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PREFACE

The sUbject matter that is presented as a review of struc­
tural analysis and design has been selected and prepared
wi~h ~he professional engineer examination as a criterion.
A comprehensive review of ~he extremely broad field of poth
areas is neither reasonable nor feasible. It is felt ~hat

as a review, the material will serve to prompt one' s memory
and direct ~he review process along the general paths cov­
ered in both classrooms and office practice.

No a~tempt has been made ~o discuss derivation of formulas,- ..
or development of analytical or design processes. since
these must be presumed as prerequisites.forthe examination~

.The format is a problem solving presentatio~ and attempts
to address the areas which have appeared' in past .exams.
It is hoped th~t'the material will accomplish its goal of
stimulating the memory banks' and supplying' a measure' of con";"
fidence to the applicant· ~ approach' to the coming exam. ',' ...j .• -

The writer expresses thanks for their help to the followings
Professors Kenneth Leet and Leroy Cahoon of the Department of
Civil Engineering. Northeastern University, for permission
to use material from ~heir pUblications; to Doctor Ronald
Sharpin for his kind encouragement, and for giving me the
opportunity to present this material; and to my wife. Theresa.
who patiently supported the project and expertly typed much

of the material.
James Regan
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III-a

Introduction:

The sUbject matter that is presented as a review of structural';~
analysis and design has been selected and prepared with the' ­
Professional Engineers Exam as the criterion. A comprehensive
review of the extremely broad field of both areas is neither ­
reasonable nor feasible. It is felt that as a review, the

. material will serve to prompt one's memory and direct the
review process along the general paths covered in both
classrooms and office practice.

The structural section of the PE refresher course consists of
two sections. The first section reviews various "hand"
methods of analysis that may be useful in determining the
design parameters of a problem. The second section reviews
the design of a structure's members using materials that are­
commonly encountered: concrete, steel, wood, and masonry.

The first section includes analysis methods for,simple
structures. It considers the Cable theorem, and the
determination of deflections, by both the Moment Area Method
and the Law of Virtual Work. Analysis of Indeterminate
structures by the Flexibility Method' and by a Moment _
Distribution Method are reviewed. Frame,sidesway by the
moment distribution miathod' is also considered. - Finally the-" i •

rigidity of masonry walls with openings is analyzed for
determining the distribution of lateral forces to the
individual piers.-

The second section reviews structural design for imposed
forces and moments. structural steel members are reviewed -- to'
resist axial, flexural, and combined forces per, AISC, Manual
of Steel Construction, 9th ed. Reinforced concrete design by
the ACI 318 Building Code is reviewed for beams, shear, and
column design. The specification for Wood Construction,-_
NFPA,is used to review wood members for axial, flexural, and
shear forces. Masonry members are ,designed by ACI 531
Building Code Requirements for Concrete Masonry Structures to
resist axial and shear forces. Composite construction of wood
beams with steel side plates, and concrete slabs on- steel
sections are included. Finally, seismic code requirements are
reviewed.

The format is primarily a problem solving presentation and
attempts to address areas which have appeared in past exams.
It is hoped that the material will accomplish its goal of
stimUlating the memory banks and supplying a measure of
confidence to the applicant's approach to the coming exam.
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PREFACE

The sUbject matter that is presented as a review of struc­
tural analysis and design has been selected and prepared
with the professional engineer examination as a criterion.
A comprehensive review of the extremely broad field of ~oth

areas is neither reasonable nor feasible. It is felt that
as a review, the material will serve to prompt one's memory
and direct the review process along the general paths cov­
ered in both classrooms and office practice.

No attempt has been made to discuss derivation of formulas,·
or development of analytical or design processes, since
these must be. presumed as prerequisites for the examination•

. ' _.' .:;'- .~ . .. ~ ." .. ',' ,-r

,The format is a problem solving presentatio~ and attempts
to address the areas which·have appeared' in past .exams.

',' ~ : "'\, ..' .,' .. .

It is hoped that the material will accomplish its goal of
stimulating the memory banks and supplying· a measure" of con-··
fidence to the applicant' ~ approach'to the coming exam.· ,N .. , ..

The writer expresses thanks for their help to the followings
. Professors Kenneth Leet and Leroy .Cahoon of the· Department of
Civil Engineering, Northeastern University, for permission
to use material from ~heir pUblicationsl to Doctor Ronald
Sharpin for his kind encouragement, and for giving me the
opportunity to present this material: and to my wife. Theresa,
who patiently supported the project and expertly typed much

of the material.
James Regan
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STRUCTURAL

ANALYSIS
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INFLUENCE LINES .......

An influence line is a curve. ~he ordinates of which give ~~e

values of some particular function (shear. moment. reac,~io!1.

bar force. e~c.) in a fixed element (member section. support •.
bar in a ~russ. e~c.) due to a uni~ load acting at ~he, ppint ..
corresponding ~o ~he particular ordinate being considered.

Influence lines for s~a~ically de~erminate structures are
straigh~ lines. To draw such diagrams it is only necessary~o

compute ~he ordinates 'at a few con~rol points and connect their

~erminals with straigh~ li~es.

For statically indeterminate struc~ures the influence .. lines" are
curved and ~heir construction involvesan .analysis Wl1i~h" ~ay
require. considerable ~ime. The Meuller-13resiau principl~p~~:':
.vides a simple method to draw approximate shapes of ~hese'in-

"- .fluence lines. This principle may be s~ated as follows:
The ord~ates of~he influence line for any
'stress"elemen~'of.'any s~ruc~ure are propor..... ,,~·
tional ~o ~hose' of ~he deflec~ion curve 'which,
is obtained" by removing the restraint corre-
sponding ~o ~he stress resultant and intro-, .
ducing in its place a corresponding deflection.

1~
A

The reaction restraint at A is removed and an upward deflection
(corresponds to an upward reaction) is introduced. The area
enclosed between the original and ~he final positions of the
beam is the influence diagram for ~he reaction at A.



••• -.c:;.

AB is the influence line· .. "",

for a .given functio;n. (shear,"
reaction. moment, etc.)· on .
a beam which has a uniform
load ofw pounds per foot.

The portion of load in distance dx is treated as a concen­

trated load and is equal "to wdx,
By Rule 4, the value of function F due to this differential

load is dF = wdx y,

,', F=I.adF =( wdx y =wf.aydX
o _ 0

which is the same as saying, w(the uniform load per foot)
mUltiplied by the area under the influence curve corre­
sponding "to the portion of the structure being considered,

in this case, distance a.

USE OF INFLUENCE LINES
1. Influence lines show where to place a load on a structure

to maximize the v2.lue of the function for which the influ-

ence·line is drawn.
2. The value of the function due to a concentrated load equals

the product of the magnitude of the ~oad and the ordinate
of the influence line at the point of application of the

load•.
J. For maximum uniform loads place the load over those portions

of the curve for which the ordinates have the same sign,
4. The value of a function due to a uniformly distributed load

equals the product of the intensity of the load and the net .....,

area under "that portion of the influence line which is under--- ';.

consideration.
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EXAMPLE
1. Draw the influence lines for thetollowing functions:

Reaction at B. Reaction.at E. Shear at D. Moment at B,
Moment at C.

2. Use the influence line .~~ det~rm~ne the reaction at point B
due to a uniform dead load of 200 lb per ft.

3. What -is the maximum positive and maximum negative moment
produced at point C by a concentrated load of 50 kips?

t
10'

ciA °t
Eo F

J f5' tlO' IS' "I~' :

I.L. RB

.Place a unit load at B. the reaction at B is 1; place a unit
load at E, the reaction atB is O. We now have two points on
the influence line. dra~;a~traight'linethrough these points ,.
and ... extend this lin~~ to"' ;iht'~~seCt perp'e-ndicul~S from. ~a!{d F,

This sloping line is·theinfiuence line"for the reaction at B•.' '. . .,.

!~---.-;;:=--~--.
By proportion, when the Unit load is at A, the reaction at B
is 4/3; and when the unit load is at F. the reaction at B
is -1/6.



For a unit load at any point be­
tween D and E the shear at D is
equal to the reaction at 13.

Placing a unit load at any point
between E & F will cause a shear
at D equal to the reaction -at B.

If the unit load is placed at
any point between 13 and D the
shear at D is equal to the neg­
ative of the reaction at E.

).0 +2.
CD

E: F

the unit load is at A, the reaction
-,

the unit load is at F. the reaction

at D.

::;g;:
1'Qc

Eo F
I---~--r--

A_---~~....:::::::;;;..-...;;;...L-~...:;..I:.-;;.--------L.----a

-Y3 ,~__-

1.1-40

From the diagram. when
at E is -1/3: and when
at E is +7/6.

Place a unit load at E, the reaction at E is 1, place a unit
load at 13. the reaction atE is o. Again~ we have two points
on a straight line. and connecting these points in the same
way as for the influence line for the reaction at 13 we can-­
easily draw the influence line for the reaction at E.

\.OAO e {DA

~RP.>
.lbH1!A~

A el 1
0

6Q+P P.;)
it

1°A
+Rv..

::;~~.t.R.. eq ,0
.A

I
\.A_!jj?__T6 ~I~O~__";E~G

~H~2 ~t') ~Re.
A_---,:-=e.===~IO===1!!P-f
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Influence line
for reaction at B

+--",__....;c;---'2~ F·

~ cc::::::::I -~ .

The final. influence line for the shear at D is -th'e ieft-hanci
. ~ .

portion of th,e lower influence l¥ie and the right-hand por-
tion of the upper influence line. thusly

So. to draw the influencelirie for the shear at D. draw.the
influence line for the reaction at B and add to it the neg­
ative influence line for the reaction at E. Then draw a~ D
a perpendicular line which intersects, both of the influence
lines.
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I.L. for the Moment at·C
If the unit load is at A the reaction at B. from the influence ....
line for the reaction at B. is equal to 4/3. and taking moments-'
about C we have

(:i:i -1 x 20 + 4/3 x 10 = -20/3
When the unit load is at C the reaction at B is 2/3 and taking
moments about C
~ 2/3 x 10 = +20/3

Placing the unit load at F the reaction at E = 7/6 and summing
moments about C

of+' . -1 x' 25 + 7/6 x 20 = -5/3
When the unit load is at B or E there is no moment induced at C.
The final influence line is drawn by connecting the control
points with straight lines.

I.L. for the Moment at B
Place the unit load at A and take moments about point B;
1 x 10 counter-clockwise is negative. and MB = -10.
For a unit load atB the moment atB == 0 •.. At any other p~int

to the right of B the application of the unit load does not
induce any moment at B. Then the influence line for the moment

at B is
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The reaction at B due to a uniform load of 200 lbs/ft

by Rule 4 is
200 x Area enclosed by the influence line.

= 200 [t( 4/3 x 40 - 1/6 x 5)]
=15750/:; = 5250#

The maximum reaction at Boccurs when the positive portion
of the influence line is loaded.

200 x 1/2 x 4/3 x 40 = 16000/:; = 5:;3:;#

The maximum posi1iive moment at C produc.eclbya concentrated
load of 50k is obtained by placing the 50k at i;he,poit::lt of
maximum positive value for the .influence line for moment
at C. this is at point C itself and the ordinate value is
+ 20/:; •. Therefore. the maximum positive moment is

. 20/:; x 50' = :;:;J .:;tt;"k

The maximum negativ$ moment at C is produced by placing the
50k load at the point of maximum negative value of the influence'
line for moment at c. This J:-ocation is at point A •. and the max­

imum negative moment is
50 x (-20/:;) = _:;:;:;.:;ft-k



EXAMPLE
Given a truss having ·paralleltop and.bottom chords.

Draw the influence lines for the ,forces in bars a thru'g.

40'

6R .
6

5

=180'

T T T ! i

1 2 J 4 5 6
reaction R6

1

I JT! I T
1 2 J 4 5 6

.........

214
J

2 .1(\ •

Influence lines for bar forces in a truss are drawn for
a unit load moving along the truss. the load is usually
placed on the bottom chord. Since the truss is deter­
minate. the influence lines are straight lines between
the panel points.
The evaluation is done by either the method of sections
or the method of joints. In using the method of sections
it is best to use the free body diagram which does not
contain the unit load.

o

Draw the influence lines for the reactions Ro and R6•
I.L. for the reaction .Ro

1

f_
o

I.L. for the
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I.L. for the force in bar b.

1
6

and in
the per-

-5/4 Ro
-Ro J/

1

'~----+J----If----+l----l. I
o 1 2 :3 4 5

RO pression.
When the unit load is at point 6 the
force i~bar a i~ =O~

A unit load at point 1 will induce a
" .. ,.. , . ,..: -~-; .~:

force in bar a =
_ ~~a' = -5/4 x 5/6 = -25/24

:. The influence line for the force in bar a is
o 1 2 J..4 5 6

~ I :c. '.1

~ In general, in the free-body diagram above,
those to follow, only the 'forces related to
tinent discussion are shown.

When the unit load is at O. Sb = 0; when ~he unit load is
at point i. Sb = 1: and when the unit load is at points
2 thru 6 the force'in bar b is = O.
The influence line for the force in bar b is then

I.L. for the force in bar a.
Using the me,thod of joints and isolating
joint Oas a free body • by it?-spection;. ';
when 'the unit load is at point 0 theb~

force in a is equal to zero., If the ,\mJ.t
load is at any point from 1 to 6 then

Sa = -5/4 RO
and is minus because the bar is in com-
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in bar d.
Cutting section at 2-2 and using the
right-hand free body, as the unit load
moves from 0 to 2 the bar force in d is

RG f R6 tension. With the unit load at 2
the force in bar d is +1/;.

Using the left-hand free body, the bar
force in d is equal to -Ro compression.
If the unit load is at 3,

.,~ -RO =-1/2
The influence line for the bar force in d is

111-"0

1/3 ; 4 5 6-'-\-====ft::::::::::;:;~">..::"'~~:~==~I~::::=:fl =~to 1 2 ...........,..
, -1/2

j;:> .
I -5/24 2

Using the left-hand free body. as the
. load moves from point 2 to point 6. the

force in bar c is·5/4 RO tension.
When the unit load is at point 2

Sc =5/4 x 2/; = 10/12 = 5/6
:. The influence line for the force in bar c is

5/6
? ····1 ./~ ...

1

•

I.L. for the force
?

I.L. for the force in bar c.
Cutting section at 1-1 and using the
right-hand free body. if the unit load
moves from point 0 to point 1. the

force in bar c is
Sc = -5/4 R6 compression.

RG If tne load is at point 1 then
Sc = -5/4 x 1/6 = - 5/24

Roo
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:. The influence line for the force in' bar e is

64

5/8

! I/;

Using the left~hand free body, as the
10ad moves £rom point 3 to point 6. the

force,in bar e is 5/4 Ho tension.
When the unit, load is at point J

"Se ::: 5/4 x1!2 =+5/8

111-" ..

force in bar e.
Cutting section 3-3 and using the
right-hand free body, if the unit load
moves from point Oto point 2, the,
force in bar e is

Se = -5/4 R6
RG If the unit load is at point 2. then

Se = -5/4 x·1/3 = -5/12

•
1:5

o

(5/12)(30) = 12'-h 1.--.4-18' = (5/8)(30)
(5/12 + 5/8) .,jo..1.~...I.-.,p.. (5/12 + S/8)

I.L. for the

~~ ~~ '3
'x. +--'__
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I 0

3

bar f.

Cutting section 3-3 and using the
right-hand free body, take moments
about point 2' and consider the unit
load as moving from point 2 to point 6.
~ -120 R6 + 40 Sf = 0

Sf =3 R6 tension
When the unit load is at point 2,

R6 = 1/3 and Sf = 3 x 1/3 = 1

Using the left-hand free body, take
moments about 2' again, but now con-·
sider the unit load to be moving
from point 0 to point 2.

r-.;, 60 Ro - 40 Sf = 0
Sf =3/2 Ro tension

When the unit load is at point 2,
Ro'= 2/3 and Sf = 3/2 x 2/3 = 1.

If the unit load is at points 0 or 6
S - 0f -

21o

:. The influence line for the force in bar f is
, 1

~=:='=.=3:'=:::4===::;;~=~g

3

I.L. for the force in

I.L. for the' force in bar g.

When the unit load is placed anywhere along the bottom chord
of the truss there is no stress induced in bar g; therefore,
the influence line for the fQrce in bar g is

. ~f-- t-----4
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1/2(-S/12)(72) (0.6) + 1/2{S/8)(10S)(0.6)
-9.00 + 20.2S = 11.25 tension

c • For the live load compression in bar e, use the neg­
ative portion of th~.influence line.

Se = 1/2 x (-S/12){72){1) -(5/12)(S)
Se = -1S.00 -3.33 = -lS.33

throughout. the length of the .
,".-:

in bar e due to the .. dead r ,- ....•

Solution:
a. Since the dead load applies

truss. by rule 4, the force
load is

Se =
Se =

b. For the live load tension in bar e" use the positive
portion ot the influence line •.

Se =1/2(S/S)(10S)(1) + (S/S)(S)
Se = 33.7S + 5·00 = 3S.7S

d. The maximum tension in bare is
3S.75 + 11.25 =+SOk

The maximum compression in bar e is
-18.33 + 11.25 = -7.0Sk

It is apparent from these calculations, that a reversal
of stress occurs in bar e as the live load moves across
the truss. This is important in the design of the member
and its connections because stress reversals affect m~tal

feof-;:' "'ould become a critical consideration.

EXAMPLE Use of truss influence lines.
a. Determine the force in bar e due to dead weight

of the truss of 0.6k per foot.
b. What is the maximum tension in this bar if a uni­

form live load of lk per foot and a concentrated - -"
load of Sk moves along the bottom chord of the

truss'?
c. What is ±he maximum compression induced.in bar e

by these live loads'?
d. Find the total tensile and compressive forces in

bar e.
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- I.L. for Vc

~.437 .
~~---+-!-.+-!-;1:::;H;';:;1

.220 .250 .157
I.L. for VA

••• - • ...:;»ClL

Since bbb (the deflection at B due to a unit load at B)
is the same as b

2
, dividing each of the point deflections

above by b
2

will give the value of the ordinate of the
influence line at the corresponding point.

113.81ft2k
EI EI

Conjugate Beam loaded
with M/EI diagram.

Solution:
Remove V and place' a unit load at B (point 2) ,'0 compute the
deflecti~ns at points 1 through 5.
Using the conjugate be'am method, cut

O
sections Oat points

1 through 5 and compute the moment on the conj"ugate beam
at the respective points.

b1=(142.27)(8)-i(8)(S.JJ)(2.67)=1081
b 2=(142.27)(16)-t(16)(10.67)(S.33)=1820
°3=(113.81) (24)-i(24)(8.00)(8.00)=1963
°4=(113. 81 )(16)-!(16)(S.33)(S.J3)=lS93
°S=(113. 81)(8)-i(8}(2.67)(2.67)=882

V = bB
B Obb

Influence Lines for Indeterminate Beam
Find the I.L. for the reactions a~ A,a& C. 1.079

o 1:' 32' 5 6 :L::00:~15
vA Vc I.L. for VB

8' = 48'

I
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at point 2:

1'820 = 1 00
1820 •

point 1 and sum moments about o.
1 x 8 - 0.594 x 16 + 48VC = 0

Vc = 0.031

Load
t:;)

Load point 2.

(.f) 1.00 x 16 - 1.00 x 16 + 48VC = 0
Vi:; = 0 etc.

Summing forces in ~he vertical direction:

+t -1.00 + 0.0594 - 0.031 +VA = 0

VA = 0.437

e.g. For point 1. place a uni~ load at point 1,
~he reac~ion at B. from~he influence line
for VB' is 0·.594. Apply this at Band ~ake
moments about point 0 and solve ~or Vc. .
For the reaction at A. simply sum the forces
in vertical direction. "

Repeat this process for each of the points
along the .beam. "..".

at point 3:

i§~6 =1.079 etc.

The ordinate at point lis:

1081 = 0.594
1820

To ~ind ~he influence line for ~he reaction at C, use
~he influence line for ~he reaction at B ~o obtain values
for VB at the various points al~ng the beam. Applying a
speci~ic value of VB at B and a "unit load at the related
point. (determined from ~heILfor VB)' the reaction at C
is determined by statics. .Then "using -the influence lines
for the reactions at"B and C,' the reaction at A is readily
~ound. .

I
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70'

10'

2400#

C

3# ft

~ 100'
A t-----.-.;...-....----
~

EXAMPLE
For the given structure':.
a. Find h at mid-span.
b. Determine the maximum cable tension.

~un &Ut.! w L ~_.

Applying the cable theorem to the uniformly loaded cable.­
at mid-span

CABLES
General Cable Theorem.: At any point on a cable acted upon
by vertical loads. the product of the horizontal component
of cable tension and the vertical distance from that point
to the cable chord equals the bending moment which would
occur ~t that section if the loads carried by the cable
were acting on an end-supported beam of the same span.
The cable theorem holds whether the cable chord is hori-

zontal or inClinedyA+ L/2

H 1~ _
---...~
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So:l.utions

Also, using the expression for Tmax developed in strength
of materials texts,

T = H[1+16n211/ 2
,. max. J

where n =h~ = ~.2S/100 = .0625
Tmax • = 600 [1+16 ( .0625)2J 1/2 = 618.5#

80'

2550#

i, L=100', ~ VB =(100 x .,'>/2:=,150#

""-O~.-...HB . ,,' " .'

J r

Me = 0 1+\
(-HB x 80)+(20 x 2400)=0

48000/80 = HB = 600#
:. h = wL2/8H '

= (3 x 1002)/(8 x'600)'
= 30000/(8 x 600) .
=50/8 =6.25' Ans.

b. Tmax • =~V~ + H~,_= ~(lS0)2 + (600)2

-1382500 = 618.5# Ans.

a.

I
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DEFLECTIONS
MOMENT AREA METHOD: (Based on the following two theorems)

1. The change in slope of the tangents to the elastic
curve between two points. A and B on the elastic
curve. is equal to the ·areaurider the ... M/EI curve
between these two points. .-

2. The deflection of a point B on the elas~ic curve
from the tangent to this curve at point A is equal
to the static moment about an axis through point B
of the area under the M/EI curve between the points

A and B.

The areas and the moments of the ar~ of the bending moment
diagrams may be found by integration. but in most cases
the moment diagram may be broken up into a series of rela­
tivly simple geometric shapes. Knowing the areas and cen­
troids of these. shapes. the moments of the areas equal
the centroidal distances from the axis of moments mUltiplied
by the respective areas.
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6'

120/EI

12'12'

~A/e,
gB_~S the change in slope of the tangent
at B with respect to the tangent at C
and is equal to the area of the M/EI dia-
gram between B and c. 2 . 2

9
B

=(120'kx12 ')/EI =(1440ft k X144in )
. 2

'k EI ft . 3
~ / = 1/2 x 120 x 6' x 2/3 x 6'x17281n

A B . EI ft3

=1440 ft3k x 1728 in)
EI ftJ

C
71 Tr

6' 20k

. B 'i :A

1=240 in4

E=30x103ksi

EXAMPLE
·Find the vertical and horizontal deflection of point. A
due to bending strains. (Use the moment-area method)
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.6AV = (BB x 6') + ,bAlB

~ - 1440 x 144 x 6'x 12" +1440 x 1728 - 2.4"Ans.
AV - EI ' f't" EI , -

,~BH =4AH =~B/C .'/' • :3
12'oft k 1728J.n

f X 12' x 6' x = 2.07" AnSI
o B/c = EI f'tJ

... ~....,-'

..



h

a

3b/8

.b

a
. a(n+l)

(2n+l J
~----t--~~

b(n+l)
2(n+2)

a
l a

~__-+-_--+...L-Il-S

x

b

x

b

y

b

10 curve
A = bh/2

b/3

Yf 2° curve

A = ab/3
I 2

'.. ' y = .kx

A = 2ab/3

y = kx2

y = kx
n

A = nab/(n+l

h

n .

GEOMETRIC DATA FOR VAR:r:OTrC" '

b

b

m

.

c. g. I

·h
.~ 2

b/2

b

1
y

nO curve
ny=kx·

I .

A = ab/(n+l)

A =bh/2

A= bh

I
I
I
I
I
I
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I
I
I
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I
I
I



DEFLECTIONS (cont.)
LAW .. OF VIRTUAL WORK:

If a structure· is in equilibrium under a set of'forces
and if the struc~ure is given a.virtual disp~acement'

consistent with the constraints of thestructur~. then
the external virtual work done is equal to the internal
virtual work done.

W(external) = W(internal)
The general equation is:

1 x~ FQFpL ,L ds
1 xoC + WR =L AE +J 0 MQMp EI

1 x~is used for deflections.
1 xtl. is used for rotations. .-
WRis the. work done by the supports, this is due to

Q forces only.
The first term on the right side of the equation
is the work done by bar forces; that·· is, by axial
forces •
.The second term on' the right is the work done by ' ..
flexural forces.

Note: We have neglected the work done
by shear and torsion.

FQ = Forces in frame due to a unit load Q.

MQ = Moment in beam due to a unit load Q.
Fp = Forces in frame due to actual real loads.
Mp = Moment in beam due to actual real loads.

·..- ... ~·S",'.
:·";\c;."I

I
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BB
6'

QAAV = .J6 ~Q~ ~~~.

EI(lk)~AV = ;; 6 (x)(20x)dx of- .{ 12{~6){_120)dY

EI~AV = 20x
3 16 + 720y 112

3 0 0

EI'.AAV = 1440 of- 8640

A - 1440 + 8640
~AV = 30000 x 240 x 1728 = 2.4" Ans.

12'

y y y

C C C 1k

20 kt 1~ ~k~k . k
120 6 12

P Forces QV Forces QH Forces

Member x increases Mp MQ M
AB A to B QH0<x<6 20x x V 0

Be y increases
C to B
0<y<12 -120 -6 -12*y

EXAMPLE
Find the vertical and horizontal deflection of point A
due to bending strains. (Use the virtual work method)

x 20k

-r..,.. ...... A

I
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I
I
I
I
I
I-
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

...-.:::; .

Example (Cont.)

Q.1 ='LMM-S§. ~.
. AH·. .to Q_.p EI

EI(lk)~AH~~O+~12 (-12+Y)(-120)dy

EI AAH= 11140y - 60y21~2

EI ~AH = 17280 - 8640 = 8640

: '.'



diag.

diag.

iii=6

~VIRTUAL LOAD

H

111-21 a.

..
SEMI-GRAPHICAL METHOD OF INTEGRATION

Iii = Ordinates taken on virtual load moment diagrams
at J.ocation corresponding to centers CJ~ gravity
of real J.oad moment diagrams.

ARLM x iii
1 x A:
~ = EI ..,;Di ~or triAtlmllar moment diagram

JI' ~m for rectangular mom.
6v =. 360 x 4 + 1440 x 0 x 1728 = 2.42"

, 1x JO x 103 x 240. r Iii ~or top leg mom. diag.
A _ :60 x 0 + 1440 x ~m ~or vert. leg mom.
~ - d x 1728 = 2.07fl

H 1x:30 x 103 x 240

It can be seen that the graphical solution for t~is

frame is much faster that the analytical one.

ARLM = Areas of real. load moment diagrams.

12'

kvariation of "the virtual work approach to this type·ofproblem
is a semi-graphical integration method. It works we~l for moment
diagrams composed of easily defined geometrical shapes. Such is
the case for this particular problem.

6' '20k
oJ

o

I
I
I
I
I
I
I
I ACTUAL LOAD VIRTUAL LOAD

V

I
120'Jt· ... A=6x120/2 6 /k

Ik Co. =,;60 Ik
120 6 .

tf.l 0 ~ ;---;--J.-
1d

-4~";::"

I .~. ~ ~espondin ations

I ~ ~ ~f m=6
~ ~ 6'.. CJ,'I i ~.~--I-..L_eorres.pondin &..1_..&.-...&..-ions

I
I
I
I
I
I
I



in.Area of all bars =5sq
E = 30 x 103ksi
Support C settles ;".
Bar FB fabr"icated 0.2"
too long.

P Forces

...-~~

:3 @ 15'

B +~

-tlk
i k i k

Q Forces

w = w. FFL "e 1.

Q4v WR =1(FQ.AL)- Q P + F AL
"AE Q

Note: The deltas on the right-hand side of
the equation denote changes in length,
not,deflections.

(:ft) (in2) ft ) (k) (k) k2ft (in) (in k)(sq in (sq in)

L L FQ Fp
L L FQALA A FQFp(X J _

AB 15 5 3 ~ +15 +16.875

Be 15 5 J +~ +15 +16.875

AF 25 5 5 -~ +25 -78.125

Fe 25 5 5 -~ -25 +78.125

FE 20 5 4 1 0 0 0.20 0.20

r- +33.750
-0.20

EXAMPLE
Compute the vertical deflection of joint B by virtual work.

E D

I
I
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Example (cont.)

.. ' ..': ,

A
BV

= 0.2135 + 0.125 = 0.339" Ans ••••

~BV- 0.125 = 0,01:35 + 0,20.,,= 0.2135"

(1)~BV + (0.25)(- i) =+5~obg x 12 + '0.20

Note: The settlement at C is 0.25 inches
and is positive since it is in the
same direction as the assUmed de-·
flection.
The force at C due to theQ force
is ~ and it is negative qecause it
is opposite in direction to the
actual settlement,

I
I
I
I
I
I
I
I
I
I
I
I
I
I
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I
I
I
I



••• -.c:=._

SIGN CONVENTION: Forces and displacements in the direction
of the redundant are positive.

The deflection due to the
redundant RB may also be
expressed by using flexi­
bility coefficlents •.

J. Equivalent to original
structure in all respects.

4. Superimpose the displ's
produced by the'original
load and that by the re­
dundant RB•.

1. Establish the degree of

indeterminancy.
o4 react. - J sq. stat.=1

2. Establish a RELEASED struct.
(determinate and stable)"

..

Jj; Released Structure :;;g.

---- -----~----....n&: . . --.
, ·tR~R(~

B B =A
flexibility ,48EI BB
co-efficient (' ~[1k~2L)JJx R

°BE -[ 4 EI B
&'----f----~

INDETERMINATE ANALYSIS

FLEXIBILITY METHOD (Also called consistent 'deformation method)
Outline of analysis

I
I
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-, ..... .;.-"',...... .,: ...•. ,'.

RB = 1.25 wL:Ans.

111-25'

RB = 1.25 wL Ans.

outli;ne or analysis (cont.)

Compatibility or geometry requires

AB = 0

AB =ABO + ABB

. -SW(2L)4
o = +384EI

I
I
I
I
I
I
I
I
I
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I
I
I
I
I
I
I



20'

P System

at B

E

!t2 t'~
Compute bBB (The vertical ·def~.

~ 0 eo 0 c

ABO

J._-..:..3.;...(;)...;.J5:;...'_-_4.;.;.5_'_~

.A

~ BB

Q System

Q System

Use the reac~ion at B as the redundant.

A B = 0 =~BO + 0BB RB

compute~BO (The deflection ofB in the released structure)

Analysis·.of·.an. indetermina:t:e 1:russby Flexibility Method.
Determine ~he reactions for ~he given truss.

Area of all members =S sq in. E =30,000 ksi
12K

I
I
I
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i.e. ~

11.-27

AE #0; ~·.-50.6j<~4j'~76R~'.~·0'

'R ~ 11'6k
B=~= •

R
B

acts in the direction of the 1k load,

Bar ·L ~Q FQFQL Fp FQFpL

AB 15 + ~ + 2.11 - 4.5 - 25.31

i 4.5 ' .' 25.31BC 15 + + 2.11 -
CD 25 0 O' -15 0

.
DE 15 0 0 + 9 0

EF, 15 0 0 + 9 0

FA 25 - 5- + 9.77 + 7.5 -117.19
8

FB 20 + 1 +20 0 0

PC 25 - i + 9.771 - "7.5 +117·19

EC . 20 0 o ' 0 ~~~:.:.;,..~. 0

l..F·cFL= +43.76 .. 'X F~~pt= '-,50.63 'rA'j~

Q Q

AB = 0 =~BO +6 BBRB

50.63 +' 41i76 'RB

.,~:,

0 '= - AE, ,

I
I
I
I
I
I
I
I
I
I
I,

I
I
I
I
I
I
I
I



Compatability Equation: ~A = 0 =AAO +.X(hAA )

Q.

0< x< 20

Mp = 20x'

MQ =-(0.5)x

0< x <2).09

M = 0P

M = 0Q

0.'

0.5
IZOtt

Fpo 20" Q.

lJ.5
0.5

Area of the cable = 0.5 sq in
E of the cable = 22x 10J ksi
W8xJl (AISC Manual 8th Ed.)
A = 9.12 sq in: I = 110 in4 ;
S = 27.4 inJ ; E = JO x 10J ksi

!JJU,.

...-~~

L = 20'
Fp = 0

FQ = 0.866

L = 23.09"
F = 0P
F ,= 1

Q!

From B to C

From B to A

. EXAMPLE

Determine the maximum stress in .the beam and in the cable.
(Neglect the weight of the beam and the cable)

I
I
I
I
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Example (cont.)

1k,A AO= 0 + fo20-( 0.5x) (20x)dx 1ki8

x3]20 1728 "
= -10 ~ 0 (30 xl000 x 110)

D.AO == -13.96"

For6AA consider (b).

1k cS =1 F 2 ~ +1 r ~ '2 ds
AA Q AE, -.10 ,Q EI

F '- 1p -

L=20' '0 <x ~ 2()

Fp = ":"'O.866Mp =-(0.5x)

FQ = - 0.866 MQ = -(0.5x) .

. L-= 23.09' 0< x~23.09

From B toe

From ~ to A

F = 1 M = 0Q Q

1k6AA = (-0',,866)(-0.866)(20)(12) + (1)(1)(23.09)(12)
(9.12)(30 x 103 ) (0.5)(22 x 103 )

20' 2
, + r (O.5x) dx x (1728)

'. J 0 (30 x 103) (110)
• 25 x~ J20 . 1728

= .0007 + .0252 + ( 3 . 0 (30'x 1000 x 110)

~AA = .0007 + .0252 + .3491 = 0.375"

.:. AA = AAO + X ~AA = 0

- 13.96 + 0.375 X = 0

X = ~?j~~ = 37.24
k Ans.

I
I
I
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31.'25"( C... .t========f:1
'l7.GO'" J"--~~_...;.'ZD_' 1.

I \.~!" ,
20':

+~ Fx = - 32.25+ CH = 0
k

CH = 32.25 -P

r.tt M
C

= ( 20 - 18.62 )(20) = 2J.60' k ~

The stress in t~e beam = ~ = (27.604(12) = ! 12.09 ksi
due to bending . 27.

The direct stress in the beam = ~ = -3~:i'~ =- 3.',54 ksi

:. The Max. stress in the beam is:
P M 15.63 ksi compr. Ans.
A ! s = -3.54~ 12.09 =

8.55 ksi tension Ans.

Then for the whole structure;

..1 Fy = 18.62 -,20 + Cy = 0

. Cy =1. 3Sk
, t

Components of the cable tension:

4 . 0 . 86 k
Ay = 37.2 S1n 30 = 37.24 x 0.5 = 1 • 2

A
H

=37.24 cos 30°= 37.24 x 0.866 = 32.Z5
k

Example (cont.)

I
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I· cCln:sfant s'f
Sign .C'on-Jent,on

+ (\ r)+

SPAN ec.
P:t .. ~l(q c: 4.19'
&.aJrT o~

'..~ .JZ"q .1.6~'
~T' ~!>

PTS. ~rr 'NFLltC:T,e

SPA~A~

L~WGni cpt +M~'"

LC.f Se:
L =1.5~q-:: cD'

••• P1'$. 0'" ,tolfll..~
• t

5-~·~; 7-3=4

o

A FEMM=-FcMeA.
• _~ & _ !!..!!2=_?4'
S JZ ,~

C f"fMP.l( =..; ~PL
. IGP . . •

~-fi+ c-~xIG)(18:-.54t

ff F'£M~=O

FEMC:Dw~PL..

• -5~4=-12uC

r:a~~(s:~ A~).
t(l¢)(S) -\G :: q'~

AMI'j S~ by Moment
oistribution, .

~c

G..4S"

q'

be~mbelow,

. IG'"

q'

"".'

12'

-
-lOt ...40 -40 +12 -12

t'Z 12 e 4 ~

2 t· I.SS 1,55 -
1O 14- q.~5 . G.A$ !1

10 !!.5~ q.45
5·... '--7' q..... ..... q.

~z. Modif.'ed -k =%xJ(6&.~4 0

o .WI .~~ J 0

-24 +"24 -54. -lZ
-'. +20 .... aO ~+J2

+IOC---' .... +~~ .'
- -4 - 2
-t~

."...

'lb"

.•
:4SHEAR

,MOME NT.f-.,lC-__~_-+-_--r ~~_-,I

111-3"

I
I

!
i
I
I • •
I •

-. :Draw the ShearcSnd MomenJ curves for i he
i . .
i. ~ec/ft
II-OAO,

A

•
Kc.l:..• L.

eLf.: tJ(K.

FEM
dis" .
c.o.
cltsf.

j c.o.I
:. I dist..

i r.-M:,
"

V~i",pIB

Vmorn.
VaGj.

Reaet.

V=O

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I.
I
I



-FEM" i=+FEM =2 x '50
2

AB BA·· 12
, = 416.7'k

FEMBC=-3/16(40 x 30)
=-225.0'k

(Diag. '13 p.2-118, . ,
AISC Manual 8th ed.)

+12.5

C

15'15'

3·33 ,
3/4(3.33)=2.50
0:56= 2.5/4.5
-225.0
-1-07.4

+35.1 35.1

+332.4 -332.4

35·1

EI constant
50'

+.35·1

'z.O
2.0

2.0/4.5 = 0.44
+416.7
- 84.3

1
1

Case 2.

MODIFIED STIFFNESS FACTORS "FOR VARIOUS END CONDITIONS
1. One end~imply supported: . , K' = 3!4(K)
2. One end symmetrical to other end: K' = i/2(K)
3. One end antisymmetric:al to other end: K' =3/2(K) ,
e. g.
Case 1.

FEM =~10 Xs 16= -20'k
AB '

FEMBA=-FEMAB=+20'k

A B D Diag. 16 p.2-119)
I. 2

..,.....;;8;-.·_~.-..;;;8;-.·_--+or::=--=-=-16;=..':--·--:-_..;-.--=:8;....·0--:11+-..::8:..,..---.of mil =_2 x 16 =- 42. 6 ' k
EI Constant BC' 12

1 x (172)=1/2 t (Diag.15 p.2-119)

2/ 1/3
+20.0 -42.6
+15.1 7.5

A

K
K'

KJ K' 0

FEM -20.0
Dist.

I
I
I
I
I
I
I K "

K'
K l ,

I DFEM'£=K'
-416.7

dl

I
c.o.

-M

I
I
I
I
I
I
I
I
I
I



24'k

\D \D. .
co co
V\ V\
+ +

20'

.

1~
.~ .

o.:s
01

-225.0
+ 88.2f----".~-..---r-'-_1_36_._8_

+78.2
+39.1
+39.1 +78.2

21

30'

. .

_ ·2 x 122
-FE~C=+FEMCB- ., 12 .=

(Diag. 15 p.2~119)~~

;:."

2'

C

FEM
Dist.
c.o.

-M

1

c

111-3" b .

60
k

·20'

21
'.

1-00 :X:. 21/40=
.. 5.0 .

3/2x(5;0)=7.5 ~~
E J{=K'=

! -100fC1/ 20=5. 0

o
'"N.

1
1.......~-K=K'=l----· ....

0.3

21 B
100.:Xi:2I/30 =

6.7
6.7

Case 2.

. 3°'

. Case 3.

. FEM
Dist.

Dist. Factors
BA

K'

A

K

I
I
I
I
I
I
I
I
I
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I
I
I
I
I
I
I
I



Con~ider ihe ~prin9 suppod a~ "he redundant
••• The pdmar~ sirudure is ~s «shown 'n (b) •.

The compatibility e9ua.ion,batted C1n ~he

.c:ond'~,on~ shewn in ~) and Cd) and ihd if\H~

cl.flecHcn c:ondHions-\a\ed in ihe preblemlis: -

~60 - ~bb 'C ~=~ t:.eo

.". e&\tbxR=~ A60

Ii'\ 0 r::-. ~ • .) Aeo\l.I n= ,C\.lora: In'S~lng =."z·· '.
. . ~Qb~

wL~
Aeo: .~ EI. Al~C. -r.h\e~ p"2.- 120 ~.,'

~b~: deftedi'cn at- e due 10 a ~1r\ji \cad edina "'P..uan::i
at f3.

:. ~bb= -t ~:I.- AlS(. Tablet p."2- \~1 &.'2'1.

,Th~, ffo", ~. 0 above
. J. ur L4

.... F-" I~8E.1 :~ .
- (1) 'l.~ G4

JEt

1 U"

R

vJ ,hirr 7in B .

. .
A spring placed .under- d c:anHlever- beam ~,shown limits the defJeatrOn~o

on~-ha'f 1he \1a1,-,e oblainedif Joe be4m could defledF'r~~. The be-sm i$ .t'n4de

of deel "nc{ if I~ inches wide by I" deep. Find ihe sprins constant.
'Sleet, Eo· ,q, 000, 000' pSi'.

.(e)
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FRAME SIDESWAY (By moment-distribution method),:
Structural frames are subjected to sideswaybecause of unsym­
metrical position of loads (Fig. a), unsymmetrical frame geo~

metry (Fig. b), lateral loadings (Fig. c), or possibly a
combination of these (Fig. d).

By using the principle of superposition it is possible to use
an indirect approach,to the solution of problems of this type.
The method of moment~distributionlends itself readily to such
a procedure.

An analysis of these frames by an a9cepted method, say moment­
distribution, will result in inconsistencies. When the values
of the horizontal components at the supports are computed, the
sum of these forces and any horizontal forces acting on the
structure will not be equal to zero. This inequality. of course,
means that the structure is not in equilibrium.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

FRAME SIDESWAY (cont.)
The general procedure for solution of problems of this type
using the moment-distribution method is as follows:

1. Assume an imaginary support that prevents the structure

from swaying.

2. Distribute the fixed-end moments due to the applied
external loadings.

3. Compute and sum the shears at the bases of the columns.
The unbalanced shear is the imaginary force required to
prevent sidesway. If this force is removed the fr~e

will undergo sidesway and the ends of the columns will .
rotate and induce moments at the joints.

~. Assume values for these moments. These values MUST BE
such that the moments are proportional to the ~ of
the columns. This is especially important if the
columns are of different lengths.

,
. Any moment may be assumed.but the value should be
consistent with the proportional requirements.
It is generally easier if the magnitUde is assumed
to be of the same order as the moments due to the
external loadings as figured in Step 2.

Si.Analyse these moments and compute the shears at the
bases of the columns, again you will have an unbal­
anced shear. Establish the ratio of

Unbalanced shear in step 3
Unbalanced shear in Step 5

6. Multiply the moments in.Step 5 by this ratio and add
the result to the moments .of Step 2. These are the
correct moments

7. Figure the column base shears resulting from the final
moments and isolate the frame members as free bodies.
Apply all loadings, moments and shears. All members
should be in equilibrium. This constitutes a final check.
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EXAMPLE
Determine the end moments MA and MB for the given frame. (Fig.' a)
Use the moment-distribution method.
Sign conventio"n: Fixed-end Moments t+) •

FEM - -FEM ~ - (0.6)(10)(10) _"_S'k
AB - BA - 12 - 12 -

FEM = -FEM - PL - 20 x 10 --2S' k
Be CB - 8- 8. -

ZOa(
5 5' 5' C e c (Step 1)

I
I
I
I
I
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EXAMPLE (cont.)
Applyirg a force at A equal and opposite to the restraining
force of 2.62 kips will cause the frame to deflect. as shown.
This will induce negative moments into the columns. Since the
column inertias and lengths are the same the moments will be
the same.

. Assume a moment in each column equal to -100 ft-k.
2.G'Z~f>..

I
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(a) above (b) above

(s t e p 6)

(b)

5.'Z4 'I'

. force~
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EXAMBLE (cont.)

Applying the correction factor to the assumed moments and
shears will give the correct moments and shears for the
restraining force.

25 x 2.62 = 2.62k
. ~5 .

(a) -50 x 2.62 =-5.24'k at the top of each column.25

-75 x 2.62 =-7.86'k at the bottom of each column.2S
Adding these to the moments and shears from the external
loading (Step 2} gives I

• 'k+20.58 - 5.24 = +15.34 at the top of column AE.
'k7.86 = - 5.07 at the bottom of column AE.
'k5.24 = -23.)4 at the top of colUmn DC.
'k- 9.05 - 7.86 = -16.91 at the bottom of column: DC •

. ,....
+ 2.62 - 2.62 = 0 thus eliminating tpe.restraining

I
I
I
I
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EXAMPLE (cont.)

I
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TENSION CO-EFFICIENTS

For over a half a century B~itish engineers have used a
variation of the method of joints which is easier to apply
and which, for hand calculations, "has no equal in solving
space trusses. The procedure is called the method of tension
co-efficients. "

A tension co-ei'f'icient of' a member is defined to be the force
in the member divided by the length of the member. In using .
this approach the forces in the members are all considered
to be tension and are therefore positive in the calculations.
If the force is compression then the tension co-efficient
will have a negative value.

Consider member AB:

XAB
The horizontal and vertical components of~hetension force
PAB are, PABcosc;( and PABsin£ respectively. The horizontal
and vertical projections of the length of the member are
xAB and YAB.

Writing the equations for horizontal and vertical equilibrium
at pin A, '

,x B
P c£ P~=tABcOS = LAB ABxAB

PABsincC = P YAB = t Y
LAB AB AB

From,these we can see that the equilibrium equations forfF
Hand~Fv can be .written in terms of tension co-efficients

using the projected lengths of the members, Which lengths
we know, rather than sines and cosines of the angleoC.

I
I
I
I
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24'

~
L:C

~ A- I AO

tRA
and, since ZFx = 0; .

12tAB + 8tAC -H = 0
The values for 12tAB and.8tAC are positive since they are di-
rected i~ the positive x direction. TheH.is ne~ative because
its assumed direction is in the negative x direction. The re­
maind~r of the equations for the x and y directions at each
joint are found in the same way and are recorded in Table I.

T·A B LEI
(1) !. Ax; 12tAB +_ 8tAC H = 0
(2) z.. Ay ; 1::!tAC - RA = 0
(3) !. Bx ; -~2tAB - ~tBC + 2~tBD = 0
(4) l:: By ; 12tBC + RB = 0
(5) !.cx ; - 8tAC + 4tBC + 28tCD = 0
(6) l: Cy ; -12tAC -12tBc - 12tCD = 0
(7) I:.Dx ; -28tDC -24tBD = 0
(8) 2:Dy ; 12tDC ...12 = 0

These equations are now solved for the respective values of
the tension co-efficients of the various members and the
values are recorded in Table II.

RA
Solution:
Just as in the method of joints, each joint is isolated and
equations for 1: Fx and tFy are written.
Joint A ~ Fx = 0 .

Assuming all unknowns are tension, and
summing forces in the x direction, for
force ABx we write its equivalent,

tABxAB = t AB12
for ACx we write,

tACxAC = t Ac8

Ex. 1 Solve the given truss.
8' 28'

I
I
I 12'

I 1I A

I
I
I
I
I
I
I
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I
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I
I



In solving the equations in Table I the following order'was
used: -,

(8),(7), (5) & (6) simultaneously, (4). (3), (2r,and (1).

.. :.

p

16.00 C
28.84 T

~ .. :~. - _.~.

37.95 C

28.00 C
30.46 T
24,

36t""""
o

L

12.00
" 14.42

'12.65
24.00
30.46

T A E L E II

..

Tens.
cO-eff.

-1.33
2.00

, -3.00

-1.17
1.00

Mem­
ber
AB
AC

BO
ED

CD

RA
RB
H

Example 1 (cOnt.)

The length L of each member is found from

L = ( x2 +'y2 )t 'c'

The length of each member is then multiplied by':tlie,~respec':'
tive tension co-efficient for that member and the :>proquct "
is the force in the member. The values of the reactions;
RA • RE • and H are found, in the processof",s~:l::~~~~,:,1:heequa-,:
tions in Table I.

I
I
I
I
I
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.ents continued;
following tripod problem is solved in the same way.

+Y.k;:.. Order of solving e~uations in Table I;
Ey;Ez;Ex;Dz;Dx&DyS~multancoUS1Y

~-J.. • • .Ax : Ay etc. in any order.
~z TAB LEI

Ax; 8tAD-HA = 0

Ay ; 12tAD+RA = 0

A z ; -QA .= 0

Bx ; -4tBO+16tBE-HB = 0

E By; 12ttBO+RB = 0
·~~---~-24k

Bz; 10tBO+10tBE+QB = 0

~x; -4tco+16tCE-HC - 0

Cy ; 12tCD+RC = 0

Cz ; -10tCD-10tCE-QC = 0

Dx ; -8tDA+20tDE+4tDB+4tDC = 0

D
y

; -12t -12t -12t -12t = 0. DA DC DB DE
D

z
; -10tDB+10tDC =0

Ex; -16tEB-16tEC-20~D = 0

Ey ; 12t -24 = 0ED
Ez ; -lotEB+~OtEC = 0

D

The length of the frame members is obtained from;

L = <x2+.y2:r-z2 )t-
TAB n E II . TABLE III

Mem- Tens. Force in
ber co-eff. Length member . Reactions

AD 2.67 14.42 38.50·T HA 21.33 --

BD -2.3.3 16.12 37.56 C RA 32.00 -I
BE -1.2.5 18.87 23.59 C QA °
CD -2·33 16.12 37.56 C HB 10.67 -

CE -1.25 18.87 23 . .59 c RB 28.00 t
DE 2.00 23·32 46.64 T QB 3.5.83 t

~ H 10.67 ....c tRC 28.00
Qc 35.83 t

.r=-:---t-~------" E

Tension co-eJ. __

Example 2. The

I
I
I
I
I
I
I.
I
I
I
I
I
I
I
I
I
I
I
I
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RIGIDITY OF MASONRY WALLS .
Distribution o:f lateral:forces toindividual.piers

>=

t = wall thickness
(generally constant)

Fig. 1

Rigidity ot' wall = l~F 0'" YA4;
where A,;=O.OOl [(hId) + '3(h/d)J :for

Ac=0.001I4(h/d)3 + 3(l~/dJ t'or
For example given in t'igure 1:

H = horizontal load
·Pn= :force to each pier

(n = (~ through E»
= design shear :for each pier

Mn= design moment :for each
pier. where

P h .'J. '

~~ ~ £or to~aqd.~o~~om
. of fixe (1 . p~ers.' ....

• io
h = height o:f pier

. d = width o:f pier

:fixed ended piers.

:fixed at one end only.

Pier h d hid R % of H to P M
(in. ) (in. ) each pier (lbs) (in-lbs)

A 36 24 1.5 127 21.1 1266 22.788

B 36 36 1.0 250 41.4 2484 44.712

C 72 24 3·'0 28 4.6 276 9.936

D 72 48 1.5 127 21.1 1266 45.576

E 72 36 2.0 71 11.8 708 25,488
#

~~=~



DEFLECTION FORMULAS

Then k for steel and various E's for wood is as follows:

K .
161.111

6.667
7.222
7.778
8.333
8.889
9.444

10.000
10.556
11.111

E I

E
29000
1200
1300
1400
1500
1600
1700
1800
1900
2000

~ =max

The maximum deflection for a simply supported beam having
uniformly distributed load~ay be found from:

180.00M L
2

M=moment in ft-kips
L=span in feet
E=mod. of elast. in ks!
I=moment of inertia in in4
6=deflection in inches

This formula is valid for beams of any material, except concrete,
providing th~ beams have a constant cross section.

With the proper use of equivalent tabular load co-efficients, this
formula provides a method of rapid calculation of maximum
deflections for certain non-uniformly distributed load patterns. __

To simplify the deflection formula, we may write:

A = M L2 / k I~max.

where k = E / 180.00.

Note: Use one-half the values for k for dead load deflections
for wood beams, since,for creep effect, the Ecreep
values are taken as E/2.

The maximum deflection for the wood design problem on page SD-30
may be found by using the formula above, with a modification to
accommodate the concentrated load. The method is as follows:

The M in the formula above is the TOTAL MOMENT for c uniform load.
The moment in the problem consists, by superposition, of two
parts, the uniform load moment, and the concentrated load moment.
By changing the concentrated load to an equivalent uniform load
and adding its uniform load moment to the moment caused by the
actual uniform load we would then have the total uniform load
moment required for use in the deflection formula.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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which is exactly the maximum moment for the ·with snow" condition
on p. SD-30.

= 0.3 8n

kConc. ld. = 0.600

EUL = 2.0xO.600=1.2k

ft-k
1-1EUL = 1.2x1S /8=2.70 .

(2 •43 +( ~ 800 (2.70» (1 8) 2

(4.444) (889. S9)

UDL =0.060 k/ft
k

WUdl=0. 060xl8=1. 080
ft-kMUdl=1.0 SOx18/ 8=2.43

A . =DL{max)

,
To validate the procedure, the total uniform load moment of our.
modified beam loading is, by superposition:

/
_ k

UDL =0.200 k ft Conc. Id. - 0.900
k kWudl=0.200xl8=3.600 EUL = 2.0xO.900=1. S

:f
ft-k. ft-kMudl=3.600x188=8.10' MEUL = 1.8x18 /(8)=4.05

(8.10+(. 800) (4.05» (18) 2
ALL (max) =------------- = 0.46"

( 8.889) (889. 89)

b. total = 0.38 + 0.46 = 0.,84 w

MUOL+MEUL =(2.43+8.10)+«2.70+4.05)/1.15)

= 10.53 + 5.87 = 16. 40ft- k

For the live load:

Now, we must modify the EUL moment for the . concentrated load by
multiplying it by a co-efficent for deflection since the real load
is a concentrated load.

The deflection co-efficient-g", from . the reference above, is,
0.800.

The concentrated load may be changed to an EUL (equivalent uniform
l6ad) by mUltplying it by an EUL co~efficient of 2.0 (See -f·
co-eff. for n=2,on p.2-2~ of AISC Manual of Steel Construction,
q th ed.) ,ASOj p. '3-l'Z'=t LRI=' O.

Using the total uniform load of W· = w x L, and a total EUL for
the concentrated load of 2.0 x p,ue~e moments are, for the UDL,
M=WudlxL/S, and for the concentrated load, MEUL=WEULxL/S.

For the dead load:

I
I
I
I'
I
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I
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I/C

M = Design Moment

S = Section Modulus =

111-47

See Section Fl.2 & Formula Fl-3, p.S-46 ASD Manual.

a. Compact Section

Fb = .66 Fy , but Fy S 6S ksi

The cross-section can undergo plastification without local plate
buckling or without LTB, (See section BS.1., ASD Manual p.S-3S).
Genera~ly, hot-rolled shapes of Fy = 36 ksi stee~ are compact
except for W6X1S.

All properties and bracing requirements are identical to those
of a compact section except for the compression flange width to .
thickness ratio which is:

~<~ < 95.0
IF; 2t f JFy

See Sect. BS.l, p. S-3S & Table BS-l, p.S-36, ASDM

b. Semi-compact Section

BEAM DESIGN byAISC Specs.

Reference: Manual of Steel . Construction, American' Institute~bf"Steel
Construction, Ninth Edition, ASD. Ch~Te.c- F. ..

1. Basic Equation:

. .

Fb =Allowable bending stress

2. Fb (al~owable bending stress)

The allowable value of Fb is a fUnction of bending strength, which
may be limited by plate buckling or later~~-torsionalbuckling (LTB).

2.1 Values o~ Fb are discussed below:

I
I
I
I
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:.

Fb given -by equations
in Fl.3., ASDM p.5-47

Beam charts ASDM pages
2-146 ff.

Beam tables ASDM, p.2-30 ff.

• •
-~;.-.. ,n"rea-1 l ng"

Unbraced length of
Compression Flange

o

-1~__

.66 Fy

VARIATION OF Fb WITH UNBRACED LENGTH
OF COMPRESSION FLANGE

c. Fb < .6Fy LTB controls

When the unbraced lenth of the compression flange is large,
equations, Fl-6,7,and 8, in Sect. Fl.3., p.-47, ASDM, are used
to determine the allowab~e bending stress, Fb."A simplified
method is presented after-' this.-discussion.

d. If the compression flange width to thickness ratio is large,
plate buckling may control Fb• In this case:

Fb = •6FyQs Equations for computing Os for slender compression
members are given in Appendix B, page 5-98, ASDM.

Normally, bending members in which Os must be calculated would be
inefficient for use in structures. "

The variation of allowable bending stress as a function of the unbraced
length of the compression flange is shown below for a W16 x 36 of A-36
steel.

I
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DESIGN OF BEAMS 141

The AISC Manual provides information that greatly simplifies the
application of these seemingly complex lateral support equations. Of
particular use are the L c and L u values which are provided in the beam
and column sections of the manual. In subparagraph 5 of Section 1.5.1.4
the AISC states that for flanged beams the distances between points of

lateral bracing should not exceed 76bdVF: nor 20,OOO/[(d/A,).FyJ if the
members are to be assumed to have adequate lateral bracing. The least of
these two values is referred to as L c'

Should the distance between points of lateral bracing be greater than
L c the AISC says that the allowable bending stress must be reduced from
0.66.Fy, with the appropriate fotmula but in no case may it exceed 0.60.Fy.
When these formulas are used, however, there is a range in which they give
a value above O.60.Fy. For each beam there is an unbraced length for which
the controlling formula yields an allowable stress exactly equal to 0.60.Fy.
This length is called Lu throughout the manual. Based on this information
it is possible to make the following simplifying statements.

l. If the unbraced length (; Lc' Fb equals O.66.Fy assuming the other
requirements of AISC Section 1.5.1.4 are met.

2. If the unbraced length is >Lc but <.Lu' Fb equals O.60.Fy.
3. If the unbraced length is >Lc and >Lu' Fb will be less than 0.60.Fy

and can be determined by the appropriate formulas from Section
1.5.1.4.5 of the AISC Specification. The designer will often find
that the curves given in the beam part of the AISC Manual entitled
"Allowable Moments in Beams with Unbraced Length Greater
Than L u" and discussed later in this section will be helpful in this
regard.

Example 6-6 illustrates the calculations necessary to determine the
allowable stresses in a W section that has different unbraced lengths.

Example 6-6

Determine the allowable bending stresses in a W33 X 130 (see Fig, 6-6) for
simple spans of 10, 13, 20, and 30 ft without lateral support. Use A36 steel
and the AISC Specification.

SOLUTION

Computing properties of the section

A,+ iAw= (1 1.510)(0.855) +(±)( 31238 )(0.580)= 12.87 in.2

t x218
rT = 12.87 =2.91

I
.j
q,
i

.1

~.
i

!

~
'\

~
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Method 2

Method 1

EXAMELE Design of a,laterally supported steel beam.

Select a W section to support a'
uniformly distributed load of 1k per
linear foot. .
Steel is'A36, full lateral support
for top flange.

:. Fb = 24 ksi.

From the Beam Tables, Part 2, Beam and Girder Design, of the ASDM,
on page 2-66 the allowable total uniform load for a W14x22 having
a span of 22 feet is 23k , since this is greater than the applied
total load W = 20 x 1.05 = 21k , the section is satisfactory for
bending.

compute S required.

S = M/Fb ~ (5~.50 x 12)/24 = 26.25 in3

From table of S values, ASDM p. 2-12, trY aw14X22, Sx =29~0 in
3

•
We could also use the Moment of Resistance values, Mr , which are
given in this table. For a'W14x22, which is the lightest weight
section of its group (bold type indication at'top of group), the
value .of Mr is 58' x which is greater. than the applied moment of
52.50lk. Therefore, the W14x22 is 'satisfactory for bending.

w = 1klf

Assume beam weight = 50 plf.

Total w = 1.00 + 0.05 =1.05 klf

M =WL2/8 = «1.05) (20) (20» 18 = 52.50 I k

Full lateral su~port:

f;UU::.UHl-
Solution:

I
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Width- Umltlng Width-
Thick- Thickness Ratios
ness

Description of Element Ratio Compact Noncompact"

Flanges of I-shaped rolled beams and bit 65NF; 9SNF;
channels in flexure"

Flanges of l-shaped welded beams bit 6SNF; 9SNFyflkc•
In flexure

Outstanding legs of pairs of angles in continu-
ous contact; angles or plates projecting from

bit NA 9SNF;rolled beams or columns; stiffeners on plate
girders

Angles or plates projecting from girders, built-
up columns or other compression members; bit NA 9SNFylk"
compression flanges of plate girders

Stems of tees dlt NA 127NF;

Unstlffened elements simply s!lpported along
one edge, such as legs of single-angie struts. bit NA 76NF;
legs of double-angle struts with separators
and cross or star-shaped cross sections

Flanges of square and rectangular box and
hollow structural sections of unlfonn thickness
SUbject to bending or compreaslond

; flange bit 190NF; 238NF;
cover plates and diaphragm plates between
lines of fasteners or welds

Unsupported width of cover plates perforated bit NA 317NF;
with a succession of access holesb

All other unifonnly compressed stiffened ele- bit NA 253f\/F;
mants, I.e., supported along two edges hit.,

Webs in flexural compression" dlt 640f\/F; -
hit., - 760tv'F;,

Webs in combined flexural and axial for
compression talFy s 0.16

dlt.,
640 (1 - 3.74.!!)VF; Fy

-
for
f.IFy > 0.16
257iv'F;

hit., - 760/YF;,

Circular hollow sections
In axial compression Olt 3,300IFy -
In flexure 3.300IFy -

·For hybrid beams. use the yield strength of the flange Fyi Instead of Fy.
bAssumes net area of plate at widest hole.
cFor design of slender sections that exceed the noncompact limits see::APpendix 85.
dSee also Sect. F3.1 •
•k 4.0S

c" (hlt)o.4e If hit> 70, otherwise kc = 1.0.

If
O.5Fu Aft! < O.6Fy A fg (Bll

the member flexural properties shall be based on an effective tension fta
areaAfe

(BH
5 FuAfi = --Aft!

e 6 Fv

B8. SIMPLE SPANS
Beams, girders and trusses designed on the basis of simple spans shall have
effective length equal to the distance between centers of gravity of the m
bers to which they deliver their end reactions.

B10. PROPORTIONS OF BEAMS AND GIRDERS

Rolled or welded shapes, plate girders and cover-plated beams shall, in ~
eral, be proportioned by the moment of inertia of the gross section. No dec
tion shall be made for shop or field bolt or rivet holes in either flange provi,
that

O.SFu Aft! ~ O.6Fy Afg (Bll

where All is the gross flange area and Aft! is the net flange area, calculatel
accordan~ with the provisions of Sects. Bl and B2.

B9. END RESTRAINT

When designed on the assumption of full or partial end restraint due to COD

uous, semi-continuous or cantilever action, the beams, girders and tnisses
well as the sections of the members to which they connect, shall be designe.
carry the shears and moments so introduced, as well as all other forces, witll
exceeding at any point the unit stresses prescribed in Chapters D througl
except that some non-elastic but self-limiting deformation of a part of the (
nection is permitted when this is essential to avoid overstressing of fasten

B7. L1MmNG SLENDERNESS RATIOS

For members whose design is based on compressive force, the slenderness r
Kllr preferably should not exceed 200. If this limit is exceeded, the allow:
stress shall not exceed the value obtained from Equation (E2-2).

For members whose design is based on tensile force, the slenderness ratio
preferably should not exceed 300. The above limitation does not apply tOl
in tension. Members which have been designed to perform as tension meml
in a structural system, but experience some compression loading, need not
isfy the compression slenderness limit.

---------I Sect. 86] ROTATIONAL RESTRAINT AT POINTS OF SUPPORT E

B6. ROTATIONAL RESTRAINT AT POINTS OF SUPPORT

At points of support, beams, girders and trusses shall be restrained againsl
tation about their longitudinal axis.

"ap.""SIG""QU"E~ -

TABLE B5.1
Limiting Width-Thickness Ratios

for Compression Elements

--5-"



{-L )2:= 510X103CbO
r T Fy

Fb = 0.6 Fy
Use equation Fl-6, ASDM p.5-47
Use equation Fl-7, ASDM p.5-47

Solving for (t/r~)2 in
the expression 91ven
above for 0, results in:

SIMPLIFIED APPROACH· TO AISC BENDING FORMULAS
Frank w. Stockwell Jr., AISC Eng. Journal, Jrd Quarter, 1974.

A new term, 0, is defined to be:

F (_~ ) 2
Y r T

0= ----=---510 X 103Cb

111-49

The second term in the parentheses is 0/3, so Fl-6 becomes:

F
b
=(2-0)p

3 y

FormulaF1-7 is:

170X103Cb
Fb = ---=----=-

(-!..)2
r T

If 0 S 0.2
If 0.2 S Q S 1.0
If 0 > 1.0
Formula F1.-6 is:

and, SUbstituting this into Fl-7:

170xl03 b __ Fv
Fb =' --~~--=~ --

510xl03CbQ 30
Fy

Formula Fl-S, ASOM p. 5-47, is:

This equation should be checked when the compression flange is
solid, approxima:tely rectangular in shape, and its area is not less
than the area of the tension flange.
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4. Fh = the larger of the values from Steps 2 and 3 but not
over 0.6Fy •

If Fy = 36 ksi:

For Step 2(a) above;

Fh =-0.6 X 36 = 21.6 ksi

For step 2(b) abova:

Fh = «2 - Q) /3) (36) = 12 (2 - Q)­

For step 2(C) above:

Fh = 36/(3Q) = 12/Q

._0j.

Note: Fy is in ksi.1..
F (.J..)2

y 1:
Q= '1'

510xl03Cb

2. (a) If Q ~ 0.2

(b) If 0.2 S Q S 1..0

(c) If Q ~ 1.0

Fh =.6 Fy

Fb = «2-Q)/3)Fy

Fh = FyI (3Q)

3. If applicable, Check Formula Fl-S.

12x103Cb
Fb = ~d

At

SIMPLIFIED APPROACH TO AISC BENDING FORMULAS (cont.)
summary:

The four steps for finding Fh when thelengt:h of the
compression flange is greater than Lu are:
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TABLE 7
Values of Cm

For Use in Equation (H1-1)

M1 M1 M1
~ ~ M2 ~ ~ Cb

-1.00 1.00 -0.45 1.34 0.10 1.86-0.95 1.02 -0.40 1.38 0.15 1.91-0.90 1.05 -0.35 1.42 0.20 1.97

-0.85 1.07 -0.30 1.46 0.25 2.03-0.80 1.10 -0.25 1.51 0.30 2.09-0.75 1.13 -0.20 1.55 0.35 2.15

-0.70 1.16 -0.15 1.60 0.40 2.22
-0.65 1.19 -0.10 1.65 0.45 2.28-0.60 1.23 -0.05 1.70 2:0.47 2.30

-0.55 1.26 0 1.75
-0.50 1.30 0.05 1.80

Note 1: ~ = 1.75 + 1.05(M1/~) + 0.3 (M1/M2)2 s 2.3
Note 2: M1/M2 positive for reverse curvature and negative for single curvature.

M1 M1 M1M2 cm M2 Cm M2 Cm
-1.00 1.00 -0.45 0.78 0.10 0.56-0.95 0.98 -0.40 0.76 0.15 0.54-0.90 0.96 -0.35 0.74 0.20 0.52

-0.85 0.94 -0.30 0.72 0.25 0.50-0.80 0.92 -0.25 0.70 0.30 0.48-0.75 0.90 -0.20 0.68 0.35 0.46

-0.70 0.88 -0.15 0.66 0.40 0.44-0.65 0.86 -0.10 0.64 0.45 0.42-0.60 0.84 -0.05 0.62 0.50 0.40
0.60 0.36-0.55 0.82 0 0.60 0.80 0.28-0.50 0.80 0.05 0.58 1.00 0.20

Note 1: Cm = 0.6 - 0.4(M1/M2)

Note 2: M1/M2 is positive for reverse curvature and negative for single curvature.
-

---------NUMERICAL VALUES 5-121

TABLE 6
Values of q,

For Use in Equations (F1-6), (F1-7) and (F1-8)Fy
Fy(ksf) Co (ksi) Co

33 131.7 4635 127.9 111.6
36 50 107.0126.1
39 55 102.0121.2
40 60 97.7119.6
42 65 93.8116.7
45 90 79.8112.8 100 75.7

TABLE 5
Slenderness Ratios of Elements as a Function of F.

_20 - - -NUrll!JlcALWUE,.a - _
TABLE 4

VALUES OF Cc

For Use with Equations (E2-1) and (E2-2) and in Table 3

y

Specification Fy (ksi)
Section and Ratios 36 42 46 50 60 65Table 85.1

65/~ 10.8 10.0 9.6 9.2190/~ 31.7 29.3
8.4 8.1

640/~
28.0 26.9 24.5 23.6106.7 98.8 94.4 90.5257/v'!), 42.8 39.7

82.6 79.4
37.9 36.3 33.2 31.9Sect. F'I.2

/102 x 1Q3Cb
53~Fy 49~ 47~ 45~ 41~ 40~

!10 x 103Cb
119~Fy 110~ 105~ 101~ 92~ 89~

Table 85.1
76/v'!), 12.7 11.7 11.2 10.795/~ 9.8 9.415.8 14.7 14.01271Vf!;, 13.4 12.3 11.821.2 19.6 18.7 18.0

Table 85.1
16.4 15.8

238/v'!), 39.7 36.7 35.1 33.7 30.73171Vf!;, 29.552.8 48.9 46.7 44.8 40.9253/v?!; 42.2 39.0 39.3
37.3 35.8 32.7 31.4Table 85.1 Appendix

85.2b
33001Fy 91.7 , 78.6 71.7 66.013000/Fy 361 55.0 50.8310 283 260 217

Sect.G1 200

14000
V7t'(Fy + 16.5) 322 282 261 243 207 192
2000/~ 333 309 295 283 258 248
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Use'2~J

A 5 OM p. 5-41

7.8ft

'l. :'. 3:.

ASOJ.A. -p, 5-47

uniform load. The beam is
laterally braced a"t supports"
B and D, and at mid-span of BO.

Fy = ;6 ksi

.1£
With lateral ,support at C, Lu = 2 = 18'

C
b

for a cantilever is 1.0
C

b
for sections Be and CO =

~ M1 2t.
Cb = 1.75 + 1.05 M + O.J(ro-) ~ 2.J

, 2 2

Cb = "1.75 + 1.05(i~~) + 0.J~i~5)2 = 2.43
0'
\f'\

\'le will use the beam diagram on page 2- 1<2>5 ,

Since "the graph is .drawn for Cb =1.0, 17J
, 4ivide the actual lu by the actuai Cb

and enter "the graph with 'this revised
length and the moment. The nearest
heavy line to the right of the inter­
section of length and moment will give
a trial section.

L "- ',8 - 7 8"rev. - 2.:; - -•.
The nearest trial size is a W18 x 50
which has an S = 88. 9 in3• 'P' I· '2.?x

:. f b = lZaS:912 = 23. 4 ksi

The Lu for Cb = 1.0 for this section
is '11 feet. The revised Lu for Cb = 2·3
is 1"1 x 2.:; = 25.4') 18'. so Fb =2\.6ksi.

However, '2~(Dksi<23.4 ksi. so the s"ection is unsatisfactory.

EXAr,~PLE

Select a Wsection to carry the
w =1.7 klfr...!....11....11

....J'f'"''--r-rrB~I....Jr-.,...t""13~~ ~ n J1f: ,IJ
173 k

'<ClJ7.d1JJJII::D,~ I
10J'k 10J'k
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III-53

111

_ 17~ x 12 _ .
. f b - .. 98·..,)····· - 21.12 ksJ.

line to the right is a W18 x 55 the propertiesThe next heavy
of which are:
Lu = 12.1 ft
S = 98.,) in,)

r T=1.95 in

t = ,).82
f

.' EXAMPLE (cont.)

Using the simplified method for the allowable bending stress:

F (~)2· . .
Q _ y. r T ... 36 (111 )2

- ?10 x 103.Cb-510,OOO x 2.,) -

Pb = 12"(2 -'0.38 ) = 19.46 ksi

Check Formula F 1-B p. 5-+7

- 12000 x 2.3 4
Pb - (18 x 12){3.82) = 3,). 5 ksi

f'b = 21.12< 21.'ksi = P
b

The W18 x 55 is satisf'actory.

This could also have been'aetermined by considering a revised
unsupported ~ength because of C

b
•

~ = 12.1 x 2.3 = 27.8'>18'

••• Fb =2l.G ksi

and, proceeding as above, the W 18 x 55 is found to be OK.
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Sx For shapes used as beams 7 For shapes used as beams SxI

Depth
Fy = 36 ksl rfr~4-T.5C

Depth
Fy = 36 ksi

Fy 1U4~'
F'

Shape d L. Lv MR Shape d y L. Lv MR

In. Ksi Ft Ft Klp-ft -- In. Ksi Ft Ft Kip-ft

W 33x141 33V. 12.2 15.4 887 W 24x 76 23% 9.5 11.8 348
W 16x100 17 11.0 28.1 347

W 3&x135 35V2 12.3 13.0 869 W 14x109 14% 58.6 15.4 40.6 343
W 30x148 300/a 11.1 18.7 863 W 21x 83 21% 8.8 15.1 339
W 18x211 20% 12.2' 49.3 830 W 18x 86 18% 11.7 21.5 329
W21x182 220/. 13.2 37.6 826 W 14x 99 14Va 48.5 15.4 37.0 311
W 24x162 25 13.7 29.3 820 W 16x 89 1631. 10.9 25.0
W 27x146 270/a 14.7 23.0 814

307

12.1 13.8. 804
W 24x 68 2331. 9.5 10.2 305

W33x130 33V. W21x 73 21V. 8.8
W 30x132 30V•. 11.1 16.1 752

13.4 299

W21x166 22Va 13.1 34.8 752
W 18x 76 18V. 64.2 11.6 19.1 289

W 18x192 200/a 12;1 45.4 752
W 14x90 14 40.4 15.3 34.0 283

W 24x146 24~ 13.6 26.3 735 W 21x 68 21Va 8.7 12.4 277

W33x118 32% 12.0 '12.6 711
W16x n 16Va 10.9 21.9 265

W 3Ox124 30Va 11.1 15.0 703 W24x 62 230/.
W 27x129 27IYa . 10.6 18.4 683 7.4 8.1 259

W 18x175 20 12.0 41.7 681 W 21x 62 21 8.7 11.2: 251

W 30x116 30 11.1 13.8 651 W 18x 71 18Va 8.1 15.5 251

W 24x131 24V2 ~.6 23.4 651 W 14x 82 14V. 10.7 28.1,', 244

W 21x147 22 .2 30.3 651 W 12x 87 12Y2 12.8 36.2' 234

W 18x158 190/. 11.9 38.3 614 W 18x 65 18% 8.0 14.4 232
W 16x 67 16% \'" 10.8 19.3 232

W30x108 297/. 11.1 12.3 592

W 27x114 27V. 10.6 15.9 592 W 24x 55 23% 7.0 7.5. 226

W21x132 21% 13.1 27.2 564 W 14x 74 14Va 10.6 25.9 222

W 24x117 24V. 13.5 20.8 576 W21x 57 21 6.9 9.4 220

W 18x143 19'/2 11.8 35.1 558 W 18x 60 18V. 8.0 13.3 214

W 21 x122 2Wa 13.1 25.4 541 W 12x 79 12% 62.6 12.8 33.3 212
W 14x 68 14 10.6 23.9 204

W30x 99 29iY. 10.9 11.4 533

W27x102 27Va 10.6 14.2 529 98.3 W 18x 55 18Va 7.9 12.1 195
W 24x104 24 58.5 13.5 18.4 511 j', 97.4 W 12x 72 12V. 52.3 12.7 30.5 193
W 18x130 19V. 11.8 32.2 507

W 21 x111 21V2 '13.0 23.3 493 W21x50 20% 6.9 7.8 187

11.4 ' 485
W 16x 57 16% 7.5 14.3 183

W30x 90 29Va 58.1 10.0 W 14x 61 13% 1Q.6 21.5 183
W24x103 24V2 9.5 16.7 485 '

W27X 94 ,26"1a 10.5 12.8 481 W 18x 50 18 7.9 11.0 176
. W 18x119 19 11.9 29.1 457 W 12x 65 12Va 43.0 12.7 27.7

W21x101 21% 13.0 21.3 449
174

W24x' 94 24V. 9.6 ,15.1 440 W21x 44 20IY. .... 8.8 7.0 162
.. W 16x 50 16V. 7.5 ' 12.7 160

W27x 84 28". 10.5 11.0 422 W 18x 46 18
180/. 11.8 26.0 404

6.4 9.4 156
W 18x106 W 12x 58 12% 10.6 24.4 154

W24x 84 2411. 9.5 13.3
W 14x 53 13% 8.5 17.7 154

W21x 93 21IYa 8.9 16.8 380 W 16x 45 16Va 7.4 11.4 144

W 14x120 14V2 15.5 44.1 376 W 12x 53 12 55.9 10.6 22.0 140

W 18x 97 18IYa 11.8 24.1 372 W 14x 48 13~ 8.5 16.0 139

AMERICAN INSTITUTE OF STEEL CoNSTRUcnON
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Ix MOMENT OF INERTIA SELECTION TABLE

For Wand M shapes

Shape 1~ Shape 1" Shape 1" Shape 1"
In.4 In.4 In.4 In.4

W36x848 67400 W44x248 21400 W40x167 11600 W33x118 5900
W 30x391 20700 W33x201 11500 W 30x132 5nO

W36x798 62600 W27x448 20400 W 36x182 11300 W 24x176 5680
W36x300 20300 W 27x258 10800 W 27x146 5630

W40x655 56500 W4Ox249 19500 W21x364 10800 W 18x258 5510
W36x720 55300 W 33x318 1~500 W 14x605 10800 W 14x370 5440

W24x306 10100 W30x124 5360
W4Ox593 50400 W36x170 10500 W 21x201 5310
W36x650 48900 W44 x 224 19200 W30x211 10300 W 24x162 5170

W 40x 244 19200
W4Ox531 44300 W 24x492 19100
W36x588 43500 W36x280 18900
W33x619 41800 W30x357 18600 W4OX149 9780 W30x116 4930

W 27x407 18100 W 36x160 9750 W 18x234 4900
W40x480 39500 W 33x291 1noo W27x235 9660 W 14x342 4900
W36x527 38300 W 36x260 17300 W 21 x 333 9610 W 27x129 4760
W33X567 3noo W 24x450 17100 W24x279 9600 W 21x182 4730

W 36x256 16800 W 14x550 9430 W 24x146 4580
W40x436 35400 W 30x326 ~68oo W 33X169 9290
W36x485 34700 W30x191 9170
W 33x515 33700

W44x198 16700
W 36x150 9040

W30x108 4470W 30X581 33000
W 4Ox215 16700

W27x217 8870
W 18x211 4330

W 4Ox221 16600
W24x250 8490

W 14x311 4330W4Ox397 32000 W36x245 16100
W21x3oo 8480

W 21x166 4280W36x439 31000
W27x368 16100

W 14x500 8210
W 27x114 4090W33x468 30100

W33x263 15800 W30X173 8200
W 12x336 4060W30x526 29300

W24x408 15100 W33X152 8160
W24x131 4020

W36x230 15000
W 27x194 7820

W4Ox362 28900
W36x232 15000W36x393 27500
W 4Ox199 14900W33x424 26900
W30x292 14900 W30x 99 3990
W27x336 14500

W36x135 7800 W 18x192 3870
W4Ox328 28800

W 14x730 14300
W24x229 7650 W 14x283 3840

W30x4n 26100
W 33x241 14200

' W21x275 7620 W21x147 3630
W 33x141 7450

W40 x 324 25600 W 14x455 7190
W27x539 25500 W4Ox192 13500 W 27x178 6990
W36x359 24800 W 24x370 13400 W 18x311 6960 W30x 90 3620

W24x207 6820 W 27x102 3620
W44x285 24600 W 21 x 248 6760 W 12x305 3550
W33x387 24300 W4Ox183 13300 W24x117 3540
W4Ox298 24200 W 36x210 13200 W 18x175 3450
W40x297 23200 W 30x261 13100 W 14x257 3400
W30x433 23200 W27x307 13100 W33x130 6710 W27x 94 3270.-
W27x494 22900 W 33x221 12800 W30x148 6680 W21x132 3220
W36x328 22500 W 14x665 12400 W 14x426 6600 W 12x279 3110

W 21 x 402 12200 W27x161 6280 W24x104 3100
W40 x 277 21900 W 36x194 12100 W24x192 6260 W 18x158 3060
W33x354 21900 W 27x281 11900 W 18x283 6160 W 14x233 3010

W24x335 11900 W 14x398 6000 W24x103 3000
W4Ox268 21500 W30x235 11700 W21x223 5950 W 21X122 '2960

- - -- - - - - .- - - ~

~ENT OF INERTIA SELECTION TABLE
IxFor Wand M shapes

Shape 1" Shape 1" Shape f" Shape 1"
10.4 In.4 10.4 10.4

W27x 84 2850 W21 x 50 984 W16x26 301 M12x10 61.6
W 18x143 2750 W 18x 60 984 W 14x30 291 W 10x12 53.8
W 12x252 2720 W 16x 67 954 W 12x35 285 W 6x25 53.4
W24x 94 2700 W 12x106 933 W 10x49 272 W 8x15 48.0
W 21x111 2670 W 18x 55 890 W 8x67 272 W 6x20 41.4
W 14x211 2660 W 14x 82 882 W 10x45 248 W 8x13 39.6
W 18x130 2460 M 6x20 29.0
W 21x101 2420
W 12x230 2420 W21 x 44 843 W14x26 245 M 10x 9 38.8
W 14x193 2400 W 12x 96 833' W 12x30 238

W 18x 50 800 W 8x58 228 M 10x 8 34.5
W24x 84 2370 W 14x 74 796 W 10x39 209
W 18x119 2190 W 16x 57 758 M 10x 7.5 32.8
W 14x176 2140 W 12x 87 740 W 6x16 32.1
W 12x210 2140 W 14x 68 723 W12x26 204 W 8x10 30.8

W 10x112 716 W 6x15 29.1
W24x 76 2100

W 18x 46 712 W 5x19 26.2
W 12x 79 662 W14x22 199 M 5x18,9 24.1W 21x 93 2070 W 16x 50 659 W 8x48 184

W 6x12 22.1W 18x106 1910 W 14x 61 640 W 10x30 170
W 5x16· 21.3W 14x159 1900 W 10x1oo 623 W 10x33 170

W 12x190 1890
M 8x 6.5 18.5

W24x 68 1830 W18x 40 612 W12x22 156 W 6x 9 16.4
W21x 83 1830 W 12x 72 597 W 4x13 11.3
W 18x 97 1750 W 16x 45 586

M 6x 4.4 7.20W 14x145 1710 W 14x 53 541 M14x18 148
W 12x170 1650 W 10x 88 534 W 8x40 1'46
W21x 73 1600 W 12x 65 533 W 10x26 144

W 12x19 130
W24x 62 1550 W 8x35 127
W 18x 86 1530 W16x 40 518 W 10x22 118
W 14x132 1530 W 8x31 110
W 16x1oo 1490 W18x 35 510W 21x 68 1480 ' W 14x 48 485 W12x18 103W 12x152 1430 W 12x 58 475 W 8x28 98.0W 14x120 1380- W10x n 455 W 10x19 96.3

W 16x 36 448
W24x 55- 1350, W 14x 43 428
W21x 62' '·1330 W 12x 53 425 W12x14 88.6
W 18x 76 1330 W 12x 50 394 W 8x24 82.8
W 16x 89 1300 W 10x 68 394 W 10x17 81.9
W 14x109 1240 W 14x 38 385 W 8x21 75.3
W 12x136 1240
W 21x 57 1170
W 18x 71 1170 W16x 31 375 M 12x11.8 71.9
W16x n 1110 W 12x 45 350 W 10x15 68.9
W 14x 99 1110 W 10x 60 341
W 18x 65 1070 W 14x 34 340
W 12x120 1070 W 12x 40 310 M 12x10.8 85.0
W 14x 90 999 W 10x 54 303 W 8x18 61.9

AME1u<:AN INsTrnmt or STEEL CoNSTRUCTION



Beams shall be distinguished from plate girders on the basis of the web slend.er­
ness ratio hIt . When this value is greater than 760/YF;, the allowable bendmg
stress is give;in Chapter G. The allowa~leshear str~sse.s and stiffener require­
ments are given in Chapter F unless tensIon field actIon IS used, thenthe allow­
able shear stresses are given in Chapter G.

This chapter applies to singly or doubly symmetric beams in~luding hybrid
beams and girders loaded in the plane of symmetry. It also apphes to channels
loaded in a plane passing through the shear center parallel to the web or re­
strained against twisting at load points and points of support. For members
subject to combined flexural and axial force, see Sect. H1.

ALLOWABLE STRESS: STRONG AXIS BENDING OF I-SHAPED MEMBERS
AND CHANNELS

Members with Compact Sections

For members with compact sections as defined in Sect. B5.1 (excluding hybrid
beams and members with yield points greater than 65 ksi) symmetrical about,
and loaded in, the plane of their minor axis the allowable stress is

Fb = 0.66 Fy (Fl-l)

provided the flanges are connected continuously to the web or webs and the
laterally unsupported length of the compression flange L b does not exceed the
value of L e, as given by the smaller of:

­5-45

(Fl-2)

---- -- -
CHAPTER F

BEAMS AND OTHER FLEXURAL MEMBERS

76b, 20,000
--or
VF; (dIA,) Fy

Members (including composite members and .excl~ding hybrid mem?ers and
members with yield points greater than 65 kSI) whIch me~t. the reqUIrements
for compact sections and are continuous over supports or ngtdly framed to col­
umns, may be proportioned for!VIo of the negative m~ments produced by ~av­

ity loading when such moments ~e maxi~~m at pomts .o~ support, pro~ded
that, for such members, the maxImum posItIve moment IS mcreased by Vio of
the average negative momerits. This reducti~n shall not ~pply.to moments pro­
duced by loading on cantilevers. If the negatIve mo~ent..s resls~ed b~ a column
rigidly framed to the beam or girder, th~ %0 reducti~:>D IS pe~ll11tted I~ propor­
tioning the column for the combined axIal and bendmg loadmg, prOVIded that
the stress fa due to any concurrent axial load on the member, does not exceed
0.l5F",

1.

F1.

--

The function of tie plates and lacing may be performed by continuous cover
plates perforated WIth a~ss holes. !he unsupported width of such plates at
access holes, as defined 10 Sect. B5, IS assumed available to resist axial stress
provided that: the width-to-thickness ratio conforms to the limitations of Sect:
B5; the ratio of length (in direction of stress) to width of holes shall not exceed
2; the clear distance between holes in the direction of stress shall be not less
than the transvers~ distance between nearest lines of connecting fasteners or
welds; and the penphery of the holes at all points shall have a minimum radius
of 1~ in.

... _UM_ND-=R~R_N_ERr- [Ch~
~cing, including flat bars, angles, channels or other shapes employed as lac­
mg, sha.ll be so spaced that the ratio llr of the flange included between their
connectIons shall not exceed % times the governing ratio for the member as a
w~ole. Lacing shall be proportioned to resist a shearing stress normal to the
axIS of ~he member equal to 2% of the total compressive stress in the member.
The ratIo llr for lacing bats arranged in single systems shall not exceed 140. For
doubl~ l,acing thi,s ratio shall ~ot exceed 200. Double lacing bars shall be joined
at then: mtersections. For lacmg bars in compression the unsupported length of
the lacmg bar shall be taken as the distance between fasteners or welds con­
necting i~ to the components of the built-up member for single lacing, 'and 70%
of that dIstance for double lacing. The inclination of lacing bars to the axis of
the memb~r shall prefera~ly be not less than 60° for single lacing and 45° for
double lacmg. When the distance between the lines of fasteners or welds in the
flanges is more than 15 in., the lacing preferably shall be double or be made of
angles.

E5. PIN-CONNECTED COMPRESSION MEMBERS

Pin-c:onneetions of pin-connected compression members shall conform to the
reqwrements of Sect. D3,

E6. CO,LUMN WEB SHEAR

Column connections must be investigated for concentrated force introduction
in accordance with Sect. K1.



(FI-6)

(FI-7)

(FI-S)

-",--When

When

For any value of /lrT:

where

1 = distance between cross sections braced. against twist or lateral dis­
pllicement of the compression flange, in. For cantilevers braced
against twist only at the support, 1may conservatively be taken as the
actual length.

r = radius of gyration of a section comprising the compression flange
T plus lIJ of the compression web area, taken about an axis in the plane

of the web, in.
. fl . 2At = area of the compressIOn ange, 10.

Cb = 1.75 + 1.05 (MtIM2) + 0.3 (MtIM2?, but not more than 2.3: where
Mt is the smaller and M2 the larger bending moment at the ends of
the unbraced length, taken about the strong axis ofthe member, and
where M tIM2 , the ratio of end moments, is positive when M t and M2
have the same sign (reverse curvature bending) and negative when
they are of opposite signs (single curvature bending). When the
bending moment at any point within an unbraced length is larger
than that at both ends of this length, the value of Cb shall be taken
as unity. When computing Fbx to be used in Equation (HI-I), Cb
may be computed by the equation given above for frames subject to
joint translation, and it shall be taken as unity for frames ~raced

against joint translation. Cb may conservatively be taken as umty for
cantilever beams...

- -

"It is conservative to take Cb as unity. For values smaller than 2.3, see Table 6 in the ~umerica1
Values Section.

""For the use of larger Cb values, see Galambos (1988).

-
(FI-3)

(FI-4)

Fb = Fy [0.79 - 0.002 bt VF;]
2tt

AV~"'~"'T"O__ '_I_I~_I("I"I' ..

where

k 4.05.
c = (hlt,..)O;46 If hit,.. > 70, otherwise kc = 1.0.

For members with a noncompact section (Sect. B5), but not included above
and load~d through !he shear center and braced laterally in the region or
compression stress at mtervals not exceeding 76bt/~, the allowable stress is

Fb = 0.60 Fy (FI-5)

For ch~nnels bent about their major axis, the allowable compressive stress is
determmed from Equation (FI-S).

For built-up members meeting the requirements of Sect. FLI except that their
flang.es ~re noncompact and their webs are compact or noncompact, (excluding
hybnd. girders and members with yield points greater than 65 ksi) the allowablestress IS

.. ~E~ND_ER~URREM~ -[Ch~
2. Members with Noncompact Sections

For members meeting t~e req~irements of Sect. FI.I except that their flanges
are noncompact (~xcludmg bUilt-up members and members with yield points
greater than 65 kSI), the allowable stress is

3. Members with Compact or Noncompact Sections with
Unbraced Length Greater than I.e

For flexural ~embers with compact or noncompact sections as defined in Sect.
B5.1, and WIth unbraced lengths greater than L as defined in Sect FII the
allowable bending stress in tension is determined from Equation (FI-5). '

For such members with an axis of symmetry in, and loaded in the plane of their
web, the allowable bending stress in compression is determined as the larger
~alue ~rom Equations (FI-6) or (FI-7) and (FI-S), except that Equation (Fl-S)
~s applIcable only to sections with a compression flange that is solid and approx­
I~ately rectan~ular in cross section and that has an area not less than the ten­
~IO~ flange. Higher values o~ the allowable compressive stress are permitted if
Justified by a more precise analysis. Stresses shall not exceed those permitted
by Chapter G, if applicable.

/'



2. Members With Noncompact Sections

For members not meeting the requirements for compact sections of Sect. B5
and not covered in Sect. F3, bent about their minor axis, the allowable stress
is

~ - BE_AN~EF:JIIII!IXU"lll1EtvMS - [Chap~ F
For hybrid plate girders, F" for Equations (Fl-6) and (F1-?) is the yield stress
of the compression flange. Equation (Fl-8) shall not apply to hybrid girders.

Sect. F1.3 does not apply to tee sections if the stem is in compression anywhere
along the unbraced length.

(F4-1)Fv = 0.40 F,.

where

For hltw > 380/v'f;, the allowable shear stress is on the clear distance between
flanges times the web thickness is

F = Fy (C):S 0 40F (F4-2)
v 2.89 v • y

C 45,000kv h . h
v = Fy{hlt

w
? w en Cv IS less t an 0.8

190 M: he'= hlt
w

VF; w en v IS more than 0.8

k = 4 00 + 5.342 when alh is less than 1.0
v • (alh)

= 5 34 + 4.002 when alh is more than 1.0
. (alh)

t = thickness of web, in.
a

W

= clear distance between transverse stiffeners, in.. .. .
h = clear distance between flanges at the section under mvestlgatlon, m.

For shear rupture on coped beam end connections see Sect. J4.

Maximum hit.., limits are given in Chapter G.

An alternative design method for plate girders utilizing tension field action is
given in Chapter G.

2. Members With Noncompact Sections

For box-type and tubular flexural members tha! meet the noncompact section
requirements of Sect. B5, the allowable stress IS

Fb = 0.60 F,. (F3-3)

Lateral bracing is not required for a box section whose depth is less than 6
times its width. Lateral-support requirements for box sections of larger depth­
to-width ratios must be determined by special analysis.

F4. ALLOWABLE SHEAR STRESS

For hltw :S 380/'\11;, on the overall depth times the web thickness, the allowa­
ble shear stress is

--------­Sect. F3] ALLOWABLE STRESS 5-49

except that it need not be less than 1,200 (bIFy ), where M1 is the smaller and
M 2 the larger bending moment at the ends of the unbraced .Iength, taken about
the strong axis of the member, and where M11M2 , the ratio of end mome.nts,
is positive when M1 and M2 have the same sign (reverse curvature ~endmg)
and negative when they are of opposite signs (single curvature bendmg).

-

(F2-1)

(F3-1)

(F3-2)

To be classified as a compact section, a box-shaped member shall have, in addi­
tion to the requirements in Sect. B5, a depth not greater than 6 times the
width, a flange thickness not greater than 2 times the web thickness and a later­
ally unsupported length Lb less than or equal to

( Ml) bL c = 1,950 + 1,200 M
2

F
y

F2. ALLOWABLE STRESS: WEAK AXIS BENDING OF I-SHAPED MEMBERS,
SOLID BARS AND RECTANGULAR PLATES

Lateral bracing is not required for members loaded through the shear center
about their weak axis nor for members of equal strength about both axes.

1. Members With Compact Sections

For doubly symmetrical 1- and H-shape members with compact flanges (Sect.
B5) continuously connected to the web and bent about their weak axes (except
members with yield points greater than 65 ksi); solid round and square bars;
and solid rectangular sections bent about their weaker axes, the allowable
stress is

Fb = 0.60 F,. (F2-2)
Doubly symmetrical I- and H-shape members bent about their weak axes (ex­
cept members with yield points greater than 65 ksi) with noncompact flanges
(Sect. B5) continuously connected to the web may be designed on the basis of
an allowable stress of

Fb = F,. [1.075 - 0.005 (:~) VF;] (F2-3)

F3. ALLOWABLE STRESS: BENDING OF BOX MEMBERS,
RECTANGULAR TUBES AND CIRCULAR TUBES

1. Members With Compact Sections

For members bent about their strong or weak axes, members with compact sec­
tions as defined in Sect. B5 and flanges continuously connected to the webs, the
allowable stress is
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$ 1"4>A325-N bolts
5! 11M' 4> holes in beam web
.2 11116 X 15116 slots in angles
.5 hardened washers over slots
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W24x76

SECTION ATC

, select a connection with 5 rows (n = 5) of I-in. dia. A325-N bol
of 165 kips using %-in. thick angles. This exceeds the 156-kip rea

2L6x4 x 5fs xl '·2 Ik

!~
II

(\')

:.L.-_~.I

- -

Solution:
From Table II
and shear valu
tion.

Bearing capaci y of the beam may be checked from Table I-E, where the value 78
kips/in. thickn ss is read for Fu = 65 ksi and I-in. dia. bolts at 3-in. spacing. Allow
ble bearing R . 78.0 x 0.440 x 5 = 172 kips> 156 kips o.k.

Check capacity of the A36 connection angles using Table I-F with F. = 58 ksi lU

Iv = 1¥4-in. edg. distance. The to~ bolt has a material bearing value ~f 36.3 kips/i:.
~lowable beanng on the connectIon angles then is o/s x [36.3 + (4 x 69.6)] = 1~
kIps > 156/2 = 78 kips. o.k.

Since this beam is not coped, beam web tear-out (block shear) does not requi:
checking. ( . .

The net ~heax: capacity o~ the angles need not be checked, using Table II-C, for.tl
reason gIven 10 Ex. 1.

Note th~t shor~ slot~ are permitted in any ~d all plies of slip-critical or bearing-t}1
connections usmg high-strength bolts. To simplify the fabrication, slots are put in tl1
angles, rather: than the beam web. Hardened washers are required over these slo·
because they are in an outer ply.

!he connection as sketched is adequate. Attention must also be given to the follov
109:
a. Insertion and driving clearances; see Table of Assembling Clearances (Manua

Part 4).

b. Adequacy of this connection with respect to the supporting member.

c. An even stagger of web bolts with those in the outstanding legs will permit us
o~ a 7-in. gage and still maintain driving clearances while maintaining the 3-ir
pitch. See the Table of Stagger for Tightening (Manual, Part 4).

• This dimension (see sketch, Section at C) is one-half the decimal web thicknessrounded to the nCJ
higher 'lt6 in., as in Ex. 1.

AMERICAN INSTmJTE OF STEEL CoNSTRUCTION
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SECTION AT B

- --
2L6x4x 5kx 1'·111/2

•B

"'--_-11-.1 W36x230

-

angles at length L = 23lh in. From TableII-C, the net shear capacity with 'Is-in. dia.
bolts and n = 8 on angles o/s-in. thick and 231/2-in. long is 348 kips> 340 kips o.k.

Bearing capacity of the beam may be checked from Table I-E, where the value 60.9
kips/in. thickness is read for F.. =58 ksi and 'VB-in. dia. bolts at 3-in. spacing. Allowa­
ble bearing R = 60.9 x 0.760 x 8 = 370 kips> 340 kips o.k.

Bearing on the angle material is checked with Table I-F. The l¥4-in. vertical edge
distance on the top bolt is less than 1¥:ul (1'116 in.), so the bearing value for the top
bolt is 36.3 kips/in. The value for the remaining seven bolts is 60.9 kips/in. The ca­
pacity of the connection angles is % [36.3 + (7 x 60.9)] = 289 kips> 340/2 = 170
kips o.k.

Since this beam is not coped, beam web tear-out does not require checking.

The connection as sketched is adequate. Attention must also be given to:

a. Insertion and driving clearance; see Table of Assembling Clearances (Manual,
Part 4). . . ... .

b. Adequacy of this connection with respect to the s~pporting member.

c. If a smaller gage is required on the outstanding legs of the connection angles,
the bolts must be staggered with those in the beam web. An even stagger will
permit the gage to be reduced to 7 in. and still maintain driving clearances
while maintaining the 3-in. pitch. See Table of Stagger for Tightening (Manual,
Part 4).

EXAMPLE 3

Given:

Beam: W24 x 76, t w = 0.440 in.
A572 Gr. 50 (F,. = 50 ksi and Fu = 65 ksi)

Connection angles: A36 (Fy = 36 ksi and Fu = 58 ksi)
Beam reaction = 156 kips
Bolts: I-in. dia. A325-N
Holes: lJA6 x lSA6 (short slots), long axis perpendicular to transmitted force

• This dimension (see sketch, Section at B) is one·half the decimal web thickness rounded to the next
higher 1!J6 in., as in Ex. 1.

AME1uCAN INST1TtTI'E OF STEEL CoNSTRUCTION
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Table J3.5

-

SECTIONATD

W36x300

2L6x4 x112x2'-6
~t....

Solution:

Since values are not tabulated in this Manual for 1lh-in. dia. fasteners, they must be
derived from the AISC ASD Specification. The following is offered as a guide and out·
line. References are to sections of the AISC ASD Specification and Commentary.

1. Bolt shear: "" Specification
and

Area of 1lh-in.dia. bolt =0.994 in.z Commentary
Fv = 28.0 ksi Reference

Single shear capacity = 0.994 x 28 =27.8 kips/bolt Table J3.2
No. bolts req'd = 300/(27.8 x 2) = 5.4.

Since this beam is coped, judgement and experience suggest try­
ing 10 bolts because web tear-out is likely to be critical.

2. Bolt spacing: J3.8

Minimum spacing = 2%d = 3 in.

Preferred spacing = 3d = 3% in.

To satisfy bearing on web:

Spacing = 2P/Fut + d/2

= (2 x 300/10)/(58 x 0.945) + (1¥S)/2 = 1.66 in.

Use 3-in. spacing, which is standard but less than the preferred
spacing.

3. Edge distance: J3.9

Minimum distance in the direction of reactive force:

Iv = 2P/Fut = (2 x 300/10)/(58 x 0.945) = 1.09 in.

Use 11/2 in. (minimum for gas cut edge)

------­EXAMPLE 5

Given: Beam: W 36 x 300, tw = 0.945 in.
A36 (F" = 36 ksi and Fu = 58 ksi)

Top flange coped 3 in. deep
Beam reaction = 300 kips
Bolts: 11/s-in. dia. A490-N in 1¥J.6-in. dia. holes

,
I

W24x76

9~~fp==1
....

II

~L..---lI:.1
q-

2. Bolt bearing of beam web:

From Table I-F, for Iv = 11/4 in. and Fu = 65ksi:

Allowable R = 0.440 in. x [(1 bolt x 40.6) + (4 bolts x 78.0)] = 155 kips

4. Web tear-out:
From Table I-G, for Iv = 11/.1 in., Ih = 2% in., t = 0.440 in. and Fu = 65 ksi:

Coefficient C1 = 1.50 ,
Coefficient Cz = 1.90
Total 3.40

RBS = (C1 + Cz)Fut
= 3.40 x 65 x 0.440 = 97.2 kips

2L6 x4 x 5/a x 1'.21/2

3. Bolt bearing on connection angles:

From Table I-F, for Iv = 11/.1 in. and Fu = 58 ksi:

Allowable R = % in. x 2 angles x [(1 bolt x 36.3) + (4 bolts x 69.6)] = 393 kips

5. Shear capacity of angles:
From Table II-C, for I-in. bolts, angle thickness = 5/S in., L = 141/2 in. (n = 5):

Shear capacity = 200 kips

The allowable reaction is limited to 97.2 kips and the conditions assumed would re­
quire a redesign of this connection.

1. Bolt shear: From Table II-A, R = 165 kips.

Solution:
The allowable reaction of the coped beam will be the least value determined by the
bolt shear, bolt bearing, beam web tear-out (block shear) or shear capacity of the
connection angles.

--------­EXAMPLE 4

Given:
The same conditions as Ex. 3, except the beam is coped 13,4 in. deep at the top
flange. Find the allowable reaction on the modified beam.



TABLE II-A Bolt Shears
For A307 bolts In !5tandard or slotted holes and for A325 and A490 bolts In sllp-crltlcal

connections with standard holes and Class A. clean mUi scale surface condition.

Bolt Type A:307· A325-SC' A490-SC

F., Ksi' 10.0 17.0 . 21.0 . Note:

BoItOia., d
~ 7/a 1 0/4 % 1 ~ %

For slip-critical

In.
1 connections

Angle Thickness
with oversize

t, In.
1/4 V4 1/4 1/4 0/,. Va 0/,. Va % or slotted

holes, see

L L' (
Table II-B.

In. In. n

291/2 31 10 88.4 120 157 150 204 267 186 253 330
261/2 28 9 79.5 108 141 135 184 240 167 227 297

,

231/2 25 8 70.7 96.2 126 120 164 214 148 202 264
201/2 22 7 61.9 84.2 110 105 143 187 130 1n 231
17Va 19 6 53.0 72.2 94.2 90;1 123 160 111 152 198
141/2 16 5 44.2 . 60.1 78.5 75.1 102 134 92.8 126 165
11Va 13 4 35.3 48.1 62.8 60.1 81.8 107 74.2 101 132

81/2 10 3 26.5 36.1 47.1.b 45.1 61.3 80.1 '55.7 75.8 99.0
51/2 7 2 17.7 24.1 31.4b 30.0 40.9 53.4 37.1 50.5 66.0

Notes:
ll"fabulated load values are based on double shear of bolts unless noted. See RCSC Specifi-
cation for other surface conditions.

bCapaclty shown Is based on double shear of the bolts; however, for length L, net shear on
the angle thlckness:specifled Is critical. See Table ll-C.

,

~f U7C/;J~
~?')~,

AMmuCAN INS'ITIUI'E OF STEEL CoNSTRUCTION

-
Note: ForL=21/2 use one half

the tabular load value
shown forL =511z, for the
same bolt type, diameter,
and thickness.

varies

STAGGERED BOLT
ALTERNATE

""M~E"CdfltE<1PII8N~
Bolted

TABLE II Allowable loads in kips

11_1r -L
gagejf~

--

5. Connection angles:
Try 2 L 6 x 4 x 1h x 2'- 6, A36.

Allowable bearing:
From AlSC ASD Specification Table J3.5 for 1Va-in. dia. bolts, Iv = 11/2 in. <

11/2 d = 1.69,
Top Bolt: Fu x tl2 x edge distance

58 x 0.5/2 x 11/2 = 21.8 kips

Remaining Bolts: 1.2 x Fu x d x t
1.2 x 58 x 11/8 x 1/2 = 39.2 kips

R = (1 bolt x 21.8) + (9 bolts x 39.2) = 374 kips o.k.

Shear on plane through fasteners:
Allowable shear is 0.41';, = 14.5 ksi on the gross area or 0.3Fu = 17.4 ksi on the
net area. Shear on the net area governs when (d + 1/16 in.) > Ll6n. Then 301
(6 x 10) = 0.5 in. and net area governs.

Net area = 2t [L - n(d + %6)]
= (2 x 1/2) [30 - (10 x P/16)] = 18.1 in.

2

tv = 300/18.1 = 16.6 ksi < 17.4 ksi
6. The connection as sketched is adequate.· Attention must also be given to the fol-

lowing:
a. Insertion and driving clearances; see Table of Assembling Clearances (Manual,

Part 4).
b. Need for reinforcement at the coped section in bending.
c. Adequacy of this connection with respect to the supporting member.
d. If a smaller gage is required on the outstanding legs, a new design is required,

since the maximum number of fasteners has been used in the beam web. Con­
sideration can be given to larger diameter bolts and to the use of a second gage
line in the web. The effect of web te.ar-out (block shear) on a connection with
two gage lines has not been determined at this time.

AMEJuCAN INs'rrnrrE OF STEEL CoNSTRUCTION

= 308 kips

_4-" _ _ _ _ _ ~.., _
4 Since this beam is coped, failure by shear and tension throu 'fi'
•. ~C1 cation

the fastener holes must be checked. erence
Allowable block shear RBS = 0.30Av Fu + 0.50A,Fu I '.J4

This equation expands to the general expression shown at Table l-G

R
BS

= {(0.3 Iv + 0.5 lh) + 0.3 [(n - l)(s - dh) - dh l2] - dhl4} Fut

= {[(0.3 x 11/2) + (0.5 x 11/2)]

+ 0.3[(10 - 1)(3 - P/16) - 19/32] - 1%4} 58 x 0.945



TABLE II-A Bolt ShearS
For bolts in bearing-type connections with standard or slotted holes.

Bolt Type A325-N A490-N A325-X A490-X

Fv, Ksi 21.0 28.0 30.0 40.0

aoltOla., d 0/4 7fe 1 0/4 7fe 1 0/4 7fe 1 0/4 7fe 1
.

In.

19le Thickness o/1e o/e o/e o/e Yz o/e o/e o/e o/e Yz 5fe 5fe
t, In.

L L'
n. In. n
}% 31 10 186 253 330 247 337 44d' 265 361 d 353 453" d

3% 28 9 167 227 297 223 303 3sat' 239 325 d 318 406" d

3V2 25 8 148 202 264 198 269 352" 212 289 d 283 363" d

0% 22 7 130 1n 231 173 236 308b 186 253 d 247 317" d

7% 19 6 111 152 198 148 202 264b 159 216 27?: 212 27?: 27?:
4% 16 5 92.8 126 @ 124 168 22(f 133 180 227" 1n 227" 227"
1% 13 4 74.2 101 132 99.0 135 176' 106 144 181e 141 181e 181e

BV2 10 3 55.7 75.8b 99.0 74.2 101b 132" 79.5b 108 136" 106' 136" 136"
5V2 7 2 37.1 5O.5b 68.0 49.5 67.3b 88.0" 53.0" 72.2 90.6" 70.~ 90.6" 90.6"

"Tabulated load values are based on double shear of bolts unless noted. See RCSC
Specification for other surface conditions•.

bCapacity shown Is based on double shear of the bolts; however, for length L, net shear on
the angle thickness specified Is critical. See Table II-C.

"Capacity shown Is based on bearing capacity of 1Y41n. end distance [Specification Equation
(J3-6)] on A36 angles of thickness specified; however, for length L, net shear on this angle is
critical. See Table II-C.

"Capa01, • governed by 'M''''' on "",os .. """'" Lon" L·. see Tab'onl
~~ IP~'

--
Uf~

gage=-M-;r
N

Note: ForL=21/2 use one half
the tabular load value
shown forL=51/2, for the

gage same bolt type, diameter,
and thickness.

STAGGERED BOLT
ALTERNATE

AMmuCAl'l INST1TVTE OF STEEL CoNSTRUCTION

gage-!

varies

f;:J. I:!~
L :: ~

I::. .8
II s::

L- .""',*""-'-~,,",

_F~t:.~Ar?'JUNgrI;IUU':::; _
Bolted

TABLE II Allowable loads in kips

TABLE II-B Bolt ShearS
For bolts in sllp-crltlcal connections with oversize, short-slotted, or long-slotted holes

and Class A, clean mill scale surface condition.

Hole Type long-slotted Holes Oversize and Short-slotted Holes

Bolt Type A325-SC A490'SC A325-SC A490-SC

Fv, Ksl 12.0 15.0 15.0 18.0

Bolt Ola., d, In. 0/4 7fe 1 0/4 7fe 1 0/4 7fe 1 0/4 7fe 1

Angle Thickness, Y4 Y4 511e v.. 0/1e Yz Y4 o/1e Yz o/1et, In.
o/e o/e

L L'
In. In. n

29% 31 10 106 144 188 133 180 236 133 180 236 159 216 283
26% 28 9 95.4 130 170 119 162 212 119 162 212 143 195 254
23V2 25 8 84.8 115 151 106 144 188 106 144 188 127 173 226
20% 22 7 74.2 101 132 92.8 126 165 92.8 126 165 111 152 198
17% 19 6 63.6 86.6 113 79.5 108 141 79.5 108 141 95.4 130 170
14V2 16 5 53.0 72.2 94.2 66.3 90.2 118 66.3 90.2 118 79.5 108 141
11% 13 4 42.4 57.7 75.4 53.0 72.2 94~2 53.0 72.2 94.2 63.6 86.6 113
8% 10 3 31.8 43.3 56.5 39.8 54.1 70.7 39.8 54.1 70.7 47.7 64.9 84.8
5% 7 2 21.2 28.9 37.~ 26.5 36.1 47.1 26.5 36.1 47.1 31.8 43.3e 56.5

"Tabulated load values are based on double shear of bolts unless noted. See RCSC Specifi-
cation, for other surface conditions. Slotted holes are parallel to beam flange. When slotted
holes are not paraliel to beam flanges, the above connection angle values and details will
differ. See AISC ASD Specification, Sects. J3.8 and J3.9.

bCapacity shown Is based on double shear of the bolts; however, for length L, net shear on
the angle thickness specified Is critical. See Table II-e.

°Capaclty shown Is based on double shear of bolts; however, for L .. 5Y2 In., with oversize

hOlos. ""' """or " lOo~~_od ,. ""col oncl """"oIod Iood ........ to

44•••po. ~~ J;!/

--
ttt! ~

gage=-M-;r
N

Note: ForL =2 1/2 use one half
the tabular load value
shown forL =51/2, for the

gage same bolt type, diameter,
and thickness.

STAGGERED BOLT
ALTERNATE

AMEJuCAN INST1TVTE OF STEEL CoNSTRUCTION

IIIIIrRtMl=D ilii\MiiWNI'IIiiII~ _
Bolted

TABLE II Allowable loads in kips
-
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2 to

~ go.
~

=
2'/4-I"<"

Case II

.~ Length of return
1f '11 2 Xweld size

v4Ij1

1 f'l" l .
Weld B>- ': J

-~<weidA

Case I

W 36 x 150 (not coped); tw = 0.625 in.
Fy = 36 ksi; Fv = 14.5 ksi
200 kips
Va in. dia., ASTM A325-N
E70XX

AMmuCAN 1NsTrrvTE OF STEEL U>NSTRucnON

Ilin'1llllLl ~IVI .......I"~IV_ _
Wercled-E70XXetectr<XJes for

combination with Table II connections
TABLE III

"
",I

Varies

Reaction:
.Bolts:
Welds:

-

Table III is arranged to permit substitution of welds for bolts in the connections
shown in Table II which fall within the weld capacities. Welds A replace fasteners
in the beam web legs (Case I). Welds B replacefasteners in the outstanding legs
(Case II).

To accommodate usual gages, angle leg widths will generally be 4· x 31h, with
the 4-in. leg outstanding. Width of web legs in Case I may be reduced optionally
from 31h to 3 in. Width of outstanding legs in Case II may be reduced optionally from
4 to 3 in. for values of L = 51h in. through l'-51h.

Angle thickness is equal to weld size plus 1f16 in., or thickness of angle from ap­
plicable Table II, whichever is greater.

Angle length L must be as tabulated in Table III.
Holes for erection bolts may be placed as required in legs to be field-welded

(optional).
When bolts are used, investigate bearing capacity of supporting member.
Although it is permissible to use Welds A and B in combination to obtain all­

welded connections, it is recommended such connections be chosen from Table IV.
This table will usually provide greater economy and allow increased flexibility in se-
lection of angle lengths and connection capacities. .

Allowable capacity for Weld A utilizes instantaneous center solutions based on
the same criteria developed for Tables XIX to XXVI, Eccentric Loads on Weld
Groups. However, capacity for Weld B is computed using traditional vector analysis
techniques.

CASE I
EXAMPLE 6

Given:

Beam:

-

AME1uCAN 1NsTrrvTE OF STEEL CoNSTRUCTION

~AIIIIiJ £:tIiIWv1 CiII)lJNIiliiIUIWiI _ _
BOLTED

TABLE II Allowable loads In kips
-

/

TABLE II-C
Allowable Shear in Connection Angles for A36 Material

Bolt
Jia., d % % 1

In.

Angle
Thick-

% o/,e o/e % V4 ~1e o/e % o/e V4 o/,e o/e % %less, t
In.

L
In. n

9Vz 10 186 232 279 372 175 219 263 350 438 164 205 ~46 ~28 411
6% 9 167 209 250 334 157 196 236 314 393 147 164 ~1 1295 368
:3Vz 8 148 185 222 296 139 174 209 278 348 131 163 196 1261 326
:OVz 7 129 161 193 258 121 152 182 243 303 114 142 170 ~27 264
7% 6 110 137 165 220 103 129 155 207 258 96.8 121 145 194 242
4% 5 90.8 114 136 182 85.4 107 128 171 213 79.9 99.9 120 160 200
1Vz 4 71.8 89.7 108 144 67.4 84.3 101 135 169 63.1 78.8 94.6 126 158
8% 3 52.7 65.9 79.1 105 49.5 61.9 74.2 99.0 124 46.2 57.8 69.S 92A 116
5% 2 33.7 42.1 50.6 67.4 31.5 39.4 47.3 63.1 78.8 29.4 36.7 44.0 58./ 73.4

L'
In. n

11 10 199 249 299 398 188 235 282 376 470. 1n 222 ~66 355 443
~8 9 180 225 270 360 170 213 255 340 ~25 160 201 241 ' 321 401
~5 8 161 201 241 322 152 190 228 305 ~81 144 179 215 287 359
~ 7 142 177 213 284 134 168 201 269 336 127 158 190 ~53 317
9 6 123 154 184 246 116 145 175 233 291 110 137 165 1220 275
:6 5 104 130 156 208 98.4 123 148 197 246 93.0 116 139 186 232
13 4 84.8 106 127 170 80.5 101 121 161 201 76.1 95.2 114 152 190
10 3 65.8 82.2 98.7 132 62.5 78.2 93.8 125 156 59.3 74.1 88.S 119 148
7 2 46.8 58.5 70.1 93.5 44.6 55.7 66.9 89.2 111 42.4 . 53.0 63.E 84.e 106

NOTES: Table based on an allowable shear of 0.3Fu(17.4 ksl for A36 angles) of the net
section of two angles.
Net section based on dIameter of fastener + 1/1e In. '-,



"-0 ,
S AND THREADED PARTS

"'!' Bearing0
0

" Allowable loads in kipsN
0
0

l§I TABLE I-E. BEARING
Slip-critical and Bearing-type Connections

Mate- Fu = 58 ksl Fu = 65 ksi Fu = 70!<.s1 FIJ = 100 ksi
rial Boll dia. Bolt dia. Bolt dia. Bolldla.

Tt1ick·
ness % 7/8 I % 1fa 1 % % 1 % 1fo 1

'At 6.5 7.6 8.7 7.3 6.5 9.8 7.9 9.2 10.5 11.3 13.1 15.0

o/H 9.B 11.4 13.1 11.0 12.B 14.6 11.8 13.8 15.8 16.9 19.7 22.5

'/4 13.1 15.2 17.4 14.6 17.1 19.5 15.8 18.4 21.0 22.5 26.3 30.0

0/'6 16.3 19.0 21.8 18.3 21.3 24.4 19.7 23.0 26.3 28.1 32.8 37.5

VB 19.6 22.8 26.1 21.9 25.6 29.3 2.3.6 27.6 31.5
1

33.8 39.4 45.0
7A6 22.S 20.6 30.5 25.6 29.9 34.1 21.6 32.2 36.6 I 45.9 52.5

.-.:: liz 26.1 30.5 34.6 29.3 34.1 39.0 ~ 36.8 42.0 1 60 .0z
0 0/16 29.4 34.3 39.2 1 32.9 38.4 43.9 41.3 47.3
N...... % 32.6 38.1 43.5 42.1 48.8 ~ 52.5
~
.-.:: "I,.. 41.9 47.9 ~ 53.6 ~
::El.. % ~ 52.2 ,58.5::El
A 'o/H' 56.6

% 1 60,9
t~A.

1 52.2 60.9 69.6 56.5 66.3 78.0 63.0 73.5 84.0 90.0 105.0 120.0

BOLTS AND RIVETS
Bearing

An6wable toads in kips·.

. TABLE I-F. EDGE DiSTANCE

Edga Allawable Loads, Kipsa

OistB.nceb (fOT one lastener, 1·ln. thick material)

IUL. . 'v Fu =65 Fu = 70 F" =100
In. Fu = 5&.

1 29.0 32.5 35,0 50.0'pocio".,t[] 1'/. 32,6 36,6 39.4 56.3

n=no. 01 bolts :.' 1 'I~ 36.3 40.6 43.6 62.5

<1'12 43.5 4a,8 52.5 75.0

COPED Bolt 1'h d Values wen edge dielanoe

Dla. In.
is , Y2 d Of grealer •

1'12 69.6 79.0 64.0 '2.0
1 73.5 105

1~'•• 60.9 68.3
7/e 63.0 90.0
:y~ 1t~ 52.2 58.5

.. Total allowable load = I[Ctabular value) )( n] f

where . .
I = thickness 01 critical oonnected part, m.
n = number ollasteneTS. eli art

bl
v
~ 2P1F

u
l (AISC ASO Spec. J3.9) dlstaflce cenler of hole to free edge of OOI1Mct p

in direction of force, in.

where • I k'
F. = 6 eclfiad minLmum tensile strenglh of malena, Sl •P '" f~rce transrTliltad by on9 lastener 10 the critical oonnected part, k1ps

~p = '.2 F" d (AISC ASO spec. Sect. J3,7).

AMu!CA..... INSTmrrE or StEEL CONSl1I1JCT10N

Noles:
This labIa Is applicable 10 all mecl1anicaJ fasteners In bolt1 slip·critical and bearing-type con'
nectlons utilizing standard holes. Slandard holes shall halle a diameter nominally V.....iIl.
larger than the nominal bolt dlameler (d + l/uln.).
Tabulated bearing values are based on F" = 1.2 Fu ·

FIJ '" specified minimum tensile strength 01 the OOl1nooted part
In connecllons tratlsmlUln9 axlal lorce whose lenglh between eXlrema fastellers measured
parallel fo the line or torce exceeds 50 in., labulate<! valu9s ahall be reduced 20%.
Connections using high-slrellglh bolls in slotted holes with the load applied In a direction
other than applOxlmalely normal (betweell eo and 100 degrees) to tha axis ot Ihe hole and
connections with bolts in oversize holas shail be designed rorreslstanoa against slip al work­
Ing load in aocordsl1C9 wilh AISC ASD Specification Sect. J3.8.
Tabulated values apply when the distance I parallel to thaline ollorce Irom the cemter of the
bolt to lIle edge of the connectoo part is not leSs than 1Yo d and the distance from Ihe centel
01 a boll to the center of an adjacent bolt is nol less thoo 3d. See AfSC ASD Commentary

J3.8.
Under cerlain oonditlons, values grealer than the tabulate<! values may be justilled under

Specilicallon Sect J3.7.
Values are 11m lied to the doub[a·shear ballrlng clllJB.city 01 A49Q·X boLts.
Values for decimal thiclmesses may be obtained by muUiplylng the decimal value of the lin·
listed Ihlckness by the value given for a 1·in. Ihlckness.

N
.-t



COLUMNS
.W shapes

Allowable axial loads in kips

o 426

6 387
7 379
8 370
9 S60

10 350
11 339
12 328
13 316
\4 304
15 292

'6 279
17 265
18 25'
19 236
20 221
22 190
24 159
26 136
26 117
30 '02
32 90
3a 64
34 79
35 75

Note~ Heavy line lfldicates Kilt 01 200.

Des;QlIatlon

y

xIx
v

380
353
~

341
335
328
321
313
306
297
289
280
271
262
253
243
222
201
177
154
134
11B
111
104
93

o
6
7
B
9

10
11
12
13
14
15
16
17
18
19
20
22
24
26
28
30
32
33
34
36

Note: Heavy line illdicates Klit of 200.

AMEillCAN (NSTITUn: 01 SJUL Coro"STllUCTlOl<

Designalion

tLUMNS
shapes
xialloads in k'ps

U 2.55
PIWJ (ki psI 99
Pwl (kips/in.) 15
Pwb (kips) 239
P'D (kips) 104
I." (fl) 10.6
(u (ft) 31.1

A (In.~l 17.6
T.(in.") 341
Tv (in.") 116
Ty (in.) 2.57
Ratio 1"I,v 1.71
8.} Bending 0.264
8y 'actors 0.765
8,,/106 50.5
8yl1oD 11.3
F:. (K" L. )2/102 (kips) 200
F;y (KyL,.)2/102 (kips) 68.5

Wt.1ft 60
t-----:,=y;:----t-:::

36
=-

..
""".-I



...,..
.-I

1·48

Fy = 36 iqll BEAMS W30
W Shapes

IAllowable uniform loads in kips
for beams laterally supported

For bearn$ laterally unsupporled. see page 2-146
D~lgnallon W30

Wtfft 292 261 235 211 191 m DeflectionFlange Width \511. 151A 15 151/. IS 15 In.
L, 16.1 16.0 15.9 15.9 15.9 \5.8
Lu 41.0. 36.7 33.3 29.7 26.9 24.2

14
940

574 .1615 647 748 691 627 559 .1816 919 819 739 656 592 S34 .21t7 665 771 695 618 557 502 .2418 817 728 656 583 526 474 .2719 n4 689 622 5~ 499 449 .30
20 735 655 591 525 474 427 .3321 700 624 563 500 451 4<J7 .3622 668 595 537 477 431 388 .4023 639 57{) 514 457 412 371 .4324 612 546 492 436 395 356 .4725 58e 524 473 420 379 342 .51
26 565 504 454 4Q4 364 328 .5527 M4 485 436 389 351 316 .6028 525 468 422 375 338 305 .6429 507 452 407 362 327 294 .6930 490 437 394 35() 316 285 .74

(j)
31 474 423 381 339 306 275 .79

~ If 32 459 409 369 328 296 267 .64
<0

.5
34 432 385 34a 309 279 251 .95(") 3a 408 364 328 292 263 237 1.06IL fa 38 387 345 311 276 249 225 1.18IJ..... Q. 40 367 327 295 263 237 213 1.31lJ) 42 350 312 281 250 226 203 1.45
44 334 298 269 239 215 194 1.5946 320 285 257 228 200 18S 1.7348 306 273 246 219 197 178 1.8950 294 262 236 210 189 171 2.0552 283 252 227 202 182 164 2.2254 272 243 219 194 175 158 2.39
56 282 2.34 2.. 168 169 152 2.57sa 253 226 204 181 163 147 2.7660 245 216 197 175 159 142 2.9562 237 211 191 169 153 138 3.1564 230 205 185 164 148 133 3.3666 223 198 179 159 144 129 3.57
68 216 193 174 154 139 126 3.7970 210 187 169 150 135 122 4.0172 204 162 164 146 132 .119 4.25

PropertIes and Reaction Values
S. in.3 928 927 . 746 663 598 539
V kips 470 423 374 345 314 287 ForR1 kips 159 135 111 97.8 81.7 73.0 !lxplanaooll
R~ klpsIln. 24,2 22.1 19.7 18.4 16.9 15.6 01 deflection.R.., kips 286 235 189 160 133 112 see page 2·32R4 klpsIln. 11.0 . 10.1 7.45 7.00 6.02 5,30
R kips 244 2.12 180 162 141 128

Load aIIove heavy line is limlled by mID:iml1m allowable web shear.

It. .~~._.~•• ~ .....-.- __ C'_..... r ....._~ ... ,.............

.-...

W30 BEAMS IFy = 36 ks

I
W Shapes

Allowable uniform loads in kips
for beams laterally supported

For beam$ laterally unsupj)Orted, 8&e page 2-146

OeslonatiQn W3(l
WI.1ft 1M! 132 124 116 \Oe 99 90 OeUulion

F!ange Widtll 10lh 10lh 10% 10% \OY.. \0% 10% In.
Le 11,1 11.1 11.1 11.1 11.1 1().9 10.0
4 18.7 16.1 '5.() 13.6 12.3 11.4 11.4

9 444 400 ,07
10 488 468 428 3a8 .oa
I I 537 508 474 431 387 S53 .10
12 ~ ·502 469 434 395 355 323 .12
13 531 463 433 401 364 328 m .14
14 493 430 402 372 338 304 2n .16
15 460 401 375 347 316 WI 259 .16
16 432 376 :)51 326 296 266 243 .21
17 400 354 331 307 279 251 228 .24
18 364 ~ 312 290 203 237 216 .27
19
~

317 296 274 249 224 204 .30
·20 301 2B1 261 237 213 194 .33

21 329 267 26S 248 226 203 185 .36
·22 314 274 256 2:37 215 194 \76 .40
23 300 262 244 227 206 1S5 169 .43
2.4 288 251 234 217 197 178 162 .47

.2,5 276 241 225 208 189 170 155 .51
26 266 232 216 200 182 164 149 .55

~
27 256 223 .20e '93 175 158 144 .60

~ 28 247 215 201 les 169 152 139 .64
29 238 208 194 180 163 147 134 .69'D .6 30 230 201 187 174 158 142 12~ .74(t)

31 223 194 181 168 153 137 125 .79cn III 32 216 188 176 '63 148 133 121 .84Ll..... Q,
(/) 34 203 177 165 153 139 125 114 .95

36 192 167 156 145 132 118 loe 1.0S
38 182 158 148 137 125 112 102 1.18
40 173 15Q 141 130 11a HI7 97 1.31
42 164 143 134 124 113 101 92 1.45
44 157 137 128 118 lOB 97 68 1.59
46 150 13' 122 113 103 93 64 1.73
46 144 125 117 109 99 89 81 1.89
50 138 120 112 104 95 55 78 2.05
52 133 116 108 100 91 B2 .75 2.22
54 128 111 104 97 sa 79 72 2.39
56 123 107 100 93 85 76 69 2.57
58 ~~~ .

104 97 90 62 73 67 2.76
60 100 94 87 79 71 65 2.95
62 111 ~- 91 84 76 69 63 3.15
64 108 88 81 74 67 61 3.36
66 105 91 85 79 72 65 59 3.57
68 102 89 e3 n 70 63 57 3.79
70 99 86 80 74 68 6' 55 4.01
72 96 84 78 72 66 59 54 4.25

Properlles Bfld Reac&n Ve.1uils
S. in" 436 380 355 329 299 269 245
V kips 287 268 254 244 234 222 200 For
R1 kips 77.2 63.9 68.6 54.5 50.6 44.4 36.6 6xplanatior
Rz klpaItn. 15.4 14.6 13.9 13.4 12.9 12.4 11.2 01 deflec:tior
~kip& 116 98.4 88.0 79.9 71.6 62.S 51.3 aee page 2-:
~ kipsl'ill. 4.64 4.70 4,31 4.33 4,37 4.33 3.53
Rklps 131· 115 103 .. 95 87 79 64

Load above heavy line Islimlted by maximum allowable w&b shear.



Solution:

See Table II-A and note 4 rows of bolts with lllh-in. long angles are compatible with
a 16-in. deep section. Capacity of the %-in. dia. ASTM A307 bolts with lf4-in. thick
angles is 48.1 kips.

Note in Table III that 72.7 kips capacity is designated for 3/16-in. Weld A and11lh-in.
long angles. The 0.25·in. web thickness is less than the minimum 0.38 in. listed. The
reduced capacity is (0.25/0.38) x 72.7 kips =47.8 kips. The lf4·in. angle thickness re­
quired for bolts is satisfactory for the ¥t6-in. weld.

Detail data: 1\\'0 L 4 x 3lh x If4 x 0'-lllh
Fy = 36 ksi
Eight "Va-in. dia. ASTM A307 bolts
¥t6-in fillet weld, E70XX

- sIJII,: - - - - -I - - -
Enter Table III under Weld A and note that a value that satisfies the reaction is 222
kips. This requires o/16-~n. welds and 23lh-in. long angles. Use %loin. thick angles to
meet the weld requirement stipulated in AISC ASD Specification Sect. J2.2b. The
0.625-in. web thickness is less than the minimum required 0.64 in., so the reduction
in capacity is (0.625/0.64) x 222 kips = 217 kips.

Note, in Table II-A, the angle length provides for 8 rows of %-in. dia. ASTM
A325·N bolts with a capacity of 202 kips. The %·in. required angle thickness is the
same as the %-in. angle thickness required due to Weld A.

Detail data: 1\\'0 L 4 x 3lh x % Xl'-ll¥z
Fy = 36 ksi
Sixteen %-in. dia. ASTM A325-N bolts (threads included in shear

plane)
o/t6-in fillet weld, E70XX

Vol 16 x 31 (not coped); tw =0.275 in.
Fy = 50 ksi; Fy = 20 ksi
39 kips
¥.J-in. dia., ASTM A325·N
E70XX

Reaction:
Bolts:
Welds:

EXAMPLE 9

Given:

Beam:

Solution:

Enter Table III under Weld B and note the value most nearly satisfying the reac
is 40.3 kips. This requires o/t6-in. Weld Band 8lh-in. long, %-in. thick angles.

Enter Table II-A for 3 rows of fasteners and note that the angle length is compat
with beam size. Capacity of three ¥.J-in. dia. ASTM A325-N bolts is 55.7 kips.

Check bearing on beam web = 39/3 = 13 kips per bolt in double shear. From T;
I-E the allowable bearing is 58.5 kips fot 1-in. thickness at 3-in. spacing; 58.
0.275 = 16.1 kips per bolt allowable. Assuming 11f4-in. edge distance for t~e
bolt, the single shear bearing capacity of %-in. connecting angle (Table I-F) IS,

3/8(3 x 52.2) = 58.7 kips o.k.

Detail data: 1\\'0 L 4 x 3lh x % x 0' -8lh
Fy = 36 ksi
IThree %-in. dia. ASTM A325-N bolts
SA6-in. fillet weld, E70XX

AMI!IUCAN INSTI1UI'E OF STEEL CoNSTRUCTION

---------Solution:

Enter Table III under Weld B and note the value most nearly satisfying the real
is 156 kips. This r~quires o/t6-in. Weld B and 20lh:in. long, %.-in thic.k ~g1es. 1
II-A shows a bolt capacity for a 7 fastener connection of 236 kips, which IS more.
the 155 kips required. Therefore,' a 20lh-in. long angle is selected from Table

Check bearing on beam web = 155n = 22.1 kips per bolt in double shearbea
From Table I-E the allowable bearing 60.9 kips for I-in. thickness and 3-in. spal
60.9 x 0.625 in: = 38.1 kips per bolt allowable. Assuming the beam is coped,
using 11f4-in. edge distance for the top bolt, the single shear bearing capacity 0
¥!I-in. connection angle (Table I-F) is,

% [(1 bolt x 36.3) + (6 bolts x 60.9 kips)] = 151 kips o.k.

Check block shear:

(C1 + C2) Fu t = (1.25 + 3.34) 58 x 0.625 = 166.4 kips o.k.

Detail data: 1\\'0 L 4 x 3lh x % x l'-8lh
Fy = 36 ksi
Seven %-in. dia. ASTM A490-N bolts
sA6-in. fillet weld, E70XX

W 16 x 26 (not coped); tw = 0.25 in.
Fy = 36 ksi; Fy = 14.5 ksi
46 kips
%-in. dia. ASTM A307
E70XX

AMl!lUCAN 1NsTrroTE or STEEL CoNSTRUCTION

W 36 x 150 (coped); tw = 0.625 in.
Fy = 36 ksi; Fy = 14.5 ksi
155 kips
"Va-in. dia., ASTM A490-N
E70XX

Reaction:
Bolts:
Welds:

Reaction:
Bolts:
Welds:

EXAMPLE 7

Given:

Beam:

CASED
EXAMPLE 8

Given:

Beam:



WeldB~--'"

length of return
2 Xweld size

W 36 x 150; tw = 0.625 in.; T = 32% in.
Fy = 36 ksi; F. = 14.5 ksi
E70XX
170 kips

-----­FRAMED BEAM CONNECTIONS
Welded-E70XX electrodes

TABLE IV

Weld:
Reaction:

-

EXAMPLE 10

Given:

Beam:

Table IV lists capacities and details for angle connections welded to both the be.
web and the supporting member. . .

Holes for erection bolts may be placed as reqUIred 10 legs that are to be fil

welded (optional). .
Allowable capacity for Weld A utilizes instantaneous center ~olutlons based

the same criteria developed for Tables XIX to XXVI, Eccentnc Loads on We
Groups. However, Weld B capacity is computed using traditional vector analy
technique.

Solution:

Enter Table IV and select a Weld A capacity of 174 kips (weld size ~ '/.i.in.). Wt
B has a capacity of 191 kips and is satisfactory. The angle.length (24 10.). IS less th
Tfor the W 36 x 150 and is satisfactory. The beam we!' t~ckness (0.625 1O.~ ex~ee

the minimum web thickness (0.51 in.), so no reduction 10 Weld A capacity IS l
quired.

Detail data: 1\vo L 4 x 3 x % x 2'·0"; Fy = 36 ksi
Weld A = '/.i in., E70XX
Weld B = 0/16 in., E70XX

-

9

8

7

6

5

4

3

2

10

Maximum
Number of

Fasteners In
One Vertical

Row (Table II)

- -
~~

AMEJuCAN INSTITVTE OF STEEL CoNSTRUCTION

-When the beam web thickness is less than the minimum, multiply the connection capacity
fumished by Weld A by the ratio of the actual web thickness to the tabulated minimum thick­
ness. Thus, if 0/18 in. Weld A, with a connection capacity of 148 kips and a 14'12.ln. long
angle, Is considered for a beam of web thickness of 0.375 in. with Fy =36 ksi, the connection
capacity must be multiplied by 0.375/0.64, giving 86.7 kips.

bShould the thickness of material to which connection angles are welded exceed the limits
set by AISC ASO Specification Sects. J2.1b or J2.2b for weld sizes specified, Increase the
weld size as required, but not to exceed the angle thickness.

CWhen welds are used on outstanding legs, connection capacity may be limited by the shear
capacity of the supportlrig member as stipulated by AISC ASO Specification Sect. F4.
See Ex. 13 and 14 for Table IV.

Note 1: Connection angles: Two L 4 x 3'12 x thickness x L; F. = 36 ksi. See discussion
preceding examples for Table III for limiting values of thickness and"optional width of
legs.

Note 2: Capacities shown in this table apply only when the material welded is F
y

= 36 ksl or
Fy =50 ksi steel.

- IiIII '"'w---II FR ED. EAM CONNECTIONS
Welded-E70XX electrodes for

combination with Table " connections
TABLE III Allowable loads in kips

WeidA WeldS Angle 8Mlnimum Web
Length Thickness for Welds A

Capacity, bSize, cCapacity, Size, L Fy" 36 kslKips In. Kips In. In. Fv ,. 14.5 ksi
266 0/18 296 % 29% .6421'3 'I. 247 0/18 29% .51160 31\8 197 'I. 29% .38
245 51\8 261 % 26% .64196 'I. 217 0/18 26% .51147 31\8 173 'I. 26% .38
222 51\8 223 o/a 23% .64178 'I. 186 0/18 23% .51133 31\8 149 V. 23% .38
198 81\8 187 o/a 20% .64158 'I. 156 0/18 20% .51119 31\8 125 V. 20% .38
174 81\8 152 o/a 17% .64139 'I. 126 0/18 17% .51104 0/18 101 V. 17% .38
148 0/18 115 % 14% .64118 'I. 95.7 0/18 14% .5188.7 31\8 76.6 V. 14% .38
121 0/18 80.1 % 11% .6497.0 V. 66.9 0/18 11% .5172.7 31\8 53.4 V. 11% .38
92.1 0/18 48.2 % 8% .6473.7 V. 40.3 0/18 8% .5155.3 31\8 32.2 'I. 8% .38
61.8 0/18 21.9 % 5'12 .6449.5 'I. 18.3 0/18 5'12 .5137.1 31\8 14.6 'I. 5'12 .38
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STIFFENED SEATED BEAM CONNECTIONS

Welded-E70XX Electrodes
TABLE VIII

Solution: U'f Load Table for W30 x 116, note that Rio
From the Fy = 36 k

1
s
3
i, 4Akll.OWs/~nbleR n~o;~9 kips, R

4
= 4.33 kips/in.= 54.5 kips, R2 = . Ip I ., 3 •

For yielding N, req'd = (R - R1)/R2 •

= (100 - 54.5)/13.4 = 3.40 m.

For buckling N, req'd = (R - R3)IR4 •

= (100 .....; 79.9)/4.33 = 4.64 m.
.'dth - 464 + 0 5 (setback) = 5.14 in.Stiffener WI -. •

Use W = 6 in. . f 100 kips' select a 5/16"in. weld with
Enter Table VIII with W = 6 !n. and a re~ctl~~m this th~ minimum length of weld
L =15 in., which has a capaclt~ of ~O~ ~is,:: 6

r
in. This'also establishes the min!mum

between seat plate and support IS 2
h

:ff as 6 in total or 3 in. on each Side of
weld between the seat plate and t e Stl ener . ,

stiffener. welds is 2 x 5/16 = SIs in., or 0.625 in. This is
Stiffener plate thickness t to ~evelop f 0 565' . thus the stiffener plate thickness
greater than the beam web thickness o. 10., ,
need not be increased.

U SL I'n plate for the stiffener and 3/s-in. plate for seat.se: 7S- • UCTlON
A _RICAN INSTlTtITE OF STEEL CoNSTR

~
Given: . 0 85' . web = 0565 in.)

W 30 x 116 (flange = 10.49510. x . 10., .
Beam: 36 k')ASTM A36 steel (Fy = Sl
Welds: E70XX
Reaction: 100 kips
Design a two-plate welded stiffener seat using ASTM A36 steel.

----------. XX weld size no greater than 0.67 of column web
umn web of Fy =50 kSI, select ~70 f th column web for stiffened seats on one
thickness. To investigate the resistance 0 e d Heino Ainso "Bracket Loaded

B E Gordon B. Batson an . Q tside see Hopper, ruce ., R f "AISC Engineering Journal, FIrSt uar er,
Webs with Low Slenderness a lOS, d H' Ainso "An Experimental look
1985 pg. 11-18 and Hoptay, JoseEPh~. ~ J::~al Vol' 18 No.1, First Quarter,
at B;acket-loaded Webs," AISC ngmeermg ,.,

1981, pg. 1-7.' '.. k and weld size selected from Table
Should combinations of matenalS~I~ ~:cationSects. 12.2 and J2.4, increase

VIII exceed the limits set by AISC A ~ d
the weld size or material thickness as reqUire. ection bolts may be used to attach

In addition to the welds shown, temporary er .

beams to seats (optional). 'cal co·nnection the reaction values
. l' f the most economl , . h

To permit se ection 0 d' If the reaction values are not given, t e
should be given on the contract rawmg~ beam end reaction calculated from the
connections must be selected to support . e h e span and steel specification of
Allowable Unifor~ Load Tables f~r th::~~:t~daro;ds ne~ an end connection must
the beam in question. The effect 0 co
also be considered.

=:J./Optional location. top angle
I (weld toe only)

-.J

1I-~__r-r--< (Table VIII)

11---1--4- (optimum)
r--:H--..,.- 2 x wel.d size (min.)

Seated connections should be used only when the beam is supported by a top angle
placed as shown above, or in the optional location as indicated.

Allowable loads in Table VIII are based on the use of E70XX electrodes. The
table may be used for other electrodes, provided the tabular values are adjusted for
the electrodes used (e.g., for E60XX electrodes, multiply tabular values by IlYzl, or
0.86, etc.) and the welds and base metal meet the provisions of AISC ASD Specifica­
tion Sect. J2.4.

Allowable weld capacities in Table VIII are computed using traditional vector
analysis.

Based on Fy =36 ksi bracket material, minimum stiffener plate thickness, t, for
supported beams with unstiffened webs should not be less than the supported beam
web thickness for Fy = 36 ksi beams, and not less than 1.4 times the beam web thick­
ness for beams with Fy =50 ksi. Based on bracket material of Fy =50 ksi or greater,
the minimum stiffener plate thickness, t, for supported beams with unstiffened webs
should be the beam web thickness multiplied by the ratio of Fy of the beam to F

y
of

the bracket (e.g., Fy (beam) = 65 ksi; Fy (bracket) =50 ksi; t = t
w

(beam) x 65/50,
minimum). The minimum stiffener plate thickness, t, should be at least two times the
required E70XX weld size when Fy of the bracket is 36 ksi, and should be at least 1.5
times the required E70XX weld size when Fy of the bracket is 50 ksi.

Thickness t of the horizontal Seat plate, or tee flange, should not be less than
3fs in.

If seat and stiffener are separate plates, finish stiffener to bear against seat.
Welds connecting the two plates should have a strength equal to, or greater than, the
horizontal welds to the support under the seat plate.

Welds attaching beam to seat may be replaced by bolts.
ASTM A307 bolts may be used in seated connections, if the stipulations of

AISC ASD Specification Sect. J1.12 are observed.
For stiffener seats in line on opposite sides of a column web of F

y
=36 ksi mate­

rial, select E70XX weld size no greater than 0.50 of column web thickness. For col-

w
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Detail data:

Use: L 4 x 4 x % x 0'-4 top angle (Fy =36 ksi) with 0/16-in. welds along toes of angl
only.

---------...as this can be made iIi one pass using manual welding. Select 0/16-in. weld. From thi .
the minimum length of 0/16-in. weld between seat plate and support is 2 x 0.2
= 6 in.

Use: 6 in. weld length. This also establishes the minimum weld between the se
plate and the stiffener as 6 in. total, or 3 in. on each side.

Stiffener plate thickness t to develop welds is 2 x 0/16 = % in., or 0.625 in. 11
minimum thickness t for It bracket of Fy =36 ksi with a beam of F

y
= 50 ksi

1.4 times the beam web thickness = 1.4 x 0.43 = 0.602 in.

Use: SIs-in. plate for the stiffener and ·3fs-in. plate for the seat.

Welds attaching the beam flange to the seat can be 1/4 in. for a flange of 0.685 in., pI
AISG ASD Specification Sect. J2.2.

Seat plate width, to permit field welding of beam to seat = flange width + (4 x we
size) = 8.27 + (4 x 1/4) = 9.27 in.

Use: 3fs x 8 x 0'-10 plate

This is adequate for the required minimum weld length.

W 21 x 68 (flange = 8.27 in. x 0.685 in.; web = 0.43 in.)
ASTM A572, Grade 50 steel (Fy =50 ksi)
E70XX electrodes
83 kips

Welds:
Reaction:

EXAMPLE 20
Given:

Beam:

Design a two-plate welded stiffener seat using ASTM A36 steel.

Ato41l:V',..A1loI T~rn:I' nil' C::'M!'VT rn~,",...,~,,1U'

Detail data:

Use: L 4 x 4 x % X 0'-4 top angle (Fy = 36 ksi) with s/i6-in. welds along toes
of angle only.

Solution:

From the Fy =50 ksi, Allowable Uniform Load Table for W21 x 68, note R1 =51.0
kips, R2 = 14.2 kips/in., R3 = 56.1 kips, R4 = 3.96 kips/in.

For yielding N, req'd = (R - R1)/R2

= (83 - 51.0)/14.2 = 2.25 in.

For buckling N, req'd = (R - R3)/R4

= (83 - 56.1)/3.96 = 6.79 in.

Stiffener width = 6.79 + 0.5 (setback) = 7.29 in.
Use W = 8 in.

Enter Table VIII with W = 8 in. and a reaction of 83 kips; satisfying these require­
. ments are a 0/16-in. weld, L = 15 in. (84.4 kips), or a 3fs-in. weld, L = 14 in. (89.8
kips), or an even larger weld size. Generally, the s/win. weld is the better selection,

_4." _
Welds attaching the beam flange to the seat must be 0/16 in. to conform to AISC ASD
Specification Sect. J2.2, due to the 0.85-in. flange thickness of the W 30 x 116 beam.

Seat plate width to permit field welding of beam to seat = flange width + (4 x weld
size) = 10.5 + (4 x s/i6) = 11.75 in.

Use: 3fs x 6 X 1'-0 plate

This is adequate for the required minimum weld length.
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SOLUTION

Properties of a W33)<

7-2. WEB CRIPPLING

158 STRUCTURAL STEEL DESIGN

the remaining beam depth. A similar discussion can be made where holes
are cut in beam webs for duct work or other items.

4. Theoretically, very heavily loaded short beams can have excessive
shears but practically this does not occur too often unless it is like case 1.

5. Shear may very well be a problem even for ordinary loadings when
very thin webs are used as in plate girders or in light gage cold formed
steel members.

Should calculated shearing stresses exceed allowable values (J<;,~

0.40;;' in the AISC) shear plates can be connected to the webs in the zones
of excessive 'stress.

Beams that support heavy concentrated loads sometimes fail by web
crippling or ,crushing unless the web is stiffened near the loads. Web
crippling occurs due to the stress concentrations at the junction -of the
flange and the web, where the beam is trying to transfer compression in the
relatively wide flange to the narrow web. Failure will occur when the metal
begins to fail at the toe of the fillet in bearing and the flange and web have
a tendency to fold over e!lch other.

Most specifications assume the reaction or load spreads out from its
place of application along a 45 0 plane (see Fig. 7-3). The toe of the fillet is
the most dangerous location for failure because the resisting area has its
smallest value there. The AISC does not permit the compression at this
point in beams without web stiffeners to exceed 0.75;;'. Should the allow­
able value be exceeded it is necessary to use stiffeners, or the bearing of
the load or reaction must be spread over a greater length. The expressions
for the length of bearing required are shown in Fig. 7-3. The top flanges of
a beam must have lateral support at the reaction points or the web
crippling strength is greatly reduced.

The minimum bearing length at the end of a certain beam is calcu-

Figure 7-3 Left: Reaction (AISC Formula 1.10-9). N=length of bearing, which
cannot be less thank; k=distance from toe of fillet to outside of flange; t=
thickness of web; R=reaction; R/t(N+k) may not exceed 0.751';.. Right: Con­
centrated load (AISC Formula 1.10-8). R=concentrated load; R/t(N+2k) may
not exceed O.75Fy.

I
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I
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STIFFENED SEATED BEAM CONNECTIONS

Welded-E70XX electrodes

TABLE VIII Allowable loads in kips

Width of Seat loY, In.

L 7 8 9
In. Weld Size, In. Weld Size, In. Weld Size, In.

5/'0 % 7/,0 Y2 5110 o/a % ¥a 5110 % % %

11 54.0 64.8 75.6 86.3 48.4 58.0 n.3 96.6 43.7 52.4 69.9 87,
12 63.1 75.7 88.4 101 56.7 68.1 90.7 113 51.4 61.7 82.2 103
13 72.7 87;2 102 117 65.5 78.7 105 131 59.6 71.5 95.3 119
14 82.6 99.1 116 132 74.8 89.8 120 149 68.2 81.8 109 136
15 92.9 112 130 149 84.4 101 135 169 n.2 92.6 123 154

16 104 124 145 166 94.4 113 151 189 86.5 104 138 173
17 114 137 160 183 105 126 167 209 96.2 115 154 192
18 126. 151 176 201 115 138 184 230 106 127 170 212
19 137 164 192 219 126 151 202 252 117 140 186 233
20 148 178 208 237 137 165 219 274 127 152 203 254

21 160 192 224 256 148 178 237 296 '138 165 220 276
22 172 206 240 274 159 192 255 319 149 178 238 297
23 183 220 257 293· 171 205 274 342 160 192 258 320
24 195 234 274 312 -183 219 292 365 171 205 274 342
25 207 249 290 331 195 233 311 389 182 219 292 365

26 219 263 307 351 206 248 330 412 194 233 310 388
27 231 278 324 370 218 262 349 436 206 247 329 411
28 243 292 341 389 230 276 368 460 217 261 348 435
29 256 307 358 409 242 291 387 484 229 275 367 458
30 268 321 375 428 254 305 406 508 241 289 386 482

31 280 336 392 447 266 319 426 532 253 303 405 506
32 292 350 409 467 278 334 445 556 265 318 424 530

Note: Loads shown are for E70XX electrodes. For E60XX electrodes, multiply tabular loads
by 0.86, or enter table with 1.17 times the given reaction. For E80XX electrodes, multi-
ply tabular loads by 1.14 or enter table with 0.875 times the given reaction.

Width of Seat loY, In.

L 4 5 6
In. Weld Size, In. Weld Size, In. Weld Size, In.

0/10 V. 5110 % 7/,0 3/,0 v. 5110 % 7/,0 Y2 5110 % 7/,0 Y2

6 17.0 22.7 28.4 34.0 39.7 14.1 .18.8 23.5 28.1 32.8 37.5 19.9 23.9 27.9 31.9
7 22.4 29.9 37.4 44.9 52.4 18.7 25.0 31.2 37.5 43.7 50.0 26.7 32.0 37.3 42.7
8 28.3 37.8 47.2 56.7 66.1 23.9 31.9 39.8 47.8 55.8 63.7 34.3 41.1 48.0 54.8
9 34.6 46.1 57.6 69.2 80.7 29.5 39.3 49.1 59.0 68.8 78.6 42.5 51.1 59.6 68.1

10 41.1 54.9 68.6 82.3 96.0 35.4 47.2 59.0 70.8 82.6 94.4 51.4 61 ..7 72.0 82.3

11 47.9 63.9 79.8 95.8 112 41.6 55.5 69.4 83.3 97.1 111 60.9 73.1 85.2 97.4
12 54.8 73.1 91.4 110 128 48.1 64.1 80.2 96.2 112 128 70.8 85.0 99.2 113
13 61.9 82.5 103 124 144 54.8 73.0 91.3 110 128 146 81.1 97.4 114 130
14 69.0 92.0 115 138 161 61.6 82.1 103 123 144 164 91.9 110 129 147
® 76.2 101 127 152 178 68.5 91.4 114 137 160 183 ~ 123 144 165

16 83.5 111 139 167 195 75.6 100 126 151 176 202 115 138 160 183
17 90.7 121 151 181 212 82.7 110 138 165 193 221 126 151 176 201
18 98.0 131 163 196 229 89.9 119 150 180 210 240 137 164 192 219
19 105 140 175 211 246 97.1 129 162 194 227 259 149 179 208 238
20 112 150 188 225 263 104 139 174 209 243 278 161 193 225 257

21 119 160 200 240 260 111 148 189 223 260 298 173 207 242 276
22 127 169 212 254 296 118 158 198 238 2n 317 185 221 258 295
23 134 179 224 269 313 126 168 210 252 294 336 197 236 275 315
24 141 189 236 283 ~ 133 In 222 267 311 356 209 250 292 334
25 148 198 248 297 347 140 187 234 281 328 375 221 285 309 353

26 155 208 260 312 364 148 197 247 296 345 394 233 279 326 373
27 163 217 272 326 380 155 206 259 310 362 414 245 294 343 392

Note: Loads shown are for E70XX electrodes. For E60XX electrodes, multiply tabular loads
by 0.86, or enter table with 1.17 times the given reaction. For E80XX electrodes, multi.
ply tabular loads by 1.14 or enter table with 0.875 times the given reaction.

_ 4- ,_

STIFFENED SEATED BEAM CONNECTIONS
l\/~ - Welded-E7QXX electrodes

~{/r-T TABLE VIII Allowable loads .in kips

AMERICAN INS'l'lTIl'I'E OF STEEL CoNSTRUCTION
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The effective area of fillet welds shall be taken as the effective length times the
effective throat thickness.

--- ---

Material Thickness of Thicker Minimum Size of Fillet
Part Joined (In.) Weld· (in.)

To V4 inclusive Ye
Over V4 to % 0/18
Over V2 to ~ V4
Over 0/4 0/18

·Leg dimension of fillet welds. Single-pass welds must be used.

The effective throat thickness of a fillet weld shall be the shortest distance from
the root of the joint to the face of the diagrammatic weld, except that for fillet
welds made by the submerged arc process, the effective throat thickness shall .
be taken equal to the leg size for 3,Ig-in. and smaller fillet welds, and equal to
the theoretical throat plus O.l1-in. for fillet welds larger than 3,Ig-in.

For fillet welds in holes and slots, the effective length shall be the length of the
centerline of the weld along the center of the plane through the throat. In the
case of overlapping fillets, the effective area shall not exceed the nominal cross­
sectional area of the hole or slot in the plane of the faying surface.

TABLE J2.4
Minimum Size of Fillet Welds

The effective length of fillet welds, except fillet welds in holes and slots, shall
be the overall length of full-size fillets, including returns.

b. Limitations

The minimum size of fillet welds shall be as shown in Table 12.4. Minimum
weld size is dependent upon the thicker of the two parts joined, except that the
weld size need not exceed the thickness of the thinner part. For this exception,
particular care shall be taken to provide sufficient preheat for soundness of the
weld. Weld sizes larger than the thinner part joined are permitted if required
by calculated strength. In the as-welded condition, the distance between the
edge of the base metal and the toe of the weld may be less than V16-in. pro­
vided the weld size is clearly verifiable.

The maximum size of fillet welds that is permitted along edges of connected
parts shall be:

• Material less than %-in. thick, not greater than the thickness of the ma­
terial.

• Material 1J4-in. or more in thickness, not greater than the thickness of
the material minus V16-in., unless the weld is especially designated on
the drawings to be built out to obtain full-throat thickness.

• Eft" ArI/IfJ

AMEJuCAN INSTITIJTE OF STEEL CoNSTRUCTION

TABLE J2.1
Effective Throat Thickness of Partial­

penetration Groove Welds

TABLE J2.3
Minimum Effective Throat Thickness of

Partial-penetration Groove Welds

TABLE J2.2
Effective Throat Thickness of Flare Groove Welds

Material Thickness of Thicker Minimum Effective Throat
Part Joined (in.) Thickness· (In.)

To V4 Inclusive Ye
Over V4 to % 0/18
Over % to 0/4 14
Over ~ to 1% ¥18
Over 1% to 2V4 %
Over 2V4 to 6 %
Over 6 ¥e

·See Sect. J2.

Type Radius (R) Effective Throat
of Weld of Bar or Bend Thickness

Flare bevel groove' Ali ¥18R

Flare V-groove Ali %R·

·Use %R for Gas Metal Arc Welding (except short circuiting transfer process) when R '" %-In.

Welding Welding Included Angle at Effective Throat
Process Position Root of Groove Thickness

Shielded metal arc J or U joint
Submerged arc

Bevel or V Joint
Depth of chamfer

Ali
Gas metal arc C!: 50·

Fiux-cored arc Bevel or V Joint Depth of chamfer
< 50· but C!: 45· minus Ye-In.

_ s~e"'o__an~eu~thellaatio~re~by_e- _
signer.

b. Limitations

The minimum effective throat thickness of a partial-penetration groove weld
shall be as shown in Table J2.3. Minimum effective throat thickness is deter­
mined by the thicker of the two parts joined, except that the weld size need not
exceed the thickness of the thinnest part joined. For this exception, particular
care shall be taken to provide sufficient preheat for soundness of the weld.
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The strength of members subjected to combined stresses shall be determined
according to the provisions of this chapter.

This chapter pertains to doubly and singly symmetrical members only. See
Chapter E for determination of Fa and Chapter F for determination of FbJC and
Fby"

em = 0.6 - 0.4 (M1/M2)

where M1/M2 is the ratio of the smaller to larger moments at the ends
of that portion of the member unbraced in the plane of bending under
consideration. M1/M2 is positive when the member is bent in reverse
curvature, negative when bent in single curvature.

c. For compression members in frames braced against joint translation
in the plane of loading and subjected to transverse loading between
their supports, the value of Cm may be determined by an ana!ysis.
However, in lieu of such analysis, the following values are permitted:

. i. For memberS whose ends are restrained against rotation in the
plane of bending ( Cm = 0.85

ii. For members whose ends are unrestrained against rotation in the
plane of bending Cm = 1.0

H2. AXIAL TENSION AND BENDING

Members subject to both axial tension and bending stresses shall be propor­
tioned at all points along their length to satisfy the following equation:

fa + fbJC + fby S 1.0 (H2-1)
F, FbJC Fby

where fb is the computed bending tensile stress, fa is the computed axial tensile
stress, Fb is the allowable bending stress and F, is the governing allowable ten­
sile stress defined in Sect. Dl.

However the computed bending compressive stress arising from an indepen­
dent load source relative to the axial tension, taken above, shall not exceed the
applicable value required in Chapter F.

IIIct. • - AXlftOM.SloRo ftING- .5
fb = computed compressive bending stress at the point under consideration,

ksi

Cm = Coefficient whose value shall be taken as follows:

a. For compression members in frames subject to joint translation
(sidesway), Cm = 0.85.

b. For rotationally restrained compression members in frames braced
against joint translation and not subject to transverse loading between
their supports i? .the plane of bending,

-

(H1-1)

(H1-2)

(HI-3)

fa + CmxfbJC + Cmyfby < 1 0
Fa (1 fa ) F (1 fa ) -.

- F:" bJC - F~y Fby

~+fbJC+fbY<10
0.60Fy FbJC Fby - .

Whenfa/Fa:S 0.15, Equation (H1-3) is permitted in lieu of Equations (HI-1)
and (H1-2):

fa+fbJC+fbY:S10
Fa FbJC Fby .

In Equations (H1-1), (H1-2) and (H1-3), the subscripts x andy, combined with
subscripts b, m and e, indicate the axis of bending about which a particular
stress or design propertY applies, and

Fa = axial compressive stress that would be permitted if axial force alone ex­
isted, ksi

Fb = compressive bending stress that would be permitted if bending moment
alone existed, ksi .

I _ 12 -n2E
Fe - 23(KIJrb)2

= ~uler stress divided by a factor of safety, ksi (In the expression for F~, lb
IS the actual unbraced length in the plane ofbending and rb is the corre­
spondin~ radius ?f gyration. K is the effective length factor in the plane
of bendmg.) As 10 the case of Fa, Fb and O.60Fy, F~ may be increased 1!J
in accordance with Sect. A5.2.

fa = computed axial stress, ksi

AXIAL COMPRESSION AND BENDING

Members subjected to both axial compression and bending stresses shall be
proportioned to satisfy the following requirements:

------­CHAPTER H

COMBINED STRESSES

H1.



_5-'- __ "ER.VAtIII - - - - - - - - - - -- ~-1
fa. (~Bt:: ro 3-\<0) TABLE 8

Values of F';

For Use in Equation (H1-1), for Steel of Any Yield Stress

Klb F.' Klb F,: Klb F': Klb F.' Klb F,: Klb F.'e II

fb (ksi) fb (ksi) (ksi)
II

fb fb (ksi) fb (ksi) fb (ksi)

21 338.62 51 57.41 81 22.76 111 12.12 141 7.51 171 5.11
22 308.54 52 55.23 82 22.21 112 11.90 142 7.41 172 5.05
23 282.29 53 53.16 83 21.68 113 11.69 143 7.30 173 4.99
24 259.26 54 51.21 84 21.16 114 11.49 144 7.20 174 4.93
25 238.93 55 49.37 85 20.67 115 11.29 145 7.10 175 4.88

26 220.90 56 47.62 86 20.19 116 11.10 146 7.01 176 4.82
27 204.84 57 45.96 87 19.73 117 10.91 147 6.91 1n 4.n
28 190.47 58 44.39 88 19.28 118 10.72 148 6.82 178 4.71
29 1n.56 59 42.90 89 18.85 119 10.55 149 6.73 179 4.66
30 165.92 60 41.48 90 18.44 120 10.37 150 6.64 160 4.61

31 155.39 61 40.13 91 18.03 121 10.20 151 6.55 181 4.56
32 145.83 62 38.85 92 17.64 122 10.03 152 6.46 182 4.51
33 137.13 63 37.62 93 17.27 123 9.87 153 6.38 183 4.46
34 129.18 64 36.46 94 16.90 124 9.71 154 6.30 184 4.41
35 121.90 65 35.34 95 16.55 125 9.56 155 6.22 185 4.36

36 115.22 66 34.28 96 16.20 126 9.41 156 6.14 186 4.32
37 109.08 67 33.27 97 15.87 127 9.26 157 6.06 187 4.27
38 103.42 68 32.29 98 15.55 128 9.11 158 5.98 188 4.23
39 98.18 69 31.37 99 15.24 129 8.97 159 5.91 189 4.18
40 93.33 70 30.48 100 14.93 130 8.84 160 5.83 190 4.14

41 88.83 71 29.62 101 14.64 131 8.70 161 5.76 191 4.09
42 84.65 72 28.81 102 14.35 132 8.57 162 5.69 192 4.05
43 80.76 73 28.02 103 14.08 133 8.44 163 5.62 193 4.01
44 n.13 74 27.27 104 13.81 134 8.32 164 5.55 194 3.97
45 73.74 75 26.55 105 13.54 135 8.19 165 5.49 195 3.93

46 70.57 76 25.85 106 13.29 136 8.07 166 5.42 196 3.89
47 67.60 n 25.19 107 13.04 137 7.96 167 5.35 197 3.85

-48 64.81 78 24.54 108 12.80 138 7.84 168 5.29 198 3.81
49 62.20 79 23.93 109 12.57 139 7.73 169 5.23 199 3.n
50 59.73 80 23.33 110 12.34 140 7.62 170 5.17 200 3.73

Nt. F.' _ 12'lT
2
E

o e. II - 23(Kl
b
lfb)2

Commentary

ON THE SPECIFICATION FOR STRUCTURAL STEEL BUILDINGS
ALLOWABLE STRESS DESIGN AND PLASTIC DESIGN

(June 1, 19

INTRODUCTION

This Commentary provides information on the basis and limitations of various prj
sions of the Specification, so that designers, fabricators and erectors (users)
make more efficient use of the Specification. The Commentary and Specificati
termed as documents, do not attempt to anticipate and/or set forth all the questi
or possible problems that may be encountered, or situations in which special con
eration and engineering judgment should be exercised in using and applying the e
uments. Such a recitation could not be made complete and would make the de
ments unduly lengthy and cumbersome.

Warning is given that AISC assumes the users of its documents are competen
their fields of endeavor and are informed on current developments and finding~

lated to their fields.
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Set= p~ 5-55 Table C-36 Table C-50
Allowable Stress Allowable Stress

For Compression Members of 36·ksl Specified Yield Stress Steela For Compression Members of 50-ksl Specified Yield Stress Steela•b -

KI F. KI F. KI F. KI -F. KI Fa KI F. KI -F, KI F. KI F. KI F.r (ksl) r (ksl) r (ksl) r (ksl) r (ks)) r (ks)) r (ksl) r (ksl) r (ksl) r (ksl)
1 21.56 41 19.11 81 15.24 121 10.14 161 5.76 1 29.94 41 25.69 81 18.81 121 : 10.20 161 5.762 21.52 42 19.03 82 15.13 122 9.99 162 5.69 2 29.87 42 25.55 82 18.61 122 10.03 162 5.693 21.48 43 18.95 83 15.02 123 9.85 163 5.62 3 29.80 43 25.40 83 18.41 123 9.87 163 5.624 21.44 44 18.86 84 14.90 124 9.70 164 5.55 4 29.73 44 25.26 84 18.20 124 9.71 164 5.555 21.39 45 18.78 85 14.79 125 9.55 165 5.49 5 29.66 45 25.11 85 17.99 125 9.56 165 5.49
6 21.35 46 18.70 86 14.67 126 9.41 166 5.42 6 29.58 46 24.96 86 17.79 126 9.41 166 5.427 21.30 47 18.61 87 14.56 127 9.26 167 5.35 7 29.50 47 24.81 87 17.58 127 9.26 167 5.358 21.25 48 18.53 88 14.44 128 9.11 168 5.29 8 29.42 48 24.66 88 17.37 128 9.11 168 5.299 21.21 49 18.44 89 14.32 129 8.97 169 5.23 9 29.34 49 24.51 89 17.15 129 8.97 169 5.2310 21.16 50 18.35 90 14.20 130 8.84 170 5.17 10 29.26 50 24.35 90 16.94 130 8.84 170 5.17

11 21.10 51 18.26 91 14.09 131 8.70 171 5.11 11 29.17 51 24.19 91 16.72 131 8.70 171 5.1112 21.05 52 18.17 92 13.97 132 8.57 172 5.05 12 29.08 52 24.04 92 16.50 132 8.57 172 5.0513 21.00 53 18.08 93 13.84 133 8.44 173 4.99 13 28.99 53 23.88 93 16.29 133 8.44 173 4.9914 20.95 54 17.99 94 13.72 134 8.32 174 4.93 14 28.90 54 23.72 94 16.06 134 8.32 174 4.9315 20.89 55 17.90 95 13.60 135 8.19 175 4.88 15 28.80 55 23.55 95 15.84 135 8.19 175 4.88
16 20.83 56 17.81 96 13.48 136 8.07 176 4.82 16 28.71 56 23.39 96 15.62 136 8.07 176 4.8217 ~.78 57 17.71 97 13.35 137 7.96 177 4.77 17 28.61 57 23.22 97 15.39 137 7.96 177 4.7718 .72 58 17.62 98 13.23 138 7.84 178 4.71 18 28.51 58 23.06 98 15.17 138 7.84 178 4.7119 20.66 59 17.53 99 13.10 139 7.73 179 4.66 19 28.40 59 22.89 99 14.94 139 7.73 179 4.6620 20.60 60 17.43 100 12.98 140 7.62 180 4.61 20 28.30 60 22.72 100 14.71 140 7.62 180 4.61
21 20.54 61 17.33 101 12.85 141 7.51 181 4.56 21 28.19 61 22.55 101 14.47 141 7.51 181 4.5622 20.48 62 17.24 102 12.72 142 7.41 182 4.51 22 28.08 62 22.37 102 14.24 142 7.41 182 4.5123 20.41 63 17.14 103 12.59 143 7.30 183 4.46 23 27.97 63 22.20 103 14.00 143 7.30 183 4.4624 20.35 64 17.04 104 12.47 144 7.20 184 4.41 24 27.86 64 22.02 104 13.77 144 7.20 184 4.4125 20.28 65 16.94 105 12.33 145 . 7.10 185 4.36 25 27.75 65 21.85 105 13.53 145 7.10 185 4.36
26 20.22 66 16.84 106 12.20 146 7.01 186 -< 4.32 26 27.63 66 21.67 106 --13.29 146 7.01 186 4.3227 20.15 67 16.74 107 12.07 147 6.91 187 4.27 27 27.52 67 21.49 107 13.04 147 6.91 187 4.2728 20.08 68 16.64 108 11.94 148 6.82 188 4.23 28 27.40 68 21.31 108 12.80 148 6.82 188 4.2329. 20.01 69 16.53 109 11.81 149 6.73 189 4.18 29 27.28 69 21.12 109 12.57 149 6.73 189 4.1830 19.94 70 16.43 110 11.67 150 6.64 190 4.14 30 27.15 70 20.94 110 12.34 150 6.64 190 4.14
31 19.87 71 16.33 111 11.54 151 -6.55 191 4.09 31 27.03 71 20.75 111 12.12 151 6.55 191 4.0932 19.80 72 16.22 112 11.40 152 6.46 192 4.05 32 26.90 72 20.56 112 11.90 152 6.46 192 4.0533 19.73 73 16.12 113 11.26 153 6.38 193 4.01 33 26.77 73 20.38 113 11.69 153 6.38 193 4.0134 '19.65 74 16.01 114 11.13 154 6.30.-. 194 3.97 34 26.64 74 20.10 114 11.49 154 6.30 194 3.9735 19.58 75 15.90 115 10.99 155 6.22 195 3.93 35 26.51 75 19.99 115 11.29 155 6.22 195 3.93
36 19.50 76 15.79 116 10.85 156 6.14 .196 3.89 36 26.38 76 19.80 116 11.10 156 6.14 196 3.8937 19.42 77 15.69 117 10.71 157 6.06 197 3.85 37 26.25 77 19.61 117 10.91 157 6.06 197 3.8538 19.35 78 15.58 118 10.57 158 5.9 198 3.81 38 26.11 78 19.41 118 10.72 158 5.98 198 3.8139 19.27 79 15.47 119 10.43 159 5.91 199 3.77 39 25.97 79 19.21 119 10.55 159 5.91 199 3.7740 19.19 80 15.36 120 10.28 160 5.83 200 3.73 40 25.83 80 19.01 120 10.37 160 5.83 200 3.73

·When element wldth-to-thlckness ratio exceeds noncompact section limits of Sect. 85.1, see
·When element width-to-thickness ratio exceeds noncompact section limits of Sect. 85.1, Appendix 85.
see Appendix 85. bValues also applicable for steel of any yield stress ~ 39 ksi.
Note: Cc = 126.1 Note: Cc = 107.0

AMuJCAN 1NsnTvrE or STEEL CoNllTRVCTION



-------------------
.. (!)

c..otJ\0'~e:, 0 s."~St;& 4J=,

~e "'~O ~

\\\-\ ~ 0\- C. QIC. -\- c.", ~ '-::t..

t'\ Q- ff,,) f_.. (\- ~) Fb'\ 4 \.0

\0\\.. ", ~, + ~~~ ~ ~
~ ..,.- L \.0

0." "11\ ~\o~ ~\o'\

~/F'... ~ 0.\6

~\ ..~ ~ ""~ "" ~~ .to \.D
f~ Fila" r~,\

r, 4efe.l\~. o~ ~1;r" or. ~.Ayr,\ ~ !-\u ~ '-\1

F. 6.~eM\~. on \(:. tb /r ~\~ o~ o..~?l \e" mo~t
b ~. &-\'£,'2-

~P\ =o·e5 SU~-=S~A.~, ~C'T~~\l~ \..D.
c..~ 110 o .. e.,. - 0.4.~ > o.6c ~o S\O.6~'(

MI&-



E1. EFFECTIVE LENGTH AND SLENDERNESS RATIO

The effective-length factor K shall be determined in accordance with Sect. C2.

~-4

127/YF., times the thickness of the outside plate nor 12 in. when fastene
are not ~taggered along adjacent gage lines.

190/YF., times the thickness of the outside plate nor 18 in. when fastene
are staggered along adjacent gage lines.

Compression members composed of two or more rolle?shapes separated I
intermittent fillers shall be connected at these fillers at mtervals such that tl
slenderness ratio Kilr of either shape, between the fasteners, does not excee
3f4 times the governing slenderness ratio of the built-up member. The least r:
dius of gyration r shall be used in computing the slenderness ratio of each COD

ponent part. At least two intermediate connectors shall be used along tl
length of the built-up member.

All connections, including those at the ends, shall be welded or shall utili;
high-strength bolts tightened to the requirements of Table J3.7.

Open sides of compression members built up from plat~s or sh~pes sh~IJ

pr~videdwith lacing having tie plates at each end and at mtermedlat~pomts
the lacing is interrupted. Tie plates shall be as near the ends as practlcable~ .)
main members carrying calculated stress, the end tie plates shall have a len~

of not less than the distance between the lines of fasteners or welds connectir
them to the components of tlte member. Intermediate tie plates shall have
length not less than ¥2 of this distance. The thickness of tie plates shall not.1:
less than lfso of the distance between the lines of fasteners or welds connectir
them to the components of the member. In bolted and riveted construc~oJ

the spacing in the direction of stress in tie plates shall not be more than 6 dllql
eters and the tie plates shall be connected to each component by at least 3 fas
eners' In welded construction, the welding on each line connecting a tie pIa'
shall aggregate not less than ¥3 the length of the plate.

At the ends of built-up compression members bearing on base plates or mi11~

surfaces, all components in contact with one another shall be connected by n:
ets or bolts spaced longitudinally not more than 4· diameters apart for. a dl
tance equal to 1¥2 times the maximum width of the member, or by contmuol
welds having alength not less than the maximum width of the member.

The longitudinal spacing for intermediate bolts, rivets or intermittent welds
built-up members shall be adequate to proVide for the transfer of calculate
stress. The maximum longitudinal spacing of bolts, rivets or intermittent well
connecting two rolled shapes in contact shall not exceed 24 in. In addition, f.
painted members and unpainted members not.subject to.co~osionw?ere t~
outside component consists of a plate, the maxtmum longttudmal spacmgsh.
not exceed:

E4. BUILT-UP MEMBERS

All parts of built-up compression members and the, transverse spacing of the
lines.of fasteners shall meet the requirements of Sect. B7.

For spacing and edge distance requirements for weathering steel members, se
Sect. J3.10.

~ect." -

;,

(E2-1)

-

[
1 - (Kilr)2] F

2Ce2 y

c = ~2;rrzE
e F

y

Fa = 5 3(KlIr) (KlIr)3
-+-----
3 8Cc 8Cc

3

COLUMNS AND OTHER
COMPRESSION MEMBERS

-----­CHAPTER E

where

On the gross section of axially loaded compression members, when Kilr ex­
ceeds Ce , the allowable stress is:

121T2E
Fa = 23(Kilr)2 (E2-2)

In determining the slenderness ratio of an axially loaded compression member,
the length shall be taken as its effective length Ki and r as the corresponding
radius of gyration. For limiting slenderness ratios, see Sect. B7.

E2. ALLOWABLE STRESS

On the gross section of axially loaded compression members whose cross sec­
tions meet the provisions ofTable B5.1, when KlIr, the largest effective slender­
ness ratio of any unbraced segment is less than Ce , the allowable stress is:

This section applies to prismatic members with compact and noncompact sections
subject to axial compression through the centroidal axis. For members with slender
elements, see Appendix B5.2. For members subject to combined axial compression
and flexure, see Chap. H. For tapered members,see Appendix F7.

E3. FLEXURAL-TORSIONAL BUCKLING

Singly symmetric and unsymmetric columns, such as angles or tee-shaped col­
umns, and doubly symmetric columns such as cruciform or built-up columns
with very thin walls, may require consideration of flexural-torsional and tor­
sional buckling.

J!



--------

'" f....l'fl k""uo4\>14

~ F~=l&.'!. \!f.st I fit "5&.42.

\-$ \'t'
~K.s \.C\JL,

\ 6Do"- \('\- 0.&0

~~~~~ ""0 S\t7l5sl4A,(
e.\l1 ~o -r~~"e,..~~ ~~l>,t-ldr

-rll'-l ~ \" "\sC\
A-- 4'--'
S...=-1Z..6~ ~,.w-'I6

~'\ • '\U."L C-"\ .. ~ .O~

\..c.. .. \u.~

-----------C-DM6\t-)~1::' ~\IC2.~E.~

~
~L-Ut-l\~



---
DESIGN OF COMPRESSION MEMBERS
-- --

5.9. DESIGN OF COLUMNS WITH AISC FORMULAS

Examples 5-6 through 5-10 illustrate the design of different column!l)~
the AISCexpressions. In part (a).of Example 5-6 the solution is m.~e
substituting into the formulas but in the remainder of this example:atii:
the other examples the AISC M,anual tables are used to simpli.f~
calculations. It should be remembered that the yield points ofs~(

5SpecificationJor the Design, Fabrication and Erection of Structural Steel for Buildingsiil
ber I, 1978 (New York: AISe, 1978). pp. 8-123 through 8-127 AISe Manual.>

5.8. MAXIMUM SLENDERNESS RATIOS

The AISC Specification (1.8.4) states that the slenderness ratio K//rof
compression members may not exceed 200. The AASHTO Specificati
(1.7.5) states that the ratio may not exceed 120 for main members>':
secondary members whose purpose is to brace the structure agaiIist la.ll
or longitudinal forces or to reduce the unbraced length of other meml
the ratio may not exceed 140.

estimated from parts (a), (b), or (d) of Table 5-1 (AISC Table C.1.8.I)
by charts prepared for this purpose such as the "sidesway prevented"c~l
given by the _Structural Stability Research Council in their publicap'
Guide to Stability Design Criteria for Metal Structures. A large percetl:ta
of the,colwnns designed by the usual structural designer fall into this~la

It should be realized that most of the columns which the struetii
engineer has to design serve as members of frames andhaveeffe~~
lengths that are controlled by the amounts of restraint applied to their~~I
by the other members of the frame and by the walls of the struCtur~}~1
As no column ends are completely fixed or perfectly pinned, the de,S!8J
may wish to interpolate betweep the values given in the table, the in.t~
lation _to be based on _his judgment of the actual restraint condi~?
Another reasonable method for estimating effective lengths involves"
careful sketching ()f the anticipated deflected shape of a particu1arcolw
and the measuring of the distance between the inflection points on
sketch.

For most buildings, sidesway is substantially eliminated by maso
walls, but for buildings built With light curtain walls and large coJu
spacings or for tall buildings built without a positive system of .1a.t1
bracing, sidesway is appreciable. Such frames are referred to as unbrc.
frames. For such cases the bending stiffness of the structural fraJ
provides most of the lateral support.s The effective lengths of columns
such-laterally unsupported continuous frames must always be greater t
1.0 because of sidesway. This topic is more applicable to beam CQlw
and is thus continued in Chapter 8 which 'deals with those types
members.

-- -- _.-- --
Table 5-1 Effective Lengths for Main Members Only

102 STRUCTURAL STEEL DESIGN

:'OUllCE. SpecificatIon for the DesIgn, Fabncation and Erection of Structural Steel for Build­
mgs November 1,1978. (New York: AISC, 1978),p. 5-124 in the.AISC Manual.

"Commentary .on AISC Specification" in the Steel Handbook gives recom­
mend~d effective lengths when ideal conditions are approximated. This
table IS rep~oduced here as Table 5-1 with the permission of the AISC. K is
the th~rebcal v:uue to b~ multiplied times the column length to give its
theoretical effective length; however, more conservative values are recom­
mended in the table for actual design practices. The use of these latter
values wi.ll be illustrated in several design problemS in the pages to follow
and K/ Wlll be referred to as the effective length of the column.
. The se~~tion of the K value to be used for a particul~ column has

glve~ ~ra~ticmg engineers as much trouble as any other part of the AISC
SpeCification. On many occasions K values have been selected which are
too lar~e? resulti~g in overdesigned columns with resulting economy losses.
1?e difficulty ~eems to lie in distinguishing symmetrical buckling from
sldesway bucklIng. When sidesway buckling occurs a smaller load can be
supported.

. When tr~slation of the tops of the columns is clearly prevented as by
diag~nal bracmg, shear walls, attachment to adjacent buildings, etc.' (read
Section 1.8.2 of the AISC Specification), symmetrical buckling will occur
and the structure is referred to as a braced frame. For such cases as these
the column effective lengths can be no greater than their actual lengths.
Values of K equal to 1.0 can be conservatively assumed or lesser values

(a) (b) (c) (d) (e) (f)

l ~ l l J J II
Buckled shape of column i { V] iis shown by dashed line

I
I,

7 •

t t t t f t

Theoretical K value
0.5 0.7 1.0 1.0 2.0 2.0

Recommended de~ign

value when ideal condi- 0.65 0.80 1.2 1.0 2.10 2.0
tions are approximated

If"
Rotation fixed and translation fixed

End condition code ~ Rotation free and translation fixed

rlf Rotation fixed and translation free
y

Rotation free and translation free

--



COLUMNS
Wshapes

Allowable axial loads in kips

2.47
196
23

587
239

15.5.
47.7

u
Pwo (kips)
Pwl (kipslin.)
Pwb (kips)
P'b (kips)
l.c (ft)
L" (tt)

COLUMNS
W shapes

Allowable axial loads in kips

58.8
2400

931
4.05
1.80

0.183
0.4n

358
139
438
170

2.29
340
32

1542
467
16.6
68.1

Designation
Designation

Wt.lft
Wt.lft 132

Fy 36
Fy 36

0 1227 0 ~6 1178 6 8017 1167 7 .7948 1157
9 1146 ~. 8 .786

US 10 1134 9 .om
III oS! 10 768oS! 11 1122 SS 11 75912 1110 1 12 . 750i 13 1097 13 74014 1083 *...... 14 730! ~~ 15 1069 ... -c:

~''i
15 719

=.8 16 1055 16 708'j III 17 1040 !;:.
!;:. 18 1025 ~.~ 17 697

~~ 19 1010 :::0 18 686
:::0 20 994 c:t/) 19 674
c:t/) _::I

20 662-::I 22 961 ='6='i Cle 22 63724 927 c:CI ...
oS! 24 610c: 26 891oS!

i
26 583

\II 28 853 28 554.~ 30 814
30 524

~ 32 n4 iii 32 493w 34 732 34 46136 688 36 42738 643
38 39240 596

u
Pwo (kips)
Pwl (kipslln.)
Pwb (kips)
P'b (kips)
l.c (tt)
L" (tt)

A (In.2 )

1" (In.4
)

l y (In.4 )

fy (in.)
Ratio f"lfy
B,,}Bending
By factors
8,,/108

8y l108

F:" (K"L,,)2/102 (kips)
F:y (Ky Ly)2/102 (kips)

~-----------------~



__________________ - _27

y y

COLUMNS xIx xIx COLUMNS
W shapes W shapes

Allowable axial loads in kips Allowable axial loads in kips

y y

Designation Designation
Wt./ft 210 Wt.lft 106

Fy 36 Fy 36
0 1335 0 674
6 1266 6 637
7 1251 7 629
8 1236 8 620

li
9 1219 li 9 611

10 1202 ..9?
10 602

..9? 11 1185 oS 11 593
oS 12 1166

1
12 583

g 13 1147 13 572
c. 14 1127 ! ~~

14 561° ..... 15 1107 15 550

~~ 16 1086 =0 16 539~- 'fa
'- as 17 1064 ~ ... 17 527
~~ 18 1042

,...,~ 18 514
~~

:li:_
19 1019 :::0 19 502:::0 20 995 CO 20 489

CO .- .2
.- :::l 22 946 =i 22 462
~~ 24 894 01 ... 24 433,C

j 26 840 ..9? 26 404

~
28 783 i 28 372
30 723 30 340

~ 32 661 32 305
w 34 596 [j 34 271

36 532 36 241
38 4n 38 217
40 431 40 196

UU 2.47 2.59

Pwo (kips) 558
Pwo (kips) 185

Pwi (kipslin.) 42
Pwl(kipslin.) 22
Pwb (kips) 588

Pwb (kips) 4255 P'b (klp~) 221
P'b (kips) 812 l.c (ft) 12.9
l.c (tt) 13.5 Lu (tt) 43;3
Lu (tt) 75.9 A (In.2 ) 31.2
A (In.2 ) 61.8 I" (In.4

) 933
I" (In.4

) 2140 Iy (In.4 ) 301
Iy (In.4 ) 664 ry (in.) 3.11
ry (in.) 3.28 Ratio r"lry 1.76
Ratio r"lry 1.80 8" } Bending 0.215
8,,} Bending 0.212 By factors , 0.633
8y factors 0.594 8,,/106 139.1
8,,/106 319.5 8yl106 45.0
8yl106 99.1 F:" (K" L" )2/102(kips) 310
F:" (I<;..L,,)2/102 (kips) 360 100
F:y (KyLy)2/102 (kips) 112
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----- -- -d = depth of column section, in.
b = flange width of column section, in.

AMEJuCAN INSTITUI'E OF STEEL CoNSTRucnON .

Figure 3

P
A ~-­

1 0.7 I:

(O.~,:f S A 1A 2 S 4A~
The first two terms give the general equation:

I ( P )2
Ai .~ A 2 0.35 I:

The first and third terms give the equation for the minimum base plate area for the
upper concrete bearing limit:

P
F1' = 2(d + b - 2L)L

This procedure assumes the plate is fixed at the column web; a free-body diagram for
a I-in. strip of plate is shown in Fig. 3.

<.;

The dimension L can be found from the following equation, where P equals the
column load:

Designing for 11' =Fp , the required plate thickness may be calculated as follows:

11' (L) L/2 = SFb

1 2 Ip L 2

Sreq'd = '6 t = 2F
b

t = L Y311' I Fb

The allowable bearing strength F1' of the concrete depends on I: and the percent of
support area occupied by the base plate. From AISC ASD Specification Sect. J9,

Fp = 0.351:
when the entire area of a concrete support is covered, and

F1' = 0.35 I: YA21A l s 0.7 I:
when less than the full area is covered. By substituting PIAl S Fp , this formula may
be rewritten as:

_. _wh~-
P = Total column load, kips
Ai = B x N.= Area of plate, in.2

A 2 = Full cross-sectional~ area of concrete
support, in.2

.

N Fb = Allowable bending stress in base plate,
ksi

Fp =Allowable bearing pressure on support,
ksi

11' = Actual bearing pressure, ksi
f'e = Compressive strength of concrete, ksi
11' = Thickness of plate, in.

A l'>..""''\.'1 A

i ~ 1~
I:'-
&E::
"~
~ ~

1-."-"-"-"-' .'\."-"--..::
.,

I I

~

~tIt
m

f--
I ,
I I

.95d.I I

l-
f- J ____ ',_

l-

m

n .sOb, n

B

Figure 2

AMEJuCAN INSTITUI'E OF STEEL CoNSTRUcnON

2L
1--1
I I

L-L

Figure 1

:el base plates are generally used under columns .for distribution of the column
ld over a sufficient area of the concrete pier or foundation.

Unless the m and n dimensions are small, the base plate is designed as a cantile­
r beam, fixed at the edges of a rectangle whose sides are O.SOb,a,nd 0.95d. The col­
m load P is assumed to be distributed uniformily over the base plate within the
:tangle. Letting Fb equal 0.75Fy , the required thickness is found from the formulas

1 =2m {J; and t =2n {J;
p 'I'R; p 'I'R;

mensions of the base plate are optimized if m = n. This condition is approached
.en N =~ + t:::.., where t:::.. = 0.5 (0.95d - O.SOb,) and B = A1/N.

When the values of m and n are small (the base plate is just large enough in area
accommodate the column profile), a different model may be required. With this type
base plate, the column load is assumed to be distributed to the concrete area, as shown
cross-hatching in Fig. 2: ......

A = 2(d + b - 2L)L
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I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Determine the lightest weight W10 column, F , anda
P allowable for the column shown. F =36 ksi.

y

The~olumn has pinned ~ndE, so the effective length
. factor, K, is equal to·1.0. Table C·-C2.IAC;DMp.S-J~5

From Column Tables ASDM P~-.30, with KL = Ix 15= 1S';

. a W10x49 has a P allowable of ~35k.
From ASDM p. 1- ~l) a W1 Ox49 has the following prop­
erties:

r =2.54 in, r /r =1.71, A=14.4 sq in.
y x Y

K L =1.0 x IS = IS'x x
The equivalent minor axis effective length for the
major axis is K~Lx/(rx/ry)=15/1.71=8.77'<KyLy=15'

Then the minor axis length controls.
KvL-.p = 1.0 x 15 x 12/2.54 = 70.9

.y (~i 2 .)'f .
Cc =\2~ E) =(27t )&9,000 = 126.1

or, ASOM p.5-J20/ C for F =;6, = 126.1c . Y

KyLy
r .cOey

.By Formula e:2-:l A'i'DM 'P' 5--42,

[
1:' - (Kl/r )2J F

2C 2 Y
F = e

a ..i. + ~Kl/r _ (Kl/r )3
. 3 Cc 8c3

e
F = [1- (70. 9) 2/2 (126.1 )2J 36
a 1.67 + .375(70.9/126.1)-(70.9»)/8(126.1»)

Fa = 16.34 ksi
ThenP allowable = FaXA=16. )4 x 14.4 = 235k>220k

Or, from Table C·~G" A~DM -po S-)G

for 'Kl/r = 70.9, by interpolation,
Fa = 16.;'4 ksi, and P allow. is ag~in, 2;Sk



-a~~~~-----------~

c..n= -Cc-

E:." 'l-q,~ ,,-t.,
f!.c.." 61" fIe...

Mea + M.o\. ~K,­
~,- S",.
~..o.... ~~'-•

~o S~\~<i1

r~: \.?>Stl t:_ o~ 0.&' F"( ~~ ~PAc.,

O. &C\ F"'( a..ot'\r~,.



------------------e

'oc«" ~ SfA~

~~ .... s.~,,(.,,~

'oeff· \,~ + \~-t

\~ e~o S~A:~

\ J
I

'oe~ • 'oJ: + .1.. St'~~
L ' l'L.getf· 'o~ T i SP4:~
batt .. '0" -ty t

~
cd

*.1.-, (-4£

I T

•
\.

~M.'P~\.,.e &eAM

FAA~\M~



-------------------(j)

•

---.--1:---:[
I"= 2.1 .. 0 '\

e.)(.~~~L£

4\" ~oa-..\ C- S\.A.~ ...
~ \'- Jt~\ AaC\.\1.W\

Ifcl· \5,. b~= S·~~5

I- • 2.1.,,,4 Et.· ~,.Il.,,\'

,-oA~~

\-\." \00 ~~f

fACTrr'D~~. le,Vttt=
~~ 6,-,'-. 6D E'6t=
-':lc.. .. ~ \Co., \4.. \'SO""
"., '\ 1.1\000 ~ ~.,

E»1~se;o

A.$(,j 61e.e '-

~c.." 0.45 {Ie..



~~~\1'. a~

~~I,~t~

~' ~~& ~ &il50
b4P:Q.W\

-------------------®

.. ~oo f\~
S\

~&\ p\<
~

l"\ t>::: o. ~.. \ ~ t.' • ~~.~ ,"­
to

P'f"~~1\ ... &ftl~ • \ '<4 r\ f
\-\.. .. &*\CD • ecc

q~4 ~\~

~ O.C\'\!tl1.1'" t:I_~_ \l4
,~ \ \. • &. u~.0

,,,­
tw'\-r. ,q.~ ~ &'-. \'2.6.1



,.,t:t
\ 1~.I

14'''''51........,

b c ~ to1,I( \1.. .. &\ II

" ....~It l'L. Co C\,,'l
~ ~ 6.6~~ '-4 ... t-~.S'L61' ~ d,o~1'f:D'-S

Q,~fo~~ Tra ~-r.P~ PttD.-.

fIt.. C\. \'2.. e\' ~ It1.' 'L. -=- 40 \1\1-

~. '\·I'L *1·'11 "" So.&a M \1••
40

~ • \5,,-\ \V\

I • 315 + '\.11. (,.l#-t)"+,\'(1.11L)* 4'+ 3o.a... '2..~1L
:t.. \\\'LH\~

~!»rD~t:- Pc'-EA.

Yt'\:fl%. ... ,., 'Z. It\

-----------------~-0-6....A& (!:;V



"'PT.....51
( So ~ tll''Z,.(l't·e&-lS.£,l) = o.~4""~ l.iS".c
~'- '\ * \,l \ 'l..

( • \0 '" lll.l"" 11·(,1\ .. tA .~& ,,"~l '> tA l''' ~.~,
, ~ \l\t..

S'< ~\~c.. Q..~A.\"&tIt.. t.
s"~L.. .,.~..s~ C!.A.1ool &lii 1~~~1».t> IF 'ToTAl.. Slilt\llCE

\,.~~ ~~."T ~SIt44r StT~ ~(l.c"'DEn) IT Ob." Me'T
a"e-t,.,~ ~. ~.II-M\~tS'-. V~&

'T""· WJ. • i tlL6c U\"
\ft.~\

~T~'(l,~; to.... ~ ...\~,.'Z. .. ~C\.,\ ,.'I.'Llt\" ""-
.n •~J (' IllS."tlt. _

~". ,ItS. ir.'1·e1.0.t..t\l-I. 3S Dtt .,~. 1'.2.+ .f.I.l'Z+
. '"\ t#-

'\I1L- ~



428 STRUCTURAL STEEL DESIGN

Connectorb 3.0 3.5 >4.0

Table 15-2 Coefficients for Use with Concrete Made with 030 Aggregates

Specified compressive Air chy unit weight of concrete, pef

strength of concrete U:) 90 95 100 105 110 liS 120

5.9
9.2

13.3
18.0
5.0wc

5.3wc

5.6wC

5.5

8.6
12.5
16.8
4.7wc

5.0wc

5.3wc

5~1

8.0
1l.5
15.6
4.3wc

4.6wc

4.9wc

0.73 0.76 0.78 0.81 0.83 0.860.88
0.82 0.8S 0.87 0.91 0.93 0.96 0.991

<:4.0 ksi
>S.Oksi

! in. diam. x 2 in. hooked or headed stud
~ in. diam.X2~ in. hooked or headed stud
~ in. diam. X3 in. hooked or headed stud
i in. diam.x3~ in. hooked or headed stud
Channel C3x4.1
Channel C4x5.4
Channel C5x6.7

Table 15·1 Allowable Horizontal Shear Load for One Connector (q), Kips.

Specified compressive strength
of concrete em, ksi

SOURCE: Specification for t~ Design, Fabrication and Erection of Structural Steel Buildings,
November I, 1978, Table 1.11.4. AI8C, Inc.
aApplicable only to concrete made with ASTM C33 aggregates.
bThe allowable horizontal loads tabulated may also be used for studs longer than shown.
cw-Iength of channel, in.

over the web their diameters shall not be greater than 2.5 times the flange
thickness to which they are welded. Tests have shown if this rule is not met
they will tend to tear out before their full shear-resisting capacity is
reached.

Shear connectors must be capable of resisting both horizontal and
vertical movement because there is a tendency for the slab and beam to
separate vertically as well as to slip horizontally. Most designers feel that
because of the tendency to slip vertically the· longitudinal spacing of
connectors should not exceed approximately 2 ft. The upset heads of the
common studs help to prevent vertical separation.

Careful attention should be given to the AISC method of determining
the horizontal shear to be taken by the connectors. Rather than basing
their designs on the shear computed by the VQII formula,· shear is
estimated at ultimate load conditions. When a composite beam is· being
tested, failure will probably occur with a crushing of the concrete. At that
time it seems reasonable to assume that the concrete and steel have both
reached a plastic stress condition.

For this discussion reference is made to ,Fig. 15-7.Should the neutral
axis fall in the slab the maximum horizon~~ear (or horizontalforce on

I

\ .\.=""""".~_ /<H' do. Design, Fabrication, and Erection of Structural SteelC:""""'" I. 1m, Tobl' !.IIM. AISC, "'"
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gives

H (-3~ AC:;OM p. 5-.54

Governs

Condition (b) of
Table C- CZ.l
gives Ky.

C-~(o, ASDM p.5-IfO.,

= 45.92

~ ···:~.,~·r,~;::,Xl,~~:.

Using· AlSC Specs., determine if':····

the column has adequate ,strength,.
. .. ' , .. -,,'

to support the loads as~h~~.~ .

Sidesway is not prevented in a
direction perpendicular to the
crane rail.

The column top is braced against
sidesway in the direction along
the crane rail.

III-55

2.1 x 8 x 12
4.J9

Properties of Wl0x60: A~DM 'P' \-:;0

A=17.6 sq in, d=10.22 in, Sx=66.7 in3 ,

r =4.39 in, r =2.57 in, rT=2077 in,x y
d/Af =1.49, b/2tf =7 o.4

See Section H.l At::.JOM 'V' 5-54-,
Determine which interaction equation controls.

Interpolation in Table
F = 18.71 ksi

a

~ _ 0.8 x 8 x 12
- 57 ._- ~ 29. 9r y 2.

Beam-column Design

Crane Rail

ria· I--column1

Wl0x60
A36

Check fa/Fa

f a=P/A=49/17.6 = 2.78 ksi

Fa depends on KI/r. see p.5-13S for values of K, in this
case we use condition~{e) of Table C-C2.1, i.e. K=2.1.

f /F = 2.78/18.71 =0.149<:0.15
a a.

Then by Section H.I we need only to check Formula. Hl-~

EXAMPLE

8'

.j
A~

SECTION A-A

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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I
I

EXAMPLE (cont)

4,.. _ •

· :..

:. OK.
.. ~- '-~" .~ - -



(by interpolation
from p.5-In)

From the Column Tables,
p.3-2:3,
Lc=15.J')12 1

••, Pb =24ks~ _

Fa = 19.27 ksi {from p. ~-lG)

F' = 273 ksie

Hf-2

Can the \'I14x90 carry the loa.-d saf'ely?"'"
Assume the column is hiItged ai;.both ends.
See P.1-27;for properties of the W14x90.

A=26.5 in2

d=14.02 in
S =14) in)x
r x=6.14 in
r =).70 in

. y .. '.

r =3.99 inT '.

d/Af'=1.36

'k82.5 .

(Beam-column)

Column
W14x90
A36

12 1

Ht-'

Kyly = 1 x 12 x 12 - ~9 0
r y 3.70 - ~ •

~ - p - 385 . 14 5 k ' 1: 14·5
'·a- A- 26.5 =.SJ. F: = 19.2-7 =.75> .15

.'. must check HH ~ and HJ-2 .p.5-54

K 1x x _ 1 x 12 x 12 23 4-- =6 4 • -r x .1

EXAMPLE

" P=;8Sk

'k
.-.-~ M=82.5

Since column is hinged at both ends , K x=Ky=l. 0 ....

III-57

f C f
a + m bx ~ 1 0

Fa f - .....
(1 - pIa )Fbx 0

P,S-SS;Cm=e:. 6 -o~ ., 0.6

~ - M _ 82.5 x 12 - 6 9 ksJ.'
·bx- Sx - 14; -.

Check H/-' 0.751. 6 ~9 = 0.75.+ 0.18 = 0.9; < 1.0 OK '.
(1- • )24-, 273

(14.5/ZJ.b)+(6.9/24)=0.66 + 0.29 = 0.95<1.0 OKCh~ .. f- HI-2

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



2. Shear and Moment Curv~s

M
max

=K18.46 + 8.• 50)/2](12)
= 161.76'k call 162'k

f = 50,000 psi
y

wn = 0.4 klf
wL = .16 klf

P
u

= 3.6 x 1.4 + 7.0 x 1.7 = 16.94
k

call 17
k

W
u

= 0.4 x.1.4, + 0.16 x 1.7 = 0.83 klf

3. Establish the minimum depth.
By Table 9.5(a) ACI Code p.~ see note at bottom of

table "For f y other than 60,~00 etc."

.t ". "
h
min

= ~ (0.4 +, fy!100,OOO)

h. = ?J-I)( 12~(.() 4 +' 50,000) = 16.2"
mJ.n 1~· 100,000

1. Establish the Ultimate loads by multiplying service loads
by the appropriate load factors found in Section 9.2 of

the ACI Code, p. 92.

EXAMPLE
Proportion the beam below for moment requirements, the use
condition is exterior exposure. and the loads shown are

service (working) loads.
f~ = 3,000 psi"

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



4. $S'bablish.'b·and d,atthis point the designer selects a value
for the percentage of steel.

III-59

Points 'ie'consider in selecting proportions:
: ~ .. ·.a) deeper beam is more efficient, deflects less •

•'~: .. ' b) shallower beam provides more headroom.. ;... ,
Area of steel required: .
, As = pbd = (0.018) (1.2)(1.5.6) = 3.38 sq in.

(0.018) (50)J
(1.7)(3)

= 3.53 sq in.

limits the size of

.. Try

sections 10.3.2; 10.3.3 ACI p.109

Z = f s ~ dcA i

f s = 0.6f = 0.6(50) = 30 ksi
de is defined in Sect. 1.0.0, ACI Code, p.105
A is defined in the same section.

#10 and 1 - #9 rebars, As supplied

if f v > 40,000 psi. This paramater
section 10.6, ACI Code p.1.12

P .~ .75 Pb

Mu = ~PfYbd2[1- ::~] _

(162) (12) = (0.90) (0.018) (50 bd2) [1 -.

2920 = bd2,
NOTE: f e and f y are in KIPS PER SQ. IN.

Ifb = 12; d = 15.6
If b = 10; d = 17.0

,
0.8581fc [ 87,000 .]

Pb = f y 87,OOO+fy

_ (.85) (.85) (3) [87 J
_P b - 50 87+50 = 0.0275

0.75Pb = 0.75(0.0275) = 0.0204

Try P = 0.018, if this amount of steel is difficult to fit
into the beam, a smal.ler P can be selected.

Using a capacityreduetion factor ~ = 0.90, Sect. 9.3.2, p.94

Where,

Use 2 -

6. Check Z
cracks.

t.
~ 5.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



7. Sketch of the cross-section of the beam:is:

d = 2.0" Cover (~c.-r. '.7-0
c.

.3?S" Stirrup dia •

•5625" =t x ~
2.94"

-No. bars* .
*When the main reinforcement

consists of several bar sizes,
the number of bars shall be
computed as the total steel
area divided by the area of
the largest bar.
( Def.of At Sect.10.0

'ACI Code p. "05

A =(2 •94 x 2 x 12)/(J. 58/1. 27)

A = 25.03

The design "is OK

d=15.6';

2-#10

•• •

z = 30~ 2.91+ x 2S~ 0:3

Z =126' <145 .,~ Z for exterior exposure. (10.6.4 p. t1~)max

A is the
effective
area of .
the tension
concrete

EXAMPLE (cont.)
6. (cont.)

I
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-£$=fy/Es
=60/29,000 .

T

• 8.5f~

---- L>C
x .~.......-.-

d

.003
xb = 60 . . (19 •.5) = 11·52"

29,000 + .003

ab = .85(11.52) = 9.80"

Cb = .85f~bab =(.8.5)(4)(12)(9.80)=400k

Cb 400
A b = --f =~ = 6.67 sq in

s y

A = 0.75 A b = 0.75(6.67) = .5 sq in
sJJlax s .

.5 sq in) t.80 sq in or 3.81 sq in :. OK

C =0.8.5f~ab =0.85(4)(12)(a)=40.8a

T =A f = 1.80 x 60 = 108k
s 'N'.

a = 108/40.8 = 2~65"; ~ = 1.33"

x =.85 = 2.65/.8.5 = 3.12"

Mn=T(d- ~)= 108(19.5 - 1.33)/12 = 163.5'k

call 164'k

d=
19•.5"

..... '-~10•

I~ 12" .1
As = 3 x 1.27

= 3.81 sq in

(a)

111-61

3-#7...-.
"L 12" .1
A =3 x .60s

=1.80 sq in
Balanced conditionz

EXAMPLE
For each of the beams. using :f~=4,()00 psi, f y=60,000 psi,
determine (a) the theoretical capacity Mn • (b) if loading
is 60% LL and the basic provision for dead load plus ~ive

load controls. what is the service moment capacity?

I
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Safe service load moments

-L = 2.80"
2

·x= 5.60/.85 = 6.59" .
. 'k

Mn = 228.6(19.5 - 2.8)/12 = 318

(b) C = 40.8a

T =(3.81)(60) = 228.6k

- a = 228.6/40.8 = 5.60";

M
. 1.4(0.4Mw) + 1.7(0.6Mw) _ 0.S6Mw· + 1.02Mw

n 0.90· - Q.90

=1.76Mw

(a) M
w

= 164/1.76 = 93'k :for beam with 3 ... ,#7-,,~;,~
(b) M

w
= 318/1.76=181 ~k :f~rbeamwith 3._-~10

EXAMPLE (cont.)
I
I
I
I
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W = 3.00 klfu

the internal moment in terms of load and span length

4-#10 bars
A =1.27 X 4 = s.os sq in.s

Equate C =T to get "a". " , '
a =Ar/y = ~254 =7097"

.8S1'cba = ASfy which gives, ,'. 5fcb ".8SxJ.7Sxl0

Mu= [ASfy ~ d - ~1fwhere r, the reduction factor, =0.,90.'

Mu=0.90(254 )( 20 -lfll-> :: 3661"k = 305,k

The weight 01' the beam is (10x24)/144 (.150) = .25 klf.

Wu = 1.4wD +1.7wL = 1.4(0.S+0.25)'+1.7(0.9)

__~T= A f =5.08x50=Z54k
s y, ' ,

...,.-. C = •S5f~ba

W L2
M - u

u -a-
J06'k = 3.~OL2

2
816 =. L

2S.6' =L

o
N
II

"t:I

Equate
to Mu •

Wu .

fIUtPHH~

v-sa

EXAMPLE
Using strength design, determine the maximum distance a
simply supported beam can span if it' has th~ cross-section
shovm below. Consider' bending only. The beam must carry a
uniform dead load of 0.8 kIf and a live load of 0.9 kIf.

fy=SOksi: f~=3.75 ksi. Use ~CI 318- e<3

r b=l 0;1 . ".S5f 'c
r- i-~ I..".•...
'~·4···: 41:. a••~.,..... e:•..,. .. .
# ~ ...

~.~..
" ..,...
~.:
~;.

:.:-.. 0.:...~. .. c •g. s •
".,~: '"'I--+-
'~".' e.- 4... ·····,·.

I
I
I
I
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EXAMPLE
Design a square tied concrete column to support an axial

loading as follows:
DL = 300 kips: LL = 120 kips
ft = 4,000 p.si, f = 60,000 psic ' y.

Section 10.).5.2 ACI Code P,,110

Pu= s6 Pn(max)=O' 80¢' [ O. 85f~ (Ag-Ast )- + fyAst ]

Assume 2% of steel, i.e. A t=·02Ags .

P
U
=1.4(300 ) + 1.7(120) = 420 +204 = 624

k

624=( 0.80) (0.70)[0.85(4) (Ag-~.02Ag)+60(0. 02Ag U

624=O.56(3.40Ag-O.068Ag+1.20Ag)=O.56(4.S32Ag)

624=2.S38Ag

Ag=245.9 sq in

Us'e 'a 16"x16" column. A = 256 sq in.

.. Area of steel, Ast ' requ~red:

624=0.56 (3.40 x 256)-3.40Ast+60Ast

624=487+ 31.7Ast

A
st

= 4.32 sq in. Use 8 - #7, Area = 4.80 sq in.

Sections 7.10.5.1 and'·7.10.S.2 ACI Code, p.72.

Using #3 ties, the spacing is:
48 x 3/8 = 18"
16 x 7/8 = 14" (Governs)
Least dimension of the column is 16"

Use #3 ties at 14 inches o.c.

16"x 16"column
8 - #7 vert.

#3 ties at 14"0.c.
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Assume the footing depth = 24", then d = 24 -(3+1) = 20"
Section 15.2.2 ACI Code p.'24~ ,

Pn=300l\. PLL=120k PTOT=300"!'120=420k.

EXAMPLE
Design a square column footing to support a 16 inch square

; column having a DL =300k and LL =120k .. The column re-bars
are 8 -117 vertical. The bottom of the footing is 5':-0" be­
low ground. The concrete weight is 150pcf, the soil is 11-0,
f~ = 4,000 psi, ~y = 60,000 psi, and the soil capacity is
three tons per sq ft.

soil is:

bO = 4 x :36=144"

=3.0'

ACI Codep. 1(09

base of the footing due to

(1.7 x 120) - 624 - 7 70 ksf--sr-' ·

The shaded area
is the loaded
area for punch­
ing shear.

bearing pressure. ~ue to the ~ooting and the
f =2.0x.150+3x.tl0=.300+.330=.6JO ksfp . .... . .

Net f =6k - •630k ,=5.37 ksfp
PTOT 420

Areareq'd = Net ~ = 5.37 = 78.2 sq ft
P .

footing 9' x 9'. Area = 81,sq ft.Use

The design pressure on the
factored column loads is

~ =(1.4 x 300a +
·pu ' 1

Depth for punching shear-I­
Sections 11.11.1.2; \\.1'2.2. t

Section 9.2.1 ACI Code p.91

The

I
I
I
I
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,steel Area:

EXAMPLE (cont.)

Vu =(81 - J2)( 7•70) = 554.4k
Vu 554.400

d = = ---;::::==---:--:- = 17.90 II

1>4~f~ bo (•85) (4l!( 4000 )(144)

17.90i'<20" OK

Depth of footing for beam action:
Section 11.''2.. 1.1 ACI Code p. "\£08

12.9.5 '\'20" OK

w-----~ Section for
maximum moment

(Section 15.4.2a
ACI Code 'P.24G)

d= 20"=1.66"

46"=;'-10"=;.8;',
JI-~

'k
Mu = (7.70)(9.0)(J.8;)(;.B;)!2 =.508.28

M' '
R = u = 508.28 x 12000 = 156.88

u ;bd2 0.90x108x20x20 .
1 ~ f 60

~ = In(l -~1-~) where m = .aSYf6 ~ .85(4)=17.65

o 1 ( J 2 x 1~.65 x 156.88 )
~ = 17.65 ! - 1 - 0,000 .

200 200
~= 0.0027: ~ min = f

y
= 60,000 = 0.00:33 ~Use

Ast = As(min) = O.OOJ; x lOB x 20 = 7.20 sq in

Use 12 - #7 rebars As = 12 x 0.60 = 7.20 sq in.

2'-2" = 2.17'
Section for ~~

beam action
shear

. k
Vu =9.00 x 2.17 x 7.7 = 150.;8

V 150.;80
d - u - ~-n:~~F=;=!=~':R7~:rt' =

-q,-;Jf~ b - (0.85)(22A 4000)(108)

b ~ lOB"

I
I
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EXAr,1PLE ( c ont. )

Development length for footing rebarsf
Section 12.2.2 ACI Code p.182

D
d

= .04 Ab f y = .04 x .60 x 60,000_ 2.~"
(f~ 4,000 J

fmin = •0004 dbfy = .0004 x t x 60,000 = 21"

{actual = 46 - ) = 4)" OK

Load transfer from base of column to footing:
Sections 10.15.1 ACI Code p.1~~ .

. ,
Allowable load at the base .of the column;

P =f o. 85 f~ AI: where A1 = area of column = 256 sq in.

P = (0.70)(0.85)(4)(256)= 609~< 6,?4~.".

~l~OW:~~: ~:a:J~}o:t:::~eA2is the supporting surface.
fA; ·1 .

and..J~ need not exceed 2.

J~: =J~~7 = 6.76} 2 :. Use 2

p = -f0.70)(0.85)(4) (256)(2) = 12I8:6k >624k OK

Excess to be carried by dowels:
Section 15.8.1.2 ACI Code p. 249

624 - 609 = 15k

As of dowels = ~ = 0.25 sq in.

As(min) = .005 x 256 = 1.28 sq in.

Use 4 - #6 rebars, area = 4 x .44 = 1.76 sq in.
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EXAMPLE (cont.)

Use 4 - #6 dowels extending 15" up into the column and down
into the footing so as to set on the rebar mat.

cover

mn

, .....
~- - .-

16" x 16" colu
, //"",,.,

0.,- >

....
0 ..

I V'\ -.
"""'V'\

4-#6 dowels
0

I 12-#7 :..)"
I e .w. .- r 1N l __ . . - .

,

cover - !ooting 9·' -0" square-)"

Development length of dowels;
Section 12.3.2 ACl code p.leS

e = 0. 02fy cib = (.02)( 60,000) (.75) = 14.23" Governs
d 1/'"i[ V4 , 000

.fd = 0.000) fydb = (.000)(60,000)(.75) = 13·5"

-f.d = 8"

I
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and
only,
for Mu?

~-f--~~- --N
C"\

A(y )
·a-a

256

293.15
549.15

Area
'4 x 32

3.61 x 14

EXAMPLE

Given the concrete T beam shown, the span is 3.0 feet
f~= 4,000 psi, f y = 60,000 psi. Considering bending
find: (a) Mu = ? (b) what uniformly distributed load

b =32" 4"
e .J slab a 32" *a-t=; ~ ._~ ..

d=32" 14"
(b)

Since the total compression must be equal to T, and

111-69

~ - 60 -0 0021""I;;s -29,000 - •
. (c)

(12.10 x 60)= 607k

C = 0.85 ff lvc (concrete in •
compression)

Ac = 0. ~5f~=,,;.K~i4,·=.178.? sq in; 3.,2 "x 4 =,128 sq in.

:. The ne~tral axis'liesbelow the slab.
Using (b) above: "

14 x y = 178.5 -128 = 50.5

y = 3.61"
Compute y with res~ect to axis a-a.

128

50.5
178.5

y = i~§:~5 = 3.08"

The lever arm :from T to C = 32 - 3.08 = 28.92"

Mn = 607k x (2~292) = 1463 fk

Mu =ef Mn = 0.90 x 1463 = 1317'k

I
I
I
I
I
I
I
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I
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(d)

.-

ac = .85 x 18.~4 :: 16.10"

.1L-. .001
32 - .003 + .0021

Y = 18.94" = Yb

32 - Y = 13.06"

The depth of the compression stress block, ab = ·85Yb'

EXAMPLE (Cont.)

Check emax =fE'b ' T is a function of ~, then check Tmax ·'

Using Fig.(c), for balanced conditions:

I
I
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in.

d=25" ..

6 1 -0"

J" slab

•••

Governs

6"-0"
•••

As = 6.66 sq in.

T(2J~5) =ASf y (23.5) = Mn

As (60)(23.5) = 783 x 12

6"-0"
• •

15" typo

Cc T 6.66 x 60 - 6
= .85f~ = .85f~ = (.85)(4) . - 117. sq

a = ~ = 1~b·6 = 1.96" a/2 = 0.98"
e

= (2)(8)(J) +15 = 6J~

b = (2)(~) +15 = 72-e ,2.

6"-0"

2) . b
.e

M = 1.4(200) + 1.7(250) = 280 + 425 = 70S
lk

u

M =.Mu = 705 = 78J'k
n cp .90 .

Assume a the sam~ depth as the slab and compute moments
about Cc'

compute A I. c
A

C

Since a<3" the neutral axis is in the flange.

3ection 8.10.2 ACI Code p. 8~
Effective flange width be:

1) be =t x 20.x 12 =60"

EXAMPLE
Given thelT beam floor system as shown, and MDL = 200" k

it1LL = 250 k l f~=41000 psi, f =60,000 psi, L = 20 1 0".
Find the area of steel requi;ed for·a T beam in this system.

I
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EXAMPLE (Cont.)

Mn = T{d - ~~ = (As x 60){25 - 0.98)/12

783 = 120.10 As

A
S
= 6.52 sq in.

Use 3 - #9 and 3 #10 in two layers, As = 6.81 sq in.

Check a:
kT = A f = 6.81 x 60= 408.6

s y
408.6

Ac = .85x4 = 120.18

- 120.18 - 2 00" ..!.. = 1 00 1
• d _..!.. - 24 11

a - .60 -. 2' 2 .. - .

a 'k Ik
Mn{allow. )=T{d-2 ) =(408.6x24)/12 =817.2 >783 OK

A = Mn(actual) = 783 x 12 =6.53 sq in'V6.52 sq in OK
s f (d-~ 60 x 24

y . 2

Mu =p MIf o.90(817.2) = 7JS
lk > 70S

Ik
OK

Check Qmax ~ O. 7S ~ b:

From ACI Tables, for f~ ~ 4,000 psi and f y =60,000 psi,

0.75~b = .0214
-. A 6 8

= s • 1 - .0182~.0214 OK
~ ac tual bw d - 15 x 2S -

Check ~ . = 200/fy = 200/60.000 = .0033 < .0182 OK
m~n
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. 4
~n

- ::. ~.

b =2.942"f

Axis Y - Y

I J.88 . 4= ~n

0.698 in
j,;

x =
- ~...":.

Axis Y - y

1=(12xl0J )/12

= 1000 in4 '

x= 5 in

·,A = 120 sq in.

'Axis' x- x '

1=(10x12J )i12

= 1440 in4

y= 6 in ,-

Axis x - x

'I = 129 in4

Y = 6 in

10x12

about the x-axis.
F =18,000 psi, F=1200 psi, and Es/E\..=n=20.sw . . ,

YI0"X12" From A~DMp.l-.4.~ (9th Ed.)
beam

C12x20.7 A=6.09 sq in., d=12",

Transform the section to an equivalent wood section by using
the given value of n= 20.
For x-axis bending, since the section is symmetrical with re­
pect to this axis, we may trans,form the moments of inertia
directly.

I tr= nls+lw = (2)(20)(129)+1440=5160+1440=6600

Str=Itrl(~)=6600/6 = 1100 inJ

If :w = 1200 psi, Fs=nFw=(20)(1200)=24000:>Fs (allow.)=18,OOO NG

If Fs =18,000 psi, Fw=Fs/n=18,OOO/20=900<Fw(allow. )=1200~Use

Then the moment capacity of the section is:
_(FwStr ) _ 900 Ibs 1100 inJ 1 ft x l k

MR- 12,000 - in2 x x 12,000 in Ibs

occurs
Given:

EXAr,'PLE

A pair of C12x20.7 channels are bolted to a beam 10"x 12"
as shown. Determine the safe resisting" moment if bending: . ".'.'., ,

I
I
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f1=(2X~:5)+16 = 1.03 ksit

Pex = 32 x 16.69 x (7.50-1.81) . tf 2= I
p

1480 = 2.05 ksJ.

~ = Pey = 32 x 16.69 x 8 - 2 89 ksJ.·
.L J I .1480 -. --p

8"

size of weld required for the bracket shoWrt.
Material is AJ6, and welding electrodes E70.

J2k y -x-1 81"a -. Assume effective
5'69" thickness of weld
~ throat, t = 1".

.. 72" e ..IJroot-jr.....,

.--X :21ft4.....~R· ..,"c.g.of .L

welds
-II-'~~ J

aJ pt. d Stress at Pt. d

Y
~"Pl

w14x48

Determine the
.*8"

1 t
1 "

f R=J(f1 + f 2)2+ f~ =J(1.0J+2.0S)2+{2.89)2 =.4.22 ksi

D = ~9~~ = 4.55 sixteenths, use if' fillet weld.

ts a - f R =IT -- 5.97_ 0 284'" ~'Or; a e - F 21 -. • use16 •
.~ t(allow. )

a~te~~ ."
Min. plate thickness = •707 x •3125 x 21 =0 "220'.' ..J.: Pl OK

14.5 • J '8

The numerator of the above fraction represents the shear
force on the throat of a 5/16" fillet weld, and the denom­
inator is the allowable shear stress for A36 steel ~hich
is in Section 1=4 ~ A130M p. 5·4~ Or', Ta~te~· ~. 52'1l7.

EXAMPLE

Because of symmetry, the e.g. is
half-way between the top and bot- .
tom welds. For x with respect to
the y-axis: take moments about a-a.

* Flange width for i-( 2)( 7.5)(1) (3.75)+(16)(1)(0) ..
detailing, from - . 2(7.5)(1)+(16)(1) .'
ASDM p.1-2lD _56.25_ 1 81"

- 31 •3 . '. 3 2
I = I + I =1612(7.5)(8)2+2(~)+2(7.5)(~ -1.81)+16(1.81)p x y 12 12 2 .

L-I --l I I f
x Y

1= 1J01.3J +' 179.18= 1480p

e = 15+3i-1.81 = 16.69"

..
'0....

I
I
I
I
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=

and e =12".··

By inspection, the ~enter of gravixyofthe
bolt group is as shown.
Since the resultant force in. any bolt is
perpendicular to the line which connects
it to the center of gravity of the bolt
group, the bolt having the largest load
is farthest from the e.g. We will check
bolt "d". .
At "d", the force diagram is:

. .. '£

~~t/ R

~f.3
Where n = total number of bolts •.

d
10-1"P
bolts .,

bolt. Therefore the maximum load on the given group of

fasteners, 14.17k , is satisfactory.

I'··~·I +1
P x Y

Ix=No.bolts x a2+No.bolts x b2 = 4(32 + 62 ) = 180

I =No.bolts x c2 = 10 x 32
y,. .

40 _ 4k
:£'1 = TO -

f = 40 x 12 x 3 = 5 ~~k
2 270 ~. 'JJ

f - 40 x.12 ~ 6 -10 66k
.3 - 270 -.

f R ~~1 + f 2 )2+ f~ =J(4 + 5.33)2 + (lO.66)2 = 14.17'

k .
, Rv(allow.) = 16.5 , Table l-D, ASOM p.4-5, .and is the

allowable load in single shear for a l"diameter A-J2,SN

In this diagram, f 1 =f
<&' Pex.· f '. _ Pey
·2= y--; .3 - I

P P

EXAMPLE
Assume the plate is of sufficient size and strength to carry
the applied loads. Using material having F =36 ksi, and l"dia.. y .
A-'25N high strength bolts, find the maximum load on the "bolts.

I
I
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DESIGN OF WOOD BEAM

(.900+.600)(18)

4 x 1.15. (snow.duration
factor)

+ 5.87 = 16.4 ft-k

.600 x 18

8

10.53

( .060+.200) (18) 2
--------+

=

Dea oa = . 00 k

9'-0" 9'-0"

wd=0.060 k1f
w1=0.200 k1f .

1.1.UII' 1111 HTTT.. ,.. ..1h
18' -0" .,

With snow:

W.O. snow:

Check with snow, and without snow.

Sreq.=16.4 x 12/1.300 = 151.38 in3

Try multiple sticks:

Since we are using multiple sticks, the allowable bending stress
Fb is increased to 1.500 ksi.

The new required section modulus is then:

5 req .=151.38(1.3/1.5) = 131.20 in3

3 x 12's 5=52.734 No. req.= 131.20/52.734 = 2.49 Use 3

2 x 12's 5=31.641 No. reg.= 131.20/31.648 = 4.15 Use 4

For the 2 x 12's; f b=l6.4 x 12/{4 x 31.648)=1.555 ksi.

This represent an overstress of «1.555/1.5)-1.000) (100)= 3.667%
which is acceptable.

Mmax= 10.53 + 4 = 10.53 + 2.70 = 13.23 ft-k

For single use, the bending stress Fb , for t2KD So. Pine, is 1.300
ksi.

Design a wood beam for the given loads.

Lumber to be 12 kiln dried Southern Pine.
The beam is a floor beam, so the use condition is "dry".
The live load deflection is limited to L/360, and the dead load
deflection is to be less than L/240.

. Snow load = 0.900k
dId 0 6

I
I
I
I
I
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v =( (.900+.600)/2)+(.060+.200) «18/2)-(11~25/12»max

= •750 ... + . 2.0 96 = 2. 846 k

-~" .

~. . {"

.-- ...' -... ,

.....-;

.600(18x12)3

48·
+

.900 (216) 3

48
+

(5) (.060/12) (18x12) 4

384

(5) (.200/12) (216) 4

384

~DL=

The areas of the choices are:

4 - 2 x 12's = 4 x 16. 875 = 67.5 in2

3 3 x .12's = 3 x 28.125 = 84.38 in2

(1,600) (4) (177.979)

A 0.58"~LL=

O.5S"=L/372 < L/360 OK

Since the area of the 2 x 12 combination is less than that of the
3 x 12's, we will try the 4 -2x12's.

The maximum shear, at a distance from the support equal to the
depth of the member, is:

l'lith snow:

Vmax= 2.846/1.15 = 2.475 k

W.O. snow:

For snow duration:

Vmax= ( •600/2) + 2. 096 = 2.3 96 k

f v= (3/2) (2.475/67.5)' = 0.055 ksi < Fv = .095 ksi· OK

The dead load deflection is:

(1,600/2) (4) (177.979)(1/2)E for ~

creep effect
~DL= 0.47"

The live load deflection is:

The total load deflection is:

~TOT= 0.47 + 0.58 = 1.05" = L/206 > L/240 Not acceptable.
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Using the 3 - 3 x 12's:

The properties of this combination are:

Area = 3 x 28.125' =, 84.375 in2

Moment of inertia = 3 x 296.631 == 889.89 in4

Section modulus = 3 x 52'.734 = 158.202 in3

The maximum shear is:

f v = (3/2) (2.475)/84.375 = 0.044 ,ksi « F
v
= .095 ksi OK

f b = (16.4 x 12)/ 158.202 = 1.244 ksi <'Fb= 1.500 ksi OK

~L = 0.47 x 711.96/889.89 = 0.38"

~L = 0.58 x 711.96/889.89 = 0.46""

~TOT= 0.84" = L/257 < L/240 OK

USE 3 - 3 ~ 12's

:",,' -. > .. ~. :., ...~.



Section
Mo~ulus

(in )

Moment of
Inertia

(in )

50'-0"

Depth
(in)

37.5 328.1 38,452.1 205.0.8

CF =' (12/d) 1/9 = (12/37.5)1/9 = 0.88

f b = MIs = 354.4 x 12 / 2050.8 = 2.103 ksi

Adj. Fb = 2.2 x .88 x 1.15 = 2.226 > 2.103 OK

DESIGN OF GLULAM BEAM

Design a glulam roof beam for the given loads.

Lumber to be 22F Douglas Fir.
The use condition is "dryn.
The live load deflection is limited to L/360, and the total load
deflection is to be less than L/240.

wd=0.250 kIf
wl =0.900 k1f
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2.2 . = Fb from allowable stress tables

0.90 = assumed shape factor

1.15 = snow load duration factor

By inspection, the total load condition will govern the design.

M = (0.250 +0.900)(50)2/ 8 = 359.4 ft-k.max

The unsupported 1eng~h of the beam is = 0, since the compression
face is held by the roof planking.

Assume th~t." the:,sbClP~; f,ac.tC?r,. CF .=.0.90,

Fb = f.2 x 0.90 x 1.15 = 2.277 ksi

where:

Then, the required section modulus is:

Sreq. = 359.4 x 12 / 2.277 = 1,894 in3

Try a glu1am beam 8 3/4 x 37.5 (25 - 1 1/2 lams)
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Check shearing stress:

V'= 28.75 - (37.5/12) (1.150) = 25.16 k

f v = (3/2) (25.16)/328.1 = 0.115 ksi

Fv = 0.165 x 1.15 = 0.190 >0.115

·Deflection calculations:

~TL= 180.0 x M x L2/ E x I

A TL= 180.0(359.4) (50)2/(1800) (38,452.1)

= 2.34" = L/257 < L/240

A LL= 2.34 (.900/1.150) = 1.83" = L/328 > L/360

Since this is about 10% over the allowable deflection value,\c'a
conservative approach would be to add an additional lamination,
thus making the beam depth 39.0"

The revised I = 38,452.1 x (~9.0/37.5)3

= 43,253.4 in4

"ALL, ="'1.83 x 38452.1/43253.4= 1.63" = L/369 O~

The dead load deflection, considering creep, and increasing the
dead load deflection by 50%: "

A DL =1. 5x2 .34x (.250/1.150) x (3 B452 .1/43253.4)

b. DL = 0.6 8" _ .

'~TL = 0.68 + 1.63 = 2.31 w = L/ 260 < L/240 OK

The bending and shear stresses are OK by inspection.

Provide a camber equal to 1.5 times the dead load deflection,

Camber = 1.5 x 0.68 = 1.02"

The required bearing length for the beam using Fc = 0.385 ksi, is:

Adj. Fc = 1.15 x 0.385 =

Areareq • = 28.75/0.443 = 64.94 in2

Bearing length, Ib= 64.94/a/75=7.42 say, 7 1/2"

USE 8 3/4"x39" GL beam (26 - 1 1/2- lams)

22F Douglas Fir, Cjmber l-
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K = 25.0 > 21.8

(l/dy ) = 10x12/3.5 =34.3 < 50

K = 0.671(E/(Fc x LDF»1/2

K = 0.671(1800/(1.25 x 1.15»1/2

(l/dy ) = 10x12/5.5 =21.8

K = 0.671(1600/(1.00 x 1.15)1/2

column for the given conditions. The
the total live (snow) and dead load~is

both the x and y axes.
fir-larch.

1.25 ksi

1800 ksi

1.00 ksi

=E

: K = 23.7 < 34.3

F C. =

E = 1600 ksi

Try a 6 x. 6 (5.·1/~x 5 1/2) (Post & Timber ,category),

Area = 30.25 in2

F I c:::: O. 3E/(1/d)2·= 0.3 (18qO) 1(34.3) 2 = ·0.459 kSi'
. .- " .,

P(a11ow;)= ~'cX Ar~a<::::.:O.459x19.25= 8.84 k<18 k N.G.

Try a 4 x 6 (3 1/2 x 5 1/2) (Joist Plank category)

Area = 19.25 in2
10'

t

WOOp COLUMN pESIGN

Design a solid section wood
column supports a roof, and
~18 kips.
The bracing is the same for
The lumber is No. 1 Douglas

P=18k

. .

Since the column l/d is greater than K and less than 50 it ·.is .0' a
long .co1umn, and the allowable compressive strength para11e1<.to
the grain is :

Then:

The column lId is between 11 (the limit of lid for a short column)
and K, therefore, it is an-intermediate column, and the allowable
compressive strength is equal to:

F'c = Fc(LDF) (1-1/3 «l/d)/K) 4)

F' = (1.00) (1.15) (1-1/3(21.8/25.0)4) = 0.928 ksic

The the, allowable axial load on the column is:

P(a11ow.) = 0.928 x 30.25 = 28.1 k > 18 k OK

USE 6 x 6, No.1 DF-L
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In composite construction, the concrete slab is attached to the
steel beam by means of steel shear studs which are welded to the
beam flange. The reSUlting bonding of the concrete and steel
permits the consideration of the system as a series of T-beams.

The AISC Code, Chapter I, ASDM p.S-S6, sets the parameters for
designing such members.

The methods of construction which may be considered in the ~esign
process are:

1. Shored construction, in which the steel beam and the formwork
are set and shored before the concrete is placed.

2. Unshored construction, in this case, the steel
formwork are sized to support the dead load of
concrete slab, formwork, and construction loads.

In this presentation only type 2 shall be considered.

Under system two, the steel beam is stressed and deflected-to
accommodate the applied loads.

To determine the properties of the composite section, the
concrete is transformed to an equivalent steel section by
reducing its effective width by the ratio of b ff/n, where the
portion of the effective width of the concrete siao on each side
of the 'beam centerline -shall not exceed the smallest .of:,

a. One. eighth of the beam span, center to center of supports,
b. One-half the distance to the centerline of the adjacent beam,
c. The distance from the beam centerline to the edge of the slab.

(ASDM Section Il, p.S-S8) .

The web and end connections of the steel beams are designed to
carry the effects of the total load.

The allowable horizontal shear load for the stud connectors is
given in ASDM Table I~.l, p.S-59.



section 11, ASDM p.5-56 requires that the value of this·shearp~e
the smaller of: . .... ;}.,
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. / ...

are designed.f9r
carry th~"total
of maximum'moment

,
O.S5fcAc

2

= !s!¥
2

= the compressive strength of. the concrete in ksi,;c,":hc-" .

= the actual area,' in square inches, of theeffec~'
tiveconcrete flange as. defined in 11, ASDM p.5...56 •.

,
f

c

In the following problem, ·the shear connectors
the full composite action . and they must
horizontal shear to be resisted from the point
to the p'oints of zero mement.

Where,
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PROBLEH:

To limit the ~Cl to 1", the required moment of inertia is:

The minimum required transformed section modulus is:

M X L2 88.20 X 28 2

Ir. q = = = 429 in"
161.1~ ~ ~ 161.11 x 1

= 94.82

= 44.10 in3
88.20 x 12

.66(36)

189.63 x 12

24=

=
MCl x 12

Fb

Mr l X 12
Str req. = --------

Fb

Sel req. :

Loads

Before conc. .hardens Dead load nfter conc. hardens

Constr. load .020 ksf LL .100 ksf
Slab .050 ksf Slab • 050 ksf Part • .020 ksf
St. bm & dk .030 ksf bm & dk .030 ksf Ceil. .010 ksf

Hisc. .005 ksf
.100 }:sf .080 ksf .135 ksf

Unit ld B:r.: spcg w/ft W V M

(ksf) (ft) (klf) (k) (k) (k-ft)

WLL .135 9 1.215 34.02 17.01 119.07
WDl .080 " 0.720 20.16 10.08 70.56
Wel .100

,
" 0.900 25.20 12.60 88.20

WTL .215 " 1.935 54.18 27.09 189.63

The floor framing for the lobby of an office building has beams
spaced 9 feet on centers and spanning 28 feet.
Design a conposite section using no shoring~
The steel is A36, the concrete f'c:3,000 psi and is normal
weight concrete, the allowable hoiizontal shear pe~ 3/4" x 3"
stud is 11.5h per stud.
The LL = 100 psf, partitions = 20psf, and ceiling = 10psf.
The DL = 4" concrete slab @ 50psf, steel beams and ~etal forrnwork
@ 30psf, (the ~etal for~work is considered as not conributing to
the composite action of the system), and a construction load of
20 pst.
Limit the construction and dead load deflection to 1", and the
LL deflection to L/360.
Because this is a composite beam, the metal form is welded to the
top flange of the steel beam, Fb may then be taken as 0.66Fr.
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n = 9

= 69.5 in3

= 9.2

= 6.174"

2

= 99.64 in3 > min Str=94.82
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3,122

29,000

284.64

46.1

44.10 + 94.82

1302.17

13.069 '

yt = (8.895+2)-6.174 = 4.721"

Yb = 6.895+6.174 = 13.069"

1302.17
St = = 275.83 in3

4.271

Es
n = - =

Ee

Yba r =

(2 x 4 x 8) + 8 = 72" (governs) ..

9 x 12 = 198"

be f f 72
b " = = - = 8": t= 4"

n 9

Str1.l =

St r =Sb 0 t t =

Ee =57~ f' C 1=57~ 3000 1=3,122 ksi; Es =29,000 ksi

Item A Y Ay Ay2 Io Io +Ay2

I 8 x 4 = 32 8.895 284.64 2531.87 42.67 2574.54

II 14.1 0 0 0 485.00 485.00

46.1 284.64 I(II: o f b II) = 3059.54
-Ay2=-(6.174 x 284.64) =-1757.37

Io ( 0 f COIIP b II ) = 1302.17

Select a trial section having an approximate section modultis
~qual to the average of the required SCL and Str; in this case,

I
I
I
I
i
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I Try a W14 x 48, A=14.1 in2 ; S=70.3 in3 ; I=485 in4

; bf=8.030 in;
d=13.79 in; t~=.340 in; tf=0.595"

I The effective width be is the smallest of:

f 'beff. 12'\J ~ :1r72/~
4- 2" .It.! 1228 x - = 84"

4



Use connectors in pairs, the spacin~ perpendicular to beam
center line, per ASDM p.5-60, is four t~me the s~uQ diameter.

~ spacing = (4) (.75) = 3"

OK

~.

3/4" dia studs are OK.

studs required to carry a shear

(88.20) (12) .
70.3 = 15.06 ks~ < Fb = 23.76 ksi

= 23.07, use 24 studs each side of beam center line.253.8
11.5N =

(2.5)(0.595) = 1.49" > 0.75",

At 11.5kkP~r stud, the n~ber of
of 253.8 J.S:

,
Vh = 0.85

2
f c bt = (O.85)(~)(72)(4) = 367.2k

Vh =~ =0 (14.1) (36) = 253.8k .. Governs
2 2

The stud diameter shall not be greater than 2.5 time the thick­
ness of the steel beam flange, ASDM 14, p.5-60.

f
- MT.T, (12) = (119.07) (12) . ' O'V

(top) - = 0.576 ks~ < 0.45 f ~
nSs (9) (275.83) c

f(bott) = MTT,(12) = ..(_1..;..89~.6;...3~)""(l,,;,,1;.;;2-,-) = 22.84 ksi < Fb = 23.76 ksi OK
STR 99.64

(MCL) (L2) __ (88.20)(28 2)
A( tId) - = 0.89" < 1" OKcons. = (161.11) (1s ) (161.11)(485)

A(LL) = (MT,T'> (L2) = (119.07) (28
2

) = 0.45" <~ = 0.93"
(161.11) (1TR) (161.11) (1302.17) 360

= (MOT'> (L2 ) _ (70.56) (28 2) = O~ 71"
ADL (161.11) (Is) - (161.11) (485)

The required shear to be carried by the studs is the smaller of:
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f
- VTot _ 27.09

v - dtw - (13.79)(0.340) = 5.76 ksi< Fv = 14 ksi OK

. OK

studs is 6 time the stud diameter,
yo..:. ••: --:::;.

> 4.5", and < 32";= 14"(28) (12)

[¥] (2)

The total·shearmust ,be carried by the web of ...the steel beam,
then f v is:

(6) (0.75) = 4.5"

Max. longitudinal spacing is 8 time the slab thickness, i.e.,

(8) (4) = 32"

The actual stud sapcing, longitudinally, is:

As per ASDM p.5-60:

Min. longitudinal spacing of
i.e., .
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