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ABSTRACT

Steel truss moment frames (STMFs) are used as the lateral force-resisting systems
in buildings located in high seismic regions. These systems are lightweight and offer
excellent lateral resistance and hysteretic energy dissipation when subjected to seismic
actions. Despite of various advantages of such systems, some of the associated
issues/limitations warrant for further investigation for their wider application in practice.
The primary issues are the limitation on aspect ratios of Vierendeel panels, the behavior of
long-span and multi-panel STMFs, the seismic collapse performance assessment of STMFs,
and the behavior of STMFs with composite floor slabs. The present study aims at exploring
these issues through detailed numerical and experimental investigations for achieve the

enhanced seismic performance of STMFs.

Numerical models of STMFs are developed in non-linear analysis software
PERFORM-3D to simulate their elastic and post-elastic behavior. The modelling
parameters are validated by comparing the predicted hysteretic response with the past test
results. The validated numerical models are adopted to carry out the collapse performance
assessment and to determine the seismic performance factors of STMFs in accordance with
FEMA P695 methodology. The numerical models of wide range of archetypes of different
heights and varying aspect ratios of Vierendeel panels are developed. In addition to the
nonlinear static analyses, incremental dynamic analyses are carried out for forty-four
earthquake ground motions to develop the seismic fragility curves. The seismic performance
was assessed through yield mechanism, drift response and rotational demand at the end of
the special segments of STMF archetypes at the Design basis earthquake (DBE) and

Maximum considered earthquake (MCE) ground motions. The analyses results showed that

Abstract v
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the aspect ratio of Vierendeel panel of ductile segment could be increased to 2.5 and the
height of STMFs could be increased to 65 m. while ensuring the acceptable seismic

performance.

The experimental investigations were conducted on two geometrically identical
STMFs with and without composite floor slabs. Panel aspect ratios of special segments of
test specimens exceeded the current limitations of building codes in order to assess the
cyclic performance of long-span STMFs. The main emphasis of the study on first test
specimen was the yielding of the chords within the ductile segments, behavior of the
elements outside the ductile segment, behavior of the columns, buckling in the flanges at
the location of plastic hinges and behavior of the ductile segment. The test frame exhibited
stable hysteresis response during the experiment i.e. 6% story drift. The detailing at the end
of the special segment ensured the plastic hinge at the desired locations. In the second
experiment, the frame with slab was also laterally loaded cyclically till 6% drift. The main
emphasis of the study on frame with slab was the yielding of the chords within the ductile
segments, behavior of the elements outside the ductile segment, behavior of the columns,
buckling in the flanges at the location of plastic hinges, behavior of the ductile segment and
crack propagation of slab. The test frame with slab also showed stable hysteresis response
till 6% story drift under cyclic load. The detailing in the panel zone of the column was
improved with stiffener detailing delayed the shear yielding effectively. The lateral buckling
of the special segment was also delayed due to the presence of the slab. Conclusions drawn

from the findings of numerical and experimental investigations are reported in this thesis.
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Coefficient for the upper limit on the calculated time period

Vertical distribution factor

Plastic rotation at ultimate strength

Plastic rotation at strength loss

Plastic rotation at strain hardening

Modulus of elasticity of structural steel

Short-period site coefficient

Fragility function for damage state, d evaluated at spectral acceleration, Sat
Lateral force at i floor

Long-period site coefficient

Expected yield strength of material

Material yield stress of structural steel

Importance factor of the structure

Moment of inertia of chord member of the special segment

Moment of inertia of intermediate vertical member

Length of truss girder

Maximum allowed unbraced length

length of the special segment

Bending moment

Nominal flexural capacity

Nominal flexural strength of a chord member of SS
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Mnv
Mp
M
My

Pnc
Pt
Pu
Py
Pye
R
Ry
Sat
SaT(50%)
Sct
Sobs
Sp1
Swms
Smt

Sm1

Ss

St
S1

T
TL
T1
Vb
VE
Vimax
Vhe

Nominal flexural strength of intermediate vertical member
Plastic moment capacity of chord members of the special segment
Ultimate flexural strength of the composite section under monotonic loading
Ultimate flexural capacity
Axial force
Strength of X-diagonal in compression buckling
Nominal axial capacity
Nominal compressive strength of a diagonal member of SS
Nominal tensile strength of a diagonal member of SS
Ultimate axial capacity
Yield-strengths of X-diagonal in tension
expected axial yield force
Response modification factor
Ratio of the expected yield stress to the specified minimum yield stress
Particular value of intensity of response spectra
Median of the response spectra for a particular damage state
Median collapse intensity
Design spectral response acceleration in the short period range
Design spectral response acceleration at a period of 1.0°s
Maximum considered earthquake spectral acceleration at short period
MCE intensity at the fundamental period
Maximum considered earthquake spectral acceleration at one second
Mapped maximum considered earthquake spectral response acceleration at
short period
Period based spectral acceleration
Mapped maximum considered earthquake spectral response acceleration at
one second
Calculated time period of structure
Long-—period transition period
Fundamental time period of structure determined from eigenvalue analysis
Design base shear of the structure
Elastic base shear
Maximum base shear

Expected shear strength of special segment
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Ou
5y,eff

ADR

AMDL
ARTR

ATD

Ultimate shear capacity of special segment

Ultimate shear capacity of SS considering composite action
Effective seismic weight of the structure

Plastic section modulus

Width of flange

A particular value of ds

Damage state at performance levels

Depth of web

Height from the base of structure to i" level

Height from the base of structure to level x

Length of element

Length of column

Number of intermediate vertical member

Radius of gyration of individual component about the weak (y) axis
Thickness of web

Thickness of flange

Seismic wt of the structure at level x

Seismic wt. of the structure at i level

Angle made by X-diagonals with the horizontal

Ratio of cyclic flexural strength to monotonic flexural strength
Design related collapse uncertainty

Modeling related collapse uncertainty

Record-to-record collapse uncertainty

Test data related collapse uncertainty

Total system collapse uncertainty

Design elastic displacement

Expected inelastic displacement

Roof displacement corresponding to 80% of maximum base shear strength

Effective yield displacement
Random variable representing design
uncertainty

Random variable representing modeling-related collapse uncertainty
Random variable representing record-to-record collapse uncertainty

Random variable representing test data-related collapse uncertainty

List of Symbols

requirements-related collapse



Seismic Fragility of Long-Span Special Truss Moment Frames with Multi-Panel Ductile Segments

) Ratio of post-buckling to initial buckling strength of X-diagonals
P Ordinates of the fundamental mode at roof level

P1x Ordinates of the fundamental mode at floor level x

6p Roof drift ratio

Oy Yield rotation

Q Overstrength factor

List of Symbols xxx



AR
ACMR
BRBs
BRBTMF

BRKBTMF

CBFs
CMR
CcP
CT-CP
DBE

DL

DR
DTMFs
DVSTMF
EBF
EDDs
ED-CGL
ED-IT
ELF

FE

FF

FLB
FTMF
GP

IDA
IDR

10

ISMB
ISMC
IVMs

LIST OF ACRONYMS

Aspect Ratio

Adjusted collapse margin ratio

Buckling restrained braces

Buckling restrained braced truss moment frame
Buckling restrained knee braced truss moment frame
Concentrically braced frames

Collapse margin ratio

Collapse Prevention

Column truss connecting plate

Design basis Earthquake

Dead Load

Design requirements uncertainty

Dissipative truss moment frames

Ductile Vierendeel steel special truss moment frame
Eccentrically braced frame

Energy dissipation devices

Elastic Design-Chao Goel distribution

Elastic design with Inverted Triangular distribution
Equivalent lateral force

Finite element

Far-Field

Flange local buckling

Fused truss moment frame

Gusset plate

Incremental dynamic analysis

Inter-story drift ratio

Immediate Occupancy

Indian standard medium weight beam

Indian standard medium weight channel

Intermediate vertical members
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LL

LS
LTB
MCE
MDL
MRF
OMRF
PBPD
PD
PG
RTR
SDC
SMFs
SS
SSF
STMF
D
TMF
UTM

Live load

Life safety

Lateral torsional buckling
Maximum Considered Earthquake
Modelling uncertainty
Moment-resisting frame
Ordinary moment-resisting frame
Performance based plastic design
Plastic design

Performance group
Record-to-record uncertainty
Seismic Design Category

Steel moment frames

Special segment

Spectral shape factor

Special Truss Moment frame
Test data uncertainty

Truss Moment Frame

Universal testing machine
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