International Journal Of Advance Research In Science And Engineering http://www.ijarse.com
IJARSE, Vol. No.2, Issue No.8, August 2013 ISSN-2319-8354(E)

ANALYSIS OF PARTIALLY BRACED
MULTISTOREYED BUILDING FRAMES SUBJECTED
TO GRAVITY AND EARTHQUAKE LOADS

Sundar M. Deshmukh?, J. G. Kulkarni?

! Student, Walchand Institute of Technology, Solapur Univegsity, Solapur,
“Assistant Professor, N. B. Navale Sinhgad College of Engineering, Selapur University, Solapur, (India)
ABSTRACT

The structure in high seismic areas may be susceptible to the seyere damage’ Along with*gravity load'structure has
to withstand to lateral load which can develop high stresses. Now-a-days, shear,wall in RiC.structure and steel
bracings in steel structure are most popular system to resist lateral’load dueto‘earthquake, wind, blast etc. bracing
is a highly efficient and economical method of resistingtherizontal forces in a frame structure. Bracing is efficient
because the diagonals work in axial stress anddherefore call for minimumsmembersizes in providing stiffness and
strength against horizontal shear. Throughsthe addition of the bracing system,load could be transferred out of the
frame and into the braces, by passing the weak columns shile increasinggstfength. In this study R.C.C. building is
modeled and analyzed for 3-bay and 4-bay G+11 structurejin three Parts viz.,

(i) Model without RC bracing (bareyframe), (ii) Model completely RC braced (fully braced frame), (iii) Model with
partially RC baywise braced frames.“The computer aided analysis is done by using STAAD-PRO to find out the

effective lateral load system during earthquake tn-highiseismic areas.
I INTRODUGTION

The constrlction of RC*huilding is a very cammon practice in urban India for last 25 years. In the last decade
significant developments in“architectural expression and increasing demand for taller buildings resulted in a
systematicalievelution of structural systems. In India RCC structures were predominant in these developments and
profiting from the inherent properties of this material, new RCC framing system emerged. Most of the RC buildings
were designed for gravity loads only. These buildings performed very poorly during Bhuj earthquake of January
2001 and Killari earthquake of September 1993. Since then the earthquake design is made mandatory for design of
high rise buildings. For resisting earthquake forces large sections for members need to be provided, this leads to
increase in material cost. Other alternative to resist EQ forces is providing bracings ® in the structure which reduce

the section size and also increase lateral stiffness, lateral strength as well as lateral stability of frames
1.1 Zip Type of Bracing

Under dynamic loading, bracing act as good energy dissipaters. Fig 1 shows an example of Zip type of bracing.

Conventional inverted V braced frames® exhibit a design problem arising from the unbalanced vertical force
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generated by the lower braces when one of them buckles. The unbalanced force must be carried by the floor beam,

resulting in large beam and relatively inefficient structural system.

LT
Figure 1. Zip brac

This adverse effect can be mitigated by adding zipper columns i i rsection points of

the braces above the ground floor.

it is felt necessary that an attempt must be made to generalize the same and
and findings can be directly used to predict the behavior of real life structures.
With this view poli arameters in dimensionless form, to include geometry of frame, axial forces, shear forces;

bending moments, disp ents, location of bracing etc. have been used.

I STRUCTURAL ANALYSIS

2.1 Methods of structural analysis

To perform an accurate analysis structural engineer must determine such information as structural loads, geometry,
support conditions and material properties. The results of such an analysis typically include support reactions,
stresses and displacements. This information is then compared to criteria that indicate the conditions of failure.
Advanced structural analysis may examine dynamic response, stability and non linear behavior.
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The structural analysis is basically done by three approaches.

i. Mechanics of material approach- Applied to very simple structural elements under relatively simple loading
condition.
ii. Elasticity theory approach- Applied to general geometry under general loading condition.
iii. Finite element approach- Applied at highly complex geometry and loading conditions.

Regardless of approach formulation is based on the same three fundamental relations i.e. equilibrium, constitutive

and compatibility. The solutions are approximate when any of these relations are only approximately satisfied.

To design safe structures structural engineers must fully understand the structuralfbehavior of these structures®. In
the long past, the structural engineers gained the knowledge into the gstructural behaviors by carrying out
experimentations using a physical model of the real structure in the laboratory. Based on the test results, the
behavior of the prototype structure can be understood and generalized. However_physical modeling has its

limitations, as it is expensive and time consuming. Thus mathematical modeling has been a‘viable alternative.
2.2 Methods of Earthquake Analysis ®

Earthquake analysis of building is required to knowdewnthe building is going to behaye at the time of earthquake.
There are two methods of earthquake analysis static analysis and dynamictanalysis. Static analysis does not give us
clear idea of how the structure is goipg~to behave during earthquake ‘but gives approximate forces and
displacements. Dynamic analysis gives somewhat hacclrate resultsspFhiS method requires large amount of

computational work. Moreover, to carry out this analysis greund motion data is required.
2.3 Problem Definition

Plane frame is one in which all the ' members and applied forces lie in same plane. The joints between members are
generally rigid. The stress resultantsiaregaxial force, bending moment and corresponding shear force. As plane
frames were used for.theyproject so lingar elastic plane frame analysis is performed for the different models of the
building using STAAD NI ®analysis package, The frame members are modeled with rigid end zones. Equivalent

static analysis is performed on the,models of the building considered in this study.

If the base of‘the structure is suddenly moved, as in a seismic event, the upper part of the structure will not respond
instantaneously, but will lag because of the inertial resistance and flexibility of the structure. The resulting stresses
and distortions in the“building are the same as if the base of the structure were to remain stationary while time-
varying inertia forces are applied to the upper part of the building. Generally, the inertia forces generated by the
horizontal components of ground motion require greater consideration for seismic design® since adequate resistance
to vertical seismic loads is usually provided by the member capacities required for gravity load design. These forces
are called inertia forces that is F = ma. In the equivalent static analysis procedure, the inertia forces are represented
by equivalent static forces. Fig.2 shows various configurations used for structural analysis and Table 1 shows

Models used for this analysis.
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“ (b) Fully zip braced frame

ations used for analysis

Table 1:
Storey Variation | Bay Variation | Beam depth(mm)
G+11 3and 4 350 to 600
Braced Frame G+11 3and 4 350 to 600
ay wise Braced Frame G+11 3and 4 350

2.4 Load Combinations

In the limit state design of reinforced concrete structures, following load combinations shall be accounted as per I.S.
1893 (Part 1) — 2002, where the terms D.L., I.L., and E.L. stand for the response quantities due to dead load,

imposed load and designated earthquake load respectively.
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Combinations for limit state of collapse

Combinations for limit state of serviceability

1)
2)
3)
4)

15(DL+LL)
12(DL+LL+EQ)
15(DL+EQ)
09DL+15EQ

1) (DL +0.8LL +0.8 EQ)
2) (DL +LL)
3) (DL + EQ)

111 RESULTS AND DISCUSSION

3.1 Bare Frames and Frames with Zip Type of Bracing

Table 2: Variation of axial force, Ra, shear force, Rs and be 0 R
in segment C, of bare frame having specific no. of baysyas depth o s changed
Axial forcej R, ( G+11)
No. of bays Bea
350 400 450 50 60
3 2569.43 2705.46 | 2745.1 (/2781.85
4 2567.68 2701.03+},.2740.324| 2776.96
No. of
bays
550 600
3 4 . 46.465 | 46.361
4 48. 4 47.747 47.543 47.401
Bending moment, R, ( G+11)
Beam Depth
400 450 500 550 600
310.087 | 269.285 | 236.905 | 211.021 | 190.157
312.601 | 270.835 | 237.812 | 211.502 | 190.357

Table
in segment

ariation of axial force, Ra, shear force, Rs and bending moment, Rm
, of fully braced frame having specific no. of bays as depth of beam is changed

Axial force, R, ( G+11)
No. of bays Beam Depth
350 400 450 500 550 600
3 2873.23 | 2885.09 | 2896.83 | 2908.58 | 2920.43 2932.4
4 2882.04 | 2893.92 | 2905.65 | 2917.35 | 2929.14 2941.04
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Shear force, Ry ( G +11)
No. of bays Beam Depth
350 400 450 500 550 600
3 89.741 | 88.464 | 87.763 | 87.506 | 87.579 | 87.886
4 96.402 | 94.997 | 94.177 | 93.813 | 93.793 | 94.021
Bending moment, R, ( G+11)
No. of bays Beam Depth
350 400 450 500
3 176.333 | 170.318 | 165.199 | 160.767
4 188.157 | 181.62 | 176.022 | 171.149

R, for one
LN | bay braced
at atime
2.398 0.946 1
3.091 0.934 1 1.118
3.401 1.234 1 1.118
4.804 1 1.118
4.868 1 1.118
5.438 1 1.118
/ Variation of Ra for all cases of bays braced.
Frame type braced fr. with 3-bay (Mem.
C1,L.C.7) bottom node
N\
1 /I —t—— One bay braced fr.
0.95 —m—Two bay [braced fr.
\_j 8 e Bare fi.
0.9 i Fu1lly braced fi-.
2 3 =+ 5 3
Ln (IN)

Figure 3. Variation of Ra for all cases of bays braced and Frame type braced fr. with 3-bay (Mem. C1, L.C.7)

bottom node
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Table 5: Variation of Shear force in member C, in partially braced frames

R, for one R, for two B Fully
are
Ln | bay braced Ln | baysbraced | Ln braced
. . Frame
atatime atatime fr.
2.398 0.749 4.804 1.007 2.398 1 1.892
3.091 1.073 4.868 1.731 3.091 1 1.892
3.401 1.948 5.438 1.965 3.401 1 .892
4.804 1 .892
4.868 1.8
5.438 1.89
Variation of Rs for all cases of bays braced.
Frame type Braced fr. with 3-bay (Mem. C1,L..C. 7)
bottom node
21
1 =z
1.9 I >
1.7 l ’/
L5 = OUnebay braced fr.
= l =—@—Two bay braced fr.
1.3 / Bare fi.
== Fully braced fi.
1.1
/A i
0.9 /
0.7
2 3 4 5 (&}
Ln (N)
L 4

r all cases ofi bays braced and Frame type braced fr. with 3-bay (Mem. C1, L.C.7)

f Bending moment in member C; in partially braced frames

or one Ry, for two 5 Fully
are
bay braced | Ln bays Ln braced
Frame
atatime braced at fr.
atime

2.398 0.4514 4.804 0.3780 2.398 1 0.4873
3.091 0.4749 4.868 0.5114 3.091 1 0.4873
3.401 0.6143 5.438 0.5179 3.401 1 0.4873
4.804 1 0.4873

4.868 1 0.4873

5.438 1 0.4873
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Variation of Rm for all cases of bays braced
Frame type Braced frame with 3-bay (Mem. C1, L.C. 7)

bottomnode

1.05
0.95

=+ (ne bay braced fi.
0.85

—=—Two bay braced fr.
075 ——Bare fi.
é ==TFully braced fr.
0.65

0.55 / \

0.45 * —

0.35

(8]
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Figure 5. Variation of Rm for all cases of bays
L.C.7) bottom node

h 3-bay (Mem. C1,

Table 7, 8 and 9 shows variation of axial forc ending moment, Rm respectively in

Table 7: r C; in partially braced frames

2 for two R, for three
bays braced Ln bays braced
at a time at a time

0.924 7.115 0.915
0.937 7.124 1.171
1.251 7.203 1.182
0.916 7.759 1.106
1.189
1.168

For each abscissa that isfor logarithm of reference number pertaining to above cases
For bare frame, R, =1

For fully braced frame, R,=1.122
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Variation of Ra for all cases of baysbraced
Frame type braced fr. with 4-bay (Mem. C1, L.C.7)
bottomnode
1.35
== (ne bay braced fi.
1.3 —&—TwoDbay braced fr.
=t=Three bay braced fi.
1.25
——Bare fI.
12 —==TFully braced fr.
1.15 T\ >F\
= 1\
a LY
1.1 N
1.05
1 — = = -
0.95 - h
0.9
2.000 4.000 6.000 8.000
Ln (N)

Figure 6. Variation of Ra for all cases of bays d fr. with 4-bay (Mem. C1, L.C.7)

bottom node

Table 8: Var i in partially braced frames

R; for three
Ln bays braced
at a time at a time
0.733 7.115 1.046
1.006 7.124 1.718
1.793 7.203 2.006
1.111 7.759 2.038
1.857
2.137

For each abscissa that is/for logarithm of reference number pertaining to above cases
For bare frame, R; =1

For fully braced frame, Ry=1.976
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Variation of Rs for all cases of baysbraced
Frame type Braced fr. with 4-bay (Mem. C1,L.C. 7)
bottomnode
22
1.8
ol4
1 ———— zo— vrs -
=+=0ne bay braced fi.
=—&=—Two bay braced fr.
===Three bay braced fi.
0.6 ——Bare fI.
' ====Fully braced fi.
2 4 6

Figure 7. Variation of Rs for all cases of bays d fr. with 4-bay (Mem. C1, L.C.7)

bottom node

R, for three

s braced Ln bays braced
at a time at a time

0.354 7.115 0.368
0.427 7.124 0.498
0.565 7.203 0.547
0.411 7.759 0.535
0.558
0.593

For each abscissa that is/for logarithm of reference number pertaining to above cases
For bare frame, R, =1

For fully braced frame, R,,=0.514
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Variation of R for all cases of bays braced
Frame type Braced frame with 4-bay (Mem. C1, L.C. 7)

bottomnode
1.05
0.95
== (One bay| braced fr.
0.85 =—#—Two bay braced fi.
' === Three bay braced fi.
——Bare fi.
0.75

=== Fully braced Ir.

Ra
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7
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Figure 8. Variation of Rm for all cases of bays
L.C.7) bottom node

ed fr. with 4-bay (Mem. C1,

IV CONCLUSIONS
4.1 About Bare Frame

i. j i s found to attract about 6.5 to 8% additional axial force as
to 600 mm.

depth increases. Percent reduction in the shear for 600mm beam

iii. i reduce about 47.5 to 48% for 3 and 4 bay structures for beam depth 600mm

When compared with bare frames, it is found that axial force attracted by column segment at all levels remains
almost same, shear force increases and bending moment reduces substantially.

ii.  All frames exhibit a continuous rise in the axial force as the depth of beam increases.

iii. Shear force reduces as the depth of beam increases. This reduction was found to be 2.06 to 2.5% for 600mm

beam depth for 3 bay and 4 bay structures respectively.

iv. Braces are subject prominently to axial compression and carry negligibly small shear and bending moment
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Following table reveals the reduction in moment in worst loaded column segment C; in fully braced frames in

comparison with bare frame.

No of Bays | % Reduction in moment for worst loaded column C1
(G+11)
3 51.27
4 48.56

4.3 About Partially Braced Frames
A) Bay Wise Bracing

Percent saving in material cost and corresponding optimally located bracing storeyed \structure is

found as given below.

No. of No. of bays
3 One
4 Two
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