
Concepts of Steel Design
Companion Course Notes for CES 4605
AISC Fifteen Edition Manual of Steel 

Construction (LRFD only)

Professor Mullins

10th adaptation from the notes originally penned by Dr. William 
Carpenter (circa 1985)
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(16.1-28)
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Example 

W18x71    AISC Code Page 1‐22 A = 20.9in2; tw = 0.495”; tf = 0.810” 

7/8” Bolts 
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(16.1-29)

Shear Lag Factor (16.1-30 and 300)
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(16.1-30) Case 7

A36
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(16.1-138)
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Design of Tension Members 

௨ ௡

tPn = t * Fy * Ag 

t = 0.90 

௨ ௡  

Pu = t * Fy * Ag

௚	௠௜௡
௨

௬

Pu = t * Fu * Ae

௘	௠௜௡
௨

௨

Step 1: Solve for

Step 2: Check

Step 3: Check Slenderness Ratio
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Slenderness Ratio 

Provide minimum compressive strength in case load reverses 

direction due to wind, earthquake, etc… 

௅

௥
൏ 300    (AISC 16.1‐26) 

L = Unsupported Length of Member 

r = Smallest Radius of Gyration of the Member 

ݎ ൌ ටܫ ൗܣ

I = Least Moment of Inertia 

A = Cross‐sectional Area 

௠௜௡ݎ ൌ ܮ
300ൗ
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(16.1-570)
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Tablle C‐A‐7.1 (AISC 16.1‐570) 
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LRFD Compression Limit State    ௨ܲ ൑ ߶௖ ௡ܲ (B3‐1, AISC 16.1‐1н)

LRFD Compression Design Strength  ߶௖ ௡ܲ ൌ ߶௖ܨ௖௥ܣ௚  (E3‐1, AISC 16.1‐3р)  LRFD

Compression Strength Reduction Factor      ߶௖ ൌ 0.9   (AISC 16.1‐3о) 

Nominal flexural buckling stress  ܨ௖௥ : 

߶௖ܨ௖௥ is tabulated in Table 4‐22 (AISC 4‐229). 
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4.71ඨ
ܧ
௬ܨ

Inelastic Buckling 

ൌ ቂ0.658 ݎܿܨ
ி௬ൗி௘ቃ ݕܨ

(E3‐2, AISC 16.1‐35) 

Elastic Buckling

 ݁ܨൌ 0.877 ݎܿܨ

(E3‐3, AISC 16.1‐35) 

Euler Buckling

݁ܨ ൌ గమா

ቀ಼ಽ
ೝ
ቁ
మ 

Max. KL/r

(E3‐4, AISC 16.1‐33)     
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Interpolating for 15.42 results in 991kips
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Design of Compression Members 

Step 1: Determine the load, including an estimated self-weight 
of the column. 

Step 2: Calculate the effective length about the minor axis. 

  ሺܮܭሻ௬ ൌ  ௬ܮ௬ܭ

Step 3: Enter Tables 4-1 through 4-20 and find a section that 
will support the load with an effective length of (KL)y. 

Step 4: Check for buckling about the major axis by calculating 
an “equivalent” effective length with respect to the 
major axis: 

   ሺܮܭሻ௫,௘௤ ൌ  
ሺ௄௅ሻೣ
௥ೣ

௥೤ൗ
 

      If (KL)x, eq < (KL)y  

Section is good 

   If (KL)x, eq > (KL)y  

Check capacity of section at (KL)x, eq 

If capacity is still greater than load, 
section is good. 

If not, choose a new section and repeat 
process. 
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Leaning Columns 

Large single story buildings often have pinned end columns in 
the middle that are designed with a K = 1. 

However, the outer columns must be overdesigned to provide 
global lateral support to afford the low K in the middle. 

 

 

 

 

 

 

 

Design the center columns with K = 1 and the load as 

predicted/shown. 

Design outer columns by summing all center loads, and splitting 

between the two outer columns (e.g. left column design load = 

100k + 650/2; right column design load = 150k + 650/2). 

Compute K as appropriate for the end conditions. 

If center columns are fixed to the beam, then no leaning column 

effects should be considered and all loads are resisted locally. 
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(3-19)

(16.1-48)

(16.1-16)
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(3-28)

(3-24)

(3-24)

68



69



(3-28)
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See (3-91)
for beam curves
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(3-119)
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Table 3-1 (3-18)
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·de..&,� a..dc2s � b.... a.- k,ll� �c__o. ac � hk.-es 
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¥ c,._ ,kLJ �C:..�..;... � : Table 6-2

Table 6-2 gives axial and bending strength that can be directly used in 
interaction equations. But only for 50ksi. If working with a different grade 
of steel you will need to bounce between chapters 3 and 4 to find all the 
info you need. Chapter 6 puts it all in one place.

This is a trial and error procedure where the solution and number of 
iterations will depend on the amount of bending and axial load that is 
required.

Start by assuming about 50% axial usage and therefore the 8/9 form of 
the interaction equation applies. This makes the first term 0.5.

So if Pu = 1000k, look for a capacity of 2000k using the blue lettered 
columns on the left side of Table 6-2. Remember you must first assume 
KLy buckling and scan down to the appropriate effective length value in 
the middle of the table. You are looking always looking for the lightest 
section that can safely carry the design, factored load.

To use this table, Lb and KLy can be taken from different lines depending 
on the actual bracing conditions.

Then get the bending capacity from the right side of the table and check 
values in the interaction equation(s).

110



= 0.5 (assumed), so we are looking for 800k where KL = 14ft

There are multiple sections that can satisfy this load, so let's restrict it to 
common column sections, try a W14 section.

Try W14x90: fcPn = 1030k fbMnx = 714k-ft fbMnx = 273k-ft page 6-77

400/1030 + 8/9 [200/714 + 80/273] = 0.9   Section OK 

in 50ksi (A572) steel

Bottom of page 4-37
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Bolted Connections 
Consider Lap Joint: 

11
2" 3"

1
2"

1
2"

3
4" A325 bolts,
threads not excluded from shear plane

PuPu

Examine Tensile Failure: 

10"

21
2"

21
2"

Gross:  ௨ܲ ൌ ߶ ௡ܲ ൌ ௚ܣ௬ܨ߶ ൌ 0.9ሺ36݇݅ݏሻሺ10݅݊ሻሺ0.5݅݊ሻ ൌ 162	݇ 

Net Eff.:  ௨ܲ ൌ ߶ ௡ܲ ൌ ௘ܣ௨ܨ߶ ൌ 0.75ሺ58݇݅ݏሻ ቄቂ10 െ 2 ቀ
଻

଼
ቁቃ ݅݊ቅ ሺ0.5݅݊ሻ ൌ 179.4	݇ 
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Examine Bearing Failure: 

AISC Section J3.10 (16.1‐136) 

௨ܲ ൌ ߶ ௡ܲ ൌ ሾ߶ሺ2.4݀ܨݐ௨ሻሿሺ4	ܾݏݐ݈݋ሻ 

ൌ 0.75ሺ2.4ሻ ቀ
ଷ

ସ
݅݊ቁ ቀ

ଵ

ଶ
݅݊ቁ ሺ58݇݅ݏሻሺ4ሻ ൌ 156.6	݇

For standard bolts spacing.

(when spacing less, use 1.2ܮ௖ܨݐ௨) 
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Examine Bolt Shear Failure 

௨ܲ ൌ  ሻݏݐ݈݋ܾ	௕௢௟௧ሺ4ܣ௡௩ܨ߶   (AISC 16.1‐131) 

ൌ 0.75ሺ54݇݅ݏሻ ൤ߨ ቀ
ଷ

଼
ቁ
ଶ
൨ ሺ4ሻ ൌ 71.3	݇

Shear strength of bolt, 

Table J3.2 (AISC 16.1‐129) 
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Check End Failure 

     ݁௣௥௢௩௜ௗ௘ௗ ൌ 1.5" 

From Table J3.4 (AISC 16.1‐131): 

     ݁௠௜௡௜௠௨௠ ൌ  ܭܱ												"1.25

  Also acceptable: 

     ݁௠௜௡ ൌ 1.5݀ ൌ  ܭܱ					"1.125

Check Spacing Failure 

௣௥௢௩௜ௗ௘ௗ ൌݏ      3" 

From Section J3.3 (AISC 16.1‐130): 

௠௜௡ݏ ൌ 3݀ ൌ 3 ቀ
ଷ

ସ
ቁ ൌ  ܭܱ				"2.25

Check Maximum Edge Distance 

From Section J3.5 (AISC16.1‐131): 

݁௠௔௫ ൌ ݐ12 ൏ 6" 

											ൌ 6" 	ܭܱ

e = end distance

s = spacing

t t

e
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Examine Block Shear ‐ through 2 holes 

21
2"

41
2"

21
2" - 12(7

8") = 2.06"

tension fracture & shear fracture: 

௉ೠ
ଶ
ൌ 0.75 ቄቀ

ଵ

ଶ
݅݊ቁ ሺ2.06݅݊ሻሺ58݇݅ݏሻ ൅ ቂ4.5݅݊ െ 1.5 ቀ

଻

଼
݅݊ቁቃ ቀ

ଵ

ଶ
݅݊ቁ ሺ0.6ሻሺ58݇݅ݏሻቅ 

௨ܲ ൌ 172.8	݇ 

tension fracture & shear yielding: 

௉ೠ
ଶ
ൌ 0.75 ቄቀ

ଵ

ଶ
݅݊ቁ ሺ2.06݅݊ሻሺ58݇݅ݏሻ ൅ ሾ4.5݅݊ሿ ቀ

ଵ

ଶ
݅݊ቁ ሺ0.6ሻሺ36݇݅ݏሻቅ 

௨ܲ ൌ 162.5	݇ 

Examine Block Shear – through 4 holes 

Load and surface area are both 

doubled from above, so Pu is the 

same as for 2 holes. 

Pu/2

1 ½ bolt holes 

smaller controls for block shear

5 "

124



Examine Block Shear – through 1 hole 

1 1
2 "

2 1
2 "  -  1

2 (7
8 " )  =  2 .0 6 "

1 .5  -  1
2 (7

8 )  =  1 .0 6

tension fracture & shear fracture: 

௨ܲ

4
ൌ 0.75 ൜൬

1
2
݅݊൰ ሺ2.06݅݊ሻሺ58݇݅ݏሻ ൅ ሾ1.06ሿ ൬

1
2
݅݊൰ ሺ0.6ሻሺ58݇݅ݏሻൠ 

௨ܲ ൌ 234.6	݇ 

tension fracture & shear yielding: 

௉ೠ
ସ
ൌ 0.75 ቄቀ

ଵ

ଶ
݅݊ቁ ሺ2.06݅݊ሻሺ58݇݅ݏሻ ൅ ሾ1.5݅݊ሿ ቀ

ଵ

ଶ
݅݊ቁ ሺ0.6ሻሺ36݇݅ݏሻቅ 

௨ܲ ൌ 227.8	݇ 

Considering all possible failure modes, we see that shear in the bolts 

controls, so the usable strength of this connection is Pu = 63.6 k. 

Pu/4
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Example – bearing connection, double shear 

3
8"

1
2"

Pu = 160

3
8"

Design for the lap length and number of bolts. Use 7/8” A325 bolts, threads excluded. 

lA.l-1- \•"-b C6,\tr1.D 
\,� 1.. ..,.,-.A \.Lc.,u.:.1 
b,, 2 - o/8 .. 'it 

td� \we..D �.,.�,-el \,
'1

1 "''..J- u�-� 
� , - Y-z. 9' it

$ /c-z-4-4< �xi �1
�& T.o z. 

• -=I �

\:aLon..;.1
°"'4.""' 

ii v,�'S � £i�u-d -

bolt

bolt

bolt

bolt

bolts

(16.1-129)

68

62.1k/bolt
3 bolts= 2.45 bolts
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Slip Critical Connections

Even though the available strength of a bearing type connection may be adequate, in 

many instances we want to limit slippage in the connection, usually for serviceability 

reasons. For example: 

 Connections subject to load reversals

 Connections subject to fatigue

 Connections with oversized or slotted holes

 Connections where even small displacements are undesirable

(e.g. causing architectural damage)

 Connections with few bolts (i.e. greater probability of not having

any bolt with initial bearing)

These are typically serviceability concerns, designed for using the service limit state, 

meaning that we want to keep them at bay for the day‐to‐day “expected” loads, but we 

are willing to allow slippage in holes for the rare higher loads as long as structural 

failure does not occur. There are, however, some cases in which a serviceability failure, 

often with oversized or slotted holes, could inadvertently cause an increase in load 

beyond that of the strength limit state. In these cases, the slip resistance of a 

connection should be designed for the strength limit state. Examples include: 

 High aspect braced frames where displacement due to slip could

result in large P‐D effects.

 Long‐span, flat roof trusses where displacement due to slip could

result in ponding, creating greater loads.

 Built‐up compressions members where slip could increase the

effective length of the member, thus reducing buckling strength.

 Any condition where potential displacement due to slip is larger

than that accounted for in structural analysis.

In any circumstance where slip is a concern, design should be done in one of two ways: 

1. Design the connection to resist slip under service loads, then include

the effects of the deformed structure in structural analysis.

2. Design the connection to resist slip under all loads.
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Section J3.8 (AISC 16.1‐134) 

௨ܲ ൑ ௨݄௙ܦߤ߶ ௕ܶ݊௦ሾ݊௕ሿ 

Factored Load 

0.30 Class A (mill scale)

0.50 Class B (blast cleaned) 

1.13

1.0  no fillers OR bolts added

1.0  one filler, no bolts added 

0.85  two or more fillers, no bolts added

Min. bolt pretension Table J3.1 16.1‐127

# of slip planes

# of bolts

standard holes  1.0 

oversized or short slots  0.85 

long slots  0.70 
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Example

5
8"

5
8"

1" A325 bolts,
threads excluded from shear plane

DL = 30 k
LL = 50 k

How many bolts for a bearing type connection? Slip critical? 

129

fmDuTbns = single bolt slip critical capacity

fRn = 0.75 (0.3)(1.13)(51k)(1) = 12.97k/bolt slip critical capacity

no bolts = 112k / 12.97 = 8.9 bolts (use 9 or 10 depending on pattern)

fewer bolts are needed if blasted surface condition is provided (m = 0.5)



Torsional Bolt Groups 

T

r

h

v

fv

fh

ܬ ൌ ௫ܫ ൅  ௬ܫ ߬ ൌ
்௥

௃
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Examine angles 

r

h

v

?

?

fv

fh

௩݂ ൌ ߬ cos ߠ ൌ
ݎܶ
ܬ
݄
ݎ
ൌ
݄ܶ
ܬ
																 ௛݂ ൌ ߬ sin ߠ ൌ

ݎܶ
ܬ
ݒ
ݎ
ൌ
ݒܶ
ܬ

௩݂ ൌ
݄ܶ
ܬ

௩݂ ൌ
݄ܶ

௜݀∑ܣ
ଶ 

௩݂ܣ ൌ ܸ ൌ
݄ܶ

∑݀௜
ଶ ,݁ݏ݅ݓ݈݁݇݅													 ܪ ൌ

ݒܶ

∑݀௜
ଶ 

ܬ      ൌ ௜݀௜ܣ∑
ଶ 

		ൌ ௜ଶݔ௜ሺܣ∑ ൅  ௜ଶሻݕ

di

Ai

θ 

θ
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Example 

DL = 20 k
LL = 20 k

103
4"

23
4" 23

4"

4"

4"

4"
7

8" A490 bolts,
threads excluded from shear plane

W14x53   tf = 0.660"
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134

f Ab Fv

0.75(0.6in2)(84ksi) =  37.8k > 21.88k  OK
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68ksi 0.75 61.2k (controls)

61.2k = 10.99 bolts use 12 (in pairs)

(16.1-129)



F/2 F/2

bolt pretensioned due
to tightening of nut

Bolts in Tension 

Before F applied:

After F applied (F < Tb):

For F > Tb :   

Only when F > Tb does applying tensile load actually change the force in a bolt. 

When bolts are tightened, tensile stress induced is near Fy. Some engineers are afraid to 

load bolts in tension for this reason. From above we see that this is not necessarily a 

problem though. Following code procedure will give a safe design. 

(AISC 16.1‐131)     ௨ܲ ൑   ௕௢௟௧݊௕௢௟௧௦ܣ௡௧ܨ߮	 ϕ=0.75  (Fnt AISC 16.1‐129) 

Tb

Tb / A = contact pressure

F/2 F/2

Tb

(Tb - F) / A

F/2 F/2

F

Contact stress reduced. 

Force in bolts stays 

approx. same. 
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Example 

8 bolts 78" A490

Pu = ?
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Combined Tension and Shear in Bearing‐Type Connections 

Combined stresses in bolt from shear and tension may overload the bolts. 

Check shear same as before, but reduce tensile capacity based on the 

amount of imposed shear. 

• Find imposed shear in bolts, frv

• Then find usable tensile strength (F’nt) modified to include the 
effects of shear.  J3.7 (AISC 16.1‐134) :

௨ܲ ൑  ௕ܣᇱ௡௧ܨ߶   ߶ ൌ 0.75 

ᇱ௡௧ܨ ൌ ௡௧ܨ1.3 െ
ி೙೟
థி೙ೡ

௥݂௩ ൑  ௡௧ܨ

௡௧ܨ ൌ  ݄ݐ݃݊݁ݎݐݏ	݈݁݅ݏ݊݁ݐ	݈ܽ݊݅݉݋݊
௡௩ܨ ൌ 	݄ݐ݃݊݁ݎݐݏ	ݎ݄ܽ݁ݏ	݈ܽ݊݅݉݋݊

௥݂௩ ൌ  ݏ݊݋݅ݐܾܽ݊݅݉݋ܿ	݀ܽ݋݈	݉݋ݎ݂	ݏݏ݁ݎݐݏ	ݎ݄ܽ݁ݏ	݀݁ݏ݋݌݉݅

Table J3.2
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Combined Tension and Shear in Slip Critical Connections 

Tension force will reduce clamping force which in turn will reduce friction. 

Code applies reduction to the slip‐critical capacity   J3.9 (AISC 16.1‐135) 

௨ܲ ൑ ݇௦௖߶ ௡ܲ 

݇௦௖ ൌ 1 െ ೠ்

஽ೠ்್௡್

Slip Capacity (same as before) 

Factored tension force in bolts from 

load combinations 

# of bolts carrying the applied tension
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Example 

(8) 7
8" A325 bolts

threads excluded from
shear plane

DL = 75 k
LL = 100 k

2

1

Check shear, tension, and slip critical capacity of bolts (to check bearing you would

also need flange thicknesses, etc.). 
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68ksi 51

F'nt = 1.3Fnt - Fnt(frv/fFnv) 

F'nt = 1.3 (90) - (90)(23.29/51) = 75.9ksi

75.9
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