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COMPUTER
MODELING

TAS
2-D & 3-D

MODES OF
HEAT TRANSFER

Conduction

PROPERTIES &
MATERIALS

Knowledge of structural

deficiencies
—

wpP1 Anslysiz of the mein poblems
sffecting existing buildings in seizmic sress

Modeling Convection
Radiation
ACTIVITIES RELATED TO
STEEL DESIGN FOR FIRE
e CONDITIONS
Properties ASCE, AISC <
SFPE, NFPA <
Geometrical
> .
S UL Directory ~ «—
—p Thermal UBC <
Propcn.xcs . Manual Of Steel «—
Insulation Related activities Construction
—» Materials
CODES &

LITERATURE

I
Methods for structural performance

assessment
wpP2 Development of s perormance bassd design
methodobgy for existing buildings and itz spplication fo retrofit

or upgradng systems sctually used n European seizmic
Countnes

v

Performance of steel solutions

WP3 Performance and construction analysiz of steel
solutions to retrofit orupgrade vertical systems

WPS5 Performance and construction analyziz of steal
solutions to retrofit orupgrade rocfing systems

WP4 Performance and construction analysiz of steel
solutions to retrofit orupgrade fioor systems

WP6 Performance and construction analyziz of steel
solutions to retrofit orupgrade existing foundsfions

v
Experimental testing

wWP7 Expenmental analysiz on proposed structural
detsails orconnections anddissipative systems

wpP8 Application to caze studies

t

—

!

Design rules

wP9 Dezign and construction rules

—
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PART 2
PART 1 i | VULNERABILITY
PERFORMANCE i , FRAMEWOREK
FRAMEWORE ' ! Dot vul nerab ity
Ferfurmamco ] Levely ! ! ([@lﬂm;ﬂwml_]
Pefimens Lewel | |1 DEMAND-CAPACITY (Dot wleardaility o 2 |
!_E“Pamftumm Leval | o HLED Bz by : :
| ] : E bt |D:-t'.-'1.|]mual:-illtﬂm L |
i m *"'J" T -
Rafursrcs Cisplasemart, d |Dotulcessbilitr e 1|
I
% | Low seiamici —
E AN otited ||| Lncaliglnbal yuinerability
______ Eﬁ/ {1 [Localielobal e bpe 1 |
Referenee Cisplacemene, o : |Lu-:-uL'glu1:-a.'| wilh tvn:tﬂ
DEMAND CURVES
- FEHARILITATION | Localfelabal vl bz 5 |
ez, aHizh geizmicite STRATEHES : :
= AFFROPRIATE - |
=1 REDDCTION TR 1 e —
- I VULIFRARILITY '
[un] . .
Reference Thaphre u'tu.1,d' 'FI
N CAPACIT ¥ CURVE
}E Law sedawicitr =
_-‘\h‘--.____ [Ty
B S — 1 Bty budcing
Feftwnes Tiapkc manL-:[ .E
Beftrenee Displace et l:i

General framework in which the volnerabilities identification were inserted.
Spectral Acceleration

Demand cinve for retrofitted
” and origmal bwilcing

Perforimance Foint of the
Retrofitted Building

20
P.etrofitted bulding capacity
h Original building capacity

=

i Spectral Displacement
Enhance the deformation capacity of the building



Structural aspects
Capability to achieve requested performance | Typological analysis of an intervention technique I
objective (after building evaluation!)
Compatibility with the actual structural system (no

need of complementary strengthening or Part1-T.C. Part2-N.SP. Pat3-SC.
confinement measures, b i Techniques Classification ||| Non Structural Properties Structural Classification
Adaptability to change of actions seismic typology
(near field, far field. T<==Tic. etc) . Maintenance Masonry Shear Wall
Adaptability to change of building typology Siffess | = bkt
Technical aspects - Reversi

Reversibility of intervention of - R.C.  Frames
Durability . Aol s Shear Walls
Operatonal : . Tedveogea asec el
Functionally and aesthetically compatible and
complementary to the existing building Used space of existing
Sustainability building
Technical capability
Technical support (Codification,
Recommendations, Technical miles) e -
e
Quality control 3

Economical Accessibilty
Costs (Material Fabrication. Transportation. Data concerning with infervention techniques using typological analysis
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Steel shear walls: (vertical elements)
Steel bracing elements: (vertical elements)
Steel frames: (vertical elements)
Steel braced frames: (vertical elements)
Steel strips elements: (vertical elements)
Trussed girder: (Horizontal elements)
Steel tying systems: (Horizontal elements)
Horizontal bracing system: (Horizontal elements)
Micro-piles systems. (Foundation elements)
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| Performance of entire building structure ||

Y.

; | (A) Definition of hazard levels ‘I | (B) Definition of performance levels ||

(C) Choice of design
| strategy
{| (D) Knowledge of existing

|| construction (deficiencies,
materials,...)

T

PBA
(E) Structural model/ analysis/ (F) Selection of the
"l evaluation of the response +—> intervention technique

| Retrofitted building ||

| Evaluation of costs related to

intervention techniques

b

Performance Based Engineering framework and Performance Based Assessment sub- framework.

Capacity
|

Strength Stiffness | | Deformability System Material
Configuration Propertie

s

Demand
i Capacity | ...
Floor Inelastic Inter story I Bt

Acceleration Deformation Drift Ratio i _
< =
i

Probability of 50% in 50 years (RP=72 years)

Seismic Hazard | Probability of 10% in 50 years (RP=475 years)
Levels

Probability of 5% in 50 years (RP=975 years)

Operational

Performance TR

Levels

Near Collapse
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Occupancy Safety Prevention
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Structural Performance Levels/Ranges
Non-structural 52 5-4
bah i 5.1 53 . 55 56
Parformance Immediate Occupan Control Damage Life Safe: Mmioed Safery Collapse P i Not Considered
]
Levels pancy Range v Range i
1-A
- (FEMA)
N-A Operation
: St 2A NR NR. N.R N.R.
o Fully Operational
oLsiMeE)
1-B
N-B : (FEMA}
i di Immediate Occupancy 2-B Sk AR W WR
mmediate e P R. .R. R
Qeeupancy {VISION2000)
Operational
3C
Life Safety"™™™!
N-C
it Sk 1-C 2C spiEes) 4ac 5C 6C
o Life Safe!V'=1OM20%)
LLgioMzn08)
N-D
PO N.R. 2-D 3-D 4-D 5D &-D
5E
Collapse
N-E Prevention!™
ey e N.R. N.R. N.R. 4-E NCiENse) N.R.
Near Collapse!S/2N2000)
mu;mmﬂ
N.R.: Combination of structural/non-structural performance not recommended
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Exciting K-value
frequency i i
q y Horizontal Vertical Y 1{!;:':“101{5 0;
Ci vibrations vibrations e .e er:}nne
(Hz) direction
1 to2 28 a 28 a,
- 108, Jo
2t04 335 0,25
4to 8 56 ap / m 20 a, LR
8 to 80 160 a,/ ® 160 a,/ ®
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Exposure time

K-value

4 hours

7

8 hours
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OPERATING CONDITION DURING START AND STOP
VERTICAL HORIZONTAL VERTICAL HORIZONTAL
F1 140 F1 50 F1 1400 F1 500
F2 190 F2 65 F2 1900 F2 650
FREQUENCY: 125 Hz FREQUENCY: 2 Hz
No. of cycles: 30
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* Direct Integration
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Mode Num. Structure Type
\ VA \Y/0 AR Low Tuned
Y Y/$AY \Y/0 FARL Low Tuned

A F/A4Y \Y/0 /¥4 Low Tuned
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HORIZONTAL VERTIACAL
RMS-
JOINT VALUE VAIi-UE RMS-VALUE VAI:-UE
m/s2 m/s2
133 0.094 0.42 0.31 3.94
165 0.096 0.43 0.312 4.00
214 0.07 0.3 0.073 0.93
191 0.05 0.24 0.073 0.93
161 0.13 0.6 0.33 4.3
143 0.146 0.65 0.37 4.75
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a — Conventional Structure
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1 Linear elastic spring method,
2 Elastic half-space analogs method, and
3 The impedance function method.

(1) type of soil and its properties,
(11) geometry and layout of the foundation, and
(111) nature of the foundation vibrations occasioned by unbalanced dynamic loads.
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Belt width: 1000mm



Capacity: 1000 t/h
Speed: 1.8 m/s
Belt weight: 16.4 kg/m
Material weight: 154 kg/m
Idler weight: 70 kg/m
Belt tention: 10t
Drive Unit weight: 3615kg
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Belt width: 1000mm
Capacity: 1500 t/h
Speed: 2.25 m/s
Belt weight: 16.4 kg/m(. <) o235 (a se )l 53 45&) (a3 L)
Material weight: 185 kg/m
Idler weight: 70 kg/m
Belt tention: 10t
Drive Unit weight: 5615kg
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4-1) Dead Load:
4-1-1) Self-Supporting Structure Alignment:
This load applied on construction spot of Self-supporting structure to the frame.
Total weight: 8620 kg
Applied load on this structure: 8620/2=4310kg

For one side: 4310*0.5=2155kg
4-1-2) Covering:



This load applied on up truss frame.

Total weight: 6960 kg

For one side: 6960*0.5=3480kg

4-1-3) Walk Way Tower, Handrail and ...:
This load applied on up truss frame.

Total weight: 7100 kg

The length is 33m: 7100/33=216kg/m

For one side: 216*0.5=108kg/m

4-1-4) walk Ways, Handrail and ...:

This load applied on up truss frame.

Total weight: 1060 kg

For one construction spot: 1060*0.5=530kg
4-1-5) Floor and Runway:

This load applied on up truss frame.

Total weight: 5280 kg

The length is 33m: 5280/33=2160kg/m

For one side: 160*0.5=80kg/m

4-1-6) Floor at elevation +1801.56:

This load applied on up truss frame at elevation +1801.56.
Total weight: 2695 kg

The total area is 61m”2: 2695/61=45kg/m"2
4-1-7) Hoist Girders:

This load applied on construction spot of hoist girder to the frame.
4-1-7-1) Total weight= 4000 kg

4-1-7-2) Total weight= 1500 kg

4-1-8) Conveyor Hood Cover:

This load applied on construction spot of Self-supporting structure to the frame.
Total weight: 32kg/m

The length is 23.25m: 32%23.25=744kg

For one side: 744*0.5=372kg

Applied load on this structure: 372/2=186kg
4-1-9) Hanging Special Frame Work:

This load applied on up truss frame.

Total weight: 1250kg

The length is 12.81m: 1250/12.81=98kg/m
For one side: 98*0.5=49kg/m

4-1-10) Special Skirt Boards:

This load applied on up truss frame.

Total weight: 760kg

The length is 5.5m: 760/5.5=138kg/m

For one side: 138*0.5=69kg/m

4-1-11) Mobile Head Winch...:

This load applied on construction spot to the frame.
Total weight: 640 kg

4-1-12) Mobile Head Winch (outside...):

This load applied on construction spot to the frame.
Total weight: 531kg

4-1-13) Discharge Chute:

This load applied on up truss frame.

Total weight: 3350kg

The length is 1.35m: 3350/1.35=2485kg/m



For one side: 2485*0.5=1243kg/m

4-1-14) Discharge Chute:

This load applied on up truss frame.

Total weight: 3630kg

The length is 1.35m: 3630/1.35=2689kg/m

For one side: 2689*0.5=1344kg/m

4-1-15) Drive and Tail Pulleys Supports:

This load applied on up truss frame.

Total weight: 480kg

For one side: 480*0.5=240kg/m

4-1-16) Drive Unit:

This load applied on up truss frame.

Total weight: 5615kg

The length is 2.975m: 5615/2.975=1888kg/m
4-1-17) stais:

This load applied on up truss frame.

Total weight: 4070kg

4-2) Live Load:

4-2-1) Material Load:

Material weight: 185 kg/m

Total weight: 1.2*185=222kg/m

4-2-1-1) This load applied on construction spot of Self-supporting structure to the frame.
The length is 23.25m: 222*23.25=5161kg
Applied load on this structure: 5161/2=2581kg
For one side: 2581*0.5=1290kg

4-2-1-2) This load applied on up truss frame.
For one side: 222*0.5=111kg/m

4-2-2) Belt Weight:

Material weight: 16.4 kg/m

Total weight: 1.2*16.4=19.68kg/m

4-2-2-1) This load applied on construction spot of Self-supporting structure to the frame.
The length is 23.25m: 19.68*23.25=458kg
Applied load on this structure: 458/2=229kg
For one side: 229*0.5=115kg

4-2-2-2) This load applied on up truss frame.
For one side: 19.68*0.5=10kg/m

4-2-3) walk Way Tower:

This load applied on up truss frame.

Total weight: 125kg/m~2

The width of walkway is 0.7m: 125*0.7=90kg/m
4-2-4) Self-Supporting Structure Alignment:
This load applied on construction spot of Self-supporting structure to the frame.
Total weight: 125kg/m~2

The width of runway is (1.35+42%.7=) 2.75m: 125*2.75=344kg/m
The length is 23.25m: 344*23.25=7998kg

For one side: 7998*0.5=3999kg

Applied load on this structure:3999/2=2000kg
4-2-5) Walk Ways:

This load applied on up truss frame.

Total weight: 125kg/m~2

The width of walkway is 0.7m: 125*0.7=90kg/m



The length is 2.81: 90*2.81=246kg

4-2-6) Floor and Runway:

This load applied on up truss frame.

Total weight: 125kg/m~2

The width of walkway is 2.1m: 125*2.1=263kg/m
4-2-7) Mobile Head and Walk Way,...:

This load applied on up truss frame.

Mobile head weight: 7400 kg

Total weight: 1.2*¥*7400=8880kg

4-2-7) Casing:

This load applied on up truss frame.

Casing weight: 1535kg

Total weight: 1.2*¥1535=1842kg

4-2-8) Belt Tention:

Belt tention load on DWG. No. 3400456MTG501 is 10ton.
4-2-9) Idler weight:

Idler weight: 70kg/m

Total weight: 1.2*¥70=84kg

4-2-9-1) This load applied on construction spot of Self-supporting structure to the frame.

The length is 23.25m: 84*23.25=1953kg
Applied load on this structure: 1953/2=977kg
For one side: 977*0.5=488kg

4-2-9-2) This load applied on up truss frame.
For one side: 84*0.5=42kg/m

4-2-10) stairs:

This load applied on up truss frame.

Total weight: 500kg/m~2

4-3) Snow Load:

Snow load calculate as below:

P = 0.7 % Ig * C¢ * Ce * Cg * Py
Is=1,C=11,C =12,C, =1,P, = 100kg/m”"2
P. = 95kg/m"2

4-4) Wind Load:

Wind load calculate as below:
P=CqxCe*q

Cq = 4e? — 59e + 4,q = 60.5kg/m"2

4-5) Seismic Load:

Seismic load calculate as below:

C=ABI/R

(Soil type =11, Ty = 0.1, T, = 0.5,S = 1.5,H = 19m = T = 0.45)
A=0.3,B=2.5,I=1,R=6

C=0.125

4-6) Temperature Load:

To apply temperature Load, the average temperature +25°C was applied to all members of frame.

Yoo jladh O orli g (o) G enwlaigd yyy (AT asulaa =) Jean

COMBINATION P Mx My Lx Ly Hsoil | Hfon. oX oy
Text Kgf Kgf-cm Kgf-cm cm cm cm cm Kgf/cm~2 Kgf/cm~2
COMB1 49277.86 | 3496415.21 4147.99 220 700 150 100 | 1.099591774 | 0.905720695
COMB2 91134.07 | 5872712.21 216362.01 220 700 150 100 | 1.503646774 | 1.215096442
COMB3 34666.84 | 1116896.27 -530728.22 220 700 150 100 | 0.872274264 | 0.716119701




COMB4 39249.95 | 4127726.54 536950.22 220 700 150 100 | 1.069613397 | 0.934961344
COMBS5 37331.54 | 19543726.83 -22729.88 220 700 150 100 | 1.915189601 | 0.823387235
COMB6 36585.25 -14299104 28951.87 220 700 150 100 | 0.026698061 | 0.827693808
COMB7 66059 2899119.02 -371567.72 220 700 150 100 1.17531553 | 0.948151525
COMB8 70642.11 | 5909949.29 696110.73 220 700 150 100 | 1.372654664 | 1.166993169
COMB9 68723.7 | 21325949.58 | 136430.63 220 700 150 100 | 2.218230867 | 1.055419061
COMB10 | 67977.41 | -12516881.3 188112.38 220 700 150 100 | 0.329739325 | 1.059725634

Voo el sanlaih () Osanlaifh ) QA dslae-Y Jsaa
COMEINATION P Mx My Lx Ly Hsoil | Hfon. oX oy

Text Kgf Kgf-cm Kgf-cm cm cm cm cm Kgf/cm~2 Kgf/cm~2
COMB1 68165.81 | -1556988.91 | 8113502.13 750 710 150 100 311512.5 0.688301704
COMB2 101651.97 | -1957794.98 | 24858056.72 | 750 710 150 100 311512.5 0.744825772
COMB3 53415.92 337673.46 -19056316.8 | 750 710 150 100 311512.5 0.69067042
COMB4 48832.8 -2673156.82 | 31226570.04 | 750 710 150 100 311512.5 0.634282145
COMBS5 50751.21 | 14518088.97 | 4982200.62 750 710 150 100 311512.5 0.910707579
COMB6 51497.5 -16853572.3 | 7188052.58 750 710 150 100 311512.5 0.414244968
COMB7 78530.53 37068.9 -6497900.9 750 710 150 100 311512.5 0.733063452
COMB8 73947.42 | -2973761.37 | 43784985.98 | 750 710 150 100 311512.5 0.676675197
COMB9 75865.83 | 14217484.41 | 17540616.56 | 750 710 150 100 311512.5 0.95310063
COMB10 76612.12 | -17154176.9 | 19746468.52 | 750 710 150 100 311512.5 0.456638018

element | position h(m) Ce Cq P(kg/m~2)
wall windward 19 2.98 72.6
roof - 19 -1.4 -169.4
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Volads (ysamlaid 53 (3855 S Y Jan
Lx total 2.2
Ly total 7
H fon. 1.7
H soil 0.8
weight of structure | 49104
Mo 172199.3
Mr 389329.5
Mo/ Mr
Must be <1.75 0.442297
Yo led (gt 53 (S8315 JS -F Joan
Lx total 7.1
Ly total 7.5
H fon. 1.7




H soil 0.8
weight of structure | 49104

Mo 225359.9
Mr 1321129
Mo/ Mr 0.170581

Must be <1.75
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D: dead load
L: live load
S: snow load
Wx: wind load in X direction
Wy: wind load in Y direction
Ex: seismic load in X direction
(Ey: seismic load in Y direction
Y Y ERUTLg
1) D
2) D+L
3) D+S
4) D+0.755+0.75L
5) D+0.84Wx
6) D+0.84Wy
7) D+0.7Ex
8) D+0.7Ey
9) D+0.75L+0.755+0.63Wx
10) D+0.75L+0.755+0.63Wy
11) D+0.75L+0.755+0.53Ex
12) D+0.75L+0.755+0.53Ey
13) 0.6D+0.83Wx
14) 0.6D+0.83Wy
15) 0.6D+0.7Ex
16) 0.6D+0.7Ey
17) D£T
18) D+0.75T+0.75L+0.75S
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1)D
2) D+L+S
3) 0.75D+0.75Ex
4) 0.75D+0.75Ey
5) 0.75D+0.755+0.75L+0.75Ey
6) 0.75D+0.755+0.75L+0.75Ex
3) 0.75D+0.75Wx
4) 0.75D+0.75Wy
5) 0.75D+0.755+0.75L+0.75Wy
6) 0.75D+0.755+0.75L+0.75Wx
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Preparing the joint to be welded.

Adjusting the joint (The welding gap- Horizontal adjustment - Rail alignment -
The twisting of the rails)

Opening the kit

Setting the molds (Position the clamp assembly-Position the groove core by taking
care of centering it to the gap-Apply luting paste in the groove so as to avoid that the
core moves-Place each half side mold in its frame-Set the half mold over the rail
joint. Tighten the screw of the clamp assembly (Centre aboveand below in relation to
the gap axis) -Maintain this half mold in position-Position the second half mold.
(Centre above and below in relation to the axis of the gap)The two half moulds must
never be offset from one another-Place the bottom plate on its base plate. Verify that
it rests correctly on the base plate (Doesnot wobble). Apply a strip of luting paste on
the two recesses on either side-Hang the briquette bottom plate on the hangers of
the mold frames, check the centering of theplate in relation to the moulds, then take
hold a locking handle with each hand.

Luting

Preheating

Lighting the blowpipe

One-shot crucible

Casting

Removing the slag tray



Shearing

Removing the risers

Rough grinding

Opening of the welded track section for traffic

Finishing welding
Cleaning

Marking and tracking
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Abstract:

All of the investigations on the steel shear wall confirm its positive effect against lateral load such as
wind and earthquake. This lateral load bearing system has many privileges like ductility, high energy
damping capacity and decreasing the building dead load which results in decreasing the earthquake
loads.

The plate of the steel shear wall made of LYP steel enters the plastic stage rapidly in spite of it
surrounding frame, and therefore, absorbs the earthquake energy significantly. For having equal
lateral load bearing capacities, the plate thickness of the shear walls made of LYP steel must be
increased by the ratio of normal steel yield stress to LYP steel yield stress. Such increment causes the
plate buckling occurs in higher compressive stress.

In this paper, ANSYS software has been used for finite element method. In finite element analysis
the effect of LYP steel and the thickness of plate in hysteretic behaviour of the steel shear wall have
been investigated.

At the end, increasing the stiffness and energy dissipation of the steel shear walls made of LYP steel
has been indicated. It is evident that the costs and seismic behaviour the steel shear walls made of
LYP steel can be improved by selecting suitable thickness and aspect ratio for the plate.[20]
Keywords: low yield point steel, steel shear wall, post buckling strength, hysteretic behaviour,
ductility.

1 Introduction

From the time mankind used steel in building structures, he tried to increase its strength so as to
produce economic and light structures by using more elegant member sections. He was unaware that
anincrease of steel strength not only is always useful for all members of a steel structure, but in some
members under certain conditions it is needed to reduce the strength as much as possible to let the
structure behave in a better way. This issue in relation with steel structures withstanding lateral loads
specially earthquake induced loads is very perceptible
In fact the secret in using very low strength steel which is so called easy-going steel(EGS) in this book
and the expectation of suitable behavior from in comparison to mild steel and high grade steel is
summarized in the following two points.

- Modulus of elasticity is equal in all three steels

- High ductility of easy-going steel in comparison to mild steel and high grade steel
As briefly mentioned, easy going steel, is defined as a steel with very low percentage of carbon and
other alloys and with very high ductility
The usage of easy-going steel(EGS)in lateral load bearing parts of concentrically braced frames (CBF)
and eccentrically braced frames (EBF) and also in steel plate of steel shear walls (SSW), with the
assumption of load bearing capacity being preserved, would lead to higher brace section area and
steel plate thickness and buckling occurs in higher compressive stresses. this fact means perceptible
improvement in the hysteresis loops in the mentioned load resisting systems under lateral cyclic
loads,in which the under covering area presents the energy absorption rate.thus,most of the steel
capacity is mobilized under cyclic loads which shows an economic and effective use of consumed steel
in load resisting systems. This increase has a considerable reduction on the shear displacement of the
storey's and result in increase in the shear stiffness of them
The significant reduction in the shear displacement of the storey's not even causes the main vertical
load-bearing members of the structure-like the columns-to be safe from serious damage due to the
smaller lateral displacements and noticeable moment reduction in them but would broadly reduce
the undesirable effects of the "P-Delta" phenomenon, this fact would be sensible and serious when
the structure enters the non-linear zone to absorb energy. In lateral load bearing component such as
bracing systems and steel shear wall plates in which easy-going steel has been used, becomes non-
linear in very small lateral displacements and absorbs most of the energy. In this way, the main vertical
load-bearing members like the columns-commonly remain linear and unaffected from any damage
caused by nonlinearity. It is expected that by using easy-going steel in braces and connecting them to



the structure by means of high strength bolts and plates, when intensive earthquake occurs and
serious damage is made to the braces and damaged braces could be separated from the structure and
new braces replaced by the unfastening the bolts easily

Displacement decrease and shear stiffness increase of load bearing systems happen in easy-going
steel systems. There are several conditions in which controlling lateral displacement plays a key role
some of these cases are 1—- P-Delta effects 2-Damage to non-structural components 3-protection of
equipment and sensitive facilities in special structures 4-safety

By applying easy-going steel in load resisting systemes, it is expected that in big lateral cyclic loads such
as intensive earthquakes, the members whom have been assigned to absorb the energy and are made
of easy-going steel would suffer from serious damage. This fact has probably more sense in bracing
systems compared to steel shear walls. So, the connection of these members with other parts of the
structure must be foreseen in a way that they could be easily substituted

By using connection plates made of high-grade steel which are designed to remain in the elastic zone
with a high safety factor when the bracing made of easy-going steel yield, the is protected from
damage due to plastic deformations. In this manner, by using high strength bolts, this option is
provided that in case of damage to braces under big cyclic loads and could be replaced with new
members

Among the previous works, it can be pointed at a model proposed by Mimura and Akiyama [1] for
description of hysteretic behaviour of a steel shear wall panel and its lateral displacement under
earthquake load considering diagonal tension field. Also, a comprehensive analytical investigation on
un-stiffened steel shear walls has been done at Alberta University by Thorburn et al, [2] concerning
buckling and post-buckling behaviour of the infill plates. Thorburn modeled a four-story steel shear
wall and used strip method instead of infill plate model for simplification, more quick analysis, and
better defining an equation for the factor of a which is the inclination angle of the average principle
tensile stresses in the infill plate with respect to the boundary column.

Timler and Kulak [3] tested two single-storey, one-bay shear wall in actual dimensions. They
modeled the steel shear wall specimens using strip method and the test results confirmed Thorburn’s
analytical method. On the other hand, the factor of a was modified by considering the influence of
the column bending stiffness on the plate performance.

Tromposch and kulak [4] investigated one-storey, two-panel steel shear wall under combined
lateral and vertical loads similar to Timler and Kulak’s test except the connections were bolted and the
panel was thinner.

Sabouri and Roberts [5] extended past investigations to 16 steel shear wall specimens concerning
hysteretic behaviour of un-stiffened steel plate shear wall, the effect of static loads on the panels,
nonlinear dynamics analysis, thin steel shear wall and dynamic analysis base upon shearing and
flexural deformations.

Elgaaly et al. [6] conducted analyses on three-storey and one-bay specimens in the scale of three-

fourth of the original dimensions. At the same time, he and Caccese studied post-buckling behaviour
of the steel shear wall under cyclic load.
Nakashima et al [7] implemented some tests for the cyclic loading effect on the behaviour of steel
shear wall made of Low Yield Point (LYP) steel using the stress-strain diagram resulted from Nippon’s
Steel investigations. A one-story panel was tested with and without stiffener having bolt connections,
1.2mx1.2m dimensions and 6mm thickness.

Elgaaly and Liu [8] did their analytical investigations on the basis of Caccese(1993) observations
and found tension strains in the infill plate which were not uniform throughout, but were higher near
the boundary members. Elgaaly and Liu did the tests for 6 three-storey of one-quarter scale specimens
under cyclic horizontal load.

Lubell [9] implemented several tests on un-stiffened steel shear wall of one-storey and four-storey
models under cyclic loads that used nonlinear analytical approach in his studies and modified the
factor of a.



Driver et al. [10, 11] did his tests for achieving the hysteretic curves of one-bay, four-storey
specimen in a bending frame with bolted connections under vertical load applying on columns, and
cyclic load based upon advices of Applied Technology Council (ATC-24). Diver investigated on the
hysteretic curves of two models using finite element and strip methods.

Timler et al. (1998) conducted his analytical studies on designing and decreasing steel shear wall
costs in tall buildings and presented some advices for the seismic force reduction factor, R, as well.

Rezai [13, 14] tested four-storey specimens of steel shear wall in one-quarter scale that was similar
to Lubell’s (1997) model and evaluated dynamic behaviour of this system for the first time. He
modified the strip model and showed that the strip angle is not uniform on the overall boundary
members.

Astaneh-As| [15] examined a whole analytical and experimental model for the steel shear wall with
and without stiffener. Using un-stiffened steel shear wall has been suggested for better energy
absorption.

Kulak et al. (2001) reviewed previous investigations and examined designing of an eight-storey
structure in Vancouver, Canada in which the steel shear wall was used. Alinia and Dastfan [16, 17, 18]
investigated the effect of torsional stiffening of the members substituting the boundary beams and
columns by strip plates under monotonic and cyclic loadings.

Sheng — Jin Chen et al. [19] examined steel shear walls made of LYP steel in both theoretical and
experimental forms.

In addition to the aforementioned experimental and analytical investigations, since 1983 many tall
buildings have been constructed particularly in USA and Japan, namely the 20 story building of Nippon
Steel, 53 story in Tokyo, 211 meter Shinjuku Nomara, the 30 story Hayatt Regency hotel, 6 story Olive
View hospital, 52 story building in San Francisco, and 31 story building in Japan in which LYP steel
shear walls have been used.

The aim of the present work is to examine the effect of Low Yield Point (LYP) steel comparing with
normal steel in ductility, stiffening and energy dissipation of un-stiffened steel shear walls. For this
aim, the finite element method has been used in order to have a better comparison for a one-bay one-
story frame.

2 Method of study

2.1 Modeling and Material Properties
The nonlinear computations have been conducted using ANSYS 9 software for the analysis of model
and study on plate behaviour.

According to the recent researches, the stiffness of boundary members of the plate does not have
significant effect on the seismic behaviour of the plate [18]. The surrounding boundaries of the plate
are not modeled as actual beams and columns but boundary elements of the plate are assumed as
boundary conditions and supports. This approach reduces the time of program running significantly
while does not effect the results. The panel element and the surrounding supports are shown in Figure
1 and the boundary conditions applied to the plate are listed in Table 1.

Figure 1: Panel elements and surrounding supports



Edge | Ux | Uy | Uz | Bx | By | Oz
1 X X X X X X
2 v e e v | vV
3 v | x x | vV | x|V

v is free
x is fixed

Table 1: Boundary conditions on plate edges

The element used in the proposed model is SHELL 43 which has 4 nods, each node with 6 degrees
of freedom. This element is appropriate for the plates with moderate thickness, plastic behaviour,
stress stiffening, and large deflections which are taken into account in this work.

The thicknesses for the steel plate considered here are 1.25 and 3 mm for both normal and LYP
steel. Assuming equal bearing capacity for two types of steel the thickness of LYP steel plate is
increased by the ratio of yielding stress of normal steel to that of LYP steel. Two types of materials are
considered; isotropic elastic, and inelastic with kinematics hardening ability. [20]

The yielding point for normal steel is 240 MPa, and for LYP steel is 97.5 MPa according to the
Nippon Steel tests. The stress-strain diagrams for both steel types are indicated in Figure 2. The initial
modulus of elasticity is the same for both types of steel and equals to 2.03 GPa. The secondary
modulus of elasticity must be taken between 0 to 10 percent of the initial modulus according to FEMA-
273 recommendations. Base upon the stress-strain diagram of LYP steel, it seems that the amount of
the secondary modulus of elasticity can be taken even more. Here, the secondary modulus of elasticity
for both steel types is taken equal to 1% because of its minor effects and for better comparison.

Based upon distortional energy, the Von-Mises criterion is adopted as steel failure criterion which
is the most suitable criterion for flexible materials such as steel.

Since the post-buckling behaviour until failure is important, a minor perturbation equal to 0.0001
of the plate width and proportional to the first buckling mode is applied perpendicular to the plate for
its buckling. The deformation resulted from initial analysis is forced to the panel in the form of initial
imperfection. For modeling the seismic behavior of the frame, cyclic loading according to the ATC
(Applied Technology Council) code, in the form of displacement is applied to the top edge of the plate.
In Figure 3, the curve of cyclic displacement with respect to time is illustrated. The geometric
properties of the models are listed in Table 2.

No. a(mm) | b(mm) | t(mm) | Type of Steel | Type of Loading
Model
1 300 300 1.25 Normal Incremental
static
2 300 300 3 LYP Incremental
static
3 300 300 1.25 Normal Cyclic
4 300 300 3 Normal Cyclic
5 300 300 1.25 LYP Cyclic
6 300 300 3 LYP Cyclic
7 450 300 1.25 Normal Cyclic
8 450 300 3 LYP Cyclic
9 300 450 1.25 Normal Cyclic
10 300 450 3 LYP Cyclic

Table 2: Geometric properties of the models
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3 Discussion

3.1 Model Evaluation

In order to control the accuracy of the model results, in Figure 4, the hysteretic curve obtained from
ANSYS software has been compared to the envelope of the hysteretic curve of Sabouri and Roberts’
experiments. Although the surrounding members of the Sabouri's experimental panels are different
from those considered in the finite element model but according to the previous researches [17, 18],
the stiffness of the surrounding members does not affect the ductility and hysteretic behaviour of the

plate too much. This fact is confirmed in this work as shown in Figure 4 as well.
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3.2 Analysis Results

3.2.1 Incremental Static Loads

For better comparison of the stiffness of the steel shear walls, different type of the steel shear walls
has been put under incremental static load. As it was expected from the theoretical relations, the steel
shear wall made of LYP steel was remarkably stiffer than the one made of normal steel. Figure 5 shows
the storey displacements versus applied shear forces for models 1 and 2 listed in Table 2.
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Figure 5: Load-shear displacement diagram of steel shear wall
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Figure 6: Comparison of hysteretic curves of models 3 and 6
3.2.2 Cyclic Load

In order to examine the influence of LYP steel on the energy absorption and on the ductility of the
steel shear wall, the hysteretic curves of eight specimens listed in Table 2 (models 3 to 10) have been
considered. Choosing these models is based upon the influence of LYP steel on the seismic
behaviour of the steel shear wall, controlling the seismic behaviour of the steel shear wall made of
LYP steel with different parameters like thickness and panel dimensions.
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4 Conclusion

Obviously, the amount of energy dissipation is a function of the interior area of the hysteretic curve.
The hysteretic curves of the models indicate that using LYP steel results in more appropriate lateral
bearing system. Moreover, optimizing the other variables like thickness, aspect ratio, stiffness of the
surrounding members, etc. can improve the plate performance significantly. It is observed that in
the case of using LYP steel, increasing the thickness of the plate leads to increasing the shear
stiffness and the structure bears more displacement. [20]

In Figures 6 to 10, the hysteretic curves of the models listed in Table 2 are compared with each
other. Figures 6 to 8 show the influence of the type of the steel and the thickness of the plate on
energy dissipation. In Figure 11 the interior area of the hysteretic curves of the models 3 to 6 have
been compared with each other. As it is observed, in the case of equal bearing capacity, LYP steel
has a better hysteretic behaviour. Figures 9 and 10 indicate the influence of changing the aspect
ratio of the panel on its hysteretic behaviour.

The other important outcome is that, in the case of using normal steel, increasing the panel
aspect ratio, the stiffness of the plate increases and the plate remains elastic during the applied
displacements. In the other words, it displaces a bit and doesn’t enter the nonlinear stage. As a
result, the hysteretic curves become slender and dissipates low amount of energy. It means the
whole capacity of the plate is not used in the case of using normal steel. On the contrary, LYP steel in
smaller displacements yields and enters the nonlinear stage and so, dissipates high amount of
energy.

As a final important result, it can be said that during not serious earthquakes the steel shear walls
made of LYP steel show better and more economic behaviour because of using their whole capacity.
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b. Shear Wall Elements Under Tension Field Action
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