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Abstract: This An total of 2,500 citizens in India die per year as a result of fire-building occurrences. Fire causes thousands of
deaths and loss of property. The fire incidents across the world have been seen which results in the large amount of damage
to reinforced cement concrete framed structures. Column being one of the most important loads bearing member, the whole
structure fails due to the failure of the columns.RCC short ¢/s column 300mmX300mm with 3760mm in height, enhanced by
4 HYSD500 bars with links in diameter 25mm with 8mm ties The HYSDS500 should be checked in the ANSYS programme for
four leg straps and diamond strands with a load of 1700 KN and the thermal analysis should also be performed to verify the
impact of columns after temperature stresses. There have been worldwide fire accidents that are causing considerable harm
to buildings framed in RCC. The column is one of the largest load bearing members with fire power losses. Owing to the
column collapse, the whole system is failing. In this study, the steel reinforcement of the RCC columns using diamond bonds
is increased. The buildings should be built with fire prevention and post fire maintenance in mind. Many buildings suffer
harm that cannot be repaired because of inadequate fire laws. ANSYS analyses the thermal analytical reaction and geometry
load on columns that have four stem and diamond stem. In this study the findings with the analysis suggest that the column''s
fire resistance capabilities are better than four leg stirrup columns with diamond stirrups similarly the columns can be
analysed by using SFRC. Both SFRC designs increase fire-resistance capability than those without SFRC models, but all
findings are concluded by the right conclusion in those models which have too little effects for diamond strips.

Keywords: Reinforced Concrete Column, Diamond Tie Configuration, Fire Performance, Fire Resistance, Stirrups.
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| INTRODUCTION 1.2 The Stirrups Commonly Found In Column Design
) o Different considerations such as changeable transverse
General: parts, the amount of longitudinal strengthening rods and
This An total of 2,500 citizens in India die per year as a result of the massive amount power are used to build the straps
fire-building occurrences 34, Fire causes thousands of deaths and for the column. Stirrums are usually called vertical links
loss of property. The fire incidents across the world have been or cross-reinforcement in the column construction.

seen which results in the large amount of damage to reinforced The column construction contains the following forms of
cement concrete framed structures. Column being one of the stirrups or links —

most important loads bearing member, the whole structure fails 1) Helical strengthening

due to the failure of the columns. The helical reinforcement differs from the longitudinal links
1.1 Factors Affecting Fire Resistance Of Rcc Columns because the longitudinal links are separated between single
RCC Column Energy Performance is based on content, links. The quantified meaning is pitches instead of just distance
hydraulic, mechanical, charging and construction parameters. in helical reinforcement.

Strength The restricting activity due to degeneration plays a
vital role in RC columns' fire resistance.

e Aggregate form

e  Power of concrete

e Content of concrete moisture

e Rate of fire

e Intensity and kind of loading

e  Cover of cement

e  Side strengthening

e Restricted

e lengthy bars

e Dimensions of the column

e  Strengthening fibre

o Density of concrete
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Helical Reinforcement
i) Lateral Ties

The lateral bands are used to create an independent ring within
a defined distance between each bond. The side stirrings range
between two-legged stirrings to four-legged or six-legged
stirrups including diamond bands respectively, depending on
the spine representative sample and the amount of vertical and
longitudinal support bars.

(@) Circular shaped Stirrup

[

(b) Two legged Square Stirrup

]

;) Ll

(c) Two legged Rectangular Stirrup

(d) Three legged Stirrup

“

3

(e) Four legged Stirrup

(f) Diamond tie Stirrup
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1.3 Fire Performance Of Rc Columns

Different enhancement information, geometrical sections and
cover specifications located in various structural construction
codes for RC columns. The fire tolerance of all column
configurations has been shown to be based on the dimensional,
structural and loading scenarios. The reduction in transversal
reinforcement spacing has also been shown to increase the fire
tolerance of RC columns. The reduction in transversal
strengthening of less than 100 mm does not, however, contribute
to the enhancement of RC columns fire resistance.

This paper focuses on the action of RC columns with changes in
the pattern of rectangular and diamond reinforcement with
changes in the tie diameter. Better fire tolerance of high-fast
reinforced concrete would be of economic benefit since it would
hold the building intact for an extended timeframe during a fire.

1.4 PROBLEM STATEMENT

RCC short ¢/s column 300mmX300mm with 3760mm in height,
enhanced by 4 HY SD500 bars with links in diameter 25mm with
8mm ties The HYSD500 should be checked in the ANSYS
programme for four leg straps and diamond strands with a load
of 1700 KN and the thermal analysis should also be performed
to verify the impact of columns after temperature stresses. The
models have been developed as follows.

MODEL 1 COLUMN WITH NSC

MODEL 2 COLUMN WITH HSC

MODEL 3 COLUMN WITH SFRC

MODEL 4 COLUMN WITH DIAMOND STIRRUP
NSC

MODEL 5 COLUMN WITH DIAMOND STIRRUP
HSC

MODEL 6 COLUMN WITH DIAMOND STIRRUP
SFRC

11 NEED AND SCOPE OF THE STUDY

There have been worldwide fire accidents that are causing
considerable harm to buildings framed in RCC. The column is
one of the largest load bearing members with fire power losses.
Owing to the column collapse, the whole system is failing.

In this study, the steel reinforcement of the RCC columns using
diamond bonds is increased. The buildings should be built with
fire prevention and post fire maintenance in mind. Many
buildings suffer harm that cannot be repaired because of
inadequate fire laws.

111 PROPOSED OBJECTIVES

e To determine the stress-strain relationship for RC
columns at high temperature.
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To study the Reinforced concrete column and fibre steel
prestressed concrete columns throughout conditions of
fire.

To research the reaction of standard hard reinforced
concrete, and evaluate their structural behaviour.

To research the impact on the structural actions of a
column using a finite element model technique of the
usage of a diamond connection as production support in
columns in comparison with a lateral tie arrangement.

IV RESEARCH METHODOLOGY

This section describes the process process in which the planned
research is carried out to determine the specified research targets.
It contains the methodological information to be employed for
the analysis suggested. The following measures will be taken to
carry out the work:

A 3D Finite Element (FE) dependent computational
model is developed using FEM package ANSYS.

The ANSYS component is designed to follow the
reaction of the RC Columns through static elastic to fire
failure phase.

The study is conducted in small gradual times utilising
a thermal-mechanical analysis technique sequentially
coupled.

Thermal load (fire exposed) is added to the column in
thermal analysis with the help of a given fire scenario
(duration ratios), whereby transversal temperature are
calculated through solar air heater.

The calculated pass heats are given for mechanical
analysis inputs whereby, in relation to the thermal
stresses, there are mechanical loading and constraints
added and column axial and side displacements and
axial potential are calculated.

The analysis specifically takes into consideration the
physical and chemical thermally properties of the
composite material as well as due to the insulating
deformations.

The column's reaction to all potential failure limiting
states is compared at each point, and the period at which
a fault limiting condition is violated is taken by means
of a steel reinforcement (i.e., column failure time).

The analysis is carried until the column collapse or the
completion of fire exposure.

Materials properties

Table. presents the features of the "A3" column and the actual
properties of the material. It should be noted that this analysis
also considered the quantity, height and diameter in other setups
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for the adapters. Composite Column's material properties is the
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following
Sr.No. | Material Property Value
Yield stress fy
2
(MPa) 65
Ultimate strength
41
fsu(MPa) 0
Structural
1 Ste:I 4 Young’s modulus %
Es(MPa) 2057"10°
Poisson’s ratiop | 0.3
Ultllmate tensile 0.25
strain e
Yield stress fy
250
(MPa)
Ultimate strength
350
fsu (MPa)
Reinforcin
2 barl "9 Young’s modulus %
Es(MPa) 2007"10°
Poisson’s ratiop | 0.3
Ultl_mate tensile 0.25
strain ey
Compressive
425
strength fso(MPa)
Tensile strength
3.553
fsy(MPa)
Young’s modulus
3 Concrete 32920
E«(MPa)
Poisson’s ratiop | 0.15
Ultimate
compressive 0.045
strain es
Spacing (mm) 110
Number of rows 2
N
umbers of 68
connectors
Yiel f
ield stress fy 435
A Stud  shear | (MPa)
connector Ultimate strength £65
fsu (MPa)
Young’s modulus %
Es(MPa) 20077108
Poisson’s ratiop | 0.15
Ultimate straine | 0.045
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VI RESULT ANALYSIS IN ANSYS

Total Deformation mm

40.00 m NSC
30.00 | | m HSC
20.00 | L L m SFRC
10.00 = Diamond NSC
| Di
0.00 iamond HSC

1357 91113151719 B Diamond Sfrc

Graph.1. Total Deformation(mm)

Above graph shows the result for Total Deformation for column
with four leg stirrups and diamond stirrups and it compare with
SFRC results of both, from the results it conclude that Total

IMPACT FACTOR 6.228

Deformation for diamond stirrups in both condition are less than
four leg stirrups than around 20-30% in both conditions.

Normal Stress Mpa
400
B NSC
300 B HSC
200 ® SFRC
= Diamond NSC
100
m Diamond HSC
0 ® Diamond SFRC
135 7 91113151719

Graph.2. Normal Stress (mm)

The findings for Normal Stress for columns of four leg stirrups
and diamond stiffs above diagrams demonstrate and compare
them, according to the results of the two, that normal stress is
less than 4 legs stiff than around 15-20% in both situations for
diamond stiffs. The results show.

Strain Energy Mpa

W NSC

m HSC

m SFRC
= Diamond NSC
m Diamond HSC

O P N W B~ U

m Diamond SFRC

Graph.3. Strain Energy (Mpa)

Above diagram indicates the strain energy outcome of columns
with four legs and diamond stirrups, and compared with SFRC
findings from both columns, the conclusions infer that strain
energy is less than four legs of diamond stirrups including both
conditions than 15-20% in both conditions.

Maximum Principal Stress

Mpa
1000.00 m NSC
500.00 ‘ B HsC
0.00 _..,....|||||||||||I||||I||II M SFRC

1357 91113151719 1 Diamond NSC

Graph.4. Maximum Principal Stress
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The result for Maximum Main Stress for columns with 4 leg
stirrups and diamond strains is seen below graph and it compares Total Heat Flux W/ mm?2
to SFRC results of the same, and the findings indicate that for
diamond strains for both conditions the Maximum Main Stress 0.1 - NSC
is less than four legs stirrups than in both conditions between 10- 0.08
15 p. 100. 0.06 IJ B HSC
0.04 m SFRC
Shear Stress Mpa 0.02 m Diamond NSC
350 0 m Diamond HSC
1357 91113151719
300
- B NSC Graph.7. Total Heat Flux
= HsC The findings showed above show the Total Heat Flux resistance
200 - .
m SFRC ability for four leg straps and diamond straps, and compare the
150 . results in both SFRC, according to the data, for diamond straps
Diamond NSC . . .. .
100 the Total Heat Flux resistance capacity in both conditions is
m Diamond HSC greater than four legs than about 20-25 percent in both
50 B Diamond Sfrc conditions.
0 VII CONCLUSIONS
ANSYS analyses the thermal analytical reaction and geometry

Graph.5. Shear Stress

Upon the above table, Shear Stress findings for columns with
four legs and diamond strains and comparing them to SFRCs,
from the results it is concluded that Shear Stress is less than four
leg stems in both situations than around 10-15 percent.

Equivalent Stress Mpa

1600
1400
1200 B NSC
1000 H HSC
800 H SFRC
Diamond NSC

600

400 B Diamond HSC

200 m Diamond SFRC

Graph.6. Equivalent Stress

The above graph indicates the Equivalent Stress for columns of
four leg strains and diamond strains. From its findings,
Equivalent Stress for diamond strains is concluded that in both
conditions, the equivalent strain for diamond strains was less
than four leg strains than in both circles is around 10-15 percent.

IMPACT FACTOR 6.228

load on columns that have four stem and diamond stem. In this
study the findings with the analysis suggest that the column's fire
resistance capabilities are better than four leg stirrup columns
with diamond stirrups; similarly the columns can be analysed by
using SFRC. Both SFRC designs increase fire-resistance
capability than those without SFRC models, but all findings are
concluded by the right conclusion in those models which have
too little effects for diamond strips.

e Total strain findings compared to SFRCs for column
with four leg straps and diamond straps, and the results
showed that the normal strain of the elastic strains of
the diamonds strains was less than four leg strains in
both cases than approximately 20-30 percent in both
situations.

e The findings for normal column stress with four leg
stirrups and diamond stirrups, according to SFR C
results, suggest that total diamond stirrup distortion in
both cases is less than four leg stirrups than
approximately 15-20% in both cases, Result for normal
stress.

e The strain energy result for columns with four leg
strains and diamond strains, according to SFRC
findings from both columns, results shows that the
equivalent stress for diamond strains was less than four
leg strains in both case, compared to about 15-20% for
both cases.

e  Result for the Maximum Main Stress for colume, which
is compared to the findings of SFRC, with four leg
strains and four diamond strains, concludes from the
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conclusions that in both situations Maximum Main
Stress is less than four leg strains than in the case of
approximately 10-15 percent.

The data for the Shear stress column for 4 leg strands
and diamond strands and the SFRC results of both, it is
concluded that for diamond strands in both cases, the
maximum shear stress is less than 4 leg struts than 10-
15% in both situations.

The finding for the same stress for four-legged strains
and diamond stirrups, according to the data from both
the SFRC, is that, for the diamond stirring in both
situations, Maximum strain shear is less than four leg
strains than about 10-15 percent.

The conclusion for the Total Heat Flux column resistant
ability for four leg strains and diamond strains and the
performance of both compared with SFRC, is that the
Total Heat Flux resistant capacity of both sides for
diamond straps is strong above four legs, compared
with approximately 20-25% in both cases.
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