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Beam seat stiffeners, such a s those employed for beam 

and crane girder connections in indus trial building, are 

structural elements which, to date, are designed us ing rule

of-thumb procedures. Both theoretical and experimental results 

of previous investigations into this problem are available. 

The propo s ed des ign methods contained therein, however, are 

encumbered with complex equations and multiple graph value 

determinations . For these reas ons, current design practic~ 

usually involves providing stiffener plate thickness es 

considerably in excess of that of the supported member's 

web, rather than making any realistic attempt to optimize the 

design with a minimum thickness. 

The finite element method of analysis was used in thi s 

study to determine the stres s levels within a triangular 

stiffener plate. These findings were combined with earlier 

theoretical and experimental inves tigations to rationally 

develop des ign aids which will enable a designer to quickly 

determine a minimµm stiffener plate thickness. Both yield 

s tress limitations and buckling considerations were incorporated 

into the desi gn aid formulations. 
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CHAPI'ER I 

INTRODUC·r ION 

1.1 Problem Statement 

The objective of this study was to investigate the 

elastic behaviour of triangular stiffener plates, which 

1 

are frequently employed for beam/column connections. Fig. 1.1 

shows a typical application of a triangular stiffener plate 

in welded cons truction. 

X r Top edge 
edge 

A 

L 
edge 

Supported edge 

13 •, 

Fig. 1. 1. Welded Construction 

The analysis of the welded as s embly wan accomplished 

using the finite element ~echnique(l)* along with the 

Ziehkie~icz-Cheung( 2 ) finite element program. The results 

from the analysis were combined and compared with previous 

theoretical(J) and experimental( 4) investigations in order 

to develope useable design aids. 

*Number in parenthesis indicates reference cited. 



When a designer is confronted with specifying the 

proportions of a triangular stiffener plate, two distinct', 

yet related, constraints, present themselves. These are, 

1.) The location .. and magnitude of the maximum 
stress ( 6. y) . 

2.) ·I'he location and magnitude of the critical 
buckling stress (A CR). 

2 

A finite element analysis could provide the location_and 

magnitude of the maximum plane stress and the maximum free 

edge stress. However, it was necessary to employ mathematical 

formulations()) in the determination of the critical buckling 

stress, since the Z-C program was limited to plane stress 

applications. 

Numerous difficulties were encountered due to the 

fact that definitive boundary conditions , out-of-plane 

displacements , and applied load di s tributions have not been 

completely defined in most accepted design procedures. It 

was required, therefore, to initiate the finite element 

analysis using the conclusions developed from the findings 

of the theoretical work by Salmon()) and the experimental 

work by Buettner & O'Sheridan( 4). 

The following statements form a basis for the finite 

element approach to this problem, (See Figure 1.1) 

1.) Translations in the x and y directions of the 
supported vertics l edge were zero. 

2.) Translation in the x direction of the loaded edge 
was prevented. 

J.) Loading conditions were varied. 

4.) Displacem&nts were entirely in plane. 



5.) Rotations of the triangular plate due to n0lumn 
bending were ignored. 

6.) The plate remained an in-plane entity until 
buckling occurred. 

Before the finite element analysis approach can be 

presented, pertinent previous theoretical and experimental 

work will be reviewed, in detail,--. where necessary. 

1.2 Classical Approaches to Buckling Problem 

J 

Timoshenko( 5) first attempted to solve the buckling 

problem by finding the solution of the differential equation, 

which described the problem in terms of stress distribution. 

However, since the stress distrib~tion is neither constant, 

nor is there a readily expressible variation throughout the 

triangular stiffener plate, the resulting differential 

equation becomes considerably complex. Therefore, even 

though the differential equations may have led to a solution, 

the considerable complexities involved eliminated any 

practical use of the technique. 

In other attempts to solve the buckling proble~, 

both Timoshenko(5) and Ritz( 6) developed equations describing 

the behaviour of the triangular plate (See Fi gure 1.1) in 

terms of equilibrium and potential energy. In order to 

satisfy all of the boundary conditions, expressions for the 

displacements must be developed. These expressions proved 

to be extremely difficult and cumbersome to develope. The 

energy approach to the problem had to be either discarded or 

modified if it was to be a practical solution to the 

buckling problem. 
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1.J Salmon's Solution to the Buckling Problem 

Salmon(J) used the generalized energy methods employed 

by both Timoshenko(5) and Ritz( 6) for the solution to the 

buckling problem (See Figure 1.2). Salmon took advantage of 

a unique feature of the energy approach, i.e., expressions 

for displacements need not satisfy all boundary conditions, 

but only these geometric requirements along the edges of the 

triangular plates. Expressions for displacements in the 

conventional u, v, and w directions were established by 

Salmon using a power ~series form for both simply supported 

and fixed supported plates (These support conditions apply 

to the supported edge shown in Figure 1.1). 

The solution to the power-series equations yielded 

the critical value V (See Figure 1.2) at which buckling was 
0 

imminent. With this value known, the stress distributions 

were then determined along the edges of the triangular plate. 

The maximum stresses when buckling was imminent were the free 

edge stresses and thus, the critical buckling stresses 

magnitude and locations were determined. These values 

depend upon the support conditions of the plate, either 

sim~ly supported or fixed along the supported edge. 

Salmon then developed a relationship which expressed 

the critical stress for both fixed and simply supported 

edge conditions. The equation takes the form 

•CR= K 

(A/t> 2 ( 1. 1) 
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Fig. 1.2. Critical Buckling Displacement 

1 he buckting coefficient K, which is a function of the 

material properties, has a single value for all plates having 

the same aspect ratio .( loaded to supported edge ratio) and 

the same supported edge conditions. Figure 1.J shows the 

variation of K with respect to the aspect ratio · a·nd the 

supported edge condition. These variations grouped graphically, 

sh6w the ·critical buckling stresses for different sizes 

and thickness of plates ( See Figure 1. 4). 

1.4 Experimental Verification of Salmon•s Findings 

Physical testing of triangular stiffener plates was 

performed by Buettner and O'Sheridan( 4) as a follow-up of 
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the theoretical analysis done by Salmon. The objective of 

the laboratory testing was to verify the reliability and 

accuracy 6f the theoretical design equations proposed by 

Salmon. 

Plate sizes were selected with aspect ratios from 

0,75 to 2.00 which include the range of Salmon• ~ design curves. 

In addition, plate sizes and the thicknesses were chosen 

using Salmon's design equations to produce both buckling and 

yielding type failures, In order to further insure both types 

of failure, small and large dimension plates were selected, 

The plates chosen for the experimental work are listed in 

Table 1. 1. 

TABLE 1. 1 

EXPERIMENr AL STUDY PLA'r E SCHEDULE 

• • • 
Plate Plate Sizes 

Thickness Ratio 1 2 
II A II A/B A X B Ax B 

( iwhes) Small Large 
(inches) (inches) 

0,75 9 X 12 22½ X 30 
1.00 9 X 9 JO X JO 

I 1/4 13½ X 1.50 9 30 X 20 
2.00 18 X 9 30 X 15 

0,75 9 X 12 22.1. X 2 JO 
1.00 9 X 9 30 X 30 

. 3/8 1.50 1J½ X 9 JO X 20 
2.00 18 X 9 JO X 15 
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The plates and their boundary conditions were designed 

to duplicate the conditions in Salmon's theoretical study. 

The load application, which was an important factor in the 

testing program, was in all cases concentrated along the 

loaded edge approximately 60% of the distance from the 

supported edge rather than distributed as is the actual case 

(See Figure 1.5). 

R 

.,___-< .6A----~ 

I ... ~----A 

Fig, 1. 5. 'l1 he Experimental Study• s Load 
Application 

In order to determine the stress levels and displacements 

during testing, both SR-4 resistance type and dial type 

strain guages were employed. The SR-4 guages were located 

at twenty-six positions on each side of the triangular plates, 
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and the dial guages in a total of seventeen locations. 

Results from the physical testing program differed 

somewhat from Salmon's theoretical investigation. The JO% 

fixity along the supported edge as suggested by Salmon (See 

Figure 1.J) for design purposes was found to be much too 

conservative. Furthermore, as the aspect ratio became 

larger, it became nearly impossible to produce a buckling 

failure in welded construction, even for plates having 

large dimensions and small thicknesses. Also, with a higher 

amount of fixity, any plate which actually failed by buckling 

would be expected to fail at a higher load than predicted by 

theory; i.e., it is logical to expect more plates to fail 

by yielding rather than buckling. 

Based upon these experimental results, the curve 

describing the stiffness coefficient K for welded construction, 

was found to actually lie closer to the totally fixed curve 

(See Figure 1.6). This, in turn, increased the edge stress 

level required to produce ·a buckling failure, and demonstrates 

that yielding is the predominant form of failure for 

triangular beam seat stiffener plates. 

1.5 Summary of Existing Design Techniques 

Current practice allows several different approaches 

to designing the triangular plates. 'r hese are bas ed upon 

emp1rical observations and simplifications in load distrib

ution, with the de.signer usually f ree to choose whichever 

system deemed acceptable .• 
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These methods are briefly described as follows1{7) 

1.) Triangular plate thickness> TWEB 

2.) Triangular plate thickness > ( 1. 4) (T WEB) 

J.) Triangular plate thickness~! Fy~~AM l(TWEB) 
for FY 50 KSI 

4.) Triangular plate thickness > ( 2)(TWEB) for AJ6 

5.) Triangular plate thickness > ( 1. 5)(TWEB) 
for FY = 50 KSI. 

12 

Another commonly used approach assumes the plate to 

act as a cantilever beamC 9 ) in which the stresses are 

determined using ordinary beam theory. This results in the 

employment of excessively thick plates and thus leads to 

waste of material. 

Buckling was not directly considered in either 

approach since it was assumed that by specifying such large 

thicknesses buckling would not occur. However, the 

possibility of buckling may be conservatively checked by 

assuming that the reaction R' (See Figure 1.7) acts 

concentrically on the strip which is cross-hatches. This 

strip forms a column of length AC and rectangular c,ross

section of t*(b cos ()('..)/4 which is not only conservative, 

but arbitrary at best. 

It is easily seen, that the arbitrary state of 

design can lead to material waste, particularly if the 

stiffened seat connection is used repeatedly as in 

pre-engineered buildings applications. 
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CHAPI'ER TWO · 

DEI'ERMINING THE FINITE ELEMENT MODEL AND PRELIMINARY 

TESTING FOR ACCURACY 

Selection of Finite Element Computer Program 

14 

Since the analysis of the triangular stiffener plate 

primarily a plane stress problem(S), it was ideally 

suited for solution via the finite element method of analysis. 

By using any of the readily available finite element programs, 

the stress distribution within the plate could be eas ily 

determined. In this study, the finite element program used 

was developed by Zienkiewicz-CheunJ*( 2 ), which incorporated 

a linear constant strain triangular element. Secondly, the 

format of the program could be easily modified -or changed. 

Finally, the applied loading, the geometry, and the boundary 

conditions could be selected and altered easily. 

2.2 The Finite Element Model 

The advantage presented by utilizing the finite 

element approach was that with proper modelling techniques, 

complex bodies could be analyzed both quickly and accurately. 

It became necessary to carefully determine the best possible 

* 
** 

Hereafter referred to as Z-C. 
See Appendix A for listing of program. 
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model in order to accurately determine the stresses through

out the triangular plate. 

2. 2. 1 'rhe Element Configuration and Building Code 

Due to limitations impos ed in the Z-C program, the 

maximum number of elements was limited to one hundred (100). 

The two configurations shown in Figure 2.1 were found to be 

the most consistent and symmetrical in their arrangement 

for the triangular plate problem. 

1 A 

B 

case A Cass B 

Fig . 2.1. Pos sible Configurations 

Despite the choice for the configuration, the 

boundary conditions had to be established. By using the 

displacement criteria established in the experimenta1< 4) and 

theoretical(J) works, translations were taken as zero in x 
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and y directions along the supported edge and in the x 

direction along the loaded edge. The boundary conditions 

were thus established. These are illustrated in Figure 2.2. 

Note that rotational displacements have no real meaning 

in the plane stress approach. 

Fig. 2.2. Boundary Conditions as Modelled 

2.2.2 Load Distribution 

_Perhaps the most important parameter in the analysis 

of the triangular plate was the distribution of load across 

·the loaded edge. Current design practice(?) was to assume 

a uniform distribution and ignore any concentrations. However, 

in both the experimenta1< 4) and theoretical(J) .works, it has 

been found that this was not the case, but rather a special 

case. The load distributions assumed, calculated .or measured 
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in past studies were functions of the type of load, the 

supported beam stiffness, the adequacy of the welds, and 

initial crookedness. With all the variables to consider, it 

becomes extremely difficult to determine how the plate stresses 

vary with a corresponding change in the load distribution. 

In order to determine the degree of variance in 

stress effects for various loading conditions, a series of 

loading arrangements were assembled. These loadings, presented 

in Figure 2.3, represented distributions assumed in earlier 

approaches plus other variations deemed applicable or possible. 

2.2.3 Material Properties 

' ... 
The triangular plate considered in this study was 

taken to be fabricated with structural steel having E = 

29,500 KSI and f = 0. 29 5, and a yield stress of both .36 KSI 

or 50 KSI. These values were in general agreement with 

those taken in the experimental!-4-l and theoretical()) works. 

It was not intended to limit the applicability of this 

study by using only steel, but rather to obtain results 

easily verified by the earlier studies(.3)( 4). 

2.2.4 Preliminary Testing to Determine the Extent of Stress 

Variation Due to a Variation in the Load Distribution 

Since the previous studies(.3)( 4) _ demonstrated that 

the buckling phenomena was dependent upon the maximum free 

edge stress and its location, it was necessary to determine 

the variation in the maximum stress and its location for 
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each load distribution case. A preliminary analysis program, 

which considered one (1) plate from each of the four (4) 

asp~ct ratios in this study, was performed to determine the 

effect of a change in load distribution. Table 2.1 lists 

the plates analyzed in the preliminary study. 

rrABLE 2.1 

PRELIMINARY TESTING PROGRAM 

A/B Ratio 

0.5 
0.75 

1.0 

1.5 

Dimensions (inches) 
( AxBxt) 

9 X 18 X 1 
15 X 20 X 1 

24 X 24 X 1 

24 X 16 X 1 

To determine the degree of stress variance, it was 

necessary to apply each of the selected plate sizes and 

thus, establish the maximum stress and . its corresponding 

-location. Resultant applied loadings of 50K and 25K .wer.e_ 

then distributed across side A (See Figure 2.1) at the nodes 

of each plate. 

With the finite element analysis yielding the maximum 

free edge stress, which was also the maximum plate streGS, 

it became evident how the different load distribution cases 

affected the stress distribution. This is illustrated in 

Figure 2. 4 for the 24" x _24" x 1" plate. By discarding 
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those cases which produced large stres s concentrations in~ 

elements along the loaded edge, say directly beneath an applied 

concentrated load, and those which were cons idered impractical, 

it was found that the variation in the maximum free edge 

stress for each aspect ratio fell within a narrow range for 

most applied load distribution cases (See _-Figure 2.4). This 

type of distribution was also evident in the plates tested 

from the other aspect ratios ; i.e., the variation in the 

magnitude of the maximum stress fell within a similar narrow 

range. 

Bas ed upon the res ults of the preliminary analy:-, i s , 

it was concluded that the stress distribution within the 

triangular plate was not entirely (or predominantly) controlled 

by the load distribution chos en. Cas e J (See Fi gure 2.J) was 

then selected to represent the load dis tribution in t he 

s ubsequent analys is with Case 10 and Case 15 used for 

verification. These were chosen since they repres ented the 

average, minimum, and maximum stress as demonstrated by the 

stress ranges shown in Figure 2.4. 

2.2.5 Final Selection of the Model Configuration 

With the boundary conditions , material properties 

and load di s tributions establis hed,the two trial model 

configurations were then analyzed in order to determine 

which more closely simulated the experimental results ( 4). 

Important compari sons between the finite element analysis 

and the experimen~al res ults were thought to bes 



1.) The magnitude and s i gn of the maximum free 
edge s tre ss. 

2.) The location of the maximum free edge s tress (See 
Figure 2. 5). 

A plate with an as:pect ratio of 1. 0 and dimen • ., ion::, of 

30" x 30" x ¼" was cho s en for compari s on as thi s s ize was 

al s o tested by Buettner and O'Sheridan( 4). 

21 

Re sultant loadings equal in magnitude s to the applied 

load s us ed on on Buettner and O'Sheridan's experimental 

JO" x 30" x ¼" plate were applied to the finite element 

models us ing load Case J. Table 2.J illustrates a comparis on 

between the analysis of the two model s and the experimentai 

counterpart. Slight variations between the SR-4 strain 

guage and finite element s tres ses were not considered critical 

since strain gauges are often affected by a ho s t of 

conditions which cannot always be exactly controlled. Al s o, 

it has been shown that a slight variation in s tres s levels 

exi s ts when the load di s tribution varies (See Figure 2.4). 

It is evident from Table 2.J that Cas e B modelled 

the experimental triangular plate s tres s levels and their 

directions accurately. · However, Cas e A modelled neither the 

s tres s levels nor their directions. 

Before the selection of the finite element model 

could be finalized, it was necessary to co m,ider the s econd 

important comparison; i.e., the location of the maximum 

free edge stress . The experimehtal( 4) and the theoretical()) 

studies demonstrated that the pos ition of the maximum free 

edge stress i s constant within each aspect rati6. In order 

to determine the location of the maximum free edge s tres s 
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A/B = 1.0 

individual load cases 

(Notea A similar relation 
exists for Case A1 see 
Figure 2,1) 

-8 -10 -12 

Stress in KSI 

Fig. 2.4. Load Case Stress Variance 
(Graph shown is for Configuration B1Figure 2.1) 
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'11 ABLE 2. J 

COMPARISON OF MAXIMUM STRESS RESULTS 

I 

Load In Kips 
10 15 JO 

--
' 

ci maximum (psi) 
-4,860 experimental -7 , 27 5 -14,610 

6 maximum (psi) 
finite element -4, 600·_ -6,900 -lJ,800 

Case B 

A maximum (psi) 
+24, 562 . finite element +8,187 +12,281 l 

Case A 
' 

+ Tension 
- Compression 

Finite element position of 6 maximum= 0.50* 

Theoretical position of 6maximum = 0.50 

Experimental position of iS maximum= 0.65 

Plate size JO" X JO" X ¼" 
A/B. Ratio = 1. 0 

* 

40 

-19,620 

-18,400 

+.32,750 

Position along f ree edge as measured from the 
loaded edge. See Figure 2.5. 

2J 
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within the models, one (1) plat e f rom each of the f our (4) 

a s pect ratio s wa3 loaded with applied re 3ultant s of 40K 

using load Cas es 3, 10, and 15 (See Figure 2.3). Table 2. 2 

(See al s o Fi gure 2.5) presents a comparison of the f inite 

element locations of t he maximum free edge s tres s f or t he 

various a r~ pect ratio :, along with the res ult s of Salmon' s 

and Buettner and 0'Sheridan' s earlier s tudies. No t e, ho wever, 

that even t hough solutions uGing c onfiguration•_; A and B 

gave oppos itely sens ed stres ses , the locations of the 

maximum free edge s tresses were.the s ame f or both conf i gurat ions . 

Bas ed upon t he s e compari s ons , conf i guration A was eliminat ed 

frpm further cons ideration. Confi gurat ion B was found to 

model both the stres s level s and the respective locations 

accurately and, thus , was chosen a s the sole f inite element 

model throughout the s t udy. It is for thi s reason that 

Fi gure 2. 6 was presented. 

2.3 Scope of the Analys is Program 

Twenty di f ferent plat e s izes were analyzed, wi t h the 

range of s izes falling into four (4) aspect ratios: 0.5, 

0,75, 1.0, and 1.5. Thes e s izes and ranges were thought to 

be represent ative of tho s e commonly us ed in s tructural practice. 

·r he actual plate dimens ions cho s en permitted enough deviat ion 

s o that any relations hip existing between the plate s izes 

would become eas ily noticeable. Table 2.4 gives a listing 

of t he plate s izes that were analyzed. 



* 

A/B Rat io 

0.5 
0.75 
1.0 
1.5 

* 

TABLE 2. 2 

MAXIMUM FREE EDGE ST RESS 

AS A RATIO OF D/C 

Finite Element Salmon 

D/C D/C 

0.25 -
o.4o o.4o 
o. 50 O. 50 
0.65 0.85 

Experimental 

D/C 

-
0.50 
0.65 
0.90 

Case A and Cas e B both exhibited their maximum free edge 
s tre s s at t he s ame locations . 

25 
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Fig. 2.5. Free Edge Stress Location 
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Fig. 2.6. 

27 

The Finite Element Mode1 and 
Element Numbering (See Appendix A) 



TABLE 2.4 

PLATE TESTING SCHEDULE 

A/B Ratio 

0.75 

1.0 

1.5 

Dimensions (Ax B) 
(inches) 

e, X i2 

9 X 18 
12 X 24 
18 X )6 

24 X 48 

6 X 9 

9 X 12 
15 X 20 
18 X 24 
JO X 40 

9 X 9 
12 X 12 
18 X 18 
24 X 24 
JO X JO 

6 X 4 

15 X 10 
18 X 12 
36 X 24 
30 X 20 

28 
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- - - - - - - - - - - -

CHAPrER 3 

PRESENTATION OF RESULTS 

3.1 Final Analysis 

The preliminary analysis program established the 

accuracy and the selection of the finite element model. It 

became necessary to then expand the investigation for all 

the aspect ratios and plate sizes listed previously in 

Table 2.2. The total (resultant) load application consisted 

of a 40 kip load distributed at the nodes along Side A (See 

Figure 2.2) using the distribution designated as Case 3 in 

Figure 2.3. Only one load application was necessary per 

plate since the finite element analysis is linear and 

elastic; i.e., the results for a 20 kip applied resultant 

load is one half that for the 40 kip load, and so on. 

3.2 Results 

The results of the expanded analysis program are 

presented in Figures 3.1 through 3.4 inclusive. These 
' 

curves represent the longitudinal free edge stress 

distribution; i.e., stress in a direction parallel to the 

free edge, and indicate the location of this maximum 

longitudinal stress for all of the plates considered under 

the action of a 40 kip load, distributed as noted 

earlier. These plots verify that the location of the 
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A/B Ratio = o. 50 
Thickness = 1.0 inch 

Fig. J. 1. Longitudinal Free Edge 
Stress Distribution 

A--6" x 12" 
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E--24" X 48" 
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Compression Stress (KSI) 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

• 1 
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~ 
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~ 
'O 
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Q) • 7 0 
Q) 

J..t 
Pt.. 

.a 

.9 Load = 40 kips 

1.0 

A/B Ratio = 0.75 
Thickness = 1.0 inch 

Fig. J.2 Longitudinal Free Edge 
Stress Distribution 

A--J(Y X 40" 
B--18'' x 24" 
C--l.5'' X 20" 
D--9" X 12" 
E--611 X 8" 
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maximum free edge stress is constant for any aspect ratio. 

It should be noted that the maximum longitudinal free edge 

stress is also the maximum stress for the entire finite 

element model. It must be further emphasized that the 

direction of this maximum stress, as yielded by the finite 

element analysis, is the same as the direction of the cri-tical 

buckling stress derived by Salmon and Buettner and O'Sheridana 

i.e., the maximum compressive principal stress (noted 

earlier as the longitudinal free edge stress) is in a 

direction parallel to the free edge as evidenced, for example, 

in Figure 3. 5 for a 24" x 24" x 1" plate. 

element 
number 36 
~ Fig. 2.6 

V 
L 

Fig. 3.5. Maximum Longitudinal Stress 
Directions 
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An important relationship extracted from the 

graphical presentations is that the free edge stress is 

inversely proportional to the loaded edge length(A)i i.e., 

the edge stress is doubled when the loaded edge length(A) 

is halved. For example, in Figure J.J the maximum stress 

for a 9" x 9" x 1" plate is 15.4 KSI, while the maximum 

s tress for an 18" x 18" x 1 11 stress is 7,7 KSI, 

Since linearity exists between different resultant 

loads on an individual plate, the relationships bewween the 

free edge stress levels and the loaded edge length(A) may 

be utilized more practically as illustrated in Figure 3.5 

for an A/B ratio of 1,0 and a plate thickness wqual to 

one(l) inch. Note that the plots for other aspect ratios 

may be similarly constructed. 

The stress di stributions shown in Figures J.1 through 

J.6 inclusive are for a plate thicknes s of one(1) inch. 

Since all plates are obviously not one(l) inch thick, a 

method must be establi shed to calculate stresses for plate 

thicknesses other than one(1) inch. Thia apparent 

difficulty may be overcome by taking advantage of the 

construction of the finite element stiffness matrix. This 

matrix is fonned by calculating the nodal force s in the u 

and v directions for each node due to a unit displacement 

occurring in the direction of each degree of freedom 

(See Figure J.7); e.g., in equation (J.1), which illustrates 

the stiffnes s matrix, the u11 value is actually the nodal 

force in the u1 direction due to a unit displacement in 

the u1 direction. 
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and 
{Q} = load matrix. 

Thus, the stress levels in a one(l) inch thick plate may be 

divided by any desired thickness tin order to determine the 

stress level in the plate of t thic'kness. Equation 3.3 

describes this operation. 

( 4 one inch 
thickness ) = 4thickness (J.J) 
desired desired 

The steel used in this study was taken at either 

36 or 50 KSI. By using equation J.3 the minimum thickness 

prevent failure by yielding can be easily determined. For 

example, a one inch thick triangular plate with a maximum 

free edge stress of 12 KSI and of a steel with FY= 36 KSI 

can be used to compute the required thickness if the stress 

level is permitted to reach the yield limit of 36 KSI. 

The process proceeds as follows, 

to 

one inch 

hickness · ) 
desired 

= tinches {J.4) 

substituting 

12 k. . . 2 ips in in 
= 0.333 inches. 

in2 .36 kips 

Similarly, the same plate with 50 KSI steel will require 

a thickness of only 0.24 inches. This relationship can be 



J 8 

V 

u 

Fig. 3,7. Triangular Plane Stress Element 

ull 

v21 ~22 ( symmwtrical) 

[K] = E t U31 U32 UJ3 ( 3. 1) 
4( 1-f 2)Area V41 V42 V43 V44 

U51 U_52 u53 U.54 U.5.5 

v61 v62 v63 v64 v6.5 v66 

More importantly, equation 3,1 indicates that the 

thickness of an individual element and thus, the plate~ 

maintains a linear effect on both the element stiffness and 

the corresponding stress as shown in equation (J.2)1 

{ 4 ) = [D] ( B 1 L K J -l ~ Q ) ' 

where [ DJ = elasticity matrix 

(B} = displacement strain matrix 

[ K] -l = stiffness matrix inverse 

(3,2) 
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expanded and illustrated as a series of curves as shown in 

Figure 3.8 for an aspect ratio of 1.0 and a yield stress of 

36 KSI. Note that the plots for other aspect ratios and 

yield stresses may be similarly plotted. 

However, as the loaded edge increases in length, the 

stress becomes increasingly smaller (See Figure J.6) and the 

thickness based upon yield criteria (See Figure 3.8) also 

becomes increasingly smaller. At this point, the plate 

exhibits an increased potential to buckle1 i.e., the 

maximum longitudinal free edge stress for small plate 

thicknesses may reach the critical buckling stress before 

the yield stress can be achieved. Therefore, the curve shown 

in Figure J.6 has a limited range of application. It was 

here that the critical buckling stress equation proposed by 

Salmon(J) and verified experimentally by Buettner and 

O'Sheridan( 4 ) was introduced. With the maximum longitudinal 

free edge stress known for a one(l) inch thickness and its 

relationship to other thicknesses established, the minimum 

thickness required to prevent failure by buckling can be 

calculated. Recalling the buckling equation, 

~ K 
critical -

(A/t) 2 ( 1. 1) 

where 
K = s tiffness coefficient (from Figure 1.J) 

A = loaded edge length 

and 
t = plate thickness, 
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and equation J.J, 

( L one inch 
thickness 
desired 

) 
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=/2 h" t 1ckness, (J.J) 
desired 

which determines stress based upon thickness, it is possible 

by equating equation (1.1) and equation (J.J) to detennine 

the critical thickness at which the triangular plate will 

attain the critical longitudinal buckling stress for a 

particular resultatn load and loaded edge length(A). By 

setting 

L{ = / . . 1 t ~ cr1t1.ca , 

substituting in the ~ppropriate tenns, 

6 one inch 

tcritical 

= 
2 

Kt critical 

Rearranging the terms and taking the cube root 

t one inch 
A2 

critical= K 

(J.6) 

(J.7) 

yields, 

(J.8) 

By applying the equation for each load and loaded edge 

within each aspect ratio, a set of curves may be developed 

which represent the critical buckling thicknesses. Figure 

J.9 depicts the critical buckling thicknesses for an aspect 

ratio of 1.0. Note that the yield stress does not enter 

into the buckling formulations. 
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By combining the curves based upon the minimum 

yield thickness criteria (See Figure J.8) with those 
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based upon the minimum buckling thickness criteria (See 

Figure 3.9) and plotting only the larger or controlling 

value, a useful set of design curves may be developed. For 

the four(4) aspect ratio s and the two steels used in this 

study, the design curves are presented in Figures J.10 

through J.17, inclusi~e. 
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3,3 Design Examples 

The advantages of the proposed design curves can 

be best illustrated by using numerical examples along with 

comparisons with the design procedures developed in the 

previous(J){ 4) studies. A thorough analysis of typical 

practical applications will then be demonstrated to show 

the simplicity and versatility of the curves. 

For the first example, a load of 30 kips will be 

distributed (using Case 3) on a stiffener plate of dimensions 

20" x 20". The required plate thickness will be determined. 

By using the A/B ratio of 1,0 and 36 KSI steel, the required 

thickness from Figure 3,14 is 0,211 inches with a failure 

mode by buckling. It should be noted that as yet, no 

factor of safety has been applied. One could be easily applied 

to the load prior to using the design chartsa i.e., use 

factored loads in the design. 

As a second example, say a factored 30 kip load 

{distributed using Case 3) must be carried by a plate 

whose dimensions are JO" x JO", Using the aspect ratio of 

1.0, 36 KSI steel and Figure 3.14, the required thickness 

is found to be 0.241 inches and the mode of failure is also 

by buckling. 

Table J.1 compares these example designs using 

the finite element analysis design curves with designs 

made from the earlier theoretical(J) and experimenta1< 4) 

recommended procedures. 



Example 1 

Example 2 

TABLE 3.1 

DESIGN SPECIFICATION COMPARISON 

THICKNESS AND FAILURE MODE 

I I 

Finite Exferimental Salmon Element inches) (inches) (inches) 

0.211 0,231 0.250 
buckle-mode buckle-mode buckle-mode 

0.241 0.254 0.313 
buckle-mode buckle-mode buckle-mode 
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These two numerical example designs were specifically 

chosen since the plate dimensions A & B were the same as 

those used in both the earlier theoretical and experimental 

studies. These dimensions were deliberately chosen on the 

large s.ize to insure a buckling failure, particularly in 

the experimental procedure. Thus, these numerical examples 

served as a verification of the finite element procedure 

and they are not intended to serve as practical examples. 

In practice, the plate dimensions A & Bare considerably 

less ·than 20" x 20" and JO" x JO" used in the verification 

examples. The following numerical example is intended to 

demonstrateu a practical application of the developed 

design charts. 

Suppose a W 18 x 45 requires a bearing length (n) 

of 9.0 inches to safely transmit a factored shear load of 



A 

90 kips to a connecting column. The aspect ratio can be 

dictated by several considerations to in~lude architectural 

limitations, aesthetic factors, length and size of the 

connecting weld, etc. In this instance, the aspect ratio 

will be initially taken at 1.0. The steel will be taken as 

A36 grade and the loaded edge length(A) will be initially 

taken equal to the required bearing length of 9,0 inches. 

By using the design curves in Figure 3,14,,the minimum 

required thickness is 0.95 inches with failure controlled 

by yielding criteria. However, with the design curves 

available, other aspect ratios may be easily selected in 

order to optimize the volume and hence, the weight of the 

stiffener plate. Table 3.2 summarizes the trial designs 

for other aspect ratios and their respective volumes. 

TABLE J,2 

COMPARATIVE DESIGN SUMMARY 

E60 Electrode 
& A36 

spect Thickness Volume Failure Fillet Weld 
Ratio . (inches) (inches3 ) Mode Size 

(Wmax = t/2) 
(inches) 

0.5 0,477 (1/2)* 38.63 yield 1/4 

0.75 0.685 (11/16) 36.99 yield 5/16 

1.0 0.95 (1) 38.48 yield 1/2 

1.5 1. 63 ( 1 5/8) 44.01 yield 13/16 

* Values rounded up to nearest standard size. 
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The weight was found to be minimum using an aspect ratio 

of 0.75, which is a weight reduction of J.87% over the initial 

choice of 1. 0. 

Final selection of a plate thickness is also 

contingent upon the welding requirements. For . example, 

the minimum fillet weld size for structural purposes is 

3/16". Thus, with a fillet weld on both sides of the 

supported edge, a minimum plate thickness of 3/8" is required 

to insure that a weld stronger than the base material is 

not applied. Also, the maximum fillet weld size that can 

be placed with a single pass (5/16") must also be considered 

for construction cost purposes. These considerations must 

be made in selecting the connecting or supporting length B. 

Typical fillet weld requirements are also shown on Table J.2 

for each design, · 

J.4 Mathematical Formulations 

The aspect ratios analyzed in this study were 

thought to be the more commonly used ratios. It may become 

necessary,however, to have a set of design curves for an 

aspect ratio other than those selected. There are 

mathematical relationships evident which may be used to 

generate a set of design curves for any aspect ratio and 

yield stress. These relationships may be best developed 

by use of a numerical example. Say, for example, that the 

minimum thickness is required for a steel plate with an 

aspect ratio of 2/J, a resultant applied load of 40 kips, 
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a loaded edge length (A) of 1~ inches and FY= 42 KSI. 

To accomplish the design, it is necessary to detennine the 

maximum free edge stress and hence, the required thickness. 

The calculations may be completed for an individual plate 

size; however, with very little further analysis, a complete 

set of design curves may be generated. 

Examination of the generated data has led~to the 

conclusion that for a constant load within a single aspect 

ratio, the loaded edge length (A) times the maximum 

longitudinal free edge stress is a constant ( J ) . This 

relationship can be more clearly illustrated for all aspect 

ratios and a 40 kip load ~y Figure J.18. For an aspect 

ratio of say 2/3, the constant V is found to be 88 kips/inch. 

Dividing by the loaded edge length (A) yields, 

88 kips/inch = 5.5 kips (3.9) 
16 inch in2 

Therefore, the maximum free edge stress for a 16" x 24" x 1" 

plate under a 40 kip resultant load is known. 

The minimum thickness required based upon yield 

criteria is, 

55 kips in in2 
= 

in2 42 kips 0.131 inches. ( 3. 10) 

However, the minimum thickness to prevent premature buckling 

failure may be greater and must therefore be calculated. 

By using equation (J.8), and a stiffness coefficient 

K = 100,000 KSI (See Figure 1.J), 
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tcritical = (5.15)(16) 2 

100,000 
(J.11) 

and, 

tcritical = 0,241 inches. (J.12) 

The minimum thickness required is the larger of the two 

values, or 0.241 inches with failure by bu:ckling. 

A complete set of design curves may be similarly 

generated. 

J,5 Design Recommendations 

The design curves developed by this study are 

primarily applicable to welded construction as illustrated 

in Figure 3.19. A factor of safety, when chosen with a sound 

Fig. 3.19. Applicable Construction 
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engineering judgement, may be used as a load factor due 

to the nonuniformity of the curves. It must be noted, 

however, that welded constructionsutilizes a minimum weld 

size of 3/16" and, in this case with welds on both sides 

as : in Figure 3.19, a minimum plate thickness of J/8"(?) 1 

i.e., the welds cannot be such so as to exceed the capacity 

of the supported section or member. 
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CHAPI'ER 4 

CONCLUSIONS 

The capability of the finite element method of 

analysis to accurately model the stress distribution 

within the triangular plate problem using only the bas~c 

constant strain triangular element has been demonstrated 

by this study. However, irregardless of the sophistication 

of analysis technique, both supplemental theoretical and 

experimental verifications must be perfonJ1ed in order to 

determine the correct model configuration, loading 

distribution and boundary conditions. Without these 

supplemental verifications, especially the experimental 1 

portion, the finite element analysis will be weak and 

unreliable. Thus, in this study heavy reliance was placed 

on the previous investigations. Through this approach, 

analysis with constant verification checks, design curves 

were developed and shown to closely approximate the design 

specifications set forth by the previous investigators 

and designers. 

The real advantage in applying the design curves 

lies in the large scale design and fabrication of pre

engineered steel buildings. Here design with either 

hot or cold rolled sections allows for optimization (by 

minimum weight and weld size) of structural elements such 

as triangular stiffener plates with possible resultant 



savings multiplied over many hundred s of repetitious 

buildings . 
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Further investigation, both theoretical and 

experimental, of the triangular beam s eat sti f fener plate 

is recommended. A finite element analys is with a more 

s ophisticated basic element( s ), including plat e elements , 

and configurations with more elements would be des irable. 

In-plane di s placements of the nodes could be incorporated 

into such an analysis to perhaps veri f y the buckling 

configuration used in the previous analytical s tudies . 
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APPENDIX A 

The finite element program developed by Zienkwicz

Cheung(2), which was used in thi s s tudy, i s li s ted here 

along with flow chart s . The program cons i s t s of a main 

program plus six(6) subroutines to accompli s h the analys is. 

The flow .chart s , the program documentation, plus an example, 

are sufficient for an unders tanding of the pro ~ram. 
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. 

Start 

• Read number of 
problems 

+ 
Loop on number of 

problems 

l 
Call data input 

• 
Loop on load cas es 

t 
Call load input 

' Call form st i f f ne :_;s 

• all equation s olve 

.+ 
Call stres s output 

+ 
End loop on loads 

t 
End loop on 

p roblems 

t 
Stop 

CONrROL 
MAIN 

PROGRAM 

., 
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C C fJ TR UL MA f PRO GRA 
COM MON/ CON TR/TITL E(l 8 ) , NP , Nf , NO , NOF , NCN , NLD, NMAT , NSLF ,LI, NT4 
COMMON COR D(l 00 , 2 ), NOP ( 200 , 4 ) ,I MAT ( 200) , 0RT ( 25 , 2 1, NBC ( 2~ 1,N FJX(2 5 

l, Rl( 200 l, SK ( 2J J , 40 1 
C 
C INil l\ ll H : TAP!: NO. 
C ADO NUMIH: R (lf C URr~ER NUDE MA X. 
C 

N T4= -l l 
NCN= 4 
R [AO ( 5 , 1 l PRCJ IJ 

C 
C LOOP ON NO. OF PROB LE~~S 
C 

no '• 00 NPR= t, NPROB 
i---· 

REW I ND NT4 
C 
C Rt AD I NPU T GEOME TRY AND PR fJ P . 
C 

CALL GOA T A 
NSLF= ~JP* NDF 
uo c 0 L I = 1 , N LO 

C 
C READ LOAUS 
C 

CA LL L) AD 
C 
C F Ll R f>" THf N SOLVE S I MUL T/\NE OUS 
C EQUA TI ON S 
C 

CALL FUR MK 
CALL s L VE 

C 
C C AL C ULA TF ST RE SSES 
C 

CALl STR ESS 
2 0 C 1'11 T I.\I UE 
4 00 CONT INUF 

~ l FORMAT( qJ5 ) I 
ST P I 
E:N D 

,._ I 
I 

r--.. I 
I 
I 

r--_ I 

I 

r--...._ 

r---__ 

I'--



y ~s 

• 

Start 

+ 
Read and print 

cont r ol data 

+ 
Read and print 

material properties 

' Read nodal 
co-ordinates 

' Read element 
connections and typE 

+ 
Read boundary 

conditions 

' Skip printing of 
input data 

f No 
Print nodal 

co-ordinates 

' Print el ement 
connections 

• 
Print boundary 

conditions 
I 
y 

Return 

subroutine 
GDATA 
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C 
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C 
C 

C 
C 

C 
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Ll/\T A 
/ T I T L ( l 8 ) , N P , N - , n , I ) F , C N , N L lJ , MA T , r S L f-- , L I , r-.1 T '• 

l 'l D ( l O O ,2 l , 0 P ( 2 0 , 'd ,I t-1, A T U Ll ) , 0 RT ( 2 5 , 2) , N BC ( 2 ':i ) , N F I X ( 2 ~ ) 
) , SK ( 2JJ , 1-1 .., ) 

R[ An AN • P R ! T TIT LE A~ f) CONT RO L 

PE:A ( '.:> , 7 l TITL 
\,:R I l f ( 6 , 1 0 l T I l L I: 
R - /I D ( 5 , I ) N P , i\J E , t~ , N L D , N r , NM A T , I l 

P IT ( ,1 1 P , fl!f" , H1 , Nlf) , nr , l"'AT ,1 1 

~lF Af) /\1\JD PRI NT MATER I 1\L IJATA 

R rt,n ( :S , Bl( N,( • r{ T ( ,I ) ,T= l, 2) , L=l , NMA T ) 
WKl Tl::(6 ,1 08 ) 
1,\R IT E ( 6 , 8 l ( 1 , ( Ok T( N,1 l ,I =1, 2) , N= l , NM AT ) 

Rf: Al) OD AL PLlT IT D/\ TA 

, Ml , M= l , 2 ) , L= l, P ) 
. f::AIJ ELEMENT JATA 

p t: 'J P ( ~ , "1 ), '=1,4 ) ,I ~A T ( Nl,L = l, NE J 

RfAD BCUNOR Y DATA 

fl\[) ( 5 , 4 ) ( , 
11 cl U I f ( l I • J E • I C;' T 

P R I T T NPUT 11 AT /\ 

flRO ( f\J , M , M= l , 2 , N= l , NP 

F I X(! l,I =l , NB ) 
5C 



Yes -

Start 

~ 

Zero load vector 

t 
Print title 

I .. 
Read ·and print 

load card 

' Store value in 
load vector 

' I s node number l ess 
than max node? 

iNo 

Return 

subroutine 
LCAB 
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C 

r. 
C 
C 
r, 

1 6 

l 0 5 l U1J TI lJE-
R r :H ) ( r. , q ) 

l"N ,( R ( K ), K= l , 
T ( , g J 

LF , LI 

l J , ( ' ( K ) , K = I , NI l F ) 
fJ (l l 7 0 K = l , 1D I-
I C= ( NQ-1 ) ,~ tH +-< 

17 0 1 1 ( l= R ( K l+ l) l(!Cl 
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) ' Np ' l: ' ~J \ ' ~ID r ' NC N ' NL f) ' N Ml\ r ' NS Lr, L l 'NT '1-
u ( 2 0 J , 1t ) , I ~ A T ( 2 J ':.. I , 0 RT ( 2 r:; , ?. ) , N 13 C { 2 5 ) , N F l X ( 2 5 ) 

ZF LJ L 1JAO ARI~ . Y 

~ - A [) , P I \JT J\i'! I) S Trl R E LO AD C A R 0 

C 
-c---" - ---tF NUO E NU MLlr I< 1--:r MAX. NUD E PT . 

C G1-l l\J\CK J\ il [ J\ D MORE 
C 



Start 

I 
Zero 

stiffness matrix 

t 
Loop on element s 

• Call 
element stiffnes s 

t 
Store element 
stiffnes s in 
rectan~ular 

matrix 
t 

End l oop on 
elements 

' Ins ert boundary 
conditions 

t 
Return 

subroutine 
FORMK 



C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

-~-
L 
C 

C 
C 
r. 
C 
r. 

C 

C 
C 
C 

C 
C: 
C 

r. 
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f- ORM S STt F S AT R IX 
I u rP F.:R H , t GUL AR FOR M 

C , 1 1·1 Cl / C G N T R / T I 1 L E ( l I , N P , ': , ~ , f\ ! J F , N C I\J , N l D , N M /\ T , NS Z F , l [ , N T 4 

j co 

- 17 r.1 Ml 1 C Cl I{ I) ( l :J , , 2 l , J IJ P ( 2 0 () , l , I M /1 T I 2 JU ) , DR T ( 2 S , 2 ) , RC ( 2 5 ) , N F I X ( 2 5 I 
l , l ( 2 C O l , S K ( 2 J O , I t J l 
2 , ES T [ F ii 1 2 , 1 2 ) 

O(l J Ou f\l = l , 1\J S U: 
iJ 0 ) =1, 1 

, M l =O . < SK I 

I l l 

C tll L 

-, 3 5 0 J J = l , C 

r1 OF EQU TI ONS 

L fRO STlr NF SS ~ /\T RIX 

SC AN E L f: I" f l S 

RE TURNS FS TI FM AS STI FFNES S MAT R IX 

STn RE EST[ FM I N SK 

FT RST .W 

~~J~G= ( NU P ( ~ ,JJl-11 * DF 
l F ( ,/ 1{f ·, ) VJ r_1 , 3 J' , 3 J ·· 

_; O 'J 0 1 J ': J = l , '·J tJ t--
'\J 11 .J •. b = t•JR tl ' ,,t3 +· 1 
l =(J J -11 -:< F t- .J -----------

THE CO LUM NS 

f) l 33) KK= l, C 
( C'.JLB= ( I JP ( , , KK )-1) ,~ OF 
r;n 32C K=l, Nnr 

- { K. -ll * JU+K _________ _ 

\JC Jf. =•\JCCllil + t-l- 1 '-\ fJ \J 

SKIP ST OHi G I F RE LOW l3 AND 

I f- ( , CJ L )3 2 , 2 , 3 10 
---------

1., s r. ( p ' lrlfl ' IL 1J L) = <; K ( R. I 1-1 11 t NC O L H · f:: s ' I F Iv' ( I t L) 

120 CJ ' T I ll 
3 0 CC J T l.'HJ F 

35) .r' fT ' UF 
11 c ccm TI \JU 
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C I NSERT 

n ri OJ f,= l, i b 

, X= l Ct.'* ( D -11 

r l= 'H.., ( I ) 
~~ R ' 1 w = ( I - l ) 1-. f J l) F 

C 
v-- C EXA I N rA CH • rG~EE OF FRE E nM 

C 

I ' 25 s l J. ,J l = O . O 
' t3 0 CO \J TI ~ UE 

r r xt · 1 =r ~ r x 1 l- NX* !C N 
.!, 'J O I X= )( /l 
4 9(' cur~ Tr 1\1 ur 
500 cu·~ T 1 Ut. 

1-<FT Ut! I 
1-r,J n 

r---- -

-- -

...... 

t---

I'---.. 

I'---.. 

I'--
' 



I , 

Start 

Locate nodal 
connections 

Calculate 
element 

dimensions 

Check 
for 

consistent 
numbering 

True 

Generate strain 
displacement 

matrix 

Generate stress 
strain 

relationship 

Calculate stress 
matrix 

Store stress matri~ 
on tape NT4 

Calculate 
element stiffne s s 

Return 

subroutine 
STIFT2 
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Fals e 
r 

Write 
error 

message 

Stop 



C 
C 
C 

C 
C 

(. 

C 
C 
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A 120u l , OR T (25 , 2 l , t1C { 25 l, NFIX( 2 

r<. = ~.'-! P ( , 3 I 
L = ! ~1 A T ( J l 

A l - , 3 ) =0 . 0 

( 3 , 2 ) = b J - l\ K 
A ( :.\ , ) ·=-/\ 

/\ ( , 4 I =I\ K 
A ( 3 , 'J =A J 

. A ( J , 6 ) =- R J 

f: T UP Lf'C/I L U lO RO l AT!: SYS T EM 

r 1JR M S TR/\ 1~1 11 1 P . , AT 1ux 

CO " -I= . I{ T ( L , l l / ( ( l • + LI RT ( L , 2 ) l * ( l . - CI~ T ( L , ) * 2. • l * AR EA ) 
- s FVi( , l =C lJ lvl"'l* ( 1.- UH T Ld } 
ES ! TF M( 1, 2 l = C'7 "'1 *OR T !L, 2 ) 

5T lF ~ ( l,3} = C . 
ST ! ~ ( 2 ,ll =[S T I F , (l, 

_S T IF ' ( 2 , 2 ) =t: S TI F ·1( l ,1) 
!:ST ! M ( 2 , 3 ) = . J 

= r) • J 
, 2 J= · . J 

E S T 1 F '•i I J , 3 l = l . I L , l ) / I 2 • * ( 1 • + R T ( L , 2 ) l * H E A ) 



C 
C R I S Tl I t: S T I{ 1 S S f1 /\ C K S lJ S T ! T UT I n N 
C MA T I X /I J I S S /\V I:: D ·1N T /\ P ( 
C 

C 
C. 
C 

C 
C 
C 

DtJ . 5 I= 1, 3 
nn 2C5 J =l, b 
IJ l!,J) ~ o1) 

0 7 2 ~ 5 K= t , 3 
2C'.J f\ (l ,Jl = B( I.J)+ E S TI F (I, Kl/ 2 . *fl(K , J) 

\ I~ [ T I:: ( hJ T 4 l f ' , ( ( ( , J ) , J = l , 6 ) , I = l , 3 l 

0[' 2- 10 I = l, l, 
n 2 1 J = l, 6 

l-S T .F M( I , Jl =0 . 0 
ori i l O = l , 3 

E TI FM I S ST I FN -S M/\ TPIX 

_ l O l:: S T I F ( I , J ) = I: 'i T I F ·•~ ( I , J l + B ( K , I ) / 2 • •~ A ( K , J ) 

' ) 
C '-

P F TUR N 

t:t TT E ( 6 ,1 '.) 0 ) 1J 

l~RL: 1{ E XTT F _l R R/\0 CO ~:CT iflNS 

74 

10 r, -, ~ AT ( 3 3 H lL - DU UR NE G A Tl VE A t A F LI:: "'IF. 1 T 
l A H : f1 l 

I4/ 2 LH0l::XECU TI ON TERMI N 
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-

-

Start 

~ 
Loop on each 

equation( N) 
t 

Compute 
modifications to 

tenns within 
squares of band 

' Modify load vector 

' End loop on 
equations 

+ 
Loop 

backwards 
on each 

equation 

: 

Back-substitute 
for 

equation 
solution 

• Ena loop on 
equa~ions 

• Return 

subroutine 
SOLVE 
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( 

C 
C 

C 
C 
C 

C 

2 4 0 

S U!J 1m UT If~ t Su L V 

SPE: CI F I C Ti l1 1\J STAT t::1EN TS 

v\ rJI\J CDR O ( l C-] , _ ), ~l1 P(2 
1, 1( t!C l, SK( lv C , 4 Gl 
t J 

RED UCE .AT P IX 

DCJ J '0 , = I , S Z F 
T = ' 

L =2 , I L3 A ' 

,, 2SC , 2 4 i 

Of~ 7 0 K=L , l'J rl A~JD 
J = J ,.. l 
T f- ( SK ( N , K ) l 2 6 J, 2 7 J , 2 6 u 

26 S~, ( [ ,J) = SK ( I ,J)- ( t., <;K ( N , K ) 
? 1 J CCJ 'l T I U r 
2 ,9J SK.( I\J , Ll= C 

C Nn Ln An Vf: CTUP 
C FOR EACH FQUATI ON 
C 

,.. 

1-: I I I ) = l ( I ) - C ,·, :: l ( 1 l 
9"' Cu'1 T ! ./UE 

3 0 u ' l ( ' J l = R 1 ( 1\1 l / SK I N , l I 

C 13 ACK -SUl3ST IT UTI U 
C 

, ' = S Z F 
3 5 · =· - l 

IH \J l ~1 0 , 50 0 , 36 0 
36 J L = 

)fJ 4 CO K = c. , r 1..1 A J 

L =L ·t- l 
I F (SK( , , K ) H 7 0 ,4 C , 37 0 

3 7 0 ~ l( ) = ll N )- SK ( J , K) * l(L) 

1, 0 J C n T r \J UF 

5J ,_ R TUP ' J 
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-

Start 

~ 
Output di r,placement~ 

t 
Loop on elements 

• Read s tres s back-
substitution matrix 

t 
Calculate element 

displacement vector 

t 
Calculate 

element s tresses 

t 
End loop on elements 

' Loop on elements 

• Calculate principal 
s tress vectors 

t 
Print stresses 

t 
End loop on elements 

-

t 
Return 

subroutine 
STRESS 
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C 
r, 
C: 

C 
C 
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I) I , I . 1 I J I ~. ( ? , l _: 0 ) , 1: I 11{ • r· ( ._ 0 ) , 1 I 
U.)"1 muc u H / TJ TLF ( l H), P , r: , NB , Nl)F , NC , NL LJ , NI I\T , NS ZF , L I, NT4 
c IM ,, • , c , · n ( 1 o J , 2 1 , i 1J P 1 2 o o , 1 , r 1-1 I\ r ( c. o l , o R r < 2 ~; , 2 1 , N R c < 2 s l , NF r x ( 2 s 1 

1-' Rl JT O I SPLtiCrMF. TS 

1-1r T F I 6 , l CO J 
1, R 1 T F ( o , 1 1 J l 1 , , ( D I s ( J , ;. l , J = 1 , ~JD r l , 11 = 1 , J l 

1 ·-- 11 ,,tM t\T ( ///.l :iX ,l 3H D I Pll\ CE '~ !: NT S ) 
l l F r ''\ t\ T ( I l J ' L r l • 1t I 

CALClJ Lt\ l F E l. tJ · T rC RCE S 

un 2 CO NC= l, : 
HA ( I\JT 4 ) \J ,(( B I I ,J), J=l, 6 },I -= 1, 31 

,) 

TJ=J+ '< 
2 11 ( P. !!J)=D I S(J, 
26 U co~ T P.JU F 

T ·, 260 

[ CALClJ L TE PRI~ C IP h L S T RE S S[ S 
C A~D DI RF.C TT CNS 

C 

C 
C 
C 

+ F D P. Cf:: ( N , 3 l * * 2 I 

w. I TE LL ST · ss COM PONEN TS 

,Il, l = l, 3 1 , S/v'AX , S~ T 1, AN G 



LE ME NT 
i\ X- S TR SS 

F U :' . A T ( I 1 0 , 5 r l 7 • 1t , F l 2 • 3 l 
RE TUR I 

X- T l ESS 
MI N-S TRr s s 

79 

Y-ST R[ SS XY 
I\ NG L t J 
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Data Input Instructions 

1.) Problem Card ( I5) 

Col 1-5* Number of problems (NPROB) 

2.) Title Card ( 12A6) 

Col 1-72 Title to be printed with output (TITLE) 

3.) Control Card (715) 

Col 1-5* Number ofi nodal points (NP) 
6-10* elements ( NE) 
11-15* boundary points ( NB) 
16-20* load conditions (NLD) 
21-25* degrees of freedom= 2 (NDF) 

( NMAT) 26-JO* different materials 
31-35* 0 print input data 

1 skip print of input data ( Il) 

4.) Material C~rda (I10,2F10.2) 1 for each material 

Col 1-10* 
11-20:-
21-30 

Material number 
Young's modulus 
Poisson's ratio 

( N) 
(ORr(N,1)) 
{ORT(N,2)) 

5.) Coordinate Cards (I10,2F10.0) 1 for each node point 

Col 1-10* 
11-20 
21-30 

Node Number 
X-Co-ordinate 
Y-Co-ordinate 

6.) Element Cards (615) 1 for each element 

Col 1-5* 
6-10* 
11-15* 
16-20* 
21-25 
26-30* 

Element number 
i 
j element connections 
m 
not used 
Material number 

( N) 
(CORD(N,1)) 
( CO RD ( N , 2 )) 

( N) 
( NOPC N, 1)) 
( NOP{ N, 2)) 
( NOP( N, 3)) 
( NOP( N, Y)) 
(IMAT(N)) 

7.) Boundary Cards (2I.5) 1 for each boundary condition 

Col 1-5* 
6-19* 

Boundary node number 
01 Fixed in Y direction 
10 Fixed in X direction 
11 Fixed in both directions 

( NBC (I)) 

( NFIX( I)) 

*Indicates that numbers should be right adjusted with 
no decimal point in the field, all other numoers snould have 
decimal points inserted. 



8.) Load Cards (I10,2F10.2) 1 for each loaded point 

Col 1-10* 
11-20 
21-30 

Node number 
X-Load 
Y-Load 

NQ 
R(l) 
R{2) 

81 

Notes Load cards are terminated with a load at the last 
numbered node whether or not a load exists there. 

For an example, a 23" x 2411 x 111 plate is loaded 

with a 40 kip load in Configuration 3 (See Figure 2.J). 

Young's modulus is taken as 29,500,000 psi and as 0.295. 

Figure A.1 illustrates the problem The computer results 

follow. 

Resultant Load= 40 kips 

Fi g . A·.1. Sample problem (24" x 24" X ·1
11

) 
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l TR I A GULA R PLAT E , A=~=2 11. 

6& l 0 2 1 l 2 l 0 
J 1 1\ TFR I AL PROPERTIES 

l 2 9500 . 0 0 . 3 0 
0 ·,J no I\ L POT NT S 

I. o. o o. o 
2 o. 0 2 . 400 
3 2 . 400 2 • 1t 0() 
L1 o. 0 4. 800 
I') 2 . 1. 00 4 . BOU 
6 4. 800 1t . 800 
7 o. o 7 . 200 
M 2 . •4J 7 . 2 00 
g 4 . 80 1. 20 0 

1 7 . 2JO 1 . 200 
l1 o.o 9 . 6 00 
12 2 . 400 9 . 6 00 
13 1t. 8JO 9 . 6 00 
14 7. 2 0 0 9 . 600 
15 9 . 600 9 . 600 
16 • O' 12. 000 
17 2 . 40 0 12 . 000 
1 8 , •• aoo 1 2 . 000 
l '1 1. 2 0 0 12 . 0 0 
2 0 9 . 610 12 . 000 
2 1 1 2 . 0)0 12 . 000 
22 o. 0 14. 400 
2 3 2 . 400 1 4 . 1t 0 0 

2 ' • 4. 8JO l 1t. 40 0 
t:' 5 7. 2 00 14 . 40 0 
26 9 . 6JO 14 . 40 0 
2.7 12 . 00 0 l 't. 4-00 
,!_ 8 14 . 4 0 0 111. 4 00 
29 o. 16 . 800 
3 0 2 . 4 1)0 16 • :3 00 
31 lt . 8 JO 16 . tlO O 
32 7. 2 0 0 1 6 . BOJ 
33 q . 6 00 16 . 800 
34 1 2 . 000 16 . 800 
J5 l't. 4 1)0 l 6 . 8C O 
36 1 -6 . 800 16 . 800 
3 7 a. o 1 9 . 2 00 
j I~ 2 . 4 0 0 l 9 . 2 0 0 
3g 4 . B•JO 1 9 . 20 0 
40 7 . 200 19 •• mo 
1., 1. 9 . 6,) 0 I 19 . 200 
,, 2 12 . 000 19 . 200 
4 J 1 4 . 4 •)0 I. <J . 2 00 
1t4 l 6 . t3J0 l <J . 20 0 

' • 5 1 9 . 2 ·)0 1 9 . 200 
4 6 o. o 2 l . 6 00 
·4 7 2 . 4) 2 1 . i:,oo 

I'---- It ij \ '• . 8() 0 2 1. oOO 
l t 9 7. 2 J O 2 1. 60 \..l 
5 0 9 . 6Q O 2 1. 6 0) 

I'---. 5 l 1 2 . 0J O 2 1. 600 
S2 14 . 400 2 1 . 6 ~~') 
53 1 6 . BO O 2 1. 6 00 
5 '+ L9. 200 2 1. 6 00 l 

:, 5 21 . 600 1 1 • 6CJ 
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