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Introduction 

Building standard codes recommend that arrangement 
of live load also known as imposed load should be 
such that the values of critical forces at all sections can 
be evaluated and accounted for in the design. 
However there are numerous pattern by which live 
load may occur on a structure, evaluating all those is 
practically not possible, various approaches have to be 
developed to limit the loading arrangements to such 
cases which can be handled easily and also at the 
same time provide reasonable values of the forces 
generated in the structure. Ugur, Furlong and Akiner 
have based their work to find limited number of 
loading cases which will cut short the large 
computational work. The need of pattern loading may 

in some cases be ignored depending on the simplicity 
of structure or that of the loads acting on it, however 
with increasing height, asymmetry in design and loads 
careful and rigorous evaluation must be done. The 
work done by various researchers in this field is 
mentioned below- 

Large (1950) presented a method which is mainly 
based on the concept of influence lines diagrams. 
According to this method the number of live load 
combinations required to obtain support moments 
are equal to the number of beam-column joints. 
Additionally, two load combinations are required to 
obtain the span bending moments. However it can be 
clearly seen that this method is time consuming as it 
requires a large number of loading arrangements to 
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be considered also the number of these arrangements 
will go on increasing with increase in number of 
storey and bays. 

Furlong (1981) proposed simple live load 
arrangements which he claimed would yield 
reasonable values of shear and bending moment in 
beams and columns. The numbers of loading patterns 
to be taken are 2+ (m-1), where m is the number of 
bays. For a G+4 storey, 5 bay frame it works out to be 
six combinations as shown in figure 1. 

 

 

 

Figure 1: Patterns of loading by Furlong  

Ugur (1992) gave a method in which the number of 
loading cases is always equal to five irrespective of 
number of bays and storey. He compared his results 
with that of Furlong and found them to be comparable 
to his results except for some specific points. Ugur 
proposed a simple checker board loading for 
maximum and minimum span moments for beams, 
which will result in two different arrangements. For 
maximum support moments and shears in beams two 
continuous spans are loaded, leaving one unloaded 
span in between. The arrangements of this loading on 
a G+4 storey, 5 bay frame are shown in figure 2. 
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Figure 2: Patterns of loading by Ugur 

Arslan et al. (1996) aimed to generate automatic load 
combinations for the worst conditions in a structure 
using genetic algorithm. Genetic algorithms are search 
algorithms based on the mechanics of natural 
selection and natural genetics, their basic idea is what 
lies behind the nature itself, “Survival of the Fittest”. 
However no systematic simplified method was 
developed like that of Furlong. The load combinations 
were generated through a genetic search based 
computer program and the results were compared 
with that of Large and Furlong. Some differences 
between Furlong and genetic algorithm solution was 
observed due to the approximation in Furlong’s 
method, however the difference between Large and 
genetic algorithm solutions were quite small, and in 
most cases they were equal to each other.  

Akiner (2012) also used genetic algorithm to obtain 
sufficiently accurate results with a reasonable number 
of loading cases. He presented an approach which 
required analysis of five cases irrespective of the 
number of storey and bays. First two loading cases are 
classical checkerboard loading and are same as first 
two loading case of Ugur the other three loading 
patterns are different from Ugur and Furlong in which  
starting from the first beam at the upper left two 
adjacent beams are loaded and third one is unloaded. 
This loading continues until all beams are dealt with. 
Results show that all three approaches give 
unfavorable internal force values that are very close to 
each other.  
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Problem for Investigation 

The basic structural model taken for analysis is a two 
dimensional G+3 storey, 3 bay frame. The elevation of 
frame and numbering scheme of members are shown 
in figure 3 and 4.  

  

Figure 3: G+3 storey, 3 bay frame  

 

Figure 4: Beam and column numbering 

The geometric and material properties of the frame 
have been tabulated in table 1 and 2. 

 

 

 

 

 

 

Table 1: Geometric properties 

 

Table 2: Material Properties 

Loads and Loading Pattern under Consideration 

In the analysis which has been done using STAAD Pro 
software the dead load of magnitude 15 kN/m 
(inclusive of self weight of beam, slab self weight 
contribution and floor finish) and an imposed load of 
magnitude 15 kN/m have been taken.    

For present analysis 6 loading patterns (inclusive of 
conventional loading pattern) have been considered 
on the basis of literature, analysis ideologies and codal 
recommendations. These loading patterns follow a 
certain logic in which only 6 patterns will be formed 
irrespective of the number of bays and storey of the 
structure. 

The details of the 6 patterns of loading are as follows- 

a) Pattern - 1 is taken as all span loading i.e. 
conventional loading pattern.  

Description Value/Type 

Number of storey G+3 

Number of bays 3 

Storey height 3m 

Bay width 6m 

Size of beam member 0.30m x 0.50m 

Size of column member 0.30m x 0.50m 

Material property Values 

Concrete grade  M25  

Density of Reinforced cement 
concrete 

25kN/m3 

Young’s modulus of concrete, Ec 2.17x104  N/mm2 

Poisson ratio, 0.17 
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b) Pattern - 2 and 3 are alternate span loading 
patterns. 
c) Pattern - 4, 5 and 6 consist of chains of 2 
consecutive loaded spans with an unloaded span in 
between such that the loading is started from the top 
floor’s leftmost span and floor below is loaded at a 
shift of one span from that of top floor loading. 
d) Alternate floors have the same pattern of loading. 

Figure 5 shows the different patterns of loading 
considered in the analysis. 

 

Pattern - 1/Conventional 
loading  

 

Pattern - 2 

 

             Pattern - 3 

 

 

Pattern - 4 

 

Pattern - 5 

 

Pattern - 6 

Figure 5: Loading patterns 

Results and discussion 

In the study the values of member forces generated by 
conventional loading pattern have been compared 
with forces obtained by consideration of all 6 patterns 
of loading to evaluate the requirement of pattern 
loading in design of a multistory building. The 
Critical/Conventional ratio representing the ratio of the 
most critical value of force obtained while considering 
all the 6 loading patterns on the frame with the value 
of force obtained by loading all spans i.e. conventional 
loading has been considered for comparing pattern 

loading with conventional loading. To evaluate the 
effect of pattern loading on frame forces the analysis 
has been done by using two methods – 

a) Substitute frame analyses (SFA) in which loading 
patterns are applied on beams of only one floor and 
they are analyzed assuming far ends of the columns as 
fixed. 

b) Frame analysis (FA) in which the loading patterns are 
applied to a complete frame and the ends of the 
columns are considered as fixed at the ground level. 

The results of the analysis have been tabulated in 
Table 3 and 4.  

Effect of Pattern Loading On Beam Forces  

Bending moment and shear force in beam members 
for conventional and pattern loading are compared to 
evaluate the effect of pattern loading on beam forces. 

a) Bending moment 

Table 3 indicates that there is an increase in bending 
moment values for pattern loading in comparison to 
conventional loading by both substitute frame analysis 
and frame analysis for almost all beam members. The 
highest value of Critical/Conventional ratio is 1.19 by 
substitute frame analysis and 1.23 by frame analysis as 
shown in table 3. The values of sagging moment are 
more affected as compared to hogging moment which 
is represented by higher values of Critical/ 
Conventional ratio for sagging moment as compared 
with hogging moment. On every floor the interior 
beam has higher value of Critical/ Conventional ratio 
than the exterior beams indicating that interior beams 
are more affected as compared to exterior beams. The 
values of Critical/ Conventional ratio follow an 
increasing trend from ground floor beams to top floor 
beams for sagging moment. The highest value of 
Critical/Conventional ratio obtained is for beam 
member no 11 which is the top floors interior beam. 

 

577



Sameer Ansari  et al. International Journal of Science, Engineering and Technology, 2016, Volume 04 Issue 04 
ISSN (Online): 2348-4098, ISSN (Print): 2395-4752  
 

 

Table 3: Comparison of beam forces between conventional and pattern loading using substitute frame analysis 
(SFA) and frame analysis (FA) 

 

Table 4: Comparison of column forces between conventional and pattern loading using frame analysis (FA)	

Member 
number 

Max/Min 
Values 

Conventional loading value 
Pattern Loading (Critical) 

value Critical/Conventional ratio 

Bending 
Moment 
(kN-m) 

Axial force 
(kN) 

Bending 
Moment 
(kN-m) 

Axial force 
(kN) 

Bending 
Moment  

Axial force 

13 Max 50.36 526.61 58.84 529.14 1.17 1.00 

Min -24.83 ** -28.20 391.66 1.14 ** 

14 Max 0.45 1093.39 31.45 1093.39 69.90 1.00 

Min -1.68 ** -33.97 816.79 20.24 ** 

15 Max 1.68 1093.39 33.97 1093.39 20.24 1.00 

Min -0.45 ** -31.45 817.95 69.90 ** 

16 Max 24.83 526.61 28.20 528.14 1.14 1.00 

Min -50.36 ** -58.84 393.03 1.17 ** 

17 Max 62.47 395.64 64.65 399.51 1.03 1.01 
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Note: ** indicates insignificant values. 

Min -65.86 ** -65.86 261.57 1.00 ** 

18 Max 3.11 819.36 22.44 819.36 7.21 1.00 

Min -2.05 ** -29.41 611.64 14.38 ** 

19 Max 2.05 819.36 25.50 819.36 12.47 1.00 

Min -3.11 ** -26.36 613.11 8.47 ** 

20 Max 65.86 395.64 66.77 395.64 1.01 1.00 

Min -62.47 ** -63.00 261.57 1.01 ** 

21 Max 57.54 262.66 60.37 264.09 1.05 1.01 

Min -60.90 ** -61.59 194.98 1.01 ** 

22 Max 3.40 547.34 26.74 547.34 7.87 1.00 

Min -1.65 ** -21.64 408.82 13.11 ** 

23 Max 1.65 547.34 23.51 547.34 14.25 1.00 

Min -3.40 ** -26.74 409.63 7.87 ** 

24 Max 60.90 262.66 60.90 263.31 1.00 1.00 

Min -57.54 ** -60.37 196.39 1.05 ** 

25 Max 101.94 128.31 106.40 132.16 1.04 1.03 

Min -71.22 ** -71.22 60.85 1.00 ** 

26 Max 1.85 276.69 30.74 283.07 16.63 1.02 

Min -5.88 ** -46.15 203.86 7.85 ** 

27 Max 5.88 276.69 39.56 282.25 6.73 1.02 

Min -1.85 ** -33.71 201.84 18.24 ** 

28 Max 71.22 128.31 72.08 131.62 1.01 1.03 

Min -101.94 ** -102.34 60.85 1.00 ** 
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B) Shear Force 

The highest value of Critical/Conventional ratio for 
shear force is 1.03 by substitute frame analysis and 
1.04 by frame analysis as shown in table 3. These 
values exhibit that the increase in values of shear force 
obtained through pattern loading are insignificant as 
compared to the increase in values of bending 
moment. 

Effect of Pattern Loading On Column Forces 

Bending moment and axial force in column members 
for conventional and pattern loading are compared to 
evaluate the effect of pattern loading on column 
forces. 

a) Bending moment 

Table 4 indicates that there is an increase in bending 
moment values for pattern loading in comparison to 
conventional loading for almost all column members. 
Conventional loading gives negligible values of 
bending moment for interior columns as compared to 
pattern loading. The columns of ground storey are 
more affected by pattern loading than the columns of 
upper storey. Pattern loading also exhibits reversal of 
signs of bending moment in case of interior columns, 
as shown by figure 6. 

Figure 6: a) Bending moment diagram for conventional 
loading, b) Bending moment envelope for pattern 
loading 

 

B) Axial Force 

The highest value of Critical/Conventional ratio for 
axial force is 1.03 as shown in table 4. This indicates 
that the increase in values of axial force obtained 
through pattern loading are insignificant as compared 
to the increase in values of bending moment. 

Conclusions 

Pattern loading in comparison to conventional loading 
has shown to be giving higher values of member 
forces. The following points have been concluded as a 
result of present work: 

• The values of bending moment are significantly 
higher for pattern loading as compared with 
conventional loading for both beam and column 
members. 
• The effect of pattern loading is felt more on 
interior beam members as compared with the exterior 
beam members of the same floor, also it is observed 
that pattern loading effects the top floors interior 
beam the most as compared with any other beam 
member. 
• The effect of pattern loading is more on beam 
sagging moment as compared to hogging moment. 
• The values of bending moment of interior columns  
obtained by conventional loading are negligible as 
compared with pattern loading, also pattern loading 
exhibits sign reversals in case of internal columns. 
• Pattern loading causes insignificant increase in 
values of shear force in beams and axial force in 
columns. 
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