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ABSTRACT
This study reviews mainly holistic design of PEB structure and comparison of behavior of reduced beam section
at beam column sub assemblage. Commercial software based on finite element analysis is used for carrying out
mathematical modeling and analysis. In recent construction work it is observed that during conditions like
earthquake or cyclone connections fails resulting in to progressive collapse. Also it damages column resulting in
failure of strong column weak beam theory.
In present work after identifying problem structure is fused at connection by reducing beam cross section at
location of connection. This is done by reducing cross section of beam in plan expected to result in shifting of
plastic hinge from face of column. Reduced beam sections capacity is calculated by simple calculations and
verifying them with moment curvature relationships at desired locations. This will concentrate on failure of fuse
and not of connection during load application.
Motivation of this study is to improve connection by fulfilling strong column and weak beam theory. This will
motivate construction industry to utilize steel structures more often assuring repairing of structure as element
failure will be dominant over failure of entire structure

KEYWORDS: PEB, Fuse, RBS, Strong Column Weak Beam, Moment Curvature.

1. INTRODUCTION

A pre-engineered building (PEB) is designed by a structural engineer, to be fabricated using available plates of
varying thicknesses as per design such that it satisfy a wide range of structural and aesthetic design
requirements.

For PEB connections developed is generally dependant on column fixing condition at base. However one cannot
ensure safety of connection for lateral loads. This may cause formation of plastic hinge near connection or even
at face of column. This will leads to failure of connection that could lead to progressive collapse of entire
structure. To shift plastic hinge formation away from connection or from face of column reducing beam section
is easiest possible method. In this particular procedure beam size is reduced at suitable location either in plan.

The RBS forces yielding and hinge formation to occur within the reduced section of the beam and limits the
moment the can be developed at the face of the column by reducing demands on the beam flange groove welds
and the surrounding base metal regions, the RBS reduces the possibility of fractures occurring in this vulnerable
region. Although the RBS essentially weakens the beam, its impact on the overall lateral strength and stiffness
of a steel moment frame is generally small. Its primary intended effect is to significantly enhance ductility. The
RBS plays a role similar to that of connection reinforcement schemes such as cover plates, ribs and haunches.

2. MATERIALS AND METHODS
Materials
Steel (Specified as per IS 800:2007)
Methodology
The following study design is performed for two aspects one is global frame design and second is fuse
perspective of this dissertation work. Design of PEB steel space frame by manual calculation is a tedious work
as well as time consuming. The accuracy provided by the manual procedure is limited as multiple iterations
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needs to be done to arrive at design parameters. The analysis and design steps which are tedious for manual
calculation are mentioned below:

. Linear as well as nonlinear analysis

. Formation and calculation of 3D solid FE stiffness matrices

. Formation and calculation of 2D surface FE stiffness matrices
. Formation and calculation of 1D member FE stiffness matrices
. Formation of global stiffness matrices

The analysis and design of the structure is done in FEM software SAP 2000. The software provides the detailed
analysis and design of steel frame as per IS 800:2007, also all the structural elements are redesigned by manual
calculations and verified.

For RBS modeling ETABS software is used as it provide special feature for design of RBS in it. M-@ curves are
plotted from software also simple excel spreadsheets are developed for verification.

Methodology executed
1. Analysis and design of PEB structure for the various phases of structural behavior & identification
of weakest link.
2. Development of programme for M-@ Curve for Beams
3. Design of reduced beam section & validation in ETABS.
4. To evaluate the effect of fuses by reduced beam section in sub assemblage for desired mode of
global failure
Modeling

A simple beam column arrangement is considered in this global study of PEB structure. For G+1 structure hot
rolled steel sections are used and for remaining part tapered sections are used. For Purlin cold formed Z sections
are used and bar of size 32 mm is used as a cross bracing as shown in figure below. Analysis and design is
performed in software and validated manually. Indian codes are referred for loading, its combinations and
design. Beams are identified as weak link in design and RBS is used for these beams for further study.

Figure 1: Global Model of PEB under consideration
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Design of RBS

Following figure represents design dimensions of reduced beam section. The major consideration for design of
RBS i.e. sizing of dimensions is concerns with reduction of percentage of moments occur at face of column
from beam. This value is expected to range 85% to 100%. Referring figure below dimension ‘a’ and ‘b’ are
chosen from test results and previous research done. It is make sure that dimensions are large enough to
uniformly transfer stresses in flange of beam near column and small enough to reduce moments at face of
column. Large value of b could form the inelastic strain in flange. Based on literature studied following relations
are used to decide the ‘a’ and ‘b’ value for RBS:

a=(0.5100.75) * bf

b=(0.65t0 0.85) *d
Where, ‘bf” is width of beam and‘d’ is depth of beam
Depth of cut i.e. ‘c’ value should be chosen keeping moment reduction in mind as stated above. This value
should not be too large (maximum 50% of beam flange).

C=0.25*Dbf

These results are compared with ETABS tool which enables user to assign RBS to beam section with manually
designed spreadsheet.

adius of cut

Column

—a“—b%‘\

Figure 2: RBS dimensioning

Modeling of RBS frame

One bare frame from global model is taken for study of RBS. Four comparative models are prepared with same
geometric properties but variation of RBS by means of size and location. It is ensured that RBS lies at specific
distance from column face such that central hinge formation due to gravity load is avoided.
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Models for RBS study

a) Conventional beam column arrangement

Referring figure below it is clear that in first bare frame simple beam column connection is assumed in
modeling.

Column

eam

Figure 4: Conventional beam column joint
b) RBS with software defined dimensions
Refer figure 2 for typical beam column arrangement for RBS. In this model values suggested by software are
considered without any alterations.
¢) RBS with manual maximum designed dimensions
In this model maximum values of a, b, ¢ are considered Where a = 0.75 bf, b =0.85 db, ¢ = 0.25 bf, where bf is
width of beam.
d) RBS with manual minimum designed dimensions
In this model maximum values of a, b, ¢ are considered Where a = 0.50 bf, b =0.65 db, ¢ = 0.10 bf, where bfis
width of beam.
e) RBS with manual minimum stiffness ratio
In this model maximum values of a, b, ¢ are considered Where a = 0.75 bf, b = 0.85db, ¢ = 0.3 bf, where bf is
width of beam.

Special Moment Beams

~ Special Moment Beam Type

(" Standard Moment Connection (" Side Plates
Reduced Beam Section Options
(¢ Program Defaults: a=0625bf, b=075db, ¢=0.20bf a b
" UserSpecify x1, x2 and x3where a=x1*bf, b=x2*db, c=x3%bf
" UserSpecify x1, x2 andx3where a=x1, b=x2, c=x3 A —
%1 I %2 I %3 I ’,I
o

This is a patented system from

SidePlate Systems Inc

ETABS will increase the

properties at the ends of the
beams based on criteria provided
by SidePlate Systems Inc. All

other requireme hould be
ct ed by the user. User must

assign a Rigid-Zone Factor of 1.0 Cancel

to End Length Offsets of Beams —'l
and Columns to properly model

L o the Panel Zone stiffness.

Figure 5: Special Moment Beams in ETABS
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3. RESULTS AND DISCUSSION
For results study a moment curvature curve is used as a reference for studying effect of RBS on beam column
joint. Stiffness is determined from M-Phi curve and compared with conventional frame to get stiffness ratio.

M-Phi Curve
200
180
160
140
- 120 —o—Model 1
]
€ 100 —— Model 2
)
2 g Model 3
60 Model 4
40 —%—Model 5
20
0
0 0.5 1 1.5 2 2.5
Curvature

Figure 5: Moment Curvature curve for various models

From graphs of moment curvature Table 1 is obtained. It is observed that with reduction in beam size the ratio
and hence stiffness decreases. It is clear that stiffness of section in reduced for RBS also it varies along the
reducing shape of RBS. Hence dimensions of RBS effects into variation of stiffness. 16% to 41% variation in
stiffness is observed in RBS according to its dimensions.

Table 1: M/O ratio for different location for given section

M/@ ratio for different location for given section

Section/Location Elastic Range Plastic Range Remark
ISMB 250 864.92 86.91 Model 1
Centre of RBS 510.13 51.93

Model 2
Quarter span of RBS 684.66 69.13
Centre of RBS 578.79 58.68

Model 3
Quarter span of RBS 721.86 72.79
Centre of RBS 721.86 72.79

Model 4
Quarter span of RBS 793.37 79.86
Centre of RBS 435.74 44.56

Model 5
Quarter span of RBS 672.2 65.74

In
Table the stiffness ratio is calculated which gives the reference for comparison of the results obtained from each
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model. It is calculated simply by comparing stiffness of each frame section with conventional frame section.
Stiffness of Conventional Frame Section

Stiffness of RBS

Stiffness ratio =

Table2: Stiffuness ratio of section at different location

Section/Location Elastic Range Plastic Range Remark
ISMB 250 1 1 Model 1
Centre of RBS 0.589800213 0.59751467

Model 2
Quarter span of RBS 0.791587661 0.79542055
Centre of RBS 0.669183277 0.675181222

Model 3
Quarter span of RBS 0.834597419 0.83753308
Centre of RBS 0.834597419 0.83753308

Model 4
Quarter span of RBS 0.917275586 0.918881602
Centre of RBS 0.503792258 0.512714302

Model 5
Quarter span of RBS 0.777181705 0.756414682

For frame under consideration two possible beam column arrangement is done. In first one conventional
arrangement is done as shown in Figure 6 in second arrangement RBS with stiffness ratio of 0.58 is used as
shown in Figure

a) Conventional Frame

Colum
ivizmm — bf
eam
Figure 6: Conventional beam column arrangements
Mc =202.18 kNm, Mb = 154.58 kNm & Mc/Mb=1.3
b) RBS frame
Column /
iwinm = bf
eam

Figure 7: RBS beam column arrangement

Mc = 148.12 kNm, Mb = 110.46 kNm, Mb2 = 61.34 kNm
Mc/Mb=1.34, Mc/Mb2 =2.41
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Frame beam column sizes (Refer Figure 1)

Table3: Section Sizes for frame

Grid

Column

Beam

A & B (GF)

ISMB 500

ISMB 500

C, D & E (Built-up Section)

bf=200mm, d=600mm, tf=tw=8mm

bf=200mm, d=600mm, tf=tw=8mm

F (Built-up Section)

bf=150mm, d=200mm, tf=tw=8mm

bf=150mm, d=200mm, tf=tw=8mm

a) Grid A & B:

Figure 8: Grid A & B of PEB Frame

Table4: Beam Column Capacities

Section Notation Capacity (kNm)
Column Mcl 471.52
Mc2 116.49
Beam Mbl 492.11
Mb2 98.71
Reduced Beam Section 1\1\2[[[;21 ((};{I;SS)) 27872.'9966
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Table 5: Beam Column Capacity Ratio

Strong Column Weak Beam Ratio
Mc1/Mbl 0.958
Column/Beam Mc2/Mb2 118
Mc1/Mb1(RBS) 1.66
Column/RBS Mc2/Mb2(RBS) 1.49

b) Grid C,D, E:

Mc¢

Figure 9: Grid C,D,E of PEB

Table 6: Designed sections capacity

Section Notation Capacity (kNm)
Column Mc 350.57
Beam Mb 326.69
Reduced Beam Section Mb(RBS) 241.73
Table 7: Beam Column Capacity Ratio
Strong Column Weak Beam Ratio
Column/Beam Mc/Mb 1.07
Column/RBS Mc/Mb(RBS) 1.45
¢) GridF:
Table 8: Designed sections capacity
Section Notation Capacity (kNm)
Column Mc 88.98
Beam Mb 100.6
Reduced Beam Section Mb(RBS) 60.70
Table 9: Beam Column Capacity Ratio
Strong Column Weak Beam Ratio
Column/Beam Mc/Mb 0.88
Column/RBS Mc/Mb(RBS) 1.47
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Mb
Mc

Figure 10: Grid C,D,E of PEB

4. CONCLUSION
In this chapter strong column weak beam concept is concluded for various sections considering stiffness ratio as
a reference. Previous research and studies have proved that for strong column weak beam concept validation this
ratio must be between 1.2 to 1.4
A single frame model was studied in details also global frame is studied for similar analysis. A nonlinear
analysis was performed in these models. Following conclusions are drawn from current study:

1. To fulfill strong column weak beam concept in steel frame design results into uneconomical design
of column.

ii. RBS is a fuse introduced in beam which ensures the failure of beam first when lateral loads are
applied to the structure.

iii. As cross section of beam is reduced it ensures shifting of formation of plastic hinge away from
column face resulting into beam failure mechanism and again ensuring strong column weak beam
concept.

iv. All the capacity ratios of column to beam are way higher than 1.4 at centre of RBS, assures the
strong column weak beam concept.

v. Moment curvature study has concluded that it is a section property representing stiffness of section

and depends on cross section hence can be controlled by adjusting section dimensions.
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