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1.  environment is the powerful modeling, analysis and design tool. It is capable of 

analyzing any structure exposed to static loading, a dynamic response, soil-structure interaction, wind, 

earthquake, and moving loads. 

2. and are required to perform general algorithms for the modeling and 

analysis of structural systems. 

3. Scientific Calculator is required for arithmetic manipulations. 
     

 

  

 



B.SC., M.SC., PH.D., CIVIL ENG., P.E., M. ASCE 

 
 

 

   
    

 

 
 

 

Tension members are structural elements that are subjected to axial tensile forces. They are used in 

various types of structures and include truss members, bracing for buildings and bridges, cables in 

suspended roof systems, and cables in suspension and cable-stayed bridges. Any cross-sectional 

configuration may be used, because for any given material, the only determinant of the strength of 

a tension member is the cross-sectional area. 

 

 

Figure 3-1: Types of Tension Members 
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The AISC Specification (AISC D2, Page 26) states that the nominal strength of a tension member, 

is to be the smaller of the values obtained by substituting into the following two expressions: 

For the limit state of yielding in the gross section (which is intended to prevent excessive elongation 

of the member),  

 

For tensile rupture in the net section, as where bolt or rivet holes are present, 

 

 

 

 AREA DETERMINATION, AISC Chapter D, Page 27 

1. Gross Area, AISC Chapter D, Page 27 

 

2. Net Area, AISC Chapter D, Page 27 

𝐴𝑛 = 𝐴𝑔 − 𝐴𝐻𝑜𝑙𝑒𝑠 

𝑑𝑒 = 𝑑𝑏 +
1

8
" 

 



B.SC., M.SC., PH.D., CIVIL ENG., P.E., M. ASCE 

 
 

 

   
    

 

(for Detailing 𝑑𝑒 = 𝑑𝑏 +
1

16
") 

 

 

𝐴𝑛 = 𝐴𝑔 − 𝐴𝐻𝑜𝑙𝑒𝑠 + ∑
𝑆𝑖

2

4𝑔𝑖

𝑡

𝑁

𝑖=1

,     𝑁: 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑧𝑖𝑔𝑧𝑎𝑔 𝑙𝑖𝑛𝑒𝑠 

 

 

 

 
 

 

When a member other than a flat plate or bar is loaded in axial tension until failure occurs across 

its net section, its actual tensile failure stress will probably be less than the coupon tensile 

strength of the steel, unless all of the various elements which make up the section are connected 

so that stress is transferred uniformly across the section. 

According to AISC Chapter D, Page 28 
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Figure 3-2: Connection eccentricity 𝒙̅ for various cases  
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1. Bolted Members 

Should a tension load be transmitted by bolts, the gross area is reduced to the net area 𝐴𝑛 of 

the member, and 𝑈 is computed as follows: 

 

2. Welded Members 

When tension loads are transferred by welds, the rules from AISC Table D-3.1, Page 29, 

that are to be used to determine values for 𝐴 and 𝑈 (𝐴𝑒 as for bolted connections = 𝐴𝑈) are 

as follows: 

 Should the load be transmitted only by longitudinal welds to other than a plate 

member, or by longitudinal welds in combination with transverse welds, 𝐴 is to equal 

the gross area of the member 𝐴𝑔 (Table 3.2, Case 2).  

 Should a tension load be transmitted only by transverse welds, A is to equal the area 

of the directly connected elements and U is to equal 1.0 (Table 3.2, Case 3).  

 Tests have shown that when flat plates or bars connected by longitudinal fillet welds 

are used as tension members, they may fail prematurely by shear lag at the corners if 

the welds are too far apart. Therefore, the AISC Specification states that when such 

situations are encountered, the length of the welds may not be less than the width of 

the plates or bars. The letter 𝐴 represents the area of the plate, and 𝑈𝐴 is the effective 

net area. For such situations, the values of 𝑈 to be used (Table 3.2, Case 4) are as 

follows: 
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The LRFD design strength and the ASD allowable strengths of tension members are not always 

controlled by tension yielding, tension rupture, or by the strength of the bolts or welds with which 

they are connected. They may instead be controlled by block shear strength, as described in this 

section. The failure of a member may occur along a path involving tension on one plane and shear 

on a perpendicular plane, as shown in Fig.3.16,where several possible block shear failures are 

illustrated. For these situations, it is possible for a “BLOCK” of steel to tear out. 

 

 

 

 

 

 

Figure 3-3: Block shear  
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The Steel Construction Manual AISC Chapter D, Page 26 limit states that will be considered are:  

 SLENDERNESS LIMITATIONS, AISC Chapter D, Page 26  

 

 TENSILE STRENGTH, AISC Chapter D, Page 26  

 

 TENSILE YIELDING, AISC Chapter D, Page 26 

 

 TENSILE RUPTURE, AISC Chapter D, Page 27 

 

 AREA DETERMINATION, AISC Chapter D, Page 27 

3. Gross Area, AISC Chapter D, Page 27 
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4. Net Area, AISC Chapter D, Page 27 

𝐴𝑛 = 𝐴𝑔 − 𝐴𝐻𝑜𝑙𝑒𝑠 

𝑑𝑒 = 𝑑𝑏 +
1

8
" 

Or 

 

 

𝐴𝑛 = 𝐴𝑔 − 𝐴𝐻𝑜𝑙𝑒𝑠 + ∑
𝑆𝑖

2

4𝑔𝑖

𝑡

𝑁

𝑖=1

,     𝑁: 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑧𝑖𝑔𝑧𝑎𝑔 𝑙𝑖𝑛𝑒𝑠 

 
 

 

 
 

5. Effective Net Area, AISC Chapter D, Page 28 
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Connection eccentricity 𝑥̅ for various cases  
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 BLOCK SHEAR STRENGTH, AISC Chapter J, Page 112 
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Fig. C-J4.2., AISC Chapter Comm. J4, Page 352, Block Shear Tensile Stress Distributions. 
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Figure 3-4 

Ans. 

 

 

 

Figure 3-5 
  

4 



B.SC., M.SC., PH.D., CIVIL ENG., P.E., M. ASCE 

 
 

 

   
    

 

 

 

 

 

 

 

 
Figure 3-6 
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Figure 3-7 

 

 

 

 

Figure 3-8 
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𝐿𝑅𝐹𝐷 = 488.5 𝑘 (Rupture controls) 

𝐴𝑆𝐷 = 325.6 𝑘 (Rupture controls) 

Ans. 

  



B.SC., M.SC., PH.D., CIVIL ENG., P.E., M. ASCE 

 
 

 

   
    

 

 

 

 

 

 

 



B.SC., M.SC., PH.D., CIVIL ENG., P.E., M. ASCE 

 
 

 

   
    

 

The 1 × 6 𝑖𝑛 plate shown in 

the figure is connected to a 

1 × 10 𝑖𝑛 plate with 

longitudinal fillet welds to 

transfer a tensile load. 

Determine the LRFD design 

tensile. 

Figure 3-9 

Considering the nominal or available tensile strength of the smaller PL 1 × 6 𝑖𝑛 
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Compute the LRFD design tensile strength and the ASD allowable tensile strength of the angle 

shown in in the figure. It is welded on the end (transverse) and sides (longitudinal) of the 8 𝑖𝑛 leg 

only. 𝐹𝑦 = 50 𝑘𝑠𝑖 and 𝐹𝑢  =  70 𝑘𝑠𝑖. 

 

Figure 3-10 

Nominal or available tensile strength of the angle 
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A tension member of a 𝑊10 × 45 with two lines of 3/4 𝑖𝑛 diameter bolts in each flange using 

A572 Grade 50 steel, and the AISC Specification. There are assumed to be at least three bolts in 

each line 4 𝑖𝑛 on center, and the bolts are not staggered with respect to each other. It is assumed to 

be connected at its ends with two 3/8 × 12 𝑖𝑛 plates, as shown in the figure. If two lines of 3/4 𝑖𝑛 

bolts are used in each plate, determine the LRFD design tensile force and the ASD allowable tensile 

force that the two plates can transfer. 

 

Figure 3-11 
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The A572 Grade 50 tension member shown in Error! Reference source not found. is connected 

with three 3/4 𝑖𝑛 bolts. Determine the LRFD block shear rupture strength and the ASD allowable 

block-shear rupture strength of the member. Also calculate the LRFD design tensile strength and 

the ASD allowable tensile strength of the member. 

 

Figure 3-12  
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Determine the LRFD design strength and the ASD allowable strength of the A36 plates shown in 

Figure 3-13. Include block shear strength in the calculations. 

 
Figure 3-13  
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𝑃𝑛 = 𝐹𝑦𝐴𝑔 = (36 𝑘𝑠𝑖) (
1

2
 𝑖𝑛 × 10 𝑖𝑛) = 180 𝑘 
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Determine the LRFD tensile design strength and the ASD tensile strength of the 𝑊12 × 30 (𝐹𝑦 =

50 𝑘𝑠𝑖, 𝐹𝑢 = 65 𝑘𝑠𝑖) shown in Figure 3-14 if 3 × 7/8 𝑖𝑛 bolts are used in each flange in the 

connection. Include block shear calculations for the flanges. 

 

 

Figure 3-14 
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Compute the net area of each of the given members. 
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Determine the smallest net area of the tension member shown in figure. The holes are for 3/4 −

𝑖𝑛 Ø bolts at the usual gage locations. The stagger is 1 1/2 𝑖𝑛. 

 

 

Determine the effective net cross-sectional area of the shown in the figure. Holes are 𝑓𝑜𝑟 3/4 𝑖𝑛 Ø 

bolts. 
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Determine the effective net areas of the sections shown by using the 𝑈 values given in Table D3.1 

(AISC). 

 

 

Determine the LRFD design strength and the ASD allowable strength of sections given. Neglect 

block shear. 

 

 



B.SC., M.SC., PH.D., CIVIL ENG., P.E., M. ASCE 

 
 

 

   
    

 

 

 

 

 

Determine the LRFD design strength and the ASD allowable strength of the sections given, 

including block shear. 
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For bolted and welded connections, the Steel Construction Manual AISC Chapter J, limit states 

that will be considered are: 

 SHEARING STRENGTH OF BOLTS, AISC Chapter J, Page 108 
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 BEARING STRENGTH OF BOLTS, AISC Chapter J, Page 111 

 

 

    
 

𝐿𝑐 = min  [𝐿𝑐1, 𝐿𝑐2, 𝐿𝑐3, . ⋯ ] 

𝐷𝑒𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 
≤  0.25 𝑖𝑛 

𝐷𝑒𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛
>  0.25 𝑖𝑛 
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 STRENGTH OF FILLET WELDED CONNECTIONS, AISC Chapter J2, Page 98 

 

 

𝑅𝑛 = (0.6 𝐹𝐸𝑋𝑋)(0.707 𝑤)(𝐿) 

 

𝐴𝑤𝑒 = (throat)(weld length) = (0.707 𝑤)(𝐿) 
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𝑜𝑟 
𝐿

𝑤
< 100 

 

𝐿 = 𝐿1 + 𝐿2 

𝐿1 =
𝑏

𝑎 + 𝑏
𝐿, 𝐿1 =

𝑎

𝑎 + 𝑏
𝐿,     𝐿1 > 𝐿2,   𝑏 > 𝑎 

 

 

 

 

𝑎 𝑏 
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 STRENGTH OF WELDED CONNECTIONS WITH BOTH LONGITUDINAL AND 

TRANSVERSE FILLET WELDS, AISC Chapter J2, Page 101 

 

𝑅𝑤𝑙 = 𝑅𝑛 for side welds = (0.6 𝐹𝐸𝑋𝑋)(0.707 𝑤)(𝐿𝑙) 

𝑅𝑤𝑡 = 𝑅𝑛 for transverse end weld = (0.6 𝐹𝐸𝑋𝑋)(0.707 𝑤)(𝐿𝑡) 

                         

𝐿𝑙 = 2𝐿                              𝐿𝑙 = 𝐿1 + 𝐿2   

 

  

𝐿 𝐿 

𝐿𝑡 

𝐿1 

𝐿2 

𝐿𝑡 
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 THE MAXIMUM/MINIMUM SIZE OF A FILLET WELD, AISC Chapter J2, Page 96 

 

 

Maximim size of a fillet weld ≤ Material thickness 𝑓𝑜𝑟 Material thickness <
1

4
"

Maximim size of a fillet weld ≤ Material thickness −
1

6
" 𝑓𝑜𝑟 Material thickness ≥

1

4
"
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Although the designer has considerable freedom in the selection, the resulting members should 

have the following properties:  

1. Compactness.  

2. Dimensions that fit into the structure with reasonable relation to the dimensions of the other 

members of the structure. 

3. Connections to as many parts of the sections as possible to minimize shear lag. 

Specifications usually recommend that slenderness ratios be kept below certain maximum values 

in order that some minimum compressive strengths be provided in the members. For tension 

members other than rods, the AISC Specification does not provide a maximum slenderness ratio 

for tension members, but Section D.1 of the specification suggests that a maximum value of 300 

be used. 

It should be noted that out-of-straightness does not affect the strength of tension members very 

much, because the tension loads tend to straighten the members. (The same statement cannot be 

made for compression members.) For this reason, the AISC Specification is a little more liberal in 

its consideration of tension members, including those subject to some compressive forces due to 

transient loads such as wind or earthquake.  

The recommended maximum slenderness ratio of 300 is not applicable to tension rods. 

Maximum 𝑳/𝒓 values for rods are left to the designer’s judgment. If a maximum value of 300 were 

specified for them, they would seldom be used, because of their extremely small radii of gyration, 

and thus very high slenderness ratios. 

The design of steel members is, in effect, a trial-and-error process, although tables such as those 

given in the Steel Manual often enable us to directly select a desirable section. For a tension 

member, one can estimate the area required, select a section from the AISC Manual providing 

the corresponding area, and check the section’s strength. 
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The Steel Construction Manual AISC Chapter D, Page 26 limit states that will be considered are: 

 LOAD COMBINATIONS, AISC Chapter 2, Pages 2-8 and 2-9 

 

 TENSILE YIELDING, AISC Chapter D, Page 26 

 

 

 

 TENSILE RUPTURE, AISC Chapter D, Page 27 

 

 

Assume 𝑈, to be checked later 
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If the ASD equations are used for tension member design, the allowable strength is the lesser of 

𝐹𝑦𝐴𝑔

Ω𝑡

    𝑜𝑟    
𝐹𝑦𝑈𝐴𝑛

Ω𝑡

     

From these expressions, the minimum gross areas required are as follows: 

 

 CHECK SLENDERNESS LIMITATIONS, AISC Chapter D, Page 26  

 

 SELECT A TRIAL SECTION  

 

Select a Lightest Available Section with a largest Radius of Gyration 

 

1. Check the Gross Area, AISC Chapter D, Page 27 

 

2. Check the Net Area, AISC Chapter D, Page 27 

𝐴𝑛 = 𝐴𝑔 − 𝐴𝐻𝑜𝑙𝑒𝑠 

𝑑𝑒 = 𝑑𝑏 +
1

8
" 

Or 

 

 

𝐴𝑛 = 𝐴𝑔 − 𝐴𝐻𝑜𝑙𝑒𝑠 + ∑
𝑆𝑖

2

4𝑔𝑖

𝑡

𝑁

𝑖=1

,     𝑁: 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑧𝑖𝑔𝑧𝑎𝑔 𝑙𝑖𝑛𝑒𝑠 
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3. Check the Effective Net Area, AISC Chapter D, Page 28 

 
 

 

NOTE: FULL LOAD COMBINATIONS, AISC Chapter 2, Pages 2-8 and 2-9 

For LRFD For ASD 
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Connection eccentricity 𝑥̅ for various cases  



B.SC., M.SC., PH.D., CIVIL ENG., P.E., M. ASCE 

 
 

 

   
    

 

 

 

Figure 4-1 
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There are three general modes by which axially loaded columns can fail. These are flexural 

buckling, local buckling, and torsional buckling. These modes of buckling are briefly defined as 

follows: 

1. Flexural buckling (also called Euler buckling) is the primary type of buckling. Members 

are subject to flexure, or bending, when they become unstable.  

2. Local buckling occurs when some part or parts of the cross section of a column are so thin 

that they buckle locally in compression before the other modes of buckling can occur. The 

susceptibility of a column to local buckling is measured by the width–thickness ratios 

(𝑒. 𝑔. , 𝑏/𝑡𝑓 , ℎ/𝑡𝑤) of the parts of its cross section.  

3. Flexural torsional buckling may occur in columns that have certain crosssectional 

configurations. These columns fail by twisting (torsion) or by a combination of torsional 

and flexural buckling. 

 

Theoretically, an endless number of shapes can be selected to safely resist a compressive load 

in a given structure. From a practical viewpoint, however, the number of possible solutions is 

severely limited by such considerations as sections available, connection problems, and type of 

structure in which the section is to be used.  

The sections used for compression members usually are similar to those used for tension members, 

with certain exceptions. The exceptions are caused by the fact that the strengths of compression 

members vary in some inverse relation to the slenderness ratios, and stiff members are required. 

Individual rods, bars, and plates usually are too slender to make satisfactory compression members, 

unless they are very short and lightly loaded.  
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Single-angle members (a) are satisfactory for use as bracing and compression members in light 

trusses. Equal-leg angles may be more economical than unequal-leg angles, because their least 𝑟 

values are greater for the same area of steel. 

 

The top chord members of bolted roof trusses might consist of a pair of angles back to back (b). 

There will often be a space between them for the insertion of a gusset or connection plate at the 

joints necessary for connections to other members. An examination of this section will show that 

it is probably desirable to use unequal-leg angles with the long legs back to back to give a better 

balance between the r values about the x and y axes.  

If roof trusses are welded, gusset plates may be unnecessary, and structural tees (c) might be used 

for the top chord compression members because the web members can be welded directly to the 

stems of the tees. 

Single channels (d) are not satisfactory for the average compression member because of their 

almost negligible r values about their web axes. They can be used if some method of providing 

extra lateral support in the weak direction is available. 

Figure 5-1 
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The W shapes (e) are the most common shapes used for building columns and for the compression 

members of highway bridges. Their r values, although far from being equal about the two axes,are 

much more nearly balanced than are the same values for channels.  

Hollow structural sections (square, rectangular, or round) and steel pipe are very valuable sections 

for buildings, bridges, and other structures. These clean, neatlooking sections are easily fabricated 

and erected. For small and medium loads, the round sections (f) are quite satisfactory. They are 

often used as columns in long series of windows, as short columns in warehouses, as columns for 

the roofs of covered walkways, in the basements and garages of residences, and in other 

applications. Round columns have the advantage of being equally rigid in all directions and are 

usually very economical, unless moments are too large for the sizes available. The AISC Manual 

furnishes the sizes of these sections and classifies them as being either round HSS sections or 

standard, extra strong, or double extra strong steel pipe.  

Square and rectangular tubing (g) and (h) are being used more each year. For many years, only a 

few steel mills manufactured steel tubing for structural purposes. Perhaps the major reason tubing 

was not used to a great extent is the difficulty of making connections with rivets or bolts. This 

problem has been fairly well eliminated, however, by the advent of modern welding. 

The use of tubing for structural purposes by architects and engineers in the years to come will 

probably be greatly increased for several reasons: 

1. The most efficient compression member is one that has a constant radius of gyration about 

its centroid, a property available in round HSS tubing and pipe sections. Square tubing is 

the next-most-efficient compression member.  

2. Four-sided and round sections are much easier to paint than are the six-sided open W, S, and 

M sections. Furthermore, the rounded corners make it easier to apply paint or other coatings 

uniformly around the sections.  

3. They have less surface area to paint or fireproof.  

4. They have excellent torsional resistance.  

5. The surfaces of tubing are quite attractive.  

6. When exposed, the round sections have wind resistance of only about two-thirds of that of 

flat surfaces of the same width.  

7. If cleanliness is important, hollow structural tubing is ideal, a s it doesn’t have the problem 

of dirt collecting between the flanges of open structural shapes. 
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The use of columns dates to before the dawn of history, but it was not until 1729 that a paper was 

published on the subject, by Pieter van Musschenbroek, a Dutch mathematician. He presented an 

empirical column formula for estimating the strength of rectangular columns. 

The testing of columns with various slenderness ratios results in a scattered range of values, such 

as those shown by the broad band of dots in Figure 5-2. The dots will not fall on a smooth curve, 

even if all of the testing is done in the same laboratory, because of the difficulty of exactly centering 

the loads, lack of perfect uniformity of the materials, varying dimensions of the sections, residual 

stresses, end restraint variations, and other such issues. The usual practice is to attempt to develop 

formulas that give results representative of an approximate average of the test results. The student 

should also realize that laboratory conditions are not field conditions, and column tests probably 

give the limiting values of column strengths. 

 

 

 

Figure 5-2 
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The Steel Construction Manual AISC Chapter E, Page 32 limit states that will be considered are: 

 SLENDERNESS OF COMPRESSION ELEMENTS, AISC Chapter B4 Table B4.1, 

Page 16 

𝝀 =
𝒃

𝒕𝒇

< 𝝀𝒓  𝑎𝑛𝑑 𝝀 =
𝒉

𝒕𝒘

 < 𝝀𝒓,         𝑏 =
𝑏𝑓

2
, ℎ = 𝑑 − 2𝑘 

 

 



B.SC., M.SC., PH.D., CIVIL ENG., P.E., M. ASCE 

 
 

 

   
    

 

 

 

 

 

 

 

  



B.SC., M.SC., PH.D., CIVIL ENG., P.E., M. ASCE 

 
 

 

   
    

 

 

 

 

 

 

  



B.SC., M.SC., PH.D., CIVIL ENG., P.E., M. ASCE 

 
 

 

   
    

 

 EFFECTIVE LENGTH FACTOR (K), AISC Chapter E, Page 26 

1. Simple Members, AISC Chapter Comm. C2, Page 240 
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2. Braced Frames (sidesway inhibited), AISC Chapter Comm. C2, Page 241 

 

 

 

 

 

 

 

 

  

𝐺𝐹𝑖𝑥𝑒𝑑 = 1      𝐺𝑃𝑖𝑛𝑛𝑒𝑑 = 10 
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3. Moment Frames (sidesway uninhibited), AISC Chapter Comm. C2, Page 242 

 

 

 

 

 

 

 

  

𝐺𝐹𝑖𝑥𝑒𝑑 = 1      𝐺𝑃𝑖𝑛𝑛𝑒𝑑 = 10 
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 SLENDERNESS LIMITATIONS, AISC Chapter E2, Page 32  

 

 

 NOMINAL COMPRESSIVE STRENGTH, AISC Chapter E3, Page 33  

1. By using AISC Equations E3-1 to E3-4, Page 33 
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2. By using AISC Table 4-22, Page 4-318 
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3. By using AISC Table 4-1 to Table 4-11, Page 4-10 to Page 4-157 

 

 

 

(𝑲𝑳)𝑮𝒐𝒗. = 𝐦𝐚𝐱  [(𝑲𝑳)𝒚,   (𝑲𝑳)𝒚 𝒆𝒒] 

From AISC Table 4-1, Page 4-4 

(𝑲𝑳)𝒚 𝒆𝒒 =
(𝑲𝑳)𝒙

𝒓𝒙

𝒓𝒚
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Determine the LRFD design strength and the ASD allowable strength 

for the column shown in the figure, if a 50-ksi steel is used. 
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Determine the LRFD design strength and the ASD allowable strength for the axially loaded column 

shown, if KL=19 ft and 50-ksi steel is used. 
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Determine the LRFD design strength and the ASD allowable design 

strength for the 50 ksi axially loaded 𝑊14 × 90 shown in the figure. 
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Determine the effective length factor for each of the columns of the frame shown in the figure if 

the frame is not braced against sidesway. 
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Determine 𝐾 factors for each of the columns of the frame shown in the figure. 
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Finally, the K factors are selected from the appropriate alignment chart 
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For the frame shown in the figure, which consists of 50 ksi steel, beams are rigidly connected to 

the exterior columns, while all other connections are simple. The columns are braced top and 

bottom against sidesway, out of the plane of the frame, so that in that direction. Sidesway is 

possible in the plane of the frame. Using the LRFD method, check the interior columns assuming 

that 𝐾𝑥 = 𝐾𝑦 = 1.0 and check the exterior columns with 𝐾𝑥 as determined from the alignment 

chart and 𝑃𝑢 = 1100 𝑘 (With this approach to column buckling, the interior columns could carry 

no load at all, since they appear to be unstable under sidesway conditions.) The end columns are 

assumed to have no bending moment at the top of the member. 

 

For Interior Columns 

 

 

For Exterior Columns 
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From the chart 
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The design of columns by formulas involves a trial-and-error process. The LRFD design stress 

∅𝑐𝐹𝑐𝑟  and the ASD allowable stress 𝐹𝑐𝑟/Ω𝑐 are not known until a column size is selected, and vice 

versa.  

A column size may be assumed, the 𝒓 values for that section obtained from the Manual or 

calculated, and the design stress found by substituting into the appropriate column formula. It may 

then be necessary to try a larger or smaller section. 

The effective slenderness ratio (𝑲𝑳/𝒓) for the average column of 10- to 15-ft (3- to 4.6-m) length 

will generally fall between about 40 and 60. For a particular column, a 𝑲𝑳/𝒓 somewhere in this 

approximate range is assumed and substituted into the appropriate column equation to obtain the 

design stress. (To do this, you will first note that the AISC for 𝑲𝑳/𝒓 values from 0 to 200 has 

substituted into the equations, with the results shown, in AISC Table 4-22.This greatly expedites 

our calculations.) 

To estimate the effective slenderness ratio for a particular column, the designer may estimate a 

value a little higher than 40 to 60 if the column is appreciably longer than the 10- to 15-ft range, 

and vice versa.  

A very heavy factored column load—say, in the 750- to 1000-k range or higher—will require a 

rather large column for which the radii of gyration will be larger, and the designer may estimate a 

little smaller value of 𝐾𝐿/𝑟.  

For lightly loaded bracing members, the designer may estimate high slenderness ratios of 100 or 

more. 

Average Column Length Average Factored Column Load Estimated 𝑲𝑳/𝒓 

10- to 15-ft  Less than 750 k 40 to 60 

10- to 15-ft 750- to 1000-k range or higher Less than 40 

10- to 15-ft lightly loaded bracing members More than 100 
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The Steel Construction Manual AISC Chapter E, Page 32 limit states that will be considered are: 

I. By using AISC Table 4-22, Trial and Error Procedure, Page 4-318 

 LOAD COMBINATIONS, AISC Chapter 2, Pages 2-8 and 2-9 

 

 By using AISC Table 4-22, Page 4-318 

Assume (
𝐾𝐿

𝑟
) = 50 to be checked later 
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 CALCULATE THE AREA REQUIRED  , AISC Chapter E3, Page 33  

                    
 

 

 
 

 SELECT A TRIAL SECTION  

 

Select a Lightest Available Section with a largest Radius of Gyration 

 

 CALCULATE THE EFFECTIVE LENGTH FACTOR (K), AISC Chapter E, Page 26 

1. Simple Members, AISC Chapter Comm. C2, Page 240 
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2. Braced Frames (Sidesway Inhibited), AISC Chapter Comm. C2, Page 241 

 

 

 

 

 

 

 

 

  

𝐺𝐹𝑖𝑥𝑒𝑑 = 1      𝐺𝑃𝑖𝑛𝑛𝑒𝑑 = 10 



B.SC., M.SC., PH.D., CIVIL ENG., P.E., M. ASCE 

 
 

 

   
    

 

3. Moment Frames (Sidesway Uninhibited), AISC Chapter Comm. C2, Page 242 

 

 

 

 

 

 

 

 

  

𝐺𝐹𝑖𝑥𝑒𝑑 = 1      𝐺𝑃𝑖𝑛𝑛𝑒𝑑 = 10 
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 CHECK THE SECTION, by using AISC Table 4-22, Page 4-318 

 

 

If 𝜙𝑐𝑃𝑛 < 𝑃𝑢  𝑜𝑟 
𝑃𝑛

Ω
< 𝑃𝑎 ⇒ 𝐓𝐫𝐲 𝐭𝐡𝐞 𝐧𝐞𝐱𝐭 𝐬𝐞𝐜𝐭𝐢𝐨𝐧, 𝐑𝐞𝐩𝐞𝐚𝐭 𝐭𝐡𝐞 𝐏𝐫𝐨𝐜𝐞𝐝𝐮𝐫𝐞  
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II. By using AISC Table 4-1 to Table 4-11, Page 4-10 to Page 4-157 

 LOAD COMBINATIONS, AISC Chapter 2, Pages 2-8 and 2-9 

 

 By using AISC Table 4-1 to Table 4-11 

𝐀𝐬𝐬𝐮𝐦𝐞 (𝑲𝑳)𝒚 𝐭𝐨 𝐛𝐞 𝐜𝐡𝐞𝐜𝐤𝐞𝐝 𝐥𝐚𝐭𝐞𝐫 

 

 

 SELECT A TRIAL SECTION, by using AISC Table 4-1 to Table 4-11  

 

Select a Lightest Available Section  
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 CALCULATE THE EFFECTIVE LENGTH FACTOR (K), AISC Chapter E, Page 26 

1. Simple Members, AISC Chapter Comm. C2, Page 240 
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2. Braced Frames (Sidesway Inhibited), AISC Chapter Comm. C2, Page 241 

 

 

 

 

 

 

 

 

  

𝐺𝐹𝑖𝑥𝑒𝑑 = 1      𝐺𝑃𝑖𝑛𝑛𝑒𝑑 = 10 
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3. Moment Frames (Sidesway Uninhibited), AISC Chapter Comm. C2, Page 242 

 

 

 

 

 

 

 

 

  

𝐺𝐹𝑖𝑥𝑒𝑑 = 1      𝐺𝑃𝑖𝑛𝑛𝑒𝑑 = 10 
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 CHECK THE EFFECTIVE LENGTH 

(𝑲𝑳)𝒚 𝒆𝒒 =
(𝑲𝑳)𝒙

𝒓𝒙

𝒓𝒚

 

(𝑲𝑳)𝒚 

(𝑲𝑳)𝑮𝒐𝒗. = 𝐦𝐚𝐱  [(𝑲𝑳)𝒚,   (𝑲𝑳)𝒚 𝒆𝒒] 

If (𝑲𝑳)𝑮𝒐𝒗. > (𝑲𝑳)𝒂𝒔𝒔𝒖𝒎𝒆𝒅   ⇒ Try the next section, Repeat the Procedure  
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The processes that are listed in AWS (The American Welding Society) Specification are: 

1. Shielded Metal Arc Welding (SMAW),  

2. Submerged Arc Welding (SAW),  

3. Gas Metal Arc Welding (GMAW), and  

4. Flux-Cored Arc Welding (FCAW). The SMAW process is the usual process applied for 

hand welding, while the other three are typically automatic or semiautomatic. 
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The two main types of welds are the 

 Fillet Welds. 

 Groove Welds. 

In addition, there are plug and slot welds, which are not as common in structural work 
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Welds are referred to as:  

 Flat. 

 Horizontal.  

 Vertical. 

 Overhead. 

listed in order of their economy, with the flat welds being the most economical and the overhead 

welds being the most expensive. 

 

 

Welds can be further 

classified according to the 

type of joint used: butt, lap, 

tee, edge, corner, etc. 
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The stress in a fillet weld is usually said to equal the load divided by the effective throat area of the 

weld, with no consideration given to the direction of the load.  

Tests have shown, however, that transversely loaded fillet welds are appreciably stronger than 

ones loaded parallel to the weld’s axis.  

Transverse fillet welds are stronger for two reasons:  

First, they are more uniformly stressed over their entire lengths, while longitudinal fillet welds are 

stressed unevenly, due to varying deformations along their lengths;  

second, tests show that failure occurs at angles other than 45°,giving them larger effective throat 

areas. 

 

 

The method of determining the strength of fillet welds along their longitudinal axes, regardless of 

the load directions, is usually used to simplify computations. It is rather common for designers to 

determine the strength of all fillet welds by assuming that the loads are applied in the longitudinal 

direction. 
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Table J2.5 of the AISC Specification, provides nominal strengths for various types of welds, 

including fillet welds, plug and slot welds, and complete-penetration and partial-penetration groove 

welds.  

The design strength ∅𝑅𝑛 of a particular weld and the allowable strength 𝑅𝑛/Ω of welded joints 

shall be the lower value of the base material strength determined according to the limit states of 

tensile rupture and shear rupture, and the weld metal strength determined according to the limit 

state of rupture by the expressions to follow: 
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In the preceding equations, 

 

The filler metal electrodes for shielded arc welding are listed as E60XX, E70XX, etc. In this 

classification,  

 The letter E represents an electrode,  

 The first set of digits (60, 70, 80, 90, 100, or 110) indicates the minimum tensile strength 

of the weld, in ksi. 

In addition to the nominal stresses given in Table J2.5 of the AISC Specification, there are several 

other provisions applying to welding given in Section J2.2b of the LRFD Specification. Among the 

more important are the following:  

1. The minimum length of a fillet weld may not be less than four times the nominal leg size of 

the weld. Should its length actually be less than this value, the weld size considered effective 

must be reduced to one-quarter of the weld length.  

2. The maximum size of a fillet weld along edges of material less than 1/4 in thick equals the 

material thickness. For thicker material, it may not be larger than the material thickness 

less 1/16 in, unless the weld is specially built out to give a fullthroat thickness.  

3. The minimum permissible size fillet welds of the AISC Specification are given in Table 

J2.4 of the AISC Specification. They vary from 1/8 in for 1/4 in or thinner material up to 

5/16 in for material over 3/4 in in thickness. The smallest practical weld size is about 1/8 in, 

and the most economical size is probably about 1/4 or 5/16 in. The 5/16-in weld is about the 

largest size that can be made in one pass with the shielded metal arc welded process 

(SMAW); with the submerged arc process (SAW),1/2 in is the largest size. 
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4. Sometimes, end returns or boxing is used at 

the end of fillet welds. In the past, such 

practices were recommended to provide 

better fatigue resistance and to make sure 

that weld thicknesses were maintained over 

their full lengths.  

5. When longitudinal fillet welds are used for 

the connection of plates or bars, their length may not be less than the perpendicular distance 

between them, because of shear lag.  

6. For lap joints, the minimum amount of lap permitted is equal to five times the thickness of 

the thinner part joined,but may not be less than 1 in (AISC J2.2b). The purpose of this 

minimum lap is to keep the joint from rotating excessively.  

7. Should the actual length (l) of an end-loaded fillet weld be greater than 100 times its leg size 

(w),the AISC Specification (J2.2b) states that, due to stress variations along the weld, it is 

necessary to determine a smaller or effective length for strength determination. This is done 

by multiplying l by the term , as given in the following equation in which w is the weld leg 

size: 

 

If the actual weld length is greater than 300 w,t he effective length shall be taken as 180 w.  



B.SC., M.SC., PH.D., CIVIL ENG., P.E., M. ASCE 

 
 

 

   
    

 

a. Determine the design strength of a 1-in length of a 1/4-in fillet weld formed by the shielded 

metal arc process (SMAW) and E70 electrodes with a minimum tensile strength 𝐹𝐸𝑋𝑋  =

 70 𝑘𝑠𝑖. Assume that load is to be applied parallel to the weld length.  

b. Repeat part (a) if the weld is 20 in long.  

c. Repeat part (a) if the weld is 30 in long. 
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The AISC in its Section J2.4c states that the total nominal strength of a connection with side and 

transverse welds is to equal the larger of the values obtained with the following two equations: 
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Should the members of a welded truss consist of single angles, double angles, or similar shapes and 

be subjected to static axial loads only, the AISC Specification (J1.7) permits the connections to 

be designed by the procedures described in the preceding section.  

 

 

The designers can select the weld size, calculate the total length of the weld required, and place the 

welds around the member ends as they see fit. (It would not make sense, of course, to place the 

weld all on one side of a member, such as for the angle of shown, because of the rotation 

possibility.) 
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Eccentrically loaded bolt groups are subjected to shears and bending moments. This situations are 

much more common than most people suspect. For instance, in a truss it is desirable to have the 

center of gravity of a member lined up exactly with the center of gravity of the bolts at its end 

connections. This feat is not quite as easy to accomplish as it may seem, and connections are often 

subjected to moments. 

Eccentricity is quite obvious in the figure shown, where a beam is connected to a column with a 

plate. In part (b) of the figure, another beam is connected to a column with a pair of web angles. It 

is obvious that this connection must resist some moment, because the center of gravity of the load 

from the beam does not coincide with the reaction from the column. 
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Fillet welds are frequently loaded with eccentrically applied loads, with the result that the welds 

are subjected to either shear and torsion or to shear and bending. A figure below is presented to 

show the difference between the two situations. Shear and torsion, shown in part (a) of the figure, 

are the subject of this section, while shear and bending, shown in part (b) of the figure. 

As is the case for eccentrically loaded bolt groups, the AISC Specification provides the design 

strength of welds, but does not specify a method of analysis for eccentrically loaded welds. It’s left 

to the designer to decide which method to use. 
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𝑀 = 𝑃𝑦 𝑒𝑥 − 𝑃𝑥 𝑒𝑦 

 

 

 

𝑃𝑐𝑥 =
𝑃𝑥

𝑛
,         𝑃𝑐𝑦 =

𝑃𝑦

𝑛
 

𝑅𝑛 = √(𝐻 + 𝑃𝑥)2 + (𝑉 + 𝑃𝑦)
2
 

 

 

𝑃𝑦 

𝑃𝑥 

𝑒𝑦 

𝑒𝑥 

𝑃𝑐𝑦 

𝑃𝑐𝑥 
𝐻 

𝑉 
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 CHECK THE SHEARING STRENGTH OF BOLTS, AISC Chapter J, Page 108 
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 CHECK THE BEARING STRENGTH OF BOLTS, AISC Chapter J, Page 111 

 

 

    
 

𝐿𝑐 = min  [𝐿𝑐1, 𝐿𝑐2, 𝐿𝑐3, . ⋯ ]  

𝐷𝑒𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 
≤  0.25 𝑖𝑛 

𝐷𝑒𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛
>  0.25 𝑖𝑛 
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𝑃𝑦 

𝑃𝑥 

𝑒𝑦 

𝑒𝑥 

 

 

 

 

 

 

 

 

𝑃 = 𝑃𝑢      𝑜𝑟      𝑃 = 𝑃𝑎 

𝑀 = 𝑇 = 𝑃𝑦 𝑒𝑥 + 𝑃𝑥 𝑒𝑦 

𝐽 = 𝐼𝑥 + 𝐼𝑦 

 

  𝑓𝑠ℎ =
𝑃𝑥

𝐿
,     𝑓𝑠𝑣 =

𝑃𝑦

𝐿
   

𝑓𝑟 = √(𝑓ℎ + 𝑓𝑠ℎ)2 + (𝑓𝑣 + 𝑓𝑠𝑣)2 

𝑤 = 𝑠𝑖𝑧𝑒 𝑜𝑓 𝑤𝑒𝑙𝑑 =
𝑓𝑟

𝜙𝑅𝑛

     (𝐿𝑅𝐹𝐷) 

𝑤 = 𝑠𝑖𝑧𝑒 𝑜𝑓 𝑤𝑒𝑙𝑑 =
𝑓𝑟

𝑅𝑛/Ω
     (𝐴𝑆𝐷) 

 

where 

𝑅𝑛 = (0.6 𝐹𝐸𝑋𝑋)(0.707 𝑤)(𝐿) 

for 1" weld per 1" length 



B.SC., M.SC., PH.D., CIVIL ENG., P.E., M. ASCE 

 
 

 

   
    

 

   𝑅𝑛 = (0.6 𝐹𝐸𝑋𝑋)(0.707 × 1 )(1) 

Determine the force in the most stressed bolt of the group shown in the figure, using the elastic 

analysis method. 

 

A sketch of each bolt and the forces applied to it by the direct load and the clockwise moment are 

shown in the figure shown. From this sketch, the student can see that the upper right-hand bolt and 

the lower right-hand bolt are the most stressed and that their respective stresses are equal: 
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Determine the critical fastener force in the bracket connection shown in the figure. 
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For the A36 bracket shown in the figure, determine the fillet weld size required if E70 electrodes, 

the AISC Specification, and the SMAW process are used. 
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Using E70 electrodes, the SMAW process, and the LRFD Specification, determine the weld size 

required for the connection of the figure shown. if 𝑃𝐷 = 10 𝑘, 𝑃𝐿 = 20 𝑘, 𝑒 = 2
1

2
 in, and .𝐿 = 8 in. 

Assume that the member thicknesses do not control weld size. 
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A few types of members subject to both bending and axial tension are shown in the figure 
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In Section H1 of the AISC Specification (Sect. H1, page 70), the interaction equations that follow 

are given for symmetric shapes subjected simultaneously to bending and axial tensile forces 
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In which 
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 𝑪𝒎
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AISC Chapter H, Page 70 will be considered 

 Interaction Equations 
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 FIRST-ORDER AND SECOND-ORDER MOMENTS FOR MEMBERS SUBJECT 

TO AXIAL COMPRESSION AND BENDING (𝑴𝒓 and 𝑷𝒓), Zero Sidesway 

AISC Chapter C, Section C2, Page 21  
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𝐶𝑚 For Lateral Uniformly Distributed Load or Lateral Concentrated Force 

AISC Chapter Comm C2, Table C-C2.1, Page 237  
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 FOR W SHAPES ONLY IN COMBINED AND AXIAL AND BENDING 

AISC Chapter 6, Table 6-1, Page 6-1 and 6-5 
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Should the largest available W section be insufficient to support the loads anticipated for a certain 

span, several possible alternatives may be taken. Perhaps the most economical solution involves 

the use of a higher-strength steel W section. If this is not feasible, we may make use of one of the 

following:  

1. Two or more regular W sections side-by-side (an expensive solution).  

2. A cover-plated beam,  

3. A built-up girder, or  

4. A steel truss. This section discusses the cover-plated beams, while the remainder of the 

chapter is concerned with built-up girders. 

Cover-plated beams frequently will be a very satisfactory solution for situations like these. 

Furthermore, there may be economical uses for cover-plated beams where the depth is not limited 

and where there are standard W sections available to support the loads. A smaller W section than 

required by the maximum moment can be selected and have cover plates attached to its flanges. 

For this discussion, reference is made to the figure below. For the derivation to follow, Z is the 

plastic modulus for the entire built-up section, is the plastic modulus for the W section,  

 

 𝑑 is the depth of the W section, 

 𝑡𝑝 is the thickness of one cover plate,and is the area of one 

cover plate. 

𝐴𝑝 is the area of one cover plate. 
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The expressions to follow are written for LRFD design. The designer selects a cover-plated beam 

and then computes its LRFD design strength and its ASD allowable strength.  

An expression for the required area of one flange cover plate can be developed as follows: 

 

The total Z of the built-up section must at least equal the Z required. It will be furnished by the W 

shape and the cover plates as follows: 
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Select a beam limited to a maximum depth of 29.50 in (648 mm) for the loads and span shown. A 

50 ksi (345 MPa) steel is used, and the beam is assumed to have full lateral bracing for its 

compression flange. Span is 40 ft (≈12m), D=6 k/ft (87.6 kN/m), L=9.5 k/ft (138.6 kN/m). 
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Built-up I-shaped girders, frequently called plate girders, are made up with plates and perhaps 

with rolled sections. They usually have design moment strengths somewhere between those of 

rolled beams and steel trusses. Several possible arrangements are shown in figure.  

 

 

 Rather obsolete bolted girders are shown in parts (a) and (b) of the figure. 

  Several welded girders are shown in parts (c) through (f). Since nearly all built-up girders 

constructed today are welded (although they may make use of bolted field splices), this 

chapter is devoted almost exclusively to welded girders.  

 The welded girder of part (d) shown in the figure is arranged to reduce overhead welding, 

compared with the girder of part (c), but in so doing may be creating a slightly worse 

corrosion situation if the girder is exposed to the weather.  

 A box girder, illustrated in part (g), occasionally is used where moments are large and 

depths are quite limited. Box girders also have great resistance to torsion and lateral 



B.SC., M.SC., PH.D., CIVIL ENG., P.E., M. ASCE 

 
 

 

   
    

 

buckling. In addition, they make very efficient curved members because of their high 

torsional strengths. 
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 Most steel highway bridges built today for spans of less than about 80 ft (24 m) are steel 

beam bridges. For longer spans, the built-up girder begins to compete very well 

economically.  

 Where loads are extremely large, such as for railroad bridges, built-up girders are 

competitive for spans as small as 45 or 50 ft (14-15 m). 

 Generally speaking, built-up girders are very economical for railroad bridges in spans of 50 

to 130 ft (15 to 40 m), and for highway bridges in spans of 80 to 150 ft (24 to 46 m). 

However, they are often very competitive for much longer spans, particularly when 

continuous.  

 In fact, they are actually common for 200-ft (61-m) spans and have been used for many 

spans in excess of 400 ft (122 m).  

 The main span of the continuous Bonn-Beuel built-up girder bridge over the Rhine River in 

Germany is 643 ft. 

 

The usual practical alternative to built-up girders in the spans for which they are economical is the 

truss. In general, plate girders have the following advantages, particularly compared with trusses: 

1. The pound price for fabrication is lower than for trusses, but it is higher than for rolled beam 

sections. 

2. Erection is cheaper and faster than for trusses. 

3. Due to the compactness of built-up girders, vibration and impact are not serious problems. 

4. Built-up girders require smaller vertical clearances than trusses. 

5. The built-up girder has fewer critical points for stresses than do trusses. 

6. A bad connection here or there is not as serious as in a truss, where such a situation could 

spell disaster. 

7. There is less danger of injury to built-up girders in an accident, compared with trusses. 

Should a truck run into a bridge plate girder, it would probably just bend it a little, but a 

similar accident with a bridge truss member could cause a broken member and, perhaps, 

failure. 

8. A built-up girder is more easily painted than a truss. 
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The depths of built-up girders vary from about 1/6 to 1/15 of their spans, with average values of 

1/10 to 1/12, depending on the particular conditions of the job. 

𝑑

𝑠𝑝𝑎𝑛
=

1

6
 𝑡𝑜

1

15
 

(
𝑑

𝑠𝑝𝑎𝑛
)

Average

=
1

10
 𝑡𝑜

1

12
 

One condition that may limit the proportions of the girder is the largest size that can be fabricated 

in the shop and shipped to the job. There may be a transportation problem such as clearance 

requirements that limit maximum depths to 10 or 12 ft (3 or 3.66 m) along the shipping route. 

 

 

After the total girder depth is estimated, the general proportions of the girder can be established 

from the maximum shear and the maximum moment. 

The web depth can be closely estimated by taking the total girder depth and subtracting a reasonable 

value for the depths of the flanges (roughly 1 to 2 in each). 

 

𝐰𝐞𝐛 𝐝𝐞𝐩𝐭𝐡 ≈ 𝐭𝐨𝐭𝐚𝐥 𝐠𝐢𝐫𝐝𝐞𝐫 𝐝𝐞𝐩𝐭𝐡 − 𝐝𝐞𝐩𝐭𝐡𝐬 𝐨𝐟 𝐭𝐡𝐞 𝐟𝐥𝐚𝐧𝐠𝐞𝐬 (𝐫𝐨𝐮𝐠𝐡𝐥𝐲 𝟏" 𝐭𝐨 𝟐" 𝐞𝐚𝐜𝐡) 

 

This problem is handled in Section G of the AISC Specification. 

There, the nominal shearing strength of the webs of stiffened or unstiffened built-up I-shaped 

girders is presented. In the following equation,  

𝐴𝑤  is the depth of the plate girder web times its thickness 𝐴𝑤 = ℎ𝑡𝑤 
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𝐶𝑣  is a web coefficient, values of which are given after the equation: 
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After the web dimensions are selected, the next step is to select an area of the flange so that it will 

not be overloaded in bending.  

The total bending strength of a plate girder equals the bending strength of the flange plus the 

bending strength of the web.  

As almost all of the bending strength is provided by the flange, an approximate expression can be 

developed to estimate the flange area as follows: 
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Select trial proportions for a 60-in (1524 mm) deep welded built-up I-shaped section with a 70 ft 

(21 m) simple span to support a service dead load (not including the beam weight) of 1.1 k/ft (16 

kN/m) and a service live load of 3 k/ft (43.8 kN/m). The A36 section will be assumed to have full 

lateral bracing for its compression flange, and an unstiffened web is to be used. 
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The nominal flexural strength, 𝑀𝑛, of a plate girder bent about its major axis is based on one of the 

limit states as defined in Chapter F of the AISC Specification, Section F2 to F5.  

These limit states include:  

1. Yielding (Y),  

2. Lateral-Torsional Buckling (LTB),  

3. Compression Flange Local Buckling (FLB),  

4. Compression Flange Yielding (CFY),  

5. Tension Flange Yielding (TFY).  
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This strength, 𝑀𝑛, is the lowest value obtained according to these limit states.  

 The application of the limit states defined in F2 to F5 (Section F1, P. 45) 

 

 

Section F2  was applicable and the limit states of yielding (Y) and lateral-torsional buckling 

(LTB) would need to be checked to determine Mn. 

Section F3  applies to doubly symmetrical I-shaped members having compact webs and non-

compact or slender flanges. The nominal flexural strength, Mn, shall be the 

lower value obtained from the limit states of LTB and FLB. 

Section F4  applies to doubly symmetrical I-shaped members with non-compact webs and 

singly symmetrical I-shaped members with compact or non-compact webs. The 

nominal flexural strength, Mn, shall be the lowest value obtained from the limit 

states of CFY, LTB, FLB and TFY. 

Section F5  applies to doubly symmetric and singly symmetric I-shaped members with 

slender webs. The nominal flexural strength, Mn, shall be the lowest value 

obtained from the limit states of CFY, LTB, FLB and TFY. 

 

 

 

 

C Compact flanges and webs,  

NC Non-Compact flanges and webs 

S Slender flanges and webs 
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 Based on whether plate girder has compact, non-compact, or slender flanges and webs as 

defined in AISC Specification Section B4.1 (Pages 16 and 17) for flexure and the unbraced 

length of the compression flange. 
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Defintion of all parameters used in Section F 
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Double Symmertic Plate Girder Section 

 

 

 

Single Symmertic Plate Girder Section 
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The AISC Specification for built-up I-shaped girders permits their design on the basis of 

postbuckling strength. Designs on this basis provide a more realistic idea of the actual strength of 

a girder. (Such designs, however, do not necessarily result in better economy, because stiffeners 

are required.) Should a girder be loaded until initial buckling occurs, it will not then collapse, 

because of a phenomenon known as tension field action. 
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Actually, there the beam behavior, according to this theory, is rather like a Warren truss with the 

concrete “diagonals” being in compression and the web reinforcing serving as tension verticals. 

The stiffeners of the built-up I-girders keep the flanges from coming together, and the flanges keep 

the stiffeners from coming together. The intermediate stiffeners, which before initial buckling were 

assumed to resist no load, will after buckling resist compressive loads (or will serve as the 

compression verticals of a truss) due to diagonal tension. The result is that a plate-girder web 

probably can resist loads equal to two or three times those present at initial buckling before 

complete collapse will occur. 
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The aspect ratio, a, is the ratio of the clear distance between stiffeners in a panel to the height of 

the panel. According to AISC Specification G3.1, 

 

 

This section applies to webs of singly or doubly symmetric members and channels subject to shear 

in the plane of the web 
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Consideration of tension field action is permitted for flanged members when the web plate is 

supported on all four sides by flanges or stiffeners. Consideration of tension field action is not 

permitted for: 

 

Tension field action also may not be considered if 

 

 

 

 

 

When tension field action is permitted according to Section G3.1, the nominal shear strength, 𝑉𝑛, 

with tension field action, according to the limit state of tension field yielding, shall be 
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The built-up A36 I-shaped girder shown has been selected for a 65-ft (19.8 m) simple span to 

support the loads 𝑊𝐷 = 1.1 k/ft (16 kN/m) (not including the beam weight) and 𝑊𝐿  =  2 k/ft (29 

kN/m). Select transverse stiffeners as needed. 

 

𝑑 = 2140 mm 

ℎ = 2082 mm 

𝑃𝐿𝐹𝑙𝑎𝑛𝑔𝑒 = PL 29×508 mm 

𝑃𝐿𝑊𝑒𝑏 = PL 9.5×2082 mm 
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ℎ/𝑡𝑤 = 219 

𝑉𝑛/(Ω 𝐴𝑤)  = 3.45 𝑘 
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The Steel Construction Manual AISC Chapter D, Page 26 limit states that will be considered are: 

 SLENDERNESS LIMITATIONS, AISC Chapter D, Page 26  

 

 TENSILE STRENGTH, AISC Chapter D, Page 26  

 

 TENSILE YIELDING, AISC Chapter D, Page 26 

 

 TENSILE RUPTURE, AISC Chapter D, Page 27 

 



B.SC., M.SC., PH.D., CIVIL ENG., P.E., M. ASCE 

 
 

 

   
    

 

 AREA DETERMINATION, AISC Chapter D, Page 27 

1. Gross Area, AISC Chapter D, Page 27 

 

2. Net Area, AISC Chapter D, Page 27 

𝐴𝑛 = 𝐴𝑔 − 𝐴𝐻𝑜𝑙𝑒𝑠 

𝑑𝑒 = 𝑑𝑏 +
1

8
" 

Or 

 

 

𝐴𝑛 = 𝐴𝑔 − 𝐴𝐻𝑜𝑙𝑒𝑠 + ∑
𝑆𝑖

2

4𝑔𝑖

𝑡

𝑁

𝑖=1

,     𝑁: 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑧𝑖𝑔𝑧𝑎𝑔 𝑙𝑖𝑛𝑒𝑠 

 
 

 

 
 

3. Effective Net Area, AISC Chapter D, Page 28 
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Connection eccentricity 𝑥̅ for various cases  
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 BLOCK SHEAR STRENGTH, AISC Chapter J, Page 112 
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Fig. C-J4.2., AISC Chapter Comm. J4, Page 352, Block Shear Tensile Stress Distributions. 
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BOLTED AND WELDED CONNECTIONS, AISC Chapter J 

For bolted and welded connections, the Steel Construction Manual AISC Chapter J, limit states 

that will be considered are: 

 SHEARING STRENGTH OF BOLTS, AISC Chapter J, Page 108 
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 BEARING STRENGTH OF BOLTS, AISC Chapter J, Page 111 

 

 

    
 

𝐿𝑐 = min  [𝐿𝑐1, 𝐿𝑐2, 𝐿𝑐3, . ⋯ ] 

𝐷𝑒𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 
≤  0.25 𝑖𝑛 

𝐷𝑒𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛
>  0.25 𝑖𝑛 
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 STRENGTH OF FILLET WELDED CONNECTIONS, AISC Chapter J2, Page 98 

 

 

𝑅𝑛 = (0.6 𝐹𝐸𝑋𝑋)(0.707 𝑤)(𝐿) 

 

𝐴𝑤𝑒 = (throat)(weld length) = (0.707 𝑤)(𝐿) 
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𝑜𝑟 
𝐿

𝑤
< 100 

 

𝐿 = 𝐿1 + 𝐿2 

𝐿1 =
𝑏

𝑎 + 𝑏
𝐿, 𝐿1 =

𝑎

𝑎 + 𝑏
𝐿,     𝐿1 > 𝐿2,   𝑏 > 𝑎 

 

  

𝑎 𝑏 
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 STRENGTH OF WELDED CONNECTIONS WITH BOTH LONGITUDINAL AND 

TRANSVERSE FILLET WELDS, AISC Chapter J2, Page 101 

 

𝑅𝑤𝑙 = 𝑅𝑛 for side welds = (0.6 𝐹𝐸𝑋𝑋)(0.707 𝑤)(𝐿𝑙) 

𝑅𝑤𝑡 = 𝑅𝑛 for transverse end weld = (0.6 𝐹𝐸𝑋𝑋)(0.707 𝑤)(𝐿𝑡) 

                         

𝐿𝑙 = 2𝐿                              𝐿𝑙 = 𝐿1 + 𝐿2   

 

  

𝐿 𝐿 

𝐿𝑡 

𝐿1 

𝐿2 

𝐿𝑡 
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 THE MAXIMUM/MINIMUM SIZE OF A FILLET WELD, AISC Chapter J2, Page 96 

 

 

Maximim size of a fillet weld ≤ Material thickness 𝑓𝑜𝑟 Material thickness <
1

4
"

Maximim size of a fillet weld ≤ Material thickness −
1

6
" 𝑓𝑜𝑟 Material thickness ≥

1

4
"
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The Steel Construction Manual AISC Chapter D, Page 26 limit states that will be considered are: 

 LOAD COMBINATIONS, AISC Chapter 2, Pages 2-8 and 2-9 

 

 TENSILE YIELDING, AISC Chapter D, Page 26 

 

 

 

 TENSILE RUPTURE, AISC Chapter D, Page 27 

 

 

Assume 𝑈, to be checked later  
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 CHECK SLENDERNESS LIMITATIONS, AISC Chapter D, Page 26  

 

 SELECT A TRIAL SECTION  

 

Select a Lightest Available Section with a largest Radius of Gyration 

 

1. Check the Gross Area, AISC Chapter D, Page 27 

 

2. Check the Net Area, AISC Chapter D, Page 27 

𝐴𝑛 = 𝐴𝑔 − 𝐴𝐻𝑜𝑙𝑒𝑠 

𝑑𝑒 = 𝑑𝑏 +
1

8
" 

Or 

 

 

𝐴𝑛 = 𝐴𝑔 − 𝐴𝐻𝑜𝑙𝑒𝑠 + ∑
𝑆𝑖

2

4𝑔𝑖

𝑡

𝑁

𝑖=1

,     𝑁: 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑧𝑖𝑔𝑧𝑎𝑔 𝑙𝑖𝑛𝑒𝑠 
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3. Check the Effective Net Area, AISC Chapter D, Page 28 
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Connection eccentricity 𝑥̅ for various cases  
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The Steel Construction Manual AISC Chapter E, Page 32 limit states that will be considered are: 

 SLENDERNESS OF COMPRESSION ELEMENTS, AISC Chapter B4 Table B4.1, 

Page 16 

𝝀 =
𝒃

𝒕𝒇

< 𝝀𝒓  𝑎𝑛𝑑 𝝀 =
𝒉

𝒕𝒘

 < 𝝀𝒓,         𝑏 =
𝑏𝑓

2
, ℎ = 𝑑 − 2𝑘 
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 EFFECTIVE LENGTH FACTOR (K), AISC Chapter E, Page 26 

1. Simple Members, AISC Chapter Comm. C2, Page 240 
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2. Braced Frames (sidesway inhibited), AISC Chapter Comm. C2, Page 241 

 

 

 

 

 

 

 

 

  

𝐺𝐹𝑖𝑥𝑒𝑑 = 1      𝐺𝑃𝑖𝑛𝑛𝑒𝑑 = 10 
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3. Moment Frames (sidesway uninhibited), AISC Chapter Comm. C2, Page 242 

 

 

 

 

 

 

 

  

𝐺𝐹𝑖𝑥𝑒𝑑 = 1      𝐺𝑃𝑖𝑛𝑛𝑒𝑑 = 10 
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 SLENDERNESS LIMITATIONS, AISC Chapter E2, Page 32  

 

 

 NOMINAL COMPRESSIVE STRENGTH, AISC Chapter E3, Page 33  

1. By using AISC Equations E3-1 to E3-4, Page 33 
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2. By using AISC Table 4-22, Page 4-318 
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3. By using AISC Table 4-1 to Table 4-11, Page 4-10 to Page 4-157 

 

 

 

(𝑲𝑳)𝑮𝒐𝒗. = 𝐦𝐚𝐱  [(𝑲𝑳)𝒚,   (𝑲𝑳)𝒚 𝒆𝒒] 

From AISC Table 4-1, Page 4-4 

(𝑲𝑳)𝒚 𝒆𝒒 =
(𝑲𝑳)𝒙

𝒓𝒙

𝒓𝒚
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The Steel Construction Manual AISC Chapter E, Page 32 limit states that will be considered are: 

I. By using AISC Table 4-22, Trial and Error Procedure, Page 4-318 

 LOAD COMBINATIONS, AISC Chapter 2, Pages 2-8 and 2-9 

 

 By using AISC Table 4-22, Page 4-318 

Assume (
𝐾𝐿

𝑟
) = 50 to be checked later 
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 CALCULATE THE AREA REQUIRED  , AISC Chapter E3, Page 33  

                    
 

 

 
 

 SELECT A TRIAL SECTION  

 

Select a Lightest Available Section with a largest Radius of Gyration 

 

 CALCULATE THE EFFECTIVE LENGTH FACTOR (K), AISC Chapter E, Page 26 

1. Simple Members, AISC Chapter Comm. C2, Page 240 
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2. Braced Frames (sidesway inhibited), AISC Chapter Comm. C2, Page 241 

 

 

 

 

 

 

 

 

  

𝐺𝐹𝑖𝑥𝑒𝑑 = 1      𝐺𝑃𝑖𝑛𝑛𝑒𝑑 = 10 
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3. Moment Frames (sidesway uninhibited), AISC Chapter Comm. C2, Page 242 

 

 

 

 

 

 

 

 

  

𝐺𝐹𝑖𝑥𝑒𝑑 = 1      𝐺𝑃𝑖𝑛𝑛𝑒𝑑 = 10 
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 CHECK THE SECTION, by using AISC Table 4-22, Page 4-318 

 

 

If 𝜙𝑐𝑃𝑛 < 𝑃𝑢  𝑜𝑟 
𝑃𝑛

Ω
< 𝑃𝑎 ⇒ Try the next section, Repeat the Procedure  
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II. By using AISC Table 4-1 to Table 4-11, Page 4-10 to Page 4-157 

 LOAD COMBINATIONS, AISC Chapter 2, Pages 2-8 and 2-9 

 

 By using AISC Table 4-1 to Table 4-11 

Assume (𝐾𝐿)𝑦 to be checked later 

 

 

 SELECT A TRIAL SECTION, by using AISC Table 4-1 to Table 4-11  

 

Select a Lightest Available Section  

 

  



B.SC., M.SC., PH.D., CIVIL ENG., P.E., M. ASCE 

 
 

 

   
    

 

 

  



B.SC., M.SC., PH.D., CIVIL ENG., P.E., M. ASCE 

 
 

 

   
    

 

 CALCULATE THE EFFECTIVE LENGTH FACTOR (K), AISC Chapter E, Page 26 

4. Simple Members, AISC Chapter Comm. C2, Page 240 
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5. Braced Frames (sidesway inhibited), AISC Chapter Comm. C2, Page 241 

 

 

 

 

 

 

 

 

  

𝐺𝐹𝑖𝑥𝑒𝑑 = 1      𝐺𝑃𝑖𝑛𝑛𝑒𝑑 = 10 
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6. Moment Frames (sidesway uninhibited), AISC Chapter Comm. C2, Page 242 

 

 

 

 

 

 

 

 

  

𝐺𝐹𝑖𝑥𝑒𝑑 = 1      𝐺𝑃𝑖𝑛𝑛𝑒𝑑 = 10 
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 CHECK THE EFFECTIVE LENGTH 

(𝑲𝑳)𝒚 𝒆𝒒 =
(𝑲𝑳)𝒙

𝒓𝒙

𝒓𝒚

 

(𝑲𝑳)𝒚 

(𝑲𝑳)𝑮𝒐𝒗. = 𝐦𝐚𝐱  [(𝑲𝑳)𝒚,   (𝑲𝑳)𝒚 𝒆𝒒] 

If (𝑲𝑳)𝑮𝒐𝒗. > (𝑲𝑳)𝒂𝒔𝒔𝒖𝒎𝒆𝒅   ⇒ Try the next section, Repeat the Procedure  

 
  



B.SC., M.SC., PH.D., CIVIL ENG., P.E., M. ASCE 

 
 

 

   
    

 

 

𝑀 = 𝑃𝑦 𝑒𝑥 − 𝑃𝑥 𝑒𝑦 

 

 

 

𝑃𝑐𝑥 =
𝑃𝑥

𝑛
,         𝑃𝑐𝑦 =

𝑃𝑦

𝑛
 

𝑅𝑛 = √(𝐻 + 𝑃𝑥)2 + (𝑉 + 𝑃𝑦)
2
 

 

 

𝑃𝑦 

𝑃𝑥 

𝑒𝑦 

𝑒𝑥 

𝑃𝑐𝑦 

𝑃𝑐𝑥 
𝐻 

𝑉 
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 CHECK THE SHEARING STRENGTH OF BOLTS, AISC Chapter J, Page 108 
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 CHECK THE BEARING STRENGTH OF BOLTS, AISC Chapter J, Page 111 

 

 

    
 

𝐿𝑐 = min  [𝐿𝑐1, 𝐿𝑐2, 𝐿𝑐3, . ⋯ ]  

𝐷𝑒𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 
≤  0.25 𝑖𝑛 

𝐷𝑒𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛
>  0.25 𝑖𝑛 



B.SC., M.SC., PH.D., CIVIL ENG., P.E., M. ASCE 

 
 

 

   
    

 

𝑃𝑦 

𝑃𝑥 

𝑒𝑦 

𝑒𝑥 

 

 

 

 

 

 

 

 

𝑃 = 𝑃𝑢      𝑜𝑟      𝑃 = 𝑃𝑎 

𝑀 = 𝑇 = 𝑃𝑦  𝑒𝑥 + 𝑃𝑥 𝑒𝑦 

𝐽 = 𝐼𝑥 + 𝐼𝑦 

 

  𝑓𝑠ℎ =
𝑃𝑥

𝐿
,     𝑓𝑠𝑣 =

𝑃𝑦

𝐿
   

𝑓𝑟 = √(𝑓ℎ + 𝑓𝑠ℎ)2 + (𝑓𝑣 + 𝑓𝑠𝑣)2 

𝑤 = 𝑠𝑖𝑧𝑒 𝑜𝑓 𝑤𝑒𝑙𝑑 =
𝑓𝑟

𝜙𝑅𝑛

     (𝐿𝑅𝐹𝐷) 

𝑤 = 𝑠𝑖𝑧𝑒 𝑜𝑓 𝑤𝑒𝑙𝑑 =
𝑓𝑟

𝑅𝑛/Ω
     (𝐴𝑆𝐷) 

 

where 

𝑅𝑛 = (0.6 𝐹𝐸𝑋𝑋)(0.707 𝑤)(𝐿) 

for 1" weld per 1" length 
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   𝑅𝑛 = (0.6 𝐹𝐸𝑋𝑋)(0.707 × 1 )(1) 

I. For Flexure, AISC Chapter 3, Page 3-3 and Chapter F, Page 44 

II. For shear, AISC Chapter G, Page 64 

III. Serviceability, AISC Chapter 3, Page 3-7 and Figure 3-2, Page 3-8 

All the above requirements should be satisfied 

 

I. FLEXURAL STRENGTH  

 Classification of Cross-Sections 𝝀, AISC Chapter 3, Page 3-5 

 
 

1. For Roller Sections, AISC Chapter B, Table B4.1, Page 16 
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2. For Built-Up Sections, AISC Chapter B, Table B4.1, Page 16 

 

 

 

 

 

 

 Nominal Flexural Strength 𝑴𝒏, AISC Chapter F, Page 44 
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 Classification of Spans for Flexure 𝑳𝒃, AISC Chapter 3, Page 3-5 

 

 

 

For Section F2: 𝑳𝒑 and 𝑳𝒓 can be determined by using AISC Chapter F, Page 48 

 

 

 

For Section F4: 𝑳𝒑 and 𝑳𝒓 can be determined by using AISC Chapter F, Page 50 
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For Section F5: 𝑳𝒑 and 𝑳𝒓 can be determined by using AISC Chapter F, Page 53 

 

 

 

For General available flexural strength for beams: 𝑳𝒑 and 𝑳𝒓 can be determined by using 

AISC Chapter 3, Page 3-4 
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1. 𝑴𝒏 for Roller W Sections 𝑳𝒃 < 𝑳𝒑, AISC Chapter 3, Table 3-2, Page 3-11 

 

 

2. 𝑴𝒏for Roller W Sections 𝑳𝒑 < 𝑳𝒃 < 𝑳𝒓, AISC Chapter 3, Page 3-8, Table 3-2, Page 3-11 
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3. 𝑴𝒏for Roller W Sections 𝑳𝒃 > 𝑳𝒓, AISC Chapter 3, Table 3-10, Page 3-96 

 

 

  

If 𝐶𝑏 > 1 
𝑀𝑢

𝐶𝑏
 

𝑀𝑎

𝐶𝑏
 

𝐿𝑏 
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 Consideration of Moment Gradient 𝑪𝒃, AISC Chapter 3, Page 3-5 and Page 3-6 

 

 

𝐶𝑏 can be determined from AISC Chapter F, Section F1, Page 46 
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𝐶𝑏 for Simply Supported Beams can be found from AISC Chapter 3, Table 3-1, Page 3-10 
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II. SHEAR STRENGTH  

 Nominal Shear Strength, AISC Chapter G, Page 64 
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III. SERVICEABILITY 

 AISC Chapter 3, Page 3-7 and Figure 3-2, Page 3-8,  
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 AISC Chapter 3, Table 3-23, Page 3-211  

 

 

 Deflection Limits 
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AISC Chapter H, Page 70 will be considered 

 Interaction Equations 
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 FIRST-ORDER AND SECOND-ORDER MOMENTS FOR MEMBERS SUBJECT 

TO AXIAL COMPRESSION AND BENDING (𝑴𝒓 and 𝑷𝒓), Zero Sidesway 

AISC Chapter C, Section C2, Page 21  
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𝐶𝑚 For Lateral Uniformly Distributed Load or Lateral Concentrated Force 

AISC Chapter Comm C2, Table C-C2.1, Page 237  
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 FOR W SHAPES ONLY IN COMBINED AND AXIAL AND BENDING 

AISC Chapter 6, Table 6-1, Page 6-1 and 6-5 
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