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The basis for an Approximate Analysis of a statically indeterminate portal frame 
resisting uniformly-distributed gravity loads is to represent points of inflection 
(i.e., points where the moment is zero) with hinges. In doing so, the statically 
indeterminate frame is converted to a statically determinate frame which is easy 
to analyze using principles of static equilibrium. 

About the Approximate AnalysisI.

The portal frame analyzed is a single-story steel frame subjected to a uniformly 
distributed gravity load. The beam is statically indeterminate to the third degree.

Configurations: Parameters & Boundary ConditionsIII.

ApproachIV.

Fixed Supports Pinned Supports

H1 - left column height (ft)
H2 - right column height (ft)
L - beam length (ft)
E - modulus of elasticity (        or ksi)
lb - moment of inertia of beam (in4)
lc - moment of inertia of columns (in4)
w - uniformly distributed load (        )

kips
in2

kips
ft

Constants:

�         =   2 kips / ft
E        =   Esteel    =     29,000 ksi
H1       =   12 feet
Icolumn =   600 in4

� - moments of inertia factor

� - beam lenght factorT

Ib   =   � * Ic  ,  where   �  =  { 1.0 , 1.25 , 1.50 , 1.75 , 2.0 }

L   =   ��* H2  ,  where   ���=  { 1.0 , 1.1 , 1.2 , 1.3 , 1.4 , 1.5 }

H2   =   ��* H1  ,  where   �  =  { 1.0 , 1.25 , 1.50 , 1.75 , 2.0 }

� - beam length factor

� - column heights factos

Significance of the ResearchII.
Results from this study offer recommendations for the proper selection of hinge 
placement so that an Approximate Analysis yields results comparable to a more 
sophisticated analysis of indeterminate frames.

Aside from the variations in the support conditions, recommendations of 
hinges are also based on a set of parametric studies involving variations in 
column heights, beam span and moments of inertia:

FIXED - FIXED SUPPORTS PINNED - PINNED SUPPORTS

Cut through the beam at an arbitrary inflection point location (Lip), where moment 
M(Lip)  =  0 k * ft

i.

FIXED - FIXED SUPPORTS PINNED - PINNED SUPPORTS

Draw Free-Body Diagram (FBD) ii.

Express Lip as a function of the support reactions at joint A, resulting from 
the moment equilibrium about the cut

iii.

Extract support reactions from SAP2000 and determine Lip valuesiv.

Plot trendlines showing the effect of individual parameters on the variations in  
inflection point location relative to the left end of the beam

v.
Lip

L

CASES A1 - B1 - C1 - D1 - E1

CASES A1 - A7 - A13 - A19 - A25 CASES A1 - A7 - A13 - A19 - A25

CASES A1 TO A6CASES A1 TO A6

CASES A1 - B1 - C1 - D1 - E1

Principal FindingsV.

The Approximate AnalysisVI.

Fixed - Fixed
condition

Average location of the inflection 
points on the beam span, relative to 

the beam ends

Behavior of left 
and right inflection 
points in response 
to the increase in:

Sensitivity of in-
flection points 

(average rate of 
change of the 

trendlines) in re-
sponse to the 
variation in:

Left
inflection

point

moments of 
inertia ratio (�)

11.6%

3.27% 3.41% 2.79% 3.76%

3.90% 4.68% 3.67% 4.96%

0.44% 1.47% 4.50% 2.66%

12.9% 8.7% 12.2%
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column heights 
ratio (�)

Left
inflection

point

Right
inflection

point

Right
inflection

point

Pinned - Pinned
condition

The adequate placement of hinges is at approximately 12% and 11% of the 
beam span, each measured from the beam ends for fixed-fixed and 
pinned-pinned cases, respectively.

The greatest variation in inflection point locations for frames with fixed 
supports results when changes in beam length are made. The greatest 
variation in left and right inflection point locations for frames with pinned 
supports results when changes in relative column heights and changes in 
beam length are made, respectively. 

For the fixed-fixed condition, inflection points range between 9% to 15% of 
the beam ends.
For the pinned-pinned condition, inflection points range between 5% to 17% 
of the beam ends.

Inflection points distribution along the beam

Using the suggestions for the placement of hinges conducted in this research

PROBLEM STATEMENT

Specify the values for � ,  �, and � 1.

CASES A8 - B8 - C8 - D8 - E8 CASES A9 - B9 - C9 - D9 - E9

Select the appropriate charts and determine        (left and right) from the 
equations of the trendlines. 

2. Lip

L

CASES A14 - B14 - C14 - D14 - E14 CASES A15 - B15 - C15 - D15 - E15

By interpolations:

Lip

L
( ) = 0.080L

left

Lip

L
( ) = 0.0893L

right

Make the cuts through the beam at the 
located hinges in Step 2. Draw a 
Free-Body Diagram

Using the Equations of 
Equilibrium, find the internal 
loadings at the cuts and at 
the right end of the beam. 
This yields the support 
reactions at the right pin. 

Using the Equations of 
Equilibrium, find the 
internal loadings at the 
cuts and at the left end of 
the beam. This yields the 
support reactions at the 
left pin. 

3.

Compare hand-calculation to 
SAP2000’s support reactions.

5.

4.

Ax

Approximate
Analysis

Percent
difference

SAP2000

Ay

Dx

Dy

0.29%

0.17%

1.88%

0.16%

19.93
kips

19.89 
(kips)

117.49 
(kips)

13.67 
(kips)

124.01 
(kips)

117.29
kips

13.93
kips

124.21
kips

ConclusionVII.
Based on the parameter variations, this work provides the equations that can be used to 
estimate the inflection point locations with a high level of certainty (below 2% error), 
resulting in a simple and effective analysis of an indeterminate portal frame.
t
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