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ABSTRACT: The present study compares the seismic
performance of a typical RC framed structure of an overall
plan dimension of 24m x 24m having panel size of 8m x 8m
with the following three variations in its frame modelling. The
first model consists of a conventional RC frame with all beams
and columns as RCC. RCC peripheral beams consider as a
second model and interior beams with PT (Post Tensioned)
tendons and beams having PT tendons in third model. The
models studied are varied in height from Ground + eleven
stories to Ground + fifteen stories with square shaped cross
section of columns. The column height is considered as 3m for
each floor. If fifteen models is carried out a Static Nonlinear
Pushover analysis generated in SAP2000 software. The post
tensioned members are analyzed using ADAPT software. G+11
to G+15 story frames are performed Seismic with peripheral
RC beams and internal PT beams is found to be the best,
followed by frames with all RC beams because the formation
of “collapse” hinge is less observed. Frames are Performed
with all PT beams is slightly below that with all RC beams.
Finally, observed all PT beams with frames are performed
quite good even without any separate lateral force resisting
system.

Key Words: Seismic evaluation, pushover analysis of
reinforced concrete floors and post-tensioned floors, pre-
compression, performance point.

1. INTRODUCTION

If many concrete structures are faint severely by
earthquakes, have indicated the need for evaluating the
seismic adequacy of existing buildings. About 60% of the
land area of our country is susceptible to damaging levels of
seismic hazard. Don't abstain from future earthquakes, but
preparedness and safe building construction practices can
certainly reduce the extent of damage and loss. In order to
strengthen and resist the buildings for future earthquakes,
some procedures have to be adopted. If Static pushover
analysis is mostly used for seismic performance evaluation
of existing and new structures. In particular, the seismic
rehabilitation of older concrete structures in high
seismically areas is a matter of growing concern, since
structures vulnerable to damage must be identified and an
acceptable level of safety must be determined. To make such
computation, simplified linear-elastic methods are not
sufficient.

Post tensioned concrete floor has become quite popular
now-a-days because of its distinct advantages such as low
cost due to ease of construction, low floor-to-floor height
because of shallow beams known as “fat” beams, and flexible
use of space due to large span. Since the PT flat floor
systems provide improved crack and deflection control, and
allow relatively large span-to-thickness ratios of the order of
35 to 45 and also very efficient in particular PT flat floor
systems. Mostly gravity loads are resist only PT floor
systems in high seismic regions however, they may be
utilized as intermediate moment frames (ACI 318-2005,
Section 21.12.6)2 in areas with moderate seismic demands.
Given the broad potential applications, a detailed study,
understanding and analysis of flat floor system behaviour
subjected to lateral forces and/or displacements is
important.

In the present work, a series of nonlinear pushover analysis
is carried out by using SAP2000 software which allows the
modelling of PT tendons. If the analysis is carried out by the
following guidelines are given in ATC-403 and FEMA-
273/2744, where several important factors such as P-Delta
effects, strength and stiffness contribution, and soil
parameters are taken into consideration.

2. BUILDING DESCRIPTIONS
2.1 DIMENSIONS OF BUILDING AND MEMBERS

The present study compares the seismic performance of a
typical RC framed structure of an overall plan dimension of
24m x 24m having panel size of 8m x 8m with the following
three variations in its frame modelling.
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Fig 1- Plan
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(i). Conventional RC frame with all beams as RCC.

From trial and error method using ETABS software, arrived
the dimension as 300mmx600mm.

(ii). Peripheral beams as RCC and interior beams as post
tensioned.

From trial and error method using ETABS software, arrived
the dimension as 300mmx600mm.

(iii). All beams having post tensioned

From trial and error method using ETABS software, arrived
the dimension as 1200mmx600mm.

(iv) Column

For all the three models:

(1) 1000mm*1000mm (up to G+3 floors).
(i) 800mm*800mm (up to G+7 floors).
(iii) 600mm*600mm (above G+7 floors).

(v) Slab

In all the fifteen models, slab is modeled as a shell element
accounting for diaphragm action to be considered for
seismic analysis. The columns are considered to be fixed at
the foundation level. In case of PT beams the tendons are
modeled as per the selected profile and a post tension
stresses to account for 25% to 35% of the dead load is
considered for analysis. The column height is considered as
3m for each floor. Static Nonlinear Pushover analysis is
carried out for all the fifteen models generated using
SAP2000 software.

TYPICAL MODEL

Fig 2 - G+11 All beams as post tensioned

2.2 LOAD DEFINITION

Each of the models is subjected to a floor load of 2ZkN/m2 as
dead load and 3kN/m2 as live load on all the typical floors.
All beams are subjected to a uniform distributed 230mm
thick wall load of 15 kN/m. being a symmetric structure
plan, seismic load in only one lateral direction is considered
as per IS 1893.

2.3 POST TENSION DESIGN PARAMETERS

All Post tensioned members are designed by ADAPT
software.

TABLE1]
DESIGN PARAMETERS FOR PT BEAMS

Sr. Designation
No. of PT beams

Section size of PT | Jacking force No. of Anialstressin | Dead load balancing
Deams in mm kN cables Nimn in%

1 | Perimeter beams at 500 X 350 977 § 1.4

typical floor

1| Perimeter beams at 500 X 350 735 ] 0.93 48
terrace floor

3 | Infernal beams on all
floors

1000 x 350 135 1l 0.86

Table 1- Post tension design parameters

2.4 TYPICAL TENDON PROFIL
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Fig 3 - Tendon profile
3.1 PUSH OVER ANALYSIS

The Combined Axial and Flexural (PMM) type of hinges are
defined at 0.05L and 0.95L for all the column elements and
Flexural (M3) hinges are defined at 0.05L, 0.5L and 0.95L for
all beam elements where L is the length of the beam
element. The 0.5L flexural hinge in beams is typically
defined to capture the effects due to maximum sagging
moment developed at mid span of beams during the push in
the gravity direction.

The static analysis is carried out for the given dead, live and
earthquake loads. Typically, the following two push over
analysis cases are defined for each of the buildings. PUSH1 is
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the case in which the gravity loads are applied up to their
total force magnitude. It may be noted here that the jacking
force applied at the ends of the PT cables as per Table 1 is
already in effect simultaneously. PUSH2 is defined as the
push in the lateral X-direction, and it starts from the end of
PUSH1. The X-displacement of the roof level node is
monitored up to the magnitude of 4 percent of the building
height, when push is given as per the earthquake force
profile in the X direction. Once the displacement is noted
down at performance point, which is much less than 4
percent of the height of the building for all cases, one more
cycle of push over analysis is carried out by modifying the
target displacement of roof level node to the displacement
obtained at performance point. This is typically done to get
the relevant data like number and state of hinges at the
performance point as one stops pushing the structure
beyond performance point in the second cycle of push over
analysis.

3.2 PERFOMANCE BASED DESIGN
There are generally three performance levels:

1. Immediate occupancy level in which relatively little
damage of the structure occurs

2. Collapse prevention level, in which near complete damage
of the structure occurs.

3. Life safety level is defined as a condition of severe
damage, but a state in which margin remains against
collapse.

collapse

Life safety prevention

Immediat
Occypancy

Lateral displacement

PERFORMANCE CONCEPT IN FEMA -273 AND ATC-40

Fig 1- Capacity curve
3.3 THE HINGES

Types of hinges are flexural hinges, shear hinges and axial
hinges. The first two is inserted into the ends of beams and
columns. Since the presence of masonry infill have
significant influence on the seismic behavior of the

structure, modelling them using equivalent diagonal struts is
common in PA, unlike in the conventional analysis, where its
inclusion is a rarity. The axial hinges are inserted at either
ends of the diagonal struts thus modelled, to simulate
cracking of infill during analysis.

Basically a hinge represents localized force-displacement
relation of a member through its elastic and inelastic phases
under seismic loads. For example, a flexural hinge
represents the moment-rotation relation of a beam. The
linear elastic range from unloaded state A to its effective
yield B represented by AB followed by an inelastic but linear
response of reduced (ductile) stiffness from B to C. a sudden
reduction in CD shows of load resistance, followed by a
reduced resistance from D to E, and finally a total loss of
resistance from E to F. Hinges have defined as ,Immediate
Occupancy" (10), ,Life Safety" (LS) and ,,Collapse Prevention*
(CP) within its ductile range.

4. RESULT AND DISCUSSIONS
4.1 GENERAL

The results which are required based upon the
requirements are to be determined using both SAP2000
software.

4.2 RESULTS OBTAINED FROM SAP2000

TYPEOF BUILDING B Fook Safe
SHEAR(V)(KN) ~ DISPLACEMENT(D)|(MM)

GHI 5615427 150 0085 0266 38% 0181

i G2 358399 14 0061 0304 424 (0169
CONVENTIONAL GHI 5816882 10 0061 0295 418 01R2
G4 3987084 10 008 033 443 (IR

Gy 630499 10 0056 034 466 064

Gl 356048 pal 0063 03B 491 014

GH2  aTeTT m 0064 0403 S0m 0108

ALLPT G 383448 150 0.08 04% 5467 009
GH4 5BAR04 160 0057 0306 593 0.0%

G 379065 m 0033 0L 63T 005

GHI 7RI pL 0064 0295 4l 07

G2 71780 160 0.06 0317 433 0d67

PERIPERALRCC  G+13 3683704 10 0057 035 4B 06
G4 636041 130 0053 036 500 0l6

Gy 63Leld 130 0.05 035 543 0

Sd(MM) TeffsEC) Beff

Table 2 - Result obtained from different models at
performance point
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4.3 TYPICAL RESULTS FOR G+15 FLOOR (ALL BEAMS e curve *
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Fig 7 - Spectral displacement (Sd) Vs Time (T)

4.4 NO OF HINGES DEVELOPED AT PERFOMANCE LEVEL
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Table 3 - No of hinges developed at performance level
Fig 5 - Pushover curve 4.5 CHARTS
€ Pushover Curve b3
File 450
[ —_ e — n | | 400
-3 Current Plot Parameters. 350
A LEECD s - B NUMBER OF HINGES DEVELOPED
1o VT —— 300 AT DIFFERENT STRESS LEVEL AT
| o e PERFOMANCE POINT B to 1O
3 250 W NUMBER OF HINGES DEVELOPED
84, e AT DIFFERENT STRESS LEVEL AT
72 E Parformance Paint (V, D) 200 PERFOMANCE POINT IO to LS
o ; ({51850 1) 150 3 NUMBER OF HINGES DEVELOPED
| s Performance Point (Sa, Sd) J I I ‘ AT DIFFERENT STRESS LEVEL AT
- - [(o.0sa, 0.324) 100 | I PERFOMANCE POINT LS to CP
* — “ Performance Point (Teff, Beffy I | l 1 B NUMBER OF HINGES DEVELOPED
24, \usws.n.'\sl) 50 AT DIFFERENT STRESS LEVEL AT
3 0 1 I. I II PERFOMANCE POINTCP to C
sl gt g glsz|g & &8ss g|z s glsls
Mouse Fonir Locaion  Horz ver 32|8(2/F 8|27 832/ 2|78
oK Cancel G+11 G+12 G+13 G+14 G+15

. . . Fig 8 - no of hinges developed at performance level
Fig 6 - Spectral acceleration (Sa) Vs Time (T)
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Fig 9 - Collapse level of members at different types of
building

CONCLUSION

From the above results obtained from the seismic
performance of RC framed structures having conventional
RC beams on the periphery of the building and PT beams in
the interior grids of the structure is the best for G+11 to
G+15 storey structures. The stress value in the plastic hinges
in case of frames with peripheral RC beams and internal PT
beams is observed to be not exceeded the collapse stage for
all defined hinges in G+11 to G+14 storey building frames
and after G+14 the collapse level is increased. If further
indicate that the seismic performance for an RC framed
structure with all the beams considered as PT beams is also
within acceptable level. In spite of the fact that the depth of
PT beams is considered to be shallow the seismic
performance of frames with all the beams as PT beams is
also well within acceptable level for G+11 to G+15
structures.
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