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ABSTRACT

Concept of capacity based design of structures is the spreading of inelastic deformation demands in a structure in
such a way so that the formation of plastic hinges takes place at predetermined positions and sequences-The

pacity desig is therefore, an art of avoiding failure of structure in brittle mode. Shear failure is brittle mode of failure,
hence shear capacity of all components capacity based design are made higher than their flexural capacities so as to
avoid shear failureThaefore, it is betterto make beams to be the ductile weaklinks than columns. In the capacity

design of structures for earthquake resistance, distinct elements of the primary lateral force resisyistgm are

chosen and suitably designed and detaftedenergy dissipation under severe imposed deformations. The critical
regions of these members, often termed as plastic hinges, are detailed for inelastic flexural action.

The prime objective of this work is to demonstrate the utility of capacity basgmhdnethod as compared tacon-

ventional design method. In this study, the building ofdiseeyshave been analysed and designed by capacity based
design method. Parametric study has been undertaken for the column moments, column shear andrifeathshea
buildings. The building is designed by capacity based design for earthquake zone Il. It has been shown that column
moments, column shear and beam shear for the five storey building obtained from capacity based design method are
more than those ¢ained from design method.
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INTRODUCTION

Capacity design proceduregepular and has significant utility because during earthquakes large numbers of buildings
were collapsed due to improper strength hierarchy. Many of the buildings were collapsed in Ahr{ladédakliring

‘2001 Bhuj earthquakedue to this improper stretig hierarchy. Earthquakes in different parts of the world also
demonstrated the disastrous consequences and vulnerability of inadequate struct@ensventional  structures

are designed on the basis of strength and stiffness criteria. The strengthdstoaldtienate limit state, which assures

that the forces developed in the structure remain in elastic range. The stiffness is related to serviceability limit state
which assures that the structural displacements remains within the permissible limitsaifteanse of failure of
multi-storey multibay reinforced concrete frames during seismic motion is the soft storey sway mechanism or column
sway mechanism. The seismic inertia forces generated at its floor levels are transferred through the variond beams a
columns to the ground. The failure of a column can affect the stability of the whole building, but the failure of a beam
causes localized effect. Therefore, it is better to make beams to be the ductile weak links ttdnmns.

Capacity desigrsia concept of designing flexural capacities of critical member sections of a building structure based
on behaviourof the structure in responding to seismic actions. Befsaviours reflected by the assumptions that the
seismic action is of a static @galent nature increasing gradually until the structure reaches its state of near collapse
and critical regions occur simultaneously at predetermined locations to form a collapse mecharsémulating

ductile behaviour In multi-storeymulti bay reinbrced concrete frames plastic hinges are allowed to form only at the
ends of the beams. To achieve this flexural capacity of column sections at each joint are made stronger than the joining
beam sections. This will eliminate the possible sway mechanisine dfame.
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The philosophy of capacity design is introduced into the design of trestefery structures and a practical design

method for transfer structures under severe earthquakeullitstoreyframe this can be achieved by allowing the

plastic hin@s to form, in a predetermined sequence only at the ends of all the beams while the columnsesmain
sentially in elastic stage and by avoiding shear mode of failures in columns and beams.

Many ReinforcedConcrete (RC) framed structures located in sawfehigh seismicity in India are constructed without
considering the seismic codal provisions. Reinforced concrete (RC) framed structures located in zonegisf high s
micity in India were studied [1]The vulnerability of inadequately designed structueggesents seismic risk to oc-
cupants. Also, Hoffmeisteat al[2] investigated the common requirements and differences between desigoepts

and capacity design rules for structures required to resist seismic actions and a blast wave caused by an external
explosion. Victorssoet al[3] reported that Capacity design principles are employed in structural design codes to help
ensure dudle response and energy dissipation in seismistiegi systems. Vargheséal[4] carried out study of this

building an earthquake resisting buildings and buildings are designed in such a way thatrtleture remains safe

and suffers no appreciabtlamage during destructive earthquake.

In view of the above discussions, a study is therefore needed to estimate the advantages of capacity design method
over conventional design method. In this work, the building frames will be designed by capacitgdsge method.

To show the importance of capacity based design method for varied seismic forces, the selected building frames is
analyzed and design for Earthquake Zone Il (Low Seismic Intensity). This systematic study hacaeed out

using strutural software.

CONCEPT OF CAPACITY BASED DESIGN

The basic concept of capacity based design of structures is the spreading of inelastic deformation demands in a struc-
ture in such a way so that the formation of plastic hinges takes place at predetermined positions and sequences. In
multi-storeymulti bayreinforced concrete frames plastic hinges are allowed to form only at the ends of the beams. To
achieve this flexural capacity of column sections at each joint are made stronger than the joining beam sections. This
will eliminate the possible sway mechanisf the frame.

Capacity design approach therefore has distinct advantage over conventional design to assure predictadde-and
isfactorily inelastic response under conditions for which even sophisticated dynamic analysis techniques can yield no
more than crude estimateBhe applications of capacity design concept were already implied in some codes. In the
capacity design of structures for earthquake resistance, distinct elements of the primary lateral force resisting system
are chosen and suitaldgsigned and detailed for energy dissipation under severe imposed deformations. The critical
regions of these members, often termed as plastic hinges, are detailed for inelastic flexural action.

The main advantages of capacity design are: plastic defiormavill occur in predetermined locatioosly; rational

and suitable mechanisms for energy dissipation are established; a hierarchy of strength within the system is clearly
defined; location within the structure where special detailing for ductilitggsired are uniquely established; local
ductility demands can be better related to the global ductility demand.

Steps for Capacity Based Desigi]:

9 Design loads i.e. dead loads, live loads and earthquake loads are calculated.

1 Seismic analysis of thieame for all load combination specified in IS 1893 (Part I):2[8)&re done.

1 Members are designed as per IS 456[@Pfdr maximum forces obtained from all load combinations. Beams are
designed for maximum sagging and maximum hogging moments. Proeidémtcements are calculated fol-
lowing the norms given in code. Columns are designed for the combination for moment and corresponding axial
force providing maximum interaction effect i.e. considering the eccentricity.

1 The flexural capacities of ¢hbeams under sagging and hogging condition for the provided reinforcements are
calculated.

1 The flexural capacity of columns at a joint is compared with actual flexural capacity of joining beams. If the sum

of capacities of columns is less than the sumapiacities of beams multiplied by over strength factor, theol-

umn moments should be magnified by the factor (moment magnification factor) by which they are lacking in

moment capacity over beams. If the sum of the column moments is greater thahtmamanoments, there is

no need to magnify the column moments.

Columns are designed for the revised moments and the axial force coming on it from the analysis.

Shear capacity of beams are calculated on the basis or their actual moment capacities agidfeheements are

calculated.

1 Similarly shear capacity of column is calculated on the basis of magnified moment capacities. Then the columns
are designed for shear.

= =
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ANALYTICAL STUDY

In this study, systematic study is carried out for a building frame ofstmeys Plan and elevation of this building

have been shown in Fig. 1. Plinth beams are provided for the building frame as has shown in Fig. 1. Plinth beams
helps to control seismiemands in RC frame buildings. Analysis of these frame have been carried out aungy

tural software (STAAD Pro.). In this analysis, building frame is assumed in zone Il (IS20823[5] to show the
maximum value for seismic forces. The buildingrfie is designed for the forces obtained from STAAD [Biaising

capacity based design method.
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Fig. 1 b Plan of five storey building
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Fig. 1a Elevation of five storey buidling

Preliminary Member Property Assigning
A five storey Frames building was consider for analysis. The salient information of the building is shown in Table 1:
Table -1 General Data for Building Frames of Five Storeys

Type of structure Ordinary RC moment resisting frame
Selsmlcf;::élss;?%ooz) Meldlium Used load combinations for analysis
Imposed Load 3.0 kN/n? ; igggt: :II:?I-EL)
Dead Load 3.75 kN/nt 3. 12(DL+ |L-EL)
Floor finishes 1.0 kN/n? 4. 1.5(DL+EL)
Thickness of slab 150 mm 5. 1.5(DL- EL)
Materials M 30 concrete and Fe 415 steel 6. 0.9DL+1.5EL
Unit weight of RCC 25 kN/n# 7. 0.9DL-1.5EL
Where, DL- Dead Load,
Unit weight of Masonry 19.20 kN/ni IL - Imposed Load and
Modulus ofelasticity of concrete 2.73 x 10 kN/m? EL- Earthquake Load
Width of building 5m
Beams size 300 x 500 mm
Columns size 300 x 600 mm
Height of building (2+4+4x3.3) =19.2 m
Clear cover for beam 25 mm
Clear cover for column 40 mm

Analysis of building frames

In this work building frames of five have been analysed and desigieg capacity based design methods for earth-
guake zone Il to show the importance of capacity based design for varied seismic forces. The frames have been
modelled and analysed in STAAD HBJ. In this process, member properties are first assigned addsl@applied on

each member of model. The model is the analysed for different combination of loads. Maximum moments, axial force
and shear forces are noted from the analysis results.

The beam is then designed for the analysis momestitamed from sdvare using SP1698(07] and rein-

forcement is calculated for each beam. These reinforcements have been checked for various codal guidelines and
provided in the beanBeam capacity is then calculated for the providgdforcement using IS 452000 [6] guide-

lines. Revised moments for the provided reinforcement in beam are compared with the maximum moment in column
as obtained from the analysis. Moment magnification factor for the columns of all building frames have been then
calculated asqr guidelines of capacity based design. These moment magnification factor changes the column moment
obtained from the analysis results. Column moments are then revised using moment magnification factors and these
columns of all building frames are thbeing designed usin®P16198(7]. Shear in beams for all building frames

have been calculated using the equations of capacity based design methodbtafteshear in beams, beams are

then designed for the controlling forces. Shear in the column havecaleaitated using guideline of capacity based
design method. Aftesbtainshear in columns, columns are then designed for the controlling forces.
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RESULTS

In Fig. 2, Maximum hogging moment (indicated above the centre line of beam) and sagging moment (iruktated
the centreline of beam) in beam obtained from the software results have been sBiomitarly, maximum shear
forces in beam and in column are shdwifrig 3. Maximum axial force and bending moment of column is shown in
Fig 4. The beam is designed for the analysis moment as shown in Fig. ZB4i6998(7] and reinforcement

is calculated for each bed#8i.

Beam capacity is then calculatat the provied reinforcement using IS 42000[6] guidelines. Capacity of var-
ious beams has been shown in Fig. 5. Revised moment for the provided reinforcement in beam as discussed above are
shown with the maximum moment in column as obtained flmranhalysis in Fig. 6 and Fig. 7.

Moment magnification factor for columns have been calculated as per guidelines of capacity based design and these
factors have been shown in Table 2. These moment magnification factor changes the column momentrobtained f
the analysis results. These revised column moments due to Moment magnification factors are Blgp\8n in

Columns are designd#@] for the column moment obtained from the magnification factor and analysis resols
tained from the software. Thiesign parameters for the columns have been shown in Table

Shear in beams have been calculated using the equations of capacity based desigh method. These beam shears hav
been shown in Tablel. Shear force obtained from the analysis results frorsdftevare are also shown in Table

Beams are then designed for the contrglfiorces obtained from Tabld [9]. Sheaiin the column have been cal-

culated using guideline of capacity based design. The calculation of column shear using capacity based design is
shown in Table5. Shear force in Column from the analysis results of software have been also shown b.Table
Columns are then designeat the controlling forces obtained from Tabig9].

Table -2 Moment Magpnification Factor for Five Storey Frames

Joint Seismic | Sum of resisting member top Sum of resisting moments of left and right Check of | Moment magni-
no direc- and bottom columns at joint beam atjoint with an over strength factor of (1)>=(2) fication factor
tion (1) 1.4(2)
49,52 1 0+67.53=67.53 1.4(0 +37.08) =51.91 Ok 1.0
2 0 +67.53 =67.53 1.4(0 + 68.11) =95.35 Not Ok 1.412
50,51 1 0 +39.49 = 39.49 1.4(68.11 + 37.08) =147.26 Not Ok 3.729
2 0 +39.49 = 39.49 1.4(37.08 + 54.45) =133.04 Not Ok 3.369
59,62 1 67.55 + 67.29 =134.82 1.4(0 + 54.95) = 76.93 Ok 1.0
2 67.55 + 67.29 =134.82 1.4(0 +115.2) =161.28 Not Ok 1.196
60,61 1 39.49 +52.77 = 92.23 1.4(115.2 + 37.08) =213.19 Not Ok 2.311
2 39.49 + 52.77 = 92.23 1.4(54.95 + 82.04) =191.78 Not Ok 2.079
69,72 1 67.29 + 70.35 = 137.64 1.4(0 +54.95) = 76.93 Ok 1.0
2 67.29 + 70.35 = 137.64 1.4(0+128.1)=179.34 Not Ok 1.302
70,71 1 63.63 +52.74 = 116.37 1.4(128.1 + 37.08) =231.25 Not Ok 1.987
2 63.63 + 52.74 416.37 1.4(54.95 + 95.24) =210.26 Not Ok 1.806
79,82 1 70.35 + 70.25 = 140.6 1.4(0 + 54.95) = 76.93 Ok 1
2 70.35 + 70.25 = 140.6 1.4(0 + 138.7) = 194.18 Not Ok 1.381
80,81 1 70.55 + 63.63 = 134.18 1.4 (138.7 +54.95) = 271.1 Not Ok 2.020
2 70.55 + 63.63 134.18 1.4 (54.95 + 111.5) = 233.0 Not Ok 1.736
89,92 1 70.25 + 81.34 = 151.59 1.4 (0 +54.95) =76.93 Ok 1
2 70.25 + 81.34 = 151.59 1.4 (0 +138.7) =194.18 Not Ok 1.280
90,91 1 82.13 + 70.55 =152.68 1.4(54.95 + 111.5) =233.03 Not Ok 1.775
2 82.13 +70.55 =152.68 1.4 (138.7 + 54.95) = 271.1 Not Ok 1.526
Table -3 Column Design of Five Storey Frames
Capacity based /Con- . .
Storey no. Column Size ventional Mz kN-m | Capacity based qe5|gn
no. (mm x mm) (KPE) k'\N/I-ym Conventional ng:ggy % steel Interaggon ra-
5 41,44 300 x 600 145.42 45.66 67.55 95.35 11 .995
42,43 300 x 600 193.39 52.63 39.49 146.9 1.35 .998
40 33,36 300 x 600 366.47 51.98 67.29 87.47 11 .992
34,35 300 x 600 510.31 62.22 52.74 121.8 1.15 .996
9 25,28 300 x 600 586.76 57.53 70.35 97.08 1 .907
26,27 300 x 600 827.98 67.02 63.63 128.5 11 .987
ond 17,20 300 x 600 805.97 61.60 70.25 96.94 11 .998
18,19 300 x 600 1146.74 71.33 70.55 142.5 1.2 .877
1t 9,12 300 x 600 1027.99 63.04 81.34 104.1 11 729
10,11 300 x 600 1472.14 66.34 82.13 148.9 1.2 818

10
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67.55 49 53.07 45.40 50 4540 53.07 51 67.55
36.47 35.97 [16.25 16.25 | 35.97 36.47
41 42 43 44
113.0 59 90.29|79.13 60 79.13] 90.29 81 113.0
51.65 51.12[26.23 26.23] 51.12 51.65
33 34 35 36
125.03 69 104.25|93.62 70 93.62 | 104.25 71 125.03
51.86 51.22 [32.05 32.05] 51.22 51.86
25 26 27 28
131.87 79 114.94[10357 80 103.57| 114.94 81 131.87
51.70 51.70]38.67 38.67| 51.70 51.70
17 18 19 20
133.88 89 123.02]109.12 90 109.12| 123.02 91 133.88
52.55 51.88 [41.92 41.92] 51.88 52.55
9 10 11 12
97.75 99 96.19 |83.63 100 83.63|96.19 101 97.75
38.17 37.99 [29.08 29.0837.99 38.17
1 2 3 4
LLLTLTZT LTLLTIL, LT LELLITL T
50 4.0 5.0

Fig. 2. Maximum hogging (above) and sagging (below) Moments at joints in beams five storey frames
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33(36.96 34129.08 35( 20.08 36| 36.96
103.95 86.62 103.95
69 70 71
25(39.99 2636.50 27| 36.50 28| 39.99
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17/41.16 18(42.29 19( 42.29 20| 41.16
107.33 94.02 107.33
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Fig. 3. Maximum shear Force in beams and columns
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My = 51.98 My = 62.22 My = 62.22 My = 51.98
69 70 71
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My = 5753 My = 67.02 My = 67.02 My = 57.53
79 80 81
Pu = 805.97 Pu= 114674 Pu = 1148.74 Pu = 805.97
17| Mz = 70.25 18| Mz = 7055 19| Mz = 7055 20| Mz = 70.25
My = 61.60 My = 71.33 My = 71.33 My = 61.60
89 90 91
Pu = 1027.99 Pu = 1472.14 Pu = 1472.14 Pu = 1027.99
9| Mz=8134 10| Mz = 82.13 11| Mz = 8213 12| Mz = 81.34
My = 63.04 My = 66.34 My = 66.34 My = 63.04
99 100 101
Pu = 1185.66 Pu = 1687.18 Pu = 1687.18 Pu = 118566
1| Mz = 64.51 2| Mz = 6559 3| Mz = 6559 4| Mz = 6451
My = 41.03 My = 41.23 My = 41.23 My = 41.03
7777 77T YIrri/e P/
,Il’ 50 4.0 50 4

Fig. 4. Axial force and moments in columns
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37.08 37.08137.08 37.08|37.08 37.08
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115.2 59 115.2182.04 60 82.04|1115.2 61 115.2
54.95 54.95|37.08 37.08|54.95 54.95
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Fig. 5. Moment capacity of beams for provided reinforcement in beams

14




Choubisa et al

Euro. J. Adv. Engg. Tech., 201.4 (1):7-20

68.11—== 54.95 —— 68.11
49 1 150] 1517 1 52
syiEz] ST 30493413708 39.49-3-37.08 S
67.55 67.55
115.2—1-39.49 82.04-L39.49 115.2-

(591 1607 1617 {62]
670 549 527454137 08 52.74-%1154 05 s
67.29 67.29

128.152.74 05.24 —52.74 128.1

(69} {701 {71} (72]
70.35] 54.95 63.63-2137.08 63.63--54 .05 ~0.35
70.35 70.35

(791 138 7@@63.63 111 SBESS.&S 138 TESZ
0.5 549 70.55 -5454 95 70.55-5'54 95 i
70%@ 1387 55170.55 11165170, 138.7;—950'25

—54.95 82.13-7-54.95 82.13-7-54.95 =
81.34 81.34
81.34 81.34

oy 98.70 -+~82.13 85.69—+—82.13 98.70 5~

(995755 6550190737 68 65.50 101757 05 102]
64.51 84.51

LLTTAI7 T LA LLTTA T LLTTALZ T
5.0 4.0 - 50

Fig. 6. Beam and column moments along direction 1
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Fig. 7. Beam and column moments along direction 2

16



Choubisa et al Euro. J. Adv. Engg. Tech., 201 4 (1):7-20

P ) AT
143 96112 (21055778 21055776 \143) 161,12
161.12 254.16 254.16 161.12
. 112,67 o 151.26 e 151,26 TN 112.67
@Qp/ 140.56 (1.25 3728 \1.25 5178 \1.00) 440’56
144.77 2316 2316 144.77
144.77 ~—. 2316 — 2316 TN 14477
@0,3/ 155.66 (1.35 %8012 135580712 (1.03) 15566
155.66 280.12 280.12 155.66
154.15 . 2573 2573 e HEddE
QO,?/ 156.18 (1.24 75535 \1.24 75535 (1.02) 156.18
156.18 283.3 283.3 156.18
153.18 —. 260,48 — 260.46 T 153.18
(0,0/ 217.83 11431502 114 31502 \1.00) 53783
217.83 312.02 312.02 217.83
650\ 217.83 (0021310 T P T
00 ~50378 (1.00 755569 \1.00 57569 \1.00) 50378
203.78 225.69 225.69 203.78
LT L7777 LTLTTLTTT LLTLLTITT
L |, |,
1 5.0 7 4.0 7 5.0

Fig. 8. Revised column moments as per momentagnification factors
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Table -4 Shear inBeamsfor Five Storey Frames

B Shear (kN) (Capacity based design) Shear (kN) (Conven- Design shear
eam no. ional Desi kN
Direction 1 Direction 2 tional Design) (kN)
13.5 71.72
49,51 71.72 135 63.29 71.72
2.68 67.1
50 671 268 46.66 67.1
141 96.7
59,61 96.7 1.41 102.04 102.04
-.07 82.68
60 8268 07 79.51 82.68
-2.2 100.3
69,71 100.3 29 103.95 103.95
-5.32 87.3
70 873 532 86.62 87.3
-5.17 103.28
79,81 103.28 517 106.55 106.55
-17.27 99.28
80 99.28 1727 91.58 99.28
-5.17 103.28
89,91 103.28 517 107.33 107.33
-17.27 99.28
%0 99.28 -17.27 94.02 99.28
Table -5 Shear inColumn for Five Storey Frames
Column Shear (kN) Shear (kN) Shear (kN)
(Capacity based design) (Conventional design) (Design)
41,44 1.4 (95.35 +95.35) / 3.3 =80.90 34.32 80.90
42,43 1.4 (146.9 + 146.9) / 3.3 =124.6 19.89 124.6
33,36 1.4 (87.47 +87.47) /3.3 =74.21 36.96 74.21
34,35 1.4 (121.82 +121.82) / 3.3 = 103.36 29.08 103.36
25,28 1.4 (97.08 + 97.08) / 3.3 =82.37 39.99 82.37
26,27 1.4 (128.53 + 128.53) / 3.3 = 109.05 36.50 109.05
17,20 1.4 (96.94 + 96.94) / 3.3 =82.25 41.16 82.25
18,19 1.4 (142.51 + 142.51)/ 3.3 =120.91 42.29 120.91
9,12 1.4 (104.11+1.4.11)/4=72.87 37.41 72.87
10,11 1.4 (148.97 148.97) / 4 = 104.27 38.19 104.27
Table -6 Comparison of Moments in Columns of Five Storey
Storey Column no Size Conventional design Capacity based design
No. ' (mm x mm) Mz kKNm Mz kNm
5th 41,44 300 x 600 67.55 95.35
42,43 300 x 600 39.49 146.9
4th 33,36 300 x 600 67.29 87.47
34,35 300 x 600 52.74 121.82
3rd 25,28 300 x 600 70.35 97.08
26,27 300 x 600 63.63 128.53
ond 17,20 300 x 600 70.25 96.94
18,19 300 x 600 70.55 142.51
1st 9,12 300 x 600 81.34 104.11
10,11 300 x 600 82.13 148.97
Table -7 Comparison of Shear in Columns of Fivé&toreys
Storey Size Conventional design Capacity based design
no. Column no. (mm x mm) (kN) (kN)
5 41,44 300 x 600 34.32 80.90
42,43 300 x 600 19.89 124.6
40 33,36 300 x 600 36.96 74.21
34,35 300 x600 29.08 103.36
3 25,28 300 x 600 39.99 82.37
26,27 300 x 600 36.50 109.05
ond 17,20 300 x 600 41.16 82.2
18,19 300 x 600 42.29 120.91
1t 9,12 300 x 600 37.41 72.87
10,11 300 x 600 38.19 104.27
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Table -8 Comparison of Shear in Beams of FivStoreys

Storey Beam no Size Conventional design Capacity based design
no. ’ (mm x mm) (kN) (KN)
5 49,51 300 x 500 63.29 71.72

50 300 x 500 46.66 67.1
4 59,61 300 x 500 102.04 96.7
60 300 x 500 79.51 82.68
3 69,71 300 x 500 103.95 100.3
70 300 x 500 86.62 87.3
ond 79,81 300 x 500 106.55 103.28
80 300 x 500 91.58 99.28
18t 89,91 300 x 500 107.33 103.28
90 300 x 500 94.02 99.28
DISCUSSION

In this work the building frame of fivetoreyshave been analysed and designed using conventional and capacity based
design methods. It can be seen from the results presented in Tables and Figures of five storeys building frame that
capacity based design method needs more computational effort. Bniltieg frame column moment and shear of
capacity based design method is modified as compared to the results obtained by conventional design method. Also,
beam shear is modified as compared to the results obtained by conventional design method.

Column Moments

Column moments for five storeys building frame have been compared in Table 6 using conventional and capacity

based design method for zone II. Following observation can be made from I-&bles

9 Column moments obtained by capacity based design method is more than those obtained from conventional design
method for building frames of five storey.

9 The increase in column moments using capacity based design method is significant for exterior cawoilonitn
moment at first storey of five storey building frame obtained by capacity based design ma&@btiIkN-m (Table
6) whereacolumn moment at the same location by the conventional design me®ib&4&N-m (Table 6).

1 The increase in column mamts using capacity based design method is significant for interior column of all selected
building frames. The column moment at first storey of five storey building frame obtained by capacity based design
method is148.97kN-m (Table 6)whereasolumn monent at the same location by the conventional design method
is 82.13kN-m (Table 6).

Column Shear
Column shear for five storeys building frame have been compared in Table 7 using conventional and capacity based
design method for zone Il. Following obseigatcan be made from above Tables:
9 Column shear obtained by capacity based design method is more than those obtained from conventional design
method for building frames of fivetoreys
1 The increase in column shear using capacity basedrdesdthod is significant for exterior column. Thecolumn
shear at third storey of five storey building frame obtained by capacity based design m8th8dksl for (Table
7) whereasolumn shear at same location as obtained from the conventional destigod is39.99kN (Table 7).
9 The increase in column shear using capacity based design method is significant for interior columcolLimen
shear at third storey of five storey building frame obtained by capacity based design m&0#a5&N (Table 7)
whereagolumn shear at the same location by the conventional design meB8@&80&N (Table 7).

Beam Shear

Beam shear for five storeys building frame have been compared in-Balééng conventional and capacity based

design method for zoné Following observation can be made from above Tables:

9 Beam shear obtained by capacity based design method is more than those obtained from conventional design method
for all building frames of fivestoreys

1 The increase in beam shear using capacitgdadssign method is significant for exterior beam. The beam shear at
fifth storey of five storey building frame obtained by capacity based design methbd 2kN (Table-8) whereas
beam shear at same location as obtained from the conventional dedigal im68.29kN (Table-8).

1 The increase in beam shear using capacity based design method is significant for interior beam. The beam shear at
fifth storey of five storey building frame obtained by capacity based design met&@dd. kN (Table-8) whereas
beam shear at the same location by the conventional design me#tto66EN (Table-8).

CONCLUSIONS
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This elaborate study for five storey building under minimum seismic Zone Il as per IS 1893 has been carried out to

show the importance of capachigsed design. Following conclusions can be drawn from this study:

1 Column moments obtained by capacity based design method is more than those obtained from condesigmal
method. The increase in column moments using capacity based design methkahifcant for exterior column
whereas the increase in column moments using capacity based design method is significant for interior column.

1 Column shear obtained by capacity based design method is more than those obtained from conventional design
method.The increase in column shear using capacity based design method is significant for exterior and interior
columns.

1 Beam shear obtained by capacity based design method is more than those obtained from conventional design method.
The increase in beam sheasing capacity based design method is insignificant for exterior beam of the selected
building frame whereas the increase in beam shear using capacity based design method is significant for interior
beam of the selected building frame.

11t has been shown &hthe capacity based design method for earthquake resisting structures issliidetmat is
more effective in resistingie earthgake forces.

9 Capacity based design method of design is more realistic beteusaldilations are based on provided rein-
forcement and the over strength of the structure which takesotounthereserve strength beyond eladiiuit.
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