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APPENDIX A : BASIC DETAILS OF BUILDING - A

Al. Eighteen storied residential apartment building

As the first case study, the selected building is a 18 storied reinforced concrete
apartment building, which includes a ground floor and 17 above ground floors,
where the ground floor up to fourth floor were used for parking purposes. Typical
floor plan and a schematic cross section showing the dimension of the building in
plan and elevation are given in Fig. A1 and A2 respectively. The total height of the
building above the ground level is 71.2m and the plan dimension are29.49m x
19.38m

The main structural system consists of concrete frames and shear walls, whereas

unreinforced masonry walls are used as partition walls.

At fifth floor level, the columns located at grid C1 and E1 on grid 1 have moved
along grid 1 and the columns at grid A3, C1 and E1 on grid 8 have been shifted along
grid 8 and also the columns arid H and K on arid 3 have been moved to grid 2. All
the columns=then c¢onfinued. up o roof level, Similanly, ihe, shear walls located
between grﬁ:}l to [H entgridit aidcGE4a% oM gricr8atérminates at 5™ floor level.
Also the shéatwall Betiiaeh gridg'D1d0 F1 have been moved from grid 3 to 2 from

the fifth floor onwaids.

The structure has been designed with C30 concrete, except the columns from ground

floor up to sixth floor slab level, where C40 concrete was used.

All analysis were performed with the ETABS software (CSI 2002 ETABS Integrated
Building Design Software, Computers & Structures Inc. Berkeley) on a three

dimensional (spatial) mathematical model.
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Table Al :Material properties used in the analysis

Material Properties

. Strength Density o
Material Modulus of elasticity (kN/mm?)
(N/mm?) (kN/m?)
Concrete (C30) 30 24 26
Concrete (C40) 40 24 28
Steel 460 - -
Masonry - 22 -

Table A2 : Design loads used in the analysis

Live Load

From first floor up to fourth floor 3.0 kN/m?

From fifth floor up to roof floor 2.0 kN/m?

Superimposed Dead Load

Finishes -From first floor up to fourth floor 2.4 KN/m?
Finishes -From fifth floor up to seventeenth floor 1.5 kN/m?
Finishes —Roof floor 2.4 kN/m?

Masonry walls-ggem first flgor up; to fourth floor 1.0 kN/m?

Rerifih flper, up ta seventeenthflgor 2.5 kN/m?
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Table A3 :

Approximate calculation of dead load on the test buildings

Dimensions No of | Density of | Weight [ Total
Storey Element -
(in mm) Elements | (:N/m®) (kN) (kN)
Beam (X-dir) 500 x 300 x 78140 1 24 281
Beam (Y-dir) 500 x 300x 68320 1 24 246
500 x 250x 3320 1 24 10
600 x 600 x 4800 16 24 664
Columns 875 x 600 x 4800 1 24 60
13450 x 6000 x 125 1 24 242
Skb 14850 x 6000 x 150 1 24 321
Storey 1 25200 x 7000 x 165 1 24 699
13470 x 5000 x 175 1 24 283
Conerete Wall (X direction) |_3000 % 46920 x 250 1 24 845
1800 x 44820 x 250 1 24 484
- 3000 x 30820 x 250 1 24 555
Concrete Wall (Y-direction) [ o0 27030 x 250 1 24 292
Finishes 18330 x 22300 1 24 981
Masonry Walls 18330 x 22300 1 1 409 | 6372
Boam (X-dir) 500 x 300 x 735550 1 24 265
500 x 250 x 12070 1 24 43
: 500 x 300x 75380 1 24 271
Beam (Y-dir) 500 x 250x 3320 1 24 10
Columms 600 x 600 x 3600 16 24 498
875 x 600 x 3600 1 24 45
Storey 10980 x 6000 x 125 1 24 198
(2-3) Sk 19760 x 6000 x 150 1 24 427
25200 x 7000 x 165 ] 24 699
10550 x 5000 x 175 1 24 222
Concrete Wall (X-direction) 3600 x 44820 x 250 1 24 968
Concrete Wall (Y -direction) 3600 x 27030 x 250 1 24 584
Finishes 18330, 22300 1 2.4 981
& Masonty Wil 14530 £133300 1 1 409 | 5620
€93 |Beatibea 500.x.300 736330 1 24 265
L 300 x 250 13670 i 24 43
S Beal YV 500:x|300x 75380 1 24 271
500 x 250x 3320 1 24 10
Columms 600 x 600 x 4800 16 24 664
875 x 600 x 4800 1 24 60
10980 x 6000 x 125 1 24 198
Storey Skab 19760 x 6000 x 150 1 24 427
4 25200 x 7000 x 165 1 24 699
10550 x 5000 x 175 ] 24 222
Concreto Wall (X-direction) | 1800 X 44820 x 250 1 24 484
3000 x 42630 x 250 1 24 767
- 1800 x 27030 x 250 1 24 292
Conerete Wall (Y-direction) 355" 57030 x 250 1 24 487
Finishes 18330 x 22300 1 2.4 981
Masonry Walls 18330 x 22300 1 1 409 | 6279
500 x 300 x 57930 1 24 209
: 500 x 250x 1610 1 24 5
Beam (X-dir) 1500 x 600 x 18470 1 24 399
1800 x 600 x 20560 1 24 533
500 x 300x 85000 1 24 306
: 500 x 250x 5540 1 24 17
Beam (Y-dir) 1500 x 600 x 6350 1 24 137
1800 x 600 x 6350 1 24 165
Colums 600 x 600 x 4800 16 24 664
Storey 5 875 x 600 x 4800 1 24 60
16810 x 7100 x 125 1 24 358
Skab 27020 x 5000 x 150 1 24 486
14180 x 6350 x 165 1 24 357
7500 x 7030x 175 1 24 221
Concreto Wall (X-direction) | 3000 X 42630 x 250 1 24 767
1800 x 44880 x 250 1 24 485
- 3000 x 27030 x 250 1 24 487
Concrete Wall (Y-direction) =257~ 3680 x 250 1 24 375
Finishes 18330 x 22100 1 15 608
Masonry Walls 18330 x 22100 1 25 1013 | 7652
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Table A3 :

Approximate calculation of dead load on the test buildings (Contd.)

Storey Element Dil.nennns No of | Density of | Weight | Total
(in mm) Elements (m;nﬁ (kKN) (kN)
: 500 x 300 x 101660 ] 24 366
Beam (X-dir) 500 x 250x 1610 1 24 5
: 500 x 300x 89740 1 24 323
Beam (Y-drr) 500 x 250x 9120 1 24 27
600 x 600 x 1800 16 24 249
500 x 500 % 1800 16 24 173
Cohums 875 x 600 x 1800 1 24 23
875 x 500 x 1800 1 24 19
Storey 6 9330 x 6900 x 125 1 24 193
Slab 41380 x 5000 x 150 1 24 745
13640 x 6350 x 165 1 24 343
7500 x 7200x 175 ] 24 227
Conerete Wall (X-direction) 3600 x 411880 x 250 1 24 969
Concrete Wall (Y-direction) 3600 x 34680 x 250 1 24 749
Finishes 18330 x 22100 1 15 608
Masonry Walls 18330 x 22100 1 2.5 1013_| 6032
- 500 x 300 x 101660 ] 24 366
Beam (X-dir) 500 x 250x 1610 1 24 5
: 500 x 300x 89740 1 24 323
Beam (Y-drr) 500 x 250x 9120 1 24 27
500 x 500 x 3600 16 24 346
Colurmns 875 x 500 x 3600 1 24 38
Storey (7 0330 x 6900 x 125 1 24 193
16) Slab 41380 x 5000 x 150 1 24 745
13640 x 6350 x 165 1 24 343
TENND ~ TINN 17T 1 A 227
Ce c ¥ 969
Cor fallifYsditdetion ([3600& 30 | 749
S@mG  mishes | 608
LIS Masdnbowal 1 1013 | 5952
: R 500 %30 366
m (PX~du oL S
323
dUU X 250X Y120 1 24 27
500 x 500 x 4400 16 24 422
Colurmms 875 x 500 x 4400 1 24 46
9330 x 6900 x 125 1 24 103
Storey 17 Slab 41380 x 5000 x 150 1 24 745
13640 x 6350 % 165 ] 24 343
7500 x 7200x 175 1 24 227
Concrete Wall (X-direction) | 4400 x 44880 x 250 1 24 1185
. 1800 x 34680 x 2.50 1 24 375
Conerete Wall (Y-direction) | ¢~ 9620 x 250 1 24 462
Fimshes 18330 x 22100 ] 15 608
Masonry Walls 18330 x 22100 1 2.5 1013_|_6340
500 x 300 x 94520 1 24 340
Beam (X-dir) 500 x 250x 1610 1 24 5
1300 x 300x 6920 1 24 65
500 x 300 x 66810 1 24 241
Beam (Y-di) 500 x 250x 2220 1 24 7
1300 x 300x 26340 1 24 247
500 x 500 x 2600 16 24 250
Roof Colurmns 875 x 500 x 2600 1 24 27
43190 x 5000 x 150 1 24 777
Slab 23490 x 6350 x 165 1 24 591
7500 x 7200x 175 1 24 227
Congerete Wall (X-direction) 2600 x 44880 x 250 1 24 700
Congrete Wall (Y -direction) 2600 x 29620 x 250 1 24 462
Finishes 18330 x 22100 1 2.4 972 | 4911
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Table A4 : Approximate calculation of imposed load on the test buildings

Imposed Load
Storey Area (m?) Load (KN/m?) Weight (kN) Total (kN)
Roof 405.09 2 811 811
Storey 17 405.09 2 811 811
Storey 7-16 405.09 2 811 8110
Storey 6 405.09 2 811 811
Storey 5 405.09 2 811 811
Storey 4 408.76 3 1227 1227
Storey 2-3 408.76 3 1227 2454
Storey 1 408.76 3 1227 1227
Total Imposed Load (kN) 16,262

Table A5 - Fundamental period of vibration obtained from modal analysis

B e e T

A A Tl)

A2. Basic calculations according to EN 1998-1:2004
A2.1Structural regularity

A2.1.1Criteria for regularity in plan
EN 1998-1: 2004

Clause 4.2.3.2 Criteria for regularity in plan

o With respect to lateral stiffness and mass distribution, the building
structure shall be approximately symmetrical in plan with respect to two
orthogonal axes.

The building is approximately symmetrical in plan with respect to the

lateral stiffness and the mass distribution in both X and Y directions.

o The plan configuration shall be compact.
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The rectangular plan shape of the building fulfills the criteria of compact

plan configuration.

o The in-plan stiffness of the building shall be sufficiently large in
comparison with the lateral stiffness of the vertical structural elements
The in-situ concrete floor slab of thickness 125mm, 150mm, 165mm and
175mm, connected to the lateral load resisting system proves that the
lateral stiffness of the building is large in comparison with the vertical
stiffness of the test building.

o The slenderness of the building (A = Lmax/Lmin) shall not be higher than
4.0.
The slenderness of the building amounts to A = 1.52 (29.49m/19.38m)

which can be considered as satisfied.

{M; K

iy
153t
R

o The torsional radius shall be larger than the radius of the gyration of the
floor mass in plan
e = 1y
rp =y
According to Table A6, the selected building does not fulfill this requirement. The

building was considered as torsionally flexible.
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Table A6 :Structural eccentricity, torsional radius and radii of gyration in each
horizontal direction

Level Direction X Direction Y
Box 0.3r Iy Is oy 0.3ry ry Is

Storey 1 0.0049 0.281 0.9368 10.19 0.2246 0.2231 0.7435 10.19
Storey 2 0.0109 0.4108 1.3692 10.19 0.2449 0.3097 1.0322 10.19
Storey 3 0.0195 0.5346 1.7819 10.19 0.2711 0.3934 1.3112 10.19
Storey 4 0.0409 0.7747 2.5822 10.19 0.4263 0.5606 1.8686 10.19
Storey 5 0.0619 0.8217 2.7389 10.19 0.3355 0.6007 2.0022 10.19
Storey 6 0.0605 0.9009 3.0029 10.19 0.3625 0.6894 2.2979 10.19
Storey 7 0.0574 0.9804 3.2681 10.19 0.3686 0.7841 2.6138 10.19
Storey 8 0.0559 1.0566 3.5219 10.19 0.3702 0.8745 2.915 10.19
Storey 9 0.0544 1.1294 3.7646 10.19 0.3734 0.9596 3.1988 10.19
Storey 10 0.0529 1.1989 3.9963 10.19 0.3757 1.0397 3.4658 10.19
Storey 11 0.0514 1.2652 4.2173 10.19 0.3778 1.1151 3.7169 10.19
Storey 12 0.05 1.3286 4.4285 10.19 0.3795 1.1859 3.9531 10.19
Storey 13 0.0486 1.389 4.6301 10.19 0.3809 1.2527 4.1755 10.19
Storey 14 0.0473 1.4469 4.8231 10.19 0.3819 1.3156 4.3853 10.19
Storey 15 0.0461 1.5024 5.0079 10.19 0.3828 1.375 45834 10.19
Storey 16 0.0449 1.5562 5.1872 10.19 0.3829 1.4318 47728 10.19
Storey 17 0.0579 1.8271 6.0903 10.19 0.4825 1.688 5.6265 10.19

Roof 0.0228 1.271 4.2365 10.19 0.2835 1.1818 3.9394 10.19

A2.1.1.1 Determining the structural eccentricities, torsional radii

Structural g€Betricities and torSiopal radji arecalculated using nethods given in
manual Tthe DTG AT ‘ii]l H-$leet ai uro COde 8 [2]
Structu Y (Eox of mass and the

centre of stiffness in two orthogonal axes X and Y. The torsional radii ry (ry) is
defined as the square root of the ratio of the torsional stiffness to the lateral stiffness
in Y (X) direction.

A2.1.1.1.1 Structural eccentricity

The structural eccentricity of level i is calculated using the equations;
€ox,i = (Rotation of the storey i about vertical axes due to static load (Fy;) in
Y direction) / (rotation of the floor due to torsional moment (M;) about

the vertical axis)

€oy.t = (Rotation of the storey i about vertical axes due to static load (Fy;) in
X direction) / (‘rotation of the floor due to torsional moment (M;)

about the vertical axis)
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In order to determine the structural eccentricity using the method above, computer
analysis of the spatial model of the building is performed. In this analysis, static
loads, Fix,Fiy and Mjof same magnitude are applied at the centre of mass of floor level
I and the rotations of floors about vertical axis, R,;, due to each static load cases are
obtained. The results obtained from the computer analysis for the test building
including the eccentricities in both directions X and Y at tech floor level are shown
in Table A2.

Table A7 :Structural eccentricity in each horizontal direction

Level Fi=Fiy=M; R.i(Fy) R.i(Fy) R.i(M;) Eoy Boux
Storey 1 10° 1.294 0.0282 5.7613 0.2246 0.0049
Storey 2 10° 1.4297 0.0634 5.8385 0.2449 0.0109
Storey 3 10° 1.5862 0.114 5.8514 0.2711 0.0195
Storey 4 10° 1.7486 0.1679 4.1018 0.4263 0.0409
Storey 5 10° 1.9628 0.3624 5.8505 0.3355 0.0619
Storey 6 10° 2.1578 0.35998 5.952 0.3625 0.0605
Storey 7 10° 2.2066 0.3433 5.9857 0.3686 0.0574
Storey 8 10° 2.2284 0.3366 6.0193 0.3702 0.0559
Storey 9 &l 10° 2.2589 0.3292 6.0502 0.3734 0.0544
Storey 10 @77 10° 2,2837 0,3213 6.0785 0.3757 0.0529
Storey LI5S 10° 2.3063 03158 61041 0.3778 0.0514
Storey 125w 1Q° 23248 0.3062 6.1267 0.3795 0.05
Storey 13 10° 2.3409 0.2988 6.1465 0.3809 0.0486
Storey 14 10° 2.3538 0.2916 6.1633 0.3819 0.0473
Storey 15 10° 2.3648 0.2845 6.1774 0.3828 0.0461
Storey 16 10° 2.3682 0.2774 6.1844 0.3829 0.0449
Storey 17 10° 2.3128 0.2774 4.7931 0.4825 0.0579

Roof 10° 3.0682 0.2472 10.8244 0.2835 0.0228

A2.1.1.1.2 Torsional radius

The torsional radius ry (ry) is defined as the square root of the ratio of torsional
stiffness (Kw) to the lateral stiffness in one direction K, (Ky). It can be calculated

from the computer analysis using the expression;

[deflection at the centre of stiffness at each level due to static load in
| Y (X) direction
Iy (ry) — | rotation at each floor due to the moment applied at each floor lever

(A3)
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The values correspond to each parameter in the above expression obtained from the
computer analysis are given in Table A1.3. The torsional radii, ry and ry are also

given in the table.

Table A8 : Torsional radii in each horizontal direction

““““

level Fix=Fy=M; Ui Uyi R.i(M;) I'x ry
Storey 1 10° 3.1852 5.0556 5.7613 0.9368 0.7435
Storey 2 10° 6.2204 10.9462 5.8385 1.3692 1.0322
Storey 3 10° 10.0607 18.5799 5.8514 1.7819 1.3112
Storey 4 10° 14.3227 27.3488 41018 2.5822 1.8686
Storey 5 10° 23.4534 43.8868 5.8505 2.7389 2.0022
Storey 6 10° 31.429 53.6723 5.952 3.0029 2.2979
Storey 7 10° 40.8953 63.9312 5.9857 3.2681 2.6138
Storey 8 10° 51.1469 74.6623 6.0193 3.5219 2.915
Storey 9 10° 61.9073 85.7442 6.0502 3.7646 3.1988
Storey 10 10° 73.0138 97.0741 6.0785 3.9963 3.4658
Storey 11 10° 84.3298 108.567 6.1041 4.2173 3.7169
Storey 12 10° 95.7432 120.153 6.1267 4.4285 3.9531
Storey 13 10° 107.1642 131.77 6.1465 4.6301 4.1755
Storey 14 10° 118.523 143.373 6.1633 4.8231 4.3853
Storey 15 10° 129.7709 154.926 6.1774 5.0079 45834
Storey 16 10° 140.8766 166.406 6.1844 5.1872 47728
Storey 17 10° 151.7357 177.787 4.7931 6.0903 5.6265

Roo 3.9394

(e
f«w‘g 2] = 5 b
A2.1.1.1.3:Rad tion of the flox

The radius of gyration is defined as the square root of the ratio of the polar moment
of inertia to the mass, the polar moment of inertia being calculated about the centre
of mass. The manual for the seismic design of steel and concrete building to Euro
code 8 gives an expression for the radius of gyration (ls) applied to a rectangular
building of side lengths of | and b, and a uniform mass distribution as,

P
[
5]

|
o
]

LI

v 12 (A.4)

For the test building, the radius of gyration is calculated as shown in Table A9.
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Table A9 :Radius of gyration

Level 1 (m) b (m) Is
Storey 1 29.49 19.38 10.19
Storey 2 29.49 19.38 10.19
Storey 3 29.49 19.38 10.19
Storey 4 29.49 19.38 10.19
Storey 5 29.49 19.38 10.19
Storey 6 29.49 19.38 10.19
Storey 7 29.49 19.38 10.19
Storey 8 29.49 19.38 10.19
Storey 9 29.49 19.38 10.19

Storey 10 29.49 19.38 10.19
Storey 11 29.49 19.38 10.19
Storey 12 29.49 19.38 10.19
Storey 13 29.49 19.38 10.19
Storey 14 29.49 19.38 10.19
Storey 15 29.49 19.38 10.19
Storey 16 29.49 19.38 10.19
Storey 17 29.49 19.38 10.19

Roof 29.49 19.38 10.19

A2.1.2Criteria for regularity in elevation
EN 1998-1: 2004

Clause 4.2,3.3
In the cas€=@P investigatetiithuildingc 4 scription of the
project, some of columns and shear walls terminates or shifts at fifth floor level. In

order the building to be regular, all lateral load resisting system should run without
interruption from foundation to the top. Since this requirement was not fulfilled, the

building was considered as irregular in elevation.

Overall, the building was considered as torsionally fleixible
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APPENDIX B : BASIC DETAILS OF BUILDING -B

B.1. Fourteen storied residential apartment building

The selected building is a 14 storied reinforced concrete apartment building, which
includes the ground floor and 13 above ground floors. Typical floor plan and a
schematic cross section showing the dimension of the building in plan and elevation
are given in Fig. B1 and B2 respectively. The total height of the building above the

ground level is 46.3m and the plan dimension are 44.3m x 20.6m

The main structural system consists of concrete frame with shear walls, whereas

unreinforced masonry walls are used as partition walls.

At first floor level, the columns located at grid B’-1, B’-2, B, B’4 and B,-5 move on
to grids B-1, B-2, B-4 and B-5 .

The structure has been designed with C30 concrete.

All analysis were performed with the ETARS software (CSI 2002 ETABS Integrated
Building DeSign SbftwarersGamplitedis) & iStructutes [InoilBerkeley) on a three
dimensiona&épatial) mathematical modek:
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Figure B5 : Cross section A-A of the buildings

Table B1 : Material properties used in the analysis

Material Properties

Material

Density
(kN/m?)

Strength

Modulus of elasticity (kN/mm?
(N/mm?) kA )

Concrete (C30)

30 24 26

Concrete (C40)

40 24 28

Steel

460 E E

Masonry

- 22 -
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Table B2 : Design loads used in the analysis

Live Load
From first floor up to roof floor 2.0 kN/m?
Superimposed Dead Load
Finishes -From first floor up to 13" floor 1.5 kN/m?
Finishes —Roof floor 2.4 KN/m?
Masonry walls-From first floor up to thirteenth floor 2.5 kN/m?
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Table B3 : Approximate calculation of dead load of the test building

Dimensions No of |Density of| Weight | Total
Storey Element -
(in mm) Element| (kN/m®) | &N) | &)
-+ |_600 x 300 x 208000 1 24 899
Beam (X-dir) =500 "300 x 18300 1 24 66
600 x 250x 88000 1 24 317
Beam (Y-dir) 500 x 250 x 71800 1 24 216
400 x 250 x 70000 1 24 168
2000 x 1000 x 26200 1 24 1258
700 x 700 x 2250 2 24 53
700 x 600 x 2250 6 24 137
700 x 500 x 2250 12 24 227
900 x 400 x 2250 2 24 39
1000 x 600 x 2250 2 24 65
1000 x 500 x 2250 2 24 54
900 x 600 x 2250 2 24 59
900 x 500 x 2250 5 24 122
900 x 400 x 2250 4 24 78
700 x 600 x 1575 2 24 32
Storey 1 Columns 700 x 500 x 1575 2 24 27
700 x 400 x 1575 14 24 149
900 x 300 x 1575 2 24 21
900 x 300 x 1575 2 24 21
900 x 400 x 1575 2 24 28
1000 x 300 x 1575 2 24 23
- 900 x 500 x 1575 2 24 35
: ,.ﬁ 860 x' 500'x 1575 % 24 61
{"_ 3 000 % 3005ck5 76 1 P4 11
900 % 300 x k575 4 24 41
199000 % 8006'x 150 1 24 2355
Slab 14000 x 13000 x 165 1 24 721
9500 x 7600 x 200 1 24 347
Concrete Wall| 3825 x 24000 x 225 1 24 496
Concrete Wall| 3825 x 16300 x 225 1 24 337
Finishes 44300 x 20600 1 2.4 2191
Masonry 44300 x 20600 1 1.5 1369 12023
-+ |_600 x 300 x 208000 1 24 899
Beam (X-dir) =500 300 x 18300 1 24 66
600 x 250x 88000 1 24 317
Beam (Y-dir) [ 500 x 250 x 98000 1 24 294
400 x 250 x 70000 1 24 168
700 x 600 x 3150 2 24 64
700 x 500 x 3150 2 24 53
700 x 400 x 3150 14 24 297
900 x 300 x 3150 2 24 41
900 x 300 x 3150 2 24 41
Storey (2-3) | Columns 900 x 400 x 3150 2 24 55
1000 x 300 x 3150 2 24 46
900 x 500 x 3150 2 24 69
800 x 500 x 3150 4 24 121
900 x 300 x 3150 1 24 21
900 x 300 x 3150 4 24 82
Slab 41250 x 22000 x 150 1 24 3267
Concrete Wall| 3150 x 24000 x 225 1 24 409
Concrete Wall] 3150 x 16300 x 225 1 24 278
Finishes 44300 x 20600 1 1.5 1369
Masonry 44300 x 20600 1 2.5 2282 10239
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Table B3 : Approximate calculation of dead load of the test building (Contd.)

Dimensions No of |Density of| Weight | Total
Storey Element n 3
(in mm) Element (kKN/m*) (kIN) (k)
Boam (X-dir) 600 x 300 x 208000 1 24 899
500 x 300 x 18300 1 24 66
600 x 250x 88000 1 24 317
Beam (Y-dir) | 500 x 250 x $8000 1 24 294
400 x 250 x 70000 1 24 168
700 x 600x 1575 2 24 32
700 x S500x 1575 2 24 27
700 x 400x 1575 14 24 149
900 x 300x 1575 2 24 21
900 x 300x 1575 2 24 21
900 x 400x 1575 2 24 28
1000 x 300 x 1575 2 24 23
900 x 500x 1575 2 24 35
800 x 500x 1575 4 24 61
900 x 300x 1575 1 24 11
900 x 300x 1575 4 24 41
Storey 4 700 x 400x 1575 2 24 22
700 x300x 1575 2 24 16
700 x300x 1575 2 24 16
900 x 250x 1575 2 24 18
600 x 400x 1575 4 24 37
700 x300x 1575 8 24 64
700 x 250x 1575 2 24 14
I x. 300xn] 5 I
= ¥ Oy B vasirarthwor i o pihga
R | JITAON L 400 ¥ADNTS #SSC 01
o e WW V. 194f LIk b <574
Conerete Wall] 3150 x 24000 x 225 1 24 409
Concrete Wall] 3150 x 16300 x 225 1 24 278
Finishes 44300 x 20600 1 1.5 1369
Masonry 44300 x 20600 1 2.5 2282 10145
Beam (X-dir) 600 x 300 x 208000 1 24 899
500 x 300 x 18300 1 24 66
600 x 250x 88000 1 24 317
Beam (Y-dir) | 500 x 250 x 58000 1 24 294
400 x 250 x 70000 1 24 168
700 x 400 x 3150 2 24 13
700 x 300 x 3150 2 24 32
700 x 300 x 3150 2 24 32
900 x 250 x 3150 2 24 35
600 x 400 x 3150 4 24 73
700 x 300 x 3150 8 24 128
Storey (5-6) | Columns 700 x 250 x 3150 2 24 27
900 x 300 x 3150 2 24 41
900 x 300 x 3150 2 24 41
800 x 500 x 3150 2 24 61
700 x 400 x 3150 4 24 85
900 x 250 x 3150 1 24 18
900 x 250 x 3150 4 24 69
Slab 41250 x 22000 x 150 1 24 3267
Concrete Wall| 3150 x 24000 x 225 1 24 409
Concrete Wall| 3150 x 16300 x 225 1 24 278
Finishes 44300 x 20600 1 1.5 1369
Masonry 44300 x 20600 1 2.5 2282 10034
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Table B3 : Approximate calculation of dead load of the test building (Contd.)

Dimensions No of [Density of] Weight | Total
Storey Element _
(in mm) Element| aN/m®) | &kN) | (kKN)
. 600 x 300 x 208000 1 24 899
Beam (X-din) [ 7300 x 18300 ] 24 66
600 x 250x 88000 1 24 317
Beam (Y-dir) | 500 x 250 x 98000 1 24 294
400 x 250 x 70000 1 24 168
700 x 400 x 1575 2 24 22
700 x 300 x 1575 2 24 16
700 x 300 x 1575 2 24 16
Columns 900 x 250 x 1575 2 24 18
600 x 400 x 1575 4 24 37
700 x 300 x 1575 8 24 64
700 x 250 x 1575 2 24 14
900 x 300 x 3150 2 24 41
900 x 300 x 3150 2 24 41
Storey 7 800 x 500 x 3150 2 24 61
700 x 400 x 3150 4 24 85
900 x 250 x 3150 1 24 18
900 x 250 x 3150 4 24 69
600 x 300 x 1575 2 24 14
600 x 250 x 1575 2 24 12
700 x 250 x 1575 2 24 14
800 x 250 x 1575 2 24 16
s F i ol 2500 X 00 ¥ 1579 | .. @ g=q oo 31
sty O yigtgiuwa, ot ti-at =3
gr) lectformo | Tr0ses . [ hssertan o1 12
"’ Slab ____[,41250 x 22000;x 3267
i ¥ ¥Yrimi 1. L8 B ARG LG 409
278
Finishes 44300 x 20600 1 1.5 1369
Masonry 44300 x 20600 1 2.5 2282 10003
. 600 x 300 x 208000 1 24 899
Beam (X-din) [ 7300 x 18300 ] 24 66
600 x 250x 88000 1 24 317
Beam (Y-dir) | 500 x 250 x 98000 1 24 294
400 x 250 x 70000 1 24 168
600 x 300 x 3150 2 24 28
600 x 250 x 3150 2 24 23
700 x 250 x 3150 2 24 27
800 x 250 x 3150 2 24 31
500 x 400 x 3150 4 24 61
700 x 250 x 3150 8 24 106
Storey (8-10)| Columns 600 x 250 x 3150 2 24 23
900 x 300 x 3150 2 24 41
900 x 300 x 3150 2 24 41
800 x 500 x 3150 2 24 61
700 x 400 x 3150 4 24 85
900 x 250 x 3150 1 24 18
900 x 250 x 3150 4 24 69
Slab 41250 x 22000 x 150 1 24 3267
Concrete Wall| 3150 x 24000 x 225 1 24 409
Concrete Wall| 3150 x 16300 x 225 1 24 278
Finishes 44300 x 20600 1 1.5 1369
Masonry 44300 x 20600 1 2.5 2282 9963
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Table B3 : Approximate calculation of dead load of the test building (Contd.)

Storey Element Dn.nensmns No of Densntysof Weight [ Total
(in mm) Element (KN/m*) (kN) (kN)
Beam (X-dir) |—800x 300 x 208000 1 24 899
500 x 300 x 18300 1 24 66
600 x 250x 88000 1 24 317
Beam (Y-dir) | 500 x 250 x 98000 1 24 204
400 x 250 x 70000 1 24 168
600 x 300 x 1575 2 24 14
600 x 250 x 1575 2 24 12
700 x 250 x 1575 2 24 14
800 x 250 x 1575 2 24 16
500 x 400 x 1575 4 24 31
700 x 250 x 1575 8 24 53
600 x 250 x 1575 2 24 12
900 x 300 x 1575 2 24 21
900 x 300 x 1575 2 24 21
Columns 800 x 500 x 1575 2 24 31
700 x 400 x 1575 4 24 13
900 x 250 x 1575 1 24 9
900 x 250 x 1575 4 24 35
Storey 11 400 x 300 x 1575 2 24 10
500 x 250 x 1575 2 24 10
600 x 250 x 1575 2 24 12
600 x 250 x 1575 2 24 12
400 x 300 x 1575 4 24 19
500 x 250 x 1575 8 24 38
500 x 250 x 1575 2 24 10
700 x 250,x.1 575 2 24 14
8 Foblx28blx 1513 % by 14
LA 500;%-3001x 1575 O 24 12
Dol 400 x 300 x 1575 4 24 19
) 700 A 250 XUS76 1 24 7
600 x 250 x 1575 4 24 23
Slab 41250 x 22000 x 150 1 24 3267
Concrete Wall| 3150 x 24000 x 225 1 24 409
Concrete Wall| 3150 x 16300 x 225 1 278
Finishes 44300 x 20600 1 1.5 1369
Masonry 44300 x 20600 1 2.5 2282 9861
-, |__600 x 300 x 208000 1 24 899
Beam (X-din) =00 300 x 18300 1 24 66
600 x 250x 88000 1 24 317
Beam (Y-dir) | 500 x 250 x 98000 1 24 294
400 x 250 x 70000 1 24 168
400 x 300 x 3150 2 24 19
500 x 250 x 3150 2 24 19
600 x 250 x 3150 2 24 23
600 x 250 x 3150 2 24 23
400 x 300 x 3150 4 24 37
500 x 250 x 3150 8 24 76
Storey 12 Columns 500 x 250 x 3150 2 24 19
700 x 250 x 3150 2 24 27
700 x 250 x 3150 2 24 27
500 x 300 x 3150 2 24 23
400 x 300 x 3150 4 24 37
700 x 250 x 3150 1 24 14
600 x 250 x 3150 4 24 46
Slab 41250 x 22000 x 150 1 24 3267
Concrete Wall| 3150 x 24000 x 225 1 24 409
Concrete Wall| 3150 x 16300 x 225 1 24 278
Finishes 44300 x 20600 1 1.5 1369
Masonry 44300 x 20600 1 2.5 2282 9739
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Table B3 : Approximate calculation of dead load of the test building (Contd.)

Dimensions No of [Density of] Weight | Total
Storey Element _
(in mm) Element| qNim’) | kN) | (kN
. 600 x 300 x 208000 1 24 §99
Beam (X-di) 7505300 x 18300 1 24 66
600 x 250x 88000 1 24 317
Beam (Y-drr) 500 x 250 x 98000 1 24 294
400 x 250 x 70000 1 24 168
400 x 300 x 3575 2 24 21
500 x 250 x 3575 2 24 22
600 x 250 x 3575 2 24 26
600 x 250 x 3575 2 24 26
400 x 300 x 3575 4 24 42
500 x 250 x 3575 8 24 86
Storey 13 Columns 500 x 250 x 3575 2 24 22
700 x 250 x 3575 2 24 31
700 x 250 x 3575 2 24 31
500 x 300 x 3575 2 24 26
400 x 300 x 3575 4 24 42
700 x 250 x 3575 1 24 16
600 x 250 x 3575 4 24 52
Slab 41250 x 22000 x 150 1 24 3267
Congcrete Wall| 3575 x 24000 x 225 1 24 464
Congcrete Wall| 3575 x 16300 x 225 1 24 315
Finishes | 44300 20600 1 5 1369
I 3 Oy e G300 0000, L Lo oA, 2282 9884
—'J; 5 AR ¢ .'f‘.. T A} 3 Yol ol's Fo ¥at 1 ' . B% 899
=L Q1600 4 130x 88000 | M1SSeriafi O18d 317
3¢ B B Ll B TV, 225
: L AA T e, He 17
12
500 x 250 x 2000 2 24 12
600 x 250 x 2000 2 24 15
600 x 250 x 2000 2 24 15
400 x 300 x 2000 4 24 24
500 x 250 x 2000 8 24 48
Roof Columns 500 x 250 x 2000 2 24 12
700 x 250 x 2000 2 24 17
700 x 250 x 2000 2 24 17
500 x 300 x 2000 2 24 15
400 x 300 x 2000 4 24 24
700 x 250 x 2000 1 24 9
600 x 250 x 2000 4 24 29
Slab 41250 x 22000 x 150 1 24 3267
Concrete Wall| 2000 x 24000 x 225 1 24 260
Congcrete Wall| 2000 x 16300 x 225 1 24 177
Finishes 44300 x 20600 1 24 2191 7602
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Table B4

: Approximate calculation of imposed load of the test buildings

Storey Area (m?) Load (KN/m?) Weight (kN) Total (kN)

Roof 44.3 x 20.6 2 1826 1826

Storey 13 44.3 x 20.6 2 1826 1826

Storey 12 44.3 x 20.6 2 1826 1826

Storey 11 44.3 x 20.6 2 1826 1826

Storey 8-10 44.3 x 20.6 2 1826 5478

Storey 7 44.3 x 20.6 2 1826 1826

Storey 5-6 44.3 x 20.6 2 1826 3652

Storey 4 44.3 x 20.6 2 1826 1826

Storey 2-3 44.3 x 20.6 2 1826 3652

Storey 1 44.3 x 20.6 2 1826 1826
Total Imposed Load (kN) 25,564

Table B5 : Fundamental period of vibration obtained from modal analysis

Mode Fundamental period (T)

Translation in y-dir 1.59 (s)
Translation in x-dir 1.44(s)

B2. Basic calculations according to EN 1998-1:2004
BZ.lStru'g{ftg’-ral regularity

B2.1.1Criteria forweglianitytinplan
EN 1998-1: 2004

Clause 4.2.3.2 Criteria for regularity in plan

o

With respect to lateral stiffness and mass distribution, the building
structure shall be approximately symmetrical in plan with respect to two
orthogonal axes.

The building is approximately symmetrical in plan with respect to the

lateral stiffness and the mass distribution in both X and Y directions.

The plan configuration shall be compact.
The rectangular plan shape of the building fulfills the criteria of compact

plan configuration.

The in-plan stiffness of the building shall be sufficiently large in
comparison with the lateral stiffness of the vertical structural elements
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The in-situ concrete floor slab of thickness 150mmconnected to the lateral
load resisting system proves that the lateral stiffness of the building is

large in comparison with the vertical stiffness of the test building.

o The slenderness of the building (A = Lmax/Lmin) shall not be higher than
4.0.
The slenderness of the building amounts to A = 2.15 (44.3/20.6m) which
can be considered as satisfied.

o The structural eccentricity
Eox = 0.307,
£gy = 0307y

Refer Table B6

o The torsional radius shall be larger than the radius of the gyration of the

According to aquirement. The

building was considered as torsionally flexible.

Table B6 : Structural eccentricity, torsional radius and radii of gyration in each
horizontal direction

Level Direction X Direction Y
€ox 0.3ry Iy I €oy 0.3ry ry I

Storey 1 1.2912 4.9487 16.4955 14.1 0.2494 3.9207 13.0689 14.1
Storey 2 1.3322 4.8081 16.0271 14.1 0.2534 3.8673 12.891 14.1
Storey 3 1.3656 4.6968 15.656 14.1 0.2567 3.8257 12.7524 14.1
Storey 4 1.3994 45887 15.2957 14.1 0.2607 3.7866 12.622 14.1
Storey 5 1.4353 4.482 14.9401 14.1 0.2655 3.7474 12.4913 14.1
Storey 6 1.4707 4.3763 14.5875 14.1 0.2704 3.7085 12.3615 14.1
Storey 7 1.5059 42714 14.238 14.1 0.276 3.6701 12.2337 14.1
Storey 8 1.5393 4.1648 13.8826 14.1 0.2823 3.6302 12.1005 14.1
Storey 9 15731 4.0538 13.5127 14.1 0.2897 3.5852 11.9507 14.1
Storey 10 1.6056 3.9378 13.126 14.1 0.2974 3.535 11.7833 14.1
Storey 11 1.6352 3.8135 12.7115 14.1 0.3064 3.4748 11.5827 14.1
Storey 12 1.6712 3.6785 12.2615 14.1 0.3183 3.3899 11.2995 14.1
Storey 13 1.7019 3.5287 11.7623 14.1 0.3321 3.272 10.9068 14.1

Roof 1.7405 3.3389 11.1296 14.1 0.3435 3.0541 10.1802 14.1
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B2.1.1.1 Determining the structural eccentricities, torsional radii

and radii of gyration

Structural eccentricities and torsional radii are calculated using the same method as

described in A2.1.1.1 under the building A. The results are tabulated as below.

Table B7 : Structural eccentricity in each horizontal direction

Level Fix:Fiszi Rzyi(FX) Rzyi(Fy) Rz‘i(Mi) €oy €o,x

Roof 10° 0.1163 0.6021 0.4663 0.2494 1.2912
Storey 13 10° 0.1139 0.5987 0.4494 0.2534 1.3322
Storey 12 10° 0.1113 0.592 0.4335 0.2567 1.3656
Storey 11 10° 0.1079 0.5792 0.4139 0.2607 1.3994
Storey 10 10° 0.1038 0.5612 0.3910 0.2655 1.4353
Storey 9 10° 0.0984 0.5352 0.3639 0.2704 1.4707
Storey 8 10° 0.0917 0.5004 0.3323 0.276 1.5059
Storey 7 10° 0.0837 0.4564 0.2965 0.2823 1.5393
Storey 6 10° 0.0745 0.4046 0.2572 0.2897 1.5731
Storey 5 10° 0.0638 0.3444 0.2145 0.2974 1.6056
Storey A 10° N NE10 n277 N 1/R04 N 2NRA 16352
Storey | 1.6712
Storey L 1§ 9.0795'1 1.7019
Storey 20 y __m _:M 0: 1.7405

Y
Table B8 : Torsional radii in each horizontal direction

Level Fi=Fiy=M; Uyi Uy.i R.i(Mj) Iy ry

Roof 10° 79.6421 126.8809 0.4663 16.4955 13.0689
Storey 13 10° 74.6807 115.4358 0.4494 16.0271 12.891
Storey 12 10° 70.4974 106.2549 0.4335 15.656 12.7524
Storey 11 10° 65.9404 96.8351 0.4139 15.2957 12.622
Storey 10 10° 61.0086 87.2732 0.3910 14.9401 12.4913
Storey 9 10° 55.6067 77.4363 0.3639 14,5875 12.3615
Storey 8 10° 49.7329 67.3638 0.3323 14.238 12.2337
Storey 7 10° 43.4145 57.1436 0.2965 13.8826 12.1005
Storey 6 10° 36.7331 46.9626 0.2572 135127 11.9507
Storey 5 10° 29.7825 36.9567 0.2145 13.126 11.7833
Storey 4 10° 22.7264 27.3721 0.1694 12.7115 11.5827
Storey 3 10° 15.8448 18.6578 0.1241 12.2615 11.2995
Storey 2 10° 9.4571 10.9989 0.0795 11.7623 10.9068
Storey 1 10° 4.0729 4.8680 0.0393 11.1296 10.1802
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Table B9 : Radius of gyration

Level 1 (m) b (m) I

Roof 44.3 20.6 14.1
Storey 13 44.3 20.6 14.1
Storey 12 44.3 20.6 14.1
Storey 11 44.3 20.6 14.1
Storey 10 44.3 20.6 14.1
Storey 9 44.3 20.6 14.1
Storey 8 44.3 20.6 14.1
Storey 7 44.3 20.6 14.1
Storey 6 44.3 20.6 14.1
Storey 5 44.3 20.6 14.1
Storey 4 44.3 20.6 14.1
Storey 3 44.3 20.6 14.1
Storey 2 443 20.6 14.1
Storey 1 443 20.6 14.1

B2.1.2 Criteria for regularity in elevation
EN 1998-1: 2004

Clause 4.2.3.3

In the cas@iéff invéstigated rbwilding,sas Mmentioned funderithe description of the
project, sorﬁ'é’ibf colurmnsydiscontinue @at'the first floor level. In order the building to
be reguiar, all lateral load resisting sysiem should run without interruption from
foundation to the top. Since this requirement was not fulfilled, the building was

considered as irregular in elevation.

Overall, the building was considered as torsionally flexible.
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APPENDIX C: BASIC DETAILS OF BUILDING -C

C1. Ten storied residential apartment building

The selected building is a 10 storied reinforced concrete apartment building, which
includes the ground floor and 9 above ground floors. Typical floor plan and a
schematic cross section showing the dimension of the building in plan and elevation
are given in Fig. C1 and C2 respectively. The total height of the building above the

ground level is 31.46m and the plan dimensions are 41.3m x 25.6m

The main structural system consists of concrete frame shear walls, whereas

unreinforced masonry walls are used as partition walls..
The structure has been designed with C25 concrete.

All analysis was performed with the ETABS software (CSI 2002 ETABS Integrated
Building Design Software, Computers & Structures Inc. Berkeley) on a three
dimensional (spatial) mathematical model.
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Figure C1: Plan View - First Floor
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Table C1 :Material properties used in the analysis
. Strength Density o
Material Modulus of elasticity (kN/mm?)
(N/mm?) (kN/m?®)
Concrete (C25) 25 24 24
Steel 460 - -
Masonry - 22 -
Table C2 : Design loads used in the analysis
Live Load
From first floor up to roof floor ‘ 2.0 kN/m?
Superimposed Dead Load
Finishes -From first floor up to 9™ floor 1.5 kKN/m?
Finishes —Roof floor 2.4 KN/m?
Masonry walls-From first floor up to 9" floor 2.5 kN/m?

202



Table C3: Approximate calculation of dead load on the test building
Storey Element Dimensions (mrm) EII: I(:l::t’ De(ll:;tl,fnt:)‘ I:iat. ‘Weight (kN) E’;‘;l
Beam (X-dir) 400 x 200 x 108000 1.00 24.00 207
600 x 200 x 131600 1.00 24.00 379
400 x 200x 127400 1.00 24.00 245
Beam (Y-dir) 600 x 200x 41800 1.00 24.00 120
700 x 200x 30000 1.00 24.00 101
1000 x 350 x 3795 4.00 24.00 128
Storey 1 750 x 350 x 3795 8.00 24.00 191
Colurrms
600 x 300 x 3795 18.00 24.00 295
450 x 300 x 3795 16.00 24.00 197
Slab 29790 x 25600 x 125 1.00 24.00 2288
Congrete Wall 3795 x 43600 x 250 1.00 24.00 993
Finishes 29790 x 25600 1.00 1.50 1144
Masonry Walls 29790 x 25600 1.00 2.50 1907 B195
Beam (X-dir) 400 x 200 x 108000 1.00 24.00 207
600 x 200 x 131600 1.00 24.00 379
400 x 200x 127400 1.00 24.00 245
Beam (Y-dir) 600 x 200x 41800 1.00 24.00 120
700 x 200x 30000 1.00 24.00 101
1000 x 350 x 2985 4.00 24.00 100
Storey 2 750 x 350 x 2985 8.00 24.00 150
Colummns
600 x 300 x 2985 18.00 24.00 232
450 x 300 x 2985 16.00 24.00 155
Slab 29790 x 25600 x 125 1.00 24.00 2288
781
25608 36 5 1144
<ﬁ_sn.. Ve HoFodkt IO atoWa, a1l 1 A 1907 7809
=Y ectrotfe2hiiesses & b gierthfioide 207
L__ |, 600x200x 131600 379
k=== T 100 kX D0ok. 137400 245
120
700 x 200x 30000 1.00 24.00 101
1000 x 350 x 1495 4.00 24.00 50
Colurmms 750 x 350 x 1495 8.00 24.00 75
600 x 300 x 1495 18.00 24.00 116
Storey 3 450 x 300 x 1495 16.00 24.00 78
750 x 350 x 1495 4.00 24.00 38
600 x 300 x 1495 12.00 24.00 78
450 x 300 x 1495 22.00 24.00 107
300 x 300 x 1495 8.00 24.00 26
Slab 29790 x 25600 x 125 1.00 24.00 2288
Congrete Wall 2985 x 43600 x 250 1.00 24.00 781
Finishes 29790 x 25600 1.00 1.50 1144
Masonry Walls 29790 x 25600 1.00 2.50 1907 7740
Beam (X-dir) 400 x 200 x 108000 1.00 24.00 207
600 x 200 x 131600 1.00 24.00 379
400 x 200x 127400 1.00 24.00 245
Beam (Y-dir) 600 x 200x 41800 1.00 24.00 120
700 x 200x 30000 1.00 24.00 101
750 x 350 x 2985 4.00 24.00 75
Storey 4-6 600 x 300 x 2985 12.00 24.00 155
Colummns
450 x 300 x 2985 22.00 24.00 213
300 x 300 x 2985 8.00 24.00 52
Slab 29790 x 25600 x 125 1.00 24.00 2288
Congrete Wall 2985 x 43600 x 250 1.00 24.00 781
Finishes 29790 x 25600 1.00 1.50 1144
Masonry Walls 29790 x 25600 1.00 2.50 1907 7667
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Table C3: Approximate calculation of dead load on the test building (Contd.)

Storey Element Dimensions (mrm) EII: I(:l::t’ De&;t;rnt;i)‘ I:iat. ‘Weight (kN) E’;‘;l
. 400 x 200 x 108000 1.00 24.00 207
Bean (X-dir)
600 x 200 x 131600 1.00 24.00 379
400 x 200x 127400 1.00 24.00 245
Beam (Y-dir) 600 x 200x 41800 1.00 24.00 120
700 x 200x 30000 1.00 24.00 101
750 x 350 x 1495 4.00 24.00 38
600 x 300 x 1495 12.00 24.00 78
Colurrms
Storey 7 450 x 300 x 1495 22.00 24.00 36
300 x 300 x 1495 8.00 24.00 26
600 x 350 x 1495 4.00 24.00 30
450 x 300 x 1495 4.00 24.00 19
300 x 300 x 1495 34.00 24.00 110
Slab 29790 x 25600 x 125 1.00 24.00 2288
Concrete Wall 2985 x 43600 x 250 1.00 24.00 781
Finishes 29790 x 25600 1.00 1.50 1144
Masonry Walls 29790 x 25600 1.00 2.50 1907 7509
Beam (X-dir) 400 x 200 x 108000 1.00 24.00 207
600 x 200x 117700 1.00 24.00 339
400 x 200x 127400 1.00 24.00 245
Beam (Y-dir) 600 x 200x 41800 1.00 24.00 120
700 x 200x 30000 1.00 24.00 101
Storey 8 600 x 350 x 2985 4.00 24.00 60
Colurrms 450 x 300 x 2985 4.00 24.00 39
219
506G 30 2288
I C_o;», W IV O 39ds% Jaeonbya5g L (LLL Wd; ol EEYIEY T 781
3 JiLE 497 25600 11 00 hX 1144
Wy Walls | 2079025600 | 100 X 107 | 7450
| Sai | oo x bbb &k 168000 207
339
400 x 200x 127400 1.00 24.00 245
Beam (Y-dir) 600 x 200x 41800 1.00 24.00 120
700 x 200x 30000 1.00 24.00 101
Storey 9 600 x 350 x 2985 4.00 24.00 60
Colurrms 450 x 300 x 2985 4.00 24.00 39
300 x 300 x 2985 34.00 24.00 219
Slab 28500 x 25600 x 125 1.00 24.00 2189
Congrete Wall 2985 x 43600 x 250 1.00 24.00 781
Finishes 28500 x 25600 1.00 1.50 1094
Masonry Walls 28500 x 25600 1.00 2.50 1824 7218
Beam (X-dir) 400 x 200 x 108000 1.00 24.00 207
600 x 200 x 117700 1.00 24.00 339
400 x 200x 127400 1.00 24.00 245
Beam (Y-dir) 600 x 200x 41800 1.00 24.00 120
700 x 200x 30000 1.00 24.00 101
Roof 600 x 350 x 1495 4.00 24.00 30
Colummns 450 x 300 x 1495 4.00 24.00 19
300 x 300 x 1495 34.00 24.00 110
Slab 28500 x 25600 x 125 1.00 24.00 2189
Congrete Wall 1495 x 43600 x 250 1.00 24.00 391
Finishes 28500 x 25600 1.00 240 1751 5502
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Table C4 : Approximate calculation of imposed load on the test buildings

Storey Area (m?) Load Weight (kN) Total (kN)
(KN/m?)
Roof 729.6 2 1460 1460
Storey 9 729.6 2 1526 1526
Storey 8 762.68 2 1526 1526
Storey 7 762.68 2 1526 1526
Storey 4-6 762.68 2 1526 4578
Storey 3 762.68 2 1526 1526
Storey 2 762.68 2 1526 1526
Storey 1 762.68 2 1526 1526
Total Imposed Load (kN) 15,194

Table C5 : Fundamental period of vibration obtained from modal analysis

Mode Fundamental period (T;)
Translation in X-dir 3.05 (s)
Translation in Y-dir 1.01 (s)

C2. Basiéealculations Atconding iio
C2.1Structural reguiarity

C2.1.1Criteria for regularity in plan
EN 1998-1: 2004

Clause 4.2.3.2 Criteria for regularity in plan

o With respect to lateral stiffness and mass distribution, the building

structure shall be approximately symmetrical in plan with respect to two

orthogonal axes.

The building is approximately symmetrical in plan with respect to the

lateral stiffness and the mass distribution in both X and Y directions.

o The plan configuration shall be compact.

The rectangular plan shape of the building fulfills the criteria of compact

plan configuration.
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o The in-plan stiffness of the building shall be sufficiently large in
comparison with the lateral stiffness of the vertical structural elements
The in-situ concrete floor slab of thickness 125mmconnected to the lateral
load resisting system proves that the lateral stiffness of the building is

large in comparison with the vertical stiffness of the test building.

o The slenderness of the building (A = Lmax/Lmin) shall not be higher than
4.0.
The slenderness of the building amounts to A = 1.61 (41.3/25.6m) which

can be considered as satisfied.

o The structural eccentricity
€ox = 0.307y
= 0.30ry,

Eay

Refer Table C6

o %;hg torsional ‘radrus‘shall be*larger than-the radius of the gyration of the

floor mass in plan

Ty = E.

According to Table C6, the selected building does not fulfill this requirement. The

building was considered as torsionally fleixible

Table C6 :Structural eccentricity, torsional radius and radii of gyration in each
horizontal direction

Level Direction X Direction Y
€ox 0.3rx I ls €oy 0.3ry ry Is

Roof 0.365 | 3.2948 10.9826 14.03 0.3146 8.7865 29.2882 14.03
Storey 9 0.3519 | 3.2876 10.9585 14.03 0.3146 9.2198 30.7326 14.03
Storey 8 0.3391 | 3.2785 10.9283 14.03 0.3135 9.6897 32.2989 14.03
Storey 7 0.3268 | 3.2691 10.8969 14.03 0.3119 10.2332 34.1106 14.03
Storey 6 0.3149 | 3.2571 10.8569 14.03 0.3093 10.9355 36.4518 14.03
Storey 5 0.3033 | 3.2458 10.8192 14.03 0.3072 11.8557 39.5191 14.03
Storey 4 0.292 3.2319 10.773 14.03 0.3046 13.1144 43.7145 14.03
Storey 3 0.2798 | 3.2191 10.7304 14.03 0.3045 14.9894 49.9648 14.03
Storey 2 0.2665 | 3.2006 10.6685 14.03 0.3061 18.1378 60.4592 14.03
Storey 1 0.2545 | 3.1743 10.581 14.03 0.2909 24.1001 80.3335 14.03
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C2.1.1.1 Determining the structural eccentricities, torsional radii

and radii of gyration

Structural eccentricities and torsional radii have been calculated using the same
method as described in A2.1.1.1 under the building A. The results are tabulated as

below.

Table C7 : Structural eccentricity in each horizontal direction

Level Fisziy:Mi Rz,i(Fx) szi(Fy) Rzyi(Mi) eovy €o,x
Roof 10° 0.0916 0.1063 0.2912 0.3146 0.365
Storey 9 10° 0.0817 0.0914 0.2597 0.3146 0.3519
Storey 8 10° 0.0713 0.0771 0.2274 0.3135 0.3391
Storey 7 10° 0.0606 0.0635 0.1943 0.3119 0.3268
Storey 6 10° 0.0498 0.0507 0.1610 0.3093 0.3149
Storey 5 10° 0.0392 0.0387 0.1276 0.3072 0.3033
Storey 4 10° 0.029 0.0278 0.0952 0.3046 0.292
Storey 3 E1D° 010497 doTed 0.0647 0,3045 0.2798
Storey 2 éf-! l@ : 0.0116 0.0101 0.0379 0.3061 0.2665
Storey 1 i 10 0,00Q48 0.0042 0.0165 0.2909 0.2545
Table C8 : Torsional radii in each horizontal direction

Level Fu=Fiy=M; Uy, Uy, R.i(M)) I ry

Roof 10° 249.7916 35.1237 0.2912 10.9826 29.2882
Storey 9 10° 245.2849 31.1870 0.2597 10.9585 30.7326
Storey 8 10° 237.2274 27.1578 0.2274 10.9283 32.2989
Storey 7 10° 226.075 23.0716 0.1943 10.8969 34.1106
Storey 6 10° 213.9256 18.9773 0.1610 10.8569 36.4518
Storey 5 10° 199.2801 14.9361 0.1276 10.8192 39.5191
Storey 4 10° 181.923 11.0487 0.0952 10.773 43.7145
Storey 3 10° 161.5221 7.4497 0.0647 10.7304 49.9648
Storey 2 10° 138.5365 4.3137 0.0379 10.6685 60.4592
Storey 1 10° 106.4824 1.8473 0.0165 10.581 80.3335
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Table C9 : Radius of gyration

Level 1 (m) b (m) Is

Roof 41.3 25.6 14.03
Storey 9 41.3 25.6 14.03
Storey 8 41.3 25.6 14.03
Storey 7 41.3 25.6 14.03
Storey 6 41.3 25.6 14.03
Storey 5 41.3 25.6 14.03
Storey 4 41.3 25.6 14.03
Storey 3 41.3 25.6 14.03
Storey 2 41.3 25.6 14.03
Storey 1 41.3 25.6 14.03

C2.1.2 Criteria for regularity in elevation
EN 1998-1: 2004

Clause 4.2.3.3

In this bwldmg ally the; lateral load: fesisting. system..cun without interruption from
foundatioft f}he top | Adsenboth the datecakistiffness andithg dnass of the individual

storeys remém'constant or. reduced gradually. Further, the ratio of the actual storey
resistance 1o the resistance required by the analysis o not vary disproportionately
between adjacent storeys. Since these requirements have been fulfilled in the case of

investigated building, the building was considered as regular in elevation.

Overall, the building was considered as torsionally fleixible.
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