





Supplement 9

COLUMN SCHEDULE COLUMN TIE DETALS
COLUMN [ COLUMN DIMENSKON COLUMN REINFORCEMENT
INDEX
ABOVE GL. GROUND T0 2nd Focr 20d FLODA 10 d Floor 3rd FLOGA TO ROCF COMMENTS
T
) o E
o o [[Dlg[ EEDlgL EED|5L A P I
it 8-820mm 5-020mm ]
Tie =B10mm@ 250mm c/c_| Tie =B10mm@ 250mm v | Tie=B10mme@ 250mm /e —
=S
c-2 500:300 inlorcement as per imestigation | ¢
OoF | @D0F | [0 | g
20250 8-025mm 8-020mm £
Tie=B10mm@ 250mm &/c | Tie- 250mme/c | T @ 250me c/c g
e asperi :
© | = | OO | @01 | @OF 5 3
5. 3-G25mm 8-020mm 1 )
Tie=B10mm@ 250mmc/c | Tie=B10mm@ 250mmc/c | Tie=010mm@ 250mm c/c { f
@ @ @ Reintorcement as per E
aicdation and spiral is A0
C4 2500 u M m mm m NOTE:
a1 135 /il DN, 125 /c Spcal = B10nAnG 125mm ¢ e
7.25 WP,
e sre?qm of siee, ly=275VPa
Reinforcement as per For Seismic Assessment.
@ @ @ catcutation and spiral is Compressive sirengeh of concrece, I = 2000psi
M H shown considering oid (1365 MPa).
C-5 8500 praclice. Yield strengeh of steel, ty = 275MPa
8-258 8-200 8-208
ISpiral = 010mm@ 125mm c/c Spiral V@ 125mm c/c Spiral 125mm c/e
Figure S 9.3 Column Schedule 3 -
g Tie spacing @250
90degrees hook
Figure S 9.4 Column Layout
[Material Properties]

Concrete: o= 13.7 kKN/mm’ (Ordinary concrete)
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Rebar

2. Preliminary Calculation

2.1

Structural weight and axial force of column

0, = 275 KN/mm’ (g,,, =275 kN/mm®)

Table S$ 9.1 Building weight

Story N+1/N+i 2 Wi(kN)

6 0.583 3210.0

5 0.636 9949.0

4 0.700 15918.0

3 0.778 21879.0

2 0.875 27842.0

1 1.000 33801.0

Table S 9.2 Floor Wise Axial Force on Column
COLUMN ID FLOOR Nos. N (KN) b (mm) D (mm)

c1 6 2 75 300 600
c1 5 4 150 300 600
c1 4 4 225 300 600
c1 3 4 300 300 600
c1 2 4 375 300 600
c1 1 4 450 300 600
C1-A 5 2 75 600 300
C1-A 4 2 150 600 300
C1-A 3 2 225 600 300
C1-A 2 2 300 600 300
C1-A 1 2 375 600 300
C1-B 5 10 129 600 300
Ci-B 4 10 258 600 300
C1-B 3 10 387 600 300
Ci-B 2 10 516 600 300
C1-8B 1 10 645 600 300
C1-C 5 1 155 600 300
C1-C 4 1 310 600 300
C1-C 3 1 465 600 300
C1-C 2 1 620 600 300
c1-C 1 1 775 600 300
C1-D 6 2 129 300 600
C1-D 5 4 258 300 600
C1-D 4 4 387 300 600
C1-D 3 4 516 300 600
C1-D 2 4 645 300 600
C1-D 1 4 775 300 600
C1-E 6 2 171 300 600
C1-E 5 2 341 300 600
C1-E 4 2 513 300 600
C1-E 3 2 684 300 600
C1-E 2 2 855 300 600
C1-E 1 2 1025 300 600
C1-F 6 4 171 600 300
Ci-F 5 4 341 600 300
C1-F 4 4 513 600 300
C1-F 3 4 684 600 300
C1-F 2 4 855 600 300
C1-F 1 4 1025 600 300
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COLUMN ID FLOOR Nos. N (KN) b (mm) D (mm)
C2-A 6 1 188 300 600
C2-A 5 3 375 300 600
C2-A 4 3 563 300 600
C2-A 3 3 750 300 600
C2-A 2 3 938 300 600
C2-A 1 3 1125 300 600
c2-8 6 1 188 300 600
C2-8 5 1 375 300 600
C2-B 4 1 563 300 600
C2-B 3 1 750 300 600
c2-8 2 1 938 300 600
C2-B 1 1 1125 300 600
C2-C 5 2 188 600 300
C2-C 4 2 375 600 300
C2-C 3 2 563 600 300
C2-C 2 2 750 600 300
C2-C 1 2 938 600 300

C3 6 2 250 600 300
c3 5 2 500 600 300
c3 4 2 750 600 300
c3 3 2 1000 600 300
c3 2 2 1250 600 300
C3 1 2 1500 600 300
C4 6 2 300 330 330
Ca 5 2 600 330 330
Cc4 4 2 900 330 330
Ca 3 2 1200 330 330
Cc4 2 2 1500 440 440
Ca 1 2 1800 440 440
C5 6 2 150 330 330
c5 5 2 300 330 330
C5 4 2 450 330 330
(] 3 2 600 330 330
(] 2 2 750 330 330
C5 1 2 900 330 330

3. The Second Level Screening Method

According to the second level seismic capacity evaluation, the seismic capacity of a structure is evaluated
based on the performance of the vertical elements on the assumption that beams are strong enough not to
fail.

3.1 The Ultimate Flexural Strength Of Column

(1) The ultimate flexural strength of column
The ultimate flexural strength of column is calculated with the Eq. (Al.1-1 in Standard)
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The ultimate flexural strength of colum/Supplementary Provisions 1.1 Ultimate stength A1.1-1]

ForNpmagx2N>04'b-D-F;

M, = {08a;- 0, D +0.12b- D? - E}- (ﬁ{%) (N-mm)- -1

For 04-b-D-Fc2N>0
My =08ac gy, D+05N-D (1 -2 (N-mm)-2
[4

For 02N > Ny
M, =08a; 0y D +04N -D(N -mm)----- 3

Where:

Nmqyx = Axial compressive strength=a,- 6, + b -D - F¢ (N)

Nmin = Axial tensile strength = —a, - g, (N)

N :Axialforce (N)

a; :Total cross sectional area of tensile reinforcing bars in existing part of column (mm)
a, :Total cross sectionalarea of reinforcing bars in existing part of column (mm)

b :Width in existing part of column (mm)

D :Depth in existing part of column (mm)

ay :Yield strength of reinforcing bars in existing part of column { N/mm?)

F. :Compressive strength of concrete for existing structures { N/mm?)

First Equations 1Area-M,;

v Equivalent axial force
3

Axial force
N/bDF.

Second Equtation 2 Area-M,,

¥ Flexural moment Mu
v Third Equations 3 Area-M,;
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Direction X Location GRID F 3 G Floor Column Cl
Existing column
450 Story height: h= 3,600 (mm)
; Inner height: hg= 3,080 {mm)
-7/ -+ |-
wn d,=50
T
§
g :
&
Y
D=600
3 f
i . X
8-209
2-10¢ @250
(Grade 40)
= 2
0 g=13.7N/mm
Material Properties
Compressive strength of existing concrete  (F ) 13.7 N/mm?
Tensile strength of existing rebar(c ,): 275 N/mm’? (Grade 40)
Strength of existing column
Colum: ci d.=50+1 I-—
axial force: N= 450 (kN)
bXD= 300 X 600 {mm)
d.= 50 {mm) i
Y
D=600
[+
X
8-20¢
2-10¢ @250
(Grade 40)
= 2
0 g=13.7N/mm
<reinforcing bar>
Tensile reinforcing bars 2- 209 a.= 628.3 (mm?)
Total reinforcing bars 8- 20 ag= 2513.3 (mm?)
Tie 2- 104 @250 a,= 157.1 {mm?)
Hook 90 Degrees
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{ column(C1)
bXDXF .= 300X600X13.7= 2,466,000 {N)
N/bXDXF .= 450X1043/2466000= 0.182
Nax =ag gy +b-D-Fc (N)
Npin = —ag - 6, (N)
N rax= 2513.27X275+300X600X13.7= 3,157,150 (N)
N in=-2513.27X275= -691,150  (N)
0.4XbXDXF .= 0.4X2466000= 986,400 (N)
M ;1= (0.8X628.32X275X600+0.12X300X600%2X13.7)X(3157150-450000)/(3157150-986400)
= 324,858,046 (N -mm)= 324.9 (kN-m)
M 2= 0.8X628.32X275X600+0.5X450X 10°3X600X(1-450X103/2466000)
= 193,303,010 (N -mm)= 193.3 (kV-m)
M 3= 0.8X628.32X275X600+0.4X450X10°3X600
= 190,938,046 (V-mm)= 190.9 (kV-m)

Use Mu2
The shear force at the ultimate flexural strength Q,,, can be calculated as follow s on the assumption that the M, at the top and the bottom

are the same.
Q0 =2XM ,/h o= 2X193.3/3080X10"-3= 125,52 (kN)

The ultimate flexural strength of each column can be calculated in the same procedure.

(2) The ultimate shear strength of column
The ultimate shear strength of column is calculated with the Eq.(A1.1-2 in Standard)

Shear strength of column{Modified supplementary Provisons 1.1 Ultimate sten gthAl.1-2]

_ . [0.053P,°%(18+F;) )
Qm—kr.{mﬂlBS [Dw awy+0.1 ag(b-j ()

M/Q - d shall be in the rangeof 1.0 to 3.0

Where:
k, : Reduction factor of low strength concrete(op < 13.5N /mm?) k.= 0.244 + 0.05605
P, :Tensile reinforcement ratio (%)

Dw :Shearreinforcementratio p, = 0.012 forp, > 0.012
owy  :Yield strengthof shearreinforcement (N/mm?2)

oy :Axial stress in column (N/mm?) oy < 8.0
d :Effective depth of the retrofitted column{mm):d-dc
d. :Distance between centroid of compressive reinforcement bar and extreme compression fiber
M/Q :Shear spanlength. Defaultvalueis ho/2
hy :Clear heightof column(mm)
k,= 0.244+0.056X0 5= 0.244+0.056X13.7= 1.000
Pe= a,/(b-D)x100 = 628.3/(300X600)X100= 0349 (%)
M/Q= ho/2=  3080/2= 1540 (mm) M/Q-d=  1540/(600-50)= 2.8 2.80
pw= a,/b @(spacing)= 157.08/(300X250)= 0.00209
o,=  N/b D= 450X1043/(300X600)= 2.50 (N/mm?) <8 (N/mm?)
Q=  1X{0.053X0.34910.23X(13.7+18)/(2.8+0.12})+0. 85XV[0.002X275]+0. IXZ.5}X300X0.8X 600
= 193932.17 (N)= 1939 (kN)
The strength of column
Qmy < Q. Flexural failure type
Q,= 125,51 (kN)

The ultimate shear strength of each column can be calculated in the same procedure.
The calculated strength of each member is listed as follows.
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Table S 9.3 The Strength of Members

o
Z g
1D Name Flaar (kl:d- l:n]l ?k':‘l; co:rr::I:ion (?(:;; Qu § Mode _g Failure Mode
g £
© X
u
1 C1 6 104.7 68.0 1.00 163.8 68.0 241 fiexural 5.1 Flexural column
5 ci1-D 6 119.8 716 1.00 168.1 718 2.17 flexural 5.1 Flexural column
6 Ci-E 8 130.6 848 0.91 1715 718 2.02 flexural 5.1 Flexural column
7 Ci1-F 6 106.8 69.3 091 1314 §3.4 1.90 flexural 103 Flexural column
8 C2-A 6 135.0 87.7 1.00 172.8 87.7 1.97 flexural §.1 Flexural column
9 C2-B 6 135.0 81.7 0.91 172.8 80.2 1.97 flaxural 5.1 Flexural column
11 Cc3 [} 116.6 75.7 091 137.8 6§9.2 1.82 flexural 10.3 Flexural column
12 c4 6 107.9 70.1 0.9 122.9 64.1 1.75 flexural 9.3 Flexural column
13 CS5 6 90.7 58.9 0.91 1108 53.8 1.88 flexural 9.3 Flexural column
1 c1 5 125.2 813 1.00 168.8 81.3 2,09 flexural 5.1 Flexural column
2 Ci-A 5 93.8 60.9 0.91 1238 55.7 2.03 flexural 103 Flexural column
3 Ci-B 5 101.2 65.7 091 128.1 80.1 1.95 flexural 103 Flexural column
4 ci1-C 5 104.7 68.0 091 130.2 82.2 1.91 flexural 103 Flexural column
5 Ci-D 5 152.2 98.8 1.00 1784 98.8 1.81 flexural 5.1 Flexural column
8 Ci-E 5 171.0 111.1 091 185.1 101.8 1.87 flexural 5.1 Flexural column
7 Ci-F 5 1270 824 091 145.0 754 1.78 flexural 103 Flexural column
8 C2-A 5 1783 1158 1.00 187.8 1158 1.62 flexural 5.1 Flexural column
9 c2-B 5 1783 115.8 0.91 1878 105.9 1.62 flexural 5.1 Flexural column
10 c2-C 5 108.9 70.7 0.81 1328 84.7 1.88 flexural 103 Flexural column
11 ox] 5 14217 92.7 091 157.8 84.7 1.70 flexural 10.3 Flexural column
12 c4 5 127.2 82.6 0.91 1469 75.5 1.78 flexural 8.3 Flexural column
13 o] 5 107.9 70.1 091 1228 64.1 175 flexural 93 Flexural column
1 C1 4 144.2 93.7 1.00 175.8 93.7 1.88 flexural 5.1 Flexural column
2 Cl1-A 4 104.0 67.8 0.91 1298 61.8 1.92 flexural 10.3 Flexural column
3 c1-B 4 1175 76.3 0.91 1384 69.8 1.81 flexural 10.3 Flexural column
4 Ci-C 4 123.6 80.2 0.91 1428 134 1.78 flexural 10.3 Flexural column
5 Ci1-D 4 180.8 1174 1.00 188.7 1174 1.61 flexural 5.1 Flexural column
(] Ci1-E 4 204.8 133.0 0.91 198.8 121.8 1.50 flexural 5.1 Flexural column
17 Ci-F 4 143.8 934 091 158.8 854 1.70 flexural 10.3 Flexural column
8 C2-A 4 260.0 168.8 1.00 209.9 168.8 1.24 flexural 5.1 Flexural column
9 Cc2-B 4 260.0 168.8 0.91 209.9 1544 1.24 flexural 5.1 Flexural column
10 c2-C 4 177.3 115.1 0.81 1555 1053 1.35 flexural 103 Flexural column
11 c3 4 207.9 135.0 0.91 185.5 123.5 1.37 flexural 10.3 Flexural column
12 C4 4 140.5 91.3 0.91 173.5 83.5 1.90 flexural 9.3 Flexural column
13 CS 4 120.2 78.1 091 134.9 714 1.73 flexyral 9.3 Flexural column
1 C1 3 161.9 105.2 1.00 181.8 105.2 1.73 flexural 5.1 Flexural col
2 Ci1-A 3 1136 7317 091 135.8 874 1.84 flexural 10.3 Flaxural column
3 Ci1-B 3 131.8 85.8 091 148.7 783 1.74 flexural 103 Flexurel column
4 Ci-C 3 139.5 90.8 091 155.0 828 1.71 flexural 103 Flexural column
5 Ci-D 3 205.3 1333 1.00 199.1 133.3 1.49 flexural 5.1 Flexural column
8 C1-E 3 231.2 150.1 091 2125 137.3 1.42 flexural 5.1 Flexural column
7 Ci-F 3 157.0 102.0 0.91 172.5 83.3 1.69 flexural 10.3 Flexural column
8 C2-A 3 286.2 185.8 1.00 224.8 185.8 1.21 flexural 5.1 Flexural column
8 C2-B 3 286.2 185.8 091 2248 1700 1.21 flexural 5.1 Flexural column
10 c2-C 3 194.8 126.5 091 170.5 115.7 1.35 flexural 103 Flexural column
11 Cc3 3 217.2 1411 091 205.5 128.0 1.48 flexural 103 Flexural column
12 C4 3 1153 74.9 091 173.5 68.5 232 flexural 9.3 Flexural column
13 C5 3 127.2 828 081 146.9 75.5 1.78 flexural 9.3 Flexural column
1 Ci1 2 178.3 115.8 1.00 187.8 1158 1.62 floxural 5.1 Flexural column
2 Ci-A 2 122.4 79.5 091 1418 72.7 1.78 flexural 10.3 Flexural column
3 C1-B 2 144.1 93.6 0.91 159.0 856 1.70 flexural 103 Flexural column
4 Ci1-C 2 1525 99.0 0.91 167.4 90.6 1.68 flexural 10.3 Flexural column
5 C1-D 2 2258 146.6 1.00 2094 146.6 1.43 flexural 5.1 Flexural column
] Cl1-E 2 250.5 162.8 0.91 226.2 148.7 1.39 flexural 5.1 Flexural column
7 Ci1-F 2 166.7 108.2 0.81 186.2 99.0 1.72 flexural 103 Flexural column
8 C2-A 2 304.0 197.4 1.00 239.9 1974 1.22 flexural 5.1 Flexural column
9 C2-B 2 304.0 1974 091 238.9 1805 1.22 flexural 5.1 Flexural column
10 c2-C 2 207.8 135.0 0.91 185.5 1235 137 flexural 103 Flexural column
1 C3 2 195.9 127.2 0.91 2255 1163 1.77 flexural 103 Flexural column
12 C4 2 280.9 182.4 0.91 286.0 186.8 1.57 flexural 1.0 Flexural column
13 C5 2 153.1 99.4 0.91 1638 90.9 1.85 flexural 9.3 Flexural column
1 c1 1 193.3 1255 1.00 1938 1255 1.54 flexural 5.1 Flexural column
2 Ci-A 1 13068 84.8 091 147.8 778 1.74 flexural 10.3 Flexural column
3 C1-B 1 1543 100.2 0.91 169.4 917 1.89 flexural 103 Flexural column
4 Ci-C 1 162.6 105.8 081 179.8 968 1.70 flexural 103 Flexural column
5 C1-D 1 2423 157.4 1.00 219.8 157.4 1.40 flexural 5.1 Flexural column
] Ci-E 1 2558 166.1 091 239.8 151.8 1.44 flexural 5.1 Flexural column
7 Ci-F 1 168.6 109.5 091 199.8 100.1 1.82 flexural 103 Flexural column
8 C2-A 1 290.5 188.7 1.00 254.8 188.7 1.35 flexural 5.1 Flexural column
9 C2-B 1 290.5 188.7 0.91 2548 1725 1.35 flexural 5.1 Flexural column
10 Cc2-C 1 2168 140.8 091 200.5 128.7 1.42 flexural 103 Flaxurel column
11 c3 1 1748 113.4 0.81 240.7 103.7 212 flexural 103 Flexural column
12 c4 1 247.2 160.5 091 290.0 146.8 1.81 flexural 7.0 Flexural column
13 o] 1 1405 91.3 0.91 173.5 8315 1.80 flexural 8.3 Flexural column

# Since the frame against calculating direction is inclined, the ultimate strength of column multiply the

208



Supplement 9

angle correction.
3.2 The Ductility Index F

The F index for the independent column is calculated according to its failure mode, considering the

strength margin for shear failure (ultimate shear strength/shear force at ultimate flexural strength) and
deflection angle.

Start
v

Shear at the ultimate flexural failure .Q,,
Ultimate shear strength O,

v

Compare Shear at the ultimate flexural failure with
ultimate shear strength, taking the smaller as the ultimate
lateral load-carrying capacity of members.

shear | failure
Determine mode

failure modes .

Flexural
failure mode

Determine upper limite of the
drift angle of members by
minmum drift angle each items.

v

Calculate the plastic deformation
angle of members.

v

Calculate the deformation angle
at the ultimate flexural strength
of members .

v

Calculate of the inter-story
deforomation angle omembers .

Determine the ductility index F of columns

Figure $ 9.5 Flowchart to Calculate the Ductility Index of Column
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The ductility index of column is calculated with bellow.

<Flexural column>
IncaseRpmy <Ry
Rpmu— R
F=10+027-"2—22 /otandard (15)]
Ry —Ras0
IncaseRpmy = Ry

P ,)ZRm,,?Ry—l
0.75- (1 + 0.05 Rymu/Ry)
where:
Ry :Yield deformation in terms of inter-story deformationangle, which in principle shall be taken as Ry=1/150.
R,s0 :Standard inter-story deformation angle, R =1/250.
Ry :Inter-story deformation angle at the ultimate deformation capacity in flexuralfailure of the column member.
R = (ho/Hg) * ¢Rmu = Raso [Supplementary Provisons 1.3 Yield Deformation Flexural COlumns A1.3-1]
where: hg/Ho < 1.0
cRmu = cRmy + cRmp < ¢R3o[Supplementary Provisons 1.2 Ultimate Deformation A1.2-2]
where:
hy :Clearheight of column
Hgy :Standard clear height of column from bottom of the upper floor beamto top of the lower floor slab.
cRmy :Yield deformation angle of column (measuredin clear height of column)
cRumy :Deformation angle at the ultimate flexuralstrength of column (measured in the clear height of column).
¢Rmp :Plastic deformation angle of the column (measured in the clear height of column)
<R3 :Standard deformation angle of the column {(measured in the clear height of column),R=1/30.
cRmy = CR150 fOT ho/D 23.0
cRmy = CRZSO fOr ho/D <20
[Supplementary Provisons 1.3 Yield Deformation Flexural COlumns A1.3-2}
cRmyis set by interporation for 2.0 < hy/D < 3.0
cRmp = 10(cQsu/cQmu—9) * cRmy = 0 [Supplementary Provisons 1.2 Ultimate Deformation A1.2-3]
q=10 for s<100mm
q=11 for s> 100mm [Supplementary Provisons 1.2 Ultimate Deformation A1.2-4]
where:
Qsy :Ultimate shearstrength of the column
cQmu :Shearforce at the ultimate flexuralstrength of the column.
s :Spacing of hoops
The value of R, shall not be greaterthan that of R pox

< 3.2 [Standard (16}]

cRmax = min{ cRmaxnys cRmax(s)» cRmax(e): cRmax(by cR mux(h)}
[Supplementary Provisons 1.2 Ultimate Deformation A1.2-5]
cRmax) : upper limit of the deformation angle of the flexural column determined by the axial force

cRmax(n) = cRas0 for n>06

cRmaxm) = cRiso ) for 06=n=ny
R n

cRmax(n) = cR3o* (fﬁ) < (R forother case

[Modified Supplementary Provisons 1.2 Ultimate Deformation A1.2-6]
n' = —-n)/ (s = o).
n =Ng/(b-DF).
ny =025 and ny = 0.5 for s £ 100mm.
W, =020 and ny = 0.4 for s > 100mm.
cRmaxtsy + upper limit of the deformation angle of the flexural column determined by the shear force
cRmax(s) = cRaso for (Tu/F.>02
[Supplementary Provisons 1.2 Ultimate Deformation A1.2-7]
cRmax(sy = cR30  for other case
cRmax(t) : upper limit of the deformation angle of the flexural column determined by the tensile
reinforcement ratio
cRmax(ty = cR2so for Py >1.0% [Supplementary Provisons 1.2 Ultimate Deformation A1.2-8)
cRmax(y = cRao for other case
cRmax(p) :  upper limit of the deformation angle of the flexural column determined by the spacing of hoops
cRmax() = cRso for s/dy, >8 [Supplementary Provisons 1.2 Ultimate Deformation A1.2-9]
cRimax(p) = cRag  for other case
cRmaxm) : upper limit of the deformation angle of the flexural column determined by the clear height
cRmax(n) = cRaso for ho/D < 2 [Supplementary Provisons 1.2 Uitimate Deformation A1.2-10]
cRmax(n) = cRao  for other case
where:
N :Additionalaxialforce of column due to earthquakes
Ty : Shearstress at the column strength
= min{cQmy /(b ), Qsu/ (b )}
s:Spacing of hoops
dy:Diameter of the flexuralreinforcing bar of the column
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<Shear column>
Ro,— R
F=10+027—22 [stondard (14)]
Ry — Ras
where:

Rg,  nter-story deformation angle at the ultimate deformation capacity in shear failure of the column member.
R — cQ:u/ Qmu—~03 . R
oy = o emu 73

07 my = Raso for ca* (Qmy < Qsy
[Supplementary Provisons 1.2 Ultimate Deformation A1.2-11]

Rg = Raso for ca+ Qmy 2 Qsy
ca=03+ 0.7(R250/ Rmy) [Supplementary Provisons 1.2 Ultimate Deformation A1.2-12]

where:
@su :Ultimateshear strength of the column
cQmu :Shearforce at the ultimate flexural strength of the column.
ca :Effective strength factor of the colum
Rpyy :Yield inter-story deformationangle
Rmy= (ho/Ho) * cRmy = Ryso
[Supplementary Provisons 1.3 Yield Deformation Flexural COlumns A1.3-1]
cRuny :Yield deformation angle of column (measured in clear height of column)

Upper limit of the deflection angle of flexural colum R

maox

cRmax = min{cRmax(n)n cRma.x(s)' cRmax(t)' cRmax(b): cRmax(h}-cRmax(p)' cRmax(a)' cRmax(B)]

[ cR moxinp] Upper limit of the deformation angle of the flexural column determined by the axial force

n= 450X103/(300X600X13.7)= 0.182
Concrete : Ordinary strength concrete
tie spacing: @250  with 90 Degrees hook
n.= 0.20 Nu= 0.40
n'=s -0.088
cR maxtn) = Rap X{Raso/cRao)"= (1/30X((1/250)/(1/30)))A(-0.09)
= 1/25 > 1/30
= 1/30
[cRmaxis)] upper limit of the deformation angle of the flexural column determined by the shear force
Tu= min(125.51,193.93)X103/(300X0.8X600)= 0.87
R/ 0.88/13.7= 0.064 < 0.2
R maxts)= 1/30
[ cRmaxy] upper limit of the deformation angle of the flexural column determined by the tensile
p.= 0.349 < 13
R maxt = 1/30
[ cR maxp)] upper limit of the deformation angle of the flexural column determined by the spacing of hoop
5= @250 dy= 20¢
s/d = 250/20= 12.5 > 8.0
cRmaxp) = 1/50
[ cR maxry] upper limit of the deformation angle of the flexural column Betermined by the clear height@
h,/D= 3080/600=  5.13 > 2.0
R maxtey = 1/30

[ cRmaqp)] upper limit of the deformation angle of the flexural column determined by the beam-column joint
Concrete: Ordinary strength concrete
cR maxto) = 1/100
[ ¢R maxta)] upper limit of the deformation angle of the flexural column determined by the anchor length
Concrete: Ordinary strength concrete
cR maxta)= 1/100
[cR maxe)] upper limit of the deformation angle of the flexural column determined by the clear height
%452 (consider brick walls)

h /D= 3080/600=  5.13 > 2.0
cRmoxie)= 1/30
[ [ R mux] 1/ 100
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The yielding deflection angle of the colum R,

ho/D=  3080/600= 5.1
Reny= 1/150
The plastic deflection angle of the column R .,
s= @250 < 100 {mm)
q= 1.0
The strength margin for shear failure
Qu/ Q= 193.93/125.51= 1.55
The plastic deflection angle of the column
Rmp= (1.55-1)X1/150= 1/28
The deformation angle at ultimate flexural strength of column
Rmu= 1/150+1/28= 1/24 > 1/100
Renax = 1/100
The inter-story deflection angle at the deformation capacity
ho/Ho= 3080/3080= 1.00
Rnw=  1X1/100= 1/100 > 1/250 oK
Rmu= 1/100 2 1/150 =R,
F=  V2X1/100/1/150-1/0.75%1+0.05X1/100/1/150)
= 1.75 < 3.2 oK
F= 1.75 Flexural failure type
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Table S 9.5 The Ductility Indices a* to 3™ Level)

3
> & o equivalent b=
] <] 2 | Name| column Qmu(kN) QsulkN) cQsweQmu @ cRmax cRmy cRmp cRmu Rsu Rmy Rmu F Qu
e & Nomber M
‘d
<
1 C1 2 106.2 181.8 1473 Flexural column 1/100 1/150 1/24 1/100 == 1/160 1/100 | 1.75 | 105.16
2 C1-A 2 73.17 135.8 1.84 Flexural column 1/100 1/160 1/20 1/100 = 1/160 1/100 | 1.756 67.44
3 Ci-B 10 85.6 148.7 1.74 Flexural column 1/100 1/150 1/24 1/100 = 1/160 1/100 1.756 78.29
4 C1-C 1 90.6 155.0 7L Flexural column 1/100 1/150 1/26 1/100 == 1/160 1/100 | 1.76 82.84
b Ci-D 4 133.3 199.1 1.49 Flexural column 1/100 1/160 1/38 1/100 = 1/160 1/100 | 1.76 | 133.31
6 Cl1-E 2 150.1 212.5 1.42 Flexural column 1/100 1/150 1/48 1/100 = 1/150 1/100 | 1.756 | 137.28 |
3 X 7 Cl-F 4 102.0 172.5 1.69 Flexural column 1/100 1/160 1/26 1/100 =i 1/160 1/100 | 1.76 93.26
8 C2-A 3 185.8 224.8 1.21 Flexural column 1/100 1/150 1/137 1/100 i 1/150 1/100 | 1.76 | 185.84
9 C2-B 1 185.8 224.8 1.21 Flexural column 1/100 1/1650 1/137 1/100 = 1/150 1100 | 1.76 | 169.95
10 | C2-C 2 126.5 170.6 1.35 Flexural column 1/100 1/160 1/60 1/100 = 1/150 1/100 1.756 | 115.68
11 C3 2 141.1 205.5 1.46 Flexural column 1/250 1/250 170 1/250 = 1/250 1/260 | 1.00 [ 129.01
12 C4 2 74.9 173.5 2.82 Flexural column 1/250 1/250 1/21 1/2560 = 1/250 1/250 | 1.00 68.48
13 Cb 2 82.6 146.9 1.78 Flexural column 1/250 1/250 1/37 1/260 = 1/260 1/250 | 1.00 75.64
1 C1 2 115.8 187.8 1.62 Flexural column 1/100 1/150 1/29 1/100 — 1/150 1/100 1.76 | 115.77
2 Cl-A 2 79.5 141.8 1.78 Flexural column 1/100 1/150 1/22 1/100 - 1/160 1/100 1.75 72.70
3 C1i-B 10 93.6 169.0 1.70 Flexural column 1/100 1/150 1/25 1/100 — 1/150 1/100 | 1.75 85.67
4 C1-C 1 99.0 167.4 1.69 Flexural column 1/100 1/150 1/26 1/100 - 1/150 1/100 1.756 90.57
5 C1-D 4 146.6 209.4 1.43 Flexural column 1/100 1/150 1/46 1/100 — 1/150 1/100 1.75 | 146.61
6 Ci1-E 2 162.6 226.2 1.39 Flexural column 1/100 1/150 1/52 1/100 — 1/150 1/100 | 1.75 | 148.74
2 X 7 C1-F 4 108.2 186.2 1.72 Flexural column 1/100 1/150 1/24 1/100 - 1/150 1/100 1.756 98.98
8 C2-A 3 197.4 239.9 1.22 Flexural column 1/100 1/150 1/130 1/100 = 1/150 1/100 1.756 | 197.39
9 C2-B 1 1974 239.9 1.22 Flexural column 1/100 1/150 1/130 1/100 — 1/150 1/100 | 1.75 | 180.52
10 | C2-C 2 135.0 185.5 1.37 Flexural column 1/100 1/150 1/565 1/100 — 1/150 1/100 1.756 | 123.47
11 C3 2 127.2 225.5 1.77 Flexural column 1/250 1/250 1/37 1/250 = 1/250 1/250 1.00 [ 116.34
12 C4 2 182.4 286.0 1.57 Flexural column 1/250 1/260 1/53 1/250 = 1/250 1/250 | 1.00 | 166.80
13 C5 2 99.4 163.8 1.65 Flexural column 1/250 1/250 1/46 1/250 — 1/250 1/250 | 1.00 90.94
1 C1 2 126.5 193.8 1.54 Flexural column 1/100 11560 1/34 1/100 = 1/160 1/100 1.76 | 125.49
2 C1-A 2 84.8 147.8 1.74 Flexural column 1/100 1/160 1/23 1/100 = 1/150 1/100 | 1.76 77.66
3 C1-B 10 100.2 169.4 1.69 Flexural column 1/100 1/160 1/26 1/100 = 1/150 1/100 | 1.76 91.65
4 C1-C 1 105.6 179.8 1.70 Flexural column 1/100 1/160 1/26 1/100 = 1/160 1/100 1.75 96.57
5 | Ci-D 4 157.4 219.8 1.40 Flexural column 1/100 1/150 1/51 1/100 = 1/160 1/100 | 1.76 | 1567.36
6 Cl1-E 2 166.1 239.8 1.44 Flexural column 1/260 1/260 1/73 1/260 = 1/250 1/250 | 1.00 ! 151.91
1 | X [ 7 |CiF 4 109.5 199.8 1.82 Flexural column 1/250 1/250 1/36 1/260 — 1/260 1/260 | 1.00 |100.13
8 C2-A 3 188.7 254.8 1.35 Flexural column 1/250 1/250 1/100 1/260 = 1/260 1/250 1.00 | 188.66
! C2-B 1 188.7 254.8 1.35 Flexural column 1/2560 1/250 1/100 1/250 = 1/250 1/250 | 1.00 | 172.54
10 | C2-C 4 140.8 200.5 1.42 Flexural column 1/100 1/160 1/46 1/100 — 1/150 1/100 1.76 | 128.75
11 C3 2 113.4 240.7 2.12 Flexural column 1/250 1/260 1/24 1/250 = 1/260 1/260 1.00 | 103.67
12 C4 2 160.5 290.0 1.81 Flexural column 1/260 1/260 1/356 1/260 = 1/260 1/250 | 1.00 | 146.80
13 Cb 2 91.3 173.5 1.90 Flexural column 1/250 1/250 1/31 1/250 = 1/250 1/250 | 1.00 | 83.46
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Supplement 9

3.3 The Basic Seismic Index of Structure E,

(1) The effective strength factor
The effective strength factor indicates the ratio of the restoring force at the uitimate deflection angle of
the first group (R, to the uitimate strength.

Table S 9.6 Effective Strength Factor (In case the first group F1)

Cumulative point of the first group FI >1.0 (Deformation angle R1>R,5~=1/250)
F; Fi=1.0 1.0<F;<1.27 1.27<F,
R, Rso R250<Ri<Ris0 Ri50<R;
Shear (R, =R>s0) 1.0 0.0 0.0
Shear (R|<Ry,) as as 0.0
Second and higher groups | Flexural (R,,<R;) | 1.0 1.0 1.0
Flexural (Ri<Rny) | Gm Om 1.0
Flexural(R,,=R;s0) | 0.72 O 1.0
(Note)
as - Effective strength factor of a shear column, calculated by a,=Q(F)/Qsw =0n Qm/Osu <1.0
Oy : Effective strength factor of a flexural column, calculated by a,= (F})/Qn,~=0.3+0.7 %R /Ry

Ruy : Deformation angle at flexural yielding, calculated by Eq. (A1.3-1) in the Supplementary
Provisions 1 of the standard.

R, : Deformation angle at shear strength, calculated by Eq. (A1.2-11) in the Supplementary
Provisions 1 of the standard.

O(F)) : Shear force at the deformation capacity R, of a column in the second and higher groups.
Osu : Shear strength of a column in the second and higher groups (3.2.2).
Omu : Shear force at flexural yielding of a column in the second and higher groups (3.2.2).
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Table S 9.8 Effective Strength Factor (1 to 3™ Level)

R1=1/500 R1=1/250 R1=1/200 R1=1/166 1/150<R1
> .m equivalent = = = = = S = o
m m 2 | Name column = 2 3 = £ & =] S 5 ) © 5 5
@ | & Nomber | | 3| 2 s | '8 =l 2| 8 S| sl e | | ¢
a Z £ =1 % £ =] % € =] A= £ ] ]
3 5 y Bl 5] 5] 3 =]
1 C1 2 = 0.51 |107.26 072 |151.43 083 |173.51 093 [19613 | 100 21032
2 | ClLA 2 = 0.51 | 68.79 072 | 97.11 083 |111.28 . 083 |12578 | 1.00 134.88
3 [ C1-B 10 < 0.51 |39928 072 |563.69 083 |645.89 093 |730.08 | 1.00 |78290
4 | C1-C 1 = 0.51 | 4225 072 | 59.64 0.83 | 68.34 093 | 7725 | 100 |8284
5 | C1-D 4 = 051 |271.96 0.72  |383.95 083 |439.94 093 [497.28 | 1.00 |533.26
6 | CI'E 2 = 0.51 140.03 072 1197.69 0.83 22852 093 [256.04 | 100 [274.57
3 X 7 | C1'F 4 = 0.51 |190.24 072 |268.58 0.83 |307.74 093 |347.86 | 1.00 [373.02
8 | C2-A 3 = 051 |284.33 0.72 40141 0.83 |459.95 093 |51980 | 1.00 [557.52
9 | C2-B 1 = 051 | 86.68 072 12237 083 |140.21 093 |15849 | 1.00 |169.95
10 | c2-C 2 = 0.51 [117.99 072 |166.57 0.83 |190.87 093 21574 | 1.00 23135
11 Cc3 2 = 0.65 |167.71 1,00 |258.01 0.00 0.00 0.00 0.00 0.00 0.00
12 C4 2 = 0.65 | 8903 1.00 |136.97 000 | 000 0.00 0.00 0.00 0.00
13 C5 2 = 065 9821 100 |151.09 0.00 0.00 0.00 0.00 0.00 0.00
1 C1 2 = 0.51_1118.08 072 |166.71 0.83 |191.02 093 |215.92 | 1.00 23154
2 | C1-A 2 = 0.51 | 74.15 0.72 | 104.69 0.83 |119.95 093 13559 | 1.00 14540
3 | C1'B 10 = 051 |436.42 072 |616.13 0.83 |705.98 093 |797.99 | 1.00 }855.73
4 | C1-C 1 = 051 | 46.19 0.72_ | 65.21 083 | 7472 093 | 8446 | 100 | 9057
5 | C1-D 4 = 0.51_1299.09 0.72  |422.25 0.83 1483.82 093 [546.89 | 1.00 |586.45
6 | C1-E 2 = 051 [161.1 072 |214.18 0.83 24541 093 27740 | 1.00 ]29747
2 X 7 | C1-F 4 = 051 [201.92 0.72 |285.07 0.83 |326.64 093 369.21 | 1.00 }395.93
8 | C2-A 3 = 0.51_1302.01 072 |426.37 0.83 |488.55 093 |552.23 | 1.00 |592.18
9 | C2-B 1 = 0.51_} 9207 072 |129.97 083 14893 093 [168.34 | 1.00 [180.52
10 | C2-C 2 = 0.51 1125.93 072 |177.79 0.83  |203.72 093 |230.27 | 100 [246.93
11 C3 2 = 0.65 [151.24 1.00 1232.68 0.00 0.00 0.00 0.00 0.00 0.00
12 C4 2 = 065 [216.84 1.00 |333.60 0.00 0.00 0.00 0.00 0.00 0.00
13 C5 2 = 0.65 [118.23 1.00 |181.88 0.00 0.00 0.00 0.00 0.00 0.00
1 C1 2 = 0.51 |128.00 0.72 |180.71 0.83 |207.07 093 [23405 | 100 25099
2 | C1A 2 = 051 | 79.10 072 |111.67 0.83 |127.96 093 [144.64 | 100 |155.10
3 | C1B 10 = 051 |467.44 0.72. 1659.91 0.83 |756.15 093 |854.70 | 100 [916.54
4 | C1-C 1 = 0.51 | 49.25 0.72 | 69.53 0.83 | 79.67 0.93 | 9005 | 1.00 | 96.57
5 | C1-D 4 = 051 [321.00 0.72 [453.18 0.83 |519.27 0.93 |586.95 | 1.00 |629.42
6 | C1-E 2 = 0.65 [19749 1.00 |303.83 0.00 0.00 0.00 0.00 0.00 0.00
1 X 7 | C1-F 4 = 0.65 |260.35 1.00 [40053 0.00 0.00 0.00 0.00 0.00 0.00
8 | C2-A 3 = 0.65 1367.90 1.00 |56599 0.00 0.00 0.00 0.00 0.00 0.00
9 | C2B 1 = 0.65 |112.15 1.00 117254 0.00 0.00 0.00 0.00 0.00 0.00
10 | C2-C 2 = 0.51 |131.32 072 |185.40 083 21244 0.93 24012 | 1.00 25750
11 C3 2 = 0.65 |134.78 1.00 |207.35 0.00 0.00 0.00 0.00 0.00 0.00
12 C4 2 = 0.65 |190.84 1.00 |293.60 0.00 0.00 0.00 0.00 0.00 0.00
13 C5 2 = 0.65 10849 100 [166.91 0.00 0.00 0.00 0.00 0.00 0.00
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Basic seismic capacity index have to be calculated based on both strength dominant equation and
ductility dominant equation. The basic seismic capacity index have to checked at different critical stage
of failure forming some grouping among vertical structural member. The maximum value between two
equations among various combinations will be the basic seismic capacity index of a particular storey for
a specific direction.

(2) Basic seismic capacity index Ej is calculated by strength dominant equation
The Basic seismic capacity index Ej is calculated by strength dominant equation with bellow.
Strength-dominant basic seismic index of structure (Eq. (5))

n+1
J

Where:
C; : Strength index of the first group
C; : Strength index of the j-th group
F;  :Ductility index of the first group

o;  : Effective strength factor in the j-th group at the ultimate deformation R,
corresponding to the first group (ductility index of F)), given in bellow Table 1.

F value GN
GN : Group Number 0.80 1
; 100 SF<1.10 2
Q : Ultimate Strength (kn) 110 =F<120 3
C : Strength Index 120 SF<1.27 4
C1:Srength Index of 1grouping i:; §§§1“5§ ':
F : Ductility Index 150 SF<175 7
EQ:Basic seismic index of structure ;;z ziz;ozg :
* Show muximum_E, 2.25 SF<260 10
2.60 =F<30 11
N+1/N+i= 1.000 3.00 SF<3.2 12
Iwi= 32901.0 kN 3.20 13
Direction Story GN Q C p{e} C1 F EO Ctu
1 0.0 0.00 0.00 0.000 0.80
2 2110.8 0.06 3771.16 0.115 1.00 0.115 0.11
3 0.0 0.00 1902.54 0.058 1.10 0.064
4 0.0 0.00 2150.52 0.065 1.20 0.078
S5 0.0 0.00 2306.12 0.070 1.27 0.089
6 0.0 0.00 2306.12 0.070 1.40 0.098
X 1 7 0.0 0.00 2306.12 0.070 1.50 0.105
8 2306.1 0.07 2306.12 0.070 1.75 0.123 0.07
9 0.0 0.00 0.00 0.000 2.00
10 0.0 0.00 0.00 0.000 2.25
11 0.0 0.00 0.00 0.000 2.60
12 0.0 0.00 0.00 0.000 3.00
13 0.0 0.00 0.00 0.000 3.20
IQ 4416.9 MAX_EO 0.070 1.75 0.123
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X Direction 1°7 story

— FEvalution reult

C index h
0.80 r —— Required_EO
0.70 + \ — Required C
0.60 \
0.50 | AN
0.40 | NG
N
0.30
\
. - — — — —_— _ e e e —
0.20 F T
—_—
0.10 /‘/—
0.00 : - : : —
0.00 0.50 1.00 1.50 2.00 2.50 3.00
F index
F value GN
GN : Group Number 0.80 — 1
. 1.00 =F<110 2
Q : Ultimate Strength (kn) il =F<i0| 3
C : Strength Index 120 §F<1.27 4
. 1.27 SF<1.40 5
C1:Srength Index of 1grouping sl
F : Ductility Index 150 £F<175 7
EO:Basic seismic index of structure ig z’r:z;ozg g
* Show muximum_Eg 225 SF<260| 10
. 2.60 <F<3.0 11
N+1/N+i= 0.875 3.00 SF<32 12
Iwi= 27092.0 kN 3.20 13
Direction | Story GN Q (¢ po} c1 0] Ctu
1 0.0 0.00 0.00 0.000 0.80
2 748.2 0.028 3356.52 0.124 1.00 0.108 0.11
3 0.0 0.000 2988.75 0.110 1.10 0.106
4 0.0 0.000 3378.30 0.125 1.20 0.131
5 0.0 0.000 3622.73 0.134 1.27 0.149
6 0.0 0.000 3622.73 0.134 1.40 0.164
X 2 7 0.0 0.000 3622.73 0.134 1.50 0.176
8 3622.7 0.134 3622.73 0.134 1.75 0.205 0.12
9 0.0 0.000 0.00 0.000 2.00
10 0.0 0.000 0.00 0.000 2.25
11 0.0 0.000 0.00 0.000 2.60
12 0.0 0.000 0.00 0.000 3.00
13 0.0 0.000 0.00 0.000 3.20
2Q 4370.9 MAX_EO 0.134 1.75 0.205
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X Direction 2"° story

—FEvalution reult

C index
0.80 \ — 'Required_EO
0.70 - - -Required C
0.60 | \
\
0.50 \
N\
0.40 ~
~ ~
0.30 + ~
o~
e == s I P G
S
- b
0.20 e~ —
0.10
0 00 1 1 Il ] 1 ]
0.00 0.50 1.00 1.50 2.00 2.50 3.00
F index
Fvalue GN
GN : Group Number g'gg T ;
Q : Ultimate Strength (kn) 110 SF<1.20 3
C :Strength Index 12‘7’ i::iz ‘;
C1: Srength Index of 1grouping 140 =F<150 6
F : Ductility Index 13‘5’ i;:;g ;
EO:Basic seismicindex of structure 200 SF<225 9
* H 2.25 SF<2.60 10
Show muximum_E, R 5
N+1/N+i= 0.778 3.00 SF<3.2 12
Swi= 21279.0 kN 22 L
Direction | Story GN Q C 2Q C1 EO Ctu
1 0.0 0.00 0.00 0.000 0.80
2 546.1 0.026 2958.51 0.139 1.00 0.108 0.11
3 0.0 0.000 2764.26 0.130 1.10 0.111
4 0.0 0.000 3124.55 0.147 1.20 0.137
5 0.0 0.000 3350.62 0.157 1.27 0.156
6 0.0 0.000 3350.62 0.157 1.40 0.171
X 3 7 0.0 0.000 3350.62 0.157 1.50 0.184
8 3350.6 0.157 3350.62 0.157 1.75 0.214 0.12
9 0.0 0.000 0.00 0.000 2.00
10 0.0 0.000 0.00 0.000 2.25
11 0.0 0.000 0.00 0.000 2.60
12 0.0 0.000 0.00 0.000 3.00
13 0.0 0.000 0.00 0.000 3.20
2Q 3896.7 MAX_EO 0.157 1.75 0.214
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i i RD .
X Direction 37" story —Evalution reult
C index
0.80 - — ‘Required_EO0
0.70 F - - -Required C
0.60 \
N\
0.50
N
0.40 N
~
=~ ~
0.30 - ~
........................... B - = st -
~
s
0.20 + \ -
0.10
0.00 - :
0.00 0.50 1.00 1.50 2.00 2.50 3.00
Findex
F value GN
0.80 1
GN : Group Number T Zan0 5
Q : Ultimate Strength (kn) 110 SF<120| 3
. 1.20 SF<127 4
C :Strength Index AT :
C1: Srength Index of 1grouping 1.40 <F<150 6
. ™ 150 <F<175| 7
F : Ductility index s EF<i00 :
EO:Basic seismic index of structure 2.00 SF<225 9
. 2.25 SF<2.60 10
* Show muximum_E, >0 ZF<s0 | o
N+1/N+i= 0.700 3.00 SF<32 2
Iwi= 15468.0 k N - -
Direction | Story GN Q C 2Q C1 EO Ctu
1 0.0 0.00 0.00 0.000 0.80
2 166.9 0.011 2613.37 0.169 1.00 0.118 0.12
3 0.0 0.000 2803.24 0.181 1.10 0.140
4 0.0 0.000 3168.61 0.205 1.20 0.172
5 0.0 0.000 3397.86 0.220 1.27 0.195
6 0.0 0.000 3397.86 0.220 1.40 0.215
X 4 7 0.0 0.000 3397.86 0.220 1.50 0.231
8 3397.9 0.220 3397.86 0.220 1.75 0.269 0.15
9 0.0 0.000 0.00 0.000 2.00
10 0.0 0.000 0.00 0.000 2.25
11 0.0 0.000 0.00 0.000 2.60
12 0.0 0.000 0.00 0.000 3.00
13 0.0 0.000 0.00 0.000 3.20
IQ 3564.8 MAX_EO 0.220 1.75 0.269
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Supplement 9

irecti TH
X Direction4'" story — Evalution reult
C index
0.80 - \ — ‘Required_E0
0.70 F \\ - - -Required C
0.60 | \
\
0.50 | N
N
~N
0.40 ~
~
~ ~
0.30 . @B 4 &M s Emm s Em s mE s ED o A% s EmE s EE s e s mm ¢ am s - ‘n; --------- -
b
—
S —————
0.20 -
0.10
0.00 . L ) i : i
0.00 0.50 1.00 1.50 2.00 2.50 3.00
F index
F value GN
GN : Group Number ‘l’ﬁg T ;
Q : Ultimate Strength (kn) 110 SF<120 3
C : Strength Index 12‘7’ ii:ﬁ; ‘;
C1:Srength index of 1grouping 140 SF<150 6
F : Ductility Index 135] ii:;g ;
EO:Basic seismicindex of structure 200 SF<225 9
* B 2.25 SF<2.60 10
Show muximum_E, S —r=a0 5
N+1/N+i= 0.636 3.00 SF<3.2 12
Swis= 9649.0 k N 220 =
Direction | Story GN Q C po} C1 F EO Ctu
1 0.0 0.00 0.00 0.000 0.80
2 151.1 0.016 2107.77 0.218 1.00 0.139 0.14
3 0.0 0.000 2242.04 0.232 1.10 0.163
4 0.0 0.000 2534.26 0.263 1.20 0.201
5 0.0 0.000 2717.62 0.282 1.27 0.228
6 0.0 0.000 2717.62 0.282 1.40 0.251
X 5 7 0.0 0.000 2717.62 0.282 1.50 0.269
8 2717.6 0.282 2717.62 0.282 1.75 0.314 0.18
9 0.0 0.000 0.00 0.000 2.00
10 0.0 0.000 0.00 0.000 2.25
11 0.0 0.000 0.00 0.000 2.60
12 0.0 0.000 0.00 0.000 3.00
13 0.0 0.000 0.00 0.000 3.20
2Q 2868.7 MAX_EO 0.282 1.75 0.314
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X Direction 5™ story

C index

—FEvalution reult

0.80 - — ‘Required_E0
0.70 \ - - -Required C
0.60 |
0.50 N
N
~
0.40 ~
~
e o s o s mm s mm ¢ wm e mm s mm o mm s mm o mm s mm e mm s EVaam s mm o mm o mm o mm o wm s
0.30 - ~
S
0.20
0.10 -
0.00 ' ' ' '
Findex
F value GN
GN : Group Number L) =
. 1.00 =F<1.10 2
Q : Ultimate Strength (kn) 1,10 SF<1.20 3
C : Strength Index 1.20 SF<1.27 3
. 1.27 SF<1.40 S
C1:Srength Index of 1grouping 1.40 SF<1.50 6
F : Ductility Index 1.50 SF<175 7
) o - 1.75 SF<2.00 8
EO:Basic seismic index of structure 200 SF<225 9
* Show muximum_E, 2.25 SF<2.60 10
260 SF<3.0 11
N+1/N+i= 0.583 3.00 SF<3.2 12
Twi= 3210.0 kN £ 2
Direction Story GN a C pa{e} (el EO Ctu
1 0.0 0.000 0.00 0.000 0.80
2 0.0 0.000 894.39 0.279 1.00 0.163
3 0.0 0.000 1024.82 0.319 1.10 0.205
4 0.0 0.000 1158.40 0.361 1.20 0.253
5 0.0 0.000 1242.21 0.387 1.27 0.287
6 0.0 0.000 1242.21 0.387 1.40 0.316
% 6 7 0.0 0.000 1242.21 0.387 1.50 0.339
8 1242.2 0.387 1242.21 0.387 1.75 0.395 0.66
9 0.0 0.000 0.00 0.000 2.00
10 0.0 0.000 0.00 0.000 2.25
11 0.0 0.000 0.00 0.000 2.60
12 0.0 0.000 0.00 0.000 3.00
13 0.0 0.000 0.00 0.000 3.20
zQ 1242.2 MAX_EO 0.387 1.75 0.395
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Supplement

9

C rndex
0.80

0.70
0.60
0.50
0.40
0.30
0.20
0.10

0.00
O.

i i TH
X Direction 6 story ——FEvalution reult

- . — Required_EO
L \ — Required C

(o]0} 0.50 1.00 1.50 2.00 2.50 3.00
Findex

(3) Basic sei

smic capacity index Ej is calculated by ductility dominant equation

The Basic seismic capacity index Ej is calculated by ductility dominant equation with bellow.
Ductility-dominant basic seismic index of structure (Eq.(4))

Bo = B+ B 4 B @

Where:
E, :C,;°F
E, :C;°F,
E 3 :C 3 -F 3
C; :The strength index C of the first group (with small F index).
C; :The strength index C of the second group (with medium F index).
C; : The strength index C of the third group (with large F index).
F; : The ductility index F of the first group.
F; :The ductility index F of the second group.
F3; : The ductility index F of the third group.

The maximum E, is calculated by ductility dominant equation is found following method.
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Supplement 9

F value GN
0.80 1
100 SF<1.10 2
110 F<1.20 3
1.20 SF<1.27 4
tz :::i:‘;g Z GN : Group number
150 SF<175 7 C : Strength index
1.75 SF<200 8 E : Findex
2.00 SF<225 9
2.25 SF<260 10 EO :Basic seismic index of structure (Noconsist extremely short columes)
S Eames * Show muxim ( Muximum 0138 )
3.20 13
X Direction 1 Story N+1/N+i= 1 0.06 1.00 0.07 1.75
GN -1 GN -2 GN -3 C1 F1 Cc2 F2 Cc3 F3 EO Ctu
20 2 3 13 0.064 1.00 0.058 1.10 0.090 0.058
2- 3 4- 13 0.064 1.00 0.065, 1.20 0.101 0.065
2- 4 5 - 13 0.064 1.00 0.070 1.27, 0.110 0.070
2 - 5 6- 13 0.064 1.00 0.070 1.40 0.117 0.070
2- 6 7- 13 0.064, 1.00 0.070| 1.50 0.123 0.070
N QI[N gi=e 1 3 0.064 1.00 0.070 1.75 0.138 0.070
2 - 8 9 - 13 0.115 1.00 0.000 2.00| 0.115 0.115
2 - 9 10 - 13 0.115 1.00 0.000 2.25 0.115 0.115
2 - 10 11 - 13 0.115 1.00 0.000 2.60 0.115 0.115
2 - 11 12 - 13 0.115 1.00 0.000 3.00] 0.115 0.115
2 - 12} 13 - 13 0.115 1.00 0.000 3.20 0.115 0.115
ol B Lis ik 0.000 1.10 0.065 1.20 0.078 0.065
B G 13 0.000 1.10 0.070 1.27 0.089 0.070
3 - 5 6 13 0.000 1.10 0.070| 1.40 0.098 0.070
3- 6 7- 13 0.000 1.10 0.070 1.50 0.105 0.070
o Yyl e ik 0.000 1.10 0.070 1.75 0.123 0.070
gl ) Elee SE 0.058 1.10 0.000 2.00 0.064 0.058
= TN 9JN10=1013 0.058, 1.10 0.000 2.25 0.064 0.058
3 - 10 11 - 13 0.058 1.10 0.000 2.60 0.064 0.058
3 - 11 12 - 13 0.058 1.10 0.000 3.00 0.064 0.058
3- 12| 13 - 13 0.058, 1.10 0.000 3.20 0.064 0.058
4 - 4 5- 13 0.000 1.20 0.070 1.27 0.089 0.070
4 - SlEMolsIE13 0.000 1.20 0.070 1.40 0.098 0.070
4 - 6 7- 13 0.000 1.20 0.070 1.50 0.105 0.070
4 - 7 8 13 0.000 1.20 0.070 1.75 0.123 0.070
4 - S1EoE=N 13 0.065 1.20 0.000 2.00 0.078 0.065
4 - 9 10 - 13 0.065, 1.20 0.000 2.25 0.078 0.065
4 - 10| 11 - 13 0.065 1.20 0.000 2.60 0.078 0.065
4 - 11| 12 - 13 0.065 1.20 0.000 3.00 0.078 0.065
4 - 12 13 - 13 0.065 1.20] 0.000 3.20 0.078 0.065
5 - 5 6 - 13 0.000 1.27 0.070 1.40 0.098 0.070
SE-CETp Iy ULl 13 0.000 1.27 0.070 1.50 0.105 0.070
SIS 13 0.000 1.27 0.070 1.75 0.123 0.070
5- 8 9- 13 0.070 1.27 0.000 2.00 0.089 0.070
5 - 9 10 - 13 0.070 1.27 0.000 2.25 0.089 0.070
5- 10 11 - 13 0.070 1.27 0.000 2.60| 0.089 0.070
5- 114 12 - 13 0.070 1.27 0.000 3.00 0.089 0.070
5- 12} 13 - 13 0.070 1.27 0.000 3.20 0.089 0.070
6- 6 7- 13 0.000 1.40 0.070 1.50 0.105 0.070
6 - 7] 8- 13 0.000 1.40 0.070 1.75 0.123 0.070
6 - 8 9- 13 0.070 1.40 0.000 2.00 0.098 | «0.070
6 - 9 10 - 13 0.070 1.40 0.000 2.25 0.098 0.070
6 - 10} 11 - 13 0.070 1.40 0.000| 2.60 0.098 0.070
6 - 11 12 - 13 0.070 1.40 0.000 3.00 0.098 0.070
6 - 12| 13 - 13 0.070 1.40 0.000 3.20 0.098 0.070
e gl s fE 0.000 1.50 0.070 1.75 0.123 0.070
7 - 8 9 - 13 0.070 1.50 0.000 2.00 0.105 0.070
7 - 9 10 - 13 0.070 1.50 0.000 2.25 0.105 0.070
7 - 10} 11 - 13 0.070 1.50 0.000 2.60 0.105 0.070
7 - 11 12 - 13 0.070 1.50 0.000 3.00 0.105 0.070
71l B13p=N13 0.070 1.50 0.000 3.20 0.105 0.070
8- 8 9- 13 0.070 1.75 0.000 2.00 0.123 0.070
8- 9 10- 13 0.070 1.75 0.000 2.25 0.123 0.070
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GN -1 GN -2 GN -3 Cl F1 C2 F2 C3 F3 EQ Ctu

8 - 10 11 13 0.070 1.75 0.000 2.60] 0.123 0.070

SE=N1 {12 8=01 3 0.070, 175 0.000 3.00 0.123 0.070

8 - 12| 13 - 13 0.070 175 0.000 3.20 0.123 0.070

O R O K10 E=013 0.000, 2.00 0.000 2.25 0.000 0.000

9 -, 10011 - 13 0.000 2.00 0.000 2.60 0.000 0.000

9 - 11} 12 - 13 0.000 2.00 0.000 3.00 0.000 0.000

OF=101 2|18 IR N1 3 0.000; 2.00 0.000, 3.20 0.000 0.000

10 - 10 11 - 13 0.000 2.25 0.000 2.60 0.000 0.000

10 - 11} 12 - 13 0.000 2.25 0.000 3.00, 0.000 0.000

10 12| 13 - 13 0.000 2.25 0.000 3.20 0.000 0.000
1TESTN 1)1 TSN 3 0.000 2.60 0.000 3.20 0.000 0.000

11 12] 13 - 13 0.000 2.60 0.000 3.20 0.000 0.000
12808128135 -S513 0.000 3.00 0.000 3.20 0.000 0.000

28 2l 3- 3 4- 13 0.064 1.00 0.000 1.10 0.065 1.20] 0.101 0.065

2:E 2l 3 - 4 5- 13 0.064 1.00 0.000 110 0.070, 127] 0110 0.070

25 2l 3- 5 6- 13 0.064 1.00 0.000 1.10 0.070 140, 0.117 0.070

2 - 2l 3= 6 7 - 13 0.064 1.00 0.000 110 0.070 1.50] 0.123 0.070

* 2 - 2|13 SR | e 8= 13 0.064 1.00 0.000 1.10 0.070 175 0.138 0.070
2 - 2l 3 - 8 9 - 13 0.064 1.00 0.058 110 0.000 2.00] 0.090 0.058

2= 2| 3 - 9] 10 - 13 0.064 1.00 0.058 1.10 0.000 2.25| 0.0%0 0.058

26 2l 3 - 10 11 - 13 0.064 1.00 0.058 1.10 0.000 2.60| 0.090 0.058

2 - 2l 3 - 13] 12-- 13 0.064 1.00 0.058 110 0.000 3.00] 0.0%0 0.058

2 - 21354 112|9138=2113 0.064 1.00 0.058, 110 0.000 3.20] 0.090 0.058

2 - 31 4 - 4 5 - 13 0.064 1.00 0.000 1.20 0.070 127] 0.110 0.070

2= 31 4 - 5| 6 - 13 0.064 1.00 0.000; 1.20 0.070 140, 0.117 0.070

2 - 3] 4 - 6l 7 - 13 0.064 1.00 0.000 1.20 0.070 1.50] 0.123 0.070

* 2= 3 "4 - 7] 8 - 13 0.064 1.00 0.000, 1.20 0.070 1.75] 0.138 0.070
28 3] 4 - 8 9 - 13 0.064 1.00 0.065] 1.20 0.000 2.00 0.101 0.065

28=500 YIRS 9|2:10=113 0.064 1.00 0.065 1.20 0.000 2.25| 0.101 0.065

200 3] 4TETTI0]E 11 13 0.064 1.00 0.065] 1.20 0.000, 2.60] 0.101 0.065

2= 3 4 - 11 12:--- 13 0.064 1.00 0.065 1.20 0.000 3.00 0.101 0.065

257000 3] (T4 T= 8 12] 8813 5913 0.064 1.00 0.065] 1.20 0.000, 3.20] 0.101 0.065

2- 4 5 - 5 6- 13 0.064 1.00 0.000; 1.27 0.070 140, 0.117 0.070

ot 6 7 - 13 0.064 1.00] 0.000 127 0.070; 1.50] 0.123 0.070

* 2= 47 5= 7 8= 13 0.064 1.00 0.000 127 0.070] 175 0.138 0.070
2= 4 5 - 8 9- 13 0.064 1.00 0.070 127 0.000 2.00 0.110 0.070

28= AR S-S 110 =813 0.064 1.00 0.070 1.27 0.000] 2.25| 0.110 0.070

25 AIN 5 =1 0] JE=EN 3 0.064 1.00 0.070 1.27 0.000 2.60| 0.110 0.070

2- 4 5= 11 12 - 13 0.064 1.00 0.070 1.27 0.000 3.00) 0.110 0.070

2= 4 5= 12| 13:-= 13 0.064 1.00 0.070 1.27 0.000 3.20 0.110 0.070

2 - 5 6 - 6f 7 - 13 0.064 1.00 0.000 1.40 0.070] 150, 0.123 0.070

* 2E-IERIG| N6 N 71 8 - 13 0.064 1.00 0.000 1.40 0.070 175 0.138 0.070
A= B @5 8 9 - 13 0.064 1.00 0.070 1.40 0.000 2.00f 0.117 0.070

2= 5| 6 5= 9 10 - 13 0.064 1.00 0.070 1.40 0.000 2.25| 0117 0.070

2 - 5| 6- 100 11 - 13 0.064 1.00 0.070, 1.40 0.000 2.60; 0.117 0.070

2 - 5| 6- 11f 12 - 13 0.064 1.00 0.070 1.40 0.000 3.00, 0117 0.070

20= SIEN 6 = 12130003 0.064 1.00 0.070 1.40 0.000 3.20 0.117 0.070

* 2= 6 7 - 71 8- 13 0.064 1.00 0.000 1.50 0.070 175 0.138 0.070
2 - 6 7 - 8 9- 13 0.064 1.00 0.070, 1.50 0.000 2.00 0.123 0.070

2 - 6] 7= 9] 10 - 13 0.064 1.00 0.070 1.50 0.000, 2.25| 0.123 0.070

288 6 7 - 10 11 - 13 0.064 1.00, 0.070, 1.50 0.000 2.60] 0.123 0.070

2 = 6] 7 - 11 12 - 13 0.064 1.00 0.070 1.50 0.000, 3.000 0.123 0.070

2 - 6 7 - 121 13 - 13 0.064 1.00 0.070 1.50 0.000 3.20| 0.123 0.070

* 20 7| M 8 5= 8|S 9E=0013) 0.064 1.00] 0.070 175 0.000] 2.00 0.138 0.070
* 2= 71 8 - 9] 10 - 13 0.064 1.00 0.070 1.75 0.000 2.25| 0.138 0.070
* 20 )0 8- 10j= 1113 0.064 1.00 0.070 1.75 0.000 2.60| 0.138 0.070
* 71 = 71 8- 1Y 12 - 13 0.064 1.00 0.070 175 0.000] 3.00) 0.138 0.070
2B ) L O = 9 10 - 13 0.115 1.00 0.000 2.00 0.000, 2.25| 0.115 0.115

2 - 8 9- 10 11 - 13 0.115) 1.00 0.000, 2.00 0.000 2.60| 0.115 0.115

2 - 8 9 - 11 12 - 13 0.115 1.00 0.000 2.00 0.000] 3.00] 0.115 0.115

2= SENOE-WN 11 13E=28813 0.115 1.00 0.000 2.00 0.000 3.20 0.11s 0.115

285 9 10 - 100 11 - 13 0.115] 1.00 0.000 2.25 0.000 2.60] 0.115 0.115

2 - 9 10 - 11§ 12 - 13 0.115 1.00 0.000 2.25 0.000 3.00f 0.115 0.115
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GN -1 GN -2 GN -3 Cl F1l C2 F2 C3 F3 EQ Ctu
2= IR 10E=N12|N81 3 R=0N13 0.115 1.00 0.000, 2.25 0.000 3.20] 0.115 0.115
2-— 10011 = 1112 - 13 0.115 1.00 0.000 2.60 0.000, 3.00] 0.115 0.115
2= 1011 F=R 1 28 3RS Y 0.115 1.00 0.000 2.60] 0.000 3.20] 0.115 0.115
22112 5T 1 AT 13513 0.115 1.00 0.000 3.00 0.000 3.20] 0.115 0.115
3= 3 4 E- BT B 5 BN ) 0.000 1.10 0.000 1.20 0.070 1.27] 0.089 0.070
g 3 4 - 5] 6 - 13 0.000 1.10 0.000 1.20 0.070 1.40] 0.098 0.070
SE 3 4 - 6 7 - 13 0.000 1.10 0.000 1.20 0.070, 1.50| 0.105 0.070
sl E| GF 1 8- 13 0.000, 1.10 0.000 1.20 0.070 175 0.123 0.070
3N 3 4 - 8 9 - 13 0.000 1.10 0.065] 1.20 0.000 2.00] 0.078 0.065
& e 3 4 - 9 10 - 13 0.000 1.10 0.065 1.20 0.000 2.25] 0.078 0.065
£l = 3 4- 1 11 - 13 0.000, 1.10 0.065 1.20 0.000! 2.60] 0.078 0.065
£l = IS4 S=EN 11128 -T 13 0.000 1.10] 0.065 1.20 0.000 3.00] 0.078 0.065
& = 33 4- 12 13 - 13 0.000 1.10 0.065 1.20 0.000 3.20] 0.078 0.065
gl O BeriEl Be bk 0.000, 1.10 0.000 127 0.070 1.40] 0.098 0.070
3NN 5 B S T 0.000 1.10 0.000, 1.27 0.070 1.50| 0.105 0.070
3 W R O ot 1] A 8 =R 3 0.000 1.10 0.000 1.27 0.070] 1.75| 0.123 0.070
B 4 5- 8§ 9- 13 0.000 1.10 0.070, 1.27 0.000 2.00] 0.089 0.070
3 - 4 S5="9 10 - 13 0.000 1.10 0.070 1.27 0.000 2.25| 0.089 0.070
3 - 4 5- 100 11 - 13 0.000, 1.10 0.070 127 0.000 2.60| _ 0.089 0.070
e il B BRIl ABl o) Sk 0.000 1.10 0.070, 1.27 0.000 3.00]  0.089 0.070
U S e 12N 1 39T 3 0.000] 1.10 0.070 1.27 0.000] 3.20] 0.089 0.070
£ = 5 6 - N1 0.000, 110 0.000; 1.40 0.070 1.50{ 0.105 0.070
g e SR bR 71 8- 13 0.000 1.10 0.000 1.40 0.070 175 0.123 0.070
3N | 6 ES Elg, dk 0.000 1.10 0.070 1.40 0.000] 2.00] 0.098 0.070
ele LT 30 9 10 - 13 0.000, 1.10 0.070 1.40 0.000, 2.25] 0.098 0.070
3- 5 6-. 104 11 - 13 0.000 1.10 0.070 1.40 0.000 2.60] 0.098 0.070
g o 5 6- 11 12 - 13 0.000 1.10 0.070 1.40 0.000 3.00] 0.098 0.070
Blag & B b iko Ik 0.000, 1.10 0.070 1.40 0.000 3.20] 0.098 0.070
k= il = Atde ak 0.000 1.10 0.000, 1.50 0.070 1.75| 0.123 0.070
& o 7 - g 9- 13 0.000 1.10 0.070 1.50 0.000] 2.00] 0.105 0.070
13 EE o 7= 9 108-013 0.000 1.10 0.070, 1.50 0.000 2.25] 0.105 0.070
IP-E N7 =1 11 3 0.000 1.10 0.070 1.50 0.000 2.60| 0.105 0.070
3 B 78 11112 13 0.000, 1.10 0.070 150 0.000! 3.00] 0.105 0.070
o L Y= Gk} Skls Ok 0.000, 1.10 0.070, 1.50 0.000 3.20] 0.105 0.070
3= 71 8 - 8 9.- 13 0.000 1.10 0.070; 1.75 0.000] 2.00] 0.123 0.070
3= 71 8 - 9 10 - 13 0.000, 1.10 0.070 1.75 0.000 225 0.123 0.070
3 - 71 8- 10 11 - 13 0.000 1.10 0.079 175 0.000 2.60] 0.123 0.070
3 - 77 8- 11 12 - 13 0.000 1.10 0.070 175 0.000 3.00, 0.123 0.070
&= 1 _8- 13 13- 13 0.000) 1.10 0.070 1.75 0.000 3.20{ 0.123 0.070
B 9- 9 10 13 0.058 1.10 0.000 2.00] 0.000 2.25] 0.064 0.058
g} = B] 9- 10 11- 13 0.058 1.10 0.000] 2.00 0.000 2.60] 0.064 0.058
gl g 9- 1] 2- 1B 0.058 1.10 0.000 2.00 0.000 3.00] 0.064 0.058
3= SISO 12198 1 3 R 0.058] 1.10 0.000, 2.00 0.000] 3.20] 0.064 0.058
3- 9 10- 100 11 - 13 0.058 1.10 0.000; 2.25 0.000] 2.60]  0.064 0.058
3= ] 0 RSN 12 =1 3 0.058 110 0.000 2.25 0.000 3.00] 0.064 0.058
3- 9 10- 14 13 - 13 0.058 1.10 0.000 2.25 0.000 3.20] 0.064 0.058
3- 1 11 1 12 - 13 0.058 1.10 0.000, 2.60 0.000, 3.00] 0.064 0.058
3- 10 11 - 12 13 - 13 0.058 1.10 0.000 2.60 0.000 3.20] 0.064 0.058
3.~ 13012 - 1 13 - 13 0.058, 110 0.000, 3.00] 0.000 3.20] 0.064 0.058
4= 4 515" 6i= 13 0.000 1.20 0.000 1.27 0.070 1.40{ 0.098 0.070
4- 4 5- § 7- 13 0.000, 1.20 0.000, 127 0.070 1.50] 0.105 0.070
4 - 4 5 - 7S 13 0.000 1.20 0.000, 1.27 0.070 1.75] 0.123 0.070
4 - 4 5 - & 9 - 13 0.000 1.20 0.070 1.27 0.000, 2.00] 0.089 0.070
4 - 4 5 - 9 10 - 13 0.000, 1.20 0.070, 1.27 0.000] 2.25| 0.089 0.070
4 - 4 5- 10 11 13 0.000] 1.20 0.070, 1.27 0.000] 2.60] 0.089 0.070
4 - 4 5- 1§ 12 - 1 0.000; 1.20 0.070 1.27 0.000 3.00] 0.089 0.070
4 - 4 5- 12 13 - 13 0.000, 1.20 0.070 1.27 0.000 3.20] 0.089 0.070
4 - 5 6 - 7 - 13 0.000 1.20 0.000 1.40 0.070 150 0.105 0.070
4 - 9. 6= ol e Sk 0.000, 1.20 0.000 1.40 0.070, 1.75| 0.123 0.070
4 - 8 6= el o Ik 0.000, 1.20 0.070, 1.40 0.000] 2.00] 0.098 0.070
4 5 6 - 9 10 - 13 0.000 1.20 0.070 1.40 0.000 2.25| 0.098 0.070
4 - § 6- 10 11 - 13 0.000, 1.20 0.070 1.40 0.000] 2.60] 0.098 0.070
G S e SRRkl s Gk 0.000 1.20 0.070, 1.40 0.000 3.00] 0.098 0.070
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GN -1 GN -2 GN -3 Cl F1 C2 F2 C3 F3 EO Ctu
4 - 5] 6- 124 13- 13 0.000 1.20 0.070 1.40 0.000, 3.20| 0.098 0.070
4 - 6] 7 - 74 8= 13 0.000 1.20 0.000 150 0.070 1.75] 0.123 0.070
4 - 6li 7 - IMNON=7 13 0.000 1.20 0.070] 1.50 0.000 2.00] 0.105 0.070
4EERIE) N7 8= 9] 10 - 13 0.000 1.20 0.070] 1.50 0.000, 2.25| 0.105 0.070
4 - 6] 7- 10| 11 - 13 0.000, 1.20 0.070 1.50 0.000, 2.60] 0.105 0.070
Ai=S el N7E- 1T INA25=2 113 0.000, 1.20 0.070 1.50 0.000 3.00] 0.105 0.070
45" 6l 7i= 12)0130-0 13 0.000, 1.20 0.070] 1.50 0.000 3.20] 0.105 0.070
4- 7] 8- 8 9- 13 0.000 1.20 0.070 1.75 0.000 2.00] 0.123 0.070
4- 7] 8- 9] 10 - 13 0.000 1.20 0.070 1.75 0.000 2.25| 0.123 0.070
4- 7] 8- 10} 11 - 13 0.000, 1.20 0.070 1.75 0.000, 2.60| 0.123 0.070
4 - 7] 8- 11} 12 - 13 0.000 1.20 0.070 175 0.000; 3.00] 0.123 0.070
A=/ [N 8 I 21365813 0.000 1.20 0.070 1.75 0.000 3.20| 0.123 0.070
4 - 8 9- 9] 10 - 13 0.065| 1.20 0.000 2.00 0.000, 2.25| 0.078 0.065
4 - 8 9- 101 11 - 13 0.065 1.20 0.000 2.00 0.000] 2.60] 0.078 0.065
4 - 8|08 11812555013 0.065 1.20 0.000] 2.00 0.000; 3.00f 0.078 0.065
ARSI g OE = 1 O[S 30E 13 0.065 1.20 0.000 2.00 0.000, 3.20; 0.078 0.065
4 - 9 10- 10| 11 - 13 0.065 1.20 0.000 2.25 0.000 2.60| 0.078 0.065
4 - 9] 10 - 11f 12 - 13 0.065 1.20 0.000] 2.25 0.000 3.00] 0.078 0.065
4 - 9] 10 - 12 13 - 13 0.065] 1.20 0.000] 2.25 0.000 3.20| 0.078 0.065
4 - 10/ 11 - 11| 12 - 13 0.065] 1.20 0.000 2.60 0.000 3.00, 0.078 0.065
4 - 10/ 11 - 12| 13 - 13 0.065 1.20 0.000 2.60 0.000 3.20 0.078 0.065
4- 111112 = 12} 13- 13 0.065 1.20 0.000 3.00 0.000 3.20] 0.078 0.065
5 & SE6E-T 6| SN 5. 13 0.000 127 0.000 1.40 0.070 1.50] 0.105 0.070
5= 5{ 6- 71 8- 13 0.000 1.27 0.000 140 0.070, 175 0.123 0.070
S - SIN6E - W SIS Q=113 0.000 127 0.070 1.40 0.000, 2.00] 0.098 0.070
SRR SN 6 - N 9 HE1OE=113 0.000 1.27 0.070 1.40 0.000 2.25| 0.098 0.070
5- 5 6- 10f 11 - 13 0.000 1.27 0.070 1.40 0.000, 2.60| 0.098 0.070
SE= 5] 6- 11| 12 - 13 0.000 127 0.070, 1.40 0.000 3.00] 0.098 0.070
SEEa SlIEeE-— 121813551 013 0.000, 1.27 0.070 1.40 0.000, 3.20; 0.098 0.070
5 - 678 7] 8 - 13 0.000 1.27 0.000 1.50 0.070 175) 0.123 0.070
5 - 6] 7- 8 9- 13 0.000 1.27 0.070) 150 0.000 2.00] 0.105 0.070
5 - 6] 7 - 9] 10 - 13 0.000 1.27 0.070 1.50 0.000, 2.25| 0.105 0.070
SE-NEUIG]IEN7 2 SN 10| 811550013 0.000 1.27 0.070 1.50 0.000 2.60] 0.105 0.070
SE=RNNIGHIN7E=E 1 1181 2013 0.000, 1.27 0.070 1.50 0.000 3.00] 0.105 0.070
SE=RNI6EN7 8= 012}8131=8013 0.000 1.27 0.070] 1.50 0.000 3.20] 0.105 0.070
SE= 7| 8L 8| 9E=ST113 0.000 1.27 0.070] 1.75 0.000 2.00] 0.123 0.070
e ) IS ]|l SRk 0.000 1.27 0.070 1.75 0.000 2.25| 0.123 0.070
5 - 7| SNEE= 0] S5 1913 0.000 1.27 0.070 175 0.000 2.60] 0.123 0.070
5 - 7] 8 - 11 12 - 13 0.000 127 0.070 175 0.000 3.00 0123 0.070
SEE 7] 8 - 12| 13 - 13 0.000 127 0.070 1.75 0.000 3.20| 0.123 0.070
5- 8 9- 9 10- 13 0.070 1.27] 0.000 2.00 0.000 2.25] 0.089 0.070
SE 8 9- 10 11 - 13 0.070 1.27 0.000 2.00 0.000] 2.60] 0.089 0.070
8 = 8 9 - 11f 12 - 13 0.070 1.27 0.000, 2.00 0.000 3.00] 0.089 0.070
SEE 8 9 - 12f 13 - 13 0.070 1.27 0.000 2.00 0.000 3.20] 0.089 0.070
Si= 9 10 - 10] 11 - 13 0.070 1.27 0.000 2.25 0.000, 2.60] 0.089 0.070
SE= 9 10 - 11] 12 - 13 0.070 1.27 0.000 2.25 0.000 3.00] 0.089 0.070
5 - 9] 10 - 12 13 - 13 0.070 1.27 0.000 2.25 0.000; 3.20| 0.089 0.070
S- 10 11 - 13f 12 - 13 0.070 1.27 0.000 2.60 0.000 3.00] 0.089 0.070
5- 10f 11 - 12f 13 - 13 0.070 1.27 0.000] 2.60 0.000 3.20] 0.089 0.070
5- 11 12 - 12f 13 - 13 0.070 127 0.000 3.00 0.000 3.20] 0.088 0.070
6 - 6 7 - Ul Bls Sk 0.000 1.40 0.000 1.50 0.070 175 0.123 0.070
6 - 6] 7- 8 9- 13 0.000 1.40 0.070 1.50 0.000 2.00] 0.105 0.070
6 - 6] 7- 9 10 - 13 0.000 1.40 0.070 150 0.000 2.25| 0.105 0.070
6 - 6] 7 - 10 11 - 13 0.000 1.40 0.070 1.50 0.000 2.60] 0.105 0.070
6- 6 7- 11 12 - 13 0.000 1.40 0.070 1.50 0.000 3.00] 0.105 0.070
6 - 6 7- 12| 13 - 13 0.000 1.40 0.070 1.50 0.000 3.20f 0.105 0.070
6 - 71 8- 8 9- 13 0.000, 1.40 0.070 1.75 0.000 2.00] 0.123 0.070
6- 7] 8- 9 10- 13 0.000, 1.40 0.070 175 0.000 2.25| 0.123 0.070
6- 7] 8- 10/ 11 - 13 0.000 1.40 0.070 1.75 0.000, 2.60] 0.123 0.070
6- 71 8- 11 12 - 13 0.000 1.40 0.070 1.75 0.000, 3.00 0.123 0.070
6- 7] 8- 12 13 - 13 0.000 1.40 0.070 1.75 0.000 3.20 0.123 0.070
6- 8 9- 9 10- 13 0.070 1.40 0.000] 2.00 0.000 2.25| 0.098 0.070
6 - 8 9= 10 11- 13 0.070 1.40 0.000] 2.00 0.000 2.60] 0.098 0.070

239




Supplement 9

GN -1 GN -2 GN -3 C1 F1 C2 F2 C3 F3 EO Ctu
6 - S| OS] ] 21 3 0.070 1.40 0.000 2.00 0.000 3.00] 0.098 0.070
6| - 8 9 2] 0813 =013 0.070 1.40 0.000 2.00 0.000 3.20] 0.098 0.070
6 - 9] 10 - 10f 11 - 13 0.070 1.40 0.000 2.25 0.000 2.60] 0.098 0.070
SHE 9 10 - 11) 12 - 13 0.070 1.27 0.000 2.25 0.000 3.00] 0.089 0.070
6 - 9| 10 - 12) 13 - 13 0.070 1.40 0.000 2.25 0.000 3.20| 0.098 0.070
6 - 10} 11 - 11} 12 - 13 0.070 1.40 0.000 2.60 0.000 3.00] 0.098 0.070
6 - 10 11 - 12| 13 - 13 0.070 1.40 0.000 2.60 0.000 3.20] 0.098 0.070
6 - 11) 12 - 12| 13 - 13 0.070 1.40 0.000 3.00 0.000 3.20; 0.098 0.070
78 7] 8 - 8 9- 13 0.000 1.50 0.070 1.75 0.000 2.00 0.123 0.070
7 - Il [§e 9] 10 - 13 0.000 1.50 0.070 1.75 0.000 2.25| 0.123 0.070
7 - 71 8- 10] 11 - 13 0.000 1.50 0.070 1.75 0.000 2.60| 0.123 0.070
7B 7|1 8 ST 11 | 1 2 o1 3 0.000 1.50 0.070 175 0.000 3.00] 0.123 0.070
1/ 7] S ] 2151 3N 13 0.000! 1.50 0.070 175 0.000 3.20p 0.123 0.070
7 - 8 9 - 9] 10 - 13 0.070 1.50 0.000 2.00 0.000 2.25| 0.105 0.070
78 8|0 F-NE] O[N] 15NN 3 0.070 1.50 0.000 2.00 0.000 2.60| 0.105 0.070
Yot B Icl o S0lFabae SE 0.070 1.50 0.000 2.00 0.000 3.00] 0.105 0.070
L= 8 9 - 12 13 - 13 0.070 1.50 0.000 2.00 0.000 3.20| 0.105 0.070
7 - 9] 10 - 10f 11 - 13 0.070 1.50 0.000 2.25 0.000 2.60[ 0.105 0.070
i7EC 9 10 - 11 12 - 13 0.070 1.50 0.000 2.25 0.000 3.00] 0.105 0.070
7 - 9] 10 - 12] 13 - 13 0.070 1.50 0.000 2.25 0.000 3.20] 0.105 0.070
74501055 1E-TNE] 1|20 T 3 0.070 1.50 0.000 2.60 0.000 3.00p 0.105 0.070
7= 10 "11 =5 12] 13-= 13 0.070 1.50 0.000 2.60 0.000 3.20| 0.105 0.070
78 11| Ne12 NN 12|01 3001 3 0.070 1.50 0.000 3.00 0.000 3.20| 0.105 0.070
8= 8 9 - 9] 10= 13 0.070 1.75 0.000 2.00 0.000 2.25| 0.123 0.070
8 - S|S0 O 1= 113 0.070 175 0.000 2.00 0.000 2.60| 0.123 0.070
8 - S| IROEEIN1 11 25N 3 0.070 175 0.000 2.00 0.000 3.00p 0.123 0.070
8 .- Gl Bl obl] Skl “TE 0.070 1.75 0.000 2.00 0.000 3.20 0.123 0.070
8 - 9] 10- 10} 11 -© 13 0.070 175 0.000 2.25 0.000 2.60p 0.123 0.070
8 - 9] 10 - 11] 12 - 13 0.070 175 0.000 2.25 0.000 3.00 0.123 0.070
8 - 105 12| 135013 0.070 175 0.000 2.25 0.000 3.20 0.123 0.070
8 - 101 11 - 11} 12 - 13 0.070 1.75 0.000 2.60 0.000 3.00f 0.123 0.070
8- 10/ 11 - 12 13 - 13 0.070 175 0.000 2.60 0.000 3.20 0.123 0.070
8 - 11} 12 - 12 13 - 13 0.070 175 0.000 3.00 0.000 3.20p 0.123 0.070
9 - 9] 10 - 10] 11 - 13 0.000 2.00 0.000 2.25 0.000 2.60] 0.000 0.000
9. 9| 10 - 11} 12 - 13 0.000 2.00 0.000 2.25 0.000 3.00] 0.000 0.000
9 - 9] 10 - 12| 13 - 13 0.000 2.00 0.000 2.25 0.000 3.20] 0.000 0.000
9 - 10| 11 - 11} 12 - 13 0.000 2.00 0.000 2.60 0.000 3.00] 0.000 0.000
9- 10/ 11 - 12| 13 - 13 0.000 2.00 0.000 2.60 0.000 3.20; 0.000 0.000
9 - 11} 12 - 12§ 13 - 13 0.000 2.00 0.000 3.00 0.000 3.20] 0.000 0.000
10 - 10] 11 - 11} 12 - 13 0.000 2.25 0.000 2.60 0.000 3.00] 0.000 0.000
10 - 10f 11 - 12] 13 - 13 0.000 2.25 0.000 2.60 0.000 3.20] 0.000 0.000
10 - 11] 12 - 12] 13 - 13 0.000 2.25 0.000 3.00 0.000 3.20| 0.000 0.000

The Basic seismic capacity index E, is calculated by ductility dominant equation of each floor can be
calculated in the same procedure.
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3.4 The Irregularity Index S,
(1) The center of gravity

F-5 is set as an origin of coordinates. Below shows the distances from the origin and the axial forces of
the columns.

E (2
6 0 & .5lm—0, 23m|[10.00m 0. OOm? 0 Q

-9. 06rm 0. 38m TG
7 C1-D C2-A 5 71 0. 24m
-8.24 (W
0.00m -3.67m
gt 56 @
.95m
)
4.31m~-6.61m
2/ 81m ~12. 89m
O
.
11.34m -19. 02m
C1-B @)
9.88m -25. 15m

A COLUMN LAY OUT
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distances from the origin

242

1 2 3 4 5 6 7 8 9
Lx(m) | ty(m) | tx{m} | Ly(m} | Le(m} | ty{m) | be(m) | ty(m) | i) ] ty(m) | ofm) [ Lytm | ixim) [ Ly(m) | ixim) [ ty(m) | txm) | Ly(m)
; c1 D C2-A C1-D iy
-9.06] -038 -551 -023] o000 o000 571 024 9.19] 039
. ciD C1-D
-8.24] -2.98 8.54] -2.05
5 C1B c1-C C2-A a [ s a C2-A c2C c1-8
1379] -7.95 -1057] -695] -7.32] 594 -a.04] -493] 000] -367 456] -461 7.70] -5.26] 11.08] -5.95| 14.31 -6.61
. C1-B C1-F CLE ca c4 C1-F C1-B
-11.86 -14.01] -8.64] -13.11] -5.39] -12.10] -2.12] -11.08| 3.06] -10.89 9.58] -12.23] 12.81] -12.89
. c1
B
-8.06 -14.96
N c1
-7.47| -16.85
5 C1-8 C1-F C1-E cs [ CIF | c18
-9.98] -20.12] -6.76] -19.12[ -3.51] -18.11] -0.24] -17.09 1.59] -17.02 8.11] -18.36] 11.34| -19.02
R C1-A C1B C1-B c2-C C1B c18 | ClA
-8.11] -26.12] -4.92] -25.10] -2.23] -24.23 0.77] -23.27 3.93] -23.92] 6.65] -24.48] 9.88] -25.15
Axial forces 1F{Ground Floor)
1 2 3 a 5 5 7 8 9
(kN} (kN) (kN) (kN} (kN} (kN) (kN) (kN} (kN}
z a1 [EE?) C2-A €1-D c1
450 775 1125 775 450
o CL-D C1-D
: 775 775
= C1B ci-C A =} c28 [&] C2A c2-C C1B
645 775 1125 1500 1125 1500 1125 938 645
c c18 C1F CLE c4 4 Cif Ci-8
645 1025 1025 1800 1800 1025 645
- c1
= 450
T c1
450
. c18 C1F CIE cs [ CiF C1-8
645 1025 1025 900 900 1025 645
A CL-A C1B C1-B c2C C18 C18 C1-A
375 645 645 938 645 645 375
IN=

33801 kN
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HN-Lx 1F{Ground Floor)

1 | 2 3 4 s 6 7 8 | 9
(kN°m) [ (kN'm) {(kN<m) {(kN*m) (kN -m) (kN*m} (kN*m) (kN°m) | (kN-m)
Ccl C1-D CZ-A C1-D C1
7 450°-9.06 775%-5.51 1125*0 775*5.71 450*9.19
E €1-0 €1-D
775%-8.24 775*8.54
o C1-8 C1-C C2-A c3 C2-8 (ex] C2-A C2-C Cl-B
645*-13.79 775*-10.57 1125*-7.32 1500%-4.04 1125*0 1500*4.56 1125*7.7 938*11.08 645*14.31
c Cl-8 C1-F C1-E C4 Cc4 Ci-F C1-8
645*-11.86 1025*-8.64 1025*-5.39 1800°*-2.12 1800*3.06 1025*9.58 645*12.81
T [=1
450*-8.06
- cl
450*-7.47
8 C1-8 C1-F Cl-E c5 Cc5 C1-F C1-B
645*-9.98 1025*-6.76 1025*-3.51 900°-0.24 500°*1.59 1025*8.11 645%11.34
A Cl-A C1-B Cl-8 C2-C C1-B Ci-B Cl1-A
375*-8.11 645*-4.92 645*-2.23 938*0.77 645*3.93 645*6.65 375%9.88
-26023 -34139 29258 -14362 722 18204 21951 32815 28512
sum Grid 1 sum Grid 2 sum Grid 3 sum Grid 4 sum Grid 5 sum Grid 6 sum Grid 7 sum Grid 8 sum Grid 9
IN-Lx=
BN-Ly  1F{Ground Floor)
1 | 2 3 4 5 3 7 8 | ]
(kN+m} | {kN-m} (kN*m) {kN*m) (kN-m) (kN *m} {kN-m) {kN-m) I (kN*m)
£ Cc1 C1-D C2-A Cl-D C1
450*-0.38 775%-0.23 1125*0 775%0.24 450*0.39
£ Cl-D C1-D
775%-2.98 775*-2.05
D Cl-B C1-C C2-A (ex] C2-8 Cc3 C2-A C2-C Cl-B
645*-7.95 775*-6.95 1125°-5.94 1500%-4.93 1125*-3.67 1500*-4.61 1125*-5.26 938*-5.95 645*-6.61
c Cl-8 C1-F C1-E c4 c4 C1-F C1-B
645*-14.11 1025*-13.11 1025*-12.1 1800*-11.08 1800*-10.89 1025*-12.23 645*-12.89
o [
450*-14.96
T c1
450*-16.85
8 C1-B i C1-F Cl1-E c5 Cc5 C1-F C1-8
645*-20.12 1025*-19.12 1025*-18.11 900*-17.09 900*-17.02 1025*-18.36 645*-19.02
A C1-A ClB Ci1-B C2-C Cl-B C1-B Cl-A
375*%-26.12 645*-25.1 645%-24.23 938*-23.27 645°-23.92 645%-24.48 375%-25.15

243

-1578 kN*m

12 sum GridF

-3898 sum GridE

-51397 sum GridD

-95337 sum GridC

-6732 sum GridB"

-7583 sum GridB'

-112924 sum Grids

-104089 sum GridA

\ 4

IN-ly= -381948.21 kN-m
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Distance to the center of gravity from the origin of each direction is obtained by dividing the total value of

all directions with the total weight, which the floor is holding.

IN-Lx= -1578.25 kN*m
SN+ly=  -381948.21 kN-m
Gx= EIN+Lx/EN= -1578.25 / 33801 = -0.047 m
Gy=  EIN-Ly/IN= -381948.21 / 33801 = -11.300 m
® ® ® @ 5@
- 1C2-A
| c2-8
u
“ >
A [G)
XC4 o — s
G (Centerof gravity)
|
\ Gx=47
c5 y
\{/cs
Y
-8 B2C  Joi-s
-B R &
W
X ey ’
AV
4™ COLUMN LAY OUT
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(2) The center of stiffness

This calculation method is a simple one that takes the sectional area and the stiffness of column into
consideration.

Below shows the distances from the origin and the stiffness of each column is shown below

® ® & ® ©®__ @

9.06m 30.38m 5. 51m -0 23m 0. 00m 0. 00m —
Rl \¢1-D C2-A 5710 24m

4. 31m-6.61m

2 81m -12.89m

F—©

11.34m -19.02m

3.93m-23.p2m  FCToRQ@
. X 92rm-25. 10
X % -92m m 9. 88m ~25. 15m

4™ COLUMN LAY OUT
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distances from the origin

1 2 3 4 5 6 7 8 9
Lx(m) [ Ly(m) | tx(m} | Ly(m] | tx(m) | Ly(m) | ix{m} | Ly{m) | tefm) ] ty{m) | i}  tytm) | oxtm) [ Ly(em) | ixtm) [ ty(m) [ tx(m) ] Ly(m)
. c1 C1-D C2-A C1-D c1
9.06] -038] -551 -023] o000 000 571 o024 919 039
: C1-D C1-D
-8.24] -2.98 8.54] -2.05
R C1-8 C1-C C2A =] C2-8 c3 C2-A C2-C C1-B
13.79] -7.95 -10.57] -6.95| -7.37] -5.94] -404] -4.93 000] -3.67] 4.56] 461 7.70] -5.26] 11.08] -5.95 1431 -6.61
c C1-B C1-F ClE c4 ca C1-F C1-B
-11.86] -14.11] -864] -13.11] -5.39] -12.10] -2.12 -11.08 3.06] -10.89) 9.58] -12.23] 12.81] -12.89)
c1
g
-8.06] -14.96
o c1
-7.47| -16.85
. c1-8 Cl-F C1-E cs ] [ CL-F c1-8
-9.98] -20.12] -6.76] -19.12] -3.51] -18.11] -0.24 -17.09 1.59] -17.02 8.11] -18.36] 11.34] -19.02
A C1-A C1-B C1-B c2-C c1-8 C1-B Cl-A
-8.11] -26.12] -a.92] -25.10] -2.23] -24.23 0.77] -23.27) 3.93] -23.92] 6.65] -24.48] 9.88] -25.15
section area of column Dx=Dy (mli
1 2 3 4 5 6 7 8 E)
(m?) (m?) (m?) (m?) (m?) (m?) (m?) (m?) (m?)
3 a1 c1-D C2-A C1-D [=1
0.1800 0.1800 0.1800 0.1800 0.1800
: C1D C1D
0.1800 0.1800
e C1B ci-C C2A a €28 [&] C2-A c2-C €18
0.1800 0.1800 0.1800 0.1800 0.1800 0.1800 0.1800 0.1800 0.1800
z c18 C1F CLE ca c4 C1-F C1-B
0.1800 0.1800 0.1800 0.1936 0.1936 0.1800 0.1800
= [
5 0.1800
. c1
. 0.1800
. C1-8 C1-F _ CLE [ s C1F c18
0.1800 0.1800 0.1800 0.1089 0.1089 0.1800 0.1800
A Cl-A c18 C1B 2-C C1B C1-B C1-A
0.1800 0.1800 0.1800 0.1800 0.1800 0.1800 0.1800
IDx=IDy=
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Multiply stiffness (section area of column) and distance in X and Y direction respectively and then sum
them in each X and Y direction separately. Note that when calculating the center of stiffness that affects
in X direction, it is to multiply the stiffness in X direction and the distance in Y direction. Vice versa for
Y direction.

Effect of Y direction
WDy Lx  1F(Ground Floor)

1 2 3 4 5 6 7 8 9
{m*-m) (m?-m) (m?+m) (m?-m) {m?-m) {m?*+m) {m*-m) (m?*m) (m?:m)
E Cc1 C1-D C2-A Cl-D C1
0.18%-9.06 0.18*-5.51 0.18*0 0.18*5.71 0.18*9.19
E C1-0 €1-D
0.18*-8.24 0.18*8.54
D C1-8 C1-C C2-A c3 C2-8 3 C2-A C2-C C1-B
0.18*13.79 0.18*-10.57 0.18%-7.32 0.18%-4.04 0.18%0 0.18%4.56 0.18°7.7 0.18*11.08 0.18*14.31
C C1-B C1-F C1-E C4 C4 Cl-F Cl1-8
0.18*-11.86 0.18*-8.64 0.18*-5.39 0.1936*-2.12 0.1936*3.06 0.18*9.58 0.18*12.81
- c1
0.18*-8.06
r c1
B 0.18*-7.47
8 C1-B C1-F C1-E CcS5 Cc5 C1-F Ci-B
0.18%-9.98 0.18%-6.76 0.18%-3.51 0.1089°-0.24 0.1089*1.59 0.18*8.11 0.18*11.34
A Cl-A C1-B C1-8 C2-C Cl-B Cl1-8 C1-A
0.18*-8.11 0.18*-4.92 0.18%-2.23 0.18°0.77 0.18*3.93 0.18*6.65 0.18*9.88
-7.87 -8.36 -6.44 -2.16 0.14 261 528 6.38 870
sum Grid 1 sum Grid 2 sum Grid 3 sum Grid 4 sum Grid 5 sum Grid 6 sum Grid 7 sum Grid 8 sum Grid 9 ‘

IDy-Ly= L7l miem
Effect of X direction
WDx*Ly 1F{Ground Floor}

1 2 3 4 5 3 7 8 9
{m* m) (m*-m) {m?+m) (m?«m) {m*-m) {m*sm) {m*-m) {m®m) (m?-m)
- c1 C1-D C2-A Ci-D c1
0.18%-0.38 0.18°-0.23 0.18*0 0.18%0.24 0.18%0.39 0.00 sum GridF
E Ci-0 C1-p
0.18*-2.98 0.18*-2.05 -0.91 sum GridE
o C1-8 C1-C C2-A c3 C2-B c3 C2-A C2-C C1-B
0.18*-7.95 0.18%-6.95 0.18*-5.94 0.18*-4.93 0.18%-3.67 0.18*-4.61 0.18*-5.26 0.18°-5.95 0.18°-6.61 -9.34 sum GridD
@ C1-B CL-F C1-E ca ca C1-F C18
0.18*-14.11 [ 0.8%1311 | 0.18%12.1 | 0.1936*-11.08 0.1936*-10.89 0.18*-12.23 | 0.18°-12.89 | -15.85 sum GridC
- c1
0.18*-14.96 -2.69 sum GridB"
- c1
0.18*-16.85 -3.03 sum GridB'
s C1-8 C1-F C1-E [ Cs C1-F C1-B
0.18*-20.12 | 0.18%19.12 | 0.18*1811 | 0.1089%-17.09 0.1089*-17.02 0.18*-1836 | 0.18*-19.02 | -20.77 sum Grid@
A C1-A C1-B C1-B (X d C1-8 C1B Ci-A
0.18*-26.12 | 018*251 | 0.18*-24.23 0.18%-23.27 0.18*-23.92 | 0.18*-24.48 | 0.18*-25.15 | -31.01 sum GridA

4

IDysly= -83.59 miem
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Distance from the origin of each direction to the center of rigidity of a building is obtained by dividing
the total value of one direction with the total rigidity of that direction.

Dy Lx= 171 miem
IDx:Ly= -83.59 m’em
Sx= IDy" Lx/IDy= -171/ 6.905 = -0.247 m
Sy= IDx " Ly/IDx= -83.59 / 6.905 = -12.106 m
C2-A
C2-B

(0
!

& T
B! 04 S (Center of stifness)
C1-E

Sx=247 1-B e
5] |
\ | [cs )

nC2-C

Sy=12106

X 4N GOLUMN LAY OUT
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(3) The Eccentricity ratio

Gx=

-0.047 m Sx= -0247 m @ S: Center of stiffness
Gy= -11.3 m Sy= -12.106 m QO G: Center of gravity
ex=|Gy-Sy|=| -12.106 | -| -11300 | = 0.806 m
ey= | Gx-Sx | =| -0.247 | - | -0047 | = 0.200 m
= C2-A
C2-B
/Eb\ y @
11,
18 g
~ b C1-B
“ 5 5 ~@
W >
8 | sxda7 ©
A
1
Gx=47
.‘-,.‘
—S -‘g C4 'I'I
1]
J
ey=200 i B
x 1-B
C5
C5 4
C1-E 3 &
1)
C1-B @
01-B pl2c 1c1-B
\-B R & f G1-A
C W o
- S
X
4\ COLUMN LAY 0UT
distances from the center of stiffness
1 2 3 4 5 6 7 8 9
bx(m) | ty(m) | tx(m) [ ty(m) | ox(m) ] ty(m) | wx(m) ] tytm) | x(m) ] ty(m) | txim) T ty(m) | tx(m) T ty(m) | ix{m) [ Ly(m) | ix(m) ] Ly(m)
; ci C1D C2-A LD al
88| 11.73] 526 11.88] 0.25] 12.11] 5.96] 12.35] 9.44] 1250
¢ GLONN C1-D
7.99] 9.13 8.79] 10.06
R T c1-c C2A a3 [ c2B a3 C2A c2-C C1B
13.54] 416 1032] 56| 707 6.a7] 379 7.18] 0.25] 844 481 750 7.95 .85 1133] 6.16] 14.56] 5.0
c C1B CiF Ci-E ca ca Ci-F ci-8
1161] -2.00[ 839 -1.00} 514 o0.01] 187 1.03 331 1.2 9.83] -0.12| 13.06] -0.78
g o [
7.81] -2.85
: c1
B
7.22] -4.74
8 C1-8 C1-F C1-E c5 | [ Ci-F C18
973| -801] 651 -7.01] 3.26] -6.00] 0.01] -4.98 184 -4.91 8.36] -6.25| 11.59] -6.91
R C1-A C1B C1-B c2C Ci-B C1-B C1-A
7.86] -14.01] 467] -12.99] 193] -12.12 1.02[ -11.16 418| -11.81] 6.90] -12.37] 10.13] -13.04
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250

Dx=Dy (m?)
1 2 3 4 5 & 7 B8 g
{m’) (m?) (m’) (m?) (m?) (m?) (m?) (m?) (m?
5 C1 €1-D C2-A C1-D C1
0.1800 0.1800 0.1800 0.1800 0.1800
£ C1-D C1-D
0.1800 0.1800
o C1-8 C1-C C2-A 3 C2-B 3 C2-A c2-C Cci-8
0.1800 0.1800 0.1800 0.1800 0.1800 0.1800 0.1800 0.1800 0.1800
c Cl-B C1-F Cl-£ C4 ca C-F C1-B
0.1800 0.1800 0.1800 0.1936 0.1936 0.1800 0.1800
; a1
B 0.1800
- c1
B 0.1800
8 C1-B Cl-F Ci-E s €5 Ci-F Ci1-8
0.1800 0.1800 0.1800 0.1089 0.1089 0.1800 0.1800
A Cl-A Ci-B C1-B c2-C C1-B Cl-8 C1-A
0.1800 0.1800 0.1800 0.1800 0.1800 0.1800 0.1800
IDx=IDy= 6.905 m?
WDx-Ly’ 1F(Ground Floor)
1 2 3 4 5 6 7 B8 9
(ml_ml) (ml_ml) (mZ_mZ) ‘ml_ml) (ml.ml) (ml.ml) (mZ_ml) (ml.mZ) (ml_ml)
E 1 C1-D C2-A C1-D C1
0.18*11.7372 | 0.18*11.88*2 | 0.18%12.11*2 | 0.18*12.35°2 | 0.18%*12.52 132.15 sum GridF
e C1-D C1-D
0.18%9.132 0.18*10.06"2 33.22 sum GridE
D C1-8 Ci-C C2-A Cc3 C2-B c3 C2-A C2-C Ci-8
0.18%4.16/2 0.18*5.16~2 0.18%6.1772 0.18*7.18%2 0.18%8.4472 0.18%7.5°2 0.18%6.85%2 0.18%6.16%2 0.18*5.5°2 67.71 sum GridD
¢ C1-8 C1-F CL-E ca Cc4 C1-F C1-8
0.18%-2/2 0.18%-172 0.18%0.0122 | 0.1936%1.03~2 0.1936%1.2272 0.18%-0.1222 | 0.18*-0.78"2 1.51 sum GridC
- ci
0.18*-2.85"2 1.46 sum GridB"
- 31
0.18*-4.74%2 4.04 sum GridB'
B C1-8 CI1-F CL-E c5 c5 C1-F Cl1-B
0.18*-8.01*2 | 0.18*-7.01%2 0.18*-6*2 | 0.1089*-4.98"2 0.1089*-4.9142 0.18%-6.25°2 | 0.18*-6.912 47.83 sum GridB
A Cl-A Cl-8 C1-B Cc2-C C1-B Ci-8 Cl-A
0.18%-14.0142 | 0.18*-12.99%2 | 0.18%-12.1272 0.18*-11.16"2 0.18%-11.8172 | 0.18*-12.3742 | 0.18*-13.04*2 | 197.82 sum GridA
Ix=EDx-Ly’= 485.73 m?-m’
WDy-Lx’* 1F{Ground Floor)
1 2 3 4 5 6 7 8 9
(mz_mz) (mz_mz) (mz.mz) (mz_mz) (mz_mz) (ml'mi) (mz,mz) (ml_ml) (mz_mz)
E Ci C1-D C2-A C1-D Cl
0.18*8.8172 0.18*5.26%2 0.18°0.25%2 0.18*5.96"2 0.18*9.44*2
£ C1-D C1-D
0.18*7.992 0.18*8.7942
D C1-B C1-C C2-A [oc] C2-8 Cc3 C2-A C2-C C1-B
0.18%13.54%2 | 0.18*10.32°2 | 0.18*7.07"2 0.18%3.79~2 0.18*0.25%2 0.18%4.81*2 0.18%7.95%2 0.18*11.33%2 | 0.18*14.56*2
c C1-8 Ci-F C1-E C4 C4 C1-F C1-8
1! 0.18*11.6172 | 0.18*8.39"2 0.18°5.142 | 0.1936*1.8772 0.1936%3.312 0.18*9.83/2 0.18*13.06"2
- c1
0.18*7.81"2
. ci
0.18*7.22°2
B C1-B CL-F C1-E c5 Cc5 C1-F C1-8
0.18*9.732 0.18%*6.51"2 0.18*3.26°2 | 0.1089*0.01°2 0.1089*1.84"2 0.18*8.36%2 0.18*11.59°2
A C1-A €1-8 Ci-8 C2-C C1-B Ci-B C1-A
0.18*7.86%2 0.18%4.67"2 0.18%1.98"2 0.18*1.02"2 0.18%4.18~2 0.18*6.9°2 0.18*10.13"2
85.42 6376 41.83 8.24 021 13.05 44.47 61.65 11151 ‘
sum Grid 1 sum Grid 2 sum Grid 3 sum Grid 4 sum Grid 5 sum Grid 6 sum Grid 7 sum Grid 8 sum Grid 9
ty=EDy-Lx’= 430,14 m®-m’
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Torsional stiffness

Ky=Ix-+ly
Ky: Torsional stiffness
IX: 5Dx - Ly?
ly: 5Dy~ Lx’
Ix=5Dx * Ly?= 485.73 m*+ m?
|y=sz- Lx2= 430.14 mz' m2
K= Ix+ly= 48573 + 430.14 = 915.88 m*+m?

Spring radius
Obtain the spring radius to be used for evaluating the earthquake-load of X and Y directions from the torsional stiffness.

Tex =/ Kr/ZDx rey =/ Ky/IDy

rex: Spring radious for X direction
rey: Spring radious for Y direction

Fex = +/915.88/6.905 - 11517  m
ey = 4/915.88/6.905

11.517 m

Eccentricity ratio
Eccentricity is evaluated by the ratio of eccentric distance and spring radius that obtained.Balculation example is as shown below.

R

o= eX[r,= 0806 /11517 0.070 =015

Rey=  ey/fe= 0200 / 11517

0.017 =0.15

Rex: Eceentricity ratio for Xdirection
Rey: Eceentricity ratio for Ydirection
Eccentricityi  Gi=1.0for Re<0.15
Gi=0.8 for Re20.30
Gi is set by interporation for 0.15<Re<0.3

The eccentricity ratio can be calculated in the same procedure.

Table § 9.9 The Eccentricity Ratio and G,

Rex Gl
6F | 5thFloor 0.437 >0.15 GI=0.8
SF| 4thFloor 0.136 < 0.15 GI=1.0
4F |  3rd Floor 0.102 = 0.15 Gl=1.0
3F| 2nd Floor 0.086 =< 0.15 GI=1.0
2F 1st Floor 0.076 = 0.15 Gl=1.0
1F | Ground Floor 0.070 = 0.15 Gl=1.0
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(4) The (Stiffness/mass) Ratio of Above and Below Stories

Stiffness balance of upper and lower floors of the building can be evaluates by comparing the
stiffness/mass-ratio of upper and lower floors. Calculation is shown below.

IWi(kN) N (N-[13)/N

5th Floor 6 3210 1 2.000

4th Floor 5 9949 2 0.500

3rd Floor 4 15918 3 0.667
2nd Floor 3 21879 4 0.750

1st Floor 2 27842 5 0.800
Ground Floor 1 33801 6 0.833

N: The number of floors sustained by the story concerned.

n=(the ratio of the stiffness to the weight of the story above) / (the ratio of the stiffness to the
weight of the story concerned) x B

B=(N-1)/N

(Stiffness/mass)Ratio=(Stiffness of the story)/(the weigh of the story above)
Stiffnes of the story=(the sum of column area +the sum of wall area x a)/the story height

Stiffness of the ground floor= 6.905/3.6 = 1.918
Stiffness of the first floor= 6.905/3.6 = 1.918
(Stiffness/mass)Ratio of ground floor= 1.918 / 33801 = 0.000057
(Stiffness/mass)Ratio of first floor= 1.918 / 27842 = 0.000069
nl=  0.000069 / 0.000057 * 0.833 E 1.012 n=1.2

|

(Both direction is same)
The (Stiffness/mass) Ratio of above and below stories can be calculated in the same procedure.
Table S 9.10 The (Stiffness/mass) Ratio of Above and Below Stories and G,

. . g?égls Check
IWi(kN) |height(m) N B=(N-1)/N S:rzﬂ:g?l stiffness | Stiffness/mass n Gn
column
6F| SthFloor 3210 3.600 1 2.000 2.956 0.821 0.000256 1471 |12<n<17| Gn=09
5F| 4thFloor 9949 3.600 2 0.500 6.736 1.871 0.000188 0.680 n<1.2 Gn=1.0
4F|  3rd Floor 15918 3.600 3 0.667 6.736 1.871 0.000118 1.067 n<1.2 Gn=1.0
3F| 2ndFloor 21879 3.600 4 0.750 6.736 1.871 0.000086 1.031 n=1.2 Gn=1.0
2F§ 1stFloor 27842 3.600 5 0.800 6.905 1.918 0.000069 0.993 n=<1.2 Gn=1.0
1F | Ground Floor | 33801 3.600 6 0.833 6.905 1,918 0.000057 1.012 n<1.2 Gn=1.0
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(5) The Irregularity Index S,

The result of the irregularity index Sp is shown below.

Table S 9.11 The

Nearlyregulara2

Irregularity Index S,

Irregulara3

D 5<b=8g 8<b 1.000 1.0
0.55¢<0.8 ¢<05 1.000 1.0
1/200=d<1/100 d<1/200 1.000 1.0
01<e=03 03<e 1.000 1.0
f1=04 8(;.(;.1<f2§ 0.3:f<1f:r 1.000 e
1.000 1.0
0.55h<1.0 1.000 0.8
0.75i<0.8 i<0.7 1.000 1.0
Soft story Eccentric soft story 1.000 1.0
1.000 1.0
1.000
0.1<1=0.15 0, 15<1 0.800
0.1<1=0.15 0.15<1 1.000
0.1<1=0.15 0.15<1 1.000
0.1<1=0.15 0.15<1 1.000
0.1<1£0.15 0.15<1 1.000
0.1<1=0.15 0. 15<1 1.000
1.2<n=1.7 1. 7<n 0.900
1.2<n=1.7 1. 7<n 1.000
1.2<n=1.7 1. 7<n 1.000
1.2<n=1.7 1. 7<n 1.000
1.2<n=1.7 1. 7<n 1.000
1.2<n=1.7 1. 7<n 1.000

SD,
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3.5 The Time Index T

The result of the time index T'is shown below.
Table S 9.12 The Time Index T

egree

| Tilting of a building or obvious uneven settlementis
observed

| Landfill site of former rice field 0.90
'| Deflection of beam or column is observed visually 0.90
No correspondence to the foregoing 1.00

| Rain leak with rust of reinforcing bar is observed 0.80
Indined cracking in columns is obviously observed 0.90
\|Countless cracking is abserved in external wall 0.90
Rain leak without rust of reinforcing bar is observed 0.90
No correspondence to the foregoing 1.00
0.70

0.80

| No experience 1.00
Grade iii or more 0.90
0.95

1.00

0.90

0.95

1.00

|observed

0.90

I Significant spalling and deterioration of internal finishing is
|
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3.6 The seismic index of structure I; and Cry - Sp
Result of I5 and Cyy x Sp is shown below.
Table S 9.13 Result of Seismic Evaluation

Results of the secondLevel screening

Name of build EBLOCK FOR MAG OSMANI MEDICAL COLLEGE HOSPITAL IConstrucﬁon year
Address
Evaluated Engineer PWD | Data ofevaluation
Seismic demand index Iso= 0.43 CTU-SD=' 022
Directon | Story c F F:;:;': Eo T S s CwSo | Result pdoptio| Eq
0.387 1.75 0.40 0.28 0.16 NG 5
0.387 1.27 0.287 0.206 0.2064 NG
6 0.279 1.00 [0.163] 1.000 0.720 0.117 [0.117] NG
| __ 0.000 1.00
0.387, 1.75 0.395 0.284 0.163 NG [ ] 4
0.282 1.75 0.31 0.31 0.18 NG 5
0.282 1.27| 0.228 0.228 0.2276 NG
5 0.218 1.00 [0.139] 1.000 1.000 0.139 [0.139] NG
0.016 1.00
0.282 1.75) 0.314 0.314 0.179 NG [ ] +
0.220 1.75 0.27 0.27 0.15 NG 5
0.220 1.27| 0.195 0.195 0.1953 NG
4 0.169 1.00 [0.118] 1.000 1.000 0.118 [0.118] NG
0.011 1.00
0.220 1.75 0.269 0.269 0.154 NG o 4
X
0.157 1.75 0.21 0.21 0.12 NG 5
0.157 1.27 0.156 0.156 0.1555 NG
3 0.139 1.00 {0.108] 1.000 1.000 0.108 [0.108] NG
0.026 1.00
0.157 1.75 0.215 0.215 0.122 NG { ] 4
0.134 1.75 0.20 0.20 0.12 NG o 5
0.134 1.27 0.149 0.149 0.1486 NG
2 0.124 1.00 [0.108] 1.000 1.000 0.108 [0.108] NG
0.028 1.00
0.134 1.75 0.206 0.206 0.117 NG 1
0.070 1.75 0.12 0.12 0.07 NG 5
0.070 1.27| 0.089 0.089 0.08%0 NG
1 0.115 1.00 [0.115] 1.000 1.000 0.115 [0.115] NG
0.064 1.00
0.070 1875 0.138 0.138 0.070 NG [ ] “+

Iso=08-2/3-Z-1-C,

Z =0.20,1 = 1.0 Soil SD(S3), h,, = 22.50m
T = 0.0446 - (h,;)%9 = 0.768s

Cs = 2.246

Iso=0.8-2/3-036-1.0- 2.246 = 0.431
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Floor Direction X
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Figure S 9.6 I Distribution
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3
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