International Journal of Scientific & Engineering Research Volume 8, Issue 11, November-2017 128
ISSN 2229-5518

Study of Variation in Reinforcement of L Shaped RC
Building for Various Seismic Zones in India

Gokul Krishnan, Mrs Tincy Anna Yohannan

Abstract—Most of the Indian land is insecure because of the vibrations caused by the earthquakes. The damages due to earthquake can
be controlled by means of effective seismic designs. The design can be done by considering various limit states specified by the codes and
applying the economical ones. The structure can be designed as semi elastic and it is economical rather than elastic because designing of
structure for total elastic in response is very uneconomical. The study mainly focuses on determination of variation in reinforcement
percentages of an irregular building in various seismic zones in India. The current IS code for seismic design i.e.IS 1893-2002 (partl)
suggest that maximum amount of reinforcement shall be provided for higher seismic zones. But it doesn’t provide clear information, how
much percentage of reinforcement can be used for various seismic zones. In this work it was the attempt made to find the percentage
required for various seismic zones. For the study an L shaped building plan is used with 9 storeys and analysed and designed by using
STAAD Pro.

Index Terms— Dynamic Analaysis, Earthquake, Economy, Effective Seismic Design, Plan irregularity, Reinforcement, Seismic Zones.

1 INTRODUCTION

ECENTLY several earthquakes have caused severe dam-
ages in structures all over world. Earthquakes are most

unpredictable and devastating of all natural disasters, 2 OBJECTIVE OF WORK

which are very difficult to save over engineering properties e To find out the change of steel in beam at different
and life, against it. To protect structures from significant dam- level in different seismic zones in India.

age, the zone factor of building is an important topic in struc- e To find out change of steel in column at Different lev-
tural engineering. There are several guide lines all over the el and different Seismic Zones.

world which has been repeatedly updating on this topic. The

analysis procedure quantifying the earthquake forces and its 3 GEQMETRIC DEEINITION

demad depending on the performane and cost, the method of ] B ) )
analyzing the structure varies from linear to nonlinear. The A fiine storey bulldmg. fo.r a c.ommerc1al C(?mplex as shown in
behavior of a building during an earthquake depends on sev- ~Figure 1. Design of building is done by seismic loads as perlS
eral factors, stiffness, and adequate lateral strength, and duc- 1893 (PART I): 2002.

tility, simple and reular configurations. The buildings with TABLE 1
regular geometry and uniformly distributed mass and stiff- DESIGN DATA
ness in plan as well as in elevationsuffer much less damage
. . . Type of struchmre Ordinary moment resisting R.C frama
compared to irregular configurations. But nowadays need and
demand of the latest generation and growing population has Grade of concrate B 40 (Fek =40 Mimm )
made the architects or engineers inevitable towards planning P 2
Grade of reinforcing steel 5 Fv =415 Manm
of irregular configurations. 5 Fe 413 (Fy =413 Nimm )
In this paper a nine storey building is modelled in STAAD Plan arzz B3Im
Pro. In this building component like beam, column and foot- z _
. . . . Number of stories G+
ing are amalysed & designed in various zones. All the beams
and columns properties are kept same and the building is ir- Floor height 3.5m
regular. The structure is analysed and designed as per 1S-456- Cohunn size §00 % 600mm
2000. In this model the earthquake forces are automatically P —— S————
generated.
Slab thickmess 150mm
Wall thickness 250mum
Density of concreta T
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9. 15(DL-EQZ)
10. 0.9(DL+1.5EQX)

4 Lo - - 11. 0.9(DL-1.5EQX)
' B @ & 12. 0.9(DL+1.5EQZ)
| 13. 0.9(DL-1.5EQZ)
B & B e
z 1&m Earthquake load was considered in +X, -X, +Z and -Z direc-
@ @ & e tions. Thus a total of 13 load combinations are taken for analy-
I R N sis. Since large amount of data is difficult to handle manually,
22 @ e 20 all load combinations are analysed using software STAAD
[ f Pro.
@ @& o el T iy T iy T
B B B e ] B
T T T 5 COMPARISON OF BEAMS AT DIFFERENT LEVELS AND
& @& @ & ——b DIFFERENT ZONES
. _ 5.1 Comparison of beam at different levels in zone Il
LN N da g G i In this case Design of some selected beams using envelop of
i load combination, show the various floor levels of beam de-
e O @ 8 @O 9 @ O 2 L sign result and variation in perentage of reinforcement.
Fig. 1. Plan of L shaped Building TABLE 2
COMPARISON OF BEAMS AT DIFFERENT LEVEL IN
ZONEII
CHAMGE AT
LEFT MID RIGHT :
JOINT POINT POINT TOTAL D:Z:T;R
FLOOR (%)
STHFLOCR TOP 314.16 31415 31415 24248
BOTTOR 314.16 314.16 314.15 542,48
B2E.32 628.32 628,32 1BB4.96 o
ETH FLOOR  TOP 330.28 339.29 338.29 1017.87
BOTTOR 314.16 31416 31415 24248
e § 65345  653.45  653.45 106035 3.90
. . 7THFLOCR  TOP 33028 33929 338929 101787
R | | B | BOTTOR 314.16 31416 314.16 542 48
LA 1 N | 65345 65345 65345  1060.35 3.99
G6THFLOOR TOP 3592.7 314.16 3027 1095.56
BOTTOR &03.19 603.18 402,12 18DB.5
90580  017.35 70482 270806 4366
5TH FLOOR TOR 352.7 314.15 47124 11781
BOTTOR 314.16 314.16 314.15 54248
TOEEE 62832 7854 212058 125
4TH FLOOR  TOP 392.7 314.16 54878 1256.64
BOTTOR 54878 314.75 314.15 11787
Fig. 2. General layout of the building 94248 628.82 863.94 243534 29.19
SRDFLOOR  TOR &03.19 603.18 603.19 1808.57
BOTTOR &05.19 603.19 402.12 180B.5
4 LOAD CALCULATION 120638 120638 100531 341807 8133
The following load combinations are used in seismc analysis, ZNDFLOCOR  TOP 60318 40212 60318 160RS
as mentioned in the code IS 1893 (Part 1): 2002, Clause No. BOTTON: (bOi18___GiEid HEis  oItas
6.31.2 120638 100531 100531 3207 70.66
115 oL o o s e san s
2. 1.2(DL+LL+EQX) — 353:94 628.32 3:53..94 356:2 25
3. 1.2(DL+LL-EQX) R
4. 12(DL+LL+EQZ) FLOOR ToB 314.16 31416 Sy 102102
5. 1.2(DL+LL-EQZ) BOTTOM 3327 31416 31416 102102
6. 1.5(DL+EQX) TO6.BE  628.32 TORBE 204204 B33
7. 1.5(DL-EQX)
8. 1.5(DL+EQZ)
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Fig. 3. Graphical representation of required Ast of beam in
Zone II

Above table shows the reinforcement required for various
floor levels at various seismic zones. From the above results it
can be seen that amount of reinforcement in third floor is
greater than all other floors in seismic zone II. One of the rea-
son behind this behaviour is the increase in base shear in third
floor as compared to other floors.

5.2 Comparison of beam at different levels in zone llI

In this case Design of some selected beams using envelop of
load combination, show the various floor levels of beam de-
sign result and variation in perentage of reinforcement.
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Fig. 4. Graphical representation of required Ast of beam in
Zone III

Above table shows the reinforcement required for various
floor levels at various seismic zones. From the above results it
can be seen that amount of reinforcement in second and third
floor is greater than all other floors in seismic zone II. One of
the reason behind this behaviour is the increment in base
shear in seond and third floor as compared to other floors.

5.3 Comparison of beam at different levels in zone IV
In this case Design of some selected beams using envelop of
load combination, show the various floor levels of beam de-
sign result and variation in perentage of reinforcement.

CHAMGE AT
SElEn CHAMNGE AT DIFF:
LEFT MID RIGHT W.R.T TOP LEFT nMID Rl e i
JOINT POINT FOINT TOTAL FLOOR (%) IDINT  POINT — POINT FLOOR (%6}
8 TH FLOOR TGP 314.15 314.18 314.15 342 45 e
BOTTOM 31415 31415 31415 942 45 FLOOR O Jlade: [Fiaan C3iade; Selad
628.32 62B.32 528.32 1EE4.95 o BOTTOM 314 16 314 16 31416 942 AR
G28.32 G628.32 G28.32 1REA. 96 o
ETH FLOOR TOP 33929 33829 33329 1017.87 HEE
BOTTOM 31415 31416 31418 242 48 FLOOR o 35828 53328 45238 1130.97
553.45 653.45 653.45 1950.35 3,00 BOTTOM 452 38 339 20 339 20 1130 97
FOl.6E 678.5B TOLl.6E 2261.94 19.90
7 TH FLOOR TOP 3027 31418 47124 1176.1 e
BOTTOM 47124 314.18 31418 1009.565 FLOOR Uiy e e s L
Ef3.04 E2B.32 TES.A 2277.66 20.83 BOTTOM F7BES5.4 31415 31415 1413.72
6 TH FLOOR TOP 33029 330,28 §78.58 1357.15 oer 1178-1 62832 1099.56 2905.98 34.18
BOTTOM 67853 33929 339.29 1357 16 FLOOR e B A e
1017.ET 67B.58 1017.87 2714.32 43.99 ECTTOM 1017 .83 33828 33928 1696 45
5TH FLOOR TOP 335.28 33829 78168 1470.26 =n A A S A S AN O T 08 Sl
BOTTOM  BO4.25 £03.19 402.12 1E09 56 FLOOER TGE S T L s R Sl A
1143.54 942,48 1133.8 3279.82 73.99 BOTTOM 1356.64 942 AR 528332 2ZE2T. a4
4TH FLOOR TOP 339.29 339372 004 78 1583 36 g ZRELAE QEEL0G - JESN SN SOt DA Z10.66
BOTTOM  D42.43 34245 §28.32 2513.23 L Tae 53920 539.20  1470.27 214885
126177 128177 1533.1 4096.64 117.33 BOTTOM 147027 33028 33020 214885
3RD FLOOR TOP 1472 62 381.75 1472 62 39265.99 DI DL EUIEED sIZisl O LT
BOTTOM 147262  1472.62 081.75 3026.99 FEOF'SR ToP 947 AR 62832 ASTOE 31416
2945.24  24548.37 2454.37  7E53.98 316.66 BOTTOM 15708  ©S4z.d4 62842 314162
ZND FLOOR TOP 147262 98175 1472.62 3026.99 2513.28 1570.72 2150.22 628322 233.33
BOTTOM 147262 1472.62 931.75 3026.90 Figgk TOR 047 AR D4Z4B  ASTOE 345576
2945.24 2454.37 24548.37 TB53.98 3F16.66 BEOTTOM 1570.B 94?7 _AE G628 37 3141 6
15T FLOOR TOP 33029 33028 004.78 1533.35 2513.28 16B4.96 210012 6557.36 250
BOTTOM 00478 33029 33829 1583 36 FE;'; e Tap 663148 40242 1407.43 247274
AL i AR L BN 2 e B BOTTOM 1470.27 S59.280  559.20  2148.85
GROUND 2133.46 741.41 174672 462159 145.18
FLOOR TOP 0437 43 62832 942 4% 3513 28 GELE;LEIIH:?D R PR e e e
BOTTOM 67853 33028 335329 1357.16
BOTTOM 1472682 147282 833175 322699
162106  967.61 12E1.77  3E70.44 105.33 T e e
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Fig. 5. Graphical representation of required Ast of beam in
Zone IV

Above table shows the reinforcement required for various
floor levels at various seismic zones. From the above results it
can be seen that amount of reinforcement in third floor is
greater than all other floors in seismic zone II. One of the rea-
son behind this behavior is the increase in base shear in third
floor as compared to other floors.

5.4 Comparison of beam at different levels in zone V

In this case Design of some selected beams using envelop of
load combination, show the various floor levels of beam de-

Fig. 6. Graphical representation of required Ast of beam in
Zone V

Above table shows the reinforcement required for various
floor levels at various seismic zones. From the above results it
can be seen that amount of reinforcement in third floor is
greater than all other floors in seismic zone II. One of the rea-
son behind this behavior is the increase in base shear in third
floor as compared to other floors.

6 COMPARISON OF COLUMNS AT DIFFERENT LEVELS AT
DIFFERENT SEISMIC ZONES

sign result and variation in parentage of reinforcement. TABLE 6
COMPARISON OF BEAMS AT DIFFERENT LEVEL IN
TABLE 5 DIFFERENT ZONES
COMPARISON OF BEZ%I\I{ISEQ/T DIFFERENT LEVEL TR FLOORLEVEL COLUMNNO:  ZONENl  ZONEIl  ZONEIV  ZONEV
| A - 4 9th FLOOR 1841-1910 41746  637.06 950.26 1425.06
T Mo meRT L oaRwATToR BFLOOR 16501719 2880 2880 2880 2880
FLOOR (%)
3TH 7th FLOOR 1458-1528 2880 2880 2880 3456
FLODR TOR 31416 31416 3927 1021.02
R R—— 11415 11418 102102 6th FLOOR 1268-1337 2880 2880 2880 3744
=i e Ll e s = 5th FLOOR 1077-1146 2880 2880 2880 4032
FLODR TOP 339.20 3309.20 ETE.58 1357.16
T ] E=oz0 220 20 RS TIE 4th FLOOR BBE-855 2880 2880 2880 4032
. HRLEL BIRSR. MRAT. AmAs e 3rd FLOOR 695-764 2880 2880 2880 3744
FLODR TOP 339.29 33929 113097 1B09.55
BOTTOM 113087 339.28 azsza  1eoass 2nd FLOOR 204-573 2880 2880 2880 4320
e wimas  GASE wass el = 15t FLOOR 313-382 2880 2880 3744 5760
FLODR TOP 242 4B E2E.32 15708 31416
BOTTORM 180856 E0E.19 402 12 2E14.87 GF 122-191 2880 3?448 54?2 8540
2752.04 1231.51 1572.92 5956.47 13169
Epht TOR 24248 628.32 19911 3769.91 50000
BOTTORM 215911 242 4B EZE 32 3769.91 9000
3141.59 15708 FEFT.AT 7539.83 i e ] e
ATH E
FLOOR TOPF [ZeeR ] 402.12 241274 3418.05 £ 7000
BOTTORM 245437 147262 147262 5389961 E 5000
3057.56 1874.74 388536 8B17.66 331.80 2 <000 —+—ZONE Il
nggn TOF 54248 042 4B 3513.27 438823 % 2000 |—g N Xy —=— ZONE Il
BOTTOM 282743 9424 G942 43 471231 E 3000 \ ZONE IV
769,91 188488 3455.75 110,54 346.14 = L ZONE V
ZND 2000
FLODR TOF 242 4E E28.32 2E27.43 43598.23 e \
BOTTOR 2EIT.4A3 243 4B 943 48 471239 |
A7 E0.91 15TOLE 3T69.91 911062 346.15 N
25T 0 2 4 6 8 10 12
FLOOR TOF [ZeeR ] 402.12 241274 3418.05 Floor level
BOTTOR 241274 B03.19 E03.19 5619.12
I 3:_::: 1::::: ;111;13 7::_1: — Fig. 6. Graphical representation of required Ast of beam in
BOTTOM 15708 baz.4E 62832 31416 Zone V
2513 38 1570.8 2199.12 62833 20769
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When taking the results, it shows that amount of rein-
forcement changes only in ground floor and all other floors
have same reinforcement in seismic zones II to IV. In seismic
zone V, the reinforcement in gound floor column is found to
be highest as compares to all other floors. This is beaause of
the large base shear acting on the ground floor column.

4 CONCLUSION

In the present Research, an attempt has been made to analyses
the seismic behavior of an L shaped multi-storied building
with complexities, and the following are the conclusions are
drawn.

This study focused on the seismic performances of re-
inforced concrete irregular building, which are most common-
ly used all over the world, the reinforcement required on vari-
ous levels of the buildings are estimated using software analy-
sis.

e  Maximum reinforcement required in first floor beams
is found to be 0.25 to 2.44 times the reinforcement re-
quired at the topmost storey.

e  Maximum moment in third floor beams.

e Maximum reinforcement required in ground floor
columns shows an increment of 30.02%, 90%, 200%
for Zone IlI, Zone V and Zone V Respectively with re-
spect to Zone II

e Variation in reinforcement in left joint and right joint
is higher than mid joint.

¢ The moments in building increases gradually accord-
ing to seismic zones, but in some cases certain varia-
tion in values has been noticed.

e Reinforced increases from Zone IV to V.

e Maximum amount of reinforcement required for an
irregular building is in Zone IV and Zone V.

e  The variation of percentage steel in an unsymmetrical
structure is greater compared to a symmetrical struc-
ture.
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