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Abstract  Most of the RCC columns are designed as short columns in practice. With the advancement of structural 

engineering concept and availability of high strength materials now it is increasing to apply slender column in some situations. 

Unlike short column, slender column design procedure requires so many criteria to reach a final design. In this study the 

behavior of slender column was studied. Different factors related to slender column performances are discussed here. This 

study will help the designer to predict the slender column performances in different situations. This study covers the 

discussion of sway frame, non-sway frame, P-Delta effect, story drift & displacement, earthquake load and some other 

necessary parameters as a whole. Some important comparisons also studied at the end. 
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1. Introduction 

Column is the main part of a structure. A beam failure 

would normally affect only a local region, whereas a column 

failure could result in the collapse of the entire structure. [1] 

RCC slender column design procedure is different as that of 

short column. Short column strength governs by material 

strength and section properties. Slender column strength 

governs by many factors and need some special measures 

such as more reinforcement and bracing element to increase 

its performance. It’s necessary for a structural engineer to 

know clearly about the internal changes in different parts of 

slender column. 

In this study one critical slender column will be designed 

considering all related parameters like stiffness, steel ratio, 

slenderness ratio, sway / non sway case etc. After that some 

comparisons will be done which will be helpful for structural 

engineers to decide where and when slender columns needed 

to apply efficiently and elaborate the slender column concept 

as a whole.  

2. Some Terms Relating to Slender 
Column & Slenderness Effects 
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2.1. Introduction to Slender Column 

Some guidelines are to be studied before proceeding for 

the calculation of column capacity. First order analysis is a 

method of structural analysis that doesn't consider the 

deformed shape of the structure. So the structural analysis 

carried through the common methods like moment 

distribution, slope deflection or stiffness methods are all first 

order methods since they don't iterate the calculations on the 

deformed shape again and again till convergence. But 

analysis with p-delta effect goes through the deformed shape 

of the structure and hence they are called second order 

analysis. Second order analysis is carried out for the whole 

frame not for a particular column only. Another important 

aspect for slender column design is that effective length is 

preferred in the calculation (not unsupported length) [2]. 

Column sizes are selected based on experience. Column of 

upper story carries less axial load but larger moments and 

vice versa for the columns in lower story.  

The load criteria of any member (Column or beam) are 

dominated by the material property and member dimension. 

Buckling effect significantly reduces the carrying capacity of 

the material in slender column. For these reason, long 

column requires more reinforcement ratio than that of short 

column if section dimension is restricted for aesthetic or 

architectural purposes. 

The above discussion is limited to vertical column only. 

Sometimes it needs to provide the column (Short & Long) 

in inclined position for some reasons. (E.g. the column to 

column distance gives some extra spaces to meet building 

facility requirement). Strut & tie model can be used to 
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calculate the force and moment of inclined column [3]. 

Many factors need to consider in case of inclined column 

design which will be discussed in another study. 

2.2. Critical Load for Slender Column 

The basic behavior of straight, concentrically loaded 

simply supported slender columns was developed by Euler in 

generalized form [4]; a member will fail by buckling at the 

critical load Pc=π2EtI/(kl)2. It is seen that buckling load 

decreases rapidly with the increasing slenderness ratio. This 

formula is valid for long column only. 

2.3. ACI Criteria for Slenderness Effects in Columns 

For compression members braced against side sway    

(In non-sway structures) the effects of slenderness may    

be neglected when klu/r<= 34-12 (M1/M2), otherwise 

slenderness effect must be considered [5]. 

For compression members not braced against side way (In 

sway structures) the effects of slenderness may be neglected 

when klu/r<= 22, otherwise slenderness effect must be 

considered. 

Sway and non-sway frame is shown in the following 

Figure 1.  

 

 

 

Figure 1.  (a) & (b) Sway frame due to horizontal force [6]; (c), (d) & (e) 

sway due to vertical force without bracing; (f) Frame with bracing 

(Negligible sway) 

2.4. Criteria of Slender Column 

A column is considered to be a slender if its cross sectional 

dimension is small compared to its length. The moment  

and axial load obtained from first order analysis is sufficient 

to design short column. The secondary moment/lateral 

deflection is very low which can be neglected. 

In case of slender column there is a secondary moment 

caused by some transverse load / force (Wind or Earthquake 

force) simultaneously with the as usual load P or primary 

moment. The value of this secondary moment is quite high in 

slender column and needs to consider during design 

calculation. This phenomenon is called as P-∆ effect and 

elaborated in the below figure 2. 

 

Case 1 

 

Case 2 

Figure 2.  P-∆ concept 

Form Figure 2 it is seen that  

∆ = column / member deflection 

In Figure (a) the value of ∆ is negligible for the applied P 

only. 

In Figure (b) the member experienced a horizontal thrust / 

force which causes a significant value of deflection ∆. 

In Figure (c) the combination of the two cases (a) + (b) is 

called P-∆ effect. 

The final stage of Case 1 & Case 2 is same. In portal frame 

analysis the shear is calculated from moment divided by the 

arm. And sometimes moment is calculated by multiplying 

the shear with the arm. Same phenomenon can be applied in 

P-∆ effect. Because the value of ∆ is for horizontal force H 

associated with end moments or Vice versa. The deflection is 

proportional to the length of the column. The deflection and 

related additional secondary moment is significant and must 

be considered in design work. For this reason the P-∆ effect 

is a matter of study in long height column. The more the 

height of the column the more the deflection and less the  

safe value of P. Member of higher slenderness will collapse 

under a smaller compression load than a stocky member  

with the same cross sectional dimension [7]. In summary, a 

coefficient is needed which is multiplied by the moment 

which is obtained from normal procedure / first order 
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analysis. In the next step calculation of this coefficient will 

be discussed. 

3. RCC Slender Column Design Steps 

3.1. Non Sway Frame 

Steps need to be considered…  

1.  Perform First order analysis by using a standard software 

to obtain the axial load and moment of the column to be 

designed  

2.  Confirm if Non Sway frame. If sway frame then proceed 

with section 3.2 otherwise 3.1. 

3.  Calculate unsupported length of column 

4.  Check whether the column is short or long using the 

thumb rule. If the ratio of the unsupported length to the 

least lateral dimension of column section is more than or 

equal to 12 then we need to further proceed for actual 

calculation for slenderness effect. 

5.  Calculate the slenderness from the formula K lu / r 

Where K=Effective length factor  

lu= Unsupported length 

r = Radius of gyration (0.3 h for rectangular section) 

6.  Calculate the value from, 34-12(M1/M2) 

Where  

M1=Numerically Lower moment & M2= Numerically 

Higher moment of the column to be designed  

7.  Compare the value of (5) & (6) 

The maximum value of (6) is taken as 40 

If the value of (5) is less than (6) then slenderness need 

not to be considered. That column can be designed as 

short column. Otherwise more refined value of K should 

be calculated using the next step. 

8.  For bottom or ground floor rotational restraint factor is 

taken as 1.0 

9.  For other location, rotational restraint factor will be 

calculated as per section 4.4 using the combined stiffness 

of the beam column junction. 

10.  Again check step (7) if not satisfy then proceed to step 

(11) 

11.  Calculate the minimum moment from the equation 

M2,min= Pu(0.6+0.03h) 

12.  Compare this value with the analysis value and take the 

governing one 

13.  Calculate the equivalent uniform moment factor Cm 

(Cm=0.6+0.4(M1/M2) 

14.  Calculate βdns (Ratio of maximum factored axial 

sustained load to maximum factored axial load 

associated with same load combination, but not greater 

than 1.0) 

15.  Calculate EI  

EI = (0.4*Ec*I)/ (1+ βdns) 

Ec=Modulus of elasticity of concrete 

I = Moment of inertia of member 

16.  Calculate critical load Pc = π2
 EI/(Klu)

2 

17.  Moment magnification factor, 

δ= Cm/(1-(Pu/0.75Pc)) 

18.  Using the revised moment check the steel ratio of that 

column section 

19.  To check the moment capacity and load carrying 

capacity  

20.  If reinforcement ratio is more than 0.04 then column 

section should be changed. (For details discussion about 

the 0.04 limit see reference [1]) 

3.2. Sway Frame 

Steps need to be considered…  

1.  Confirm if Sway frame. If non sway frame then proceed 

with section 3.1 

2.  Calculate the slenderness from the formula K lu / r 

3.  As per ACI code slenderness effect may be neglected   

if K lu / r is less than 22. Calculation procedure of 

slenderness was described in details in Appendix B Table 

B01-B05  

4.  Calculate the seismic load (W) of the whole building as 

per Appendix C 

5.  Calculate the fundamental time period for building 

T=0.075h0.75 

h=height of structure in meter 

6.  Calculate floor wise seismic load and floor wise shear as 

per Appendix C 

Calculate base shear, Vb=AhW 

Ah=ZIC/R Where, Z= Zone factor = 0.15 

R= Response modification coefficient=8 (Structure 

without shear wall) 

Vb=AhW 

I=building importance factor 

C=Numerical Coefficient  

Using different load combinations take the maximum 

displacement of the building with the help of any 

standard software. 

7.  Calculate the stability indices of the building from the 

formula, Q=Pu /(∆u)/(Hu hs) 

Where Pu = Sum of axial loads on all columns in the ith 

story 

∆u = Elastically computed first order lateral deflection  

Hs = Total lateral forces acting within the story 

hs = height of the story 

If the value of Q is equal to or less than 0.04 then the 

respective story is non-sway. Otherwise the story is 

sway.  

8.  If sway frame is confirmed then moment magnification 

can be calculated as  

δ = 1/ (1-Q). The moment magnification factor is also 

calculated as the step 15, 16 & 17 in section 3.1 but for 

large structure there is a possibility of error to calculation 

of critical load for different columns. Then proceed as 

step 18-20 in the section 3.1.  
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4. Application of This Study 

4.1. Example Building Description  

In the Figure 3 there are three isolated buildings forms a 

combined industrial building leaving a small gap with each 

other. 

 

Figure 3.  Example building layout plan 

 

Figure 4.  Building B Column Layout Plan 

This study analyzed the middle part only. There is a 

loading unloading area in front of the middle building where 

long height cargo container will move. This middle portion 

of the building used as warehouse and for client requirement 

around 5.5 m clear height is mandatory. So there is a 

possibility to consider the ground floor column as slender 

column. 

Initially the middle portions (B building) have 55 columns. 

For the convenience of loading unloading work the red 

marking columns (Shown in Figure 4) may be avoided and 

A-07 grid column should be strengthen to carry extra loads 

for the removal of that two red marking columns. 

The Building size = 24 m X 56.85 m 

The last digit of beam name denotes the beam length in m 

Slab width= 6+6+6+6=24 m  

Slab Length = (8*6) +3+3+2.85 = 56.85 m 

Here the column in A-07 grid line will be studied only. 

Column height=6 m 

 

Figure 5.  Building B Beam Layout Plan with beam name 
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4.2. Material & Section Properties of the Building 

Concrete compressive strength, f’c= 30 MPa for column 

and f’c= 25 MPa for other elements 

fy = 415 MPa 

Column Section, = 0.45 m X 0.45 m 

Column Section below GL, = 0.525 m X 0.525 m 

Main Beam = 0.30 m X 0.60 m 

Grade Beam = 0.375 m X 0.675 m 

Slab Thickness, = 0.10 m 

0.230 m thick brick wall only in the periphery 

No brick wall inside. 

Terrace parapet height = 1.0 m 

Live Load (Typical floor) =7.0 KN/m2 

Live Load (Terrace) =1.5 KN/m2 

Floor Finish =1.0 KN/m2 

Water Proofing =2.0 KN/m2 

4.3. Unit Load Calculations 

Concrete unit weight = 25.0 KN/m3  

Brick wall unit weight = 19.0 KN/m3  

Plaster work unit weight = 20.0 KN/m3  

Columns (0.45 m X 0.45 m) = 5.06 KN/m 

Columns (0.525 m X 0.525 m) = 6.90 KN/m 

Main Beam (0.30 m X 0.60 m) = 4.50 KN/m 

Grade Beam (0.375 m X 0.675 m) = 6.33 KN/m 

Slab (0.150 m) =3.75 KN/m2  

Brick wall (0.230 m) =4.90 KN/m2 

Brick wall (0.125 m) =3.30 KN/m2 

Beam weight per unit length (3.38 KN/m) after deduction 

of the slab thickness from beam depth. 

Parapet weight per unit length (4.9 KN/m). Parapet wall is 

only in the length of 24 m long in two sides only. Another 

two sides have two buildings and no need to consider parapet 

wall. 

Wall thickness = 0.23 m. All brick wall with both side 

0.012 m thickness plaster. 

Parapet wall Load=24*2*4.9=235.2 KN 

4.4. Effective Length Factor (K) Calculation 

 

Figure 6.  The column discussed in this study (AB) 

The stiffness of the top and bottom of the column should 

be calculated at first to find the effective length factor. In 

beam column joint; the beam may extend to one or both side 

of the joint. The stiffness at both sides of X-axis and Y-axis 

needs to be calculated. The stiffness of base is assumed as 

1.0 [7]. After that the value of k is calculated from Graph A.8 

in Appendix A depending on sway or non-sway frames. 

ψA(X) = Rotational Restraint Factor at point A in X 

direction 

ψA(Y) = Rotational Restraint Factor at point A in Y 

direction 

ψB= Rotational Restraint Factor at point B = 1 

The details calculation of K and rotational restraint factor 

of the column AB is shown in Appendix B. 

Table 1.  Slenderness ratio (Klu/r) calculation 

Parameters For Non sway frame For sway frame 

K 0.75 1.26 

r=0.3*h 0.135 0.135 

lu,m 5.4 5.4 

Klu/r 30 50.4 

In this study the effective length factor K= 0.75 & 1.26 

and the slenderness ratio is 30 & 50.4 for non-sway and sway 

frame respectively.  

The value of 34-12(M1/M2) is more than 40. (Using the 

analysis results in section 4.9). 

From previous table 01 the value of Klu/r confirms that 

the column must be considered as a slender column and need 

to follow the steps in section 3.2. 

4.5. Building Seismic Weight Calculation 

In this study the seismic weight of the entire building is 

considered as the summation of dead load and 50% live  

load [8]. The summary is shown in Table 2 (The detail 

calculation is shown in Table C01 to Table C06 in Appendix 

C). 

Table 2.  Story Wise Seismic Load 

Story Wise Seismic Load kn 

Roof (Fifth Floor) 8639 

Floor 04 (Fourth Floor) 14534 

Floor 03(Third Floor) 14534 

Floor 02(Second Floor) 14534 

Floor 01 (First Floor) 14534 

Ground Floor 16600 

Plinth Level 7823 

Total 91198 

4.6. Base Shear Calculation  

Zone factor, Z=0.15 (Engineers should follow the code 

depend on locality) 

Building Height, hn = 23.0 m 

Ct=0.073 for RCC moment resisting frame  

Fundamental time period, T = Ct (hn) 
¾  =0.77 

Numerical co efficient C = 1.25 S / (T2/3) = 2.23 

S= Site coefficient for soil characteristics=1.5 

I =Building Importance Factor = 1.0 

W= Building/structure weight (DL+0.5LL) 
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R=Reduction Factor =8.0 

Base shear, V = ZICW/R 

A= ZIC/R=0.04 

V=0.04*W=0.04*91198=3648 KN  

4.7. Story Displacement & Story Drift for Column 

Section 0.450 m X 0.450 m 

From trial the below table is the maximum displacement 

for the load combination 1.2DL+0.5LL+ 1.2 EQX. 

From code it is stated that the maximum drift of a story for 

un factored lateral load is 0.004*Height of the structure. 

From software analysis the displacement of plinth level is 

2.43mm and the ground floor is 26.66mm. That means the 

drift is 24.33mm.The maximum limit is 0.004*6000= 24 mm 

and thus satisfy the criteria. 

The drift of the story is quite a bit. It’s not a problem 

because we calculate the moment magnification coefficient 

for the load combination factored lateral load .In this case 

EQX causes maximum drift/displacement. 

Table 3.  Displacement & drift for EQX (Unfactored) in mm 

Story Displacement Drift 

Floor 05 43.12 1.54 

Floor 04 41.58 2.48 

Floor 03 39.1 3.29 

Floor 02 35.81 3.98 

Floor 01 31.83 5.17 

Ground Floor 26.66 24.2 

Plinth 2.43 2.43 

The story displacement value obtained from standard 

software is shown in Figure D01, D02 in Appendix D.  

If the EQX is multiplied with factor 1.2 then the drift will 

be 1.2EQX=24.23*1.2=29.04 mm. 

4.8. Moment Magnification Factor  

From Table C07 in Appendix C 

The stability indices Q=0.0862 & 0.103 for story drift 

24.2 mm & 29.04 mm respectively 

Form the step 8 in section 3.2 the value of moment 

magnification factor δ = 1/ (1-Q) =1.11 for Q = 0.103 
This factor will be multiplied by sway moment only which 

will be discussed in the next section.  

4.9. Analysis Result 

First order elastic analysis for A-07 gridline is done using 

standard software (ETABS) for load combination=1.2DL+ 

0.5LL +1.2EQX 

4.9.1. Case 1  

(Section 0.45 m X 0.45 m) consider it as a short column. 

Axial load, Pu = 3392 KN 

M2= 297 KN, M1= -233 KN 

M1/M2= -0.78 

Kn= (Pu)/ (0.65*30000*0.2) =0.87 

Rn=(Mu)/ ( 0.65*30000*0.20*0.45)=0.17 

Gama, ɤ=0.72 

Using the value of Kn & Rn, steel ratio is obtained from 

Graph A.6 in Appendix A, ρ=0.0410 

4.9.2. Case 2  

(Section 0.45 m X 0.45 m) consider it as a long column 

In this case earthquake load is responsible for sway  

effect and the moment magnification factor will be 

multiplied only with the sway moment. Taking the moment 

magnification factor 1.11 from Section 4.8. 

The modified load combination will be now; 

1.2DL+ 0.5LL +(1.2*1.11)EQX. 

=1.2DL+ 0.5LL + 1.33 EQX. 

The multiplying factor 1.2 is replaced with 1.33 in case 

of EQX and put these changes in the load combination part 

of the software for getting the magnifying sway moment. 

Axial load, Pu = 3392 KN 

M2=329, M1= -258 

M1/M2= -0.78 

Kn= (Pu)/ (0.65*30000*0.2) =0.87 

Rn=(Mu) / ( 0.65*30000*0.2*0.45)=0.19 

Gama=0.72 

Steel ratio, ρ=0.0480 

4.9.3. Case 3  

(Section 0.50 mX0.50 m) consider it as a short column 

Axial load, Pu = 3448 KN 

M2= 388, M1= -305 

M1/M2= -0.79 

Gama=0.75 

Kn= (Pu)/ (0.65*30000*0.25) =0.7 

Rn=(Mu)/ ( 0.65*30000*0.25*0.5)=0.16 

(Consider Graph A.6 & A.7 and taking the average) 

Steel ratio, ρ=0.0270 

4.9.4. Case 4  

(Section 0.50 mX0.50 m) consider it as a slender column 

Axial load, Pu = 3448 KN 

M2= 430, M1= -338 

M1/M2= -0.79 

Gama=0.75 

Kn= (Pu)/ (0.65*30000*0.25) =0.7 

Rn=(Mu)/ ( 0.65*30000*0.25*0.5)=0.18 

Average Steel ratio, ρ=0.0327 

4.9.5. Case 5  

(Section 0.550 mX0.550 m) consider it as a short column 

Axial load, Pu = 3495 KN 

M2= 477, M1= -375 

M1/M2= -0.79 

Gama=0.77 

Kn= (Pu)/ (0.65*30000*0.3) =0.6 

Rn=(Mu)/ ( 0.65*30000*0.3*0.55)=0.15 

Steel ratio, ρ=0.0180 
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4.9.6. Case 6  

(Section 0.55 mX0.55 m) consider it as a slender column 

Axial load, Pu = 3495 KN 

Gama=0.77 

M2= 529, M1= -416 

M1/M2= -0.79 

Kn= (Pu)/ (0.65*30000*0.3) =0.6 

Rn=(Mu)/ ( 0.65*30000*0.3*0.55)=0.16 

Steel ratio, ρ=0.0215 

5. Comparison Study & Result Analysis 

5.1. Comparison 1  

Steel ratio decreases with the increase of column section. 

This changing pattern is shown in the below Figure 7. 

 

Figure 7.  Steel ratio changing pattern for different column section 

considering short and slender column separately 

5.2. Comparison 2  

Slenderness ratio increases with the increase of the 

unsupported length of column. This changing pattern is 

shown in the below Figure 8. 

 

Figure 8.  Slenderness ratio increases with the increase of the unsupported 

length of column (Other things remain constant) 

5.3. Comparison 3 

Slenderness ratio decreases with the increase of the 

column section (Shown in figure 9). Some of the complex 

geometric conditions and building irregularities requires 

experimental and analytical approaches for different material 

properties and section properties [9]. In this reason this 

percentage study is done to get the clear information.  

 

Figure 9.  Slenderness ratio changing pattern with the change of column 

section (Other things remain constant) 

6. What is the Percentage Error if 
Slender Column is Designed as a 
Short Column? 

For the above condition in section 6.7 (Load & moment) if 

the section 0.45 m X 0.45 m is designed as a short column 

then the steel ratio is 0.0180 but when it is considered as a 

slender column (Not braced against sides way) then the steel 

ratio is 0.0215. That means if this column is designed 

considering first order analysis only then the deviation of 

steel ratio is more which cannot be neglected. For this reason 

the second order analysis is mandatory in case of slender 

column design. The percentage error for the section 4.9.6 is 

(0.0215-0.0180)*100/0.0180=19.44%. 

Any deviation less than 5% can be neglected. In this case 

the deviation is more than 5% and it cannot be neglected 

during design. 

7. Necessity of High Strength Materials 
in Slender Column  

The main benefit of high strength material is to enable 

smaller dimension of the member and lesser volume of 

material which facilitate immediate application of design and 

construction. RCC is the combination of concrete and steel. 

The two different materials need to bond properly. For 

instance if 16 mm rebar is used in a column then the clear 
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cover 37 mm is sufficient but if the rebar diameter is 40mm 

then the clear cover 37 mm is not sufficient . Steel during its 

life span develops some stress internally even when the 

imposed load is low and this tendency spreads surrounding 

the bar which may cause some crack. There is a possibility of 

formation of hairline crack in the outside of the rebar if 

sufficient clear cover is not provided. 

Similarly for lower steel ratio normal grade concrete can 

be used but for higher steel ratio high strength concrete is 

needed for proper bonding. Sometimes there is a restriction 

for the section of the column. In that case the performance of 

the RCC member needs to be increased without changing the 

section and there is an efficient way to increase the material 

strength. 

From the calculation shown in Appendix E, for every 10% 

increment of concrete compressive strength or steel yield 

strength or concrete gross area, the load carrying capacity of 

column increase as same percentage. In the market or general 

practice we get ready mix concrete and steel of some 

specified grade. For calculation purpose we used 10% 

increment of concrete and steel grade and observe the 

changes in the performances of the column. But it is ensured 

that the value of β1 must be revised if the value of f’c is more 

than 27.5 Mpa. 

This increment is linear as the equation is first order 

[Pu=(0.85*f’c*a*b+Astfy]. 

In the slender column definition the small cross section is 

the matter with respect to length. Different research study is 

ongoing by engineering material experts to make high 

strength materials. Fiber reinforced polymer (FRP) is one of 

the popular techniques right now. [10] 

8. Conclusions 

From the stiffness analysis it is seen that the length and 

section of column & beam affect the slenderness ratio. 

Slenderness ratio calculation is a vital factor because it tells 

the necessity of slender column phenomenon needs to be 

applied or not. If there is error in the calculation of the 

slenderness ratio it will affect the overall column design.  

The main aim of this study is to know the calculation step 

of slenderness ratio of column and to get a clear idea that 

how the slenderness ratio is changed with the change of 

different parameters. 

The steel requirement with or without second order 

analysis there is a much deviation from the required steel 

area and calculated steel reinforcement. This study helps the 

designer about the comparative changes in steel requirement 

and tells the importance and necessity of second order 

analysis in slender column design. 

Here further study is needed about the shear reinforcement 

for the slender column and comparative study can be studied 

about how much additional shear reinforcement is needed in 

case of slender column. 

There is another type of column which is inclined at some 

angle with the ground. The authors have an intend to involve 

them for another study about inclined column and shear 

reinforcement and failure pattern of RCC slender column. 
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Graph A.7.  Effective Length Factor (K) calculation 

Appendix B 

Beam column Stiffness Calculation 

Table B01.  Column Stiffness Calculation (Associated with Figure 6) 

Column 

Section, m 

Moment of inertia Unsupported Length Column Stiffness 

Ig 

(1/12)*b*h3 
0.7*Ig (a) 

Ground 

floor, (b) 

Typical 

floor, (c) 

Ground floor 
Typical 

floor 

a/b a/c 

0.45X0.45 0.0034 0.0024 5.4 2.4 4.4E-04 0.0010 

0.50X0.50 0.0052 0.0036 5.4 2.4 6.8E-04 0.0015 

0.55X0.55 0.0076 0.0053 5.4 2.4 9.9E-04 0.0022 

0.60X0.60 0.0108 0.0076 5.4 2.4 1.4E-03 0.0032 

Table B02.  Beam Stiffness Calculation (Associated with Figure 6) 

Beam Name 
Effective flange 

width 

Clear 

distance, m 

Moment of inertia, Ig=2*(1/12)* 

Flange width*(web)3 Beam 

Stiffness 
Ig 0.35*Ig 

Beam X (L beam) 1.15 11.85 0.0414 0.014 0.0012 

Beam Y (T beam) 1.5 5.85 0.0313 0.011 0.0019 

Rotational restraint factor at point A in X direction, 

ψA,X = (Stiffness of Column, Ground + Top)/(2*Stiffness of Beam X) 

In this case, 2 is multiplied with stiffness of Beam X because there are two beams in X direction in the point A 
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Rotational restraint factor at point A in Y direction, 

ψA,Y = (Stiffness of Column, Ground + Top)/(Stiffness of Beam Y) 

Table B03.  Slenderness ratio changing with the change of column section 

Column 

Section, 

(b*h)m 

Rotational 

restraint 

Factor 

Stiffness 

of point 

A 

Stiffness 

of point B 

If the 

frame is 

non-sway 

If the 

frame 

is sway 
Selected, 

K=(k1+k2)/2 

Radius of 

gyration, 

r=0.3h 

Unsupported 

Length, m 

Slenderness 

ratio, Klu/r 

K1 K2 

0.45X 0.45 
ψA,X 0.59 1 0.74 1.27 

1.26 0.135 

5.4 

50.4 
ψA,Y 0.77 1 0.76 1.25 

0.5X0.5 
ψA,X 0.90 1 0.77 1.31 

1.31 0.15 47.2 
ψA,Y 0.90 1 0.77 1.31 

0.55X0.55 
ψA,X 1.31 1 0.78 1.36 

1.39 0.165 45.5 
ψA,Y 1.72 1 0.81 1.42 

0.6X0.6 
ψA,X 1.9 1 0.82 1.43 

1.47 0.18 44.0 
ψA,Y 2.43 1 0.83 1.5 

Table B04.  Ground floor column stiffness changing with the change of unsupported length column section (In this study only A-07 column in the ground 
floor is considered only) 

Column Section, m 

Moment of inertia Unsupported Length (b) Column Stiffness 

Ig (1/12)*b*h3 0.7*Ig (a) Ground floor, (b) Typical floor, (c) 
Ground floor Typical floor 

a/b a/c 

0.45X0.45 0.0034 0.0024 2.4 2.4 1.0E-03 0.0010 

 
0.0034 0.0024 3.4 2.4 7.0E-04 0.0010 

 
0.0034 0.0024 4.4 2.4 5.4E-04 0.0010 

 
0.0034 0.0024 5.4 2.4 4.4E-04 0.0010 

 
0.0034 0.0024 6.4 2.4 3.7E-04 0.0010 

 
0.0034 0.0024 7.4 2.4 3.2E-04 0.0010 

Table B05.  Slenderness ratio changing with the change of unsupported length of Ground floor column  

Unsupported 

Length (b) 

Location 

/Condition 

Stiffness 

of point A 

Stiffness 

of point B 

If the frame 

is non-sway 

If the frame 

is sway Selected, 

K=(k1+k2)/2 

Radius of 

gyration, 

r=0.3h 

Slenderness 

ratio, Klu/r 
K1 K2 

2.4 
ψA,X 0.82 1 0.76 1.3 

1.31 0.135 23.2 
ψA,Y 0.91 1 0.77 1.31 

3.4 
ψA,X 0.70 1 0.75 1.27 

1.29 0.135 32.5 
ψA,Y 0.91 1 0.77 1.31 

4.4 
ψA,X 0.6 1 0.74 1.26 

1.28 0.135 41.7 
ψA,Y 0.82 1 0.76 1.3 

5.4 
ψA,X 0.59 1 0.74 1.26 

1.28 0.135 51.2 
ψA,Y 0.77 1 0.76 1.3 

6.4 
ψA,X 0.56 1 0.73 1.25 

1.28 0.135 60.4 
ψA,Y 0.73 1 0.76 1.3 

7.4 
ψA,X 0.54 1 0.73 1.24 

1.27 0.135 69.6 
ψA,Y 0.71 1 0.75 1.3 
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Appendix C 

Building Seismic Load Calculation 

Table C01.  Roof Load Calculation (With calculation step …..) 

Calculation 

Column No. 
1 2 3 4 5 6 7 8 9 10 11 12 

Beam Name 
BEX 

6 

BM 

6 

BM 

L6 

BM 

L26 

BM 

L3 6 

BM 

L 4 6 

BM 

3 

BEX 

3 

BEXM 

2.85 

BM 

2.85 
Sum Remarks 

Beam Length 6 6 6 6 6 6 3 3 2.85 2.85 
  

Beam number, 

pcs 
20 52 4 4 4 4 6 4 2 3 

  

Total Beam 

Length, m 
120 312 24 24 24 24 18 12 5.7 8.55 572.3 Total length of beam 

Load 

Contribution Area 
9 18 15.75 13.5 

13.2

7 
6.52 4.5 2.25 2.03 4.06 

 

From yield line drawing. 

Figure 2 

Total beam type 

wise contribution 

area (Sq.M) 

180 936 63 54 
53.0

8 

26.0

8 
27 9 4.06 12.18 1364 Total area of slab in sq.m 

Assuming concrete unit weight = 25 KN/m3 
       

Beam Weight per unit length (4.5 KN/m). Beam weight per unit length (3.38 KN/m) after deduction of the slab thickness from beam depth. 

Slab thickness 150 mm & Unit weight (3.75 KN/sq.m), as per section 6.3 
  

Total load from 

slab, KN 
675 

351

0 

236.2

5 
202.5 

199.

05 
97.8 

101.

3 

33.7

5 
15.225 45.675 5117 

Example,180*3.75=675 

KN 

Beam self weight 405.6 
105

5 
81.12 81.12 

81.1

2 

81.1

2 

60.8

4 

40.5

6 
19.266 28.899 1934 

Example, 

120*3.38=405.6 KN 

Parapet weight per unit length (4.9 KN/m) if the height is 1m.Parapet wall is only in the length of 24 m long in two sides only. Another two sides have two 

buildings and no need to consider parapet wall. Wall thickness = 230 mm. All brick wall with both side 12 mm plaster. Parapet wall Load=24*2*4.9=235.2 

KN 

Total Load from parapet, KN 235.2 
 

Exterior wall length = 24+24=48 m along width 

Exterior wall length = (6*8)+3+3+2.85=56.85*2 side=161.7  m along the two side length 

Exterior wall weight per unit length (4.9 KN/m). The floor height is 3000 mm. The beam depth is 600. That means wall height is 2400 mm or 2.4 m wall. 

The weight of exterior 230 mm wall per unit length=4.9*2.4= 11.76 KN. In the ground floor the brick wall height 5.4m.The weight of exterior 230 mm wall 

per unit length=4.9*4.5= 22.05 KN 

Total Load from exterior wall, KN 1902 
Calculation,11.76*161.7=

1901.6 KN 

Total Load from column, KN Column Unit weight, 5.06. Total Column =53 pcs .Column height = 3 m 804.5 
Calculation, 

5.06*53*3=804.5 

We assume 53 column because we are trying to reduce 2 columns from the total 55 columns 

Appendix C 

Building Seismic Load Calculation 

Table C02.  Roof seismic load calculation (Please read with the drawing …..) 

Load type Load Remarks 

Total Load from slab (Assume Live Load =0) 5116.5 1364*3.75 

Beam self weight 1934 3.38*572.25 

Total Load from exterior wall (Height 3m), KN 950.8 11.76*161.7=1901.6/2(Half for roof) 

Load from parapet wall 235.2 4.9*161.7 

Total Load  from column,KN 402.25 53*5.06*3=804.54/2(Half for roof) 

Total 8639 KN 
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Table C03.  Typical floor load calculation (Please read with the Figure 4 & 5) 

Load type Load Remarks 

Total Load from slab, KN 5116.5 
 

50% LL on slab, 4777.5 (7*1365*0.5) 

Beam self weight 1934 
 

Total Load from exterior wall, KN 1901.6 
 

Total Load from column,KN 804.5 
 

Total 14534.1 KN 

Table C04.  Ground Floor Load Calculation (Please read with the drawing …..) 

Load type Load 

Total Load from slab, KN 5116.5 

50% LL on slab 4777.5 

Beam self weight 1934 

Total Load from exterior wall, KN (Wall height 1.5m+3m=4.5 m) 3565.5 

Total Load from column, KN 1206 

Total 16599.5 

Table C05.  Plinth Label Load Calculation 

Load type Load 

Total Load from slab,KN 0 

LL load on interior beam surface 538 

Grade Beam self weight 3622.343 

Total Load from exterior wall on GL, KN 2139 

Total Load from upper half height column + lower column, KN 1340.9 

Total Load  from lower column, KN 182.85 

Total 7823.093 

Table C06.  Base shear calculation 

Load distribution Wi, KN hi hi*hi Wi*hi*hi*1000 Wi*hi*hi/ 20284 XVb Cumulative 

Floor 05 8639 23 529 4569.9 0.23 821.84 821.8 

Floor 04 14534 20 400 5813.6 0.29 1045.5 1867 

Floor 03 14534 17 289 4200.4 0.21 755.39 2623 

Floor 02 14534 14 196 2848.7 0.14 512.3 3135 

Floor 01 14534 11 121 1758.6 0.09 316.27 3451 

Ground Floor 16600 8 64 1062.4 0.05 191.05 3642 

Plinth 7823 2 4 31.3 0.00 5.6275 3648 

Total 91198 
  

20284.9 
   

Table C07.  Sway / Non sway check 

Storey H, mm 

Story wise 

seismic 

weight, KN 

Cummulative 

seismic 

Lateral load 

corresponding 

to that story 

Story wise 

Displacement, 

mm 

Story 

Drift 

Drift 

Limit, 

0.004*H 

Stability 

Indices, Q If 

Q<=0.04 then 

non sway 

Remarks 

Story 05 3000 8639 8639 876 43.12 1.54 12 0.0051 Non Sway 

Story 04 3000 19311 27950 2355 41.58 2.48 12 0.0098 Non Sway 

Story 03 3000 19311 47261 3425 39.1 3.29 12 0.0151 Non Sway 

Story 02 3000 19311 66572 4150 35.81 3.98 12 0.0213 Non Sway 

Story 01 3000 19311 85883 4598 31.83 5.17 12 0.0322 Non Sway 

Ground 

Floor 
6000 16600 102483 4801 26.66 24.23 24 0.0862 Sway 

Plinth 2000 9023 111506 4808 2.43 2.43 8 0.0282 Non Sway 
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Figure 6.  Yield line (Load contribution area for each beam) 
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Appendix D 

Software Result 

 

Figure D01.  Story Displacement at plinth level 

 

Figure D02.  Story Displacement at ground level 

 

Figure D03.  Story Displacement at first floor level 
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Appendix E 

Table E01.  Increment percentage of column load carrying capacity with the increment of different parameters 

Different 

Conditions 

Column Load carrying capacity changing pattern 

with the change of some parameters (f'c/fy/Gc/Ast) 

Increment 

Percentage of Pu 
Remarks 

Case 1 f'c increase 10% 
f'c=27.5 4857 

  
f'c=27.5*1.1 5165 6.33 fy,Gc & Ast constant 

Case 2 fy increase 10% 
fy=415 4857 

  
fy=415*1.1 5035 3.66 f'c,Gc & Ast constant 

Case 3 Gc increase 10% 
Gc=0.45*0.45 4857 

  
Gc=0.45*0.45*1.1 5165 6.33 f'c,fy & Ast constant 

Case 4 Ast increase 10%, 
Ast = 0.0066 4857 

  
Ast = 0.0066*1.1 5035 3.66 f'c,fy & Gc constant 

Table E02.  Column Load carrying capacity changing pattern with the change of some parameters (f'c/fy/Gc/Ast) 
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