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Abstract 
In 1933 John Goldberg published a detailed paper entitled "Wind Stresses by Converging Approximations" in 
the Transactions of the American Society of Civil Engineers.  The paper generated tremendous discussion which 
the journal's editor solicited from leading structural engineering professors of the time.  The most important 
discussions came from Professor Maney who published his "Slope Deflection Equations" in 1915.  Maney 
recognized that Goldberg had come up with an ingenious and iterative method of solving simultaneous slope 
deflections for the problem of a frame subjected to lateral loads, either wind or seismic. 
 
The method came to be known as the Maney-Goldberg method and it is analogous to the Hardy Cross Moment 
Distribution Method in that it is an iterative method, but it makes successive approximations on the unknown 
slopes, rather than the unknown moments.  It distributes these slopes around the frame till the imbalance is 
acceptably low.  After the distribution is completed, one can rapidly find the lateral deflections of each floor of 
the frame, and then one can calculate the final moments in each beam and in each column. 
 
Somewhat remarkably, this method fell out of use in the engineering profession and over the period of a few 
decades, it had disappeared from the engineering curriculum and from the engineer's toolbox. 
 
This paper will describe the original paper, the fascinating discussion it generated, and it will demonstrate the 
method using a MATLAB code that rapidly converges on the correct answer for a laterally loaded frame.  The 
authors hope to present an interesting method, as well as a curious story in the history of structures and we 
celebrate the brilliance of a few imaginative engineers. 
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1. Introduction 
In 1915, Professor Maney introduced the Slope-Deflection Equations to the world (Maney [4]).  The value of his 
work cannot be overestimated, it provided a rigorous window of understanding into statically indeterminate 
structures.  Yet by the early 1930s, academics and practitioners in the field of structural engineering were 
grappling with the extraordinary effort needed to analyze multi-story frames subjected to lateral loading such as 
wind.  There was urgency in finding a more efficient method, especially in California due to the major damage 
inflicted by the 1906 San Francisco earthquake and its many aftershocks.  In 1930, the Bureau of Building 
Inspection in the City of San Francisco developed an adaptation of the slope-deflection method (Bureau [2]) in 
its publication, but it never gained popularity.  Of course, the world-wide impact of Hardy Cross’ paper of 1932 
(Cross [3]) made Prof. Cross famous and enshrined his work for generations of structural engineers.  Yet, Cross’ 
method for the problem of frames with sidesway challenged engineers and engineering students. 
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The 1932 Maney-Goldberg paper (Goldberg [5]) was twelve pages long, followed by ten pages of detailed 
discussion from leading structural engineering professors of the time.  Some of the discussion centered on the 
length of time needed to calculate an answer for a multi-story frame subjected to lateral load.  It is entertaining to 
read about 500 minutes versus 1800 minutes of hand calculation time, and these comments certainly shed light 
on the problems faced by engineers of that day.  The commentators also discussed Cross’ paper, and curiously 
some of them argued whether or not the “so called moment distribution method” wasn’t simply a way of 
“alleviating the strain on the imagination which is needed to visualize the physical distortions of the structure.”  
In contrast to Cross’ method, one commentator praised the Maney-Goldberg method by saying “the simplicity, 
rapidity, and accuracy which may be obtained in analyzing a frame is indeed surprising”.  
Later in the 1950s, Parcel and Moorman (Parcel [6]) correctly pointed out that the primary contribution of the 
Maney-Goldberg method is in its rapid computation of first approximations of the end rotation of beams and 
columns and consequently, an initial, accurate estimate of end moments. It is this physical approximation of 
rotations at the end of beams and columns that is the heart of the Maney-Goldberg Method.   
The final mention of the Maney-Goldberg that is readily found in the literature is a 1962 Master’s thesis from the 
University of Wisconsin-Madison (Agarwal [1]).  It is telling that Agarwal mentions the availability of electronic 
computers to speed up the calculation process.  Certainly, the advent of structural computations via matrix 
methods pushed the Maney-Goldberg method into obscurity. 
  

2. The Maney-Goldberg Method 
Details of the steps of the Maney-Goldberg Method are exactingly described in the original paper (Goldberg [5]) 
and in Parcel and Moorman’s textbook (Parcel [6]), yet they still merit extra guidance here in this paper.   
Referring to Figures 1 and 2 may help new users get comfortable with the method more quickly.  Figure 1 
describes column rotation as the beams do not rotate due to column inextensibility. 
 

 
Figure 1. Definition of joints and rotations 

 
 

In Figure 2 one will note that columns are lettered  w, x, y left to right and that floors are numbered m, n, o from 
the bottom up.  Thus, the nth story will lie between story m and story n.  The joints are separated into two groups, 
Group 1 and Group 2.  The distinction between the two is skipping pattern as shown in Figure 2. 
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Figure 2. Definition of two groups of joints 

 

Step 1 is to calculate the relative stiffness K, of each member 𝐾 = 𝐼
𝐿
, as well as the summation of all of the 

stiffnesses of all of the columns of a given story ∑𝐾𝐶𝑛, and the summation of all of the stiffnesses of all of the 
beams (G for Girders in the original paper) of the mth floor ∑𝐾𝐺𝑚 and the stiffness of each joint  ∑𝐾𝑗𝑜𝑖𝑛𝑡  
 
Step 2 is to calculate the total shear due to the lateral wind load at each story, and to calculate the worst bending 
moment at each story induced by this total shear.  This bending moment is referred to as the floor moment. 
 
Step 3 is to calculate an initial rough estimate of θ' for each mth story, using the worst wind moment at that story 
Mm and the worst wind moment on the story above Mn. 
 

𝜃′𝑚 =
𝑀𝑚 + 𝑀𝑛

12∑𝐾𝐺𝑚
              [1] 

If the story being investigated is the first story and the bases of these columns are pinned then use: 
 

𝜃′1 =
2𝑀1 + 𝑀2

12∑𝐾𝐺1
              [2] 

If the story being investigated is the first story and the bases of these columns are fixed then use: 
 

𝜃′1 =
𝑀1 + 𝑀2

12∑𝐾𝐺1 + ∑𝐾𝐶1
       [3] 

 Step 4 is to calculate an initial rough estimate of R' the chord rotation for each nth story using: 

𝑅′𝑛 =
𝑀𝑛

6∑𝐾𝐶𝑛
+ 
𝜃′𝑚 + 𝜃′𝑛

2
                  [4] 

 
Step 5  Calculate 3 ∙ 𝐾𝑐𝑛 ∙ 𝑅′𝑛 for each column (For subsequent cycles use) 3 ∙ 𝐾𝑐𝑛 ∙ 𝑅𝑛 
R is the rotation of a chord, but only the columns experience this, not the beams due to column inextensibility. 
 
Step 6 Separate the joints into two groups of alternate joints as shown in Figure 2  
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One group includes Joints 1A, 1C, 1E etc., 2B, 2D, etc. and the other group accounts for the remaining joints. 
For each joint of the first group calculate the quantity in Equation 5, where Kjoint in Equations 5, 6 and 7 refer 
to the first group of joints: 
 

∑ 3𝐾𝐶𝑅′
3∑𝐾𝑗𝑜𝑖𝑛𝑡

                [5] 

 
 
Unless the calculation is for a pinned first floor, then use: 
 

3𝐾𝐶2𝑅′ +  1.5𝐾𝐶1𝑅′1
3∑𝐾𝑗𝑜𝑖𝑛𝑡 − 1.5𝐾𝑐1

           [6] 

 
Or if the calculation is for a fixed base first floor, then use: 
 

∑(3𝐾𝐶𝑅′)
3∑𝐾𝑗𝑜𝑖𝑛𝑡 −  𝐾𝐶1

                 [7] 

 
Equations 5, 6 and 7 occur only once during the analysis. 
 
Step 7 is to calculate a refined estimate of the joint rotation for the second group of joints.    
 

𝜃𝑛𝑥 =
3𝐾𝐶𝑛𝑥𝑅𝑛 + 3𝐾𝐶𝑜𝑥𝑅𝑜 − ∑(𝐾𝑖𝜃𝑖′)

2∑𝐾
       [8] 

 
Here 𝐾𝑖𝜃𝑖′ is the scaled rotation at the ith joint due to rotation of far end joints of each member framing into the ith 
joint. 
 
And then using Equation (8) calculate a series of θ values for the second group of joints, based on the results of 
Steps 6 and 7. 
 
Then, Equation 9 is repeated to find a more refined chord rotation,  𝑅𝑛 which uses the first estimates of the joint 
rotations 𝜃𝑛 from Equation 8 for the first and second group of joints.  After this repetition, convergence is nearly 
complete if using hand calculations. 
 
Then repeat Step 7 to get a second θ approximation and a second R approximation.  
 
Having arrived at the correct rotations θ first group and  θ second group use these to find the final chord 
rotations by: 
 
 

𝑅𝑛 =
𝑀𝑛

6∑𝐾𝑐
+
∑�𝐾𝑐𝑛𝑥(𝜃𝑚𝑥 − 𝜃𝑛𝑥)�

2∑𝐾𝑐
       [9] 
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After convergence of the chord rotations R and the end point rotations θ, the final end moments of the columns 
are rapidly calculated using: 
 

𝐶𝑜𝑙𝑢𝑚𝑛 𝐹𝑖𝑛𝑎𝑙 𝑀𝑜𝑚𝑒𝑛𝑡 = 𝐾𝐶(3𝑅 − 2𝜃𝑛𝑋 − 𝜃𝑚𝑋)       [10] 
 
And since there is no chord rotation of the beams (Girders G) due to axial inextensibility of the columns then 
only use the left (x) and right (y) end rotations of the nth floor : 
 

𝐵𝑒𝑎𝑚 𝐹𝑖𝑛𝑎𝑙 𝑀𝑜𝑚𝑒𝑛𝑡 = 𝐾𝐺�−2𝜃𝑛𝑥 − 𝜃𝑛𝑦�       [11] 
 
A powerful feature of the Maney-Goldberg method, compared to the moment distribution method, is that the 
lateral story drift D of each floor is rapidly obtained using: 

𝐷 = 𝑅ℎ
𝐾

2𝐸𝐼
ℎ

= 𝐶𝑅ℎ                           [12] 

Where h is the story height and 𝐶 = 1
2𝐸

 

 

2.1 MATLAB implementation of the Maney-Goldberg Method 
While the Maney-Goldberg method is an extraordinarily efficient and accurate hand calculation method for 
frames subjected to lateral loads, a study of the method was used via the programming language MATLAB to 
see how the method compares to modern commercial structural analysis programs for a variety of frame aspect 
ratios. The Maney-Goldberg method was applied to four different frames subjected to wind load, of widely 
varying aspect ratios. Table 1 summarizes the remarkable accuracy of the method 

Table 1. Summary of Comparison Study   

Frame 
# of 
Bays 

# of 
Storys 

Moment 
error Drift error 

I 1 8 0.008% none 
II 8 1 0.023% 0.090% 
III 1 3 0.003% 0.003% 
IV 3 5 0.003% 0.002% 

 
The data from Table 1 is shown again as a visual summary in Figure 3.  
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Figure 3.  Visual Summary of Maney-Goldberg vs Commercial Software 
 

2.2 Conclusions 
MATLAB was used to automate the iterative process of the Maney-Goldberg method. A program was created 
where the user can input any number of bays and storys, and base columns could be fixed or pinned.  Yet the 
method lends itself very readily to hand calculations, in particular when a sketch of the frame is available, then 
one can draw the various iterations on the frame itself, as is traditionally done in the moment distribution 
method.  The Maney-Goldberg method could be automated somewhat on a spreadsheet, if one is exploring a 
particular problem.  But to do a wide ranging parametric study, as was done here, requires a more automated 
environment such as afforded by MATLAB. 
The method performed exceedingly well, errors in final end moments were barely measureable as compared to a 
commercially available structural analysis program.  Final story drifts were almost exactly the same as the 
commerical program results, with miniscule errors for all but the most squat and extreme aspect ratio. 
Part of the allure of this method is its remarkable efficiency and accuracy.  Even with one iteration, approximate 
answers are very close to exact values.  Another part of the allure of this method is its unusual history.  It 
generated a large amount of enthusiasm when it appeared in the 1930s, then it only periodically showed up in a 
few publications in the 1960s and 70s.  By the 1980s, a few seasoned practitioners still used the method in the 
office, but by and large it was totally lost and forgotten. 
A goal of this paper is to once again generate that initial excitement for the method with the hopes that 
academics would introduce it in their classes.  This is important especially today, as students put unwavering 
trust in their computer models, this method provides an exceedingly accurate and rapid means of checking 
computer results. 

Frame I 
Error in end moments 0.008% 
No appreciable error in story drifts 

Frame II 
Error in end moments .02% 
Error in story drifts .09% 

Frame III 
Error in end moments .003% 
Error in story drifts .003% 

Frame IV 
Error in end moments .003% 
Error in story drifts .002% 
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