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UNIT-III 

 

Analysis of tall frames, wind and earthquake loads, codal provisions for lateral loads. Approximate 

analysis of multistory frames for vertical and lateral loads. 

Approximate Lateral Load Analysis by Portal Method 

Portal Frame 

Portal frames, used in several Civil Engineering structures like buildings, factories, bridges have the primary 

purpose of transferring horizontal loads applied at their tops to their foundations. Structural requirements 

usually necessitate the use of statically indeterminate layout for portal frames, and approximate solutions 

are often used in their analyses. 

 
 

Assumptions for the Approximate Solution 

In order to analyze a structure using the equations of statics only, the number of independent force 

components must be equal to the number of independent equations of statics. 

If there are n more independent force components in the structure than there are independent equations 

of statics, the structure is statically indeterminate to the nth degree. Therefore to obtain an approximate 

solution of the structure based on statics only, it will be necessary to make n additional independent 

assumptions. A solution based on statics will not be possible by making fewer than n assumptions, while 

more than n assumptions will not in general be consistent. 

Thus, the first step in the approximate analysis of structures is to find its degree of statical indeterminacy 

(dosi) and then to make appropriate number of assumptions. 

For example, the dosi of portal frames shown in (i), (ii), (iii) and (iv) are 1, 3, 2 and 1 respectively. Based on 

the type of frame, the following assumptions can be made for portal structures with a vertical axis of 

symmetry that are loaded horizontally at the top 

1. The horizontal support reactions are equal 

2. There is a point of inflection at the center of the unsupported height of each fixed based column 
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Assumption 1 is used if dosi is an odd number (i.e., = 1 or 3) and Assumption 2 is used if dosi 1. 

Some additional assumptions can be made in order to solve the structure approximately for different 

loading and support conditions. 

3. Horizontal body forces not applied at the top of a column can be divided into two forces (i.e., applied at 

the top and bottom of the column) based on simple supports 

4. For hinged and fixed supports, the horizontal reactions for fixed supports can be assumed to be four 

times the horizontal reactions for hinged supports 

Example 

Draw the axial force, shear force and bending moment diagrams of the frames loaded as shown below. 
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Analysis of Multi-storied Structures by Portal Method 

Approximate methods of analyzing multi-storied structures are important because such structures are 

statically highly indeterminate. The number of assumptions that must be made to permit an analysis by 

statics alone is equal to the degree of statical indeterminacy of the structure. 

Assumptions 

The assumptions used in the approximate analysis of portal frames can be extended for the lateral load 

analysis of multi-storied structures. The Portal Method thus formulated is based on three assumptions 

1. The shear force in an interior column is twice the shear force in an exterior column. 

2. There is a point of inflection at the center of each column. 

3. There is a point of inflection at the center of each beam. 

 

Assumption 1 is based on assuming the interior columns to be formed by columns of two adjacent bays or 

portals. Assumption 2 and 3 are based on observing the deflected shape of the structure. 

Example 
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Use the Portal Method to draw the axial force, shear force and bending moment diagrams of the 

three-storied frame structure loaded as shown below. 

 

 

 

 

 

Analysis of Multi-storied Structures by Cantilever Method 

Although the results using the Portal Method are reasonable in most cases, the method suffers due to the 

lack of consideration given to the variation of structural response due to the difference between sectional 
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properties of various members. The Cantilever Method attempts to rectify this limitation by considering 

the cross-sectional areas of columns in distributing the axial forces in various columns of a story. 

Assumptions 

The Cantilever Method is based on three assumptions 

1. The axial force in each column of a storey is proportional to its horizontal distance from the centroidal 

axis of all the columns of the storey. 

2. There is a point of inflection at the center of each column. 

3. There is a point of inflection at the center of each beam. 

 

Assumption 1 is based on assuming that the axial stresses can be obtained by a method analogous to that 

used for determining the distribution of normal stresses on a transverse section of a cantilever beam. 

Assumption 2 and 3 are based on observing the deflected shape of the structure. 

Example 

Use the Cantilever Method to draw the axial force, shear force and bending moment diagrams of the three 

-storied frame structure loaded as shown below. 
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Approximate Vertical Load Analysis 

Approximation based on the Location of Hinges 

If a beam AB is subjected to a uniformly distributed vertical load of w per unit length [F ig. (a)], both the 

joints A and B will rotate as shown in Fig. (b), because although the joints A and B are partly restrained 

against rotation, the restraint is not complete. Had the joints A and B been completely fixed against rotation 

[Fig. (c)] the points of inflection would be located at a distance 0.21L from each end. If, on the other hand, 

the joints A and B are hinged [Fig. (d)], the points of zero moment would be at the end of the beam. For the 

actual case of partial fixity, the points of inflection can be assumed to be somewhere between 0.21 L and 0 

from the end of the beam. For approximate analysis, they are often assumed to be located at one-tenth 

(0.1 L) of the span length from each end joint. 

 

Depending on the support conditions (i.e., hinge ended, fixed ended or continuous), a beam in general can 

be statically indeterminate up to a degree of three. Therefore, to make it statically determinate, the 

following three assumptions are often made in the vertical load analysis of a beam 
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1. The axial force in the beam is zero 

2. Points of inflection occur at the distance 0.1 L measured along the span from the left and right support. 

Bending Moment and Shear Force from Approximate Analysis 

Based on the approximations mentioned (i.e., points of inflection at a distance 0.1 L from the ends), the 

maximum positive bending moment in the beam is calculated to be 

M(+) = w(0.8L)2/8 = 0.08 wL2, at the midspan of the beam 

The maximum negative bending moment is 

M() = wL2/8 0.08 wL2 = 0.045 wL2, at the joints A and B of the beam 

The shear forces are maximum (positive or negative) at the joints A and B and are calculated to be 

VA = wL/2, and VB = wL/2 

Moment and Shear Values using ACI Coefficients 

Maximum allowable LL/DL = 3, maximum allowable adjacent span difference = 20% 

1. Positive Moments 

(i) For End Spans 

(a) If discontinuous end is unrestrained, M(+) = wL2/11 

(b) If discontinuous end is restrained, M(+) = wL2/14 

(ii) For Interior Spans, M(+) = wL2/16 

2. Negative Moments 

(i) At the exterior face of first interior supports 

(a) Two spans, M(-) = wL2/9 

(b) More than two spans, M(-) = wL2/10 

(ii) At the other faces of interior supports, M(-) = wL2/11 

(iii) For spans not exceeding 10, of where columns are much stiffer than beams, M(-) = wL2/12 

(iv) At the interior faces of exterior supports 

(a) If the support is a beam, M(-) = wL2/24 

(b) If the support is a column, M(-) = wL2/16 

3. Shear Forces 
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(i) In end members at first interior support, V = 1.15wL/2 

(ii) At all other supports, V = wL/2 

[where L = clear span for M(+) and V, and average of two adjacent clear spans for M(-)] 

Example 

Analyze the three-storied frame structure loaded as shown below using the approximate location of hinges 

to draw the axial force, shear force and bending moment diagrams of the beams and columns. 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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