 10A 12B

MIN|  679.18| -345.225| -212.77] -18.3837| -1522.85| -517.84

CASE 12B 11 128 12B 12B 11

6 71 MAX| -923.3] 377775 24532| 183837{ 641.21] 331947
CASE 128 11 12B 12B 10A 11

MIN| -2546.47| -1164| -552.22| -59.4399 -252.21| -1024.22

CASE 1 12B 10A 11 128 128
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{Continued)
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2794.64
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10A
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10A
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128
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12B
-3610.66
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1
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-380.925
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5

7.47
128
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12B
-901.99
10A
-7.47
12B
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10B
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5
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12B
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128
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10A
-14.01
12B
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128
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11
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128
2067.17
12B
-6709.05
11
9014.96
11
-2775.35
128
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12B
-13.05
11
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11
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12B
13.05
11
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128
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11
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11

8.54

11

-2.61
12B
3.03

1

-0.96
12B
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12B
-8.54
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4} Design of Sections

a) Section A
Item Notation| Unit Tensile Side Remark
Top Bottom
Factored Loads
Maximum Moment M (tf.m) 4492.1 2042.2
Factored Axial Force N (Ef) - -
Load case of Max. Moment | i 108 1 12A -
Bar Arrangement
Dia. of tensile reinforcement Dm (mm) 32 32
Nurnber of tensile reinf. layers nlay {nos.) 2 1
__Number of tensile bars n {nos) [ 64 32 -
Resistance
Flexural Resistance Mr {tf.m) 5344.44f 3035.95
Axial Compressive Resistance Nr {tf.m) - -
Compressive Depth c {mm} 220.84 163.83
Resistance Factor o 0.90 0.90
Checking Resistance OK OK
Checking Reinforcement Ratio OK QK
b) Section B
1REH -
om0 .
If....‘..,....._._,:_,_?_.__.........'%rrei,_ E
a5 1T
iy
4690 i
Item Notation} Unit Tensile Side Remark
Top Bottom
Factored Loads
Maximum Moment M {tf.m) -507.1 2397.1
Factored Axial Force N (t) - -
Load case of Max. Moment L Y oy
Bar Arrangement
Dia. of tensile reinforcement Dm (mm) 32 32
Number of tensile reinf. layers nlay (nos.) 2 1
Numberof tensilebars " | n | (nos) e o3
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 P . 0.90 - 0.%0
Checking Resistance OK OK
Checking Reinforcement Ratio OK QK
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¢} Section C

L e
1 ! ; A :
i s
Dot
iy R R A\M, \ .
R —— Lme
Item Notation| Unit Tensile Side Remark
Top Bottom
Factored Loads
Maximum Moment M (tf.m) %034 §22.5
Factored Axial Force N (tf) - -
Load case of Max. Moment | _16B »’A |
Bar Arrangement
Dia. of tensile reinforcement Dm (mum) 32 32
Number of tensile reinf. layers nlay (nos.) 2 2
__ Number of tensile bars n {nos.) 26 26 o
Resistance
Flexural Resistance Mr (tf.m) 1071.2 1071.2
Axial Compressive Resistance Nr (tf.m) - -
Compressive Depth c (mm)}) 199,84 199.84
Resistance Factor Q 0.90 0.20
Checking Resistance OK OK
Checking Reinforcement Ratio OK (814
d) Section D
. Unit Tensile Side
Ttem Notation| TR Right Frort Remark
Factored Loads
Maximum Moment M (tf.m} 3745.8 3742.0f 9015.0
Factored Axial Force N (tf) 1,7234 | 28725 2,384.0
Load case of Max. Moment 1 10A 12B 11 )
Bar Arrangement
Dia. of main reinforcement Dm {mm} 32
Number of reinf. layers nlay {nos.) 2
Number of bars n (nos.) :
Inlayer 1 106
Inlayer2z - 48
Resistance ) '
Flexural Resistance Mr (ttm) | 13705.35| 14457.63| 10252.25
Axial Compressive Resistance Mr (ttm) | 6305.62 | 11098.00 } 2711.18
Compressive Depth c {mm) 1488.14 2251.28| 1002.11
Resistance Factor g 0.825 0.774 0.796
Checking Resistance OK OK OK
Checking Reinforcement Ratio OK OK OK
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(3} Design of Pile Cap

1) Section Analysis of "A" e oy
o L ’ biegd
S ek EEE
Al EREE
B o
i - = %i i L___L%__.tzgs?
! : o oy N
R R
Total width of section 18000 mm | 24 kedectd o
Calculation width 1000 mm i TSR e
a) 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 Sieel Es | MPa | 200000 o
Allowable Comp. Stress of Concrete]  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 Reinforcement Muyg, | kN.mm| -1908902 |EXTREME EVENT 1.2
for Calculating Bottom Reinforcement| Mtlyy, | kN.mmn| 4553343 {EXTREME EVENT -1
Maximum Shear Force '
Shear force Vu kN 2573 IEXTREME EVENT I-1
Coincidental morment Mugg, | kN.mm| 4553343

<) Bar Arrangement

liem Notation] Unit Value Remark
Top Reinforcement
Diameter dtop mm 32
Area of 1 bar Als mm2 8042
Numbers of Rebar ns nos 8
Total Area of Top Reinf, As mm?2 64340
Concrete Cover Cs mm 100.0
Bottom Reinforcement
Diameter ¢bot. mm 32
Area of 1 bar Al's mm? 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 pv. mm 22
Area of 1 bar Alv mm?2 380.1
Numbers of Rebar in section nv nos 2
Spacing of Shear Reinf. s mm 500

Total Area of Shear Reinf, withins Av mm?2 7603
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¢) Checking for Flexural Resistance (AASHTO5.7.3.2 _
Item Notation| Unit Value Remark
Top Reinforcement
Bending Moment Muy,, | kN.mm| 1908902
Depth of Compressive Area ¢ mm 115.25
Flexural Resistance Mry, |KNamm| 6415080
Checking Resistance OK
Checking Reinforcement Ratio
pst = ASyensite/ (H.W) % ¢.214
pmin=0.03fc/fy % 0.185 OK
Bottom Reinforcement
Bending Moment Muy,, |kN.mm| 4553343
Depth of Compressive Area ¢ nm 115.25
Flexural Resistance Mrp | kN.anm| 6415080
Checking Resistance OK
Checking Reinforcement Ratio
pst = Asipsite/ {(H. W) % 0.214
omin=0.03fc/fy % 0.185 OK
f) Checking for Shear Resistance {AASHTO 5.8.3.3)
ftem Notation| Unit Value Remark
Factored Shear o Va | N [.2573317) o
Shear Resistance Vr N
Effective shear Depth d, mm 2160
Effective web width b,
Spacing of stirrups ]
Angle of inclination of transverse reinf. a
Factor indicating ability of diagonally
cracked concrete o transmit tension B
Area of shear reinf. within a distance s A,
Strain in the lensile reinforcement £y
Inclination angle of diagonal comp. stresy 0
Shear stress on the concrete v
Area of Conc. on flexural tensile side Act
Fe
Nominal Resistance of Concrete V. N 1493091
Nomunal Resistance of Reinforcement V. N 1383725
Nominal Resistance Vn N 2,876,817
Resistance factor for shear P 0.9
Factored Resistance Vr N 2,589,135
Checking QK
¢) Checking for Flexural Stress
Item - |Notation] Unit Value Remark
Factored Moments Mu | kN.mm
SERVICE -1 1673380 |Tensile at bottom
SERVICEL-2 | R 1225578 |Tensile at bottom _
Factored Comp. Stress of Concrete acu MPa
SERVICE [-1 ' 1.02
SERVICE |-2 0.75
Checking Stress of Concrete ) OK o
Factored Tensile Stress of Steel osu MPa
SERVICE -1 -7.22
SERVICEL-2 -5.29
Checking Stress of Steel OK
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2) Section Analysis of "B"

15

Total width 0. 5 Caon aveuw 1M | ! : ‘ i
Calculation width 1000 mm i Di RN
a) Section Dimensions & Material Properties ' TE Y RENR v
lterm 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 Concrete]  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 Tep Reinforcemen{ Mutop | kN.mm | -1186523 |EXTREME EVENT 1-2
for Calculating Bottom Reinforcen] Mubot. | kN.mm | 1569200 {EXTREME EVENT I-1
Maximum Shear Force '
Shear force Vu kN 2108 |EXTREME EVENT I-1
Coincidental moment Mucoin. { kN.mm | 1569200 :

¢) Bar Arrangement

Item Notation|] Unit Value Remark
Top Reinforcement
Diameter $top mm 32
Area of 1 bar Als mm?2 8042
Numbers of Rebar ns nos 8
Total Area of Top Reinf. As mm?2 6434.0
Concrete Cover Cs mm 100.0
Bottom Reinforcement
Diameter $bot, mm 32
Area of 1 bar Al's mm?2 804.2
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 dv. mm 22
Area of 1 bar Alv mm?2 380.1
Numbers of Rebar in section ) nv nos 2
Spacing of Shear Reinf. s mm 500

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

Item Notationj Unit Value Remark
Top Reinforcement
Bending Moment Mu,,, { kKN.mm| 1186523
Depth of Compressive Area c mm 115.25
Flexural Resistance Mryp | kN.mm| 6415080
Checking Resistance OK
Checking Reinforcement Ratio
pSfZ = ASlemﬂe/ (H.VV) % 0.214
omin=0.03fc/fy % 0.185 OK
Bottom Reinforcement
Bending Moment Mupg | KN.mm{ 1569200
Depth of Compressive Area - mm 115.25
Flexural Resistance Mrpg { KN.mm | 6415080
Checking Resistance OK
Checking Reinforcement Ratio
pst = ASensite/ (HL.W) % 0.214
pmin=0.03{c/fy % 0.185 OK

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

e) Checking for Shear Resistance (AASHTO 5.8.3.3)

Item Notation| Unit Value Remark

Factored Shear Vu N 2107886 L
Shear Resistance Vr N

Effective shear Depth d. mm 2160

Effective web width b, mm 1000

Spacing of stirrups s mm 500

Angle of inclination of transverse reinf. o degrees 20

Factor indicaling ability of diagonally

cracked concrete to transmit tension B

Area of shear reinf. within a distance s A,

Strain in the tensile reinforcement £

Inclination angle of diagonal comp. stress ]

Shear stress on the concrete v

Area of Conc, on flexural tensile side Act mm’ 1500000

Nominal Resistance of Concrete Ve N 1668749

Nominal Resistance of Reinforcement Vs N 1472463

Nominal Resistance Vn N 3,141,212

Resistance factor for shear @ 0.9

Factored Resistance Vr N 2,827,001
Checking OK

f) Checking for Flexural Siress
Ttem Notation| Unit Value Remark

Factored Moments Mu | kN.mm :

SERVICE I-1 ' 181280 |Tensile at bottom
___SERVICEI-2 - | 181280 |Tensile at bottom
Factored Comp. Stress of Concrete acu MPa

SERVICE -1 ' 0.11

SERVICE 1-2 011
Checking Stress of Concrete -~ | oK |\
Factored Tensile Stress of Steel osu MPa _

SERVICEI-1 -0.78

SERVICE I-2 -0.78
Checking Stress of Steel QK
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3} Section Analysis of "C"

g E
; i : l _ — ﬂg AL
L C i A A e
e T T . i
: | . !
B T o el §
Total width of section 1050¢ mm Lo o
Calculation width 1000 mm S R
a) Section Dimensions & Material Properties I NN D
Item Notaton| 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 Bs | MPa | 200000}
Allowable Comp. Stress of Concrete]  fca MPa 10.8
Allowable Stress of Steel fsa MPa -234
velope of Sectional Forces
Item Notation] Unit Value Load Case
Maximum Flexural Moment .
for Calculating Top Reinforcemen{ Mutop | kN.mm | -1215995 [STRENGTH I-1
for Calculating Bottom Reinforcen] Mubot. | kN.mm | -551016 |EXTREME EVENT I-1
Maximum Shear Force : .
Shear force Vu kN -251  |EXTREME EVENT I-1
Coincidental moment Mucein. | kN.mm | -1215995
¢) Bar Arrangement
Item Notation| Unit Value Remark
Top Reinforcement :
Diameter dtop mm 32
Areaof T bar Als mm2 804.2
Numbers of Rebar ns nos 8
Total Area of Top Reinf. As mm2 6434.0
Concrete Cover Cs mm 100.0
Bottom Reinforcement
Diameter ¢bot. mm 32 The same to section B
Areaof 1 bar Al's mm?2 304.2
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 . mm 22
Area of 1 bar Alv mm?2 380.1
Numbers of Rebar in section nv nos 2
Spacing of Shear Reinf. 5 mm 500
Total Area of Shear Reinf. withing Av mm?2 760.3
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d) Checking for Flexural Resistance {AASHTO 57.3.2

Item Notation} Unit Value Remark
Top Reinforcement
Bending Moment Mu,,, | kN.mm| 1215995
Depth of Compressive Area c mm 115.25
Flexural Resistance My, | KN.mm{ 6415080
Checking Resistance OK
Checking Reinforcement Ratio
pst = Asienspe/ (H.W) % 0.214
pmin=0.03fc/fy % 0.185 OK
Bottom Reinforcement
Bending Moment Mutpe, | kN.mm| -551016
Depth of Compressive Area c mm 145.236
Flexural Resistance Mry, [kKN.mm| 8609150
Checking Resistance OK
Checking Reinforcement Ratio
pst = ASipsite/ (HL.W} % 0.214
pmin=0.03{c/fy % 0.185 OK

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

e} Checking for Shear Resistance (AASHTO 5.83.3)
The shear force at this section is relatively small, so the calculation will be omitted

fy Checking for Flexural Stress

Item Notation| Unit Value Remark

Factored Moments Mu | kN.mm

SERVICE 1-1 -935939 |Tensile at top

SERVICE I-2 - -688813 |Tensileattop
Factored Comp. Stress of Concrete ocu MPa

SERVICE I-1 0.57

SERVICE 1-2 . .42
Checking Stress of Concrete 3 1 OK
Factored Tensile Stress of Steel osu MPa

SERVICE I-1 -4.04

SERVICE -2 -297
Checking Stress of Steel OK
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{4) Section Calculation of Pile

Dia: 1500 mm
Length : 820 m
Number: 12 nos.

1) Sectional Forces {Extracted from the Results of Pile Group Analysis)

3-184

Longitudinal Transverse
Load Case Sectional Force Depth Sectional Force Depth
Mraax (tf.m) Nmin () | Z(m) |Mmax (ttm)] Nmin () | Z(m)
STRENGTH 11 7.59]  649.87 5.209 0.00] 68911 0
STRENGTH I-2 1.94] 359.08 522 0.00]  369.09 0.00
STRENGTH 1l 8.301 55032 6.08 190] 58279 941
STRENGTH IV 3.24] 693.96 5.21 0.000 71071 0.00
STRENGTH V-1 8.02] 625.66 5.49 054! 664.26 9.13
STRENGTH V-2 0.76] 37893 7.47 054{ 37953 9.13
EXTREME EVENT -1 150.811 -169.94 6.00 80.12f 103.78 8.77
EXTREME EVENT 1-2f 148,121 -365.62 6.01 80.12] -105.98 8.77
SERVICE 1-1 9.08] 47630 7.59 0.46] 527.96 11.25
SERVICE I-2 4201 41732 7.80 0.46] 439.76 11.25
2) Section Calculation
a) General Conditions
ltem Notation] Unit Value Remark
Number of Reinf. layers Niver nos 1
Concrete cover cv m 150
Diameter of Rebars d mum 32
Number of Rebars g, nos 28
Total . Area of Reinforcement Ay mm32 22519
b) Checking Resistance (AASHTO 5.7.2) -
Type of . Longitudinal Transverse
Load Case }(Oﬁ'ce Unit Actualg Allowable| Actual |Allowable Remark
STRENGTH I-1 PNmin tf 649.87 3855.1| 68911 3891.7{ OK
atZ= 5.21m M tf.m 7.59 449 ~ 0.00 0.0 OK
STRENGTH 1-2 PNmin tf 359.08 434911 369.09] 43793 OK
at Z= 5.22m M H.m 1.94 23.3 0.00 0.0l OK
STRENGTH 1II PNmin | f 550.32 3969.6] 58279 4029.0] OK
~atZ= 6.08m M tf.m 8.30 59.8 1.90 13.2] OK
STRENGTH IV PNmin tf 693.96 3850.0| 710.71] 3858.8] OK
at 7= 521m M tf.m 3.24 17.9 0.00 0.0 OK
STRENGTH V-1 PNmin tf 625.66 387990 66426] 392421 OK
at Z= 5.49m M tf.m 8.02 499 0.54 31} OK
STRENGTH V-2 PNmin | tf 378.93 4348.8] 379531 43520| OK
at Z= 7.47m M tf.m 0.76 8.6 0,54 64| OK
EXTREME EVENT I-1] PNmin tf -169.94 -327.01 103781 10120 OK
atZ= 6.00m M H. m 150815 - 290.1 80.12 78131 OK
EXTREME EVENT [-2| PNmin tf -365.62 -489.9| -105.98| -3596] OK
atZ= 6.01m M H.m 148.12 198.5 80.12 27191 OK
¢} Checking Shress
Force Tensile Steel (f/m2) |Comp. Concrete (t/m2)
Load Case PN | M{fm)| Actwal | Allowable| Actual [Allowable] Nemark
SERVICE I-1 | Horizontal | 476.30 9.08 | 156931 | 23861 276.08 1377 OK
at Z=759m [ Transverse| 527.96 046 | 1,431.28| 23861 231.54 1377
SERVICE 1I-2 | Horizontal | 417.32 420 | 188350 | 23861 279.54 1377 OK
at Z=7.80m | Transverse| 439.76 046 | 1567.69] 23861 233.05 1377
d) Checking Minimum Steel Ratio
Ttem Notation] Uit Value Remark
Total Area of Reinforcement A mm?2 22519
Gross Area of Section Ag mm2 [1767145.9
Reinforcement Ratio pst % 1.27
Minimum Reinforcement ratio pmin % 040 OK




(5) Calculation of Footing Concret Stress that Pile connected
1) Vertical bearing stress of footing concrete

Ooy=P/ (AD?/4) <= 0

Reaction force of pile
Diameter of Pile

Vertical bearing stress
Allowable bearing stress

Oy <= 0, —> OK

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

Reaction force of pile

Diameter of Pile

Depth from pile head to upper
surface of pile cap

Punching shear stress
Allowable punching shear stress

t, <= 1, ~» OK
3) Horizontal Bearing stress
Och=H/(Dl) <= .oca

Horizontal force at pile head
Diameter of Pile
Embedded Length of Pile

Horizontal bearing stress
Allowable bearing stress

Och <= O -> OK

4) Horizontal Punching Shear Stress
1.=H/{h'x (21 +D+2h}} <= <,

Horizontal force at pile head
Diameter of Pile
Distance from side of pile to the

P:
D=
Cev
O,=0.5xf. =

Oen
a,,=0.3xf, =

H=
D=

‘nearest edge of pile cap h'=

Embedded Length of Pile
Punching shear stress
Allowable punching shear stress

T <= 1, —> OK

1=
1=

T~

3-185

1364520 kg
150 ¢m

77.22 kg/em’

150.00 kg/cm?

1364520 kg
150 cm

290 cm

3.40 kg/em?

9.00 kg/cm®

88370 kg
150 cm
10 cm

58.91 kg/cm?
90.00 kg/cm’

88370 kg
150 cm

75 cm
10 cm

3.68 kg/om’
9.00 kg/cm’

Load Combinaton: 7

Load Combination: 7

Load Combination: 7

Load Combination: 7



3,13.4 Design of I'14 pier
(1) Stability Calculation
1) Dimension of Pier

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

Portion | Length | Portion | Length | Portion | Level j Portion | Level
H1 30.48 W1 15.00 (1) +28.12 (6) +0.14
H2 27.48 w2 7.00 (2) +25.12 (7} -2.36
H3 3.00 L1 4.00 (3) +18.12 (8) +1.14
H4 3.00 W3 18.00 4 +9.62
H5 24.48 L2 2.00 (5) +0.64
Hé6 1.50 L3 10.50
H7 0.50 L4 3.15
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2) Summary of Load Combination Forces at the Bottom of Pile Cap
Load Combination v Longitudinal Transverse
' ~{t) Hfy [ M@tm)| H@EH [ M (thm)
1 STRENGTH I-1 5964.7] = 484 13288 0.0 0.0
2 STRENGTH I-2 1624.8 -24.0{ -660.5 0.0 0.0
3 STRENGTH 11l 43491 60.11  1142.0 29.8 409.7
4 STRENGTH IV 5213.7 15.6 428.7 0.0 0.0
5 STRENGTH V-1 55954 53.6[ 13269 851 117.0
6 STRENGTH V-2 1970.8 -2.30 -207.7 8.5 117.0
7 EXTREME EVENT I-1 40524 1086.97 230723| 1077.6] 22815.1
8 EXTREME EVENT 1-2 1947.8] 1066.3| 225039 1077.6f 22815.1
9 SERVICE I-1 4433.5 59.4| 1524.6 6.4 87.8
10  [SERVICEI-2 2645.3 18.1 387.9 6.4 87.8
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3) Pile Capacity

INPUT DATA
BoreHole BRD12
Pile Diameter D = 1500 mm
Factor of Safety s = 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 o= 2.5 t/m3
Ultmate Soil End Bearing Capacit ~ 3qu = = 300 t/m2
Soil Type of Bearing Layer 1 {1/2="Sand/Clay)
SKIN FRICTION CAPACITY Formula: Qs =S (fs*P*d)for N>0
Layer |Thicknesd Soil rfype Y'e N fs Qs
Number! d{m} ['1"=Sand;2'=clay .(/m3) (t/m2) )
1 31.94 2 Clay 0.70 1.0 1.0 151
2 22.60 1 Sand 0.90 20.0 1.0 106
3 13.00 2 Clay 1.00 25.0 15.0 919
4 14.46 1 Sand 1.20 60.0 20.0 1363
E .
£
&
Total L = 82 m
Total Qsq 2539
END BEARING CAPACITY Formula: Qt = 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) '
*Quit=0Qt+Qs 3069 tonne
REPLACED RFFECTIVE WEIGHT OF SOIL (Ws)

129 tonne
BUOQYANT WEIGHT OF PILE (W}
o 217 tonne
Allowable Bearing Capacity for Service Load Combinations (Qally)
*Qall; = (Quit-Ws) / FS+ Ws-W 892 tonne
Allowable Bearing Capacity for Earthquake & Strength Load Combinations{Qall,)
* Qall, = (Qult- Ws) / FS + Ws - W 1382 tonne
FS= 2 :
Design Uplift Capacity for Service Load Combinations (Qup,)
*Qup, =Qs/FS+W 640 tonne
F5=6
Desien Uplift Capacity for Earthquake & Strength Load Combinations{Qu
*Qup,=Qs/F5+W 1064 tonne
F5=3 ' '
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4) Reaction of Pile

a) Displacement

L Longitudinal Transverse

Load Combination §x(ecnm) | dylem}y | afrad) [&x(em)| &y{em) | a(rad) b xafcm)) Remark
1 [STRENGTHI-1 0.08 0.80] 0.000130 0.00 0.84] 0.000000 3.000 OK
2 |STRENGTH -2 -0.03 0.37] -0.000046 0.00 0.33] 0.000000 300 OK
3 [STRENGTH HI 0.11 0.67| 0.000145 0.04 0.67| 0.000019 3.00f OK
4 |STRENGTH IV 0.03 0.81] 0.000050 0.00 0.81] 0.000000 3.000 OK
5 |STRENGTH V-1 0.09 0.77; 0.000139 0.01 0.80{ 0.000005 3.00, OK
6 (STRENGTH V-2 0.01 0.40] 0.000003 0.01 4.371 0.000005 3.00] OK
7 |EXTREME EVENT H 1.96 0.63| 0.002723 1.33 0.64| 0.000816 2000 OK
8 [EXTREME EVENT 4 1.62 £.38| 0.001720 1.33 0.37] 0.000816 200 OK
9 |SERVICEI-1 0.16 0.61) 0.000172 0.01 0.63] 0.000004 150 OK
10 |SERVICE -2 0.07 0.48] 0.000069 0.01 0.46] 0.000004 150 OK

b) Bearing and Uplift forces of piles

- Longitudinal Transverse Allowable Capacitieg Checking

Load Combination 50 T o min{th | PNmax(th | PNmin(th| Bearing ()] Uplift (t) | Bearing | _ Uplift
1 |STRENGTH -1 702.19] 621.28 695.14] 695.14 1382.0f -1064.0] OK OK
2 |STRENGTHI-2 323.61  295.04 278.02] 278.021 1382.0f -1064.0] OK OK
3 [STRENGTH I 605.79] 515.23 572.05] 54897 1382.0] -1064.0f OK OK
4 |STRENGTHIV 687.87| 656.49 672.18] 672.18 1382.0{ -1064.0f OK QK
5 |STRENGTH V-1 681.85{ 595.35 667.66] 661.07 1382.0 -1064.0 OK OK
6 |STRENGTH V-2 332.02] 32998 310.16{ 303.56 1382.0f -1064.0] OK OK
7 {EXTREMEEVENTH{ 1376.13} -323.65 1045.21 26.35 1382.0 -1064.0{ OK OK
8 |EXTREMEEVENTI{ 85054| -22277 814.36| -204.50 1382.0 -1064.0f OK OK
G |SERVICE -1 562.66| 455.02 530.50| 525.37 8920 -640.0 OK OK
10 [SERVICE 12 418.201 375.40 381.48] 376.35 892.0 -640.0] OK QK
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(3) Design of Pier Sections
1) Calculation of Model

o 5 LN
é I : 3 % 10 15, i. 7
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2) Loads from superstructure at pier top
\Y Longitudinal Transverse
Load | /o [TH () [M(thm)| FL() [M (.m) Remarks
DC1 17449 0.0 0.0 0.0 0.0
DW1 0.0 0.0 0.0 0.0 0.0
LLmax 694.1} 141 0.0 0.0 0.0
LLmin -650.4 -17.0 0.0 0.0 0.0
TUmax 51.8 31.2 0.0 0.0 0.0
TUmin -50.0 344 0.0 0.0 0.0
EQ1-L -7324] 64338 0.0; 1931 0.0
EQ1-T 73241 1931 0.0] 6438 0.0

Loads acting on pier '
- Dead Load DC2: 2.5t/m3

- Wind Pressure on Structure WS2: 0.194t/m2
- Earthquake in longitudinal direction (EQ2-L).
+12% of self-weight in longitudinal direction.
+3.6% of self-weight in transverse direction.
- Farthquake in transverse direction (EQ2-T):
+12% of self-weight in transverse direction.

+3.6% of self-weight in longitudinal direction.
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3) Envelope of Member End Actions

. . Nx Sy Sz Mx My Mz
MEMBER| JOINT [ TYPE () () (t) (t.m) (thm) (th.m)
1 1 MAX| -895.07| 448.125f 44596| 51.9746| 3977.72| 963822
CASE 12A 11 12B 11 10A 11
MIN| -3922.23} -137.685 -444.13| -15.9658| -3976.47} -2971.03
CASE 10B 128 10A 12B 128 12B
1 2]  MAX| 362691 12918] 41578 15.9658; 1064.57| 2070.36
CASE 10B 12B 10A 12B 10B 12B
MIN}  682.44| -419.775{ -417.61| -51.9746| -1078.18} -6709.05
CASE 12A 11 12B 11 12A n
2 2 MAX| -873.38 416.625 41195 49.8482 21837 6709.05
CASE 12A 11 12B 11 12A 11
MIN| -3379.54] -128.235] 41681} -15.3843] -2348.29! -2070.36
CASE 10B 12B 10A 12B 10B 12B
2 3 MAX] 3007.66| 117.525 38111 15.3843| 1239.16] 1025.88
CASE 108 12B 10A 12B 10A 12B
MIN|  605.631 -380.925] -376.25! -49.8482} -1033.23| -3319.47
CASE 12A 11 12B 11 128 11
3 3] MAX| -621.66| 377775 568.9| 57.2009| 160.58] 331947
CASE 2 11 10B 11 12A 11
MIN} -2715.38| -116.58| -251.25| -17.7282; -560.87| -1025.88
CASE| . 10B 12B 12A 128 10B 128
3 4  MAX| 237631} 106.815 2187} 17.7282| 166046 160.23
CASE 10B 12B 12A 12B 12A 12B
MIN| 377.54} -345225| -536.35| -57.2009} -3721.93| -517.84
CASE 2 11 10B 1  10B 11
4 4 MAX 41y 128.275 61.79 0] 4526.45 57.2
CASE 12A 11 - 12A 11 108 11
MIN} -321.75 -39.565 -1289.51 -0 -1988.51 -17.73
CASE 108 12B 10B 12B 12A 12B
4 5 MAX{ 301.95| 33.625] 1083.26 O 208536] 593.87
CASE 108 12B 10B 12B 1 1
MIN 1571} -108.475; -210.29 0| 424.29; -183.55
CASE 12A 11 12A 1 .2 12B
5 5  MAX| 15717 33.625[ 1083.26 0} -424.29] 183.35
CASE 12B 12B - 10A 11 2 12B
MIN]  -301.95| -108.475] -210.29 0| -208536| -593.87
CASE 10A 11 12B 12B 1 1
5 6] MAX| 321.75f 128.275 61.79 0| 198851 17.73
CASE 10A 11 12B 128 12B 128
MIN -41] -39.565 -1289.51 0] -4526.45 -57.2
CASE 12B 12B 10A 11 10A 11
6 61 MAX| 237631] 106815 53635 57.2009| 3721.93; 160.23
CASE 10A 12B 10A 11 10A 12B
MIN| 37754} -345.225 -218.7] -17.7282| -le660.46| -517.84
CASE 2 11 12B 12B 12B 11
6 7t MAX| -621.66| 377.775| 251.25| 17.7282{ 560.87| 331947
CASE 2 11 12B 12B 10A 11
MIN| -2715.38] -116.58 -568.9] -57.2009| -160.58! -1025.88
CASE 10A 12B 10A 11 12B 12B
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(Continned)
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3007.66
10A
605.63
12B
-873.38
12B
-3379.54
10A
3626.91
10A
682.44
12B
-895.07
12B
-3922.23
10A
206.49
1

47.56

2
-47.56
2
-206.49
1
-47.56
2
-206.49
1
206.45
1

47.56

2

0.64
12A
734
10B
5.95
4A
-0.43
4B
7.34
10A
-0.64
12B
0.43

4B
-5.95
4A

117.525
128
-380.925
11
416,625
11
-128.235
12B
129.18
12B
-419.775
11
448125
11
-137.685
128

3.15

11
-0.945
10B

0

11

-0

12B

315

11
-0.945
10B

0

11

0

13

315

11
-0.945
10B

10B
11
315
1
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10B
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12B

376.25
12A
-381.11
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10B
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12A
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10B
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10B
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12A
-292.29
10B
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10B
-259.48
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235.85
12B
-292.29
10A
259.48
10A
-259.48
108
190.94
12A
-247.38
108
21457
10B
-214.57
1DA
190.94
12B
-247.38
10A
21457
10A
-214.57
10B

49.8482
11
~15.3843
128
15,3843
128
-49.8482
1
51.9746
11
-15.9658
12B
15,9658
12B
-51.9746
11

0

13

0

12B

0

12B

0

13

0

12B

0

11

0

11

0

12B

0

13

0

12B

0

128

0

13

0

12B

0

13

0

13

0

12B

1033.23
12A
-1239.16
108
2348.29
10A
-2183.7
128
1078.18
12B
-1064.57
10A
3976.47
12A
-3977.72
10B
956.11
108
-874.63
12A
14.74

5

781
12A
874.63
12B
-956.11
10A
-7.81
12A
-14.74
5
788.98
10B
-723.65
12A
23.47

5

14.03
12A
723.65
12B
-788.98
10A
-14.03
124
-23.47

5

1025.88
128
-3319.47
11
6709.05
11
-2070.36
128
2070.36
128
-6709.05
11
9638.22
11
-2971.03
12B
424
12B
-13.66
11
19.17
11
-5.89
12B
13.66
11
-4.24
12B
5.89
128
-19.17
11

131
128
-4.18
11

9.69

11
-2.97
128
418

11
-1.31
12B
297
128
-9.69

11
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4) Design of Section

1) Flexural Resistance and Bar Arrangement

a} Section A
A
1
o A
[l
e
b i
Poei o db
i
L
ftem Notationf Unit Lensile Side Remark
Top Bottom .
Factored Loads
Maximum Moment M {tf. m) 4526.5 1988.5
Factored Axial Force N {th) - -
Load case of Max. Moment 10B 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 (nos.) 64 32
Resistance
Flexural Resistance Mr (tf.m) 5344.44] 303595
Axial Compressive Resistance Nr (tf.m) - -
Compressive Depth c (mim) 220.84 163.83
Resistance Factor P 0.90 0.90
Checking Resistance OK OK
Checking Reinforcement Ratio QK - OK
b) Section B
: 0328125
WOBIH_ ﬁ
o/l 11
g 10
3 4309 ‘
Item Notationy Unit Tensile Side Remark
_ Top Bottom
Factored Loads .
Maximum Moment M (tf.m) -424.3 2085.4
Factored Axial Force N (tH) .- -
__Load case of Max. Moment | 2 1
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| 321 .
Resistance
Flexural Resistance Mr (tf.m) 5344 44 3035.95
Axial Compressive Resistance Nr (tf.mn) - -
Compressive Depth c {mm) 220.64 163.83
Resistance Factor @ 0.90 0.90
Checking Resistance OK OK
Checking Reinforcement Ratio QK OK
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¢) Section C

Tensile Side

Item Notatiory Unit Remark
Top Bottom
Factored Loads
Maximum Moment M (tf.m) 956.1 874.6
Factored Axial Force N (tH) - -
Load case of Max. Moment 10B 12A o
Bar Arrangement
Dia. of tensile reinforcement Dm (mm) 32 32
Number of tensile reinf, layers nlay {nos.) 2 2
Number of tensile bars n (nos.) 26 26 ]
Resistance _
Flexural Resistance Mr (H.m) 1071.2] 10712
Axial Compressive Resistance Nr (tf.m) - ' -
Compressive Depth C {mm) 199.84 199.84
Resistance Factor ¢ 0.90 0.90
Checking Resistance OK 0x
Checking Reinforcement Ratio OK OK
d) Section D
. : Tensile Side
Item Notationy Unit T Right Tromt Remark
Factored Loads
Maximum Moment M (tf.m) 39777 39765 9638.2
Factored Axial Force N () 1,8044 1 152291 2,604.1
__Load case of Max. Moment ) B 10A 12B nf
Bar Arrangement
Dia. of main reinforcement Dm {mm) 32
Number of reinf, layers niay (nos.) 2
Number of bars n (nos.)
Inlayer 1 106
- Inlayer 2 48
Resistance
Flexural Resistance Mr (tf.m) 13784.5! 13582.96] 10218.56
Axial Compressive Resistance Nr {tf.m) 6564.90 | 6698.75 | 2760.92
Compressive Depth C (mrun) 153247 15852.83F 1014.71
Resistance Factor @ 0.817 0.816 0.786
Checking Resistance OK OK OK
Checking Reinforcement Ratio OK OK OK
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(3} Desing of Pile Cap
1) Section Analysis of "A"

! P ‘ S G b
Ajl i R
o FE
[ SR g = i Arus
NLES N 0 Nl
i it P
b
Total width of section 18000 mm BT KRR s
Calculation width 1000 mm
a) Section Dimensions & Material Properties
Item 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 |
Allowable Comp. Stress of Concrete| {ca MPa 10.8
Allowable Stress of Steel fsa MPPa -234
b) Envelope of Sectional Forces
Item Notation| Unit Value Load Case
Maximum Flexural Moment : :
for Calculating Top Reinforcement Muy,, | kN.mm] -1884793 [EXTREME EVENT I-2
for Calculating Bottom Reinforcement] Muy,,, | KN.mm | 4597620 |EXTREME EVENT [-]
Maximum Shear Force :
Shear force Vu kN 2599  [EXTREME EVENT I-1
Coincidental moment Mun, { KN.mm| 4597620
iii} 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 3
Total Area of Top Reinf. As mm2 6434.0
Concrete Cover Cs mm 100.0
Bottom Reinforcement
Diameter dbot. mm 32
Area of 1 bar Al's mma2 804.2
Numbers of Rebar n's nos 3
Total Area of Bottom Reinf, A's mm?2 6434.0
Concrete Cover C's mm 100.0
Shear Reinforcement
Diameter dv. mm 25
Area of 1 bar Alv mm2 490.9
Numbers of Rebar in section nv nos 2
Spacing of Shear Reinf. $ mm 500
Total Area of Shear Reinf. withing  Av mma2 981.7
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d) Checking for Flexural Resistance (AASHTO 5.7.3.2

_ Itermn Notation| Unit Value Remark
Top Reinforcement
Bending Moment M, | kN.mm| 1884793
Depth of Compressive Area c mm 115.25
Fiexural Resistance Mry, |kN.mm] 6415080
Checking Resistance OK
Checking Reinforcement Ratio
pst = ASiensie/ (H.W) % 0.214
pmin=0.03fc/ty % 0.185 oK
Bottom Reinforcement
Bending Moment Mug, t kN mm{ 4597620
Depth of Compressive Area C mm 115.25
Flexural Resistance Mrye { kN.mm/| 6415080
Checking Resistance OK
Checking Reinforcement Ratio
pst= Astensile/(H-w) . % 0.214
pmin=0.03fc/fy % 0.185 OK
e) Checking for Shear Resistance (AASHTO 5.8.3.3)
ltem Notation| Unit Value Remark
Factored Shear ) | Vu i N | 2598618 _
Shear Resistance Vr N
Effective shear Depth d, mm 2160
Effective web width b, mm 1000
Spacing of stitrups 5 mm 500
Angle of inclination of transverse reinf. o degrees 90

Factor indicating ability of diagonally

cracked concrete to transmit tension B

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

Strain in the tensile reinforcement £y

Inclination angle of diagonal comp. stress ] degrees

Shear stress on the concrete v MPa

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

Nominal Resistance of Concrete Ve N 1493091

Nominal Resistance of Reinforcement \'A N 1788087

Nominal Resistance Vn N 3,281,178

Resistance factor for shear ¢ 0.9

Factored Resistance Vr N 2,953,061
Checking OK

f) Checking for Flexural Stress
Item Notation| Unit Value Remark

Factored Moments Mia | kN.mm

SERVICE 11 1592416 |Tensile at bottom

SERVICE I-2 . 1041492 |Tensile at bottom
Factored Comp. Stress of Concrete ocu MPa

SERVICE I-1 097

SERVICEI-2 0.63
Checking Stress of Concrete  § 7 __OK -
Factored Tensile Stress of Steel asu MPa

SERVICE I-1 . -6.87

SERVICE I-2 . _ -4.49
Checking Stress of Steel OK
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2} Section B

H
i

i
i
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N R I
Cowm |
Total width of section 10500 mm
Calculation width 1000 mm
a) Section Dimensions & Material Properties
ftem 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 _
Allowable Comp. Stress of Concrete]  fca MPa 108
Aliowable 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 [ 1229777 [EXTREME EVENT 1-2
for Calculating Bottom Reinforcen] Mubot. | kN.mm | 1612454 |EXTREME EVENTI-1

Maximum Shear Force

EXTREME EVENT I-1

Shear force Vu kN 1959
Coincidental moment Mucoin. ] kN.mm | 1612454
¢) Bar Arrangement
[tem Notation| Unit Value Rermark

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 mm2 6434.0

Concrete Cover Cs mm 100.0
Bottom Reinforcement

Diameter pbot. mm 32

Area of 1 bar Al's mm2 8042

Numbers of Rebar n's nos - B
Shear Reinforcement

Diameter dv. min 25

Areaof 1 bar - Alv mm2 4909

Numbers of Rebar in section nv nos 2

Spacing of Shear Reinf. 5 mm 500

Total Area of Shear Reinf, withins]  Av mm2 981.7
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d) Checking, for Flexural Resistance (AASHTO 5.7.3.2

Itemn Notation] Unit Value Remark
Top Reinforcement
Bending Moment Mug, | KN.mmi 1229777
Depth of Compressive Area C mm 115.25
Flexural Resistance Mryop, | kKN.mm| 6415080
Checking Resistance OK
Checking Reinforcement Ratio
pst = ASynsie/ (H.W) % 0.214
omin=0.03fc/fy % 0,185 OK
Bottom Reinforcement
Bending Moment Muy,, |kN.mm| 1612454
Depth of Compressive Area c mm 115.25
Flexural Resistance Mrp, | kN.mm| 6415080
Checking Resistance OK
Checking Reinforcement Ratio
pst = ASinse/ (HW) % 0.214
pmin=0.03{c/fv % 0.185 QK

Notes:  Reinforcement selection is controlied by the Minimum Reinforcement Ratio Requirement.
e) Checking, for Shear Resistance (AASHTO 5.8.3.3)
Item Notation] Unit Value Remark

Factored Shear Vu N i 1958521} ~
Shear Resistance Vr N

Effective shear Depth d, mm 2160

Effective web width b, mm 1000

Spacing of stirrups s mm 500

Angle of inclination of transverse reinf. o degrees 90

Factor indicating ability of diagonally

cracked concrete to transmit tension B

Artea of shear reinf, within a distance s A, mm?

Strain in the tensile reinforcement £y

Inclination angle of diagonal comp. stresd 6 degrees

Shear stress on the concrete v MPa 1.007

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

Nominal Resistance of Concrete V. N 1756578

Nominal Resistance of Reinforcement Ve N 1925727

Nominal Resistance Vn N 3,682,305

Resistance factor for shear @ 0.9

Factored Resistance Vr N 3,314,074
Checking OK

f) Checking for Flexural Stress
- Item Notation| Unit Value Remark

Factored Moments Mu jkN.mm

SERVICE I-1 182448 |Tensile at bottom

SERVICE I-2 o 182448 [Tensile at bottom
Factored Comp. Stress of Concrete ocu MPa

SERVICE I-1 - 0.11

SERVICE 1-2 0.11
Checking Stress of Concrete | OK o
Factored Tensile Stress of Steel asu MPa

SERVICE I-1 -0.79

SERVICE 1-2 -0.79
Checking Stress of Steel OK
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3) Section C
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Total width of section 10500 mm
Calculation width 1000 mm
a) Section Dimensions & Material Properties
Item Notation| Unit Value Remark
Section Dimension
Width W min 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 Concrete] 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 | kNunm | -1232890 [STRENGTH -1
for Calculating Bottom Reinforcenj Mubot. | kN.mm | -295848 |EXTREME EVENT I-1
Maximum Shear Force
Shear force Vu kN . -260 EXTREME EVENT 11
Coincidental moment Mucein. | kN.mm | -1232890
) 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 The same to section B
Area of 1 bar Al's mm?2 804.2
Numbers of Rebar n's noes g
Shear Reinforcement
Diameter dv. min 25
Area of 1 bar Alv mm2 490.9
Numbers of Rebar in section nv nos 2
Spacing of Shear Reinf. s mm 500
Total Area of Shear Reinf. withins] Av mm?2 981.7
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d) Checking for Flexural Resistance (AASHTO 5.7.3.2)

Item Notation| Unit Value Remark
Top Reinforcement
Bending Moment My, | KNmm| 1232890
Depth of Compressive Area c mm 115.25
Flexural Resistance Mryp, |kN.mm| 6415080
Checking Resistance OK
Checking Reinforcement Ratio
pst = ASiensite/ (HTL.W) % 0.214
pmin=0.03fc/fy % 0.185 OK
Bottom Reinforcement
Bending Moment Mup,, | kKN.mm | -295848.3
Depth of Compressive Area < mm 145.236
Flexural Resistance Mry, |kN.mm| 8609150
Checking Resistance OK
Checking Reinforcement Ratio
F)St = Astensile/ (HW) % 0.214
prmin=0.03{c/fy % 0.185 OK

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

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

f) Checking for Flexural Stress .
Item Notation} Unit Value Remark

Factored Moments Mu [kN.mm

SERVICE I-1 -929887 |Tensile at top
~_ SERVICE1-2 _ -512350 |Tensileattop
Factored Comp. Stress of Concrete ocu MPa

SERVICE I-1 : 0.57

SERVICE I-2 0.31
Checking Stress of Concrete i 1 oK o
Factored Tensile Stress of Steel osu MPa

SERVICE I-1 -4.01

SERVICE 1-2 -2.21
Checking Stress of Steel ' OK
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(4) Section Calculation of Pile

Dia: 1500 mm
Length: 820 m
Number : 12 nos.

1) Sectional Forces {(Extracted from the Resuits of Pile Group Analysis)

Longitudinal Transverse
Load Case Sectional Force Depth Sectional Force Depth
Mmax (tf.m) Nmin {tf) Z(m) IMmax (fm)] Nmin (1) Z{m}
STRENGTH I-1 7.85] 621.28 4,914 0.00] 695.14 0.00
STRENGTH I-2 2771 295.04 491 0.00] 278.02 0.00
STRENGTH 111 8.86] 51523 5.87 251 548.97 9.05
STRENGTH IV 3.04| 65649 491 2511 67218 0.00
STRENGTH V-1 837] 595.35 5.23 061} 661.07 9.03
STRENGTH V-2 0.38] 329.98 9,06 0.611  303.56 9.03
EXTREME EVENT I-1]  165.61} -323.65 5.74 82.19 26.35 8.75
EXTREME EVENT I-2[  115.24] -222.77 711 82.19] -204.50 8.75
SERVICE I-1 8.95| 455.02 7.30 0.521 525.37 11.19
SERVICE I-2 3.62| 37540 7.61 0.52] 37635 11.19
2) Section Caiculation
a) General Conditions
- Item Notation] Unit Value Remark
Number of Reinf. layers Nyaver nos 1
Concrete cover cv m 150
Diameter of Rebars d mm 32
Number of Rebars Dy nos 28
Total Area of Reinforcement Ay mm2 | 22519
b) Checking Resistance (AASHTO 5.7.2)
Type of . Longitudinal Transverse
Load Case zoF;ce Unit Actualg Allowable| Actual |Allowable Remark
STRENGTH I-1 PNmin tf [ 621.28]  3888.9] 695.14| 38825 OK
at Z= 4.91m M tf.m 7.85 489 0.00 0.0l OK
STRENGTH I-2 PNmin t _295.04 4406.2| 278.02] 4518.0f : OK -
atZ= 4.91m M H.m 2.77 41.3 0.00 0.0 OK
STRENGTH l1iI PNmin | f 515.23 4002.4] 54897] 40695 OK
atZ= 5.87m M tf.m 8.86 68.8 2.51 18.6] OK
STRENGTH 1V PNmin tf 656.49 3906.6] 672.18| 3889.9] OK
at 7= 4.91m M tf.m 3.04 18.1 2.51 14.6 QK
STRENGTH V-1 PNmin | o 595351 39135 661.07] 39282 OK
atZ= 5.23m M f.m 8371 . 55.0 0.61 36] OK
STRENGTH V-2 "PNmin | 32998 442981 303.56| 44632 OK
at Z= 9.06m M tf.m 0.38 5.1 0.61 88 OK
EXTREME EVENT I-1] PNmin t -323.65 -441.3 26.35 1689 OK
at Z= 5.74m M t.m 165.61 2258 §2.19 526.8] QK
EXTREME EVENT -2} PNmin | o -222.77| 4390 -204.50 4915 OK
at Z= 7.11m M H.m 115.24 2271 82.19 19751  OK
¢} Checking Stress
Force Tensile Steel (tf/m2) |Comp. Concrete (tf/m2
Load Case PN (i) | M) | Actual | Allowable| Actual [Allowable] Remark
SERVICE I-1 | Horizontal |  455.02 895 149506 | 23861 264.51 1377 OK
at Z=7.30m | Transverse| 52537 0.52 1,289.88 23861 207.84 1377
SERVICE I-2 | Horizontal | 375.40 3.62 | 187332 | 23861 278.34 1377 OK
at Z=7.61m | Transverse| 376.35 052 |1,339.75[ 23861 199.79 1377
d} Checking Minimum Steel Ratio
Item Notation] Unit Value Remark
Total Area of Reinforcement Ay mim?2 22519
Gross Area of Section Ag mm2 |1767145.9
Reinforcement Ratio pst % 1.27
Minimum Reinforcement ratio pmin % 040 OK
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5} Checking Footing Concret Stress that Pile connected
1) Vertical bearing stress of footing concrete
O =P/ (nD*/4) <= 0.,

Reaction force of pile P= 1376130 kg Load Combination: 7
Diameter of Pile D= 150 ¢cm

Vertical bearing stress Oy 77.87 kg /em’

Allowable bearing stress 0,,=0.5xf, = 150.00 kg/ em’

Oy <2 Og =7 0K

2} Vertical Punching Shear Stress
1P/ frh(DHh)} <=1,

Reaction force of pile = 1376130 kg Load Combination: 7
Diameter of Pile = 150 cm
Depth from pile head to upper

surface of pile cap h= 290 cm
Punching, shear stress = 343 kg/cm’
Allowable punching shear stress  T,= 9.00 kgr/cm®

T, <= T, > oK
3) Horizontal Bearing stress

och:H/(Dl) <= Oca
Horizontal force at pile head = 90380 kg Load Combination: 7
Diameter of Pile = 150 cm
Embedded Length of Pile = 10 ¢m
Horizontal bearing stress Oen 60.25 kg/cm®

Allowable bearing siress T.,=0.3xf, 90.00 kg/cm’
Och <= Oa —> OK
4) Horizontal Punching, Shear Stress
r=H/{h' x (21 +D+2h)} <=1,
Horizontal force at pile head H= 90380 kg Load Combination: 7
Diameter of Pile D= 150 cm :
Distance from side of pile to the
nearest edge of pile cap h'= 75 cm
Embedded Length of Pile I= 10 cm
Punching shear stress = 3.77 keg/cm®
Allowable punching shear stress T, 9.00 kg/cm®

T, <= T, 7 OK
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3.13.5 Design of P15 picr
(1) Stability Calculation
1) Dimension of Pier

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

Portion | Length | Portion | Length | Portion | Level | Portion | Level
H1 27.62 W1l 15.00 (1) +28.12 (6) +1.78
H2 24.12 W2 7.00 (2) +25.12 V4] +0.50
H3 3.50 L1 4.00 (3) +18.12 8 -2.00
H4 3.00 W3 24.00 (4} +9.62 9 -23.81
H5 21.12 12 2.00 (5) +4.00
Hé 1.50 L3 19.00
Wi 0.00 14 0.00
- - - 1 - o
|-1 ‘ ‘ i 2}
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2) Summray of Load Combination Forces at the Botom of Pile Cap

o \Y% Longitudinal Transverse
Load Combination (th H(t) [ M (thm)| T (th [ M (tm)

1 STRENGTH I-1 10704.13} 47.46803| 1311.067| 39.28608| -24.0431
2 STRENGTH I-2 5496.167] -7.3165{ -202.082f 39.28608} -24.0431
3 STRENGTH HII 9488.7| 73.145281 1231.353} 77.27961| 411.3941
4 STRENGTH IV 11527.03| 17.48822| 483.0247| 39.28608| -24,0431
5 STRENGTH V-1 10426.32| 56.51752| 1335.608| 50.14138| 100.3675
6 STRENGTH V-2 5756.481{ 14.25517| 168.3222| 50.14138| 100.3675
7 EXTREME EVENT I-1 | 9225.408| 1422.787} 22975.73] 1453.508f 22715.1
8 EXTREME EVENT I-2 | 5699.091( 1407.135; 22543.4] 1453.508 22715.1
9 EXTREME EVENT Il | 9859.624| 901.1343| 1375.501| 1824.423| 2253.792
10 [SERVICE I-1 8121.248| 64.03428| 1599.573| 47.42755| 69.26489
11 |SERVICE I-2 6775.93| 32.72883| 734.9161| 47.42755] 69.26489
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3) Pile Capacity

INPUT DATA
BoreHole BRD15
Pile Diameter DI = 2200 mm
Dz = 2000 mm
Factor of Safety s = 3
Pile length L = 74.00 m
1w = 2431 m
L1 = 1569 m
12 = 34.00 m
Pile Embedded Length le = 49.69 m
Pile Cross-Section Circumference P1 = 6.912 m
Pz = 6.283 m
Pile Cross-Section Area Abl = 3.801 m2
Ab2 = 3.142 m2
Concrete Unit Weight e o = 25 t/m3
Ultmate Soil End Bearing Capacit  3qu = = 300 t/m2
Soil Type of Bearing Layer 1 (1/2=Sand/Clay)
SKIN FRICTION CAPACITY Formula: Qs == (fs*P*d ) for N> 0
Layer [Thicknesg Soil Type y'e N fs Qs
Number| d{m) ['1'=Sand; '2'=clay (t/m3) {t/m2) {1
1 7.69 2 Clay 0.70 1.0 1.0 53
2-1 8.00 2 Clay 1.00 12.6 2.0 111
i - 22 15.50 2 Clay 1.00 120 2.0 195
: 3 7.00 2 Clay 1.05 25.0 15.0 660
4 11.50 1 Sand 1.20 60.0 20.0 1445
0
w0 ? 3 TotalL= 4969 m Fotal Qs 4 2463
END BEARING CAPACITY Formula: Qt = qu* Ab
Type of Pile Soil Type of B.P End Bearing Capacity
Cast-in-situ__ Friction & Bearing | - Sand | 942 tonne |

ULTIMATE BEARING CAPACITY { Qult)
*Qult=Qt+ Qs 3405.9 tonne

REPLACED EFFECTIVE WEIGHT OF SOIL (Ws)

166.0 tonne
BUOYANT WEIGHT OF PILE {W)
480,7 tonne
Allowable Bearing Capacity for Service Load Combinations (Qall})
*Qall, = (Qult- Ws) / FS+ Ws - W . 765.2 tonne
Allowable Bearing Capacity for Earthquake & Strength Load Combinations(Qail,)
*Qall, = (Quit-Ws) /FS+ Ws-W 1305.2 tonne
FS=2
Design Uplift Capacity for Service Load Combinations {Qup;)
*Qup; =Qs /FS+W 89L.3 tonne
FS=1¢
Design Uplift Capacity for Earthquake & Strength Load Combinations{Qup,)
*Qup;=Qs/F5+W 1301.8 tonne
FS=3
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4) Reaction of Pile
a) Displacement

. Longitudinal Transverse

Load Combination 8 x(cm) [ 3 ylem) | o (rad) |6 x{em) [ 8 y(em) | o (rad) & xa(cm) | Remark
1 [STRENGTHI-1 0.07 0.76] 0.000054 0.05 0.76] 0.000009 3000 OK
2 |STRENGTH I-2 -0.01 0.39] -0.000008 0.05 0.39] 0.00000% 3.00[ OK
3 |[STRENGTH Il 0.10 0.67| 0.000063 0.10 0.67] 0.000023 300 OK
4 {STRENGTHIV 0.02 0.82| 0.000020 0.05 0.82} 0.000009 3.00] OK
5 |STRENGTH V-1 0.08 0.74] 0.000059 0.06 0.74] 0.000013 3000 OK
6 |[STRENGTH V-2 0.02 0411 0.000011 0.06 0.411 0.000013 300 OK
7 |EXTREME EVENT -1 19 0.65] 0.001207 1.85 0.65] 0.000625 200 OK
8 |EXTREME EVENTI-2 1.89 0401 0001190 1.85 040 0.000625 200} OK
9 {EXTREME EVENT II 115 0.70] 0.000431 2.27 0.70| 0.000442 300 OK
10 {SERVICEI-1 0.13 0.58] 0.000071 0.08 0.58] 0.000012 150f OK
11 {SERVICEI-2 0.06 0.48] 0.000034 0.08 0.48] 0.000012 1.50 OK

b) Bearing and Uplift forces of piles

Load Combination Longitudinal Transverse Allowable Capacities| Checking

PNmax(tf)] PNmin(tf) | PNmax(tf) | PNmin(tf) |Bearing (tf} Uplift (tf) | Bearing Uplift

1 |STRENGTH I-1 62647 562.87] 60139 58796 1305.2| -1301.8] OK OK
2 |STRENGTHI-2 31024 30045 312.06] 29863 1305.2| -1301.8{ OK OK
3 |STRENGTHII 564.37{ 489.93| 545.05| 509.25| 1305.2 -1301.8] OK OK
4 |STRENGTHIV 652.10] 628.67| 647.10] 633.67] 13052 -1301.8;, OK OK
5 |STRENGTH V-1 613.73] 544.75|  5B9.14| 569.34| 13052 -1301.8| OK oK
6 |STRENGTH V-2 326.01) 313.61 329.71| 30991 1305.2| -1301.8] OK OK
7 |EXTREMEEVENT!1| 1222.23| -197.19] 1002.15 2290 13052 -13018] OK CK
8 |EXTREMEEVENTI-2| 101583 -382.60| 806.24| -173.01| 13052 -1301.8] OK OK
9 |EXTREMEEVENTII 800.92f 29460{ 89393 20158 1305.2| -1301.8] OK OK
10 [SERVICEI-1 492,62 409.74] . 460.78] 441.57| 765.2 -891.3 OK OK
11 [SERVICE -2 39638 356.50F 386.04] 366.84| 7652 -891.3] OK OK

3-204




(2) Design of Pier Sections

1) Calculation model
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2) Loads from superstructure at pier top

v Longitudinal Transverse

Load (th H (th). [M (.m)] H (] [M (thm) Remarks
DC1 1742.9 0.0 0.0 0.0 0.0
DW1 - 00 0.0 0.0 0.0 0.0
LLmax 694.5 171 0.0 0.0 0.0
LLmin -650.8 -14.2 0.0 0.0 0.0
TUmax 473 35.0 0.0 0.0 0.0
TUmin 494 -31.5 0.0 0.0 0.0
EQ1-L -634.2] 6450 0.0 193.5 0.0
EQ1-T 63421 1935 0.0 645.0 0.0

Loads acting on pier

- Dead Load DC2: 2.5t/m3
- Wind Pressure on Structure WS2: 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):

+129% of self-weight in transverse direction.
+3.6% of self-weight in longitudinal direction.
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3) Envelope of Member End Actions

AT . Nx Sy 5z Mx My Mz
MEMBER JOINT | TYPE | 0 (th @ | tm) | @em) | em)
1 1| Max] -93112| 4402000  438.04] 57.4860] 367678] 8803.16
CasE]  12A 11 128 11 10A 11
MIN| -37447| -135317]  -43676] -17.6591] -3669.35| 271441
case|  10B| 1B 10A 128 28| 128
1 ol Max| as3tes| 12018] 41631 176501 158857 207036
case| 108|128 10A 128 108 128
MIN| 77772 can977s|  ar7ss| 574860 -1602.22| -6709.05
CASE|  12A 11 128 1 127 11
2 2| Max| -91304] 416625 41195 53775  242071] 6709.05
CASE 2 11 12B 11 12A 11
MIN| -333481| -128235]  -41684] 165906 -2594.26| -2070.36
CASE| 108  12B 10A 128 08| 128
2 3 MAX] 296294 117525 38114 16.5906 99333| 1025.88
case| 108|128 10A 12B 104 128
MIN| 64520 380.925| -a7e2s|  s3vs| 78723 -3319.47
CASE 2 1 128 11 128 11
3 sl Max| -s2166| 3777sl sese2] 0280l 2033| a31947
CASE 2 11 108 11 124 1
MIN| -269124| -11638] 25125 -18.6769|  -693.76| -1025.88
case| 108 128 12A 128 108 128
3 s| Max| 25218 106815| 2187  18e7ee] 152773 160.23
case| 18|  12B 124 128 124] 128
MIN| 37754] 345025 53637  -60.280| -3589.18] -517.84
CASE 2 11 108 11 108 11
4 s wMax| 41| 128275] 3766 of 430373  60.29
CASE 12A 11 12A 11 108 11
MIN| 32177 -39.565| -126538 o 185578 -18.68
casg|  108|  12B 10B 108 Al 128
4 5 MAX 301.97 33.625 1059.13 ¢ 2085.35 590.78
case|  108| 128 108 108 1 11
MIN|  1571) -108475]  -186.16 ol am| s
CASE]  12A 11 12A 11 2| 128
5 5 MAX -15.71 33.625 105913 0 -424 .32 182.6
case| 18] 128 10A 1 ol 12
MIN| -30197| -108475]  -186.16 0| -208535| -590.78
case|  10a 1 128 12B 1 11
5 of Max| 32177 128278| 3766 of 18s578] 1868
CASE|  10A 11 12B 128{ 18| 128
“MIN|  a1] 39565 -1265.38 o -430373| -60.20
CASE 12B 12B 10A 11 10A 11
6 ol Max| 235218 106815| 536370 60280 5018 16023
case|  10a| 128 10A 1 04| 128
MIN| 377.54| 345205 2187 -186760| -152773| 51784
CASE 2 11 128 128 128 11
6 7| Max| -62166] 377775|  25125] 1867690  69376| 3319.47
CASE 2 11 12B 12B 10A 11
MIN| -260124| -11658| 56892] -60280]  -2033| -1025.88
caseE| 10| 1B 10A 11 128  12B
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(Continued)
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12.82
1

-3.98
12B
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4) Flexural Resistance and Bar Arrangement

a) Section A
208150
Item Notation| Unit ,Tensﬁe dide - Remark
Top Bottom
Factored Loads
Maximum Moment M (tf.m) 4393.7 1855.8
Factored Axial Force N {tH) - -
Load case of Max. Moment 10B 12A S
Bar Arrangement
Dia. of tensile reinforcement Dm {mm) 32 32
Number of tensile reinf. layers nlay {nos.) 2 1
Number of tensilebars | omn | {nos) 64 32 .
Resistance
Flexural Resistance Mr (tf.m) 5344.44 3035.95
Axial Compressive Resistance Nr (tf.m) - -
Compressive Depth < () 220.84 163.83
Resistance Factor P 0.90 0.90
Checking Resistance OK OK
Checking Reinforcement Ratio OK OK
b} Section B
0328125
i ﬁ[f{;./f::::::::::::: I
¢
; 1§
I,, I?gi_"_i
sl
Bt : g
5 4000 .
Item Notatiory Unit Tensile Side Remark
. Top Bottom
Factored Loads
Maximum Moment M (tf.m) -424.3 2085.4
Factored Axial Force N (tf) - -
__Load case of Max, Moment B 2 1 1 -
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 3z
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 OK
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¢) Section C

T s
e i
sl o © g
e | 23 ? PUMAVAL
Rt 1 R T&i 0378725
f“‘—'—“""*:**j i e
Item Notation| Unit Tensile Side Remark
Top Bottom
Factored Loads
Maximum Moment M {tf.m) 884.0 802.6
Factored Axial Force N (tf) - -
Load case of Max. Moment o 108 12A e
Bar Arrangement
Dia. of tensile reinforcement Dm {mm) 32 32
Number of tensile reinf. layers nlay (nos.) 2 2
Number of tensile bars n {nos.) 26 2
Resistance
Flexural Resistanice Mr (tf.m) 1071.2 1071.2
Axial Compressive Resistance Nr {tf.m) - -
Compressive Depth < {mm) 199.84 199.84
Resistance Factor P 0.90 0.90
Checking Resistance 0K OK
Checking Reinforcement Ratio OK OK
d) Section D
. . Tensile Side
[tem Notation] Unit ToRt Right — Remark
Factored Loads
Maximum Moment M (tf.m) 3676.8 3669.4 5803.2
Factored Axial Force N {t) 1,907.5 2,7684 2,550.4
Load case of Max. Moment 10A 12B| 11
Bar Amrangement '
. Dia. of main reinforcement Dm (mm) 32
Number of reinf. layers nlay {nos.) 2
Number of bars n {nos.)
Inlayer1 106
In layer 2 48
Resistance
Flexural Resistance Mr {tf.m) 14251.13| 14551.89| 10556.12
Axial Compressive Resistance Nr (tf.m) 739355 1 10979.06 | 3058.20
Compressive Depth c (mm) 1649.54 2224.69 1057.81
Resistance Factor @ 0.816 0.779 0.788
Checking Resistance OK OK OK
Checking Reinforcement Ratio OK OK QK
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{3) Design of Pile Cap

L
' | 020

1} Section Analysis of "A"

NI e
Al g & || I
i A ; RIS B .
I " ; .
i 'i - D //lee?i
.i_._é.: ST 9o
Total width of section 24000 mm
Calculation width 1000 mm
a) Section Dimensions & Material Properties
Item Notaton| Unit Value Remark
Section Dimension
Width - W mm 1000
Height ) H mm 3500 _
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 -
Allowable Comp. Stress of Concrete| fca MPa 10.8
Allowable Stress of Steel fsa MPa -234

b} Enﬁe[ope of Sectional Forces

Item Notation| Unit Value Load Case

Maximum Flexural Moment
for Calculating Top Reinforcement Muyg, | kN.mm | -5945355 |[EXTREME EVENT I-2
for Calculating Bottom Reinforcement] Muy, | KN.mm | 7220805 |[EXTREME EVENT i-1
Maximum Shear Force .
Shear force Vu kN 2183  |EXTREME EVENT -1
Coincidental moment Muigin | KN.mm| 7220805

¢) Bar Arrangement

Hem Notation| Unit Value Remark

Top Reinforcement

Diameter dtop mm G

Area of T bar Als mm?2 615.8

Numbers of Rebar ns nos 12
Bottom Reinforcement

Diameter pbot. mm 28

Area of 1 bar Al's mm2 615.8

Numbers of Rebar n's nos 12
Shear Reinforcement :

Diameter ov. mm 18

Area of 1 bar Alv mm?2 254.5

Numbers of Rebar in section nv nos 2

Spacing of Shear Reinf. s mm 500

Total Area of Shear Reinf. withins| Av mm2 508.9
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d) Checking for Flexural Resistance (AASHTO 5.7.3.2

ftem Notation| Unit Value ~ Remark
Top Reinforcement
Bending Moment Muy,, |kiN.mm| 5945355
Depth of Compressive Area C mrs 145.236
Flexural Resistance Mt | kN.nm| 8609150
Checking Resistance OK
Checking Reinforcement Ratio
pst = ASiensite/ (FLW) % 0.211
omin=0.03fc/fy % 0.185 OK
Bottom Reinforcement
Bending Moment Muyg,, [ kN.mm| 7220805
Depth of Compressive Area c mm 145.236
Flexural Resistance Mry, | KN.mm{ 8609150
Checking Resistance OK
Checking Reinforcement Ratio
pst = ASiensite/ (H.W) % 0.211
pmin=0.03fc/fy % 0.185 OK
e} Checking for Shear Resistance {AASHTO 5.8.3.3)
Item Notation| Unit Value Remark
Factored Shear Vu N 2183288 -
Shear Resistance Vr N
Effective shear Depth d, mm 2520
Effective web width b, mm 1000
Spacing of stirrups s mm 500
Angle of inclination of transverse reinf. a
Factor indicating ability of diagonally
cracked concrete to transmit tension 8
Area of shear reinf. within a distance s A,
Strain in the tensile reinforcement £y
Inclination angle of diagonal comp. stress ]
Shear stress on the concrete ' v
Area of Conc. on flexural tensile side Act mm
Nominal Resistance of Concrete Ve N 1741940
Nominal Resistance of Reinforcement Vs N 1072764
Nominal Resistance ' Vn N 2,814,704
Resistance factor for shear © 0.9
~ Factored Resistance Vr N 2,533,233
Checking OK
f) Checking for Flexural Stress .
Ttem Notation] Unit Value Remark
Factored Moments Mu {kN.mm
SERVICE I-1 1488329 [ Tensile at bottom
SERVICE I-2 570897 |Tensile at bottom _
Factored Comp. Stress of Concrete acu MPa
SERVICE 1-1 : 0.82
SERVICE 1-2 0.41
Checking Stress of Concrete o n OK o
Factored Tensile Stress of Steel asu MPa '
SERVICE I-1 -5.89
SERVICE 1-2 -2.94
Checking Stress of Steel OK
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2) Section Analysis of "B"

[ 1
| |
T L
Total width of section 19000 mm
Calculation width 1000 mm
a) Section Dimensions & Material Properties
Item Notation| Unit Value Remark
Section Dimension
Width W mm 1000
Height ~H [ mm 3500 |
Material Properties
Concrete strength fc MPa 24
Yield Strength of Rebars ty MPa 390
Elastic modulus of Concrete Ee MPa 26332
_ Elastic modulus of Steel Es | MPa | 200000 - i
Allowable Comp. Stress of Concretej 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 Reinforcement Mutop | kN.mm | -1548195 |EXTREME EVENT I-2
for Calculating Bottom Reinforcen| Mubot. | kN.mm | 4213157 |EXTREME EVENT -1
Maximum Shear Force :
Shear force Vu kN 1643 [EXTREME EVENT I-1
Coincidental moment Mucoin: | KN.mm | 4213157
¢} Bar Arrangement :
Item Notation| Unit Value Remark
Top Reinforcement
Diameter dtop mm 28
Area of 1 bar Als mm?2 615.8
Numbers of Rebar ns nos 12
Bottom Reinforcement
Diameter ¢bot. mm 28
Area of T bar Al's mm?2 615.8
Numbers of Rebar n's nos 12
Shear Reinforcement
Diameter $v. mm 18
Area of 1 bar Alv mm2 254.5
Numbers of Rebar in section nv nos 2
Spacing of Shear Reinf. 5 min 500
Total Area of Shear Reinf. withins] Av mm?2 5(08.9
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d) Checking for Flexural Resistance (AASHTO 5.7.3.2

Item Notation} Unit Value Remark
Top Reinforcement
Bending Moment Mu,,, | kN.mmj 1548195
Depth of Compressive Area c mm 145.236
Flexural Resistance Mry,, |kN.mm} 8609150
Checking Resistance oK
Checking Reinforcement Ratio
pst = ASiensite/ (FHL.W) % 0.211
pmin=0.03fc/fy % 0.185 OK
Bottom Reinforcement
Bending Moment _ Muy, | kN.mm] 4213157
Depth of Compressive Area C mm 145.236
Flexural Resistance Mry, | kN.mm| 8609150
Checking Resistance OK
Checking Reinforcement Ratio
pst = ASiensite/ (H.W) % 0.211
pmin=0.03fc/fy % 0.185 OK

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

e) Checking for Shear Resistance {AASHTO 5.8.3.3)

Item Notation| Unit Value Remark

Factored Shear ~Vu N 16426271 -
Shear Resistance Vr N .

Effective shear Depth d, mm 2520

Effective web width b, mm 1000

Spacing of stirrups 5 ‘mm 500

Angle of inclination of transverse reinf. a degrees 50

Factor indicating ability of diagonally

cracked concrete to transmit tension B 1.8

Area of shear reinf, within a distance s A, mm> 509

Strain in the tensile reinforcement £y 0.001749

Inclination angle of diagonal comp. stresd 0 degrees 41.99

Shear stress on the concrete v MPa 0.724

Area of Cong, on flexural tensile side Act mm? 1750000

Nominal Resistance of Concrete Ve N 1844407

Nominal Resistance of Reinforcement Vv, N 1111412

Nominal Resistance Vn N 2,955,819

Resistance factor for shear ) 0.9

Factored Resistance Vr N 2,660,237
Checking QK

£y Checking for Flexural Stress _
: Item Notation| Unit Yalue Remark

Factored Moments Mu | kN.mm

SERVICE I-1 1636148 Tensile at botiom
___ SERVICEI | 1 1250388 [Tensile at bottom _
Factored Comp. Stress of Concrete ocu MPa

SERVICE 1-1 ' 0.75

SERVICEI-2 0.57
Checking Siress of Concrete 1 OK o o
Factored Tensile Stress of Steel gsu MPa | -

SERVICE I-1 -5.31

SERVICEI-2 -4.05
Checking Stress of Steel OK
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{4) Section Calculation of Pile
Dia:D1-= 2200 mm
D2 = 2000 mm
Length: 74.0 m
Number : 18 nos.

L1=
L2 =

40.0
34.0

m
m

1) Sectional Forces (Extracted from the Results of Pile Group Analysis)

Longitudinal Transverse
Load Case Sectional Force Depth Sectional Porce Depth
Mmax (tf.m} Nmin (if) Z{m) Mmax (tf.m)] Nmin (tf) Z{m)
STRENGTH I-1 39.05( 562.87 0.00 36.78] 587.96 0.00
STRENGTH -2 -6.00{ 30045 0.00 36.78] 298.63 0.00
STRENGTH 11 62.56] 489.93 0.00 71.60] 509.25 0.00
STRENGTH IV 14.39] 628.67 0.00 36.78] 633.67 0.00
STRENGTH V-1 4715 54475 0.00 46.67] 569.34 (.00
STRENGTH V-2 12.46] 313.61 0.00 46.67] 30991 0.00
EXTREME EVENT -]} 1220.70 -197.19 0.00f 132218 22.90 0.00
EXTREME EVENT I-2{ 1207.79] -382.60 0.00] 132218 -173.01 0.00
EXTREME EVENT II 814.33] 294.60 0.00] 1701.84] 201.58 0.00
SERVICE I-1 56.94| 409.74 0.00 46.83] 44157 0.00
SERVICE 1.2 29.34| 356.50 0.00 46.83] 366.84 0.00
2) Section Calcaulation
a) Distribution of Axial Force and Bending Moment in Composite Section
Diameter of Pile 220 m
Thickness of Casing 0.014 m {2mm corrosion assumed)
Es= 20000000 '
Ec= 2500000
n=FEs/Fc= 8.00
AsQ= 0.096761 m?2
Ac= 3.801327 m2
Atrans=  4.575416 m2
Is0= 0.059668 m4
lcO= 1.149901 m4
Itrans= 1.627242 m4
* Casing: - Axial 16.92%
- Bending 29.33%
*RC: - Axial 83.08%
- Bending 70.67%
b) General Conditions
Item Netation| Unit Value Remark
Diameter of pile D mim 2200
Steel Casing Yes
Number of Reinf. layers Mayer nos 1
Concrete cover cv m 250
Diameter of Rebars d mm 32
Number of Rebars Ng nos 46
Total Area of Reinforcement Ay mm?2 36995
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¢) Checking, Resistance (AASHTO 5.7.2)
i } In longitudinal Direction

Load Case Forces Total RC Allowable| Casing |Allowable] Remark
stranGrit | O S| e | Sarse | e o206 | ok
stranari2 | O | e | e | e | ende | ok
stranern | O | | el | s | e | ok
strencrH v | | o s | am |97 | oKk
stancriv- | D | e || ek | e | ok
strencriv2 | | e e | e o7 | ok
mxrrReME EVENT |- | e | ason | Taonad | 0K
BxrreMERVENT 12| | s | srsas | ases0 | ioa7si | ok -
perramerveNt i |G 1B | SR | e [ s | 12101 | oK
ii } In Transverse Direction _
load Case Forces Total RC Allowable} Casing | Allowable] Remark
steencrri | LS e | e | 1075 | aoies | OK
stroncriie | O e | e | 107 | et | ok
s | | S0 | eas | e | serss | ok
stenarHIv [ O S | s |07 | o201 | oK
strenariv1 | (O SP0 | D es | e | e | ok
R I ol I A v 7 0 B
wermevs VNt | (D00 | | ey | s | o | ok
pxrreMesvaNTi2 |- ob O || e |7 | Taoksr | oK
pxrreMesvenTi | RO L e |avass |soms | “istoa | oK
<) Checking Stress in RC portion |
Lond Case |t e o TAlloale] el Alowabe] Rk
seRviCE i | pendl] 3892 | S0 | s | sei | ot0m | non | O
servicE 12| yoveendl] Z000 | 500 | sozes | et | sew | mon | O
d) Checking Minimum Steel Ratio
liem Notation| Unit Value Remark
Total Area of Reinforcement Ay mm?2 36995
Gross Area of Section Ag mm2 | 3801327
Reinforcement Ratio pst % 0.97
Minimum Reinforcement ratio pmin % 0.40 OK
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(5) Calculation of Footing Concrete Stress that Pile connected
1) Vertical bearing stress of footing concrete

0n=P/(nD’/4) <= o,

Reaction force of pile P 1222230 kg Load Combination: 7
Diameter of Pile D= 220 cm

Vertical bearing stress Oy 32.15 kg/cm’

Allowable bearing stress 0.=0.5xf, = 120.00 kg/cm®

o, <= o, ~> OK

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

Reaction force of pile P= 1222230 kg Load Combination: 7
Diameter of Pile - D= 220 cm
Depth from pile head to upper
surface of pile cap h= 150 cm
Punching shear stress = 7.01 kg/cm®
Allowable punching shear stress ;= 9.00 kg/cm’

T, <= 1, -> OK
3) Horizontal Bearing stress
o=H/{(D]) <= o,

Horizontal force at pile head H= 101360 kg Load Combination: 9
Diameter of Pile D= 220 cm :
Embedded Length of Pile 1= ' 200 cm
Horizontal bearing stress Och 2.30 kg/ em®

 Allowable bearing stress 0.=03xf. = 72.00 kg/cm’

Ty <= O =2 OK

4) Horizontal Punching Shear Stress
t=H/[h'x (21 +D+2h'"})} <=1,

Horizontal force at pile head H= 101360 kg Load Combination: 9
Diameter of Pile D= 220 cm
Distance from side of pile to the
nearest edge of pile cap h'= 90 cm
Embedded Length of Pile I= 200 cm
Punching shear stress = 1.41 kg/em®
Allowable punching shear stress 1,= 9.00 kg/cm?

T <=1, —> OK
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3.13.6 Design of I’16 pier
(1) Stability Calculation
1) Dimension of Pier

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

Portion | Length | Portion | Length | Portion | Level | Portion | Level
H1 24.82 Wi 15.00 (1) +25.32 (5) +1.78
H2 21.32 w2 7.00 (2) +22.32 (6) +0.50
H3 3.50 L1 4.00 (3) +15.32 (") -2.00
H4 3.00 W3 24.00 (4) +4.00 (8) -22.12
Hb5 18.32 L2 2.00
Heé 1.50 L3 19.00

W4 6.00

L4 6.00
LN I
f S Sy . N § _A-l}
= B @
]

il
g Iy in
P R w3 - - ; R ;

R Beal i o el L B BT
ey E i i WEL G : )

By i - i g | > . —8)

i_. _;..._ _} S ;H% i ! [ : - : L)
T T s DL
AR I R
S 10 L T O 0 0 L A
2) Summary of Load Combination Forces at the Bottom of Pile Cap
s A% Longitudinal Transverse
Load Combination () T (h [ M (m) | H(th | M (thm
1 STRENGTH I-1 10251.2 498 12364 22.3 -13.7

2 STRENGTH 1-2 5690.8 -4.1 -101.2 223 -13.7
3 STRENGTH IiI 9090.5 703 1121.8 57.3 3421
4 STRENGTH 1V 11024.9 20.5 510.0 223 -13.7
5 STRENGTH V-1 9985.9 57.3; 12451 323 88.0
6 STRENGTH V-2 5848.9 15.8 213.3 323 . 88.0
7 EXTREME EVENT I-1 9183.3f 1309.5| 20234.4f 13234| 20013.2
8 EXTREME EVENT I-2 5946.0f 1294.1| 198523| 1323.4| 20013.2
9 EXTREME EVENT I1 9431.9 681.4] 1066.3| 1368.4} 1703.9
10  |SERVICEI-1 7809.7 6851 1566.1 29.8 62.6
11 . [SERVICEI-2 6751.2 37.7 801.8 29.8 62.6
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3) Capacity of Pile

INPUT DATA
Borellole BRD15
Pile Diameter DI = 2200 mm
p2z = 2000 mm
Factor of Safety FS = 3
Pile length L = 74.00 m
g = 2262 m
1 = 17.38 m
L2 = 34.00 m
Pile Embedded Length le = 51.38 m
Pile Cross-Section Circumference Pl = 6912 m
P2 = 6.283 m
Pile Cross-Section Area Abl = 3.801 m2
Ab2 = 3142 m2
Concrete Unit Weight Yo = - 25t/m3
Ultmate Soil End Bearing Capacit  3qu = 300 t/m2
Soil Type of Bearing Layer 1 (1/2=5and/Clay )
SKIN FRICTION CAPACITY Formula: Qs = Z{is*P*d)for N>0
Layer [Thickness Soil Type Ye N fs Qs
Number{ d(m) |'1'=Sand; '?'=clay (t/m3) {tym2) t)
1 9.38 2 Clay 0.70 1.0 1.0 65
40 2-1 8.00 2 Clay 1.00 12.0 2.0 111
o 2-2 15.50 2 Clay | 1.00 12.0 2.0 195
3 7.00 2 Clay 1.05 25.0 15.0 660
4 11.50 1 Sand 1.20 60.0 20.0 1445
w’ 4 |[TotalL= 5138 m
Total Qs 2475
END BEARING CAPACITY Formula: Qt = qu* Ab
Type of Pile Soil Type of B.D End Bearing Capacity
Cast-in-situ Friction & Bearing Sand i 942 tonne

ULTIMATE BEARING CAPACITY { Quit)
FQuit=0t+ Qs _ 3417.5 tonne
REPLACED EFFECTIVE WEIGHT OF SOIL {Ws)

. 170.5 tonne
BUOYANT WEIGHT OF PILE (W) o
474.3 tonne
Allowable Bearing Capacity for Service Load Combinations (Qalt
*Qally = (Qult-Ws) /FS+Ws-W 778.6 tonne
Allowable Bearing Capacity for Earthquake & Strength Load Combinations(Qall}
*Qally = (Quit- Ws) / FS+ Ws- W 1319.7 tonne
FS=2
Design Uplift Capacity for Service Load Combinations (Qup,)
*Qup; =Qs/FS+W 886.8 tonne
FS=6
Design Uplift Capacity for Barthquake & Strength Load Combinations(Qup,)
*Qup,=Qs/F5+W 1299.3 tonne
FS=3
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4) Reaction of Pile

a) Displacement

. Longitudinal Transverse

Load Combination 5o U5 y(em) | o frad) | & x(em) | 6 y(cm) | o (rad) & xa(cm)} Remark
1 [STRENGTHI-1 0.03 0.80| 0.000060 0.03 0.80] 0.000007 3.00 OK
2 |STRENGTH -2 -0.01 0.44} -0.000005 0.03 0.44] 0.000007 300 OK
3 {STRENGTHIII 0.11 0.71} 0.000G57 0.08 0.71] 0.000026 3.00 OK
4 |STRENGTHIV 0.03 0.86] 0.000025 0.03 0.86( 0.000007 3000 OK
5 |STRENGTH V-1 0.09 0.78] 0.000064 0.05 0.78] 0.000012 3.00 OK
6 |STRENGTH V-2 0.02 0.46] 0.000014 0.05 0.46] 0.000012 3000 OK
7 |EXTREME EVENT [-1 1.97 0.72 0.001229 1.92 0.72| 0.000837 200 OK
8 |EXTREME EVENT I-2 1.94 0461 0.001211 1.92 0.46| 0.000837 2.00 OK
9 |EXTREME EVENT I 0.98 0.74| 0.000362 192 0.74| 0.000486 300 OK
10 |SERVICE 1 0.15 0.61] 0.000082 0.06 0.61} 0.000012 1.50 OK
11 |SERVICEI-2 0.08 0.531 0.000043 0.06 0.53] 0.000012 1.50 OK

b) Bearing and Uplift forces of piles

e Longitudinal Transverse Allowable Capacities| Checking

Load Combination 5o o ToNmin(it) | PNmax(if)] PNmin{th) [Bearing (t Uglift (tf) | Bearing | _ Uplitt
1 [STRENGTH I-1 676.97] 604.43] 64637 635.03] 1319.7] -1299.3] OK OK
2 |STRENGTHI-2 358.65| 35270 361.351 35000 13197 -12993} OK OK
3 |[STRENGTHIII 608.37| 527.94f 588.75| 547.56] 1319.7{ -12993] OK OK
4 |STRENGTHIV 704.00] 67411 694.73| 683.39] 1319.7] -12993] OK OK
5 |STRENGTH V-1 662.72} 585.52] 634.05] 61418 13197 -12993| OK OK
6 (STRENGTH V-2 373.91| 357.20| 37549] 355.62f 13197 -1299.3| OK OK
7 |EXTREMEEVENT I 1311.39| -163.48| 1243177 -9526] 1319.7[ -12993] OK OK
8 |EXTREMEEVENT1Z 1097.85| -354.60{ 1040.84| -29759] 1319.7] -12993] OK OK
9 |EXTREME EVENT I 806.60| 372.39] 978.08] 20091 1319.7] -1299.3] OK OK
10 [SERVICEI-1 537.03] 439.18] 49749] 47872 7786] -886.8] OK OK
11 |SERVICE L2 447821 396.08] 431.33| 41257 778.6] -886.8] OK OK
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(2) Design of Pier Sections
1)Calculation model

R

H H ' 1
4+ ‘L”‘V//}’//A

2300

L oae

8 Y

food

e )

2) Loads from superstructure at pier top

v

Longitudinal

Transverse

Load (th) TT(th M (| H () [M () Remarks
DC1 2268.8 0.0 0.0 0.0 0.0
DW1 0.0 0.0 0.0 0.0 0.0
LLmax 663.2 i6.7 0.0 0.0 0.0
LLmin -395.2 <141 0.0 0.0 0.0
TUmax -19.5 41.1 0.0 0.0 0.0
TUmin -18.4 -36.8 0.0 0.0 0.0
EQ1-L -248.6 6449 0.0 1935 0.0
EQ1-T -248.6 0.0 644.9 0.0

193.5

Loads acting on pier

- Dead Load DC2: 2.5¢/m3
- Wind Pressure on Structure WS2: 0.194t/m2
- Barthquake in longitudinal direction (EQ2-L):
+12% of sell-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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3) Envelope of Member End Actions

; Nx Sy Sz Mx My Mz
MEMBER] JOINT | TYPE (th (th (th (tf.m) (t.m) (t.m)
1 1 MAX| -82745) 439.095]  428.68| 53.4444| 4446.96| 8998.11
CASE 12A 11 12B 11 10A 11
MIN| -3712.03| -134.796| -445.06] -16.4483| -4433.29| -2770.29
CASE ioB 12B 10A 12B 12B 12B
1 21 MAX| 3477.97] 128.055] 42259} 16.4483; 221837} 2067.17
CASE 10B 128 10A 128 108 128
MIN; 658.93] -416.625| -406.21| -53.4444| -2144.4] -6709.05
CASE 12A 11 12B 11 12A 11
2 2 MAX| -658.93| 416.623| 406.21| 534444| 21444| 6709.05
CASE 12A 1 12B 11 12A 11
MIN{ -3477.97| -128.055{ -422.39] -16.4483} -2218.37 -2067.17
CASE 10B 12B 10A 12B 10B 12B
2 31 MAX| 3106.1] 117345 386.89| 16.4483| 1314.21| 1024.22
CASE 10B 12B 10A 12B 10A 128
MIN} 391.18] -380.925 -370.51] -53.4444| -1101.02} -3319.47
_ CASE 14 11 . 12B 11 12B 1
3 3 MAX| -633.83} 377.775| 577.69|  60.029p  129.03| 331947
CASE 12A 11 10B 11 12A 11
MIN| -2807.01] -116.4| -268.99] -18.5522| -535.12| -1024.22
CASE 10B 12B 12A 12B 10B 128
3 4|  MAX| 2467.95| 106.635] 236.44] 185522| 182948 159.96
CASE 10B 12B 12A 12B 12A 12B
MIN 389.7| -345.225| -545.14| -60.029 -3815.84| -517.34
CASE 12A 11 10B 11 10B 1
4 4 MAX 21.84] 128.275; 13632 0] 4633.54 60.03
CASE 12A 11 12A 11 108 1
MIN| -330.54] -39.305| -1325.37 0| -2184.13] -18.56
CASE 10B 128 10B 12B 12A 12B
4 5 MAX| 310.74] 33565] 111912 0] 2397.38| 591.04
CASE 108 12B 10B 128 1 n
MIN -2.04| -108.475| -284.82 0 907.29¢ -182.39
CASE 124 11 12A 11 2 128
5 5 MAX| -2239] 33565 1031.22 0] -907.29( 18239
CASE 12B 12B 10A 13 2 12B
MIN| -286.32) -108475| -196.92 0| -2397.38] -591.04
CASE 10A 11 12B 12B 1 11
5 6 MAX| 306.12| 128.275 48.42 0] 1983.93 18.56
CASE 10A 1 128 128 128 12B
MIN 259 -39.505) -1237.47 0| -4433.34 -60.03
: CASE 12B 12B 10A 13 10A 11
6 6| MAX| 2207.4| 1066351 52072}  60.029] 3652.27| 139.96
CASE 1 128 10A 11  10A 12B
MIN 653.4| -345.225 -212.02 -18.5522| -1665.91( -517.84
CASE 12B 1 12B 12B 128 11
6 7 MAX| -897.53| 377775 24457] 185522} 50941| 331947
' CASE 12B 1 128 12B 10A 11
MIN| -2546.47] -116.4| -553.27| -60.029] -103.32| -1024.22
CASE 1 12B 10A 1 128 12B
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{Continued)

10

10

10

10

MAX
CASE
MIN
CASE
MAX
CASE
MIN
CASE
MAX
CASE
MIN
CASE
MAX
CASE
MIN
CASE
MAX
CASE
MIN
CASE
MAX
CASE
MIN
CASE
MAX
CASE
MIN
CASE
MAX
CASE
MIN
CASE

2842.4
10A
654.88
128
-922.63
128
-3214.27
10A
3214.27
10A
922.63
12B
-1091.15
12B
-3448.33
10A
243.89
1

98.97

2
-98.97
2
-243.89
1
-98.97
2
-243.89
1
24389
1

98.97

2

117.345
12B
-380.925
11
416.625
11
-128.,055
12B
128.055
12B
-416.625
1
439.095
11
-134.796
12B
315

11
-0.945
10B

0

12B

0

13

315

11
-0.945
10B

13

10B

372.59
12A
-388.97
10B
424.67
108
-408.29
12A
408.29
12A
-424.67
10B
447.14
108
-430.76
12A
242.65
12A
-299.09
10B
266.28
10B
~266.28
104
242.65
12B
-299.09
10A
266.28
10A
-266.28
10B

53.4444
11
-16.4483
12B
16.4483
128
-53.4444
11
53.4444

_ 11
-16.4483
12B
16.4483
12B
-53.4444
11

0

11

0

10B

0

10B

0

11

0

12B

0

11

0

11

0

12B

1125.33
12A
-1338.52
10B
2211.79
10A
-2137.82
12B
2137.82
12B
-2211.79
10A
4437.87
124
-4451.54
10B
979.86
10B
-899.85
12A
13.31

5

7.83
12B
898.45
12B
-978.46
10A
-7.83
12B
-13.31

5

1024.22
128
-3319.47
11
6709.05
11
-2067,17
12B
2067.17
128
-6709.05
11
8998.11
11
-2770.29
12B

4

12B
-12.89
1

18.4

11

-5.65
12B
12.89

1

-4

12B

5,65

12B
-184

11
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{4) Flexural Resistance and Bar Arrangement

a) Section A
A
e [ i
| : :
N YA '
f | 4550
Itemn Notation| Unit Tensile Side Remark
Top Bottom
Factored Loads
Maximum Moment M {tf.m) 4633.5 2184.1
Factored Axial Force N (t) - -
~ Load case of Max. Moment . | 10B 1A e
Bar Arrangement :
Dia. of tensile reinforcement Dm {mm) a2 32
Number of tensile reinf. layers nlay {nos.) 2 1
Number of tensile bars n (nos.) 64 32| -
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 OK OK
Checking Reinforcement Ratio OK OK
b) Section B
Item Notation| Unit , Tensile Side " Remark
. Top Bottom
Factored Loads
Maximum Moment M (tf.m) -907.3 2397.4
Factored Axial Force N (t) - -
Load case of Max. Moment : 2 11 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 | (nos) 641 321
Resistance
Flexural Resistance Mr (tf.m) 5344.44] 3035.95
Axial Compressive Resistance Nr (tf.m) - Co-
Compressive Depth c {mm) 220.84 163.83
Resistance Factor ® 0.90 0.90
Checking Resistance OK OK
OK OK

Checking Reinforcement Ratio
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¢} Section C

T
it P

m"‘t—_f I

01281320

Item Notation| Unit Tensile Side Remark
Top Bottom
Factored Loads
Maximum Moment M {tf.m}) 9799 895.9
Factored Axial Force N (tf) - -
~ Load case of Max. Moment i 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 n (nos.) 26 26
Total Area of tensile reinforcement Ast (mm?2) 20910 20910
Flexural Resistance Mr {tf.m) 1071.2 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
pSt= ASinie/ AZ % 0.697 0.697
d} Section D
Lo p :o::#;;@__]
Item Notation| Unit Tensile Side Remark
Left Right Front
Factored Loads : '
Maximum Moment M {tf.m) 4447.0 44333 8998.1
Factored Axial Force N (t) 1,820.1 | 27194 23900
Load case of Max. Moment 10A[ 12B 11
Bar Arrangement
Dia. of main reinforcement Pm {mm) 32
Number of reinf. layers nlay (nos.) 2
MNumber of bars n {nos.) _
Inlayer1 166
Inlayer 2 48
Inlayer 3 : -
Flexural Resistance Mr (tf.m) 12917.1F 14322.74( 10267.39
Axial Compressive Resistance Nr (tf.m) 528671 | 8785.72) 2727.13
Compressive Depth c {rmum) 1350.81] 1901.79] 1004.65
Resistance Factor P 0.820 0.781 0.795
Checking Resistance OK OK OK
Checking Reinforcement Ratic OK OK - OK
p=As/Ag (%) 0.885 0.885 0.885
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(3) Design of Pile Cap
1) Sectional Analysis of "A"

A—

oG g

24000 mm
1000 mm

Total width of section
Calculation width

a) Section Dimensions & Material Properties

o

-

"t At
PONRNN e

L

Itern Notation] Unit Value Remark
Section Dimension
Width W mm 1000
Height H mm 3500 '
Material Properties o T B S )
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
" Allowable Comp. Stress of Concrety  fca MpPa | 108 |
Allowable Stress of Steel {sa MPa w234
b) Envelope of Sectional Forces
Item Notation| ~Unit Value Load Case
Maximum Flexural Moment
for Calculating Top Reinforcement Mu,ep | KN.mm -5308854 |EXTREME EVENT [-2
for Calculating Bottom Reinforcement  Mupgr KN.mm | 5783714 |EXTREME EVENT I-1
Maximum Shear Force
Shear force Vu kN 2244  |EXTREME EVENTI-1
Coincidental moment Muin | KN.mm | 5783714
c) Bar Arrangement
Itern Notation] Unit Value Remark
Top Reinforcement
Diameter dtop mm 28
Area of 1 bar Als mm?2 615.8
Numbers of Rebar ns nos 12
Bottom Reinforcement
Diameter $bot. mm 28
Area of 1 bar Al's mm2 615.8
Numbers of Rebar n's nos 12
Shear Reinforcement
Diameter v, mm 18
Area of 1 bar Alv mm2 2545
Numbers of Rebar in section nv nos 2
Spacing of Shear Reinf. s mm 500
Total Area of Shear Reinf. withing  Av mm2 508.9
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d) Checking for Flexural Resistance (AASHTO 5.7.3.2

item Notation| Unit Vaiue Remark
Top Reinforcement

Bending Moment Mu,, | kN.mm| 5308854

Depth of Compressive Area c mm 145.236

Flexural Resistance Mry, |kN.mm| 8609150

Checking Resistance OK

Checking Reinforcement Ratio _

pSt = ASiensite/ (FLW) % 0211
pmin=0.03fc/fy % 0.185 0K
Bottom Reinforcement

Bending Moment Muyg, | kN.mm| 5783714

Depth of Compressive Area c mm 145,236

Flexural Resistance Mry,: | kN.mm{ 8609150

Checking Resistance OK

Checking Reinforcement Ratio

pst = ASiensite/ (H.W) % 0.211
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 2243649
Shear Resistance T Vr N

Effeciive shear Depth d, mm 2520

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 diagonaily '

cracked concrete to transmit tension B 1.7

Area of shear reinf. within a distance s A, mm* 509

Strain in the tensile reinforcement £y 0.002000

Inclination angle of diagonal comp. stres 6 degrees 43.00

Shear slress on the concrete Y% MPa 0.989

Area of Conce. on flexural tensile side Act mm”* 1750000

Nominal Resistance of Concrete V. N 1741940

Nominat Resistance of Reinforcement Ve N 1072764

Nominal Resistance Vn N 2,814,704

Resistance factor for shear 14 0.9

Factored Resistance Vr N 2,533,233
Checking 0K

f) Checking for Flexural Stress
Item Notation| Unit Value Remark
Factored Moments Mu | kN.mm _

SERVICE I-1 844145 |Tensile at bottom
 SERVICEI-2 1 1. | 167259 |Tensile at bottom
Factored Comp. Stress of Concrete | ocu | MPa T

SERVICE I-1 _ 0.38

SERVICE i-2 0.07
Checking Stress of Concrete OK
Factored Tensile Stress of Steel asu MPa o

SERVICE I-1 _ -2.71

SERVICE I-2 -0.54
Checking Stress of Steel OK
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2) Gection Analysiss of "B"

SR P
Total width of section 19000 mm
Calculation width 1000 mm
a) Section Dimensions & Material Properties
Htem Notation| Unit Value Remark
Section Dimension -
Width w mm 1000
Height H mm 30 |
Material Properties B o
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
Allowable Comp. Stress of Concretd  fca MPa 10.8 T
Allowable Stress of Steel fsa MPa =234
b) Envelope of Sectional Forces
ltem Notation| Unit Value Load Case
Maximum Flexural Moment i
for Calculating Top Reinforcemen Mutop | kN.mm | -1423213 [EXTREME EVENT -2
for Calculating Bottom Reinforceny Mubot. kKN.mm | 2248921 [EXTREME EVENTI-1
Maximum Shear Force '
Shear force Vu kN 857 EXTREME EVENT [-i
Coincidental moment Mucoin. { kN.mm | 2248921
¢) Bar Arrangement .
Item Notation| Unit Value Remark
Top Reinforcement
Diameter $ptop mm 28
Areaof 1 bar Als mm2 615.8
Numbers of Rebar ns nos 12
Bottom Reinforcement
Diameter dbot. mm 28
Area of 1 bar Al's mm?2 615.8
Numbers of Rebar n's nos 12
Shear Reinforcement
Diameter dv. mm 13
Area of 1 bar Alv mm2 254.5
Numbers of Rebar in section nv nos 2
Spacing of Shear Reinf. s mm 500
Total Area of Shear Reinf. withind  Av mm2 508.9
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d) Checking for Flexural Resistance (AASHTO 5.7.3.2)

Ttem Notation] Unit | Value Remark
Top Reintorcement
Bending Moment Muy, |kNommj 1423213
Depth of Compressive Area c nmm 145.236
Flexural Resistance Mr,, [KN.mm| 8609150
Checking Resistance OK
Checking Reinforcement Ratio
pSt = ASipnsite/ (H. W) % 0.211
pmin=0.03fc/fy % 0.185 OK
Bottom Reinforcement
Bending Moment Muy,, | kiN.mm| 2248921
Depth of Compressive Area C tnm 145.236
Flexural Resistance Mry, [ kKN.mm{ 8609150
Checking Resistance OK
Checking Reinforcement Ratio
pSt = As,emi,e/ (HW) % 0.211
pmin=0.03fc/fy % 0.185 OK

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

e) Checking for Shear Resistance (AASHTO 5.8.3.3)

Ttem Notation| Unit Value Remark
Factored Shear Vu N 856933
Shear Resistance Vr N
Effective shear Depth d. mm 2520
Effective web width b, mim 1000
Spacing of stirrups ] mm 500
Angle of inclination of transverse reinf. a degrees 90
Factor indicating ability of diagonally :
cracked concrete to transmit tension B 23
Area of shear reinf. within a distance s A, mm* 509
Strain in the tensile reinforcement Ey 0.001003
Inclination angle of diagonal comp. sires. B degrees 36.03
Shear stress on the concrete v MPa 0.378
Area of Conc. on Hexural tensile side Act mm’ 1750000
Nominal Resistance of Concrete Ve N 2356742
Nominal Resistance of Reinforcement Vs N 1375374
Nominal Resistance Vn N 3,732,116
Resistance factor for shear @ 0.9
Factored Resistance Vr N 3,358,905
Checking OK
f) Checking for Flexural Stress
Item Notation| Unit Value Remark
Factored Momentis Mu | kN.mm
SERVICE I-1 541757 [Tensile at bottom
SERVICE 1-2 371019 |Tensile at bottom
Factored Comp. Stress of Concrete | ocu MPa
SERVICE I-1 ' 0.24.
~ SERVICE -2 ' 017
Checking Stress of Concrete OK
Factored Tensile Stress of Steel = | osu | MPa
SERVICE I-1 -1.74
SERVICE 1-2 -1.19
Checking Stress of Steel . OK




3) Section Analysis of "C"

IR
f T
I L
Lo 0
Total width of section 19000 mm
Calculation width 1000 mm
a) Section Dimensions & Material Properties
Item Notation] Unit Value Remark
Section Dimension
Width _ W mm 1000
_ Height_ - H | mm | 3500 |
Material Properties
Concrete strength fc MPa 24
Yield Strength of Rebars fy MPa 390
Elastic modulus of Concrete Ee MPa 26332
Elastic modulus of Steel Es MPa 200000
" Allowable Comp. Stress of Concretd fca | MPa 108
Allowable Stress of Steel fsa MPa -234

b) Envelope of Sectional Forces

Hem Notation| Unit Value Load Case

[Maximum Flexural Moment
for Calculating Top Reinforcemen{ Mutop | kN.mm | -2119787 |EXTREME EVENT 1-2

for Calculating Bottom Reinforcenf Mubot. } kN.mm 0 EXTREME EVENT [-1
Maximum Shear Force

Shear force _ Vu | kN -1095 {EXTREME EVENT -1

Coincidental moment Mucoin. | kN.mm | -2119787

c) Bar Arrangement

Item Notation] Unit Value Remark
Top Reinforcement
Diameter $top mm 28
Area of 1 bar Als mm2 615.8
Numbers of Rebar ns nos 12
. Total Area of Top Reinf. As mm?2 7389.0
Concrete Cover Cs mim 100, 200 (2 layers
Bottom Reinforcement '
" Diameter $bot. mimn 28
Area of 1 bar Al's mm2 615.8
Numbers of Rebar 's nos 12
Total Area of Bottom Reinf. A's mm2 7389.0
Concrete Cover C's mm 100, 200 |2 layers
Shear Reinforcement
Diameter ¢v. mm 18
Area of 1 bar “Aly mm2 2545
Numbers of Rebar in section nv nos 2
Spacing of Shear Reinf. 5 mm 500

Total Area of Shear Reinf, withind  Av mm2 508.9
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d) Checking for Flexural Resistance (AASHTO 5.7.3.2

ltern Notation] Unit Value Remark
Top Reinforcement
Bending Moment Muy, |[kN.mm| 21 19787
Depth of Compressive Area C mm 145.236
Flexural Resistance Mrp | kN.mm| 8609150
Checking Resistance OK
Checking Reinforcernent Ratio
pst = ASienspe/ (H.W) % 0.211
pmin=0.03fc/fy % 0.185 OK
Bottom Reinforcement
Bending Moment Muy,,; | kN.mm 0
Depth of Compressive Area C mm 145.236
Flexural Resistance Mryy, |kKN.mm| 8609150
Checking Resistance OK
Checking Reinforcement Ratio
p5t = ASiense/ (FLW) , % 0.211
pmin=0.03fc/fy % 0.185 OK

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

f) Checking for Shear Resistance (AASHTO 5.8.3.3) . :
item Notation| Unit Value Remark

Factored Shear Vu N 1094888
Shear Resistance 1TV N I
Effective shear Depth d, mm 2520
Effective web width b, min 1000
Spacing of stirrups 5 mm 500
Angle of inclination of transverse reinf. a degrees 90
Factor indicating ability of diagonally
cracked concrete to transmit tension f 23
Area of shear reinf, within a distance s A, mm”* 509
Strain in the tensile reinforcement £y 0.001067
Inclination angle of diagonal comp. stres 6 degrees 36.67
Shear stress on the concrete v MPa 0.483
Area of Conc. on flexural tensile side Act mm* 1750000
Nominal Resistance of Concrete Ve N 2356742
Nominal Resistance of Reinforcement Vs N 1343565
MNominal Resistance Vn N 3,700,307
Resistance factor for shear @ 0.9
Factored Resistance Vr N 3,330,277
Checking _ OK
fy Checking for Flexural Stress .
Item Notation| Unit Value Remark
Factored Moments Mu | kN.mm
SERVICE 11 : -1447483 [Tensile at top
SERVICE 1-2 . _ -1310903 {Tensile at top
Factored Comp. Stress of Concrete acu MPa
SERVICE i-1 0.65
SERVICE -2 . 0.59
Checking Stress of Concrete QK
Factored Tensile Stress of Steel asu MPa S
SERVICE I-1 -4.65
SERVICE I-2 “4.21
Checking Stress of Steel OK
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{4) Section Calculation of Pile

Dia:D1:= 2200

D2-= 2000
Length 74.0
Number : 16

mm Li=
mm IL.2=
m

nos.

40.0 m
34.0m

1) Sectional Forces (Extracted from the Results of Pile Group Analysis)

Longitudinal Transverse
Load Case Sectional Force Depth Sectional Force Depth
Mmax (tf.m) Nmin (tf} Z(m)  |Mmax (tm)] Nmin (tf) Z{m)
STRENGTH I-1 43.61] 604.43 0.00 2212]  635.03 0.00
STRENGTH I-2 -3.59] 352,70 0.00 2212  350.00 0.00
STRENGTH {II 63.94] 527.94 0.00 55.86} 5d47.56 0.00
STRENGTH IV 17.95] 67411 0.00 22,12 683.39 0.00
STRENGTH V-1 50.85! 585.52 0.00 31.76] 61418 0.00
STRENGTH V-2 14,521 357.20 0.00 31.76]  355.62 0.00
EXTREME EVENT I-1] 1193.48| -163.48 0.001 125873 -95.26 0.00
EXTREME EVENT 1.2 1179.99( -354.60 0.00] 125873] -297.59 0.00
EXTREME EVENT IL 657.03] 37239 0.00] 135070 20091 0.00
SERVICE I-1 65211 439.18 0.00 31.271 47872 0.00
SERVICE {-2 36.10]  396.08 0.00 31.27] 41257 0.00
2) Section Calculation
a) Distribution of Axial Force and Bendmg Moment in Composite Section
Diameter of Pile 220 m
Thickness of Casing 0.014 m (2mm corrosion assumed)
Es= 20000000 '
Ec= 2500000
n=Es/Ec= 8.00
AsQ= £.096761 m2
Ac= 3.801327 m2
Atrans= 4575416 m2
Is0= 0.059668 m4 -
_ Ie0= 1.149901 m4
Itrans= 1.627242 m4
* Casing: - Axial 16.92%
- Bending 29.33%
*RC: - Axial 83.08%
- Bending 70.67%
b} General Conditions :
Item Notationj Unit Value Remark
Diameter of pile D min 2200
Steel Casing : Yes
Number of Reinf. layers Maver nos 1
Concrete cover cv m 250
Diameter of Rebars d mm 32
Number of Rebars I, nos 46
Total Area of Reinforcement Ay mm2 36995
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¢) Checking Resistance (AASHTO 5.7.2)
i} In longitudinal Direction

Load Case Forces Total RC Allowable| Casing [Allowable] Remark
SRENGTHI | sl ~rer | suks | sioar | 1275 | 23055 | 0K
STRENGTIE2 | |~ 50| a1 |~ 04 | 106|034 | K
STRENGTH Ul |5iio—Gaos |~ sis |~ w7adr | 1856 ~| 33751 | OK
STRENGIHY |y |~ 1765|1268 | 2mmo1 | 557 | 9534~ Ok
SIRNGTA V| b |50 5o | s | a9 | e O
SIRANGTHV2 | b - |- S ar | aoe | a0t | Ok
EXTREMB BVENT 11|05 105 s os | o015 | os000”| 130217 | oK
EXTREMEEVENT 12 |l |5 o5 | “avnss | sseat |~ si6ad | 123391 | OK
ii) In Transverse Direction

Load Case Forces Total RC Allowable} Casing |Allowable] Remark
SIRENGTHI1 |-y || aga | 2es |64 | 12205 | 0K
STRENGTHE2 |37ty | 2212 | 15| 5508 |~ 6o | a06a9 | OK
SIRENGTHIN |2 | 0| 7as5r | 26| 30458 ™| 0K
SRENGTHIV |-yt~ Sy | Togs | ouess | 640 | 11418 | OK
SIRENGTHV |5t 1550 |~ | somss | o2 | 137 | Ok
STRENGTHV-2 || “Sr7a |~ 22as | 79| 9% | 27ass | O
EXTREMEDVENT 11 |- S| 720 | eaas | tosnos | aesos | 187 | Ok~
BXTREME BVENT 12 |8 e s | ssoao | omer |~ asoos—| 105095 | 0K
EXIREMERVENTU | % 00 | sz | “osads | iasess | wezr | 1o | oK
d} Checking Stress in RC portion _ |

Load Case | o Retear | Allcwabie ] Avtael” [ATowabie] Remerk
SERVICE 11|y otve| 39793 | 2210 | omeos | aseer | 20202 | 1oy | O
SERVICEL2 | S0 ] 3477 | 210 | 7aess | oseet | 1790 | non | OK
e) Checking Minimum Steel Ratio

Item Notation| Unit Value Remark
Total Area of Reinforcement Ay mm?2 36995
Gross Area of Section Ag mm?2 | 3801327
Reinforcement Ratio pst % 0.97
Minimum Reinforcement ratio pmin % 0.40 QK -




(5} Calculation of Footing Concrete Stress that Pile Connected
1) Vertical bearing stress of footing concrete

0 =P/ (D] 4) <= 0,

Reaction force of pile P= 1311390 kg Load Combination: 7
Diameter of Pile D= 220 cm

Vertical bearing stress Oy 3450 kg/cm’

Allowable bearing stress o,=05xf. = 120.00 kg/ cm’

On <= O, —=> OK

2) Vertical Punching Shear Stress
=P/ {xh(D+h)} <= T,

Reaction force of pile P= 1311390 kg Load Combination: 7
Diameter of Pile D= 220 cm
Depth from pile head to upper '
surface of pile cap h= 150 cm
Punching shear stress = 7.52 kg/em’
Allowable punching shear stress  1,= 9.00 kg/cm®

T, <= 1, —» OK
3} Horizontal Bearing stress
o4,=H/ (DI} <= 04

Horizontal force at pile head = 85530 kg Load Combination: 9
Diameter of Pile = 220 cm

Embedded Length of Pile = 200 cin

Horizontal bearing stress Och 1.94 kg/cm®

Allowable bearing stress 0,=0.3xf. =  72.00 kg/ cm®

Gn <= Tu -> OK

4) Horizontal Punéhing Shear Stress
t=H/{h' x 21 +D+2h")} <=1,

Horizontal force at pile head H= 85530 kg Load Combination: 9
Diameter of Pile : D= 220 cm
Distance from side of pile to the
nearest edge of pile cap h'= 90 cm
Embedded Length of Pile I= 200 cm
Punching shear stress 1= 1.19 kg/ cm?
Aliowable punching shear stress 1.~ 9.00 kg/ em®

. <=1, > OK
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3.13.7 Design of P17 pier
(1) Stabilty Calculation
1) Dimension of Piier

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

Portion | Length | Portion | Length | Portion | Level | Portion | Level
H1 21.88 Wil 23.00 (1) +22.38 ] +1.78
H2 18.38 w2 15.00 (2) +19.38 (6) +0.50
H3 3.50 W3 7.00 3) +12.38 N -2.00
H4 3.00 L1 4.00 4) +4.00 (8 -19.55
H5 15.38 w4 24.00
Hé6 1.50 L2 1.50

L3 19.00
W5 6.00
L5 6.00
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2) Summary of Load Combination forces at the Bottom of Pile Cap
Load Combination v Longitudinal Transverse
(th) H{th |[M@fm)| H{#H | M({tf.m)
1 STRENGTH I-1 9440.6 112.2] 24559 25 - 2743
2 STRENGTH I-2 5490.2 -1.1 -23.4 32.5 274.3
3 STRENGTH HI 83209 7511 0 11211 79.1 892.6
4 STRENGTH IV 100304 23.6 5154 21.3 -13.0
5 STRENGTH V-1 9184.7 106,71 2185.5 48.8 5325
6 STRENGTH V-2 5550.7 19.3 272.8 48.8( . 5325
7 EXTREME EVENT [ 8477.2F 1433.8] 20708.4| 1433.2] 20411.2
8 EXTREME EVENT 1-2 5515.8] - 1401.4| 20000.0f 1433.2] 204112
9 EXTREME EVENT II 8583.0 682.6 1393.1 1339.0 1746 4
10 SERVICE I-1 7207.6 108.8f 2269.5 42 4 4103
11 SERVICE 1-2 64164 44 852.7 424 4103
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3) Pile Capacity

INPUT DATA
BoreHole BRD15
Pile Diameter P = 2200 mm
pz = 2000 mm
Factor of Safety F§ = 3
Pile length L = 74.00 m
L = 20.05 m
1 = 19.95 m
L2 = 34.00 m
Pile Embedded Length e = 53.95 m
Pile Cross-Section Circumference P1 = 6.912 m
r2 = 6.283 m
Pile Cross-Section Area Abl = 3.801 m2
Ab2 = 3.142 m2
- Concrete Unit Weight o = 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 =Z (fs*P*d)for N >0
Layer Thicknesd  Soil Type y'e N fs Qs
Number| d{m) [|'1'=Sand;'2'=clay (Ym3) (tYm2) t)
1 11.95 2 Clay 0.70 1.0 1.0 83
) 2-1 8.00 2 Clay 1.00 12.0 2.0 111
o 2-2 15.50 2 Ciay | 1.00 12.0 2.0 195
o 3 7.00 2 Clay 1.05 25.0 15.0 660
ol 4 11.50 1 Sand 1.20 60.0 | - 20.0 1445
|
! .
Y
%! Y TotalL= 539 m
Total Qs q 2493
END BEARING CAPACITY Formula: Qt = qu* Ab
Type of File Soil Type of B.P End Bearing Capacity
Cast-in-situ Friction & Bearing Sand | 942 tonne

ULTIMATE BEARING CAPACITY ( Qult

*Qult=0Qt+Os 3435.3 tonne
REPLACED EFFECTIVE WEIGHT OF SOIL {Ws)

_ 177.3 tonne
BUOYANT WEIGHT OF PILE (W)

' 464.5 tonne
Allowable Bearing Capacity for Service Load Combinations {Qall
*Qall, = (Qult-Ws) /F5+Ws-W 798.8 tonne

Allowable Bearing Capacity for Earthquake & Strength Load Combinations(Qall

*Qall, = (Qult- Ws) /IS +Ws-W : 1341.8 fonne
FS= 2

Design Uplift Capacity for Service Load Combinations (Qup,}

*Qup, =Q0s /FS+ W 880.0 tonne
FS=6 _

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

*Qup,=Qs/F5+W 1295.5 tonne
FS= 3
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4) Reaction of Pile

a) Displacement

o Longitudinal Transverse ,
Load Combination Sty 6 y(cm) | o (rad) | 5 x{eml] 6 ylem) | & (rad) & xa(cm)| Remark
1 |STRENGTH -1 0.16 0.72] 0.000115 0.04 0.72| 0.000014 3.00 OK
2 |STRENGTH }-2 0.00 0.42] 0.000000 .04 0.42| 0.000014 3.00 OK
3 |STRENGTHII 0.10 0.63} 0.000062 0.10 0.63]| 0.000039 3.00 OK
4 |STRENGTH IV 0.03 0.761 0.000024 0.03 0.76] 0.000006 3.00 oK
5 |STRENGTH V-1 0.15 0.70] 0.000105 0,06 0.70} 0.000024 3.00 QK
6 |STRENGTH V-2 0.03 0.42] 0.000016 0.06 042§ 0.000024 3.00 OK
7 |EXTREME EVENT [-1 1.97 0.64] 0.001164 1.89 0.64] 0.000788 2.00 OK
8 |EXTREME EVENT I[-2 1.92 0.42] 0.001131 1.89 0.42] 0.000788 2.00 OK
9 JEXTREME EVENT [} 0.69 (.65} 0.000315 1.70 0.65] 0.000403 3.00 OK
10 |SERVICE I-1 0.23 0.55] 0.060112 0.08 0.55 0.000021 1.50 OK
11 [SERVICE -2 0.09 0.49| 0.000043 0.08 0.49] 0.000021 1.50 OK
b} Bearing and Uplifi forces of piles
. Longitudinal Transverse  Allowable Capacities Checkin,

Load Combination 1o o e TN o tH] PNmin(tf) Bearing (] Uplift () | Bearing U%:lift
1 |STRENGTH -1 661.01] 519.07| 60178 578.29] 1341.8| -12955] OK CK
2 |STRENGTH I-2 343.27] 343.001 354.89; 33139] 1341.8; -12955] OK OK
3 [STRENGTHII 558.42| 481.69] 552.22| 487.89] 13418 -12955f OK OK
4 JSTRENGTHIV 641.81] 611.99] 631.53| 622.27] 1341.8{ -12955| OK OK
5 ISTRENGTH V-1 638.91] 509.18 593.60| 55449 1341.8] -1295.5] OK OK
6 [|STRENGTH V-2 356.51| 337.33| 36648] 327.36] 1341.8] -12955} OK OK
7 {EXTREME EVENTI-1| 1250.14| -190.49| 1180.05| -120.40| 1341.8[ -12955] OK OK
8 |EXTREMEEVENTI2| 1044.58] -355.10| 994.96] -305.49{ 1341.8| -1295.5] OK OK
9 |EXTREMEEVENTI |- 731.39] 34148| B868.55| 204.32f 13418} -12955] OK OK
10 |[SERVICE I-1 519.63] 381.32| 467.39} 433.56 798.8] -880.0) OK OK
11 [SERVICEI-2 427 .88 374171 41794 38411 798.8| -880.0f OK OK
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(2) Design ofnPier Sections
1) Calculation model

e i
£032 5530 . 5562 [

oW
bk

B | o

. I

i 2 1 6,.

Do i

i B l7

- iz P

s i ]
2) Loads from superstructure at pier top .
: v Longitudinal Transverse
Load | \n [Fi(e)) [M(tmy] H(th | M (ttm) Remarks

DC1 1 13345 0.0 0.0 0.0 0.0
DW1 203.1 0.0 0.0 0.0 0.0
[.Lmax 567.4 14.0 0.0 0.0 0.0
LLmin -143.8 -16.5 0.0 0.0 0.0
IMmax 72.6 0.0 0.0 0.0 0.0
IMmin 761 00 0.0 0.0 0.0
BRmax 0.0 341 0.0 6.4 237
BRmin 0.0 0.0 0.0 6.4 237
TUmax 33.5 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 S 23 13.8
WSl 0.0 0.0 0.0 18.6 399
EQ1-L -112.9 747.0 0.0 2241 181.5
EQ1-T -112.9 2241 0.0 747.0 1815

Loads acting on pier

- Dead Load DC2: 2.5t/ m3

- Wind Pressure on Structure W52: 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.

3-236



3) Envelope of Member End Actions

’ Nx Sy Sz Mx My Mz
_MEMBER JOINT | TYPE (t0 A ) (t) (tm) (thm)
1 1 MAX| -772.20] 496.167] 496.26| 17.4987| 3818.75] 771212
CASE 12A 1 10B 13 12A 1
MIN| -3027.85] -155.761] -477.22 7.246| -3875.26] -2430.72
CASE 108 12B 12A 108 108 128
1 2 MAX| 2693.95| 146.145{ 44517 7.246|  214.52] 1278.64
CASE 10B 128 12A 10B 12B 12B
MIN| 531.88] -464.113] -464.21| -17.4987} -303.33| -4047.69
CASE 124 11 10B 13 10A 11
2 2 MAX| -666.77| 459304] 411.85 732891 1107.11| 4049.94
CASE 12A 11 12B 13 12A 11
MIN} -249442| -144.717] -499.31 46161 -121534} -1279.29
CASE 10B 12B 10A 10B 10B 12B
2 3 MAX} 2155.36{ 134.952] 466.76 46161 266814} 19558
CASE 10B 12B 10A 10B 10A 12B
MIN| 42264| 426754 -3793]  -7.3289| -188217f -616.47
CASE 12A 11 12B 13 12B 11
3 3 MAX| 19877{ 156.242 9316 23.6656] 4521.83] 204.84
CASE 10A 11 12A 1 10B 11
MIN| -11345] 49112 -1266.4 -6.8553] -1916.46 -62.17
CASE 128 12B 10B 12B 12A 12B
3 4 MAX 7138 36272 793.24 6.8553 1120 50715
CASE 128 128 10B 128 1 1
MIN} -155.28| -112.622] -399.24] -23.6656] 41955 -164.71
CASE 10A 11 124 11 2 12B
4 4 MAX{ 168.18| 37.299| 710.84| 23.6656] -421.06] 164.71
CASE 10B 12B 10A 11 12B 12B
MIN| -8499] -116.169] 44532|  -6.8553] -1124.6| -507.15
CASE 12A 11 12B 12B 1 11
4 5 MAX} 12848 159789 139.24 6.8553| 21721  67.82
CASE 12A 11 12B 12B 12B 12B
MIN{ -210.25{ -50.139 -1184| -23.6656| -4057.69] -224.35
CASE 10B 12B 10A 11 10A 11
5 5 MAX| 19395  132.53] 384.62{ 84.88371 200952 20565
CASE 10A 12B 12A 11 12A 12B
MINj 297.77| -418.301 -46497| -26.8618 -2499.07| -651.26
CASE{  12B 11 10B 12B 10B 11
5 6 MAX| -5419] 450.941] 49752 26.8618| 1097.41] 4019.91
CASE 12B 11 10B " 12B 12A 11
MIN| -227857| -142295| 417.17} -84.8837| -1230.58] -1270.59
CASE 10A 128 12A 11 10B 12B
6 6 MAX| 247249 142892 467.88] 794162 42772 1271.25
CASE 10A 128 10A 11 108 128
MIN|  404.27| -452.882] -441.74{ -25.0557| -143.43| -4022.16
CASE 12B 11 12B 128 12A 11
6 7 MAX] -644.68| 484.937 473.8| 25.0557] 380846} 7600.87
CASE 12B 11 128 12B 12A 11
MIN| -2806.39} -152.508] -499.94| -79.4162] -3893.24| -2398.49
CASE 10A 128 10A 11 10B 12B
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(Continuted)
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4) Flexural Resistance and Bar Arrangement

a) Section A 5
A 4
P i
- warsa
1HI . :
G Rl i
L Ll
Item Notation| Unit Tensile Side Remark
Top Bottom
Factored Loads
Maximum Moment M {tf.m) 2463.5 -1291.8
Factored Axial Force N {th) - -
Load case of Max, Moment 5 ~12A
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) 64 321
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 OK
b) Section B
B
ST
.
1| a—
1 ; .
-
ekt L
L
Item Notation| Unit Tensile Side Remark
Top Bottom
Factored Loads
Maximum Moment M (tf.m) 4521.8 1916.5
Factored Axial Force N (t6) - -
Load case of Max. Moment o 10B | 12A 1
Bar Arrangement :
Dia. of tensile reinforcement Dm {rum) 32 32
Number of tensile reinf. layers niay (nos.) 2 1
Number of tensile bars n (nos.) 64 32
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 OK
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¢) Section C

. N e @
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i1 b ; il ‘
j— ¢
i % Lo
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r 1 ol fr] -t
. R
ltem Notation| Unit Tensile Side Remark
Top Bottom
Factored Loads
Maximum Moment M {tf.m) -421.1 1124.6
Factored Axial Force N {tf) - -
Load case of Max. Moment 171 N T Y I N
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.) 64 321 ~
Resistance
Flexural Resistance Mr {tf.m) 3010.64 3010.64
Axial Compressive Resistance Nr (tf.m) - -
Compressive Depth ¢ (mm) 139.35 139.35
Resistance Factor @ 0.90 0.90
Checking Resistance OK OK
Checking Reinforcement Ratio QK OK
d) Section D
r 0328+ 2:1
P
|
!
l SR
Iterm Notation} Unit Tensile Side Remark
Top Bottom
Factored Loads
Maximum Moment M (tf.m) 656.0 572.1
Factored Axial Force N (th - -
Load case of Max, Moment 10B 12A o
Bar Arrangement '
Dia. of tensile reinforcement Dm {rmun) 3z 32
Number of tensile reinf. layers nlay (nos.) 2 2
Number of tensile bars n | (nos.) 26 26 -
Resistance
Flexural Resistance Mr (tf.m) 1071.2 1071.2
~ Axial Compressive Resistance Nr (tf.m) - -
Compresswe Depth c {mm) 199.84 199.84
Resistance Factor P 0.90 0.90
Checking Resistance OK OK
Checking Reinforcement Ratio OK QK
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) Section E

A e

(£328123

E.
. Unit Tensile Side i
Item Notation Toh Right -~ Remark

Factored Loads

Maximum Moment M {tf.m) 38188 38753 77121

Factored Axial Force N {tf) 772.3 3,027.9 21212
__Load case of Max. Moment 12A 108 i1
Bar Arrangement .

Dia. of main reinforcement Dm {mm) 32

Number of reinf. fayers nlay {nos.) 2

Number of bars n {nos.)

Inlayer1 106
In layer 2 : 48

Total Area of reinforcement Ast {mm2) 123854

Bar spacing (inward) @ (mm) 125,125

Concrete Cover (inward) v (mm) | w2 7
Resistance .

Flexural Resistance Mr (tf.m) 1012211 14316.75( 1057212

Axial Compressive Resistance Nr (tf.m) 2047.051 1118632} 2907.85

Compressive Depth c {mm) 876.22 2278.55f 102545

Resistance Factor o 0.886 0.767 0.807
Checking Resistance OK OK OK
Checking Reinforcement Ratio 0K OK OK
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{3) Design of Pile Cap
1) Section Analysis of "A"

i-—z 1 A2
Total width of section 24000 mm
Calculation width 1000 mm
a) Section Dimensions & Material Properties
Item Notation| Unit Value Remark
Section Dimension
Width W mm 1000
~ Height _H mm »BOO 1 .
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 ) L
Allowable Comp. Stress of Concretej  fca MPa 10.8
Allowable Stress of Steel fsa MPa -234
b) Envelope of Sectional Forces
Itemn Notation| Unit Value Load Case
Maximum Flexural Moment '
for Calculating Top Reinforcement MU, | kN.mm| -5330704 |[EXTREME EVENT 1-2
for Calculating Bottom Reinforcement| Muy, | KN.mm| 5319855 |EXTREME EVENT I-1
Maximum Shear Force
Shear force Vu kN 2067  |EXTREME EVENT [-1
Coincidental moment Mucoin, | KN.mm{ 5319855
) Bar Arrangement
Item Notation] Unit Value Remark
Top Reinforcement
Diameter ftop mm 28
Area of 1 bar Als mm?2 615.8
Numbers of Rebar ns nos 12
Bottom Reinforcement '
Diameter ¢bot. mm 28
Areaof 1 bar Al's mm?2 615.8
Numbers of Rebar n's nos 12
Shear Reinforcement
Diameter ¢v. mm 18
Area of 1 bar Alv mm2 2545
Numbers of Rebar in section nv nos 2
Spacing of Shear Reinf. 5 mm 500
Total Area of Shear Reinf. withins|  Av mm?2 508.9
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d) Checking for Flexural Resistance {AASHTO 5.7.3.2

e) Ch

f)Ch

{tem Notation{ Unit Value Remark
Top Reinforcement
Bending Moment Muy, [ kN.mm| 5330704
Depth of Compressive Area c mm 145.236
Flexural Resistance Mry, |{kN.mm| 8609150
Checking Resistance OK
Checking Reinforcement Ratio
pSt = Asiensile/(H-W) % 0.211
pmin=0.03fc/fy % 0.185 CK
Bottom Reinforcement
Bending Moment Muy, { kKN.mm| 5319855
Depth of Compressive Area ¢ mm 145.236
Flexural Resistance Mrp | kKN.mm| 8609150
Checking Resistance OK
Checking Reinforcement Ratio
pst = ASnsite/ (F1.W) % 0.211
pmin=0.03fc/ fy % 0.185 OK
ecking for Shear Resistance (AASHT( 5.8.3.3)
Item Notation| Unit Value Remark
Factored Shear B Vu | N 2006749
Shear Resistance Vr N
Effective shear Depth d, mm 2520
Effective web width b, mm 1000
Spacing of stirrups s mm 500
Angle of inclination of transverse reinf. a degrees 90
Factor indicating ability of diagonally :
cracked concrete to transmit tension 8 1.7
Area of shear reinf. within a distance s A, mm’ 509
Strain in the tensile reinforcement Ey 0.602000] -
Inclination angle of diagonal comp. stress i degrees 43.00
Shear stress on the concrete v MPa 0.911
Area of Conc. on flexural tensile side Act mm?> 1750000
Nominal Resistance of Concrete V. N 1741940
Nominal Resistance of Reinforcement V, N 1072764
Nominal Resistance Vn N 2,814,704
Resistance factor for shear P 0.9
Factored Resistance Vr N 2,533,233
Checking, OK
ecking for Flexural Stress
Item Notation| Unit Value Remark
Factored Moments Mu | kN.mm
SERVICE I-1 695282 |Tensile at bottom
SERVICE 1I-2 B 11783 |Tensile at bottorm
Factored Comp. Stress of Concrete ocu MPa
SERVICE I-1 0.31
SERVICE I-2 0.01
Checking Stress of Concrete I | OK
Factored Tensile Stress of Steel osu MPa
SERVICE I-1 -2.23
SERVICE I-2 -0.04
Checking Stress of Steel QK
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2) Section Analysis of "B"

_B|; i : :
L | g s
CTVLTIT R R e
L4800 ) P
b L e
@ . .Z'-Z‘Y L
o OAGERN e n
Total width of section 19000 mm
Calculation width 1000 mm
a) Section Dimensions & Material Properties
Item Notation| Unit Value Remark
Section Dimension
Width w mm 1000
 Height H | mm | 300 | ,
Material Properties
Concrete strength fc MPa 24
Yield Strength of Rebars fy MPa 390
Elastic modulus of Concrete ¥ MPa 26332
Elastic modulus of Steel Es MPa | 200000 ) o
Allowable Comp. Stress of Concrete[  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 | -1443600 |EXTREME EVENT 1-2
for Calculating Bottom Reinforcen] Mubot. | kN.mm | 2086028 |EXTREME EVENTI-1

Maximum Shear Force _
Shear force Vu kN 792  {EXTREMEEVENTI-1

Coincidental moment Mucoin. | kN.mm | 2086028

¢) Bar Arrangement

Item Notation| Unit Value Remark
Top Reinforcement
Diameter otop mm 28
Area of 1 bar Als mm?2 615.8
Numbers of Rebar ns nos 12
Bottom Reinforcement
Diameter pbot. mm 28
“Area of 1 bar Als mm?2 615.8
Numbers of Rebar n's nos 12
Total Area of Bottom Reinf. Als mm2 7389.0
Concrete Cover C's mm 100, 200 {2 layers
Shear Reinforcement
Diameter v mm 18
Area of 1 bar Alv mm?2 254.5
MNumbers of Rebar in section nv nos 2
Spacing of Shear Reinf, S mm 500

Total Area of Shear Reinf. withing Av mm2 508.9

3-244



d} Checking for Flexural Resistance (AASHTO 5.7.3.2)

Item Notation| Unit Value Remark
Top Reinforcement
Bending Moment Muy, |kN.mm| 1443600
Depth of Compressive Area C mm 145,236
Flexural Resistance Mr,, | kN.mm| 8609150
Checking Resistance OK
Checking Reinforcement Ratio
pst= A,/ (HLW) % 0.211
pmin=0.03fc/fy % 0.185 OK
Bottom Reinforcement
Bending Moment Mup, | kN.mm| 2086028
Depth of Compressive Area C mimn 145.236
Flexural Resistance Mryy | kN.mm| 8609150
Checking Resistance OK
Checking Reinforcement Ratio
pst = ASwnsite/ (H.W) % 0.211
pmin=0.03fc/fy % 0.185 OK

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

e} Checking for Shear Resistance {AASHTO 5.8.3.3)

Item Notation] Unit Value Remark

Factored Shear Vu N 791775 o
Shear Resistance Vi N

Effective shear Depth d, mm 2520

Effective web width b, mm 1000

Spacing of stirrups 5 mm 500

Angle of inclination of ransverse reinf, o degrees 30

Factor indicating ability of diagonally

cracked concrete to transmit tension 8 23

Area of shear reinf. within a distance s A, mm? 509

Strain in the tensile reinforcement &, 0.00093¢9

Inclination angle of diagonai comp. stress ;] degrees 35.27

Shear stress on the concrete v MPa 0.349

Area of Conc. on flexural tensile side Act mm’ 1750000

Nominal Resistance of Concrete Ve N 2356742

Nominal Resistance of Reinforcement V. N 1414441

Nominal Resistance Vn N 3,771,183

Resistance factor for shear @ 09

Factored Resistance Vr N 3,394,065
Checking OK

f) Checking for Flexural Stress
Item Notation| Unit Value Remark

Factored Moments Mu | kN.mm -

SERVICE I-1 464079 [Tensile at bottom

SERVICE I-2 | 336464 (Tensile at bottom
Factored Comp. Stress of Concrete ocu MPa

SERVICE I-1 0.21

SERVICE I-2 0.15
Checking Stress of Concrete i . o 4
Factored Tensile Stress of Steel osu MPa

SERVICE I-1 -149

SERVICE I-2 ' _ -1.08
Checking Stress of Steel QK
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3) Section Analysis of "C"
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Total width of section 19000 mm
Calculation width 1000 mm
a) Section Dimensions & Material Properties
Itermn Notation] Unit Value Remark
Section Dimension
Width W mm 1000
Height o | H mm {3500 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 Concrete] 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 | kNumm | -1991455 |EXTREME EVENT -2
for Calculating Bottom Reinforcen Mubot, | kN.mm o EXTREME EVENT I-1
Maximum Shear Force
Shear force Vu kN -1035 |EXTREME EVENT I-1
Coincidental moment Mucoin. { kN.mm { -1991455
¢} Bar Arrangement
Item Notation| Unit Value Remark
Top Reinforcement
Diameter dptop mm 28
Area of 1 bar Als mm?2 615.8
Numbers of Rebar ns nos 12
Bottom Reinforcement
Diameter dbot. mmn 28
Area of 1 bar Al's mm?2 615.8
Numbers of Rebar n's nos 12
Shear Reinforcement
Diameter 2 mm 18
Area of 1 bar Alv mm2 254.5
Numbers of Rebar in section nv nos 2
Spacing of Shear Reinf. s mm 500
Total Area of Shear Reinf. withing Av mm?2 508.9




d) Checking for Flexural Resistance (AASHT()5,7.3.2

Item Notation{ Unit Value Remark
Top Remforcement
Bending Moment Muy,, | kKN.mm| 1991455
Depth of Compressive Area c mm 145.236
Flexural Resistance Mryp | kKN.mm| 8609150
Checking Resistance OK
Checking Reinforcement Ratio
pSt = AS'ensﬂe/(H.W) % 0.211
pmin=0.03fc/fy % 0.185 OK
Bottom Reinforcement _
Bending Moment Mug, | kN.mm 0
Depth of Compressive Area c mm 145.236
Flexural Resistance Mrye | kN.mm| 8609150
Checking Resistance OK
Checking Reinforcement Ratio
pst = AS ensite/ (H. W) % 0.211
pmin=0.03fc/fy ' % 0.185 OK

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

e) Checking for Shear Resistance {AASHTO 5.8.3.3)

Item Notation| Unit Value Remark
Factored Shear 1 Vu N 1035077 o
Shear Resistance Vr N
Effective shear Depth d, mm 2520
Effective web width b, mm 1000
Spacing of stirrups 5 mm 500
Angle of inclination of transverse reinf. 143 degrees 90
Factor indicating ability of diagonally
cracked concrete ko transmit tension B 23
Area of shear reinf, within a distance s A, mm? 509
Strain in the tensile reinforcement Ey 0.001014
Inclination angle of diagonal comp. stresq 8 degrees 36.14
Shear stress on the concrete v MPa 0.456
Area of Conc. on flexural tensile side Act mm? 1750000
Nominal Resistance of Concrete V. N 2356742
Nominal Resistance of Reinforcement Ve N 1369838
Noiminal Resistance Vn N 3,726,580
Resistance factor for shear @ 0.9
Factored Resistance Vr N 3,353,922
Checking OK
f) Checking for Flexural Stress :
ltem Notation| Unit Vaiue Remark
Factored Moments Mu | kN.mm :
SERVICE I-1 -1369794 |Tensile at top
SERVICE}2 I . -1267702 |Tensile at top
Factored Comp. Stress of Concrete acu MPa
SERVICE I-1 0.61
SERVICE I-2 _ 0.57
Checking Stress of Concrete ) 0K e
Factored Tensile Stress of Steel asu MPa
SERVICE I-1 -4.40
SERVICE I-2 _ -4.57
Checking Stress of Steel OK
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{4) Section Calculation of Pile

Dia:Dl-= 2200 mm
D2 = 2000 mm

Length : 74.0 m

Number : 16 nos.

Li=
L2=

40.0
340

m
m

1) Sectional Forces {Extracted from the Results of Pile Group Analysis)

Longitudinal Transverse
Load Case Sectional Force Depth Sectional Force Depth
Mmax {tf.m}} Nmin (tf) Z(m) |Mmax (tf.m)] Nmin (tf) Z(m})
STRENGTH I-1 83.07| 519.07 0.00 26.91| 578.29 0.00
STRENGTH -2 1.02] 343.00 0.00 26911 33139 0.00
STRENGTH 11 57821 481.69 0.00 64.84] 487.89 0.00
STRENGTH IV 17.48] 61199 - 0,00 18.19]  622.27 0.00
STRENGTH V-1 79.63| 509.18 0.00 40,061 55449 0.00
STRENGTH V-2 14.92] 33733 0.00 40.06] 327.36 .00
EXTREME EVENT I-1] 1106.79] -190.49 0.00] 116264 -12040 0.00
EXTREME EVENT 1-21  1082.79} -355.10 0.00] 116264 -30549 0.00
EXTREME EVENT II 562.78] 341.48 0.008] 113628 20432 0.00
SERVICE I-1 88.67{ 381.32 0.00 37.79] 433.56 0.00
SERVICE I-2 36.21| 37417 0.00 37791 384.11 0.00
2) Section Calculation
a) Genera! Condition
Item Notation] Unit Value Remark

Diameter of pile D mimn 2200

Steel Casing Yes

Number of Reinf, layers Daver nos 1

Concrete cover v m 250

Diameter of Rebars d mm 32

Number of Rebars N nos 46

Total Area of Reinforcement Ay mm?2 36995

b) Distribution of Axial Force and Bending Moment in Composite Section

Diameter of Pile

- Thickness of Casing

Es= 20000000
Ee= 2500000
n=Es/Ec= 8.00
As0= 0.096761 m2
Ac= 3.801327 m2
Atrans=  4.575416 m2
" Is0= 0.059668 m4
Htrans= 1.627242 m4
* Casing: - Axial
- Bending
*RC: - Axial

- Bending

220

m

0.014 m (Zmm corrosion assumed)

16.92%
29.33%
83.08%
70.67%
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¢) Checking Resistance (AASHTO 5.7.2)

i) In longitudinal Direction

Load Case Forces Total RC Allowable | Casing lAllowable| Remark
N L PNy | 51907 | 43125 | 812916 8782 | 15299 | OK
STRENGTH 1-1 M (if.m) 83.07 0.00 1,106.31 24.37 424 .51 OK
: PN(tf) | 343.00 | 28497 | 971537 | 5803 | 22016 | OK
STRENGTH 12 M(tm) | 102 | 000 | 2488 | 0630 | 1135 | OK
PN (tf) | 48169 | 40020 | 850557 | 8149 | 16587 | OK
STRENGTH il M (tf.m) 57.82 0.00 868.31 16.96 345.23 OK
PN (t) 611,99 508.45 9102.88 103.54 | 20546 OK
STRENGTH IV M (tf.m) 17.48 0.00 22144 5.13 101.75 OK
PN(t) | 50918 | 42303 | 8169.79 | 8615 | 15408 | OK
STRENGTH V-1 MGty | 7963 | 000 | 1,08682 | 2336 | 41779 | OK
] PN (t) | 337.33 | 280.26 | 929594 | 5707 | 19739 | OK
STRENGTH V-2 M (H.m) 14,92 0.00 349.97 4.38 151,38 OK
. PN (t) -190.49 | -158.26 -189.60 -32.23 -127.7 0K
EXTREME EVENT I-1 M (tf.m) | 1,106.79 0.00 936.99 324.67 1286.87 |~ OK
EXTREME EVENT [-2 PN () -355.10 | -295.02 -321.69 -60.08 | -231.3 OK
M (tf.m) | 1,082.79 0.00 834.33 317.63 1223.15 OK
. CPN(t) | 34148 | 28371 | 130493 | 5777 | 3932 | OK_
EXTREME EVENT 11 M {(tf.m) | 562.78 0.00 1,829.17 165.09 1123.6 OK
ii) In Transverse Direction
Load Case Forces Total RC Allowable} Casing |Allowablel Remark
- ] PN (tf) | 578.29 | 48045 | 899997 | 9784 | 19626 | OK
STRENGTH 11 M {tt.m) | 26.91 0.00 356,21 789 | 158.35 OK
] PN (tf) | 33139 | 27532 | 899561 | 5607 | 18065 | OK _
STRENGTH I-2 M(tfmj | 2691 | 000 | 62173 | 789 | 25435 | OK
PN (tf) | 487.89 | 40535 | 839054 | 8254 | 16160 | OK
STRENGTH IlI M (Fm) | 64.84 0.00 948 45 1902 | 37214 OK
PN () | 62227 | 51699 | 9085.85 | 10528 | 2051.0 | OK
STRENGTH IV M (tf.m) 18.19 6.00 225,93 5.34 103.95 OK
) PN () | 55449 | 46068 | 882008 | 93.81 | 18444 | OK
STRENGTH V-1 M (tf.m) 40.06 0.00 242.07 11.75 231.04 OK
PN () | 32736 | 27198 | 865108 | 5538 | 16506 OK
V. . w2
STRENGTH V-2 M (H.m) 40.06 0.00 900.59 11.75 350.23 OK
] PN (tf) | -12040 [ 10003 | -12037 | -2037 | -787 | OK
EXTREME EVENT I-1 M (Hm) | 1,162.64 0.00 988.64 341.05 1317.06 OK
. : PN (tf) -305.49 | -253.81 -270.22 -51.68 -189.3 OK
EXTREME EVENT [-2 M(Hm) | 1,162.64 0.00 874.69 341.05 1249.02 OK
- : PN(t) | 20432 | 16975 | 26121 | 3457 | 1331 | OK
EXTREME EVENT 11 M{dm) | 1,136.28 0.00 1,235.59 333.32 1283.6 OK
d) Checking Stress in RC portion
Force Tensile Steel (tf/m?2) |Comp. Concrete (Hf/ m2)
Load Case PN () | M(tf.m)}| Actual | Allowable| Actual [Allowable Remark
Horizontal |  316.81 0.00 298,10 | -23861 | 247.23 1101
SERVICE L | rransverse| 36021 | 0,00 | 74534 | 23861 | 19636 | 1101 | K
. Horizontal | 310.87 0.00 620.01 | -23861 | 174.31 1101
SERVICEL2 | rransverse| 31912 | 000 | 63253 | 23861 | 17976 | 1101 | O
e) Checking Minimum Steel Ratio
Item Notation] Unit Value Remark
Total Area of Reinforcement Ay mm?2 36995
Gross Area of Section Ag mm2 | 3801327
Reinforcement Ratio pst % 0.97
Minimum Reinforcement ratio prmin % 0.40 OK
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(5) Calculation of Footing Concrete Stress that Pile connected
1) Vertical bearing, stress of footing concrete
0.,~P/(nD*/4) <= o,,

Reaction force of pile P= 1250140 kg Load Combination: 7
Diameter of Pile D= 220 cm

Vertical bearing stress Oy 32.89 kg/cm®

Allowable bearing stress 0, =0.5xf, =  150.00 kg/cm”

Jo <=2 0, — OK

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

Reaction force of pile = 1250140 kg Load Combination: 7
Diameter of Pile = 220 cm
Depth from pile head to upper
surface of pile cap h= 150 cm
Punching shear siress T~ 7.17 kg/cm?
Allowable punching shear stress  T,= 9.00 kg/cm?

1. <= 1, => OK
3) Horizontal Bearing stress
Ucth/ (Dl) <= Oy

Horizontal force at pile head H= 89610 kg Load Combination: 7
Diameter of Pile = 220 cm

Embedded Length of Pile = 200 ¢m

Horizontal bearing stress Ceh : 2.04 kg/cm’

Allowable bearing stress 0,=03xf, =  90.08 kg/cm®

O <= Og -> OK

4) Horizontal Punching Shear Stress
.=H/h'x (21 +D+2h')} <=1,

Hoerizontal force at pile head H= 89610 kg Load Combination: 7
Diameter of Pile D= 220 cm
Distance from side of pile to the
nearest edge of pile cap h'= 90 cm
Embedded Length of Pile I= 200 cm
Punching shear stress T~ 1.24 kg/cm’
Allowable punching shear stress  1,= 9.00 kg/cm®

1, <=1, ~> OK
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314  Design of Bearings
3.14.1 Design Condition

(1) Arrangement of Bearings

ASTOMERIG_BEAR|NGS ELASTOMER|C BEARINGS
; S
. e L L Ll LB ANN SIS
| | ’
[ ) i %R | 12990 H T
Pi2 P13 P14 Prion
{(P17) {(P16) (P15)
Type of Bearings Nos of Bearings
P12 (P17) Elastomeric Bearings -3
P13 (P16) Elastomeric Bearings 3
P14 (P15) Elastomeric Bearings 3
Pylon (North, South) |Elastomeric Bearings 3

P12,P13,P14 (P15,P16,P17)
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(2) Reaction and Displacement

1) Reaction (each Bearings)

P12(P17) [P13(P16) [P14(P15) | Pylon
Virtical Load | Dead Load (DC+DW*CR¥SH ) 2180] 7630 544l 10144
|Live Load (LL + IM) T apaa| 3994|4110 3204
Horizontal Load (EQ) 1258 1361 1226 3308

2) Displacement

P12(P17) |P13(P16) |P14(P15) |Pylon
1+15deg 62.7f 47.85 -3.3 3.0
Temperature Effect Cibdeg | C186.8] -1706] 1904 -1266
Earthquake 400 400 400 400.0
Unit : mm
(3) Specification
Table Specification of Bearings
Sign| Unit |P12(P17)| P13(P16) P14(P15)| Pylon
Classificaion of Rubber NR NR NR NR
Elastic Module G |[N/mmi] ov8j o078] 078] 118
Breaking Elongation 1 oyu % 500 500 500 400
Shape Factor S — 9.17 10 9.82] 1208
Appearent Elastic Module E |N/mm? 4336] 5156] 4974| 1372
Ciiffoness of Bearings |Horizontal [KB _|kN/mm 3.15 3.4 3.06 8.27
Virtical  |KV |kN/mm| 1749.00 2250 1954 7970.00
{4) Dimension
Table Dimension of Bearings
{Sign! Unit [P12(P17)] P13(P16)[P14(P15)] Pylon
Width of Bearings
Longitusinal b [(mm) TI00 ] 1200 1100 [ 1450
Transverse a [(mm) 1100 1200 1100 1450
Rubber
Thickness of each Rubber Layer] te |(mm) 30 30 28 30
Numbers of Rubber Layer n 10 11 11 10
Total Thickness Ste j{mm) 300 330 308 300
Reinforce Parts ts |{mum) 4.5 45 4.5 45
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3.14.2 Calculation Result

Calculation Result at P12, P17 (each Bearings)

Sign | Unit |Longitudinal Transverse | Allowable
Bearing Area Effective A m’ 12100 12100f -
Ordinaty | Ao | m? 10730 | e | e
Eathquake Ae m’ 0.7584 : 1.2100 -
Strain Effective 5 mm 190 ——ern ———
Ordinaty 6o | mm 204, e | o -
Maximum Compressive Stress |Ordinaty  lomax.o N/mrn2 309, —— | = | B0
Earthquake {omax.ej N/mm’ 2.96 | 1.91 12.0
Minimum Compressive Stress [Ordinaty omin | N/mm’ 148 - o
Range of Compressive Stress  |Ordinaty Ao | N/mm® 162 e = 5.0
Buckling Stress Ordinaty ocra | N/mm’ 1049  —— z | 3.09
Rotation Strain Ordinaty &r mm 1.83: - —
Compressive Strain Ordinaty ¢ mm 19) - = | 183
Local Shear Strain Virtical yc % 55.5 — e
Horizontal | ys % | 415 e =] 7
Rotation yr % 224 - -
Total yt % 1194 — = 13333
Local Shear Strain (EQ) Horizontal | yse "% 136.8 | 00| = 150
Calculation Result at P13, P16 (each Bearings)
' Sign | Unit |Longitudinali Transverse | Allowable
Bearing Area Effective A m* 1.4400 1.4400 —
Ordinaty Ao m’ 1.3035 - —
Eathquake | Ae m’ 0.9482 1.4400 e
Strain Effective & mm 4.36 | — —
: Ordinaty S0 4.81° . o
Maximum Compressive Stress |Ordinaty | omax.of N/mm® 7.52 — = 8.0
Earthquake [omax.ef N/mm’ 8.29 5.63 12.0
Minimum Compressive Stress |Ordinaty omin | N/mm® 4.40 | —-emm ———ee
Range of Compressive Stress  |Ordinaty Ao | N/mm® 312: —— = 5.0
Buckling Stress Ordinaty ocra | N/mm’ 1135 - 2 | 752
Rotation Strain Ordinaty or mm 1.000 - S
Compressive Strain Qrdinaty [ min 4.36 — = | 1.00
Local Shear Strain Virtical ye % 1239 e J—
Horizontal | ys % 345  — =] 70
Rotation yI % 121 — ——n
Total yt % 1705,  -— = [3333
Local Shear Strain (EQ) Horizontal yse % 124.2 00| = 150
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Calculation Result at P14, P15 (each Bearings)

Sign | Unit |Longitudinal Transverse | Allowable
Bearing Area Effective A m’ 12100 12100 e
Ordinaty Ao m’ L7040 - e
Eathquake | Ae m’ 0.7340 | 12100 -
Strain Effective & mm 3.95 e —_—
Ordinaty So | mm R R ]
Maximum Compressive Stress [Ordinaty  jomax.o N/mm’ 7200 e = | 80
Earthquake |omax.e| N/ mm® 7.64 | 4.77 12.0
Minimum Compressive Stress |Ordinaty omin | N/mm* 2.74 | 0.00 e
Range of Compressive Stress _jOrdinaty Ao | N/mm? 4.46 000 = 5.0
Buckling Stress Ordinaty ocra | N/mm’ 1094 - z | 720
Rotation Strain Ordinaty or mm 0.92 — R
Compressive Strain Ordinaty 8¢ mm 395 - = | 092
Local Shear Strain Virtical ye % 1209, - -mam
Horizontal | ys % 4120 e =i 7
Rotation yr % 17, — | e o
Total vt | % 17381 e < 13333
Local Shear Strain {EQ) Horizontal yse % 140.5 00| = 150
Calculation Result at Northen Pylon, Southern Pylon (each Bearings)
Sign | Unit }Longitudinal: Transverse | Allowable
Bearing Area Effective Al m 21025]  21025|  —-
Ordinaty Ao m’ 1.9801 — -
Eathquake | Ae m’ 15127 2.1025 —
Strain Effective b mm 1.34 — aeee
Ordinaty 6o | mm 1.43 e —
Maximum Compressive Stress {Ordinaty  |omax.o N/mm* 540 — = 8.0
Earthquake {omax.ef N/mm’ 6.91 5.12 12.0
Minimum Compressive Stress |Ordinaty omin | N/mm’ 4821 - —
Range of Compressive Stress _{Ordinaty Ao tN/ mm’ 0.58 | — = 5.0
Buckling Stress Ordinaty ocra | N/mm’ 2757{  ——- = | 540
Rotation Strain Ordinaty or mm 1211 e —-
Compressive Strain Ordinaty [ mm 1341  -ee- = {12
Local Shear Strain Virtical yc % 488{ —- —
Horizontal | s % 281 — | =] 70
Rotation yT % 19.5 — —mn
Total vt % | 94 — < | 2667
Local Shear Strain (EQ) Horizontal yse % 135.6 00| = 150
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315  Design of Expansion Joint

3.15.1 Design Conditions

Type of Expansion Joint : Maurer Joint
Displacement at P12, P17
Cause P12 P17
PC1-Girder Cable-Stayed Cable.Stayed PC LGirder
L Bridge Bridge o
Creep (at the end) 3.66 -8.99 6.2 -7.33
Temperature Effect +15deg | 5.99 -124.86 125.55 -11.99
=15 deg -5.99 124.86 -125.55 11.99
Sub-Total i+15 deg 9.65 -133.85 131.75 -19.31
15 deg -2.33 115.87 -119.35 4.66
Total i+15 deg 143.50 151.06
15 deg 11820 12401
Displace from P12 to P17 : Plus
P17 to P12 : Minus
Expansion Spacing : 160 mm (P12)
160 mm (P’17)
EXPANSICN JOINT
OIS,
Pylan o
3.15.2 Detail of Expansion Joint
At the Support Beam
1. End Beam
2. Middle Beam
3. Sealing Rubber
4. Web
5. Lower Flange
6. Rib
7. Support Wire-net
8. Support Beam
9. Upper Bearing
10. Lower Bearing
11. Stopper
12. Anchor
13. Liner
14. HTB
15, Bars
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