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INVESTIGATING THE APPROPRIATE MULTIPLICATION FACTOR  

FOR SOFT STORY FLOORS IN LOW-RISE BUILDINGS: A CASE  

STUDY OF NBC BUILDING  
  

  

To, R. Guideline, U. S. E., Detailings  

Department of Civil Engineering Kathford International College of Engineeing And Management  

Tribhuwan University, Nepal  

Abstract: Soft-Story Failure Mechanism In Buildings Can Be A Major Threat To Life And Property During  

High-Intensity Seismic Activity. This Study Aims To Assess The Behavior Of Soft-Story Buildings That 

Omit Infill Walls On Commercial Floors And Parking Zones. A Building As Per Nbc 201 And Nbc 205 Is 

Analyzed Through Pushover Analysis And Modal Analysis To Understand The Response Of Structures When 

A SoftStory Happens On Different Floors. Non-Linear Hinges Are Assigned To Structural Members, And An 

Equivalent Diagonal Strut Is Modeled To Account For The Consideration Of Infill Wall. The Impact Of Infill 

Walls On The Global Response And Behavior Of The Structure Is Discussed. The Study Found That Building 

Configuration Should Be Regular In Plan And Vertical Direction To Avoid Abrupt Variation In Story 

Stiffness, Causing Vertical Irregularities Leading To A Soft-Story Mechanism. The Design Multiplication 

Factor On Story Shear And Overturning Moment Is Suggested To Vary From 1 To 1.16 In Low-Rise 

Buildings. The Research Highlights The Importance Of Considering The Effect Of Infill Walls Under Seismic 

Action, And It Provides Insights Into The Behavior Of Soft-Story Buildings.  

Keywords: Soft-Story, Infills Walls, Pushover Analysis, Non-Linear Hinges, Multiplication Factor.   

  

1. Introduction   

A Soft Story Can Be Defined As The Condition In Which The Lateral Stiffness Of Lower Story Is Less Than 

70% Of That In The Story Immediately Above Or Less Than 80% Of The Combined Stiffness Of The Three 

Stories. (Is 1893 (Part 1): 2002, 2002).This Is The Reason For The Deficiency In Lateral Stiffness And Cause 

A Weak Story. A Soft Story Building Is Caused Due To Spaces Being Remained Opened Where Masonry 

Works Are Excluded And Large Glasses Are Replaced Instead For Commercial Works. Generally In The 

Commercial Areas, Ground Story Are Made Open For Parking Or Placing Of Rolling Shutters For 

Commercial Purposes. Similarly, Above The Ground Floor, On First And Second Floor Too, The Masonry 

Works Are Removed And Made Open. This Are The Causes For Soft Story On The Particular Floor. Building 

Configuration Should Not Only Be Regular In Plan But Should Also Be Regular In Vertical Direction.  

Abruptly Variation In Story Stiffness Along The Vertical Direction Cause Vertical Irregularities. Such  
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Irregularities And Variation In Story Stiffness Causes “Soft Story Mechanism”. Development Of Plastic 

Hinges At Column Ends Accompanied By Excessive Story Drift In Such Soft Story Are The Typical Failure 

Mechanism (Lalitha Chandrahas & Polu Raju, 2017).     

Behavior Of Structure With And Without Infill Wall Is Different. In An Earthquake Event, The Infill Walls 

Contribute In The Strength And Lateral Stiffness To The Structure. The Presence Of Infill Walls In The Upper 

Floor And Absence In Lower Story, The Stiffness Is Obviously Higher Compared To Lower Story. In This 

Situation, The Story With Infill Wall Act As A Single Block And Move Together Increasing Lateral 

Displacement Of Building In Soft Story. In Such, The Upper Story Above Soft Story Swings Like An Inverted 

Pendulum During Ground Force Excitation.    

A Structure Should Withstand Its Inertial Mass During Earthquake. The Increase In Mass Of Building 

Increases The Inertia Forces On The Building. The Infill Walls Being Non-Structural Component Are 

Generally Neglected For Their Stiffness And Strength Contribution During Earthquake. However The Effect 

Of Such Elements Under Seismic Action Has Considerable Effect On Building, By Increasing Both Structural 

Stiffness And Strength When Compared To Bare Frame Buildings. Lots Of Evidences From Damage In Rc  

Building With Soft Story Located At Active Seismic Zones Showed That Many Buildings Failed At Soft 

Story Leads To Potential Loss (Ghobarah, Saatcioglu, & Nistor, 2006). It Is Because Of Large Deflection, 

Drift Ratio, Large Story Shear In The Soft Story Floor Resulting To The Local Stress Concentration 

Accompanied By Large Plastic Deformations At End Of Column.   

This Study Is Intended To Find Out The Behavior Of Soft Story Building In Ground Floor, First Floor And 

Second Floor As Provision Provided By Nbc 201 And Nbc 205. Comparison Of Different Dynamic 

Characteristics Of Theses Configuration Has Been Done. Is 1893:2002 Have Suggested To Design A Column 

Members After Using A Multiplication Factor Of 2.5 In The Story Shear. This Study Is Intended To Find Out 

The Appropriate Multiplication Factor To Be Used For Soft Story Floor For Low-Rise Building. Bcdbss 

(1987) Suggests That The Beams And Columns Of The Ground Story Building Frame Shall Be Designed For 

Three Times The Design Seismic Force Corresponding To Regular Bare Frame With An Addition Of 50% 

Increment In The Base Shear.Seaoc (1994) Recommends A Multiplication Factor Of 3r/8 (Average Value Of  

Response Reduction Factor, R = 8) For Ogs Buildings, Scarlet (1997). This Will Result A Value Of Mf Of  

Around Three. It Is Also Clear From The Above Expression That The Mf Is Completely Independent And Is 

No Related With That Of The Amount Of Irregularity Present In The Building(Haran Et Al, 2016) Concluded 

That The Building With Open Ground Story Designed With Multiplication Factor 1 Is Vulnerable Than Bare 

Frame And Fully Infilled Frame. Similarly He Also Concluded That The Scheme Of Applying Mf Only To  

The Ground Story Proposed By Indian Codes Is Found To Lead To Satisfactory Performance Only For Two 

Story Frames. This Scheme Is Found To Be Not Effective For Four And Six Story Frames As These Frames 

Cannot Match The Reliability Of A Corresponding Fully Infilled Frame.    

2. Nbc 201 And 205   

Nbc 201 Is Mandatory Rules Of Thumb (Mrt) Code Developed For Construction For Non-Engineered 

Buildings. This Code Prepared For Ready To Use Dimension And Detailing Of Structural Elements And 

NonStructural Elements For Up To Three-Story Reinforced Concrete With Masonry Walls. The Objective Of 

The Code Is To Solve The Preliminary Challenges Of Mid-Level Technicians Who Are Not Trained To 

Undertake Independently The Structural Design Of Buildings  (Planning & Development, 1994).   
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Nbc 205 Is Also A Mandatory Rules Of Thumb (Mrt) Code Developed For Construction For Non-Engineered  

Buildings. This Code Is Prepared For Ready To Use Dimension And Detailing Of Structural And 

NonStructural Elements For Up To Three Story Reinforced Concrete Without Masonry Infill. But To Use 

These Codes, Some Limitations Have To Be Taken Care Of (To Et Al., 2012).Some Are Illustrated As:   

• Neither A Nor B Shall Exceed 6 Bays In Length Nor 25 M.  Each Bay Shall Not Exceed 4.5 M, As 

Shown In Figure 4.1.   

• A Shall Be Not Greater Than 3 B Nor Less Than B/3.     

• Neither H/A Nor H/B Shall Exceed 3.   

• The Maximum Height Of A Structure Is 11 M Or 3 Story, Whichever Is Less (To Et Al., 2012).   

   
Figure 1 Typical Building Configuration (Nbc 201 And Nbc 205)   

3. Modelling Of Wall   

Modelling Of Infill Wall On Numerical Analysis Can Be Done By Using Two Techniques, Micromodel And  

Macro Model (G. Asteris, 2012)(Morbiducci, 2003). Micromodel Techniques Provides The Accurate And  

Precise Computation Of Stress Analysis Of Masonry Wall. This Method Uses Fem Technique Which 

Precisely Predicts The Interaction Of Infill Wall With The Structure. Micromodel Method Is Time Consuming 

And Cost Consuming. It Requires A Lots Of Computational Cost. In Macro Modelling Infill Walls Are 

Simulated As  

Equivalent Single Strut Or Multi-Struts Whichever Is More Suitable For The Study. Some Past Papers 

Suggested That Single Strut Model Is Incapable For Detailed Analysis Like Infill Structures Interactions 

(Morbiducci, 2003)(Hopkins, 1992)(Smith, 1962)(Polyakov, 1960).   

4. Pushover Analysis   

Pushover Analysis Is A Simplified Non-Linear Static Technique Used To Estimate The Seismic Structural 

Deformations. As The Components Of The Structure Fails Or Yields During The Seismic Loading, The 

Dynamic Loading On The Building Are Shifted To Other Components, Thus Need To Check The Level Of 

Damage And Location Of Damage Of The Components  (Khan, 2013). Pushover Analysis Is As Described Is 

Static Nonlinear Analysis Where A Structure Is Subjected To The Gravity Loading And Monotonic 

Displacement Controlled Lateral Load Pattern Which Continuously Increases Through Elastic Range To 

Inelastic Behavior Until An Ultimate Condition Is Reached (Khan, 2013). The Capacity Curve Or Pushover 

Curve Is Formed By Pushover Analysis For Any Structure Which Represents The Nonlinear Behavior Of The 

Structure And Is A Load Deformation Curve Of The Base Shear Force Versus Horizontal Roof Displacement 

Of The Building (“Atc-40 Seismic Evaluation And Retrofit Of Concrete Buildings By Applied Technology 

Council (Z-Lib.Org),” N.D.). Performance Point Is Obtained By Intersecting Pushover Curve And Demand  
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Curve Which Shows The Actual Performance Of The Structure At That Point. Pushover Analysis Is 

Commonly Used To Evaluate The Seismic Capacity Of Existing Structures And Perform Retrofitting 

Measures If Required. Also Is Used For Performance Base Design Of New Buildings That Rely On Ductility 

Or Redundancies To Resist Earthquake Forces. Pushover Load Cases Have Been Assigned To Two 

Orthogonal Direction. The Monitored Displacement Of 500 Mm Have Been Assigned For Pushover Loading 

To Obtain A Pushover Curve. Demand Curve For Design Based Earthquake Has Been Assigned Matching 

Of Response Spectra To Is 1893:2002.The Performance Point Is Obtained Intersecting Pushover Curve And 

Demand Curve For 4 Different Models.    

5. Non-Linear Hinges   

Plastic Hinges Are Formed At The Ends Of The Structural Components When Subjected To Loads. These 

Plastic Hinges Are Formed At Both Ends Of Beams And Columns. The Plastic Hinges Being Formed Are 

Defined At Number Of Levels Of Hinges. Plastic Hinges Modelling For Pushover Analysis Is Done By 

Forces-Displacement Relationships Or Moment Curvature Relationship Of Member Defining Different 

Performance Criteria Of Members. In Beams, Plastic Hinges Are Formed Due To Uniaxial Bending Moments 

(M3) Whilst In Columns Plastic Hinges Are Formed Due To Both Axial Load And Biaxial Bending (P-

MM).(Manual, 2000).  In Sap 2000, Flexural Default Hinges (M3) Have Been Assigned To Beams At Both  

Ends. The Interacting (P-M-M) Hinges Have Also Been Assigned To Column At Both Ends. M3 Hinge Is  

Used To Simulate The Plastic Hinge Caused By Uniaxial Moment And Similarly In Columns, Pmm Hinges 

Are Used To Simulate The Plastic Hinge Due To Axial Load And Biaxial Bending Moments. Similarly 

Masonry Infill Wall Has Been Modelled As Equivalent Diagonal Strut Using Two Node Frame Element Using 

Pinned Jointed Frame Element To Release The Moment At Both Ends.    

6. Lateral Load Pattern   

Lateral Load Pattern Is The Distribution Of Design Base Shear In Each Floor. In This Study Seismic 

Coefficient Method Which Is A Static Linear Analysis Is Used Provided By Is 1893:2002. The Distribution 

Of The Lateral Load Is Parabolic In Nature For This Method.   

7. Building Description   

In This Study A Typical Reinforced Concrete (Rc) Framed Building As Per Guidelines Provided By Nbc 201 

And Nbc 205 Is Taken Into Study. A Building Model With 3 Bays Of Center To Center Dimension 3.9m Is  

Taken Along X-Direction And 2 Bays Of Center To Center Dimension 3.4 M Is Taken Along Y-Direction. 

The Slab Area Is So Selected That Its Area Is Not Greater Than 13.5 Sq.M.(Planning & Development, 1994). 

The Building Is Modelled As A Moment Resisting Frame Having Soft Story At Ground Floor, First Floor 

And Second Floor. A Symmetric Building Plan Is Considered In Both X And Y Direction To Avoid 

Eccentricity.   

Table 7:1 Building Model Details     

No. Of Story   G+3   

Story Height   2.8m   

Bays In X-Direction   3   

Bays In Y-Direction   2   
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Type Of Soil   Ii   

Seismic Zone   V   

Importance Factor   1   

Response Reduction Factor   5   

Table 7:2 Material Properties            

Material   Grade   Unit Weight   Modulus Of Elasticity   

Concrete   M20   25kn/M3   22360 N/Mm2   

Rebar   Fe415   78kn/M3   200000 N/Mm2   

Masonry   First Class Brickwork With 1:4 C/S    18.85 Kn/M3   3000 N/Mm2   

Table 7:3 Section Properties       

Section   Size   

Beam    230mm X 355mm   

Column   300mm X 300mm   

Slab   125mm   

Strut Along X-Direction   508 Mm With  230mm Thick   

Strut Along Y-Direction   495 Mm With 230 Mm Thick   

Table 7:1 Above Shows The Building Model Details Like Story Number, Story Height, Length And Breadth 

Of Building Plan, Seismic Zone Factor. Table 7:2 Shows The Material Properties And Sectional Details Are 

Provided In Table 7:3. The Numerical Modelling Of The Building Model Has Been Prepared In Sap 2000 

Version 14. Sap 14 Provides The Static And Dynamic Methods Of Analysis And Similarly Provides The 

Linear And Non-Linear Techniques Of Analysis.   

Generally To Incorporate The Effect Of Masonry-Infill Walls, Two Methods Are Proposed, One Being Macro 

Modelling (Polykov) And Other Micro Modelling (Morbiducci). The Micro Modelling Approach Gives Good 

Results In Understanding The Local And Global Responses. However It Is Rarely Used Because Of Its 

Complexity, Computational Cost And Simulation Difficulty. Macro Modelling Is Widely Used Method 

Despite Of Its Disadvantages In Equivalent Diagonal Strut Method (Macro Modelling Method) In Its  

Accuracy In Modelling Of Openings. However, The Effect Of Opening Can Be Created Using Less Number  

Of Struts In Less Infill Story (Asterus 2003, Puglisi And Uzcategui 2008). In This Study, The Infill Wall Is 

Modelled As Equivalent Diagonal Compression Strut Of Suitable Width Based On The Equation In Eq 1. The 

Strut Is Modelled As Two Nodded Pin Jointed Frame Element. The Thickness And Modulus Of Elasticity Of 

The Strut Are Equivalent To Infill Masonry Walls.   

8. Equivalent Diagonal Strut   

Consideration Of Infill Wall Is Done By Converting The Infill Wall Into Equivalent Diagonal Strut. It Is  
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Required To Assign The Geometrical And Material Properties Of The Equivalent Diagonal Strut For 

Conventional Braced Frame Analysis. The Width And Thickness Of Diagonal Strut Is The Geometrical 

Properties To Be Assigned. The Thickness Of Strut And Material Properties Of Strut Is Similar To The 

Properties Of Infill Wall. Only The Width Of Equivalent Diagonal Strut Has To Be Determined. Width Of  

Diagonal Strut Has Been Proposed By Different Writers. At First Polyakov (1956) Proposed That The Width 

Of Diagonal Strut Depends On The Length Of Contact Between Wall And Column Frame, Αh And Between 

Wall And Beam, Αl.  Later Stafford Smith (1966) Proposed Αh And Αl On The Basis If Elastic Foundation. He  

Further Proposed A Relation To Determine The Constants Which Depends Upon The Geometry And Material 

Properties Of Infill Wall And Frame. The Following Is The Relation,   

𝝅 𝟒 𝟒𝐄𝐟∗   

        Equation 8-1   

𝟒 𝟒𝐄𝐟∗𝐈𝐛∗  

      Equation 8-2   

Hendry (1998) Further Proposed The Relationships Assuming That The Strut Is Uniformly Subjected To 
  

Compressive Stress.   

 
Where,   

Em And Ef= Elastic Modulus Of Masonry Wall And Frame Respectively   

T,H,L= Thickness, Height, And Length Of Infill Wall Respectively   

Ic, Ib =Moment Of Inertia Of The Column And The Beam Of The Frame, Respectively Θ= Tan-1(H/L)  9. 

Results And Discussion   

Natural Time Period Comparison  Table 9:1 Time Period Of Model For Soft Story In Ground Floor   

=   𝛑 √   
𝐋 
  𝐄  𝐦  ∗   𝐭  𝐬  𝐢  𝐧  𝟐  

𝛂  𝐋         

  

Figure 2 Equivalent Diagonal Strut (Drydale,Hamid And Baker,1994)    

𝒘    =   
𝟏 
  𝟐 
  

√   𝜶 
  
𝒍 
  

𝟐 
  

+   𝜶 
  
𝒉 
  

𝟐 
  
        Equation    8   -   3       

    

  𝛂  𝐡  

=   
𝟐  
  

√   
𝐈  𝐜 
  

𝐡 
  𝐄  𝐦  ∗   𝐭  𝐬  𝐢  𝐧  𝟐   
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Fixed End   

Empirical Formula     Modal Analysis     

    

 Without Infill   With Infill   Without Infill   With Infill   

Tx (S)   0.46   0.28   0.65   0.49   

Ty (S)   0.46   0.38   0.65   0.49   

(Sa/G)X    2.50   2.50   2.11   2.50   

(Sa/G)Y   2.50   2.50   2.11   2.50   

Table 9:2 Time Period Of Model For Soft Story In First Floor   

Fixed End   

Empirical Formula     Modal Analysis     

    

 Without Infill   With Infill   Without Infill   With Infill   

Tx (S)   0.46   0.28   0.65   0.47   

Ty (S)   0.46   0.38   0.65   0.47   

(Sa/G)X    2.50   2.50   2.11   2.50   

(Sa/G)Y   2.50   2.50   2.11   2.50   

Table 9:3 Time Period Of Model For Soft Story In Second Floor   

Fixed End   

Empirical Formula     Modal Analysis     

    

 Without Infill   With Infill   Without Infill   With Infill   

Tx (S)   0.46   0.28   0.65   0.29   

Ty (S)   0.46   0.38   0.65   0.29   

(Sa/G)X    2.50   2.50   2.11   2.50   

(Sa/G)Y   2.50   2.50   2.11   2.50   

Table 9:1, 9:2, 9:3 Shows That Time Period Of Bare Frame Model Is High Compared To Other Model Which 

Has Effect Of Infill Wall. Time Period Gradually Decreases As Soft Story Shifts At Upper Floors. The Time 

Period Of Model Having Soft Story On Ground Floor Is Higher Than Model Having Soft Story In First And 

Second Floor. It Is Because The Lateral Stiffness Of Second Floor Soft Story Model Has High Due To Struts  

In Ground As Well And First Floor But The Lateral Stiffness Of Ground Floor Soft Story Is Low In Base Of  
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The Building. This Shows That The Lateral Displacement Is Low For The Model Having High Stiffness At 

Base Like Soft Story On Second And First Story Whereas The Displacement Is High For Bare Frame Model 

And Soft Story In Ground Floor.     

Comparison Of Displacement  
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From Bottom And Further Rises Up Parabollically But Model Considering The Infill Wall And Soft Story, 

The Floor Having Soft Story Have A Significant Displacement And Other Floor With Infill Wall Has No 

Tremendous Displacement. The Floor Having Soft Story On Ground Floor Has Huge Displacement In Ground 

Floor And Other Floors Have Less Displacement, While First Floor Has Remarkable Displacement Than 

Other Floors For Model In First Floor Soft Story. Similarly In Model Having Soft Story In Second Floor Has 

Significant Displacement In Second Story Can Be Seen And Negligible Displacement Is Noticed In Ground  

Floor And First Floor. The Displacement Is High Only In The Story Without Infill Walls Because In Other 

Floors The Lateral Stiffness Is High Due To Diagonal Strut Of Masonry. This Made A Floor With Soft Story 

A Flexible Which Caused A Sway Frame Thus Forming A Huge Displacement Than Other Floors.   

Comparison Of Story Drift Table 9:6 Drift Ratio Along X And Y Direction      

Story  

No   

Bare 

Frame   
  Ground Floor Soft Story   First Floor Soft Story   Second Floor Soft Story   

Along-X   Along-Y   Along-X   Along-Y   Along-X   Along-Y   Along-X   Along-Y   

4   0.101   0.105   0.082   0.085   0.082   0.085   0.102   0.106   
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3   0.170   0.157   0.026   0.039   0.033   0.046   0.134   0.125   

2   0.243   0.227   0.043   0.061   0.193   0.189   0.008   0.015   

1   0.193   0.181   0.168   0.162   0.043   0.058   0.007   0.011   

0   0.000   0.000   0.000   0.000   0.000   0.000   0.000   0.000   

Table 9:7: Variation Of Drift Of Bare Frame And Ground Floor Soft Story   

Story No   Bare Frame       

Ground Floor  

Soft Story       

  

Varitation   

  

    Along-X   Along-Y   Along-X   Along-Y   Along-X     Along-Y     

4   0.101   0.105   0.082   0.085     19%     19%  

3   0.170   0.157   0.026   0.039     85%     75%  

2   0.243   0.227   0.043   0.061     82%     73%  

1   0.193   0.181   0.168   0.162     13%     11%  

0   0.000   0.000   0.000   0.000     0%     0%   

   

Table 9:8 Variation Of Drift Of Bare Frame And First Floor Soft Story   

Story No   Bare Frame       

First Floor  

Soft Story       

  

Varitation   

  

    Along-X   Along-Y   Along-X   Along-Y   Along-X     Along-Y     

4   0.101   0.105   0.082   0.085     19%     19%  

3   0.170   0.157   0.033   0.046     81%     71%  

2   0.243   0.227   0.193   0.189     20%     17%  

1   0.193   0.181   0.043   0.058     78%     68%  

0   0.000   0.000   0.000   0.000     0%     0%   

 Table 9:9 Variation Of Drift Of Bare Frame And Second Floor Soft Story   

Story No  

Bare  

Frame       

Second Floor 

Soft Story       

    

Varitation   

    Along-X   Along-Y   Along-X   Along-Y   Along-X    Along-Y     

4   0.101   0.105   0.102   0.106     -2%     -1%   

3   0.170   0.157   0.134   0.125     21%     20%  

2   0.243   0.227   0.008   0.015     97%     94%  

1   0.193   0.181   0.007   0.011     97%     94%  

0   0.000   0.000   0.000   0.000     0%     0%   
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Drift Is Difference Between Displacements Two Consecutive Floor Normalized With Height Of The Story. 

Generally It Is Seen That Drift Ratio Is Minimum At Lower Floor And Rises Maximum At Middle Floor And 

Again Lowers At Top Story But It Can Be Observed That Considering The Effect Of Infill Wall, The Drift 

Ratio Is Not Remarkable Whereas At The Location Of Soft Story, Drift Ratio Increases Significantly. As 

Seen  

In Figure 4 And 5, The Drift For Bare Frame Is 0 At The Base And It Parabolically Varies From First Story 

And Up To Roof. The Drift Is Maximum At Story 2 Rising From Base And Reduces On Story 3 And Roof. 

In Fig.5 (I),(Ii),(Iii), Drift Ratio For Model Which Is Soft Story On Ground Floor, First Floor And Second 

Floor Is Shown. In Fig 5 (I), The Drift Of Model Having Soft Story On Ground Floor Is Shown Where The 

Drift Isn Maximum For Ground Floor Only And No Tremendous Drifts In Other Floor. Table 97 Shows That 

The  

Drift Ratio Of Ground Floor Of Bare Frame Model And Model With Soft Story On Ground Floor Has Nearly  

Similar Type Of Drift Having Only Variation To Be 13%.  But On Other Floor There Is Huge Variation Of 

Drift About 82% To 85% Which Means There Is No Huge Drift Due To Infill Walls. In Fig 5 (Ii) The Drift 

Of Model Having Soft Story On First Floor Is Shown Where The Drift Is Maximum For First Floor Only And 

No Tremendous Drifts In Other Floor. Table 9-8shows That The Drift Ratio Of First Floor Of Bare Frame 

Model And Model With Soft Story On First Floor Has Nearly Similar Type Of Drift Having Only Variation 

To Be 20%.  But On Other Floor There Is Huge Variation Of Drift About 78% To 81%. In Fig 5 (Iii) The 

Drift Of Model Having Soft Story On Second Floor Is Shown Where The Drift Is Maximum For Second Floor 

Only And No Tremendous Drifts In Other Floor. Table 9-9 Shows That The Drift Ratio Of Second Floor Of 

Bare Frame Model And Model With Soft Story On Second Floor Has Nearly Similar Type Of Drift Having 

Only Variation To Be 21%.  But On Other Floor There Is Huge Variation Of Drift About 97%.   
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Figure 5 Comparison Of Story Drift For Bare Frame With Ground Floor, First Floor And Second 

Floor Soft Story Along Xdirection  

Multiplication Factor   

Table 9:10 Calculation Of Multiplication Factor For Different Forms   

Multiplication Factor         

Ground Floor Soft Story   Column Shear   1.016   59%<2.5   

    Column Moment   1.1   56%<2.5   

First Floor Soft Story   Column Shear   1   60%<2.5   
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    Column Moment   1.16   54%<2.5   

Second Floor Soft Story   Column Shear   1   60%<2.5   

    Column Moment   1   60%<2.5   

According To Is 1893:2002, The Members Of Soft Story Have To Be Designed For 2.5 Times The Story 

Shear And Moments Obtained Without Considering The Effects Of Masonry Infill In Any Story. This Value 

Of 2.5 Is Specified To Incorporate The Extent Of Irregularities. It Is Quite Conservative And Empirical 

Method And Have To Be Modified For Different Scopes Of Improvement.   
  

From The Above, Table 9:10 The Multiplication Factor For Column Shear And Column Moment Varies 

Accordingly For Ground, First And Second Floor Soft Story. Values Of Multiplication Factor Does Not 

Increase 1.2 Either. Hence No Multiplication Factor Of 2.5 Should Be Implied For Low Rise Building.   

Comparison Of Performance Point    

Table 9:11 Comparison Of Performance Point Along X-Direction   

Model   Base Shear Kn   Displacement Mm   

Bare Frame   1021.57   48   

Ground Floor Soft Story   1066.5   25   

First Floor Soft Story   1212.6   20.51   

Second Floor Soft Story   633.24   4.9   

Table 9:12 Comparison Of Performance Point Along Y-Direction   

Model   Base Shear Kn   Displacement Mm   

Bare Frame   1002.78   49   

Ground Floor Soft Story   1064.41   29   

First Floor Soft Story   1226.28   24.3   

Second Floor Soft Story   790.5   6.9   
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Comparison Of Displacement At Performance Point   

Table 9:13 Comparison Of Displacement At Performance Point   

Story 

No   

Bare Frame Mm   

Ground Floor Soft Story  

Mm   

First 

 F

l 

Story   

Mm   

oor Soft  Second Floor Soft 

Story Mm   

Along- 

X   

Along- 

Y   

Along-X   Along-Y   Along- 

X   

Along- 

Y   

Along-X   Along-Y   

4   54.66   48   22.91   24.99   19.96   21.02   11.25   12.36   

3   51.5   44.71   20.78   22.68   17.72   18.77   7.73   8.57   

2   42.75   36.8   19.68   20.96   16.15   16.61   1.28   2.29   

1   23.68   19.66   16.96   16.97   3.71   4.86   0.69   1.2   

0   0   0   0   0   0   0   0   0   
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For mation Of Hinges   

  

    

    

    
    

Step 1     

Step 7     Step 10     

Step 4     
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Step 1     Step 4     

Figure 6 Sequential Steps For Formation Of Hinges For Bare Frame    

    

Figure 7 Sequential Steps For Formation Of Hin ges For Ground Floor Soft Story   

        

        

Step 1     

Step 7     Step 10     

Step 4     
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Figure 5,6,7,8 Shows The Sequential Steps For The Formation Of Non-Linear Linear Hinges In The Structural 

Elements. In First Step Of Pushover Analysis, Bare Frame Model Has Formed 10 Basic Level Hinges From 

Base To Second Story But Ground Floor Soft Story Has Formed One Basic Hinge In Column, First Floor Soft 

Story Has No Hinges Formed And Second Floor Soft Story Has Formed One Basic Hinge In Beam. Similarly 

In Fourth Step, Bare Frame Model Has Formed 15 Basic Level Hinges In Beam And Column From Base To 

Second Floor While Ground Floor Soft Story Has Formed 8 Basic Hinges In Column In Ground Floor, First 

Floor Soft Story Has Formed 11 Basic Hinges In First Floor Column And Beam And Second Floor Soft Story 

Has Formed 12 Basic Hinges In Second Story Columns And Beams. Similarly In Seventh Step, Bare Frame 

  

      

Step 7     

Step 10     

Figure 8 Sequential Steps For Formation Of Hinges For First Floor   Soft Story      

    

Figure 9 Sequential Steps For Formation Of Hin ges For Second Floor Soft Story     

    

    

Step 1     

Step 7     Step 10     

Step 4     
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Model Has Formed 21 Hinges In Which 8 Immediate Occupancy Hinge Is Formed In Ground Floor Column 

Whereas 13 Basic Hinges At Upper Floor Levels While Ground Floor Soft Story Has Formed 9 Hinges In 

Which 8 Immediate Occupancy Hinges Are Formed Column In Ground Story And One Basic Hinge In Beam 

Level, In First Floor Soft Story Has Formed 12 Hinges Out Of Which 5 Hinges Are Beyond Collapse Hinges 

At Level “D” Hinge 3 Is Life Safety Hinge In First Floor Column 4 Is Basic Hinge In Beam And In Second  

Floor Soft Story Has Formed 14 Hinges Out Of Which 1 Is Life Safety And 7 Immediate Occupancy Hinge 

In Second Floor Column 6 Basic Hinges In Beam. Comparing Step 10 , Bare Frame Model Has Formed 22  

Hinges In Which 1 Hinge Is Beyond Collapse Hinge At Level “D” Hinge 2 Hinge Is Life Safety Hinge 5 

Immediate Occupancy Hinge Is Formed In Ground Floor Column Whereas 14 Basic Hinges At Upper Floor  

Levels While Ground Floor Soft Story Has Formed 11 Hinges In Which 4 Hinge Is Beyond Collapse Hinge  

At Level “D” Hinge 3 Hinge Is Life Safety Hinge 1 Immediate Occupancy Hinges Are Formed Column In 

Ground Story And 3 Basic Hinge In Beam Level, In First Floor Soft Story Has Formed 12 Hinges Out Of 

Which 5 Hinges Are Beyond Collapse Hinges At Level “D” Hinge 3 Is Life Safety Hinge In First Floor 

Column 4 Is Basic Hinge In Beam And In Second Floor Soft Story Has Formed 22 Hinges Out Of Which 1  

Is Beyond Collapse Prevention Hinge At Level “D” Hinge 4 Life Safety And 3 Immediate Occupancy Hinge 

In Second Floor Column 6 Basic Hinges In Second Floor Beam Level While 2 Life Safety And 2 Basic Hinge 

At Top Story Column And 2 Basic Hinges At Roof Level Beam.    

10. Conclusion   

• The Infill Wall Inside A Frame Has A Tremendous Effect Increasing The Lateral Stiffness Of Entire 

Structure. Consideration Of Infill Wall Affects The Global Response And Behavior Of Structure.   

• The Effect Of Soft Story Goes On Decreasing As Increasing In The Story Height.   

• Time Period Goes On Decreasing As Soft Story Gets Increased To Upper Floor. Bare Frame Exhibits 

Its Flexible Characteristics Having High Time Period. Building Having Soft Story On Ground Floor 

Has Higher Time Period. The Open Ground Story Behaves Flexible. The Soft Story In Upper Floor 

Exhibits A Stiffer Characteristics Because Of High Stiffness At Base.   

• The Deflections Is Only High On The Story Having The Soft Story And Effect In Story Drift 

Accordingly.   

• Drift Is High For The Bare Frame Model. If Infill Wall Is Considered, Then The Drift Is Very Low 

Compared To The Drift Of Bare Frame Model. Only The Fact That, The Story Having Soft Story 

Effect Has Drift Similar To The Bare Frame Otherwise There Is Huge Variation On Drift For Other 

Stories.   

• The Design Multiplication Factor On Story Shear And Overturning Moment Ranged From 1 To 1.2 

Only For The Building Type As Prescribed By Nbc 201 And Nbc 205.    

• Different Levels Of Hinges Is Formed For Bare Frame Model For All The Story But The Hinges Are 

Only Formed On The Story Where Soft Story Has Occurred For Soft Story Models. Different Levels 

Of Hinges Are Formed In Ground Story Only For The Model In Which Ground Floor Has Soft Story 

Effect Similarly Is The Case For First Story Soft Story And Second Story Soft Story Models.   

11. Limitations   

• Regular And Symmetrical Building Is Considered To Avoid Geometric Eccentricity.   

• Masses Are Considered Evenly Distributed And Symmetrical To Avoid Mass Irregularities.   

• Soil Structure Interaction Has Been Neglected   
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• Considerations Of Openings For Strut Modelling Is Not Done.   

• Varying Building Plan Could Provide More Variable Results.   
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