(5) Calculation of Footing Concret Stress that Pile connected

1) Vertical bearing stress of footing concrete
0~=P/(xD*/4) <=0,

Reaction force of pile
Diameter of Pile
Vertical bearing stress
Allowable bearing stress

747660 kg Load Combination: 7
170 cm
32.94 ko /cm®
=0.5xf. = 120,00 ko /cm®

-
Qq?u

o}

Oy <= 04 —> O0OK

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

Reaction force of pile P= 747660 kg Load Combination: 7

Diameter of Pile = 170 cm
Depth from pile head to upper

surface of pile cap = 100 cm
Punching shear stress T = 8.81 kg/cm?
Allowable punching shear stress T, 9.00 kg /cm®

T, <= 71, -> OK
3} Horizontal Bearing stress
Gcth/ (Dl) <= O

Horizontal force at pile head = 51680 kg Load Combination: 7
Diameter of Pile _ = 170 ¢cm

Embedded Length of Pile = 200 cm

Horizontal bearing stress O . 152 kg/cm?

Allowable bearing stress 0,=03xf.= 7200 kg/cm®

O <= Tea -> QK

4} Horizontal Punchiﬁp; Shear Stress
t.=H/{h x (21 +D+2h")} <=1,

" Horizontal force at pile head = 51680 kg Load Combination: 7
Diameter of Pile = 170 cm :
Distance from side of pile to the

nearest edge of pile cap h'= 75 em
Embedded Length of Pile = 200 cm
Punching shear stress 1= 096 kg/om®
Allowable punching shear stress t,= 9.00 kg/cm®

1. <= 1, ~> OK
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5.3.3 Design of P37(P40) pier

(1) Stability Calculation
1) Dimension of Pier

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

Portion | Length | Portion | Length | Portion | Level | Portion | Level
H1 6.42 L1 3.00 (n +6.92 (5} -2.00
H2 342 w2 19.00 2) +3.50 {6) -4.74
H3 3.00 L2 14.00 (3) +1.78
W1 14.00 (4} +0.50

i
2) Summary of Loads Cormnbiation Force at the Bottom of Pile Cap
Load Combination 1% Longitudinal Transverse

: (tf) H{th {M(tfm)| H{H) | M (tf.m)
1 STRENGTH 1-1 9883.0 0.0 0.0 0.0 0.0
2 STRENGTH 1-2 5877.1 0.0 0.0 0.0 0.0
3 STRENGTH IIl 8868.1 222 80.8 9.6 27.7
4 STRENGTH IV 10584.1 0.0 0.0 0.0 0.0
5 STRENGTH V-1 9651.0 6.3 23.1 2.7 7.9
6 STRENGTH V-2 5920.9 6.3 231 2.7 7.9
-7 EXTREME EVENT I-1 9144.7 879.7| 41445 879.7{ 41445
8 EXTREME EVENT I-2 6000.7 879.7| 41445 879.71 41445
9  |EXTREMEEVENTII | 9154.9 4374 558.1 874.7| 1116.2
10  |SERVICEI-1 7504.9 47 17.3 2.1 5.9
11 |SERVICEI-2 6815.4 4.7 17.3 21 59
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3) pile Capacity

INPUT DATA
BoreHole BRD17
Pile Diameter m = 2200 mm
D2 = 2000 mm
Factor of Safety s = 3
Pile length . L = 7800 m -
0 = 524 m
1 = 9.76 m
L2 = 63.00 m
Pile Embedded Length e = 7276 m
Pile Cross-Section Circumference P1 = 6912 m
P2 = 6.283 m
Pile Cross-Section Area Abl = 3.801 m2
Ab2 = 3.142 m2
Concrete Unit Weight yc = 25t/m3
Ultmate Soil End Bearing Capacit ~ 3qu = 135 t/m2
Soil Type of Bearing Layer 2 (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
Numberi d{m) |'I'=5and;'2'=clay (¢/m3) {t/m2) -{t)
1-1 9.76 2 Clay 0.70 1.0 1.0 67
1.2 5.16 2 Clay | - 1.00 1.0 | 1.0 32
2 5.60 2 Clay 0.90 20.0 1.0 35
3 10.40 2 Clay 1.00 12.0 2.0 131
4 14.10 2 Clay 0.90 20.0 1.0 89
5 27.74 2 Clay 1.00 25.0 15.0 2614
lotalL= 7276 m Total Qsq 2969
END BEARING CAPACITY Formula: Qt = qu* Ab
Type of Pile Soil Type of B.P End Bearing Capacity
Cast-in-situ Friction & Bearing Clay | 424 tonne

Ultimate Bearibg Capacity ( Qult }
*Qult=0Qt+ Qs 33929 tonne
Replaced Effective Weight of Soil (Ws)

2211 tonne
Buoyant Weight of Pile (W)
402.3 tonne
Allowable Bearing Capacity for Service Load Combinations {Qall,}
*Qally =(Qult-Ws) /F5+Ws-W 876.0 tonne
Allowable Bearing Capacity for Earthguake & Strength Load Combinations{Qall,)
*Qall,=(Qult-Ws) /FS+Ws-W 1404.7 tonne
F5=2
Design Uplift Caacity for Service Load Combinations (Qup,) : :
*Qupy=Qs /S +W 897.1 tonne
Fs=4¢ .
Design Uplift Capacity fot Earthquake & Strength Load Combinations(Qup,)
*Qup,=Qs/F5+W E 1391.9 tonne
F5=3
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4) Reaction of Pile

a) Displacement

. Longitudinal Transverse .
Load Combination S Xl | © ylom) | o (rad) | of x(em) | 6 y(em) | o (ra 5 8 xa{cm) | Remark
1 [STRENGTHI-1 0.00 1.10{ 0.00000 0.00 1.10| 0.00000 3000 OK
2 |STRENGTH I-2 0.00 0.65| 0.00000 0.00 0.65; 0.00000 3.00 OK
3 {STRENGTHII 0.03 0.99] 0.00002 0.01 0.99| 0.00000 3000 OK
4 |STRENGTH IV 0.00 1.18] 0.00000 0.00 1.18] 0.00060 3.00f OK
5 [STRENGTH V-1 0.01 1.08| 0.06000 0.00 1.08| 0.00000 aoe| OK
6 |STRENGTH V-2 0.0 0.66] 0.00000 (.00 0.66| 0.00000 3.00f OK
7  |EXTREME EVENT 1.36 1.02| 0.00066 1.23 1.02} 0.00032|  2.00] OK
8 {EXTREME EVENT 1.36 0.67] 0.00066 1.23 0.67| 0.00032 2000 OK
9 |EXTREME EVENT 0.64 1.02] 0.00024 1.15 1,027 0.00023 200 OK
10 |SERVICE I-1 0.01 0.84| 0.00000 0.00 0.84| 0.00000 1501 OK
11 |SERVICE I-2 0.01 0.76] 0.00000 0.00 0.76] 0.00000 1.50) OK
b) Bearing and Uplift forces of piles :
T Longitudinal Transverse  Allowable Capacitie Checkin
Load Combination 1o o T hmin() | PNmax(tf) | PNmin(tf) | Bearing (if)] Uplift (t | Bearing ngliﬁ
1 [STRENGTHI1 1098111 1098.11] 1098.11] 1098.11 1404.7) -1391.9 OK OK
2 |STRENGTHI-2 653.01 653.01 653.00] 653.00] 1404.7] -1391.9 OK OK
3 {STRENGTHIH 99297\ 977.72 987.57| 983.12] 14047 -13919 OK OK
4 |STRENGTHIV 1176011 1176.01 1176.01] 1176.01 1404.7] -1391.9 OK 0K
5 |STRENGTH V-1 107450 1070.16] 1072.96| 1071.70{ 1404.7| -13919 OK OK
6 |STRENGTH V-2 660.05! 65571 658.51 657.25] 14047 -13919 OK OK
7 [EXTREMEEVENT!| 134560} 686.56( 1253.67| 77849 140477 -1391.9 OK OK
8 |EXTREME EVENT 996.22| 33727] 90433| -42916; 14047 -1391.9 OK OK
9 {EXTREMEEVENT| 1137.75] 896.67| 1186.39] 848.03 140477 -1391.9 OK OK
10 [SERVICEI-1 83570 832.05] 83442) 83333 876.0 -897.1 OK OK
11 [SERVICE -2 759.09 755.44 757.81 756.72 876.0 -897.1 OK OK

5-45




{2} Section Calculation of Pier Column
1) Sectional forces

Load Combination v Longitudinal Transverse
{tf) H(tf) | M (tf.m) H (t) M (tf.m)
1 STRENGTH 1-1 7458.2 0.0 0.0 0.0 0.0
2 STRENGTH 1-2 4247.7 0.0 0.0 0.0 0.0
3 STRENGTH I 64434 13.0 222 28 4.8
4 STRENGTH Vv 75914 0.0 0.0 0.0 0.0
5 STRENGTH V-1 72263 3.7 6.3 0.8 14
6 STRENGTH V-2 42915 3.7 6.3 08 14
7 EXTREME EVENT I-1 6720.0 607.1F 20058 607.1 2005.8
8 EXTREME EVENT 1.2 4371.2 607.1} 20058 607.1 2005.8
9 SERVICE i-1 5648.2 28 48 0.6 1.0
10  |SERVICEI-2 4958.8 238 4.8 0.6 1.0
2) Section Analysis
a) Section Dimensions & Material Properties _
Item : Notation |- Unit Value Remark
Section Dimension : :
Width W mm 14000 | oblong,
__ Height _ i} H__} mm 3000 _ | rounded-end shape
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 o Es ¢ MPa |} 200000 (
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 i.oad Case
Maximum Flexural Moment '
for Calculating Main Reinforcement Mu kN.mm | 19670391 |EXTREME EVENT -2
Corresponding Compressive force Nucgr. kN 42867
Maximum Shear Force
Shear force Vu kN 5953  |EXTREME EVENT [-2
Corresponding Compressive force | Nugg, kN 42867
- Corresponding moment Mugr | kN.mm | 19670391
¢) Bar Arrangement
Item Notation | Unit Value Remark
Main Reinforcement
Diameter $bot. nm 32
Area of 1 bar Al's mm?2 804.2
Total numbers of Rebar n's nos 246 @125
Shear Reinforcement '
Diameter dv, - mm 16
Area of 1 bar Alv mm2 2011
- Numbers of Rebar in section nv nos 23
Spacing of Shear Reinf. 5 mm 500
Total Area of Shear Reinf. within s “Av mm?2 4624.4
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d) Checking for Flexural - Axial Resistance (AASHTO 5.7.3.2)

Item Notation |  Unit Value Remark
Bending Moment Mu kN.mm | 19670391
Compressive force Nu kN 42867
Depth of Compressive Area c mm 2558
Elexural Resistance Mr kN.mm | 242126339
Compressive Resistance Nr kN 527627
Checking Resistance OK
Checking Reinforcement Ratio
Numbers of Tensile bar Thens nos 103
{)St = Astensile/ Ag % 0.207
pmin=0.03fc/{y % 0.185 OK
Notes: . Reinforcement selection is controlled by the Minimum Reinforcement Ratio Requirement.
¢) Checking, for Shear Resistance (AASHTO 5.8.3.3)
Item Notation | Unit Value Remark
Factored Shear “Vu | N 595315292
Shear Resistance Vr N
Effective shear Depth d, mm 2160
Effective web width b, mm 13356
Spacing of stirrups 5 mm 500
Angle of inclination of transverse reinf. o degrees 90
Factor indicating ability of diagonally o :
cracked concrete to transmit tension B 5.0
Area of shear reinf. within a distance s A, mm? 4624
Strain in the tensile reinforcement £y -0.000012
Inclination angle of diagonal comp. stress 0 degrees 27.00
Shear stress on the concrete v MPa 0.229
Area of Conc. on flexural tensile side Act mm® | 20034291.74
Nominal Resistance of Concrete V. N 58652996
Nominal Resistance of Reinforcement V, N 15291150
Nominal Resistance . Vn N 73,944,147
Resistance factor for shear P 0.9
" Factored Re515tance Vr N 66,549,732
Checking . OK
f) Checking for Flexural Stress
Item Notation | Unit Value Remark
Factored Forces
SERVICE I-1 Mu kN.mm 46668.6
Nu kiN 55389.6
SERVICE I-2 Mu kN.mm 46668.6
___________ Nu | kN | 486286 ..
Factored Comp Stress of Concrete acu MPa
SERVICE I-1 134
- SERVICEI-2 1.18
Checking Stress of Concrete B _ OK i
Factored Tensile Stress of Steel asu MPa
SERVICE i-1 10.14
SERVICE I-2 8.9
Checking Stress of Steel QK
" REINFORCEMENT OF COLUMN
: TR
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(3) Section Calculation of Pile Cap
1} Section Analysis "A"

- = AT
A i 1 i i ares )
e I A
L85 N anaers
Total width of section 19000 mm o )
Calculation width 1000 mm
a) Section Dimensions & Material Properties
Item Notation| Unit Value Remark
Section Dimension '
Width W mim 1000
Material Properties
Concrete strength fc MPa 24
Yield Strength of Rebars fy MPa 350
Elastic modulus of Concrete Ec MPa 26332
_ Elastic modulus of Steel Es | MPa | 200000 |
Allowable Comp. Stress of Concretel  fca MPa 10.8
Allowable Stress of Steel fsa MPa -234
b} Envelope of Sectional Forces
Item Notation| Unit Value Load Case
Maximum Flexural Moment : '
for Calculating Top Reinforcement Muy,, |kN.mm| 354206 |EXTREME EVENT I-2
. for Calculating Bottom Reinforcement | Muy,, | kN.mmi 5429434 {EXTREME EVENT [-1
Maximum Shear Force
Shear force Vu kN 1406 EXTREME EVENT I-1
Corresponding moment Mugyy | kKN.mm| 5429434
¢} Bar Arrangement :
Item Notation| Uhnit Value Remark
Top Reinforcement . _ A
Diameter dtop mm 20 Structural Reinf.
Area of T bar Als mm?2 3142
Numbers of Rebar ns nes 4
Bottom Reinforcement '
Diameter ¢bot. mm 32
Area of 1 bar _ Al's mm?2 804.2
Numbers of Rebar n's nos 8
Shear Reinforcement
Diameter v, min 18
Area of 1 bar Alv mm?2 2545
Numbers of Rebar in section nv nos 2
Spacing of Shear Reinf, s mm 500
Total Area of Shear Reinf. within s Av mm2 508.9
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d) Checking for Flexural Resistance (AASHTO 5.7.3.2

5-49 -

[tem MNotation] Unit Value Remark
Top Reinforcement
- Bending Moment Mug, jkN.mm} -354206
Depth of Compressive Area ¢ mm 115.25
Flexural Resistance Mryop | kN.mm| 6415080
Checking Resistance OK
Checking Reinforcement Ratio
pst = Asiensite/ (H.W) % 0.042
pmin=0.03fc/ fy % 0.185IAILURE
Bottom Reinforcement
Bending Moment Mug, [kN.mm| 5429434
Depth of Compressive Area c mm 133.74
Flexural Resistance Mrpe: | kN.mm| 6413400
Checking Resistance 0K
Checking Reinforcement Ratio
oSt = ASiensite/ (H.W)} % 0.214
pmin=0.03fc/fy % {.185 OK
e) Checking for Shear Resistance {AASHTO 5.8.3.3)
Item Notation| Unit Value Remark
Factored Shear = Vu | N | 1406101
Shear Resistance Vr N
Effective shear Depth d, - mm 2160
Fffective 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 B 17
Area of shear reinf, within a distance s A, mm* 509
Strain in the tensile reinforcement £y ' 0.602000
Inclination angle of diagonal comp. stress 9 degrees 43.00
Shear stress on the concrete - v MPa 0.723
Area of Conc. on flexuratl tensile side Act mm® 1500000
Nominal Resistance of Concrete V. N 1493091
Nominal Resistance of Reinforcement Vs N 919512
Nominal Resistance Vn N 2,412,603
Resistance factor for shear p 0.9
Factored Resistance Vr N 2,171,343
Checking OK
f) Checking for Flexural Stress _
Ttem Notation] Unit Value Remark
Factored Moments Mu {kN.mm
SERVICE I-1 2944173 |Tensile at bottom
SERVICEI-2 - o 2528990 |Tensile at bottom
Factored Comp. Stress of Concrete ocu MPa
SERVICE I-1 1.86
SERVICE I-2 1.6
Checking Stress of Concrete _ OK |
Factored Tensile Stress of Steel osu MPa
- SERVICE I-1 -12.93
SERVICEL-Z2 "~ - -11.11
|Checking Stress of Steel OK




2) Section Analysis of "B"

s rgl ofEELE
B s
=T T
BB OUTNY e
Total width of section 14000 mm
Calculation width 1000 mm
a) Section Dimensions & Material Properties :
Item Notation| Unit Value Remark

Section Dimensien

Width _ W mm 1000
Height . H | mm | 3000
Material Properties

Concrete strength fe MPa 24

Yield Strength of Rebars fy MPa 390

Elastic modulus of Concrete Ec MPa 26332 .
__Elastic modulus of Steel 1. Es MPa { 200000 |

Allowable Comp. Stress of Concrete] fca MPa 10.8

Allowable Stress of Steel fsd MPa -234

b} Envelope of Sectional Forces :
Item Notation| Unit Value Load Case

Maximum Flexural Moment

for Calculating Top Reinforcement] Mutop | kNumm | 146457 |EXTREME EVENT [-2
for Calculating Bottom Reinforcemq Mubot. | kN.mm | 932331 {EXTREME EVENT [-1
Maximum Shear Force '
Shear force Vu kN 2327 [EXTREME EVENT |-
Corresponding moment Mucorr. | kN.mm | 932331

¢) Bar Arrangement

Ttem . Notation| Unit Value Remark

Top Reinforcement _
Diameter Ptop mm 20 Structural Reinf. -
Area of 1 bar ‘Als mm?2 314.2
Numbers of Rebar - ns nos 4
Bottom Reinforcement
Diameter ¢bot. mm - 32
Area of 1 bar Al's mm2 804.2
Numbers of Rebar n's " nos 8
Shear Reinforcement _
Diameter $v. 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. within s Av mm2 508.9
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d) Checking for Flexural Resistance (AASHTO 5.7.3.2

' Item Notation| Unit Value Remark
Top Reinforcement
Bending Moment Muy,, | kN.mm] -146457
Depth of Compressive Area c mm 133.74
Flexural Resistance Mr,, {kN.mm| 6413400
Checking Resistance OK
Checking Reinforcement Ratio
pst = Asygie/ (W) % 0.042
pmin=0.03fc/fy % 0.185AILURE
Bottom Reinforcement
Bending Moment _ Muy,, |kN.mm] 932331
Depth of Compressive Area C mm 133.74
Fiexural Resistance Mry,, |kN.mm| 6413400
Checking Resistance OK
Checking Reinforcement Ratio _
pst = ASensie/ (1. W) % 0.214
pmin=0.03fc/fy % 0.185 0K

Notes:  Reinforcement selection is controlled by the Minimum Reinforcement Ratio Requiren

) Checking for Shear Resistance {(AASHTO 5.8.3.3)

Ttem Notation| Unit Value Remark

Factored Shear | Va [N |23
Shear Resistance Vr N

Effective shear Depth ' d, mm 2160

Effective web width b, mnt 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 B 2.0

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

Strain in the tensile reinforcement £, : 0.001409

Inclination angle of diagonal comp. stress ] degrees 40.09

Shear stress on the concrete v MPa 1.197

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

Nominal Resistance of Concrete '/ N 1756578

Nominal Resistance of Reinforcement V. N 1018626

Nominal Resistance Vn N 2,775,204

Resistance factor for shear _ @ 09

Factored Resistance - Vr N 2,497,683
Checking OK

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

Factored Mements Mu | kN.mm

SERVICE I-1 549283 |Tensile at bottom
__SERVICEI-2 . 468788 [Tensile at bottom
Factored Comp. Stress of Concrete ocu MPa

SERVICE I-1 0.35

SERVICE 1-2 0.3
Checking Stress of Concrete | = | OK
Factored Tensile Stress of Steel asu MPa

SERVICE I-1 -2.41

SERVICE -2 -2.06
Checking Stress of Steel : OK
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(4) Section Calculation of Pile

Dia:D1= 2200 mun L=
D2 = 2000 mm L2=

Length : 780 m

Number : 9 nos.

15.0
63.0

m
m

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

Longitudinal Transverse
Load Case Sectional Force Depth Sectional Force Depth
’ vimax {({f.m} Nmin () Z(m)  [Mmax (tf.m)] Nmin (tf) Z{m)

STRENGTH 1-1 0.00f 1098.11 0.00 0.00{ 1098.11 0.00
STRENGTH 1-2 0.00] 653.01 0.00 0.000 653.00 0.00
STRENGTH III 1645 977.72] - 0.00 8.071 983.12 0.00
STRENGTH IV 0.00] 1176.01 0.00 0.001 1176.01 0.00
STRENGTH V-1 4.67} 107016 0.00 2271 1071.70 0.00
STRENGTH V-2 4,67} 65571 0.00 2.27] 657.25 0.00
EXTREME EVENT I-1 637.89) 686.56 0.00 727441 77849 0.00
EXTREME EVENT 1-2 637.74) 337.27 0.00 727 .44 429.16 0.00
EXTREME EVENT II 339.78] 896.67 0.00 721.871 B848.03 0.00
SERVICE I-1 4.16{ 83205 0.00 2.06] 83333 0.00
SERVICE 1.2 416f 75544 0.00} 2.06 756.72 0.00
2) General Conditions
: Item Notation| =~ Unit Value Remark .

Diameter of pile D mm 2200

Steel Casing Yes

Number of Reinf. layers Niayer nos 1

Concrete cover cv m 250

Diameter of Rebars d mm 28

Number of Rebars ng nos 26

Total Area of Reinforcement Ay 16010

3) Section Calculation

a) Distribution of Axial Force and Bending Moment in Composite Section
Diameter of Pile

Thickness of Casing
Es= 20000000
Ec= 2500000
n=Hs/Ec= 8.00
As(= 0.096761 m2
Ac= 3.801327 m2
Atrans= 4575416 m2
Is0= 0.059668 m4
Ie0= 1.149901 m4
Itrans= - 1.627242 md4
* Casing: - Axial
' - Bending
*RC: - Axial
- Bending

220
0.014

16.92%
29.33%
83.08%
70.67%
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b) Checking Resistance (AASHTO 5.7.2)
i) In longitudinal Direction

Load Case Forces Total RC Allowable| Casing Al]owable Remark
i [ e
e Aiibedk ULl
v | N0 [T | *‘2223 i e el
S| S [ S e e
e | A s | s T O
EXTREME EVENT 12 STé‘éi) e | ii—%—éé S%%‘%? -15877%% SZS 3-5- o
TR A A eI
i) In Transverse Direction :
Load Case Forces Total RC Allowable Casing Allowable| Remark
(“a S aL o Ind
v | e e |
Wb AL isoan SnuEaR
emevesvantia IR [ R | o e | Tare | msss [ o | ok
EXTREME EVENT I-2 LI';I\(th(.tg)ﬁ 353}112 gi’i?}?, 1?33’}?;9 27125%19 1333 %4" B gﬁ
s | O [ [ep e o [ 6
¢} Checking Stress iﬁ RC portion
T R T
sce [Tl o1t B ] e D [or
Service || e [ It |l e T [ o
d) Checking Minimum Steel Ratio -
Item Notation| Unit Value Remark
Total Area of Reinforcement Ay mm?2 16010
Gross Area of Section Ag mm?2 | 3801327
Reinforcement Ratic - pst % 0.42
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
0..=P/{(xD*/4) <= 0.,

Reaction force of pile P= 1345600 kg Load Combination: 7
Diameter of Pile D= 220 ¢cm

Vertical bearing stress Ocy 35.40 kg/cm?

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

O, <= 0O, —> OK

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

Reaction force of pile P= 1345600 kg . Load Combination: 7

Diameter of Pile = 220 cm
Depth from pile head to upper

surface of pile cap h= 150 cm
Punching shear stress = 7.72 kg /cm?
Allowable punching shear stress <,= 9.00 kg/cm?

T, '<=_ T, ~> QOK
3) Horizontal Bearing stress
Uch::H/(DI) <= Og

Horizontal force at pile head = : 07740 kg Load Combination: 7
Diameter of Pile . = 220 cm

Erbedded Length of Pile = . 200 cm

Horizontal bearing stress S 2.22 kg/cm®

" Allowable bearing stress 0,=03xf.=  72.00 kg/cm?
Oy <= 0, ~-> OK

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

Horizontal force at pile head = 97740 kg Loéd Combination; 7

Diameter of Pile = 220 cm
Distance from side of pile to the '

nearest edge of pile cap h'= 90 cm
Embedded Length of Pile = 200 cm
Punching shear stress 1= . 136 ke/cm”®
Allowable punching shear stress T,= 9.00 kg/cm”

1, <= 1, ~-> OK
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5.3.4 Design of P38(P39) pier
(1) Stability Calculation
1) Dimension of Pier

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

Portion | Length | Portion | Length | Portion | Level | Portion Level
H1 8.02 L1 3.00 (1) +8.52 (5) -2.00
H2 5.02 W2 24.00 2) +3.50 (6) -7.76
H3 3.00 L2 14,00 3 +1.78
W1 14.00 (4) +0.50

N . . 3
SEAN
IR
EIRS b .
2) Summary of Load Combination Forces at the Bottom of Pile Cap
- o V Longitudinal Transverse
- Load Combination (tf) (0 [ M (tmy| Fh [ M (thm
1 STRENGTH I-1 10892.5 347.1] 27834 96.8 -59.2
2 STRENGTH I-2 6285.7 293 235.0 96.8 -59.2
3 STRENGTH III 9836.2 256.6 1942.7 107.7 -22.1
4 STRENGTH IV 11756.8 253.8] 2035.5 96.8 -59.2
5 STRENGTH V-1 10651.0 328.1 2598.7 999 -48.6
6 STRENGTH V-2 6385.8 71.4 540.0 99.9 -48.6
7 EXTREME EVENT I-1 10094.1 1817.7| 84323 17204 6816.8
B EXTREME EVENT I-2 6554.7] 1690.7| 74142 17204 6816.8
9 EXTREME EVENTII | 10136.1 856.8] 2402.0f 14224| 16321
10 - |SERVICEI-1 8273.9 4003 31854 09,2 -51.3
11  |SERVICEI-2 74200 2476} 19611 99,2 -51.3
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3) Pile Capacity

INPUT DATA
BoreHole BRD17
Pile Diameter D1 = 2200 mm
D2 = 2000 mm
Factor of Safety 5 = 3
Pile length L = 7400 m
Lo = 834 m
11 = 6.66 m
L2 = 59.00 m
Pile Embedded Length Le = 65.66 m
Pile Cross-Section Circumference P1 = 6912 m
P2 = 6.283 m
Pile Cross-Section Area Abl = 3.801 m2
Ab2 = 3142 m2
Concrete Unit Weight ye = 25t/m3
Ultmate Soil End Bearing Capacit  3qu = 135 t/m?2
Soil Type of Bearing Layer 2 (1/2=Sand/Clay)
SKIN ERICTION CAPACITY Formula:Qs=Z(ls*P*d)for N> (
Layer {Thicknesy Soil Type y'e N fs Qs
Number| d(m) j'l'=Sand; 2'=clay (¢m3) | (ym2) {t)
1-1 6.66 2 Clay 0.70 1.0 1.0 46
1-2 5.16 2 Clay 0.70 1.0 1.0 32
2 5.60 2 Clay 0.90 20.0 - 1.0 35
3 10.40 2 Clay 1.00 12.0 2.0 131
4 14.10 2 Clay 0.90 20.0 1.0 89
5 23.74 2 Clay 1.00 25.0 15.0 2237
TotalL= 6566 m rotel Q51 2570
END BEARING CAPACITY Formula: Qt = qu* Ab
Type of Pile Soil Type of B.P End Bearing Capacity
Cast-in-situ Friction & Bearing Clay ] 424 tonne |

Ultimate Bearibg Capacity { Qult)

*Qult=0Qt+ Qs 2994.5 tonne
Replaced Effective Weight of Soil (Ws)

- 194.4 tonne
Buovant Weight of Pile (W) )
’ © 395.3 tonne
Allowable Bearing Capacity for Service Load Combinations (Qall,)
*Qally = (Qult-Ws) /FS+Ws-W 732.5 tonne
Allowable Bearing Capacity for Earthquake & Strengih Load Combinations(Qall,)
*Qall=(Qult-Ws)/FS+Ws-W 1199.2 tonne
FS= 2
Design Uplift Caacity for Service Load Combinations (Qup,)
*Qup =Qs /FS+W 823.7 tonne
FS=6 :
Design Uplift Capacity fot Earthguake & Strength Load Combinations{Qup,)
*Qupy=Qs/FS+W 12521 tonne
FS=13
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4) Reaction of Pile

a) Disp!écement

s Longitudinal Transverse

Load Combination St | 5 y(em) | e (rad) | of x(cm ] 6 y(em) | o frad) 8 xa{cm) | Remark
1 |STRENGTHI-1 0.39 0.76] 0.00023 (.09 0.76] 0.00001 3.00f OK
2 |STRENGTH !-2 0.03 0.44| 0.00002 0.09 0.44} 0.00001 3.000 OK
3 |STRENGTHIII 0.29 0.69| 0.00017 0.10 0.69| 0.00001 300y OK
4 |STRENGTHIV 0.29 0.82f 0.00017 0.09 0.82] 0.00001 300 OK
5 [STRENGTH V-1 0.37 0.75] 0.00022 0.09 0.74] 0.00001 3.000 OK
& [STRENGTH V-2 0.08 0.45; 0.00005 0.09 0.45| 0.00001 300 OK
7 |EXTREME EVENT 1.97 0.71] 0.00099 1.65 0.71} 0.00032 2.00] OK
8 IEXTREME EVENT 1.82 0.46| 0.00091 1.65 0.46| 0.00032 2000 OK
9 |EXTREME EVENT 0.91 0.71} 0.00041 134 0.71] 0.00021 300 OK
10 [SERVICE I-1 0.66 0.58] 0.00029 0.14 0.58] 0.0000% 150 OK
11 |SERVICEI-2 0.41 0.52] 0.00018 .14 0.52| 0.00001 150} OK

b) Bearing and Uplift forces of piles

Load Combination Longitudinal Transverse Allowable Capacitie Checking

PiNmax(tf) | PNmin(tf) | PNmax(tf} | PNmin(tf) | Bearing (tf) Uplift (1f) | Bearing Uplift

1 [STRENGTH I-1 837161 615171 73786 71447 11992 -12521] OK OK
2 |STRENGTH 1-2 428472 40068| 430.74] 407.35) 1199.2] -12521} ©OK OK
3 |STRENGTHIII 735771 57572 66932 642.17] 1199.2) -12521] OK OK
4 [{STRENGTH IV 864.95) 702.62] 795.48] 77209 1199.2] -12521] OK OK
5 |STRENGTH V-1 814 .41 605.72] = 716.30 691.84] 1199.2( -1252.1 OK OK
6 [STRENGTH V-2 44846 40298] 43795 41349 1199.2] -1252.1} OK OK
7 IEXTREME EVENT] 114559 20029 981.34] 364.54] 1199.2} -12521; OK OK
8 |EXTREMEEVENT] 869.03 493] 74538 128.58] 1199.2| -12521] OK OK
9 |EXTREMEEVENT| 870.73| 480.75 879.58] 471.90; 1199.2} -12521} OK OK
10 [SERVICE -1 689.951 41324} 56533] 537.85 732.5 -823.7] OK OK
11 |SERVICE -2 580.08] 40925} 50841| 480.93 7225 8237 OK oK
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(2) Section Calculation of Pier Column

1) Sectional forces
Load Combination A% Longitudinal Transverse
i 1)) Hf) [ M@fm)] H({t) | M(tfm)
1 STRENGTH I-1 7860.6 3471 17423 6.0 0.0
2 STRENGTH I-2 42473 293 147.1 0.0 0.0
3 STRENGTH III 6804.3 2451 1182.7 41 10,3
4 STRENGTH 1V 8015.3 253,81 12741 0.0 0.0
5 STRENGTH V-1 7619.2 3249 16171 1.2 2.9
6 STRENGTH V-2 4347 4 - 68.2 3285 12 29
7 EXTREME EVENT [-1 70622 1477.0] 72633 1283.0 6289.1
8 EXTREME EVENT 1.2 45163 13501 6626.0 1283.0 6289.1
9 SERVICE I-1 5951.6 3978] 1986.7 0.9 22
10 {SERVICEI-2 5(97.7 2451} 12204 0.9 2.2
2) Section Analysis
L |
a) Section Dimensions & Material Properties
Item Netation | Unit Value Remark
Section Dimension
Width w mth 14000 | oblong,
Height . B | mm_ | 3000 |rounded-end shape
Material Properties
Concrete strength fc MPa 24
Yield Strength of Rebars fy MFPa 390
Elastic modulus of Concrete Ec MPa 26332
__Elastic modulus of Steel e | Bs | MPa | 200000 [ -
Allowable Comp. Stress of Concrete fca MPa 108
Allowable Stress of Steel fsa MPa -234
b) Envelope of Sectional Forces
Item Notation | Unit Value Load Case
Maximum Flexural Moment ' _
for Calculating Main Reinforcement Mu kN.mm | 71228184 [EXTREME EVENTJ-2
Corresponding Compressive force Nu g, kN 69256
Maximum Shear Force _
Shear force _ Vu kN 14485  |[EXTREME EVENT i-2
Corresponding Compressive force Nutegr, kN 69256
Corresponding moment Mugr, | kNanm | 71228184
¢) Bar Arrangement
Item Notation |  Unit Value Remark
Main Reinforcement :
Diameter pbot. mim 32
Area of 1 bar Al's mm2 804.2
Total numbers of Rebar n's nos 246 @125
Shear Reinforcement
Diameter ¢, mm 16
Area of 1 bar Alv mm2 201.1
Numbers of Rebar in section nv nos 23
Spacing of Shear Reinf. 5 mm 500
Total Area of Shear Reinf. within s Av mm2 4624.4

5-58




d) Checking for Flexural - Axial Resistance (AASHTO 57.3.2)

Ttern Notation | Unit Value Remark
Bending Moment Mu kN.mm | 71228184
. Compressive force Nu kN 69256
Depth of Compressive Area ' mm 2558
Flexural Resistance Mr kN.mm | 309953538
Compressive Resistance Nr kN 301362
Checking Resistance OK
Checking Reinforcement Ratio
Numbers of Tensile bar Tiens nos 121
pst = ASensite/ Ao % 0.243
pmin=0.03fc/fy % 0.185 OK

Notes:  Reinforcement selection is controlled by the Minimum Reinforcement Ratio Requirement.
&) Checking for Shear Resistance (AASHTO 5.8.3.3)
[tem Notation |  Unit Value Remark
Factored Shear o loVu } N 1a484762|
Shear Resistance Vr N
Effective shear Depth d, mm 2160
Effective web width b, mm 13356
Spacing of stirrups s mm 500
Angle of inclination of transverse reinf, o degrees 90
Factor indicating ability of diagonally
cracked concrele to transmit tension B 25
Area of shear reinf. within a distance s A, mm?> 4624
Strain in the tensile reinforcement £, 0.000560
Inclination angle of diagonal comp. stress ] degrees 29.97
Shear stress on the concrete v MPa 0.558
Area of Cong. on flexural tensile side Act mm’® | 20034291.74
Nominal Resistance of Concrete V. N 26326498
Nemiinal Resistance of Reinforcement vV, N 13511139
. Nominal Resistance Vi N 42,837,637
" Resistance factor for shear @ 0.9
Factored Resistance Vr N 38,553,874
Checking CK
) Checking for Flexural Stress .
- Item Notation{ Unit Value Remark
Factored Forces
SERVICEI-1 Mu kN.mm | 19482770
_ Nu kN 58365
SERVICE I-2 Mu kN.mm | 11967830
- N ol Nu | 49991 o
Factored Comp, Stress of Concrete ocu - MPa
SERVICE I-1 283
SERVICE I-2 2.08
. |Checking Stress of Concrete ) OK _
Factored Tensile Stress of Steel osu MPa
SERVICE I-1 0.65
_ SERVICE I-2 2.99
Checking Stress of Steel OK

REINFORCEMENT OF GOLUMN

405D

0=32 8175

- S = “l/_z/ ......... :{ .......... a/ .......
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(3) Section Calculation of Pile Cap

1) Section Analysis of "A"

CUEBEM

g
Total width of section 24000 mm
Calculation width 1600 mm
a) Section Dimensions & Material Properties
Item Notation] Unit Value Remark
Section Dimension
Width w mm 1000
 Height CH b omm | osoe0 |
Material Properties
Concrete strength fc MPa 24
Yield Strength of Rebars fy MPa 390
Elastic modulus of Concrete Ec MPa 26332
. Elasticmodulusof Steel - | Es | MPa | 200000 |
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 Muy,,, | kN.mm | 1438354 |[EXTREME EVENT I-2
for Calculating Bottom Reinforcement] Muy,, | kN.mm | 6328749 (EXTREME EVENT I-1
Maximum Shear Force
Shear force Vu kN 1663  |EXTREME EVENT I-1
Coincidental moment Mugn [ KN.mm| 6328749
¢} Bar Arrangement
Item Notation| Unit Value Remark
Top Reinforcement
Diameter dtop mm 32
Area of 1 bar Als mm?2 804.2 .
Numbers of Rebar ns nos 8
Bottom Reinforcement
Diameter ¢bot. mm 32
Area of 1 bar Al's mma2 804.2
MNumbers of Rebar n's nos 3
Shear Reinforcement
Diameter dv. mm 16
Area of 1 bar Alv mm?2 2011
Numbers of Rebar in section nv nos 2
Spacing of Shear Reinf. 5 mm 500
Total Area of Shear Reinf, withins] Av mm2 4021
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d) Checking for Flexural Resistance (AASHTO5.7.3.2)

Item Notation| Unit Value Remark
Top Reinforcement
Bending Moment © | Mug, [ kN.mm| 1438354
Depth of Compressive Area C min 115.25
Flexural Resistance Mrop, | kN.mm| 6415080
Checking Resistance . OK
Checking Reinforcement Ratio
pst = ASiensite/ (FLW) % 0.214
prin=0.03fc/fy % 0.185 OK
Bottom Reinforcement
Bending Moment Muy,, | kN.mm| 6328749
Depth of Compressive Area c mrm 115.25
Flexural Resistance Mryo | kN.mum| 6415080
Checking Resistance : QK
Checking Reinforcement Ratio -
pst = ASyepnsite/ (HLW) % 0.214
pmin=0.03fc/fy % 0.185 QK
e) Checking for Shear Resistance (AASHTO 5.8.3.3)
Item Notation] Unit | Value Remark
Factored Shear =~ 4 Vu [N | 1663048 .
Shear Resistance Vr N
Effective shear Depth d. mm 2160
Effective web width b, mm 1000
Spacing of stirrups 5 mm 500
" Angle of inctination of transverse reinf. a degrees 90
Factor indicating ability of diagonally
cracked concrete to transmit tension B 17
Area of shear reinf. within a distance s A, mm?> i 402
Strain in the tensile reinforcement £, 0.002000
Inclination angle of diagonal comp. stress ] degrees 43.00
Shear stress on the concrete v’ MPa 0.855
Area of Conc. on flexural tensile side Act mm’ | 1500000
MNominal Resistance of Concrete V. N 1493091
Nominal Resistance of Reinforcement 'S N 726528
Nominal Resistance ' Vn N 2,219,619
Resistance factor for shear @ 0.9
Factored Resistance Vr N 1,997,657
Checking OK
B Checking for Flexural Stress ;
. Item Notation| Unit Value Remark
Factored Moments Mu | kN.mm :
SERVICE I-1 : 3348737 |Tensile at bottom
SERVICEIL-2 : o 2563096 |Tensile at bottom
Factored Comp. Stress of Concrete ocu MPa
SERVICE 1-1 _ 2.04
SERVICE 1-2 : 1.56
Checking Stress of Congcrete = -~ OK o B
Factored Tensile Stress of Steel osu MPa
SERVICE I-1 -14.45
SERVICE 1.2 -11.06
Checking Shress of Steel OK
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2) Section Analysis of "B"

Total width of section 14000 mm
Calculation width 1000 mm
a) Section Dimensions & Material Properties
Item Notation] Unit Value Remark
Section Dimension
Width w mm 1000
 HMeight o {.H [ mm j 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 Stee] | Es | MPa | 200000 i
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 Reinforcemerd Mutop | kN.mm | 407258 |EXTREME EVENT [-2
for Calculating Bottom Reinforcen] Mubot. | kN.mi | 4646969 {EXTREME EVENT [-1
Maximim Shear Force .
Shear force Vu kN 1446 |EXTREME EVENT I-1
Coincidental moment Mucoin. | kN.mm | 4646969
¢) Bar Arrangement
Item Notation| Unit Value Remark
Top Reinforcement
Diameter dtop mm 32 Structural Reinf.
Area of 1 bar Als mm2 804.2
Numbers of Rebar ns nos 8
Bottom Reinforcement
Diameter gbot, mm 32
Areaof 1 bar CAl's mm?2 804.2
Numbers of Rebar n's nos 8
Shear Reinforcement
Diameter dv. mm 16
Area of T bar Alv mm2 2011
Numbers of Rebar in section nv nos 2
Spacing of Shear Reinf. _ s mm 500
Total Area of Shear Reinf. withins| Av mm? 402.1
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d} Checking for Flexural Resistance (AASHTO 573.2)
ftem Notation| Unit Value Remark
Top Reinforcement
Bending Moment Muy, | kKN.mm| 407258
Depth of Compressive Area c Mt 115.25
Flexural Resistance Mrgp 1 kN.mm| 6415080
Checking Resistance OK
Checking Reinforcement Ratio
pst = ASsite/ (I1.W) % 0.214
pmin=0.03fc/{y % 0.185 OK
Bottom Reinforcement
Bending Moment Mugy, | KN.mm| 4646969
Depth of Compressive Area o mm 115.25
Flexural Resistance Mrye | kN.mm| 6415080
Checking Resistance OK
Checking Reinforcement Ratio
pst = ASiensite/ (H.W) % 0.214
pmin=0.03fc /fy % 0.185 OK

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

e) Checking for Shear Resistance (AASHTO 5.8.3.3)

Item Notation| Unit Value Remark
Factored Shear _ = vu | OON 167
Shear Resistance Vr N
Effective shear Depth d, mm 2160
Effective web width b, min 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 B 1.7
Area of shear reinf. within a distance s A, mm> 402
Strain in the tensile reinforcement &, 0.002000
Inclination angle of diagonal comp. stress 8 degrees 43.00
Shear stress on the concrete v MPa 0.744
Area of Conc. on flexural tensile side Act mm’® 1500000
Norninal Resistance of Concrete V. N - 1493091
Nominal Resistance of Reinforcement Ve N 726528
Nominal Resistance Vn N 2,219,619
Resistance factor for shear Q 0.9
Factored Resistance Vr N 1,997,657
Checking . OK
f) Checking for Flexural Stress -
Item Notationy Unit Value Remark
Factored Moments - Mu | kN.mm :
SERVICE i-1 2254184 |Tensile at bottom
SERVICEIL-2 L A 1895346 |Tensile at bottem
Factored Comp. Stress of Concrete ocu MPa :
SERVICE I-1 ' 1.37
SERVICE I-2 1.21
Checking Stress of Concrete L o oK |
Factored Tensile Stress of Steel asu MPa
SERVICEI-1 -9.73
SERVICE I-2 ' -8.57

Checking Stress of Steel OK
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{4) Section Calculation of Pile

Dia:D1- 2200 mm L= 15.0 m
D2-= 2000 mm L2= 59.0 m

Length 74.0 m

Number : 15 nos.

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

. Longitudinal Transverse
Load Case Sectional Force Depth Sectional Force Depth
Mmax (E.m) Nmin (tf) Z{m} IMmax ({f.m} Nmin (1) Z(m)
STRENGTH I-1 184,421 61517 0.00 62.432| 71447 0.00
STRENGTH I-2 15.57] 409.68 0.00 6243 40735 0.00
STRENGTH IIE 137,231 57572 0.00 69.34] 642,17 0.00
STRENGTH IV 134.85( 702.62 0.00 6243 772,09 0.00
STRENGTH V-1 174.58| 605.72 0.00 6434 691.84 0.00
STRENGTH V-2 39.79] 40298 0.00 64.34] 413.49 0.00
EXTREME EVENT 1-1] 1013.36{ 200.29 0.00] 108756 36454 0.00
EXTREME EVENT 121 945.88 493 0.00] 1087.56; 12858 (.00
EXTREME EVENTII | . 489.84] 480.75 0.00 910.38] 471.90 0.00
SERVICE I-1 248.831 413.24 0.00 7212] 537.85 0.00
SERVICE I-2 153.97] 40925 0.00 72121 480.93 0.00
2) General Conditions : :
Item Notation}  Unit Value Remark

Diameter of pile D mm 2200 : '

Steel Casing Yes

Number of Reinf. layers My yver nos 1

Concrete cover v m 250

Diameter of Rebars d mm 25

Number of Rebars Ny nos 32

Total Area of Reinforcement Ay mm?2 25525

3) Section Calculation
a) Distribution of Axial Force and Bendmg Moment in Comp051te Section

Diameter of Pile 220 m
Thickness of Casing 0.014 m
Es= 20000000
Ec= 2500000
n==Es/Ec= 8.00
As0= 0.096761 m2
Ac= 3.801327 m2
Afrans=  4.575416 m2
Is0= 0.059668 m4
Ic0= 1.149901 m4
Itrans= 1.627242 md
* Casing: - Axial 16.92%
- Bending 29.33%
*RC: - Axial '83.08%
- Bending 70.67%
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b} Checking Resistance (AASHTO 5.7.2)
i} In longitudinaj Direction

Load Case Forces Total RC Allowable Casiny Allowablel Remark
i | PO S [ e [ ] o |G
STRENGTH -2 &‘215‘2)- “1"59565" '?1"35 -- ---859%5{? ~ ‘1?523 |- 32251? SE
swancrun | (O 0T | e | Tin | a0 | sire | ok
stanariny | VO | 0 | om | doiges | s | aass | ok
strenrriva | (00 1 O | Sne | eincn | siar| et | Ok
sancriva | RO SR L B | Yo | ey | o | ok

o eventia | IR0 [ IR | g0 | ooy | s |iomas | ok
exrremeevent 2 | (O ) S8 | S | srass | amar | e | ok
exenssventi | (N | G5 | Sais | 2omss | e | omse | ok
ii} In Transverse Direction

Load Case Forces Total RC Allowable| Casing |Allowable] Remark

A SEHE dEHIE IR

EoeIomEe NS e A i A uEee
rmament | 0 e L S e T
s | 00 | B RS me s o
EXTREME EVENTII rxl?zl_rf(‘:?g gégg* nggg 1%%?38 2?697.'?(;15 131%% - gi
¢} Checking Stress in RC portion

load Case |t Sy omnt | Allowante] Avsal [Alowabl] Remark

seRvicE L1 [peenel] S0%0 | oo | sanas | gseer | wsome | mon | O
service 12| povenel] 3001 | ooy | asses | e | auzor | uo | O
| d) lChecking Minimum Steel Ratio
Itermn _ Notation| Unit Value Remark
Total Area of Reinforcement Ay mm?2 25525
Gross Area of Section Ag mm?2 | 3801327
Reinforcement Ratio pst % 0.67
Minimum Reinforcement ratio pmin % 0.40 OK
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{5) Calculation of Footing Concret Stress that Pile connect

1) Vertical bearing siress of footing concrete
0,=P/(nD*/4) <= q,,

Reaction force of pile P= 1145590 kg Load Combination; 7
Diameter of Pile D= 220 cm

Vertical bearing stress O,y 30.14 keg/om?

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

g, <= 0, —> OK

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

Reaction force of pile = 1145590 kg L.oad Combination: 7
Diameter of Pile = 220 cm
Depth from pile head to upper
surface of pile cap h= 150 cm
Punching shear stress = 6.57 kg/cem®

Allowable punching shear stress  t,= : 9.00 kg/cm?

T <= 1, —> OK
3) Horizontal Bearing stress
Och=H/ (Dl) <= O

Horizontal force at pile head H= 121180 kg Load Combination: 7 -
Diameter of Pile D= 220 cm

Embedded Length of Pile = 200 cm

Horizontal bearing stress Gen . 2.75 ke/cm?

Allowable bearing stress 0,=03xf.= 7200 ke/cm?

Oy <= On —> OK

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

Horizontal force at pile head H= 121180 kg " Load Combination: 7

Diameter of Pile D= 220 ¢m
Distance from side of pile to the :
nearest edge of pile cap h'= 110 cm
Embedded Length of Pile I= 200 cm
Punching shear stress 1= 1.31 kg/em®
Allowable punching shear stress T,= 9.00 kg/cm?

.17,: <= 1, —> QK
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5.4 Design of Accessories
541  Design of Bearing
(1)  Design Condition

1) Arrangement of Bearing
ELASTOMERIC BEARING  ELASTOMERIC BEARING ELASTOMERIC BEARING

T
e 6 S S B 0 A

(ot I \\J’,’J
P38
(@aD)) . ¢ G40 (£39))

Bearing Condition _ |Type of Bearing Nos of Bearing
P36 ( P41) |Movable Elastomeric Bearing 3
P37 ( P40) |Movable Elastomeric Bearing 3
P38 { P39) |Hinge Elastomeric Bearing 3
136, 41
i S !
o

1 I

P37. PAD P38. P38

[
I
J
|
L

PP
jesinmn
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2) Loading and Displacement

a) Loading (each Bearings)

P36 | P37 [ P38 [ P39 | Pa0 | P4t

Virtical LoacDead Load ( DC+DW+CR+SH ) 2119] 15364| 15824| 15826| 15354 2123

ILive Load (LL + IM) 2748] 4226 4232| 4151| 3942 2967

Horizontal Load (EQ) 254] 1844] —- — | 1842] 255

Unit : kN

b} Displacement .

P36 | P37 | P38 | P39 | P40 [ P41

: +15de 97 56] 00] 00] 57 98

Temperature alteration ;_15degg 2820 -212] 00| 00| -21.2] -281

Earthquake 26.5| 266 0.0 0.0] 26.6] 265
Unit: mm

3} Dimension

Table Dimension of Bearing

[Sign] Unit | P36 | P37 | P38 | P39 | P40 | Pl
Width of Bearing
Longitusinal b [(mm} 700 1600| 1600¢ 1600] 1600 700
Transverse a |{mm) 700 1600 1600} 1600| 1600 700
Rubber
Thickness of each Rubber Layer] te |(mm) 20 34 34 34 34 20
Numbers of Rubber Layer n 5 6 6 6 6 5
Total Thickness Zte |(mm) 100 204| 204| 204| 204 100
Reinforce Parts ts {(mm) 3.0 4.5 4.5 4.5 4.5 3.0
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(2)

Calculation Result

Calculation Result at P36 {each Bearing)

Sign | Unit |Longitudinal Transverse | Allowable
Bearing Area Effeive | A | m® | ~ 04900° ~ 04%00] -
Ordinaty Ao m’ 04637 1 e —
Strain Effective o mm L e
Ordinafy Bo mm 135° e | eem
Maximum Compressive Stress [Ordinaty  |omax.of N/ mm’ 6.71 - o = 8.0
Minimum Compressive Stress {Ordinaty omin | N/mm® 355 ) - = 1.5
Range of Compressive Stress _ |Ordinaty Ao | N/mm® 316 = 5.0
Rotation Strain Ordinaty or mm 1170 e ] e
Compressive Strain Ordinaty ¢ mm 128, - z | 117
Local Shear Strain Virtical yc % 1004 e} e
Horizontal y¥s % 37.6 = ‘ 70
Rotation | yr % 4081 - -
Total yt % 1788 - | = [3333
Calculation Result at P37 {each Bearing) _
Sign | Unit |Longitudinal’ Transverse | Allowable
Bearing Area Effective A m* 25600 25600 —
Ordinaty Ao m’ 25148 0  —— o
Strain Effective & mm 154 ; —men ———
_ _ Ordinaty 6o mm 1.56 - o
Maximum Compressive Stress |Ordinaty  |¢ max.q N/ mm® 6861  -—- = 8.0
Minimum Compressive Stress_[Ordinaty [ o min [ N/mm® 586 e 2 15
Range of Compressive Stress _ |Ordinaty Ao |N/mm’ 1000 —- = 5.0
Rotation Strain Ordinaty ér mm 1337 s
Compressive Strain Ordinaty dc mm 154 - = | 133
Local Shear Strain Virtical ye % L I
Horizontal Vs % 13.9 — = 7|77'0
Rotation T % 30.8 | e ——-
Total vt % 12137 < {3333
Calculation Result at P38, P39 (each Bearing)
' Sign | Unit |Longitudinal: Transverse | Allowable
Bearing Area Effective A m’ 25600 | 2.5600 ——
Ordinaty Ao m® 25600 - ] e
Strain Effective ] mim 158 - —aen
Ordinaty b0 mm 158 - S
Maximum Compressive Stress |Ordinaty | max.q N/ mm’ 6951 - = 8.0
Minimum Compressive Stress |Ordinaty . | o min | N/ mm’ 6041 - = 1.5
Range of Compressive Stress _ |Ordinaty Ao | N/mm? 091: - = 5.0
Rotation Strain Ordinaty ér mm 1330 e e
Compressive Strain Ordinaty dc | mm 158§ - = | 133
Local Shear Strain Virtical vy % 776  meeem ——
' Horizontal vs | % 00} - < | 70
Rotation | yr % 3081 -
Total vt % 10841 - 1= ]3333
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Calculation Result at P40 (each Bearing)

Sign | Unit [Longitudinal- Transverse | Allowable
Bearing Area Fffective | A | m’ 25600, 25600 -
Ordinaty Ao m’ 25150 --ee- —
Strain Effective ) mm 1.54 i
Ordinaty do mm | 156 —_—
Maximum Compressive Stress [Ordinaty |0 max.d N/mm’ 686 —emem = 8.0
Minimum Compressive Stress |Ordinaty o min | N/mm* 586 e = 1.5
Range of Compressive Stress _|Ordinaty Ao {N/mm® 100 e = 5.0
Rotation Strain Ordinaty 6r mm 133 e -
Compressive Strain Ordinaty ¢ | mm 1.54 i~ z | 133
Local Shear Strain Virtical vC % 76.6 - — —--
: Horizontal | ys % 139, £ 7
Rotation | vr % 308, — | -
Total vt % 1212 — | = [3333
Calculation Result at P41 {each Bearing)
Sign | Unit |Longitudinal Transverse | Allowable
Bearing Area Effective A m’ 0.4900 0.4900 ——
. Ordinaty Ao m? 0.4638 ¢ o ——
Strain Effective ] mm 1.28 . -— —
Ordinaty d0o { mm 135; - —
Maximum Compressive Stress [Ordinaty [0 max.d N/mm’ 671  emee- = 3.0
Minimum Compressive Stress [Ordinaty o min | N/mm’ 3.56 — = 15
Range of Compressive Stress  [Ordinaty e [N/ mm? 3.16 —-- = 5.0
Rotation Strain Ordinaty §r mm 1.17 | —— |-
Compressive Strain Ordinaty 6¢c | mm 1.28 | — = | 117
Local Shear Strain Virtical Ve % 1005 ¢ ——— .
Horizontal vs % | 34 L e S __I _____ 70
Rotation yr % 40.8 | ——— —
Total % 17881 - s 3333
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54.2 Design of Expansion Joint

(1) Design Conditions

Displacement at I’36, P41

Unit: mm

P36 P41
Cause ~ [-Gieder {PC-Box |PC-Box |[I-Girder
Creep (at the end) 7.33 -8.66 8.67 -3.66
Thermal Effect  +15deg | 1199 2524 524|599
-15 deg -11.99 25.24 -25.24 5.99
Sub-Tolal CRAT(H) +15deg | 1932] 330 3301 065
CR+T(-) 715 deg 66| 1658 11657 233

Total 53.22 43.56

21.24 18.90

Displace from P36 to P41 : Plus

EXPANSION JOINT

{2) Detail of Expansion Joint

P41 to P36 : Minus

Cross Section
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