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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 both
areas is neither reasonable nor feasible. It is felt that
as areview, 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 praotice.

No attempt has been made to discuss derivation of formulas, . . :
or development of analytical or des;gn processes. since "'ﬂla
these must be presumed as prerequlsltes for the examlnatlon. o

The format is a problem solving presentation and attempts

to address the areas which have appeared in past exams. R
It is hoped that “the materlal will aooomplish its goal of . il
stimulating the memory banks and supplying a measure of con-"f'
fidence to the applicant’ s ‘approach to the coming exam.

'~ The writer expresses thanks for their help to the following:

' Professors Kenneth Leet and Leroy Cahoon of the Department of
Civil Engineering, Northeastern_Unzvers1ty. for permission
to use material from their 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




Introduction: .

The subject matter that is presented as a review of structufeiiﬁ'
analysis and design has been selected and prepared with the -
Professional Engineers Exam as the criterion. A comprehen51ve

review of the extremely broad field of both areas is neither R

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 method is also considered. Finally the*
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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INFLUENCE LINES

An influence line is a curve, the ordinates of which give fﬁéTiff’

‘values of some particular function (shear, moment, reaction, ..

bar force, etc.) in a fixed element (member section, support,;,;'
bar in a truss, etc.) due to a unit load acting at the. point .

. corresponding to the partlcular ordlnate being considered.

Influence lines for statically determmnate structures are -
straight lines. To draw such diagrams it is only necessary to
compute the ordinates: at a few control p01nts and connect thelr

termlnals with straight lines.

For statlcally indeterminate structures the lnfluence llnes are

curved and their construction involves an ana1y51s whlch may
require, cons1derab1e time. The Meuller-Breslau pr1nc1ple pro-
vides a s1mp1e method to - draw approximate shapes of these in-
fluence lines. This principle may be stated as follows:
The ordlnates of the influence line for any
~ stress element of- ‘any structure are propor=. ...
" tional to those of the deflection curve which -
is obtained by removing the restraint corre-
spondlng to the stress resultant and lntro-
ducing in its place a corresponding . deflectlon. N

T
=

The reactlon restraint at A is removed and an upward deflection
(corresponds to an upward reaction) is introduced. The area
enclosed between the original and the final positions of the

 beam is the influence diagram for the reaction at A.




USE OF INFLUENCE LINES
1. Influence l1ines show where to place a load on a structure -
to maximize the value of the function for which the influ- o
ence line is drawn.
‘The value of the function due to a concentrated load equals
the product of the magnitude of the load and the ordinate
of the influence line at the point of appllcatlon of the
load. - ]
For maximum uniform loads place the load over those portidns
of the curve for which the ordinates have the same sign. o
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 whlch is underf?
conside:ation; . L -
A ——T71 B ' _ AB is the ’inflﬁe'nc'e”'1i'n'é‘"-“"""“"'*”
& : .. for a given function (shear;4
f! : S ~ reaction, moment. etc.) on -
?cftfq:?¢P7 .+ . a beam whlch has a unlform
= o load of w 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 d1fferent1a1
load is 4F = wdx Y.

a a
J. P2/ aF = ( wdx ¥y = w/ ydx
0 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.




EXAMPLE

1. Draw the lnfluence lines for the followzng functlons
Reaction at B, Reaction at E, Shear at D, Moment at B,
Moment at C. , -

2. Use the influence 11ne to determlne the reaction at p01nt B
‘due to a uniform dead load of 200 1b per ft. ‘

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

C D

A E F
1 e 15" B - A 'f¥fff+

I.L. RB

Place a unit load at B, the reaction at B is 1; place 2 uhit
load at E, the reactlon at B is 0. We now have two points on
the 1nfluence llne. draw a stralght line through these p01nts'f'
and extend thls lzne to 1ntersect perpendlculars from A and F.'

This sloping line is the 1nfluence line for. the reaction at B;f7

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 -1/60




Place a unit load at E, the reaction at E is 1, place a unit .
load at B, the reaction at E is 0. Again, we have two pOints“
- on a stralght line, and connectlng these points in the ‘Same.
way as for the influence line for the reactlon at B we can-
easily draw the influence line for the reaction at E.

From the diagram.'when_the unit load is at A, the reaction

at E is -1/3; and when the unit load is at F, the reaction
at E is +7/6. R

I.L. Shear at D.

LOATD
- o
)

< ¢ A unit load at any point bé‘EWeén |
e A& B will induce a shear ‘at ‘D~
] ¢ equal to the negatlve of the s
' reactlon at E. R

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

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

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




So, to draw the influence line 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 at D

a perpendicular line whlch 1ntersects both of the 1nfluence
llnes. :

Influence line
for reaction at B

\
Negatlve influence -_;:;?h T -
line for react;on at E

The final 1nfluence line for the shear at D 1s the left-hand
portion-of the lower influence llne and the rlght hand por-
tlon of the upper influence line, thusly =~ ' ‘




I.L. for the Moment at B _

Place the unit load at A and take moments about point B;

1x 10.counter-clockwise is negative, and My = -10.

For a unit load at B the moment at B = O..At any other point .
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

A,

d =4

I.L. for the Moment at'C _
If the unlt load 1s at A the reactlon at B. from the 1nfluence

line for the reaction at B. is equal to 4/3 and taking moments ;
about C we have :

(+Y -1 x 20 + 4/3 x 10 = -20/3
When the unit load 1s at C the reactlon at B is 2/3 and taklng
moments about C

+y 2/3 x 10 = +2o/3

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

YT -1 x25+ 7/6 x 20 = -5/3
When the unit load is at B or E theré is no moment induced at C.
The final influence line is drawn by connecting the control
points with straight lines.




. by Rule 4 is

The reaction at B due to 2 uniform load of 200 lbs/ft

200 x Area enclosed by the influence line.
200 [2( 4/3 x 40 - 1/6 x 5)]
= 15750/3 = 5250#

The maximum reaction at B occurs when the positive portion

of the influence line is loaded.
200 x 1/2 x 4/3 x 4o = 16000/3 = 5333#

The maxlmum positive moment at C produced by a concentrated
load of 50 is obtained by placing the 50 at the .point of
maximum positive value for the influence line for moment

at C, this is at point C 1tself and the ordinate value is

+ 20/3. Therefore, the maximum positive moment 1s

20/3 x 50 = 333, aft'k

The maximum negatlve moment at C is produced by placing the
50 load -at the po;nt of maximum negatlve value of the influence
line for moment at C. This location is at p01nt A, ‘and the max-
lmum nevatlve moment is

50 x (-20/3) = -333.3%%°%




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.

EXAMPLE
Given ' a truss having parallel top and bottom chords.

Draw the 1nfluence lines for the forces in bars a thru: g. 5
?

il
2" 1
|

. \ g

2 -5i2\3 4 'Ai:.
6 @ 30 = 180° '

Draw the influence lines for the :eactions Ro and R6.’
I.L. for the reaction R,

1 -~
[

0 1 2
I.L. for the reaction R6




I.L. for the force in bar a. .
Using the method of Joints and lSOlatlng

joint 0 as a free body. by 1nspectlon.
-5/4 Ry  when the unit load is at point 0 the bar
-Rp force in a is equal to zero. If the unit
load is at any poznt from 1 to 6 then
= "5/4 Ro
and is minus because the bar is in com-
pression.
When the unit load is at point 6 the
‘force in bar a is = 0.
A unit load at point 1 will induce a
force in bar a = | |
| 5, = =5/ x 5/6 = -25/24
‘. The 1nfluence llne for the force in bar a is

LN 2

0 1 2 3 U SR 6

S

-25/24

I.L. for the force in bar b.

‘When the unit load is at 0, Sy = 0; when the unit load is
at point 1, Sy, = 13 and when the unit load is at po;nts

2 thru 6 the force in bar b is = 0. :
The influence line for the force in bar b is then

1

b )
0 1 2
NOTE In general, in the free body diagram above, and in
' those to follow, only the forces related to the per-

tinent discussion are shown.




.I.L.

I"Ll

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 -

8, = -5/l Rg compression.
" If the load is at point 1 then

S, = -5/l x 1/6 = - 5/24

3 Using the left-hand free body, as the
e " load moves from point 2 to point 6, the
“4 force in bar c is 5/% Ry tension.

v When the unit load is at point 2

. , 5/ x 2/3 = 10/12 = 5/6
o The 1nfluence line for the force in bar ¢ is
5/6
L
-5/2l+ S

for the force in bar d. :

Cutting section at 2-2 and using the
right-hand free body, as the unit load
moves from O to 2 the bar force in d is
+ R6 tension. With the unit load at 2 f'
the force in bar d is +1/3.

IR

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

\2 Ry = -1/2

The influence line for the bar force in d is

1/3




.

Re
2%

\

\J,;

3

11i—11

I.L. for the force in bar e.

Cutting section 3-3 and using the
right-hand free body, if the unit load -
moves from point O to point 2, the

force in bar e is

Se = "'5/’4' R6
If the unit load is at point 2.then
Se = -5/% x'1/3 = -5/12

Using the left-hand free body, as the
load moves from point 3 to point 6, the
force in bar e is 5/b R, tension. ”
When the unit load is at point 3

S, =5/ x1/2=+5/8

The influence line for the force in bar e is

v (5/8)(30)

“(5/12 + 5/8)




I.L. for the force in bar f.

3 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.

m-12036+uosf 0 '
_ Sf = 3 R6 ten51on
When the unit load is at point 2,
Rg =1/3 and S, =3 x 1/3 =

Using the left-hand free body, take
moments about 2° again, but now con-.
sider the unit load to be movzng

from point 0 to point 2. -
C+Y 60 Ry - 40 S, = 0
Sg = 3/2 R, tension
¥hen the unit load is at point 2,
=2/3and S, =3/2x2/3 =

If the unit load is at points 0 or 6

Sf =0

'« The influence line for the force in bar f is

0 -1
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 force in bar g is




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

of the truss of 0. 6¥ per foot. |
b. What is the maximum tension in this bar if a un;-:

form llve load of lk per foot and a concentrated ...

load of gk moves alorig the bottom chord of the

truss?

What is the maximum compression induced in bar e -

by these live loads?
Find the total tensile and compr9531ve forces in
bar e.

Solution; - . o
a. Since the dead load applles throughout the length of the;7

truss, by rule 4, the force in bar e due to the dead e
load is

e

SeA ~3.00 + 20 25 = 11 25 tens1on

s 1/2( 5/12)(72)(0.6) + 1/2(5/8)(108)(0 6)

b. For the live load tensxon in bar e. use the posn::.ve~
portlon of the influence line. = .
= 1/2(5/8)(108)(1) + (5/8)(8)
= 33.75 + 5.00 = 38.75 '

c. For the live load cdmpression-in bar e, use the neg-
ative portion of the .influence line. '
Se = 1/2 x (-5/12)(72)(1) -(5/12)(8)
Se -15.00 -3.33 = -18.33
d. The maximum tension in bar e is
, 38.75 + 11.25 = +50%
The maximum compression in bar e is
| ~18.33 + 11.25 = -7.08%
It is apparent from these calculatlons. 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 metal
fa*® - ~ould become a critical consideration.
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Influence Lines for Indeterminate Beam
Find the I.L. for the reactions at A,B & C. 1.079

16' 32 coly 1700 ~—~u875
| o > 485

- I.L. for Vv

B

-I.L. for Vi -

1.00
437

L] [ - [ 1 i. : . ¢ ¢ 1 [] ' - Vl
LD L ’ ot ! ¢ w
{1#2.27ft2k 113.815t2% § o 220 250 ‘17
EI . EI : :
Conjugate Beam loaded I.L. for VA
with M/EI diagram.
Solution: L N - | v
Remove V., and place a unit load at B (point 2),” compute the
deflectigns at points 1 through 5.
Using the conjugate beam method, cut sections at points
1 through 5 and compute the moment on the conjugate beam
at the respective points.

b,=(142.27)(8)-2(8)(5.33)(2.67)=1081
bz=(142.27)(16)-%(16)(10-6?)(5-33)=1820
b3=(113.81) (24)-%(24)(8.00)(8.00)=1963
&,=(113.81)(16)~%(16)(5.33)(5.33)=1593
55=(113.81)(8)-%(8). (2.67) (2.67)_=882

vy = &B

Svb
Since<5bb (the deflection at B due to a unit load at B)
is the same as 62, dividing each of the point deflections

above by’&2 will give the value of the ordinate of the
influence line at the corresponding point.




IHI—13b

The ordinate at point 1 is:

1081 = o.
1835 = 0%

at poinf 2:
1820 _ 4
1820 © 190

1963 _ ’
E%E%‘ 1.079 etc.

To find the influence line for the reaction at C, use
the influence line for the reaction at B to obtain values
for Vg at the various points along the beam. Applying a

specific value of Vp at B and a unit load at the related
point (determined from the IL for Vg), the reaction at C
is determined by statics. Then u51ng the influence lines

for the reactions at B and C," the reactlon at A is. readlly
found. , . _

at point 3:

e.g. For point 1, place a unit 1oad at point 1,
the reaction at B, from the influence line
for Vg, is 0.594. Apply this at B and take
moments about point O and solve for Vp. -

For the reactlon at A, simply sum the forces
in vertical direction.

Repeat this process for each of the po;nts a
along the beam.

Load po;nt 1l and sum moments about 0.
%} 1x8-0.59% x 16 + 48Vg =

V¢ = 0.031
Summing forces in the vertical direction:
+}  -1.00 + 0.0594 - 0.031 + v, = 0

Vy = 0.437
Load point 2.

) 1.00 x 16 - 1.00 x 16 + 48Vg =
Ve = 0 ete.




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 w°u1¢ -
" occur at 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‘inclineqé

L

H .‘_..._V 1\. \"'\. th
: 55\\\\;--}1 ::;7-——¢fH
| o I} v e
: T W o RE G
Applying the cable theorem to the uniformly loaded cable, -
at mid-span

-

Heh = wL?/8.
EXAMPLE S
For the given structure:.
a. Find h at mid-span.
b. Determine the maximum cable tension.




__Solutionx

= i 1=100" {v = (1oo x 3)/2 15;5#‘
3#/FT

150#

25504 °

My =0 /X
(-Hg x 80)+(20 x 2l+oo)-o
48000/80 = Hy = 600#
S h = wL2/8H :
= (3 x 100 )/(8 x ‘600) -
= 30000/(8 x 600) =
= 50/8 = 6.25' Ans.

\[VZ + HB -\/(150)2 + (600)2
‘\]_ 382500 = 618.5# Ans.

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

T = H [1+16n2]1/2

where n = h/L = 6.25/100 = ,0625
T = 600 [14-16( 0625) ] 1/2 _ 618.5#

maxXe.




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

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'areé‘uﬁder'themM/EI;curve
between these two points. '

The deflection of a point B on the elastic 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.

B

‘Theorem 1.
A-
M/EI

A'T!%/ |

o =/;B Mdx/EI

Theorem 2.
A .

M/EI—, %
L ——

$ = L B Mxdx/EI

The areas and the moments of the areas 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 multlplled
by the respective areas.




“EXAMPLE
‘Pind the vertical and horizontal deflect:.on of po:.nt A

~due to bending strains. (Use the moment-area method)

: X
6 [ 20 | "

YA . .
I=240 in* =
E=30x107ksi

-—-OB /GB x 6

/
Aav

=3
CSale
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.
ftzk :an
0y -(120 x12')/EI =(1440 X144 )
o'k EI £t°
bA/B—l/Zx él x 6' x 2/3 x 6'x

1728in°
£t

1440 ft3k 1728 in>
E1l ft3




A,y = (65 x 6) +6A/B

A,y = %le x 1’“’ X 6' g 1;1;0 x 1728 = 2.4" Ans.

Dy =Ly =éB/C N . | |
6 / = .1.'_2_9?_?_1:. e 12' b’ 6" x u-z—g—— = 2,07" Ans.
B/C EI ‘ ft ,




-1san S0

L - nO curve

kxn

a
nab/(n+1

2 (n+1)
2(2n+1)

Cy&.

(n+2) l‘ |
b

GEOMETRIC DATA FOR VARTOT® °




DEFLECTIONS (cont.) .

LAW. OF VIRTUAL WORK:
If a structure is in equlllbrlum under a set of ‘forces
and if the structure is given a virtual dlsplacement
con31stent with the constraints of the structure. then o
the external virtual work done is equal to the 1nterna1
virtual work done.

¥(external) = w(internal)
The general equatlon 1s.

1XA f ds
1 xa T ¥R = OMQMPE

1 xAis used for deflections.
1 x¢{is used for rotations.

WR is 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. N
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 %o a unit load Q.

= Moment in_ beam due to a unit load Q.

= Forces in frame due to actual real loads.

= Moment in beam due to actual real loads.




EXAMPLE

Find the vertlcal and horizontal deflection of point A
due to bending stralns. (Use the v1rtual work method)

6 120

Bl B

C
zok'l
\/’!k
20

[

P Forces | ) Qv Forces | QH Forces

x increases ‘ '
Meiger A to B . Mp _ MQH
0L x <6 - 0
y increases
BC ' C to B

0cy<k12

Q8v T -/LMQMP

E1(29)A,y = -/o‘ é (x)(20x)ax + -{,'12(-.6)‘(-120)&'
6 12 | o

3
EIA,, _ 20x ‘

+ 720y l

0 0
EII&AV 1440 + B640

Apv = %gggo+x82ﬁg x 1728 = zJPﬁAns..




Example (Cont.)

@y fL Q”P%" -

}.=::£(11‘)1.\.AH /Mx +_/12 (-12+y)(-120)dy

- EI Am'-— 17280 - 8640 = B64O

| A-AH-B—OS%‘O“’TEE—:: 1728 = 2.07" Ans,




SEMI-GRAPHICAL METHOD OF INTEGRATION

A var:La'tJ.on of the virtual work approach to this type of problem :
is a semi-graphical integration method. It works well for moment
diagrams composed of easily defined geometrical shapes. Such is
the case for this particular problem. '

6l

_.r——-—;onk _ - | . | | ' k. |
Q—T k - e
1 . e

A

ACTUAL LOAD . VIRTUAL LOAD - VIRTUAL 104D .

120"k, A=6x120/2 'k, ST

NO g1k . K 5x 6=
v R 4 L '

Al- Corresponding log¢ations i

?? /——-Ti=6

Borresponding lodati

=

120

A=120x12=14}40

2]
&
.
(2]
o
-
e
(=
&=
=
=
=
o
=

Areas of real load moment diagrams.

Ordinates taken on virtual load moment diagrams
at location corresponding to centers of gravity
of  real load moment dlag;rams.
_Apm x @
O AN —_— .
EI T for trian ar m%mentldlagram a4
or rectan . .
360 x 4% 1440 x 5" gu.ar mom. clag

. x 1728 = 2.42"
,1x 30 x 107 x 240
m :for top 1eg mom. diag.
N, = 360 x 0 + 1440 x 6“"“‘ for vert. ?leg mom. diag.

1728 =
1x 30 x 10° x 240

Dy =

It can be seen that the graphical solution for this
frame is much faster that the ana.lyt:.cal one. )




EXAMPLE
Compute the vertical deflection of joint B by v1rtual work.

9—F_ E.' ‘ D

-

- Area of all bars = 5sq in.
= 30 x 10%ksi
Support C settles 1.
- Bar FB fabricated 0.2"
A B ' to0 long.

i: 3 @ 15' = 45"

- 30K

Q Fdrces ‘ X _ . .~ P Forces
: W W |
QA Wy -I(F AL)- —9—— + FQAL
Note: The deltas on the right-hand side of

the equation denote changes in length,
not.deflections.

(£1)  (nd) GEm) ) () (‘s‘zf'jn) (in) (in k)
Fp FQFP(A)J L FgaL
+15 +16.875
+15 +16.875
-78.125
-25 +78.125
0 0 0.20 0.20
T=+33.750 0.20

L A
15 5
15 5
25 5
5
5

(| +
G*ncmauxnly

= Ool\n

25
20




Example (cont.)

(1) Agy * (0.25)(- l) = i§§3%§ X 12 + 0.20

Note° The settlement at C ls 0.25 1nches
and is positive since it is in the
same direction as the assumed de-
flection.
The force at C due to the Q force
is % and it is negatzve because it
is opp051te in direction to the

actual settlement.
S A

By = 0.2135 + 0.125 = 0-339“ An§:




INDETERMINATE ANALYSIS ‘
FLEXIBILITY METHOD (Also called consistent 'deformation method) .

OQutline of analxsis'

Establish the degree of
indeterminancy. '

L react. -~ 3 eq. stat.=1°
Establish a RELEASED struct.
(determinate and stable)

Equivalent to original
- structure in all respects.

Superimpose the displ's
produced by the original
load and that by the re-
dundant_RB.,

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

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




Cl—2s’

Outline of analysis.(cont,).m._:gﬁmi;tir;hi_:_bm_‘;n?ﬁ

Compatibility or geometry requires
. sz =0
Ap =Agy + 45y

. =sw(zn)¥ Ry(2L)>
= 38ker T uBEI

RB = 1025 wlL Ans.

AB =_Abo *&gp " "3

o 4 Ry(21)>
g = =2W(2L B
0="3gkEr " EBE




nalxsis of--an.indeterminate truss by rlexn.b:.llty Method.
Determine the reactions for the given truss.
Area of all members = 5 sq in. E = 30,000 ksi

12K
F E D}

20!

A : =) (o]
x>

l, 3@ 15 = 45! }

Use the reaction at B as the redundant.
Ag=0=48, “"SBB B

Compute ABO (The deflection of B in the released struc;ture)

o
F o0 E 0o D | F +9 E+9 {p

Y X / P systen 415/ |o N\ |0 A5
AL | s A [-45 | 5 )

(of
Bl Kk

2 \ "écp“ P rifT-N
Compute 63 (The vert:.cal ‘defl. at B due to a unit load at B)

F o Epo © F o0 BE o D

-5 . . |
%/ 1'5/8 0 P System % "% 0 4
+ - - 41 ‘
| +% | +% %
: A=
& . ’.@r- bféaa <
% fi | z/u | ?yzz

ABO  LkxA _ Fpl
1 ABO“ZFQIE"

Q Sx‘ stem

F.L

S BB Sp -9
1%¥8 8B 'ZFQ iE




'p?' FFpl
- 4,5 -25.31
o i -18 o
0 +9 o
. ‘s PR
+ 9.77 4+ 7.5  -117.19

o

+ +

+

‘o oM ol O O O ol

+20 - 0 0
+9.77. =75 +117.19

Z_F F 1= +t+3 76, "’Z'F&SPE - 50.63

‘“SBBB
5_°_é2 __2_'2_

}.E ;! 0 - -5o 63 % 43 7énB =0

. _os_ X
33-2—57—,%-1.16.

R acts in the direction of the 1¥ 30ad, i.e.'L




- EXAMPLE

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

Area of the cable = 0.5 sq in
E of the cable = 22 x 107 ksi
W8x31 ( AISC Manual 8th Ed.)
A =9,12 sq in; I = 110 inu:
= 27.4 in%; E = 30 x 107 ksi

e

FACLCLNNSANN

0

Compatability Equation; AA =0 = AAO +.-X(3AA)

7 virtual work; for AAO conszder (a).
k /.
1°4,4 =1 Q = o 0 MQMP £2

From B to C L =20 0<x< 20
=0 MP = 20x -

23.09" 0<¢x<23.09




Example (cont.)
20 | | '
1kAAO =0+ j; -(0.5x) (20x)dx -1-%—%&
3420 o
- x’ 1728
-10 3 ] o (357%10600 % 110’

. AAO - _13.96n
For éAA consider (b).

k Yo2L 2
EVOANS NG S
From B to C L = 20 " 0¢x{20

Py = -70.866 '-MP --'-(o._sx)'_

Fq = - 0.866 My = ~(0.5x)

1=23.09"  0<x€23.09

MP =0

FQ =1 MQ = 0

_ (-0.866)(-0.866)(20)(12) , (1)(1)(23.09)(12)
(9.12)(30 x2%93) » (0.5)(22 x 10°)
\4.[0 .&Mﬁ—— x (17‘28)

(30 x 10°)(110)

- _ 3 =20 . 1728
_ .25 x.] ,
0007 + .0252 + ( *“5=== | o T30 x 1000 x 110)

= .0007 + .0252 + .3491 = 0.375"
= ZSAO + x‘éAA =0

- 13.96 + 0.375 X =0

13.96 _ 35 o4k ans.

X =%.375




Example (cont.)
37.24° 18.62%

haNTE
32.25%

32.25%,
e i—

27.60™
1. 38%

Components of the cable tension:
Ay = 37.24 sin 30° = 37.24 x 0.5 = 18.62%

= 37.24 cos'30°'= 37.2% x 0.866 = 32._25k

Then for the whole structure;
A ry = 18.62 -20 4 0y = 0
1.38% }

Cy

Cy = 32. 25 —_—
F M, (20-18 62 )(20) = 27. 601‘(

The stress in the beam = % = (2 ég? 12) - ¢ 12.09 ksi

due to bending

The direct stress in the beam =

'« The Max. stress in the beam is:
15.63 ksi compr.  Ans.
Bx = -3.54% 12,09 =
8.55 ksi tension Ans.
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l

|

i .

. :Draw the Shear and Momen'l curves for the beam helow. ‘5’:‘:}'“{,‘”%"2 :‘"’"“-’"*

i .

i 2%t et 8¢

ILOAD A IERREREERENIENR! ‘ J
/ T o . L . s 4'- D Sign ‘convention

Is .coqsfa‘n{. af

l

] . —~t

] !“-:f'-_- | ' Modified k = 34xXa=%4 | ©
| df=g% - 67| .8 e

I FEM . -54 -xz - -
i dish. N HO/ ' ~
N - -1 v . = - -l IGXlS"-54-"
| dish, e, w4 "~ "G

c.o. ff FEMCb =0

dist. . i - FEMcpe-PL
- | -40 e | 3 -8y4: _}2::

Vample | t )

Venom. {gpm Ag) =

Nm [ 4

React. : cneex

oM gND £

V=0 - - q £#(4)()=-4o = =qn”’

L

q.55xQ-40 "46"‘

CHECK
FRem £80D C

Gn‘s‘q- 12 = 4¢‘K

PTS, ©F INFLECTIC

SPAN AD
LENGTH O F =M 5 max
Led BM

m——

o
L=J&9 = @'
e 4
O PTS. OF INFEL, ARE
5-3:257-3:4'
SPran BC
‘Ao Q= !
f‘%r To“ 4-'9

[ .Z‘q.‘G'
oz .%—& 1.8
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|

|

i

i

i

i

|

i
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MODIFIED STIFFNESS FACTORS FOR VARIOUS END CONDITIONS

1. One end simply supported: ' ' K' = 3/4(K)
2. One end symmetrical to other end: K' 1/2(K)
3. One end antisymmetrical to other end: K 2(K)
e.g.
Case 1.

| -,
_ _2 % 50
FEMAB +FEMp = 12

ok/Tt 1uok ~ = 416.7'k
L W) y FEMp,=-3/16(40 x 30)
B C +or - =-225.0'k

15*' , 15' (Diag. 13 p.2-118, -
a g AISC Manual 8th ed.)

EI constant

3.33 |
3/4(3.33)=2.50
0.44 | 0.56= 2.5/4.5

+416.7 | -225.0
- 84.3 | -107.4

+332.4 | -332.4

Case 2. - : ' <10 x 16
. 8

AB

k .
e /T FEMBA=-FEM =+20'k
‘ 93 Lu— 1511 ‘
. . C&

(Diag. 16 p. 2-119)

16" . 8" —2x 162 __ '
ET Constant - FEMp-=-=73 h2.6'k

1 x (1}2):1/2 KDiagg;S p.2-119)
0 2/3 1/3

"2000 +2000 -42.6
+15.1 ¢ 7.5
+

Ll
-12.5  ¥35.1 F35.1 +35.1F35.1 +12.5




1HI—-31b

: , - = 2% 127
2k/ft . . ~FEM, =+FEMyp= =715 : oLk
ISV LAN ERALLIN _ (pDiag. 15 p.2-119)... "
Bl K'={1/2)x 1=1/2 C Y '
.2/311/3 __ .
- FEM ol EI Constapt,
Dist. . +16|+ 8
1

Z-M  *16[-16

]

"3; +

1 o 1

“‘————-K=K'=1éf——4—4—=—

‘case 3. B
- 60" " 6o¥

30° ,10d 200 10°

c

: 2T B} 21
100.%'2T/30 = | 200x 2I/40 =
R 2/250500)=7. 5
- Oe /XD V)=V _
E 7K“EK'— } E%rv

mr-100X1/20=5.0

=

o

"225 . 0

Disf. Factors S ' . 1882
. BA ' ' ;. 2136.8

o ‘ 7 /
FEM ;

+78.2

+39.1 O
+39.1 178.2 o
wy

+

!
!

J

"

1

!
1
I_
|

1 .
!

!

1
'

I

I

I

1

;




A spring placed under o canlilever beam a5 shown limits the deflection to
one-half the valve obtained if the beam could deflect Frce[y. The beam is 'Mdc
of slee] and is 12 inches wide by I* deep. Find the spring constant. |
" Sleel, E» 30,000,000 psi ‘

with, - g ‘ 12 _' bd’ _ lexsi,__”n‘ :

—r = "2

3 . | -
) . _”i,_ Consider ihe spring support as the redundant.
—22 . The primary structure is as shown in (®). -
‘ The compatibility equaticn,based an the
‘condidions shewn in (¢) and (d) and the initial
deflection condilion sialed in the problem, 15:-

Ovo -ébb *p\’-"”i A Bo

&S xR e —'2- Avo

® R= Fr(force ir_\spr'mg): %g-g—;__

. wid C Mce Tk '. | o
A_e°- e A.SC. Tsbles p 2-120 nNerg

du= defiecion at B due to & unit kad ading cpward
at 6.
o Sy "'?'gi" | AIS¢ Tables p.2-121 He

_Then, from e3. © above
 Lw 4
= T2 FEL . wl

oW )
“ZEL

The force in the spring = Rd = f{-!-z aV-

. w b J our L4
b oy ke R 2 12 8cl
-&g BET _ 3x30,000,000x! - 72° l%n

B3 Soxfoex50




FRAME SIDESWAY (By moment-distribution method) s
Structural frames are subjected to sidesway because of unsym-

~“metrical position of loads (Fig. a), unsymmetrical frame geo- .. .
metry (Flg. b), lateral loadings (Fig. c¢), or p0351b1y a
combination of these (Fig. d).

An analysis of these frames by an accepted 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.

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-distribution lends itself readily to such
a procedure.




FRAME SIDESWAY (cont.) N
 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 structurs 1"
from swaying.
Distribute the fixed-end moments due to the applied
external loadings.
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 frame
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 lﬁ of
the columns. This is especially important if tﬁe
columns are of different lengths. '

l _ . Any moment may be assumed .but the value should be

consistent with the proportlonal requirements.

It is generally easier if the magnitude is assumed

to be of the same order as the moments due to the
- external loadlngs as figured in Step 2.

i rAnalyse 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

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

correct moments

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.




EXAMPLE .
Determine the end moments M, and My for the given frame. (Fig. a)
Use the moment- distribution method. ‘

Sign convention: Fﬁxed-end Moments f?\
FEM,p = -FEM = 0. 6)(10)( 0) _
A ;

BA 12

20 x 10
= £% 22

= ~FEMyp =-25 K

BC
5' C B

PA
w 0.6

,KA'- Kac* Kga® Keo
. -.:—ﬂ g—z— -o.;:, o+ 5
L 10 - T
. KeceKeguTeEeozz| iz
. EK,2 031400 w03 .
DF‘AgsO%I,o ) '4'3.)
31 rKpoZkes 0.5 3T))
7 DA BAs DI CDE
- 32
3T " °¢
D.F. BC = DF.CHh =

oY
INQ
NV

N
R
ow |gn

~r

QIO
% : y
|

) \

P+ 04140+

= |0 =4O
5 oo-h (3]

HHHIHHH.O

RN

. @

Flap et

000¢

-

Ut -t (n

8
+

*

'
X
o

A D

m—
=
—
g
il
—
—
—
poatd
s
T
A

-5
ey~ Flg. b -9.0
-2,

(Moment-Distribution)

20" (Step 2)
I N

G~(0.66 +2.72)= 2.62°

5 .

~

.

- Xl

o
1840 PR

[

[
, O
RN ]
(o ]

0.G6'Yerx 10'= 3%

UHIHUJHHHHH o

-(18.10+9.05) ¥
THEACS3.000 - 272"
o Ou

/ .05 %
-3+ 20584214 N A 295 =Mo

lo.? 2.75"
Av -3+ 2. 54= o.ac“« Dv

Flg. c
(Shears, moments,

and reactions)
(Step 3)




EXAMPLE (cont.)
Applying 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.

2625

o— —C—
. it

I T s . em —

M

op
O

ch
0.4

cOD
0.6

: =100
bccausf of
— symmetry -
ca]culauﬁo%ca .
are sameas
opposi

[
l
/
/

/
!
{

PR
O-HPQO
%00&

P4+ 4101 ++

Oloo..

+50

+
Ut

-100
et 25

75 (Moment- -Distribution)
(Step 4)

'\/ c
50" PR

Figo e Figo f

(Step 3)

25 e12.5m 25§ .5’

/|

Correction ratio:

2,62
25

- 2(90+75) < 17.5%- ~-(50+75)
1o o

D

Y o
(O 25(10) =75-15
10

= 12.5 =

. A
75'% \-1/
10%
Fig. g

(Shears, moments and reactions)
(Step 5)




SXAMBLE (cont.)
‘Applying the correction factor to the assumed moments and
shears will give the correct moments and shears for the

restraining force.

2.62 _
25 % 25 = 2,62%

£22E =-5,24 'K at the top of each column.

_— =-?.86'k at the bottom of each column.

Adding these to the moments and shears from the external
loading (Step 2) gives: ' :

+20.58 - 5.24 = +15.34 ¥ at the top of column 4B.

+ 2,79 - 7.86 = - 5,07 ¥ at the bottom of column AB.

-18.10 - 5.24 = -23.34% X at the ‘top of column DC.
- 9.05‘- ? 86 . -16. 91 koot the bottom of column DC.

(v)

+ 2.62 - 2, 62 '_ 0 thus eliminating the restralnlng
- force. o . SRR

5.24"

f

\
"\\ 5.24'™ 'i’

w

786

A g

1.31

pwanat D

(a) above : _ o (b) above




EXAMPLE (cont.)

20%
4.02" ( B_ l ‘?) 4.02%
" | 23,34%
15.34 1\0‘ xo"T

0.8 08} -xs.af;zaaa « 0.8"

PZ. 1q.2" | 1o.é‘t oo

~_ 15,34'% . _ Y
A LA 2334 e
3* 1.02° ] 4.02% | = R 4‘40_2. B

- -23-54-“!5.ﬂl ®
<. Yy = 4.0?.

s o' 198" o
fo1™ #1534 -5.07 _ [ gox N e.ar™
: |

o) .
q.2% t 10.8'%

Free-body Diagrams (Step 7)

P 5 lzo‘sf ¢

21

PO TTTRIR AL 0013380

1498°

<
wn
o
-4

q.2%
Answer
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TENSION CO-EFFICIENTS

For over a half a century British engineers have used a :
variation of the method of joints which is easier to apply -

and which, for hand calculations, has no equal in solvin R
space trusses. The procedure is called the method of tension @
co-efficients. - : SRR SR

A tension co-efficient 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. : S

Consider member AB:

The horizontal and vertical components of the tension force
PAB are, PABcosx:and PABsiné respectively. The horizontal

and vertical projections of the length of the member are
Xpp and Yy, o | |

Writing the équations for horizontal and véfficél equilibrium
at pin A, ; : _ , ‘
x
= p=AB _

oy
: — AB _
PABSLndf— ?-ir-—-

T, 5y
AR ABYAB

From.these we can see that the equilibrium equations for EF

H
andZEFv 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 anglecC,




LAC N Basantien 2 W ]

Solve ttzlg ' given truss.

k==

H

" Solution: '

Just as in the method of joints, each joint is isolated and
equations for 3 F, and ZFY are written. e v ,
Joint A zp'x =0 ‘

AC Assuming all unknowns are tension,and
1 summing forces in the x direction, for
A - force AB, we write its equivalent,
A - el ,
L A - for AC_ we write,
X -
Ra Tpc*ac T
and, sinceZFx = 03 - L R
121:AB +v8tAC -H=20 . .
The values for 12%t,p and 'Bt.A.C are positive since they are di-
rected in the positive x direction. The H.is negative because

its assumed direction is in the negative' ;c' direction. The re-

mainder of the equations for thexand y directions at each

joint are found in the same way and are recorded in Table I.
TABLE I . ; :

(1) Z A 12t,p + 8ty - H =

(2) ZA _ 12t,, - Ry
(3) b -12typ - btpg + 2y, =
(4) ' 121:BC RB

(5) - 8t,, + l:-tBC 28t =

(6) ; -121:AC -12th 124, =

-ZBtDC -zstD =

—)

tACB

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




.Example 1. (cOnt )
The length L of each member is found from

L=(x2+y2)%

The length of each member is then multlplled by the respec-

tlve tension co-efficient for that member and the: product oA
is the force in the member. The values of the reactions -

RA’ RB. and H are found in the process of solv1ng the equa- .

tions in Table I.

TABLE 1I

Mem- Tens.
ber cO-eff. - L . P

AB . -1.33 12.00 16.00 C
AC 2,00 . 1k42 28,84 T
Bc  -3.00 1o .95 67"
5D -1.17 24,00 28.00 C
| ;. 1.00 30.46 30.46 T
L SRR |
64,
.0
In golv1ng the equatlons 1n Table I the followlng order was
use
(8)s (7), (5) & (6) 51multaneously, %), (3), (2), and .




Il —az

Tension co-es-- .ents contlnued . S
Example 2. The following tripod problem is solved in the same way.

¥y ‘Order of solving equations in Table I;
E iE, E iD, D &D, simultaneously
. X% Y y
24k » . .A Ay etc. in any order.
*Z TABLE I

éx; StAD-HA.= 0
.Ay: 12tAD+RA =0
" =0

-4t +16tBE-HB =

20

ELEVATION

12tBD+RB 0

~1OtBD 10tBE+QB =

12tCD RC 0
-StbA+20tD +4tDB+utDC 0

3 -1?tDA-12tDC -121:DB -121:DE =

; -10tDB+1OtDC =.O_

; -16tEB-16tEC-20tED =0
12t -24 =

y.
Z

+10tn = 0

EB

The length of the frame members is obtained from;
(x +y +z2)2 '
T ABLE II . - TABLE III

Tens. Force in
co-eff, Length member Reactions

2.67 14,42 38.50°T H, 21.33 «—
-2.33 16.12 37.56 C " R, 32.00 {
-1.25 18.87 23.59 C 0
-2.33 16.12 37.56 C 10.67 —
-1.25 18.87 23.59 C 28.00 }

2.00 23.32 L6.64 T 35.83 |

- : 10.67 —
28.00 |
35.83 1}




RIGIDITY OF MASONRY WALLS - o .
Distribution of lateral forces to individual piers

H=
6000# - :
H = horizontal load

o * P,= force to each pier
¢2_T M_T : (n = (A through E))
‘1 : o - = design shear for each pier
B C A . - .

Mn design fioment for each

pier, where
. Py h Lt ,
Mn— -—-— for top,and bottom
of f:.xed p:.ers.

t = wall thickness s
(generally constant) B ‘= height of p:.er.'
width of pier

Fig. 1

Rigidity of wall = BAF or VA
whereA =0.001 [(h/d) 3(h/d)] for i‘n.xed ended piers.

Ac=0.001 E&_(h/d)B + 3(h/dj for fn.xed at one end only.
For example given in figure 1: .

Pier h da h/d e % of Hto P M
(in.) (in.) | each pier (1bs) (in-1bs)
36 2l .5 21.1 1266 22,788
36 36 . .0 1.4 2484 44,712
72 24 o b6 276 9,936
72 48 . : 21.1 1266 45,576

72 36 . 11.8 . 708 25,488




QEELEQIIQN_EQBMHLASI

The maximum deflection for a simply supported beam 'having- qrﬁ)
uniformly distributed load may be found from: S

A 180.00 M L2 M=moment in ft-kips
L=span in feet :
EI E=mod. of elast. in ksi 4
=moment of inertia in in
A=deflection in inches

This formula is valid for beams of any material, except concrete,
providing thg 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:

R 2
zxmax. =ML"/ kI

where k = E / 180.00.

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

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

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 & 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 1load
moment required for use in the deflection formula,




For the dead load:

Hi—as

The concentrated load may be Changed to an EUL (equivalent uniform
load) by multplying it by an EUL co-efficient of 2.0 (See "f"
co-eff. for n=2,o0on p.2-295 of AISC Manual of Steel Construction,

qth ed.) ;ASD; p.3-129 LRFD,

Using the total uniform load of Wiy = ¥ X L, and a total EUL for
the concentrated load of 2.0 x P, é%e moments are, for the UDL,
M=Wudle/8, and for the concentrated load, MEUL=WEULxL/8.

UDL  =0.060 k/ft Conc. 1d. = 0.600K

W ,;=0.060x18=1.080" EUL = 2.0x0.600=1.2"
o1 . gaEtek o o 9aEt-k
M, q,=1.080x18/8=2.43 Mgy, = 1.2x18 /8=2.70°°7F

Now, we must modify the EUL moment for the concentrated 1load 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.
B (2.43+(.800(2.70)) (18)2

o _ = 0.38"
DL (max) (4.444) (889.89)

For the live load:

UDL  =0.200 k/ft Conc. 1d. = 0.900F

=0.200x18=3.600K EUL = 2.0x0.900=1.8%

fe=k M = 1.8x18 /(8)=4.05

Waa:1
] " £tk
=3.600x18/8=8.10 EUL

(8.10+(.800) (4.05)) (18)2
LL(max) ~ (8.889) (889, 89)

Mudl

= 0.46"

A total = 0-38 + 0.46 = 0..84"

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

=(2.43+8.10) +((2.70+4.05)/1,15)
= 10.53 +  5.87 = 16.40fF7K

- Mypr, gy,

which is exactly the maximum moment for the "with snow"™ condition
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BEAM DESIGN by AISC Specs.
Reference: Manual of Steel Construction, American Institute ‘of ‘Steel
Construction, Ninth Edition, ASD.Chaptec F. - '

1. ﬁasic Equation: - M
S--FT

S = Section Modulus = I/c

M = Design Moment N

Fy - Allowable bending stress
2. Fbv(alloyable_bending_st;g;s)

The allowable value of F, is a funétion of bending strength;'which
may be limited by plate buckling or lateral-torsional buckling (LTB).

2.1 Values of F), are discussed below:

"a. Comgact Sedtion
| Py = .66 Fy, but Fy, < 65 ksi | |
The cross-section can undergo plastification without local plate
buckling or without LTB, (See Section B5.1., ASD Manual p.5-35).

Generally, hot-rolled shapes of F} = 36 ksi steel are compact.
except for Wéxls. :

Semi-compact Section _

. bf
Fp = Fy (.79-.002 75 /)

See Section F1.2 & Formula F1-3, p.5-46 ASD Manual.

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

65 . bt ¢ 85.0
P 2

See Sect. BS5.1, p. 5-35 & Table B5-1, p.5-36, ASDM




c. Fy, < .6F, LIB controls

When the unbraced lenth of the compression flange is large,
equations, Fl1-6,7,and 8, in Sect. F1.3., p.—47, ASDM, are used
to determine the allowable bending stress, Fp. A simplified

_ method is presented after-this.discussion.

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

Fp = .6F,Q, Equations for computing Q, for slender compression
members are given in Appendix B, page 5-98, ASDM.
Normally, bending members in which Qg 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.

Beam tables ASDM, p.2-30 ff.

¥

Fp given by equations
in F1.3., ASDM p.5-47

— = Increasing

Beam charts ASDM pages
2-146 ff. ‘

L]

.. —= incresding

(=]

Unbraced length of
Compression Flange

VARIATION OF F, WITH UNBRACED LENGTH
OF COMPRESSION FLANGE
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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_ and L, 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 765, /\/_ nor 20,000/[(d/A4,)F,] if the
members are to be assumed to have adequate lateral bracing. The least of
these two values is referred to as L.

Should the distance between points of lateral bracmg be greater than
L, the AISC says that the allowable bending stress must be reduced from
0.66F,, with the appropriate formula but in no case may it exceed 0.60F,..
When these formulas are used, however, there is a range in which they give
a value above 0.60F,. For each beam there is an unbraced length for which
the controlling formula yields an allowable stress exactly equal to 0. 60F,.
This length is called L, throughout the manual. Based on this mformatlon
it is possible to make the following simplifying statements.

1. If the unbraced length< L., F, equals 0.66F, assuming the other
requirements of AISC Section 1.5.1.4 are met.

2. If the unbraced length is >L_but €L, F, equals 0. 60F,.

3. If the unbraced length is >L_and >L,, F, will be less than 0.60F,
and can be determined by the appropriate formulas from Sectlon
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,” and discussed later in thJS 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

Atad,= - (11.510)0. 855)+( )(3' 38)(o 580)=12.87 in.2

%x218 5
=\ T2z ~2°!




'EXAMPLE Design of a laterally supported steel beam.

w = 1k1f " select a W section to support a:
uniformly distributed load of 1X per

linear foot. o »
20°' ' Steel is A36, full lateral support
for top flange.

Solution:
Full lateral support: =~ F, = 24 ksi.
Assume beam weight = 50 plf.
Total w = i.oo + 0.05 =Al.05vklf’ - .

M = wI?/8 = ((1.05)(20)(20))/8 = 52.50'k

Method 1

Compute S required.

S = M/Fy = (52.50 x 12)/24 = 26.25 ind |
From table of S values, ASDM p. 2-12, try a Wi4x22, S, = 29.0 in.
We could also use the Moment of Resistance values, M., 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 M, is 581'¥ which is greater than the ‘applied moment of
52.50'%, Therefore, the W14x22 is ‘satisfactory for bending.

Method 2

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.




TABLE B5.1
Limiting Width-Thickness Ratios
for Compression Elements

Width- Limiting Width-
Thick- Thickness Ratios
ness
Description of Element Ratio Compact Noncompact®
Flanges of I-shaped rolled beams and b/t 65/VF, 85/VF,
channels in flexure®
Flanges of I-shaped welded beams b/t 65/VF, 95VF, 7k."
in flexure
Outstanding legs of pairs of angles in continu-
ous contact; angles or plates projecting from
rolled beams or columns; stiffeners on plate bt NA 95/\/?;
girders
Angles or plates projecting from girders, built-
up columns or other compression members; b/t NA 95/VF, /k
compression flanges of plate girders
Stems of tees dst NA 127/VF,
Unstiffened elements simply supported along
one edge, such as legs of single-angle struts, | b/t NA 76/\/F_';
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 uniform thickness
subject to bending or compression?; flange bt 190/VF, 238/VF,
cover plates and diaphragm plates between
lines of fasteners or welds
Unsupported width of cover plates perforated | b/t NA 3171VF,
with a succession of access holes®
All ather uniformly compressed stitfened ele- | = b/t NA 253/VF,
ments, i.e., supported along two edges h/t,
Webs in flexural compression® d/t 640/VF, -
h/ty — 760/VF,
Webs in combined flexural and axial for
compression fu/F, <016
d/ty 640 A
vE (1 374 F,)
for -
f./F, > 0.18
257/VF,
h/ty - 760VF,
Circular hotlow sections
In axial compression D/t 3,300/F, -
In flexure . 3,300/F, —
*For hybrid beams, use the yield strength of the flange F,instead of F,.
PAssumes net area of plate at widest hole.
°For design of slender sections that exceed the noncompact limits see:Appendix B5.
9Seg also Sect, F3.1.
%, =05 it h/t > 70, otherwise k, =
o = Thiyo= , otherwise k., = 1.0,

AN R R BN W .

L ]
Sect. B6]

B7.

810
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ROTATIONAL RESTRAINT AT POINTS OF SUPPORT £

ROTATIONAL RESTRAINT AT POINTS OF SUPPORT

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

LIMITING SLENDERNESS RATIOS

For members whose design is based on compressive force, the slenderness r
Kl/r 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 to 1
in tension. Members which have been designed to perform as tension mem!
in a structural system, but experience some compression loading, need not
isfy the compression slenderness limit.

SIMPLE SPANS

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

END RESTRAINT

When designed on the assumption of full or partial end restraint due to con -
uous, semi-continuous or cantilever action, the beams, girders and trusses .
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, with
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

PROPORTIONS OF BEAMS AND GIRDERS

Rolled or welded shapes, plate girders and cover-plated beams shall, in g
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

0.5F, As, = 0.6F, Ay (B

where Ay, is the gross flange area and Ay, is the net flange area, calculatec
accordance with the provisions of Sects. Bl and B2.

If

0.5F, Ag, < 0.6F, Ay, (B

the member flexural properties shall be based on an effective tension fla
area Ay,

(B1(
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SIMPLIFIED APPROACH TO_AISC BENDING FORMULAS e

Frank W. Stockwell Jr., AISC Eng. Journal, 3rd Quarter, 1974.
A new term, Q, is defined to be:
0
F,(—)?2
A
510 x 103C,

F, = 0.6 F,
Use equation F1-6, ASDM p.5-47
. Use equation Fi1-7, ASDM p.5-47

F (-:E--)2 e
Fp= (2 - __'rz_

The second term in the parentheses is Q/3 s0 Fl-6 becomes:

Fb-(Z;Q)F

Formula F1-7 is:

F _ 170x10%C, " " ‘solving for (8/rp)2 in ¢ Ly2 510x103C,Q
P Ly the expression given I T TE,

I above for Q, results in:

and, substituting this into F1-7:
170x10° ,, _ F,
510x103C,Q 30
F)‘

Formula F1-8, ASDM p. 5-47, is:
' 12x103C,

> A
Ag

This equatlon should be checked when the compression flange is
solid, approximately rectangular in shape, and its area is not less’

than the area of the tension flange.




§IMPLIFIED APPROACH TO AISC BENDING FORMULAS (cont.)

Summary.
. The four steps for flndlng Fb when the length of the'ffﬁ}
compression flange is greater than}Lb are: ,
1. | L Note: Fy is in ksi.
F, (__42 -

_____Z___
510x103C,,

(a) If Q £ 0.2 ' =.6 F,
(b) If 0.2 £ Q £ 1.0 = ((2-Q)/3)Fy

(c) I£Q=1.0 E = Fy/(3Q)

If appllcable, Check Formula F1-8.

12x103C,
Fp = =
o

Fp, = the 1arger of the values from Steps 2 and 3 but not
over 0.6 F, .

If F, = 36 ksi:
For Step 2(a) above;
Fp, =-0.6 X 36 = 21.6 ksi
For Step 2(b) above:
Fp, = ((2 - Q)/3)(36) = 12(2 - Q) -
For Step 2(c) above:
Fp = 36/(3Q) = 12/Q
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TABLE 6
Values of C,

TABLE 4

VALUES OF C,
For Use with Equations (E2-1) and (E2-2) and in Table 3

Fy
(ksi)

Ce

Fy
(ksi) Ce

For Use in Equations (F1-6), (F1-7) and (F1-8)

5-121

33
35
36
39
40
42
45

131.7
127.9
126.1
121.2
119.6
116.7
112.8

46

M,
M.

Co

G

M,
M.

Slenderness Ratios

TABLE 5
of Elements as a Function of F,

Specification
. Section and Ratios

Fy (ksi)

42 46

50

Table B5.1
65/\/F;
1 90/\/F;
640/\/7-';
257/\/F;

9.6

9.2

-1.00
-0.95
~0.90

-0.85
-0.80
-0.75

-0.70
—0.65
-0.60

-0.55
-0.50

1.00
1.02
1.05

1.07
1.10
1.13

1.16
1.19
1.23

1.26
1.30

-0.05

0
0.05

1.34
1.38
1.42

1.46
1.51
1.55

1.60
1.6
1.70

1.75
1.80

0.10
0.15
0.20

0.30
0.35

0.40
0.45

Note 1: G, = 1.75 + 1.05(M/My) + 0.3 (MJ/M,)? < 2.3

Note 2: M/M, positive for reverse curvature and negative for single curvature.

Sect. F1,2
102 x 10°C,
Fy
/510 X 103C,
Fy

Table BS.1
76/\/F,',
95/\/F;

127\/F,

TABLE 7
Values of Cy,

For Use in Equation (H1-1)

M
M,

Cnm

M,
M.

Cin

Table B5.1

238/\/7-‘;,
317\/F,
253/\/73;

Table B5.1—Appendix
B5.2b
3300/F,
13000/F,

Sect. G1
14000

— 14000
VE(F, ¥ 16.5)

20001\/F,

-1.00
-0.95

~ -0.90

-0.85
-0.80
=0.756

-0.70
~0.65
~0.60

-0.55
-0.50

1.00
0.98
0.96

0.94
0.92
0.90

0.88
0.86
0.84

0.82
0.80

-0.45
-0.40
~0.35

~0.30
-0.25
-0.20

-0.15
-0.10
-0.05

0
0.05

0.78
0.76
0.74

0.72
0.70
0.68

0.66
0.64
0.62

0.60
0.58

Note 1: Gy, = 0.6 — 0.4(M,/M>)

Note 2: M,/M, is positive for reverse curvature and negative for single curvature.




  div1de the actual 1 by the actual Cb |

EXAVPLE
Selectsxw section to carry the uniform load. The beam is
w=1,7 k1f laterally braced at supports

W B and D, and at mid-span of BD.
| 11 36" 11_| Fy = 36 ksi A A

With lateral support at C, L
C for a cantilever is 1 0

Cb for sections BC and CD =
M

—175+1o5ﬁ1+03( )2423 ASDM p. 547
2

ASDM p. 5-47

Cy

c 175+105(ﬁ%)+03(—1-.7%) = 2.43 }Flse23

b

We will use the beam diagram on page 2-1@@ 'K
.'Since the graph is drawn for C =1.0, 173

and enter the graph wlth thls revised
length and the moment. The nearest
heavy line to the right of the 1nter-
section of length and moment will give
a trial sectlo?é |
Lrev. = é.3 =7 8'

The nearest trial size is a WiB8 x 50
which has an S, = 88.9 in3. p. 1-22
I 3 L 88x912 = 23.4 ksi

The L, for Cy = 1.0 for this section
is 11 feet. The revised Lu for Cb = 2.3 ' 7.8t
is 11 x 2.3 = 25.4'>18', so F =2.6ksi. '

However, 2W6 ksi{ 23.4 ksi, so the section is unsatisfactory.




.EXAMPLE (cont.)

The next heavy line to the right is a W 18 x 55 the propert:.es
_ of which are: -
' Lu = 12.1 £t
= 98.3 in3

= 1. 95 in

6 1112

Q= 510000::23‘038

510 x 103 cb
b = 12 ( 2 -0.38 ) = 19’.46_ ksi
. Check Formula Fi-8 p.5-47 - _ : : .
_ 12000 x 2. _ aa C ol
Fb {8 x12)5.82) = 33.45' ksi Use Fy = 2l6ksi
£ =121,12<2l6ksi = F ’

b . b
The W 18 x 55 is satisfactory.

F

This could also have been determined by considering a revised
unsupported length because of Cb‘

£, =12.1 x 2.3 = 27.8'>18"
oo Fb = 2.6 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 THELE 21T For shapes used as beams

F, = 36 ksl o Aise
Shape L Ly Ma | mancad- Shape Depth | p,

- Pt Ft Kipft | =

W 33x141 887 y—
W 36x135 869 W 16x100
W 30148 . : 863 W 14x109
W 18x211 . 2| 49 830 ; W2ix 83
W 21%182 - 826 | - W 18x 86
W 24x162 : . 820 W14x 99
W 27146 814 W16x 89

W 33x130 804 W24x 68
W2ix 73

W30x132 B . 752
W 21x168 . 752 = W 18x 76
W 18x192 : 752 : W 14x 90

W 24146 y 735
W 21x 68

W 33x118 711 : W 16x 77
W 30x124 - . X 703 - : g
W 27x129 683 W 24x 62
W 18x175 681

W21x 62

W 30x116 651 wWi8x 71
W 24x131 X 651 W 14x 82
W 21x147 651 W 12x 87
W 18x158 . 614 : W 18x 65
W 16x 67

11111

W 30x108 502 :
W 27x114 592 W 24x 55

W 21x132 | 584 W
W 24x117 576 | Wt o3
W 18143 558 W 1ok o0
w21x122 541 W 12x 79

W 30x 99 - 533 W 14x 68

W 27x102 - 529 ‘

W 24x104 \ 511 - W 18x 55

W 18x130 — Wi2x 72

W 21x1i1 _ . W 21 50

W 30% 90 / W 16x 57

- W 24x103 X . W 14x 61
wW2a7x 84 ]2 . . . )

W 18x119 - . . W 18x 50
W 21x101 ) . W 12X 65
W24x 94

: ‘ ‘ W21ix 44

W 27x 84 - . W16x 50 -
W 18x106 W18x 46
W i2x 58

W 24x 84 ] W 14x 53
w21x 93 : X W 16x 45

W 14120 5 | W 12x 53
W 18x 97 _ W 14x 48
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I MOMENT OF INERTIA SELECTION TABLE ‘
X For W and M shapes : For W and M shapes

Shape Shape L Shape Shape Shape L
In* . In.*

W36x848 W44x248 (21400 || W40x 167 W33x118 w27x 84 W2ix 50 | 984 || W16x26
W 30x391 [20700 || W 33x201 W 30x132 W 18x143 W 18x 60 | 984 [ W14x30 W 10x12
W 36x798 W 27x448 {20400 || W 36x182 W 24x176 W 12x252 w1ex 67 | 954 [l w12x3s - W 6x25
W 36x300 |20300 || W 27x258 W 27x146 W24x 94 W 12x106 | 933 || w10x49 W 8x15
W 40 x 655 W 40x249 | 19500 || W 21x364 W 18x258 W21x111 W 18x 55 | 890 W 8x67 W 6x20
W 36x720 W 33x318 | 19500 || W 14x605 W 14x370 W 14x211 W14x 82 | 882 || w10x45 W 8x13
S W 24x306 W-30x124 W 18x130 M 6x20
W40x593 v W 36x170 W 21x201 W 21x101

W 36x650 Wa4x224 119200 || \w 30x211 W 24x162 W 12x230 W21x 44 | 843 || w1ax26 M10x 9
W 40x244. | 19200 B . W 14x 193 W12x 96 | 833 | w12x30
< x _ | . W 14x 74 W 10x39

W W 30x357 {18600 || wa0x 149 W30x116 W24x 84 0

W 16X 57
W 27x407 | 18100 || w 36x160 W 18x234 W 16x119 W12x 87 | 740

W40 %480 Wasx291 117700 || w 27x285 W14x342 mgigg W 14x 68 w12x26 | 204
W 36x527 W 36x260 17300 || w 21x333 W 27x129 W 10x112 | 716
W 33x567 W24x450 117100 || w 24x279 W 21x182 W18x 46 | 712
W 36x256 | 16800 || w 14x550 W 24x146 W24x 76 w12x 79 | es2 || W1ax22 | 199
W 40x 436 W 30x326 [16800 || w 33x169 Waix 98 W16x 50 | 659 || W 8x48 | 184
W 36x485 W 30x191 ' W18x106 Wi4x 61 | 640 || W10x30 | 170
W 33x515 W 36150 Il 'wao W 14x159 W 10x100 | 623 || W10x33 | 170
W 30x581 Wadx198 |16700 | o500 o0 30x 108 W 12x190
: W 40x215 {16700 || (50 500 W 18x211 _
W 40x 397 W 40x221 116600 Jl 0 517 S0 W 14x311 W24x 68 W18x 40 w12x22 | 156
W 36x439 W 36x245 | 16100 W 14X500 W 21x166 W21x 83 W 12x 72
W 33x468 W 27x368 | 16100 W 30x173 W27x114 W 18x 97 W 16X 45 _
W 30x526 W 33x263 | 16800 W 33x152 W 12x336 W 14x 145 W 14x 53 M14x18 148
W 24x408 | 15100 W 27x 194 W 24x131 W 12%170 W 10x 88 W 8x40 146
W 40 X 362 W 36x230 | 15000 ’ W2ix 73 W 12x 65 W 10x26 144
W 36350 W 40105 | 14600 | Waxss | 127
W 33x424 W 30x292 | 14900 W30x 99 3 | Wux e W16x 40 W1ox22 | 118
W36x 135 W 18x 192 WiBx 88 W 8x31 | 110
W40x 328 W27x336 | 14500 || \y 24209 W 14x283 W 14x132
W 30x477 W saxaan | 149001l w1xars W 21x147 W16x100 W1sx 35
W 33x 141 Ww2ix 68 W 14x 48 w12x18 | 103
W.40x 324 W 14x455 Wi12x152 W 12x 58 W 8x28 | 980
W 27x539 W40x192 | 13500 || W27x178 W 14x120 W 10x 77 W10x19 | 963
W 36x359 W 24x370 | 13400 || W 18x311 W30x 90 : W 16x 36 . X
' W 24x207 W 27x102 W24x 55- N w1ax 43
W44 x 285 W 21x248 W 12x305 : W21x 62 °}- W 12x 53 W12x14 88.6
W 33x387 W40x 183 | 13300 W24x117 W 18x 76 W 12x 50 W 8x24 82.8
W 40x298 W 36x210 | 13200 W 18x175 W i6x 89 W 10x 68 394 W 10x17 81.9
W 40x297 W 30x261 | 13100 W 14x257 W 14x 109 W 14x 38 385 W 8x21 75.3
W 30x433 W 27x307 {13100 {| W33x130 | 6710 || W27x 94 W 12x136
W 27x494 W33x221 | 12800 || W30x148 | 6680 || w21x132 W21x 57
W 36x%328 W 14x665 | 12400 |} W 14x426 | 6600 [ W 12x279 Wi18x 71 W16x 31 375 M12x11.8 | 71.9
W 21x402 | 12200 || W27x161 | 6280 || W 24x104 Wiex 77 W12x 45 | 350 {| w10x15 68.9
Wa0x277 W 36x194 | 12100 || W24x192 | 6260 || W 18x158 W 14x 99 W 10x 60 | 341
W 33x354 W 27x281 | 11900 || W 18x283 | 6160 || W 14x233 _ W 18x 65 W14x 34 | 340
W 24x335 | 11900 || W14x398 | 6000 || W 24x103 W 12x120 W12x 40 | 310 || M12x10.8 | 65.0
W 40 x 268 W 30x235 | 11700 || W21x223 | 5950 || w21x122 | W 14x 90 W10x 54 | 303 || w 8x18 | 619

Shape Shape : Shape

M12x10

z ss2T sszssss
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Lacing, including flat bars, angles, channels or other shape

ing, sha_ll be s0 spaced that the ratio /r of the flange ingufi:g‘ ll))i(:vyviirﬁll;?;
connectnong shall not exceed % times the governing ratio for the member as a
wl!ole. Lacing shall be proportioned to resist a shearing stress normal to the
axis of the member_ equal to 2% of the total compressive stress in the member
The ratio I{r for !acmg bars arranged in single systems shall not exceed 140 Foxz
doubl; lacing this ratio shall not exceed 200. Double lacing bars shall be jo.ined
at thelr- Intersections. For lacing bars in compression the unsupported length of
the !acu;g bar shall be taken as the distance between fasteners or welds con-
necting it 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 t’he axis of
the memb;r shall preferably be not less than 60° for single lacing and 45° for
double lacing. When the distance between the lines of fasteners or welds in the

f . . .
ana;]geess. is more than 15 in., the lacing preferably shall be double or be made of

The function of tie plates and lacing may be performed by continuous cover
plates perforated with access holes, The unsupported width of such plates at
access holes, as defined in Sect. BS, is assumed available to resist axial stress
provided tl:lat: the width-to-thickness ratio conforms to the limitations of Sect’
BS5; the ratio gf length (in direction of stress) to width of holes shall not exceeci
2; the clear distance between holes in the direction of stress shall be not less
than the transverse distance between nearest lines of connecting fasteners or

welds; i . g
of 114 ?nn‘d the periphery of the holes at all points shall have a minimum radius

PIN-CONNECTED COMPRESSION MEMBERS

Pin-connections of pin-connected com i
; Tession members s|
requirements of Sect. D3, P nall conform to the

COLUMN WEB SHEAR

Column connections must be investi
( stigated for concentrated force i i
In accordance with Sect. K1. re¢ introduction

5-45
CHAPTER F

BEAMS AND OTHER FLEXURAL MEMBERS

Beams shall be distinguished from plate girders on the basis of the web slender-
ness ratio h/t,. When this value is greater than 760/\/F, the allowable bending
stress is given in Chapter G. The allowable shear stresses and stiffener require-
ments are given in Chapter F unless tension field action is used, then the allow-
able shear stresses are given in Chapter G.

This chapter applies to singly or doubly symmetric beams including hybrid
beams and girders loaded in the plane of symmetry. It also applies 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. BS.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

F, = 0.66 F, (F1-1)

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

T6by 20000 .
vF, or (A F, (F1-2)

Members (including composite members and excluding hybrid members and
members with yield points greater than 65 ksi) which meet the requirements
for compact sections and are continuous over supports or rigidly framed to col-
umns, may be proportioned for %10 of the negative moments produced by grav-
ity loading when such moments are maximum at points of support, provided
that, for such members, the maximum positive moment is increased by %10 of
the average negative moments. This reduction shall not apply to moments pro-
duced by loading on cantilevers. If the negative moment is resisted by a column
rigidly framed to the beam or girder, the %10 reduction is permitted in propor-
tioning the column for the combined axial and bending loading, provided that
the stress f, due to any concurrent axial load on the member, does not exceed

0.15F,.
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2. Members with Noncompact Sections

For members meeting the requirements of Sect. F1.1 except that their flanges
ers with yield points

are noncompact (excluding built-up members and memb.
greater than 65 ksi), the allowable stress is

b
F,=F, [0.79 - 0.002 2Tf, \/E] (F1-3)

For built-up members meeting the requirements of Sect. F1.1 except that their

pact or noncompact, (excluding
hybrid girders and members with yield points greater than 65 ksi) the allowable

flanges are noncompact and their webs are com

stress is

\ oo
F,=F, [0.79 ~0.002 2 /% (F1-4)
26 V&,

. = % if h/t, > 70, otherwise k. = 1.0,

For members with a noncompact section (Sect. BS), but not included above,
and loaded through the shear center and braced laterally in the region of

compression stress at intervals not exceeding 76bf/\/7;,, the allowable stress is
F, = 0.60 F, (F1-5)

Members with Compact or Noncompact Sections with
Unbraced Length Greater than L

For flexural members with compact or noncompact sections as defined in Sect.
BS.1, and with unbraced lengths greater than L, as defined in Sect. F1.1, the
allowable bending stress in tension is determined from Equation (F1-5).

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
-6) or (F1-7) and (F1-8), e
ns with a compression flan

For channels bent about their maj
determined from Equation (F1-8).

Anernre oae Tajomrmr e ae 6. -~

or axis, the allowable compressive stress is

3
14

When
]102 X 10°C, < 1 < /510 X IO’CI,:
Fy rr Fy

2__B (U ]F < 0.60 F (F1-6)
Fo = [5_ 1530 x 10°C, | >~ 7

e P%
! [[l0X10°C, . 5|00
=

170 x 103C, -
= —————=0.60 F,
Fo (lrey? y
For any value of l/ry:

12 x 103Cb (FI-S)
Fym ————=2 = (.60 F,
S _b'_, ld/Af o y ‘

where

I = distance between cross sections braced against twist or lateral dis(;
plaicement of the compression flange, in. For. cantilevers bracE
against twist only at the support, / may conservatively be taken as the
actual length. N o

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

= area of the compression flange, in.? .

= 1.75 + 1.05 (My/M,) + 0.3 (My/M,)?, but not more than 2.3; wherc;
M, is the smaller and M, the larger bending moment at the ends od
the unbraced length, taken about the strong ax1's.of the memberaa;l

* where M,/M,, the ratio of end moments, is positive when A{l an . py
have the same sign (reverse curvature bending) and negative w. ;n
they are of opposite signs (single curvature bending). Whelxl the
bending moment at any point within an unbraced length is arkger
than that at both ends of this length, the va!ue of C,,_ shall be ta Zn
as unity. When computing F, to be used in Equation (Hl-}), b
may be computed by the equation given above. for frames subject tg
joint translation, and it shall be taken as unity for frames Qrat;e
against joint translation. C, may conservatively be taken as unity for
cantilever beams,**

*It is conservative to take C, as unity. For values smaller than 2.3, see Table 6 in the P{umcncal

Values Section.
**For the use of larger C), values, see Galambos (1988).
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For hybrid plate girders, F, for Equations (F1-6) and (F1-7) is the yield stress
of the compression flange. Equation (F1-8) 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.

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.

Members With Compact Sections

For doubly symmetrical I- and H-shape members with compact flanges (Sect.
BS5) 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 :

F,=075F, (F2-1)

Members With Noncompact Sections

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

F, = 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. BS) continuously connected to the web may be designed on the basis of
an allowable stress of

b
F, = F, [1.075 ~ 0.005 (ﬁ) \/F;] (F2-3)
ez

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

Members With Compact Sections

For members bent about their strong or weak axes, members with compact sec-

tions as defined in Sect. BS and flanges continuously connected to the webs, the
allowable stress is :

F,=0.66 F, (F3-1)

To be classified as a compact section, a box-shaped member shall have, in addi-
tion to the requirements in Sect. BS » 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 Ly less than or equal to

L= (1,950 +1,200 M) L (F3-2)
_ M) F,

A 4 ~ -~

B IR TE N B ar B .
ALLOWABLE STRESS 5-49

except that it need not be less than 1,200 (b/F,), where M, is the smaller and
M, the larger bending moment at the ends of the unbraced length, taken about
the strong axis of the member, and where M,/M,, the ratio of end momepts,
is positive when M; and M, have the same sign (reverse curvature bending)
and negative when they are of opposite signs (single curvature bending).

Members With Noncompact Sections
For box-type and tubular flexural members that meet the noncompact section
requirements of Sect. B5, the allowable stress is

F, = 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.sectxons of larger depth-
to-width ratios must be determined by special analysis.

ALLOWABLE SHEAR STRESS

For hit,, < 380/\/I§, on the overall depth times the web thickness, the allowa-

ble shear stress is .
F,=040F, (F4-1)

For hlt,, > 380/ \/F;, the allowable shear stress is on the clear distance between
flanges times the web thickness is
F,=2 ()= 0.40F, , (F4-2)

2.89
where

_ 45,000k,
" F,(hlt,)?

190 [k, .
= m T when C, is more than Q.8

y
k, = 4.00 + -(%%-5 when a/h is less than 1.0

when C, is less than 0.8

4.00 .
=534 + W when»a/h is more than 1.0
t,, = thickness of web, in.

a = clear distance between transverse stiffen?rs, in. ) o
h = clear distance between flanges at the section under investigation, in.

For shear rupture on coped beam end connections see Sect. J4.
Maximum h/t,, limits are given in Chapter G.

An alternative design method for plate girders utilizing tension field action is
given in Chapter G.
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W36x230

7% min. (use 8)

<

2L6x4x%x1"-11Y

angles at length L = 23% in. From Table II-C, the net shear capacity with %-in. dia,
bolts and n = 8 on angles %-in. thick and 23%-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 7%-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 1Y%-in. vertical edge
distance on the top bolt is less than 1%d (1%s 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 (Manuél,
Part 4). '

b. Adequacy of this connection with respect to the silpporting 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,, = 0.440 in.
AS572 Gr. 50 (F, = 50 ksi and F, = 65 ksi)
Connection angles: A36 (F, = 36 ksi and F, = 58 ksi)
Beam reaction = 156 kips
Bolts: 1-in. dia. A325-N .
Holes: 1% X 1%s (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 %s in., as in Ex. 1.

AMERICAN INSTITUTE OF STEEL CONSTRUCTION

2%
2y
: :\'_'i :
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e

1"¢ A325-N bolts

116" holes in beam web
16 x 156 slots in angles
hardened washers over slots

W24x76

7% min. (use 8)

2L6x4x%x1-2%

SECTION AT C
Solution:

From Table II-A, select a connection with 5 rows (n = 5) of 1-in. dia. A325-N bol

and shear value of 165 kips using %-in. thick angles. This exceeds the 156-kip rea
tion.

Bearing capacity of the beam may be checked from Table I-E, where the value 78
kips/in. thickness is read for F, = 65 ksi and 1-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 ar
I, = 1%-in. edge distance. The top bolt has a material bearing value of 36.3 kips/i:
Allowable bearing on the connection angles then is % 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 shear capacity of the angles need not be checked, using Table II-C, for tl
reason given in Ex. 1. ' ’

Note that short slots are permitted in any and all plies of slip-criticai or bearing-tyr
connections using high-strength bolts. To simplify the fabrication, slots are put in th

angles, rather than the beam web. Hardened washers are required over these slo
because they are in an outer ply.

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

a. Insertion-and driving clearances; see Table of Assembling Clearances (Manua
Part 4).
b. Adequacy of this connection with respect to the supporting member,

. An even stagger of web bolts with those in the outstanding legs will permit us
of 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 thickness rounded to the nex

higher % in., as in Ex. 1.

AMERICAN INSTITUTE OF STEEL CONSTRUCTION
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EXAMPLE 4
Given:

The same conditions as Ex. 3, except the beam is coped 1% in. deep at the top
flange. Find the allowable reaction on the modified beam.

2
1"¢ A325-N

I =1

=1'-Q

4@3

2L6x4 x%x1-2Y,

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.

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

2. Bolt bearing of beam web:
From Table I-F, for [, = 1% in. and F, = 65 ksi:
Allowable R = 0.440 in. x [(1 bolt X 40.6) + (4 bolts X 78.0)] = 155 kips

. Bolt bearing on connection angles:
From Table I-F, for /, = 1% in. and F, = 58 ksi:
Allowable R = % in. X 2 angles X [(1 bolt x 36.3) + (4 bolts X 69.6)] = 393 kips

. Web tear-out:
From Table I-G, for [, = 1% in., I, = 2% in., ¢t = 0.440 in. and F, = 65 ksi:

Coefficient C; = 1.50 .
Coefficient C, = 1.90 '
Total 3.40

Rps = (C, + G)Fyt
= 3.40 x 65 x 0.440 = 97.2 kips

. Shear capacity of angles:
From Table II-C, for 1-in. bolts, angle thickness = % in., L = 14% 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.

- R |

e TN vy mmne sy
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EXAMPLE 5

Given: Beam: W 36 x 300, ¢,, = 0.945 in.
A36 (F, = 36 ksi and F, = 58 ksi)
Top flange coped 3 in. deep
Beam reaction = 300 kips
Bolts: 1%-in. dia. A490-N in 1%6-in. dia. holes

2%
= li=1%

-

D

1%5" ¢ A490-N

* ¢
8k miq. (use9)
L]
in. ¥
YA y

4

1%L min.
]

660666
\.a b dm b ]
2

1%em
1’h

W36x300

2L6x4x2x2'-6

Solution:

Since values are not tabulated in this Manual for 1%-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: ‘ N Specification

and
Area of 1%-in. dia. bolt = 0.994 in.2 Commentary

E, = 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.

. Bolt spacing:
Minimum spacing = 2%d = 3 in.
Preferred spacing = 3d = 3% in.
To satisfy bearing on web:
Spacing = 2P/Ft + d/2
= (2 % 300/10)/(58 x 0.945) + (1%)/2 = 1.66 in.:

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

. Edge distance:
Minimum distance in the direction of reactive force:
I, = 2P/F,t = (2 X 300/10)/(58 x 0.945) = 1.09 in.
Use 1% in. (minimum for gés cut edge) Table J3.5

A vreove ow Tacrrrmmre Av Qreoor CAveronerinn
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4. Since this beam is coped, failure by shear and tension throu foati
the fastener holes must be checked. : %‘;cg‘er‘;‘:::‘;“
Allowable block shear Rps = 0.304,F, + 0.504,F, r_—j;___
This equation expands to the general expression shown at Table I-G
RBS = {(0.3 l‘, + 05 lh) + 0.3 [(n - 1)(S - d;,) - dh/2] - d},/4} Fut
= {{(0.3 x 1%2) + (0.5 X 142)]
+ 0.3[(10 — 1)(3 — 1%s6) — 194] — 1%} 58 X 0.945

= 308 kips

5. Connection angles:
Try2L6x4X 1 % 2'- 6, A36.
Allowable bearing:

From AISC ASD Specification Table J3.5 for 1%-in. dia. bolts, I, = 1%2in. <
1% d = 1.69,

Top Bolt: F, X t/2 X edge distance
58 x 0.5/2 X 1% = 21.8 kips

Remaining Bolts: 1.2 X F, X d X ¢
1.2 x 58 X 1% x %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 0.4F, = 14.5 ksi on the gross area or 0.3F, = 17.4 ksi on the
net area. Shear on the net area governs when (d + Vis in.) > L/6n. Then 30/
(6 % 10) = 0.5 in. and net area governs.
Net area = 2t [L — n(d + Yi6)]
= (2% %) [30 - (10 % 1%6)] = 18.1in.?
f, = 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.
¢. Adeguacy 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 tear-out (block shear) on a connection with
two gage lines has not been determined at this time. '
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Bolted
TABLE Il Allowable loads in kips

t varies varies
ot -~ € t

t
& Do
. oy
gage ﬁT

-
~
-t

1 Note: For L=2: use one half
the tabular load value
el G
- , di y
-~ =B3B€  and thicknesp:. ameter
STAGGERED BOLT
ALTERNATE

o 7307 bolt In sand .rdTABLE II-A Bolt Shear®
n standard or slotted holes and for A325 and A490 bolts in slip-critl
connectjons wlth standard ho}es and Class A, clean mill scale surface oongi-t:m. ce!

BotType ||  A307. A325-8C" - A490-SC

F, Ksi 100 17.0 210 Note:
Bolt Dia., d
in. % %

Angle Thickness ’
tin. e

g

For slip-critical
connections
with oversize
or slotted

- , - holes, see
Lt _ Table II-B,
n | '
29Y%2| 31
26|28
23%2125
20Y2
172
142
1%

>

157 " 186
141 167
126 164 148
2110 ‘ " 1130
94.2 ; 111
78.5 . 92.8
/ 62.8 . 74.
8% ! 1| 47.1Y) 1] 61. . fsg.g :
5% 17.7 | 24.1] 31.4% 30. X 4| 37.1] 505 €60

NN O©O

Notes: :

*Tabulated load values are based on double shear 61‘ bolts unless noted.
cation for other surface conditions. otod. See ROSC Specl

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

g erikud b
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Bolted
TABLE Il Allowable loads in kips

varies
-]

-

1
Note: For L =2'% use one half
the tabular load value
shown b?l{%y Sl/é, for the
same , diameter,
828 and thnckne;):

I

STAGGERED BOLT
ALTERNATE

TABLE 1I-A Bolt Shear®
For bolts in bearing-type connections with standard or slotted holes.

Bolted
TABLE 11 Allowable loads in kips

varies ¢ varies varies

SO X N_A._‘ - Lt
ER '

|
gage ﬁT

i ! Note: For L =2%: use one haif
' the tabular load value
2T
- l—gage

shown for L =51, for the
same bolt type, diameter,
STAGGERED BOLT
ALTERNATE

and thickness.

TABLE II-B Bolt Shear®

For bolts in slip-critical connections with oversize, short-slotted, or long-slotted holes

and Class A, clean mill scale surface condition.

Boft Type

A325-N

- A325-X.

A490-X

A490-N

Hole Type

Long-slotted Holes

Oversize and Short-slotted Holes

F, Ksl

21.0

28.0

30.0

40.0

3ol Dia., d
In.

%

%

3

%%

Bok Type

A325-SC

A490-SC

A325-SC

A490-SC

Fo Ksi

12.0

15.0

15.0

18.0

1gle Thickness

V4

%

Bolt Dia., d, In.

78

K

78

L
n.

>

Angle Thickness,
t, In.

Va

. %

Wa
32
e
0%
%
Féve
1%
8%
5%

NDWPERDINDOO

30
207
264
21
198
165)
132
90
660

337
303
269
236
202
168
135
101°
67.3°

440°
3ge®
352
308"
264b
220
176°
132

88.0°

7
22T
181°
136°
90.6°

353

“||318

283
247
212
177
141
106°

70.7°

L
In, In.

3

29Y2
26%
232
20Y%
17%
14%
1%

8%

5%

-

NWHErNDHDND®OO

144
130
115
101

21.2| 28

86.
72
57.
43.

188
170
151
132
61113
2| %42
7| 754
3| 56.5

9| w7

236
212
188
165
141
118
94.2
70.7
474

236
212
188
165
141
118
94.2
707
474

38

*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 1¥ain. end distanoe [Speciﬂcatlon Equation
(43-6)] on A36 angles of thickness specitied; however, for length L, net shear on this angle is
critical, See Table II-C.

9Capacity is governed by net shear on angles for lengths L and L'. See Table II-W

AMERICAN INSTITUTE OF STEEL Co&snucnou

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

®Capacity 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 double shear of bolts; however, for L = 5% In., with oversize

holes, net shear in the angle thickneas specified is critical and tabulated load reduces to
440 kips. M

,\'f‘

o v
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TABLE I Allowable loads in kips ‘ combination with Table II connections
TABLE il

TABLE 1I-C

ri i 6 Materi kmin) — ' hof ret
Allowable Shear in Connection Angles for A36 Material T ;e;atelgs;zeeum

Bol % i | i

Ya %

Varies

Case 1l

232 _ : Table III is arranged to permit substitution of welds for bolts in the connections
fg: ’ : shown in Table II which fall within the weld capacities. Welds A replace fasteners
161 ‘ ’ ' in the beam web legs (Case I). Welds B replace fasteners in the outstanding legs
137 ' ; : (Case II). _
8l114 To accommodate usual gages, angle leg widths will generally be 4 x 3%, with

89.7 the 4-in. leg outstanding. Width of web legs in Case I may be reduced optionally
65.9| 79. . . . . . f from 3% to 3 in. Width of outstanding legs in Case II may be reduced optionally from
42.1| 50. . . 4 to 3 in. for values of L = 5% in. through 1'-5%.

Angle thickness is equal to weld size plus ¥%s in., or thickness of angle from ap-
plicable Table II, whichever is greater. - :
- _ Angle length L must be as tabulated in Table III.
g 266 . . .

:;g ggg :gg :?g ggg 240 :;g' NEE 401 i Holes for erection bolts' may be placed as required in legs to be field-welded
201|241 152 [190 [228 [305 (381 179 R15 359 (optional). o ) , -
177 213 134 1168 [201 269 [336 158 [190 317 When bolts are used, investigate bearing capacity of supporting member.

154 1184 116 145 |175 233 291 137 [165 275 Although it is permissible to use Welds A and B in combination to obtain all-
130 [156 98.4[123 1148 |197 [246 || 93.0{116 [139 232

welded connections, it is recommended such connections be chosen from Table IV.
8l106 127 805101 {121 [161 [201 || 76.1[ 95.2/114 190 This table will usually provide greater economy and allow increased flexibility in se-
8] 82.2] 98.7(132 || 62.5 78.2| 93.8{/125 [156 } 59.3 | 74.1] 88.9/119 148 lection of angle lengths and connection capacities. )
46.8) 58.5) 70.1] 93.5] 44.6) 55.7] 66.9) 89.2/111 || 424) 53.0] 63.6 84.8/106 Allowable capacity for Weld A utilizes instantaneous center solutions based on
NOTES: Table based on an allowable shear of 0.3F, (17.4 ksi for A36 angles) of the net the same criteria developed for Tables XIX to XXVI, Eccentric Loads on Weld

section of two angles. Groups. However, capacity for Weld B is computed using traditional vector analysis
Net section based on diameter of fastener + Vie in. o techniques.

NWHLODDHDNDOO

3

—a

NWHhOONO®OOO

CASE 1
EXAMPLE 6
Given:

Beam: W 36 x 150 (not coped); £, = 0.625 in.
F, = 36 ksi; F, = 14.5 ksi »

Reaction: 200 kips

.Bolts: 7 in. dia., ASTM A325-N

Welds: E70XX

AMERICAN INsTITUTE OF STEEL CONSTRUCTION ) AMERICAN INSTITUTE OF STEEL CONSTRUCTION
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S AND THREADED PARTS
Bearing
Allowable loads in kips

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

BOLTS AND RIVETS
Bearing .
Alldwable loads in Kips.. . .

“TABLE I-F. EDGE DISTANCE

F, = 58 ksl ) F, = 65 ksi F, = 70 ksl F. = 100 ksi
Bolt dia. Bolt dia. Balt dia. ) Bolt dla.

% | 1 | Th 1 % | Yo | 78

85| 76| 87 73| 65| 9.8 791 8.2
9.8 13.1 14.6 13.8

17.4 19.5
16.3 21.9 . 71230
19.8 26.1
3086

34.8

Edge - |’ Allowable Loads, Kips®
Oistance® |  (for cne fastener, 1-In. thick matevial)
!
w |F-58|F=-65|F=10
\ §0.0
i e 1 29.0 325 35.0

spacing =3| 4 1% 32,6 36.6 39.4 55.:;
n=no.ofbolts} M in | oes | 4 | w8 | €2
- - <t 435 488 52.5 750

1% d Values when edge disu:noe
310: In. is 1% d o7 greater

1 % | Goe | 780 | €40 ‘132,
Yo e | 609 | €83 | 735 o5
" i | s22 | s8s | €30 .

39.2
435
47.9

§2.2
56.6
€0.9

522 | 609 | 69.6 || 58.5 | 68.3 | 78.0 || 63.0 | 73.5 | 84.0 |t 90.0 1 105.0|120.C

Nolses:

This tabta Is applicable to all machanical fasteners In both slip-crifical and bearing-type con-
nections utilizing standard holes. Siandard holes shall have a diameter nominally Yie-in.
larger than the nominal bolt diameter (d + Yie in.).

Tabulated bsaring values are bassd on F, = 1.2 F,..

F, = specified minimum tenslle strength of the connected part.

In conneclions transmitling axial lorce whose length betwesn exirams fasteners measured
parallsl to the line of force excaeds 50 in., labulated values shall be reduced 20%.
Connectlons using high-strength bolts in slotted holes with the load applied In a direction
other than epproximalely normal (between 80 and 100 degrees) to the axls of the hole and
connections with bolta in ovarsiza holas shail ba dasigned for resistance agalnst slip al work-
Ing load in accordance with AISC ASD Specification Sect. J3.8.

Tabulated values epply when the distance / parallel to the line of force from the center of the
bolt to the edge of the connacted part is not less than 1Yz d and the distance from the center
of a bolt to the center of an adjacent bolt is nol less than 3d. See AISC ASD Commentary
J3.8,

Under cenain conditlons, values greater than the labulated values may be justilied under
Specilication Secl. 43.7.

Valugs are limited to the doubla-shear bearing capacity of A4%0-X bolts.

Valuss for decimal thicknesses may be obtainad by multiplying the decimal value of the un-
listed \hickness by the valus given for a 1-in. lhickness.

8 yatal allowable load = }:[(tabular value) X n] t

where . .
{ = Whickness of critical connoected par, in.

n = number of fasteners.
vy, = 2PIF ! (AISC ASD Spec. J3.9) distance center
in direction of tarce, in.

where . .
i i i i material, ksi

— speclfisd minimum tenisite strength © rial, )

f’o = tgrce transmitted by one (astener 10 the critical connected part, Kips

op = 1.2 F, d (MSC ASD Spec. Sect. J3.7).

of hole to free edge of connected part

AMERICAN INSTITUYE OF SvEEe CONSTRUCTION
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'COLUMNS
W shapes
Allowable axial loads in kips

Y

Effectiva langth in ft KL with respect 1o lpast
radius of gyration r,

Y
HLUMNS
shapes X X
cer xial loads in kips
Y
Designation
WAt
i

)

P.o (Kips)
P, (kips/in.)
P, wd (HPS)
Pro (Kips)

L. ()

Ly (1)

A{n.?)

1 (in.%)

1, (in.*)

5, (in.)

Ratio 1,/r,
8, } Bending X , , .

8,7 tactors 0.765 0.767 0.770 1.000
a et 60.5 45,0 40.6 37.2
a3,110° 17.3 15.4 12.8 8.0
£ (K LY1O? (Kips) 200 198 195 194
Foy (K, L,V (Hips) 68.5 68.0 66.9 41.9

Note: Heavy line indicates Kiir of 200.

Designation
Wty

&

Etfective length in ft KL with respect to least
radius of gyration r,

’L_
U
Poo (KipS)
P, (Xipsfin.)
Preo (HipS)
Py (Wps)
L@
L, 1Y
L 26
?‘ (m“% 88.6 75.1 0.9 496«‘4 2 R
! 3"‘) 2.12 210 2,08 204 203 202
Yatlo /1 175 174 1.74 172 L L2
o Bendin 0.326 0.329 0.326 0. 035 032
B} tors 0.924 0.934 0.940 0.959 12 65
B 406 39 27.4 217 02 64
:"ﬂga by ¥ tg:é \72: 128 125
e loLfn G s oy 449 82 427 423
£ (KLYN0 (kps)| 466 45.7 . .

AmEricad Insomure oy Sveen Construcnios

Note: Heavy lins indicatas Kier of 200,
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2.43

Fy 6 ksl l BEAMS W 30 . W 30 BEAMS le = 36 ks
W Shapes W Shapes
Allowable uniform loads in kips . Allowable uniform loads in Kips
for beams laterally supported for beams lateraily supported
For beams laterally unsupporied, sea page 2-146 For beams laterally unsupported, see page 2-146
Designation W 30 Deslgnation W0
Wit 202 | 261 25 [ an 191 173 Deflection Wi 148 | 182 [ 124 [ 16 [ w08 | 99 | o0 Deflection
Flange Width 5% | 15% 15 15% 15 15 In, _ Flange Widin 10% | 10% | 0% [ 0% [ 0% | 0% | 10% In.
L, 1.1 | 160 | 150 | 169 | 159 | 1548 L, KRN IEN KN KRN IEEE EXRED
L, 41.0. | 367 | 03 | 297 | 269 | 242 1, 18.7 | 161 § 15.0 | 138 | 123 | 1.4 [ 114
14 574 16 [ 444 | 400 07
:g 3:113 g-g ;gg 891 | 627 [ 569 18 10 408 | 468 | 428 | 388 08
656 | 502 | 534 21 11 537 | 508 | 474 { 431 | 287 | 353 10
17 | 865 | 771 | 695 | 618 | S57 | 502 24 :
18 | o7 | 78 | ese | 5 | &6 | 474 57 13 (29| 463 | €3 | 401 | 304 | 320 | o9 | 14
2 | e ggg ggf ::: :gz :;3 -gg 14 | 493 | 420 | 402 | a72 | 398 | 304 | 277 16
20 | 700 | 624 | 563 | S00 | a51 | a0y 3% 18 1433 | 998 | 353 | 997 | a8 | %34 | %3 3
AL A A E-SE AR AR AN A0 AF A
. 18 312 37 | 21
24 | 612 | 5468 | 492 | 438 | 395 | ase 47 R R RS, 208 | 274 | 249 | 224 30
25 | 588 | 524 | 473 | 420 | 579 | 342 54 .20 | 345 | 301 | 284 | 261 | 237 | 213 | o4 33
26 | 565 | 504 | 454 | a04 | 384 | 228 55 21 287 | 268 | 248 83 38
27 544 A85 438 389 asi 316 60 22 | M4 | 274 | 2568 | 237 | 215 | 194 76 ‘
9| 7 | 48 | dz )z | 20| s & 51 | 258 | 37 | 3% 1 A | %% | B |8 &7
a0 | 490 | 437 | 394 : 25 | 276 | 241 | 225 | 208 | 189 | 170 | 155 51
) o5 |5t | aa | 4 | Y | 333 | 36 | 2B % o | ooy | Xy ;e ) 2 | 12 st ) e -
- 7 . 20 1 17
2 1@ | 32| 48§ 409 | 960 | 320 | 206 | 267 84 BB RE R A AR AR AR AR AR 64
© 34 | 432 | 385 | 348 | 309 | 279 | 251 95 2
© S | 38 | 408 { 3064 | 328 | 202 | 263 | 207 106 e | e | B | 2|29 14| leg | T 2
“ § | 98 | 387 ; 345 | 311 | 276 | 249 | o285 1.18 - AR TR IR T R T R 79
> & | 40 | 367 | 327 | 205 | 263 | 237 | 213 1.31 " a 2 | 21 188 | 176 | 163 | 188 | 133 | 124 84
o 2 | 3 . a | 3 6
50 1 312 | 281 | 250 | 226 | 203 1.45 Wl o | 34 1208 | 177 | 165 | 153 | 139 | 125 | 114 .85
44 298 | 269 | 239 | 215 | 194 1.59 38 | Y92 | 167 | 156 | 145 | 132 | 116 | 108 1.06
46 | 320 | 285 | 257 | 228 186 173 58 | 182 | 158 | 148 | 137 | 125 | 112 | 102 1.18
49 273 246 29 197 176 1.89 40 173 |- 150 | 141 130 118 | 107 97 1.3
50 | 204 | 2862 | 236 | 210 | 189 | 7 2.05 42 | 164 | 143 ] 424 | 124 | 113 | 01 | &2 1.45
52 | 283 | 252 | 227 | 202 | 182 | 164 2.22 45 | 157 J 137 | 128 | 198 | 108 | 67 | 86 1,59
54 | 272 | 243 | 219 | to4 | 175 | 1s8 2.39 46 | 150 | 12y | 122 | 112 | 103 ] g3 | e4 1.73
2l o o e e | | g RR-AR-ARVAR A AN AN
60 | 245 | 2% (3 LA - I 14 276 52 | 133 | 196 | 108 | 100 | of | &> | 78 522
8 97 | 175 1 158 142 285 64 | 128 | 141 | 104 | 97| B8 | 79 | 72 2.39
62 | 237 | 21 191 168 | 153 | 138 215 66 | 123 | 107 | 100 { 93| 85| 76 | 68 257
64 | 230 | 205 | 185 | 164 | 148 a3 3.36 2.76
66 | 229 | Ye8 | 176 | 150 | 143 | 129 357 ol iRl B! Gl D) & B & 2.95
68 | 216 | 193 | 174 | 154 | 139 | 126 3.79 62 + 111} 971 91| 84| 78| 89| €3 3.15
70 | 210 | 187 | 169 | 150 | 135 | 122 4.01 64 108 | 94| e | 81 | 74| 67 | 6l 3.36
72 | 204 | 182 | 164 | 145 | 122 | 119 4.25 6 105 | 91 { es | 79| 72| 65 | 59 3.57
68 {102 es | e | 77| 70 57 379
: 70 99| es | B0 | 74| 68 | 61 ] 55 .01
Properties and Reaction Valuss 2 ge 64 8 2 68 5 54 425
S, in? 28 827 | 746 663 598 5739 Properiles and Reaction Values
V kips 470 | 420 |374 345 |[314 |287 For | Sy in? 436 (380 [ass [a2s (298 [269 245
Ry Kips 189 1135 |111 | 978 | 817 | 730 | explanation V idps 207 268 1254 (244 234 222 1200 For
A, kips/n. 24.2 22.1 19.7 18.4 16.9 156 1 " . Ay kips 772 { 639 | 686 | 545 ) 506 | 444 | 366 explanatior
. 5. of deflaction, :
R, Kips 26 1235 1189 1160 133 | 112 | ses page 232 R kipsin. | 154 | 146 | 130 Joa 123 ) 1241 102 | of dafiectior
Aq Kips/in, 110 |' 100 | 745| 700| 602| 530 %%%r "2 o4 92-;0 92'37 2-33 74-37 28| 532, eee page 2:
A Kips 244 {212 |180 |ve2 141 128 Akps {131 J115 (103 | e5 |67 |78 | 64
Load abave heavy line is limited by maximum allowable web shear. Load above heavy line Is limited by maximum allowable web shear,

A B

e e s Qs £ s
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Enter Table III under Weld A and note that a value that satisfies the reaction is 222
kips. This requires %¢-in. welds and 23%-in. long angles. Use %-in. 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: Two L 4 X 314 X % X 1'—11%
F, = 36 ksi
Sixteen %-in. dia. ASTM A325-N bolts (threads included in shear
plane)
%e-in fillet weld, E70XX

EXAMPLE 7
Given:

Beam: W 16 X 26 (not coped); ¢,, = 0.25 in.
F, = 36 ksi; F, = 14.5 ksi

Reaction: 46 kips

Bolts: %-in. dia. ASTM A307

Welds:  E70XX

Solution:

See Table II-A and note 4 rows of bolts with 11%-in. long angles are compatible with
a 16-in. deep section. Capacity of the %-in. dia. ASTM A307 bolts with Ya-in. thick
angles is 48.1 kips.

Note in Table III that 72.7 kips capacity is designated for %e-in. Weld A and 11%-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 ¥%-in. angle thickness re-
quired for bolts is satisfactory for the ¥ie-in. weld. -

Detail data: Two L 4 X 3% X ¥ x 0'—11%
F, = 36 ksi
Eight 7-in. dia. ASTM A307 bolts
Ye-in fillet weld, E70XX

CASE 11
EXAMPLE 8
Given:

Beam: W36 x 150 (coped); ¢, = 0.625 in.
F, = 36 ksi; F, = 14.5 ksi

Reaction: 155 kips

Bolts: %-in. dia., ASTM A490-N

Welds: E70XX

"AMERICAN INSTITUTE OF STREL CONSTRUCTION
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Solution:

Enter Table III under Weld B and note the value most nearly satisfying the reac
is 156 kips. This requires %¢-in. Weld B and 20%-in. long, %-in thick angles. T
II-A shows a bolt capacity for a 7 fastener connection of 236 kips, which is more
the 155 kips required. Therefore, a 20%-in. long angle is selected from Table |

Check bearing on beam web = 155/7 = 22.1 kips per bolt in double shear bea:
From Table I-E, the allowable bearing 60.9 kips for 1-in. thickness and 3-in. spa
60.9 x 0.625 in. = 38.1 kips per bolt allowable. Assuming the beam is coped,
using 1%-in. edge distance for the top bolt, the single shear bearing capacity o:
%-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 + Cy) F, t = (1.25 + 3.34) 58 X 0.625 = 166.4 kips o.k.

Detail data: TwoL 4 X 3% X 3% X 1'—8%.
F, = 36 ksi
Seven %-in. dia. ASTM A490-N bolts
%e-in. fillet weld, E70XX

EXAMPLE 9
Given:

Beam: W 16 x 31 (not coped); ¢, = 0.275 in.
F, = 50 ksi; F, = 20 ksi

Reaction: 39 kips

Bolts: Y-in. dia., ASTM A325-N

Welds: E70XX :

Solution:

Enter Table III under Weld B and note the value most nearly satisfying the reac
is 40.3 kips. This requires %¢-in. Weld B and 8%-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 %-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 for 1-in. thickness at 3-in. spacing; 58.
0.275 = 16.1 kips per bolt allowable. Assuming 1%-in. edge distance for the
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: Two L 4 X 3% X 3% X (0'—~8%
F, = 36 ksi

{Three %-in. dia. ASTM A325-N bolts
Yie-in. fillet weld, E70XX :

AMERICAN INSTITUTE OF STEEL CONSTRUCTION




E Bl
FRAMED BEAM GONNECTIONS
Welded—E70XX electrodes for
combination with Table 1l connections
TABLE 11 Allowable loads in kips

T

Weld A>—

0

Weld A Weld B Angle “Minimum Web

Capacity,| "Size, (°Capacity,| Size,
Kips In. Kips In. In.

266 %6 296 Yo 29
218 Va 247 %e 297
160 Yre 197 Ya 29

245 %e 261 Y 26%
196 Va 217 e 262
147 Yie 173 Va 26%

222 e 223 % 23%
178 Va 186 %e 23%
133 Y6 149 Va 23Y%

198 %e 187 Y% 20%2
158 Ya 156 %6 20%2
118 Y18 125 Va 20%2

174 %e 152 Y% 17
139 Va 126 %6 17
104 Y1e 101 Va 172

148 e 115 % 14
118 Ya . %e 142
88.7 Ye R Ya 14,

121 %e . ¥ 1%
97.0 Ya 9 | He 11%
727 Ye . Va 1%

92.1 %e . Y% 8%2
73.7 Ya . %e 8%z
56.3 %e 8 Va 8%

61.8 e . Y6 5% .
49.5 Va . %e Ly 51
37.1 Y1e X Ya 5% .38

l’capacity must be multiplied by 0.375/0.64, giving 86.7 kips.

weld size as required, but not to exceed the angle thickness.

See Ex. 13 and 14 for Table IV.

legs.

Fy = 50 ksi steel.

Letzgth Thickness for Welds A

*When the beam web thickness is less than the minimum, multiply the connection capacity
furnished by Weld A by the ratio of the actual web thickness to the tabulated minimum thick-
ness. Thus, if %s in. Weld A, with a connection capacity of 148 kips and a 14%4-in. long
angle, is considered for a beam of web thickness of 0.375 in. with F, = 36 ksl, the connection

Should the thickness of material to which connection angles are welded exceed the limits
set by AISC ASD Specification Sects. J2.1b or J2.2b for weld sizes specified, increase the

“When welds are used on outstanding legs, connection capacity may be limited by the shear
capacity of the supporting member as stipulated by AISC ASD Specification Sect. F4.

Note 1: Connection angles: Two L 4 x 3% x thickness x L; F, = 36 ksi. See discussion
preceding examples for Table ITI for limiting values of thici/(ness and optional width of

Note 2: Capacities shown in this table apply only when the material welded is F, =36 ksi or

Number of
Fasteners in
One Vertical

Row (Table II)

AMERICAN INSTITUTE OF STEEL CONSTRUCTION

FRAMED BEAM CONNECTIONS
Welded—E70XX electrodes
TABLE IV

Length of return.
2 X weld size

Web thickness—vlL i
J

k{min

Table IV lists capacities and details for angle connections welded to both the be:
web and the supporting member. ‘ o

Holes for erection bolts may be placed as required in legs that are to be fic
welded (optional). o ’

Allowable capacity for Weld A utilizes instantaneous center §olutlons based
the same criteria developed for Tables XIX to XXYI, Eccz?qtrlc Loads on W«
Groups. However, Weld B capacity is computed using traditional vector analy
technique.

EXAMPLE 10
Given:
Beam: W36 x 150; ¢, = 0.625 in.; T = 32% in.
F, = 36 ksi; F, = 14.5 ksi
Weld: E70XX
Reaction: 170 kips

Solution:

Enter Table IV and select a Weld A capacity of 174 kips (weld size = lA'm.). We
B has a capacity of 191 kips and is satisfactory. The angle length (24 m.). is less th
T for the W 36 x 150 and is satisfactory. The beam web thickness (0.625 m.)_ excee
the minimum web thickness (0.51 in.), so no reduction in Weld A capacity is 1
quired.

Detail data: Two L 4 X 3 X % X 2'-0'; F, = 36 ksi
Weld A = % in., E70XX
Weld B = %s in., E7T0XX

. v




STIFFENED SEATED BEAM CONNECTIONS
Welded—E70XX Electrodes
TABLE VI

4 Top angle, %" min. thk.
. ) {min.) I Optional location, top angle
s,I:e tbr;(‘n:r‘?mal A (weld toe only)
N ]
: f~—ele—— 4* (Optimum)
«bgz ng - 2 x weld size (min.)
Stiffeners ‘

finished to bear— ;
2L|}.2L Minimum
Optional | |

(Table ViI)
trim lines p
1l

L

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 1841, or

0.86, etc.) and the welds and base metal meet the provisions of AISC ASD Specifica-
tion Sect. J2.4.

Allowable weld cap
analysis,

Based on F, = 36 ksi bracket material

acities in Table VIIT are computed using traditional vector

» minimum stiffener plate thickness, ¢, for
supported beams with unstiffened webs should not be less than the supported beam
web thickness for F, = 36 ksi beams, and not less than 1.4 times the beam web thick-
ness for beams with F, = 50 ksi. Based on bracket material of F, = 50 ksi or greater,
the minimum stiffener plate thickness, ¢, for supported beams with unstiffened webs
should be the beam web thickness multiplied by the ratio of F, of the beam to F, of
the bracket (e.g., F, (beam) = 65 ksi; F, (bracket) = 50 ksi; ¢ = ¢,, (beam) x 65/50,
minimum). The minimum stiffener plate thickness, ¢, should be at least two times the
required E70XX weld size when F, of the bracket is 36 ksi, and should be at least 1.5
times the required E70XX weld size when F, of the bracket is 50 ksi.

Thickness ¢ of the horizontal seat plate, or tee flange, should not be less than
% in.

If seat and stiffener are scparate 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, = 36 ksi mate-

rial, select E70XX weld size no greater than 0.50 of column web thickness. For col-

i web

b of F, = 50 ksi, select E70XX weld size no greater than.(gf.6ze<zlf ::al:xsn:)rtx‘ veb

thickne: T ";nvestigate the resistance of the column wgb for sti ?‘B seats on o
tplckness. o r. Bruce E., Gordon B. Batson and Hex.no Ainso l 1; v

%l&?eeb:e:riltiogzv’ Slenderne,ss Ratios,” AISC Engineering Journai, Firs ,

i i “An Experimental look
- Hoptay, Joseph M. and Heino Ainso, i o
1?%5;"12]%&1110188(1:3%%83 ” ):QISC Engineering Journal, Vol. 18, No. 1, First Quarte
a - , .

! comb ' i bl
lgsléggﬁlti’lc.ombinations of material thickness and weld size selected from Table

i i .4, increase
VIII exceed the limits set by AISC ASD Specification Sects. J2.2and J2.4,1n

i terial thickness as required. ) sttach
the \}'elg:ggoc: trcr::he welds shown, temporary erection bolts may be used to
n

ey i v i ion values
bem'lls‘ " :::::t (;I;;ction) of the most economical connection, the reaction
o p

i iven, the
hould be given on the contract drawings. If the reaction va}uez:lr:u lt::; dgl;z n’x the
f:ocr)llrlxectionilmust be selected to sfup;igrt t'h:r?:::) :ngp;ac;fc?steel e Bntion of
i ad Tables for the giv . N cation of
gllot:::zir? glllf::t?:nfn The effect of concentrated loads near an end connection
e ' .

also be considered.

: . . . = o . .
GIVGB am: W 30 x 116 (flange = 10.495 in. X 0.85 in.; web = 0.565 in.)
SO ASTM A36 steel (F, = 36 ksi)
Welds: fg{()))éx
Reaction: ips .
Design a two-plate welded stiffener seat using ASTM A36 steel.

Solution: ot B
F the F, = 36 ksi, Allowable Uniform Lo.ad Tabli for3 \;V]I:? :/;16_, note that Ry
_ 545 kips, R, = 13.4 kips/in., Ry = 79.9 kips, R, = 4.33 kips/in.
jeldi 'd = (R = Ry)/R;
F elding N, req’d = (R 1 .
o = (100 — 54.5)/13.4 = 3.40 in.

i 'd = (R — R3)/R, _
For buckling N, req’d = (R 3 .
= (100 — 79.9)/4.33 = 4.64 in.
Stiffener width = 4.64 + 0.5 (setback) = 5.14in.
ey i ips; select a ¥16-in, weld with
i = 6 in. and a reaction of 109 kips; selec
En:e;ér f: lev:gilclhv{l‘:lg :V capac;ty of 103 kips. From this, the minimum length of weld

. . nimum
i = 6 in. This also establishes the mini
te and supportis 2 X 0:2L [ i ninimu
betlvgelfgtjvz?npi;e seat plla)tpe and the stiffener as 6 in. total, or 3 in. on eac
we

stiffener.

g

need not be increased. ‘
Use: %-in. plate for the stiffener and ¥%-in. plate for seat.
AwRiCAN INSTITUTE OF STEEL CONSTRUCTION
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Welds attaching the beam flange to the seat must be ¥ 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 %) = 11.75 in.

Use: % X 6 X 1’-0 plate
This is adequate for the required minimum weld length.

Detail data:
| Wi
"’/lsE 3 (min.) I 15

*hel/3(min.}
%he [

!

Use: L 4 X 4 X % x 0'-4 top angle (F, = 36 ksi) with Yie-in. welds along toes
of angle only.

EXAMPLE 20
Given:

Beam: W21 X 68 (flange = 8.27 in. X 0.685 in.; web = 0.43 in.)

ASTM AS572, Grade 50 steel (F, = 50 ksi)
Welds: E70XX electrodes -
Reaction: 83 kips

Design a two-plate welded stiffener seat using ASTM A36 steel.

Solution:

From the F, = 50 ksi, Allowable Uniform Load Table for W21 X 68, note R, = 51.0
kips, R, = 14.2 kips/in., R; = 56.1 kips, R, = 3.96 kips/in.

For yielding N, req’d = (R — R,)/R,

= (83 — 51.0)/14.2 = 2.25 in.
For buckling N, req’d = (R — R;)/R,

= (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 %ie-in. weld, L = 15 in. (84.4 kips), or a %-in. weld, L = 14 in. (89.8
kips), or an even larger weld size. Generally, the %6-in. weld is the better selection,

Amrrican Tnerrrime ne Qever Cascrorierras

as this can be made in one pass using manual welding. Select %e-in. weld. From th; -
the minimum length of %ie-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 ¢ to develop welds is 2 X %6 = % in., or 0.625 in. Tt
minimum thickness ¢ for a bracket of F, = 36 ksi with a beam of F, = 50 ksi
1.4 times the beam web thickness = 1.4 x 0.43 = 0.602 in.

Use: %-in. plate for the stiffener and %-in. plate for the seat.

Welds attaching the beam flange to the seat can be % in. for a flange of 0.685 in., p
AISC 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 %) = 9.27 in.

Use: % X 8 x 0'-10 plate
This is adequate for the required minimum weld length.

Ll
15 !/
5/!6 3 {min.)

5/16E3(minJ |
A

5/l 6

Detail data:

Use: L4 X 4 X ¥ X 0’4 top angle (Fy = 36 ksi) with %e-in. welds along toes of ang]
only.

AMERICAN TNETTTIITS Ar Qrewr Caseroricrrns




158 STRUCTURAL STEEL DESIGN

the remaining beam depth. A similar discussion can be made where holes
are ciit 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 ( F,=
0.40F, in the AISC) shear plates can be connected to the webs in the zones
of excessive stress.

7-2. WEB CRIPPLING

Beams that support heavy concertrated 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 each other. :

Most specifications assume the reaction or load spreads out from its
place of application along a 45° 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 0.75F,. 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-

. ,—— N —
Toe of
e
3 l,
Toe of k ‘{ T L_ Al
fillet [N +k— N+2k

|

s
b~

Figure 7-3 Left: Reaction (AISC Formula 1.10-9). N =length of bearing, which
cannot be less than k; k=distance from toe of fillet to outside of flange; t=
thickness of web; R=reaction; R/t(N+k) may not exceed 0.75F,. Right: Con-
centrated load (AISC Formula 1.10-8). R=concentrated load; R /t(N+2k) may
not exceed 0.75F,.

lated in Examp) -
determined is toc .

this be the case, the uvsiy
with the construction requ
mmmum bearing length ¢
used. It is to be remembe
failure have occurred, p
bearing.- Another fact to }
large enough to keep the b
of the supporting materia
this chapter.

Example 7-1
A W33X130 consisting of
span of Fig. 7-4. (a) Dete
the reactions. (b) The 50-
over a width of 6 in. Is th
SOLUTION
Properties of a W33 %
) w

(a) Minimum bearing

(0.580
(b) Web-crippling str

(N
50,1
(0.580)(6+

S
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STIFFENED SEATED BEAM CONNECTIONS STIFFENED SEATED BEAM CONNECTIONS
' Welded—E70XX electrodes : Wolded—E70XX slectrodes
TABLE VIl Allowable loads in kips TABLE VIiI Allowable loads in kips

Width of Seat W, In. _
4 5 6
Weld Size, In. Weld Size, In. " Weld Size, In.

Width of Seat W, in.

7 8 9
Weld Size, In. Weld Size, In, Weld Size, In.
Y | e ¥ % %

e Se | % | o | % | %e

28.4; ‘ 235 . . 9| 23.9| 279
37.4| 4. . . 0] 31.2f 37.5| 43. : 7| 82.0{ 37.3
47.2| 56. . . 9| 39.8] 47.8| 55. . 31 4111 480
§7.6{ 69. . . . 1] 59.0| 68. I .51 51.1| 59.6
68.6 ) X ; . . 720

64.8| 756 4| 580 77.3 :
75.7| 884 _ 7| 68.1] 90.7 4 617
87.2{ 102 5| 78.7| 105 6| 715
99.1( 116 8 89.8|120 2| 81.8
130 . 135

798 : 83.3 9] 73.1| 852
914 1| 641 802| 96.2 8| 850( 99.2 160 167 21115

: 103 . . . 97.41114 176 184 - | 127

115 | e2. 10 (129 ‘ ' 192 202 140

145 . 104

138 (160 224
151 [176 240 255
164 1192 257 : 274
179|208 274 : 292

225 i 200

242
258
275
292
309

237

326
343

Note: Loads shown are for E70XX electrodes. For EG0XX electrodes, multiply tabular loads : Note: Loads shown are for E70XX electrodes. For EG0XX electrodes, multiply tabular loads
by 0.86, or enter table with 1.17 times the given reaction. For EBOXX electrodes, multi- : "by 0.86, or enter table with 1.17 times the given reaction. For ESOXX eﬁleyctrodes. multi-
ply tabular loads by 1.14 or enter table with 0.875 times the given reaction. ply tabular loads by 1.14 or enter table with 0,875 times the given reaction.

AMERICAN INSTITUTE OF STEEL CONSTRUCTION ' . -
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signer.

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.

TABLE J2.1
Effective Throat Thickness of Partial-
penetration Groove Welds
Welding Welding Included Angle at Effective Throat
Process Position Root of Groove Thickness

Shielded metal arc J or U joint

Submerged arc Depth of chamfer
Bevel or V joint

Gas metal arc = 60°

Flux-cored arc Bevel or V joint Depth of chamfer
< 60° but = 45° minus Ye-in.

TABLE J2.2
Effective Throat Thickness of Flare Groove Welds

Type Radius (R) Effective Throat
of Weld of Bar or Bend Thickness

Flare bevel groove ‘ All %eR

Flare V-groove All R*

8Use %R for Gas Metal Arc Welding (except short circuiting transfer process) when R = Yz-in.

TABLE J2.3
Minimum Effective Throat Thickness of
Partial-penetration Groove Welds

Material Thickness of Thicker Minimum Effective Throat
Part Joined (in.) Thickness®* (in.)

To V4 inclusive Va
Over Yato V2 Yo
Over 210 % Ya
Over ¥ to 1V %o
Over 112 t0 2% %
Over 24 to 6 Va
Over 6 - %

%See Sect. J2.

AMERICAN INSTITUTE OF STEEL CONSTRUCTION

The effective area of fillet welds shall be taken as the effective length times the
effective throat thickness.

The effective length of fillet welds, except fillet welds m holes and slots, shall
be the overall length of full-size fillets, including returns.

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 ¥s-in. and smaller fillet welds, and equal to
the theoretical throat plus 0.11-in. for fillet welds larger than 3-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.

Limitations

The minimum size of fillet welds shall be as shown in Table J2.4. 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 Yie-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 Y4-in. thick, not greater than the thickness of the ma-
terial.

» Material Y-in. or more in thickness, not greater than the thickness of
the material minus Yie-in., unless the weld is especially designated on
the drawings to be built out to obtain full-throat thickness.

TABLE J2.4
Minimum Size of Fillet Welds

Material Thickness of Thicker Minimum Size of Fillet
Part Joined (in.) Weld® (in.)

To Vainclusive Yo
Over Ya to 2 e
Over Y2 to % Ya
Over % %e

-%Leg dimension of fillet welds. Single-pass welds must be used.

AMERICAN INSTITUTE OF STEEL CONSTRUCTION
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CHAPTER H
COMBINED STRESSES

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

ghapter E for determination of F, and Chapter F for determination of F,, and
by

AXIAL COMPRESSION AND BENDING
Membeg‘s subjecteq to both axial compression and bending stresses shall be
proportioned to satisfy the following requirements:

fa + Crsfox _ _ Cyfvy

F (—f—“>F I(l—-fi>F =10 (H1-1)
Fo) ™™ F,) ¥

fﬂ fbx fby
060F, " F,, * F, =10 (H1-2)

When f,/F, < 0.15, Equation (H1-3) is permitted in li . )
and (H1-2): ( ) is p ed in lieu of Equations (H1-1)
fa

fa  Jox | foy
F.V R, R, =10 (H1-3)

Y

In quations (H1-1), (H}-Z) and (H1-3), the subscripts x and y, combined with
subscripts b,. m and e, indicate the axis of bending about which a particular
stress or design property applies, and

F, = axxa‘; clc()mpressive stress that would be permitted if axial force alone ex-
isted, ksi

F, = compres§ive bending stress that would be permitted if bending moment
alone existed, ksi :

Fro 127E
< B(Klr,)

= E_uler stress divided by a factor of safety, ksi (In the expression for FY, I,
is the ?ctual unbraced length in the plane of bending and r, is the co;’re-
sponding radius of gyration. K is the effective length factor in the plane
gf bending.) As in the case of F,, Fy and 0.60F,, F; may be increased 4
In accordance with Sect., AS.2.

fa = computed axial stress, ksi

AMERICAN INSTITUTE OF STREY. Consroirrion
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f» = computed compressive bending stress at the point under consideration,
ksi

C,,= Coefficient whose value shall be taken as follows:

a. For compression members in frames subject to joint translation
(sidesway), C,, = 0.85.

b. For rotationally restrained compression members in frames braced
against joint translation and not subject to transverse loading between
their supports in the plane of bending,

-

C,n = 0.6 — 0.4 (My/M>)

where M,/M, 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. My/M, is positive when the member is bent in reverse
curvature, negative when bent in single curvature.

. 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 C,, may be determined by an analysis.
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 : : Cn =0.85

ii. For members whose ends are unrestrained against rotation in the
plane of bending = 1.0

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 fbx fby
=+=+==<10 H2-1
F,"F. ' F, (H2-1)

where f;, is the computed bending tensile stress, f, is the computed axial tensile
stress, Fy, is the allowable bending stress and F, is the governing allowable ten-
sile stress defined in Sect. D1.: :

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.
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T, (see 6 3-16) TABLE 8
Values of Fy

For Use in Equation (H1-1), for Steel of Any Yield Stress

[+}]
(]
ot
n
N
o
[72]
(V]
O
©
oo
o
<

Kby

b

[
(ksi)

Kiy
)

Fe
(ksi)

Kiy
1

Fs
(ksi)

Kiy
'y

Fy
(ksi)

Fe
(ksi)

Kiy
Iy

21
22
23
24
25

26
27
28
29
30

31
32
33
34
35

36
37
38
39
40

41
42
43
44
45

46
47

- 48

49
S0

338.62
308.54
282.29
259.26
238.93

220.90
204.84
190.47
177.56
165.92

1656.39
145.83
137.13
129.18
121.90

115.22
109.08
103.42
98.18
93.33

88.83
84.65
80.76
77.13
73.74

70.57
67.60
64.81
62.20
5§9.73

51
52
53
54
65

56
57
58
59
60

61
62
63
64
65

66
67
68
69
70

71
72
73
74
75

76
7
78
79
80

57.41
65.23
563.16
51.21
49.37

47.62
45.96
44,39
42.90
41.48

40.13
38.85
37.62
36.46
35.34

34.28
33.27
32.29
31.37
30.48

29.62

28.81

28.02
27.27
26.556

25.85
25.19
24.54
23.93
2333

22.76
22,21
21.68
21.16
20.67

20.19 -

19.73
19.28
18.85
18.44

18.03
17.64
17.27
16.90
16.55

16.20
15.87
15.55
15.24
14.93

14.64
14.35
14.08
13.81
13.54

13.29
13.04
12.80
12.57
12.34

12.12
11.80
11.69
11.49
11.29

11.10
10.91
10.72
10.55
10.37

10.20
10.03
9.87
9.71
9.56

9.41
9.26
9.11
8.97
8.84

7.51
7.41
7.30
7.20

127%E

Note: FJ = ———u
© " 23(Kly/np)?

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 pr
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 ¢
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 findings

lated to their fields.




Stk P& 5-55 Table C-36 4
Allowable Stress
For Compression Members of 36-ksi Specified Yield Stress Steel®

Table C-50

Allowable Stress i
For Compression Members of 50-ksi Specified Yield Stress Steel®®"

F,
(kst)

K
r

Fs
{ksi)

K
r

f
(ksi)

]
r

F,
)

K
r

21.56
21.52
21.48
21.44
21.39

21.35
21.30
21.25
21.21
21.16

21.10
21,05
21.00
20.95
20.89

20.83
\§8.78
.72
20.66
20.60

20.54
20.48
20.41
20.35
20.28

20.22
20.15
20.08
- 20.01
19.94

19.87
19.80
19.73
+19.65
19.58

19.50
19.42
19.35
19.27
19.19

OCOND b= | X

41
42
43
44
45

46
47
48
49
50

51
52
53
54
55

56
57
58
59
60

61
62
63
64
65

66
67
68
69
70

71
72
73
74
75

76
77
78
79
80

19.11
19.03
18.95
18.86
18.78

18.70
18.61
18.53
18.44
18.35

18.26
18.17
18.08
17.99
17.90

17.81
17.71
17.62
17.53
17.43

17.33
17.24
17.14
17.04
16.94

16.84
16.74
16.64
16.53
16.43

16.33
16.22
16.12
16.01
15.90

16.79
15.69
15.58
15.47
15.36

81
82
83
84
85

86
87
88
89

91
92
93
94
95

96
97
98
99
100

102
104

106

108
109

90 .

15.24
15.13
15.02
14.90
14.79

14.67
14.56
14.44
14.32
14.20

14.09
13.97
13.84
13.72
13.60

13.48
13.35
13.23
13.10
12.98

12.85
12.72
12.59
12.47
12.33

12.20
12,07
11.94
11.81
11.67

11.54
11.40
11.26
11.13
10.99

10.85
10.71
10.57
10.43
10.28

121
122
123
124
125

126
127
128
129
130

131
132
133
134
135

136
137
138
139
140

144
142
143
144

145 -

146
147
148

150

10.14
9.99
9.85
9.70
9.556

9.41
9.26
9.11
8.97
8.84

8.70
8.57
8.44
8.32
8.19

8.07
7.96
7.84
7.73
7.62

7.51
7.41
7.30
7.20
7.10

7.01
6.91
6.82
6.73
6.64

.6.55
6.38
6.22
6.06
5.9
5.83

161

162 -

163
164
165

166
167
168
169
170

17
172
173
174
175

176
177
178
179
180

181
182
183
184
185

186
187
188
189
190

191
192
193
194
195

196

197
198
199
200

A
(ksi)

K
r

-k
{ksi)

K
T

A
(ksi)

K
r

Fs

(ksi)

[
r

20.94
20.87
29.80
29.73
20.66

20.58
29.50
20.42
290.34
29.26

29.17
29.08
28.99
28.90
28.80

28.71
28.61
28.51
28.40
28.30

28.19
28.08
27.97
27.86
27.75

27.63
27.52
27.40
27.28
27.15

27.03
26.90
26.77
26.64
26.51

26.38
26.25
26.11
25.97
25.83

— Py — b -
BN B2l aRon> Soowos obawna|~IX

41
42
43
44
45

46
47
48
49
50

51
52
53
54
55

56
57
58
59
60

61
62
63
64
65

66

. 67

68
69
70

7
72
73
74
75

76
77
78
79
80

25.69
25.55
25.40
25.26
25.11

24.96
24.81
24.66
24.51
2435

24,19
24.04
23.88
23.72
23.55

23.39
23.22
23.06
22.89
2272

22.55
2237
22.20
22,02
21.85

21.67
2149
21.31
21.12
20.94

20.75
20.56
20.38
20.10
19.99

19.80
19.61
19.41
19.21
19.01

81
82
83
84
85

86
87
88
89
90

91
92
93
94
95

96
97
98
99
100

18.81
18.61
18.41
18.20
17.99

17.79
17.58
17.37
17.15
16.94

16.72
16.50
16.29
16.06
15.84

15.62
15.39
15.17
14.94
14.71

14.47
14.24
14.00
13.77
13.53

“13.29

13.04
12.80
12.57
12.34

12.12
11.90
11.69
11.49
11.29

11.10
10.91
10.72
10.556
10.37

123

“10.20
10.03

9.87
9.71
9.56

9.41
9.26
9.11
8.97
8.84

8.70
8.57
8.44
8.32
8.19

8.07
7.96
7.84
7.73
7.62

7.51
7.41
7.30
7.20
7.10

7.01
6.91
6.82
6.73
6.64

6.55
6.46
6.38
6.30
6.22

6.14
6.06
5.98
5.91
5.83

161
162
163
164
165

166
167
168
169
170

171
172
173
174
175

176
177
178:
179
180

181

182
183
184
185

186
187
188
189
190

191
192
193
194
195

196
197
198
199
200

“When element width-to-thickness ratio exceeds noncompact section limits of Sect. B5.1,

see Appendix BS.
Note: C, = 126.1

AMERICAN INSTITUTE OF STEEL CONSTRUCTION

*When element width-to-thickness ratio exceeds noncompact section limits of Sect. BS. 1, see

Appendix BS.

®Values aiso applicable for steel of any yield stress = 39 ksi.

Note: C, = 107.0
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CHAPTER E

COLUMNS AND OTHER
COMPRESSION MEMBERS

Thi§ 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.

E1. EFFECTIVE LENGTH AND SLENDERNESS RATIO
The effective-length factor K shall be determined in accordance with Sect. C2.

In determining the slenderness ratio of an axially loaded compression member,
the.length shal} be taken as its effective length K/ and r as the corresponding
radius of gyration. For limiting slenderness ratios, see Sect. B7.

ALLOWABLE STRESS

Qn the gross scctio.ni of axially loaded compression members whose cross sec-
tions meet the provisions of Table B5.1, when Kl/r, the largest effective slender-
ness ratio of any unbraced segment is less than C,, the allowable stress is:

[ (Kl/r)z]
1 — st | F.

2 ¥y
F, = 2C;

T3, 3K _ (K (E2-1)
37 Tsc.  s&cl

where 2w°E
(4 Fy

On the gross section of axially loaded compression members, when Kl/r ex-
ceeds C,, the allowable stress is:

2
F, = 127E

= 3K (E22)

FLEXURAL-TORSIONAL BUCKLING

Singly symmetric and unsymmetric columns, such as angles or tee-shaped col-
umns, and d'oubly symmetric columns such as cruciform or built-up columns
“.nth very thin walls, may require consideration of flexural-torsional and tor-
sional buckling.

Avmmem T ~ —~

- NN N GRS N .

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.

At the ends of built-up compression members bearing on base plates or mille
surfaces, all components in contact with one another shall be connected by ri
ets or bolts spaced longitudinally not more than 4 diameters apart for a di
tance equal to 1% times the maximum width of the member, or by continuor
welds having a length not less than the maximum width of the member.

"~ The longitlidinal 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 welk
connecting two rolled shapes in contact shall not exceed 24 in. In addition, f
painted members and unpainted members not subject to corrosion where tl
outside component consists of a plate, the maximum longitudinal spacing she
not exceed: v

127/7/F, times the thickness of the outside plate nor 12 in. when fastene :
are not staggered along adjacent gage lines.

190/\/F, 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 rolled shapes separated t
intermittent fillers shall be connected at these fillers at intervals such that tt
slenderness ratio Kl/r of either shape, between the fasteners, does not excee
¥4 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 con
ponent part. At least two intermediate connectors shall be used along tt
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 plates or shapes shall t
provided with lacing having tie plates at each end and at intermediate points
the lacing is interrupted. Tie plates shall be as near the ends as practicable. ]
main members carrying calculated stress, the end tie plates shall have a leng:
of not less than the distance between the lines of fasteners or welds connectir
them to the components of the member. Intermediate tie plates shall have
length not less than %2 of this distance. The thickness of tie plates shall not t
less than Y50 of the distance between the lines of fasteners or welds connectir
them to the components of the member. In bolted and riveted constructio:
the spacing in the direction of stress in tie plates shall not be more than 6 dian
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 pla’
shall aggregate not less than ¥ the length of the plate.
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102 STRUCTURAL STEEL DESIGN

Table 5-1 Effective Lengths for Main Members Only
®)

©
1l
I/
1

05 |07 |10} 10| 20

@
chkled shape of column
is shown by dashed line [
A \
\

Theoretical K value

Recommended design
value when ideal condi- 0.65 0.80 12| 10 2.10

tions are approximated 20

Rotation fixed and translation fixed

Rotation fixed and translation free

(*

End condition code ‘?‘ Rotation free and translation fixed
7
{

Rotation free and translation free

SOURCE: Specification for the Design, Fabrication and Erection of Structural Steel i
ings November I, 1978. (New York: AISC, 1978), p. 5-124 in tj;:e AISC Man:d{ar Buid:

“Commentary on AISC Specification” in the Steel Handbook gives recom-
mended effective lengths when ideal conditions are approximated. This
table is reproduced here as Table 5-1 with the permission of the AISC. K is
the theoretical value to be multiplied times the column lengfh' to give its
theoretical effective length; however, more conservative valués' are recom-
mended in the table for actual design practices. The use of these latter
values will be illustrated in several design problems in the pages to follow
and K7 will be referred to as the effective length of the column.

) The se}ection of the K value to be used for a particular column has
given Pra?txcing engineers as much trouble as any other part of the AISC
Specification. On many occasions K values have been selected which are
too large, resulting in overdesigned columns with resulting economy losses.
'I_'he difficulty séems to lie in distinguishing symmetrical buckling from
sidesway buckling. When sidesway buckling occurs ‘a smaller load can be
supported. ' ‘ :

) When translation of the tops of the columns is clearly prevented as by
dlag.onal bracing, 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

DESIGN OF COMPRESSION MEMBERS 1

estimated from parts (a), (b), or (d) of Table 5-1 (AISC Table C.l_.8_.1‘,)‘
by charts prepared for this purpose such as the “sidesway prevented” ch

given by the Structural Stability Research Council in their publicati
Guide to Stability Design Criteria for Metal Structures. A large percerita
of the columns designed by the usual structural designer fall into this cla

It should be realized that most of the columns which the structu:
engineer has to design serve as members of frames and have effecti
lengths that are controlled by the amounts of restraint applied to their ex
by the other members of the frame and by the walls of the structure its
As no column ends are completely fixed or perfectly pinned, the desig
may wish to interpolate between the values given in the table, the inter
lation to be based on his judgment of the actual restraint conditi
Another reasonable method for estimating effective lengths involves::
careful sketching of the anticipated deflected shape of a particular colw
and the measuring of the distance between the inflection points on"
sketch. ' e
For most buildings, sidesway is substantially eliminated by maso
walls, but for buildings built with light curtain walls and large colu
spacings or for tall buildings built without a positive system of latc:
bracing, sidesway is appreciable. Such frames are referred to as unbra
frames. For such cases the bending stiffness of the structural fra
provides most of the lateral support.® 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 colw
and is thus continued in Chapter 8 which deals with those types
members.

5.8, MAXIMUM SLENDERNESS RATIOS _
The AISC Specification (1.8.4) states that the slenderness ratio KI/r of

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 against lat
or longitudinal forces or to reduce the unbraced length of other memt

the ratio may not exceed 140,

' ‘ N
5.9. DESIGN OF COLUMNS WITH AISC FORMULAS

Examples 5-6 through 5-10 illustrate the design of different columns ‘us
the AISC expressions. In part (a) of Example 5-6 the solution is m:
substituting into the formulas but in the remainder of this example,
the other examples the AISC Manual tables are used to simp
calculations. It should be remembered that the yield points of s

SSpecification for the Design, Fabrication and Erection of Structural Steel for Buildings ‘Noy
ber 1, 1978 (New York: AISC, 1978), pp. s-123 through s-127 AISC Manual.




36 ksi |

COLUMNS '
W shapes ' s (\‘,NOIS.:‘J;\:I)I;ISS

Allowable axial oads in kips Allowable axial loads in kips

Y

Designation ;
Wt./ft : v Designation

F Wi./ft
[

Effective length in ft KL with respect fo least
radius of gyrationr, =~

%

[}
o
e
@ >
e
<o
=0

(7]
£3
5'0

o8
[ =4
]

-]

.§
=
(1]

7] ] u o
Puo (Kips) : . y - Pua (Kips)
z.,, (l;:rs/in.) : f;m ((k':';;,sgn.)
wb

fond i P (D5)

7 (Kips) : L)

L () z y y _ L

:" |(ﬂ)2 ’ : ' ‘ A (in.2)
! B (in.4)

I, (in.4)

fy (in.) :
Ratio 7,/ : Ratio ry/r, 1.67 167 -
8. eg’m'{ing \ : : . 8,1 Bending 0.186 0.186
By}fam,s ) ’ - . B, factors 0.521 0.523
2,/108 ) ) - - 2,108 228.0 204.8
a,110° a,/108 . 81.7 736
e = M

Foy (Ky Ly)z/ 102 (kips) e -
{Flange is noncompact; see discussion preceding column load tables.
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COLUMNS
W shapes
Allowable axial loads in kips

Y

COLUMNS
W shapes

Allowable axial loads in kips

Designation

Wt./ft

F

g
K3
e
~-c
§f
o5
ki—
F=
£3
g'u
58
Q2
é
w

Designation
Wttt

f_

Effective length in ft KL with respect to least
radius of gyration r,

U
Puo (Kips)
P,; (Kips/in.)
Pus (Kips)
Prs (Kips)

L. (ft)

L, (ft)

A (in.2)

L (in)

1, (in.*)

r, (in.)

Ratio r,/r,
B, } Bending
B, 7 factors
a,/108

a, /108

Fox (K Le)?102 (Kips)

Fiy (K,L,)*110? (kips)

U
Pyo (Kips) -
Py (kips/in.)
Pup (Kips) -

Ratio r,/r,

B, } Bending
8, J factors .
a,/108

a,/10°

Fox (Ke L2102 (Kips)

Fay (K, Ly)z/ 107 (kips)

933
301
31
1.76
0.215
0.633
139.1
45.0
310
100

662
216
3.0
1.75
0.217
0.648
98.6
322
296
965

tFlange is noncompact; see discussion preceding column load tables.

v ~

~
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Design Procedure .
by

P = Total column load, kips
- Ay = B X N = Area of plate, in.?
A, = Full cross-sectional area of concrete
support, in.2 o
Fp = Allowable bending stress in base plate,
ksi . .
. F, = Allowable bearing pressure on support,
- ksi
.80by fo = Actual bearing pressure, ksi
B f'e = Compressive strength of concrete, ksi
t, = Thickness of plate, in.

Figure 1

’el base plates are generally used under columns for distribution of the column
id 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-
- beam, fixed at the edges of a rectangle whose sides are 0.80b,and 0.95d. The col-
mn load P is assumed to be distributed uniformily over the base plate within the
tangle. Letting F,, equal 0.75F,, the required thickness is found from the formulas

—2m AR - B
PZmEandt,, an,

mensions of the base plate are optimized if m = n. This condition is approached
en N~ VA, + A, where A = 0.5 (0.95d — 0.80b;) and B = A/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=2d+b-2L)L

Figure 2

AMERICAN INSTITUTE OF STEEL CONSTRUCTION

d = depth of column section, in.
b = flange width of column section, in.

The dimension L can be found from the following equation, where P equals the
column load:

- P
2(d + b - 2L)L

This procedure assumes the plate is fixed at the column webs; a free-body diagram for
a l-in. strip of plate is shown in Fig. 3.

K,

Bl

1)

Figure 3

Designing for f, = F,, the required plate thickness may be calculated as follows:
fo (L) L/2 = SF,
B
2F,
t=LV3fTF,

The allowable bearing strength F, of the concrete depends on f; and the percent of
support area occupied by the base plate. From AISC ASD Specification Sect. J9,

F,=035f;
when the entire area of a concrete support is covered, and
F, =035 f. VA,/A, = 0.7 f! .

when less than the full area is covered. By substituting P/A, < F,, this formula may
be rewritten as: a

—L)z = A4, = 443

0.35 f; ¥ !
The first two terms give the general equation:

A= 1 (———P )2
17 A4,\035;
The first and third terms give the equation for the minimum base plate area for the
upper concrete bearing limit: ' »
P

A=G75

AMERICAN INSTITUTE OF STERL CONSTRUCTION -




EXAMPLE
gézaok Determine the lightest weight W10 column, Fa' and

P allowable for the column shown. Fy = 36 ksi.

The column has pinned ends, so 't:he effective length
‘factor, K, is equal to.1.0. Table C-C2.1 ASDM p. 5:135
From Column Tables ASDM P 3-30, with KL =1 x 15 = 15°';
& W10x49 has a P allowable of 235 .

’éﬂ From ASDM P. 1-31, a W10x49 has the following prop-
erties: ’ |

15"

y—z .54 :m. r /r =1,71, A= 14 4 sq in.
KxLx-l.O x15=15"'

The equivalent minor axis effective length for the .
major axis is K L. /(r, /r )=15/1.71= 8 77'< K Ly=15'

Then the m:mor a.XlS length controls

KL

-—;’,—1=10715x12/25’+=' 9
y 2. <

& - (271 2g (27t 29, 000)5_. 126.1
c Fy 36 o

or, ASDM p.5-120, Cc for Fy=36. = 126.1

K. L
XX LZc
I‘y (o]

By Formula E2-1 ASDM p. 5-42
[ (K1/r) ]
y

202

.a _5_ gxlgr (Kl[r)

1'1 (70. 9)2/2(126 1)2.]36
2" 1.67 + .375(70.9/126.1)-(70.9)7/8(126. 1)3
= 16.34% ksi
" Then P allowable = FaxA=16.3l+ x 11-&.1& = 235k> 220%

Or, from Table C-26, ASDM .3-)6
for X1/r = 70.9, by interpolation,
F = 16.24 ksi, and P allow. is again, 235k
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EXAMPLE

4" cone sLap |
Wib ks| A=a.n’ T
dr15.88 bi=5525" r
T =3 18n S, = A7. 2w}
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A siaB = GO PSF L

Qo= 3 ¥ Qe = 350081 \
29600 _ |

ne= q 81300 A3

AL sTEEL

44_‘— 0045 'QC-




CoMpPos\Ta BEAM
h:\oMawrs
£ =1as= auSo = doo P&
Seawm 3\

43\ p\{

| ‘ %
Mp= © 43\;'2,1 e 29q.2'%

Packbon = 2@ =144 p\f
L © B¥loco s 8O

'La‘“‘ ?\Q
M\.' O-‘\ﬂsﬂ %'21‘ ﬁbob‘t‘

Mo 1A kB0 2e.3'"




be 4 e1xiz =8|

b= 8ok =9l
b=z 8.5% w4 = ©4.515" « LonTROLS

TRANSFORMED AREA
112"

L1.52
AR LT e U

Wik x3|(
ComPos\Te secTion prop, E

A* A\ ¥ 4%172= 40 n®

q s (2 *1-45 230.33 % \1. 89,
o

f\' \S.6\

Ts3215 +q‘im.(1.u1)"+ b1 42+ 300852217
T = (2w




------------------@

Conbos\Te. BEAM

PRICR o SeT

(. 2l2xi
® 41,2 ok

AFTER &8 T

Blo & \2 % ‘ \].88- 5.6\ s !

A% LA
&s‘- ‘o * \M\ 2 ?—4.«5 st > M XY, M',ét.

2.

BY Al%e cwAaPTER T

STEEL TRESS CAMN BE INCREASED \F ToTAL ssruIce

LOAR> MOMENT LSING S
| TR PROVIDED Y Dog e
EXCEEe MAX, PERMISS BLE VaLLE =S Nt

Sre= W2 3
1861 & T(24 10

Sm'(\.% +o.85 %‘.Qﬂ.& = 43.4 »7.21n\* ok

. 128, . - -
_‘Q‘- '-—-%-ﬂgaug-o.z,a‘c.l.ss ol gs"‘zﬁ'%%ﬂ"?-(-t‘ﬂ-
Wz ok




428 STRUCTURAL STEEL DESIGN

Table 15-1  Allowable Horizontal Shear Load for One Connector (g}, Kips*

Specified compressive strength
of concrete (), ksi

Connector® 3.0 3.5 >40

1 in. diam. X2 in. hooked or headed stud 51 55 59
§ in. diam. X2} in. hooked or headed stud - 8.0 8.6 92
$ in. diam. X 3 in. hooked or headed stud 115 125 133
# in. diam.x 3} in. hooked or headed stud ~ 15.6 16.8 18.0

Channel C3x4.1 4.3w° 4.7w® 5.0w°
Channel C4x5.4 - 4.6w° 5.0w° 53w°
Channel C5x6.7 T 49w® 5.3w° 5.6w°

SOURCE: Specification for the Design, Fabrication and Erection of Structural Stee! Buildings,
November 1, 1978, Table 1.11.4. AISC, Inc.

*Applicable only to concrete made with ASTM C33 aggregates.

5The allowable horizontal foads tabulated may also be used for studs longer than shown.
Sw-length 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 VQ/I 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. e

For this discussion reference is made to-Fig: 15-7. Should the neutral
axis fall in the slab the maximum horizontal /sﬂear (or horizontal force on

* Table 15-2  Coefficients for Use with Concrete Made with C330 Aggregates

Specified compressive Air dry unit weight of concrete, pef
strengthof concrete (f;) 90 95 100 105 110 115 120

<4.0ksi 073 076 0.78 0.81 0.83 0.86 0.88
>5.0ksi 0.82 085 087 091 093 09 099

SOURCE: Specification for the Design, Fabrication, and Erection of Structural Steel
Buildings, November 1, 1978, Table 1.11.4A. AISC, Inc.
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EXAMPLE Beam-column Design S
| ' Using AISC Specs., determine if
Awtq the column has adequate strength .

Crane Rail

to support the loads as shown. i
l ' lColuml Sivdeswa'y 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. S

Properties of W10x60: ASDM p. 1-30
A=17.6 sq in, d=10.22 in, S_=66.7 in,
rx=4.39 in, ry#2.5? in, ro=2.77 in,

4 d/Ar=1.49. b f/2t f=7..4

SECTION A-A See Section H.l ASDM ¢.554
~ Determine which interaction equation controls. -

Check i‘a/Fa
fa=P/A=1+9/1?.6 = 2.78 ksi

Fa depends on K1/r, see p.5-]35 for values of K, in this
case we use condition {e) of Table C-C2.1, i.e. K=2.1.

lex 2.1 x 8 x 12
EI39

= 445,92 Governs

0.8 x 8 x 12 Condition (b) of
2.57 = 29.9 Table C-C2.1

gives Ky.

Interpolation in Table C-36, ASDM p.3-1G, gives
Fa = 18.71 ksi

fa/Fa = 2.78/18.71 =0.149<0.15

Then by Section H.| we need only to check Formula HI-3

b ¥
bY - <j3.0  HE3, ASDM p.5-54
Fbv g




EXAMPLE (cont)

Since we have no bending about the y-axis, the third term
on the left of Formula Hi-3. -:-goes to zero. "
M _ bo¥ x oone .
fb = -S- = —2?6.—7— = .1?.63 ksi
From Pe3- 30 ASDM,il;c = 10.6' which is greater
 than the actual length of 8'; therefore,

Fy = 24 ksi o |

Substituting in Formula HIl-3:

.19 + 1362 = 0,149 + 0,735 = 0.884=<1.0 Lok




EXAMPLE (Beam-column)

p=385F Can the Wilx90 carry the ioéd_Safel§§f¢ '
| 82 5'k' Assume the column is hinged at both ends,
. See p.1-27 for properties of the Wikx90,

4 M=82,5 'K

Column 2
Wil4x90 : A=26.5 in

Wik - ; -
? d=14.02 in From the Column Tables,
12 S_=143 in> ; -

. b'e P«3-23,
r r =6.14 in L,=15.3')12"

a5k

rg=3.99 in
: d/Af=1 «36

Since column is hinged at both ends, K=K =1.0
K 1 o ,' _ S
xXx -1 x12 x 12 _ R ; (by interpolation

= XA X2 o a3 Fo = 273 ksi (DY “hterpoistion.

£ = 385 = 14,5 ksi \fa 1“’05_'_ - ’
26.5 P R T TY =.75>.15

». must check Wi ° and HI-:2  p.5-54

Hi-1 B HI-2
C
DX £1.0
a
(1 - Fr) Py 0

ex N
: = - -L =
p.5-55%C = 0.6 o})Mj 0.6

- M _ 82.5 x12 _ .

X .
- ,06 X 6-9 - — -
Check HII 0.75.(1-114“5 = 0.75.+ 0.18 = 0.93 < 1.0 OK

275 12
Ch-~ HI2 (14.5/216)+(6.9/24)=0.66 + 0.29 = 0.95<1.0 OK




EXAMPLE

e —————————

Proportion the beam below for moment reqdirements. the use
condition is exterior exposur
service (working) loads.

fo = 3,000 psi~ f& = 50,000 psi
= 3.6%
P = 7.0F
‘ wp = 0.4 k1f

%ﬁ%_ wL .16 x1f

' 12 1. 12' ]
L ¢ i

1. Establish the ultimate loads by multiplying service loads -

e, and the 10ads shown are T

by the appropriate load factors found in Section 9.2 of . °

the ACI Code, p.92.

P = 3.6 x L.+ 7.0x1.7= 16.98% call 17%

wu = Ocu X 1ou'* 0.16JX 107 = 0.83.kl£ .

». Shear and Moment Curves

ok
P17 w,=0.83 K1f

LoOAD !

i 1 4

i
k 2(0.83 x 24)/2
fugack i

SHEAR . L~_-~‘§j
‘k

162 X 18.46 M =(18.46 + 8.50)/2)(12)
. !k Ok
MOM/\ = 161.76 call 162

3. Establish the minimum depth.
By Table 9.5(a) ACI Code p.% see note at bottom of
table "For Iy other than 60,000 etc.”

= £ (0.4 + £,/100,000)

_T o % 12) gy 4 s32:000) _ g6, 50

1 100,000




4. Establish b and d, at this p01nt the designer selects a value
for the percentage of steel.

) ’

Pb = £y [87,000+fy]

_(.85)(.85)(3)[ 87 | _°
= [87+50]_ 0.0275

50
. 0.75pp = 0.75(0.0275) = 0.0204

Try p = 0.018, if this amount of steel is difficult to flt
into the beam, a smaller p can be selected.

Using a capacity reduction factor ¢ = 0.90, Sect. 9.3.2, P.94

My = #pfybd?|1 - £§¥

£
c j

(162) (12) = (0.90) (0.018) (50 bd2) '-°'(?i?3?i§f0)]

' 2920 = bd2 o ‘ _
I 4 . .
NOTE: f_ and fy are in KIPS PER SQ. IN.

‘If b=12; @ = 15.6. - «~ Try
If b= 10; d = 17.0 ‘

P01n£é ‘toe ‘consider in selecting proportions:
; .« 'a) deeper beam is more efficient, deflects 1less.
.. b) shallower beam provides more headroon

“ 5, érea of steel required:
Ag = pbd = (0.018) (12)(15.6) = 3.38 sq in.

Use 2 -~ #10 and 1 - #9 rebars, Ag supplied = 3.53 sq in.

. Check 2 if £,, > 40,000 psi. This paramater limits the size of
cracks. gection 10.6, ACI Code p.112

Z = fg Qldca'

fg = 0.6f, = 0.6(50) = 30 ksi
dg is deflned in Sect. 10.0, ACI Code, p.105
A 1is defined in the same section.




EXAMPLE (cont.) _ : ,
6. (cont.) | d = 2.0" Cover (AeT TTI)
| ‘ .375% Stirrup dia.
" - _]-_

.5625" = §x3

2.94*
‘ Ay
A is the o “No. bars¥

'] S e & ‘ *
gﬁﬁ:cﬁ;ve | AR When the main reinforcement
the tension . consists of several bar sizes,
concrete the number of bars shall be

computed as the total steel
area divided by the area of
the largest bar.
( Def. of A, Sect.10.0

ACI Code p. 105

A =(2.9% x 2 x 12)/(3.58/1.27)' )
A = 25,03

Z = 30 %9.4 x 25.03
2 =126 <145 = 2.y for exterior exposure. (10.6.4 p.1{3)

L]

.« The design is OK

7. Sketch of the cross-section of the beam.is:
W= 5.,
12.94
18.54"
sAYy 19

- %
IR .:{-g,‘io.’ _ﬂl':ﬁl‘\.\“_.’.
-




EXAMPLE

1Mi1—-61

For each of the beams, using fé=4.000 psi, fy=60;000 psi,

determine (a) the theoretical capacity M, (b) if loading
is 60% LL and the basic provision for dead load plus live

load controls, what is the service moment capacity?

3~#7
® oo

AS=3 x .60

.85¢% - €.=.003

374 % . R
l. 12" I “..-._ : . ) ' '€$=fy/Es

=1.80 sq in = 3.81 sq in
Balanced condition: : .

% )

.003 '
-(19.5) = 11552"

39,000 + .003

a, = .85(11.52) = 9.80"

C, = .85f ba, =(.85)(4)(12)(9.80)=k00¥
c

_ o _ oo _ in

Asp = T, =80 - 667 sadn

b

A = 0.75 Asb = 0.?5(6.67).= 5 sq in

smax

5 sq in>.1.80 sq in or 3.81 sq in ..0K
c =o.85féab =0,85(4)(12)(a)=40.8a

- _ _ K
T —Asfy 1.80 x 60 = 108

a = 108/40.8 = 2,65"; 5= 1.33"

x =.—g—5-= 2.65/.85 = 3.12"

M =1(d- 2-)= 108(19.5 - 1.33)/12 = 163.5 ¥
call 164 K




EXAMPLE (cont.)

(b) € = 40.8a |
T =(3.81)(60) = 228.6%
“a = 228.6/40.8 = 5.60"; —%— = 2.80"

x = 5.60/.85 = 6.59% : E
M. = 228.6(19.5 - 2.8)/12 = 318 F

Safe service load moment:

4 oLel(0. M) + 1.7(0.6Mw ) _ 0.56Mw_+ 1.02Mw
n- 0.90 - - 0.90

= 1.76M

= 164/1.76 = 93 ¥ for beam with 3 - BT e

L, = 318/1.76._=181fk for beam with 3 =-#10




I |

EXAMPLE

Using strength design, determine the max:.mum dls‘ta.nce a o

simply supported beam can span if it has the cross- sectlon

shovn below. Cons:Lder bending only. The beam must carry a

uniform dead load of 0.8 lclf and a live load of O. 9 klf.
y-50k51 £i=3.75 ksi. Use ACI 318-89

b=10" . .
F————4 - 858",

'34"" “j aI ] g C = .85fc':'ba
!‘. Lk <

4

..-'t | aps

'3
¥
.

’ by ‘ Ceg.S 0> . ) s : o
.-,.J { bug . . . hrv >T= Asfy=50 08x50=254k ‘

4#10bars
—127xh-5085q1n.

Equate C =T to get “a". | ) R o :

At 25l '
v - - )
.85£3ba = Agf  which gives, = sl B5x3.75x10 1+ 7

M =[A £ (d -—}}gwhereﬁ the reduction factor, =0.90.-
M,=0.90(254)( 20 - L327) = 3661 "% 305'k |

The weight of the beam is (10x24)/144 (.150) = .25 klf.
= libwy + 1.7w; = 1.4(0.8+0.25) +1.7(0.9)

= 3.00 k1f

Equate the internal moment in terms of load and span length

'toM.
sz
M, = -g

. u
-~ 2
1=2 306"k - 3:00L

= 8
M,=w, L8 2

816
28.6' =




TXAMPLE _
Design a square tied concrete column to support an axial

loading as follows:
DL = 300 kips: LL = 120 kips
£ = 4,000 psi, £ = 60,000 psi
Section 10.3.5.2 ACI Code p.110
Py= AP (max)=0+80P [ 0.858 (AmAgy) < fAct]

Assume 2% of steel, i.e. Ast=°02Ag
P =1.4(300) + 1.7(120) = 420 +204 = 624"
62u=(o.'80)(‘0.70)[_0.85(1»)(.A.,-o.ozAg)-réo(_o.»ozAg)]
62u=0.56(3.40Ag-o.068Ag+1 .ZOAg)=0.56(4.532Ag)
621+=2.538Ag
Agé?45.9 sq in |
‘Use a 16" xm16“'éd%umh; A = 256 sq in.
. Area of steel, Ast’ required: 7
624=0.56 (3.40 x 256)-3.40Ast+60Ast
624=L87 + 31.7A_, | | N
A = L4.32 sq in. ‘Use 8 - #7, Area = 4.80 sq in.

s
Sections 7.10.5.1 and 7.10.5.2 ACI Code, p. 72

Using #3 ties, the spacing is:
48 x 3/8 = 18"
16 x 7/8 = 14" (Governs)
1 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"o.c.




Design a square column footing to support a 16 inch square
*colunn having a DL =300° and LL =120X. The column re-bars
are 8 -#7 vertical. The bottom of the footing is 5'-0" be-
low ground. The concrete weight is 150pcf. the SOll is 110,
f, = L,000 psi, y = 60,000 psi, and the soil capacity is

three tons per sq ft.

Assume the footing depth = 24", then d = 24 -(3+1) = 20"
Section 15.2.2 ACI Code p.245
Pp=300" -120k PTOT-Boouzo—uzo

The bearing pressure due to the footlng and the so;l is: .
fp 2.0x. 150+3x 110-.300 330-.630 ksf '

Net £ -ek - .630 = 5,37 ksf |

PTOT _ 420

Areareq d = Wet f =337 = 78 2 sq ft

Use footlng 9' x 9'. Area = 81.sq £t.
Section 9 2.1 ACI Code p.91 ' '

The design pressure on the base of the footlng due to
factored column loads is

fou 1.4 x 3005)31+ (1.7 x 120) _ %_ .70 kst

Depth for punching shears; _
Sections 11.11.1.2; W.12.2.4 ACI Code p. 169

The shaded area ;a?/

is the loaded
area for punch-

ing shear. /// 71 bo = 4 x 36=144"
7 |
= ,
]
16"

.

v
'
13




EXAMPLE (cont.)

v, =(81 - 32)(7.70) = 55b.4%

v, 554,400
d = = 17.90"

=¢‘+ b, (.85) (k) 4000) (14k)

17.9oi| ' 200' OK
Depth of footing for beam action:
Section 11.12. 1.1 ACI Code p.108

- “ —o Section for

b =108 0 - maximum moment
' ' (Section 15.4.2a
ACI Code p.246)

2'-2" = 2,17'— —g=30"=1.66'

Section for _46n=30_10u=3 83'

beam action Ly * :
shear .

V, =9.00 x 2.17 x 7.7 = 150.38"

v 150,380

u - .
= (0.85) (2)k 4000)(108)

= 12.95"C20" OK

d =
¢3ft] v

Steel Area:

M, = (7_.70)(9..0)(’3.83)(3.83)/2 =508.28

M
R = u — 508.28 x 12000 = 156.88

u ?;bdz T 0.90x108x20x20

'k

ZnR,, £ 60

- L | - - .
R = n:(l ~4/1- fy ) where m = ngx?g = TEBTE7“17'65

- 1 . 2 17.6 156,88
R=17.g3 (1 ‘Jl - &2 o,oog )

200

y

A = 0,0033 x 108 x 20 = 7.20 sq in

st As(min)

Use 12 - #7 rebars A = 12 x 0.60 = 7.20 sq in.




EXAMPLE (cont.)

Development length forAfootlnv rebars;
aectlon 12 2.2 ACI Code p.182

_ O ATy Lob x .60 x 60,000 23n
Pa . T 1,000

= .0004 4 f = .000% x-Lx 60,000 = 21"

Pmin 8

factual © k6 - 3 = 43" oK

Load transfer from base of column to fobting}'
Sections 10.15.1 ACI Code p.1%%

Allowable 1oad at the base of the column;

P =5£0.85 fe Ayi where A, = area of column = 256 sq in.

= (0.70) (0. 85) (4)(256) = 609 K< 624k
Allowable load on footlng.
A

P= 0.851 1'A2
| 1
need not exceed 2.

; where AZ is the supportlnr surface,

-2
1

J‘18}77 6. 76)2

oo Use 2

= 4o, 70)(0 85)(4)(256)(2) - 1218. 6k>624k ok

Excess to be carried by ‘dowels;

Section 15.8.1.2 ACI Code p. 249
624 - 609 15

A, of dowels = 3 = 0.25 sq in.

As(min) = ,005 x 256 = 1.28 sq in.

Use 4 - /6 rebars, area = &4 x .44 = 1.76 sd in.




EXAMPLE (cont.)

Development length of dowels:
Section 12.3.2 ACl Code p.188

0.02f d, _ (.oé)(sg,ooo)(.is) =

‘\/f;_. 'vl».oqo

0.0003 £,dy = (.0003)(60,000)(.75) = 13.5"

14,23" «— Governs -

- 8u

Use 4 - #6 dowels extending 15" up into the column and down
into the footing so as to set on the rebar mat. a

16" x 16" column

[~ 777777777

z .
wy -
m

, -#6 dowels |
12-#7 e.w. * cover
\ — . o

Y 91 . 4 r . . r 1 &

3" cover —

Footing 9" -0" square




EXAMPLE

Given the concrete T beam shown, the span is 30 feet and
£, = 4,000 psi, = 60,000 psi. Considering bending only, .
find: (a) M, = 2 (b) what unlformly dlstrlbuted load for M, 2
_32n ‘ 401 : :
~ {slaba 32° a
— 3 ;:"4
d=32u 1#0.

—\ (v)

-4
(a)

Computing T =

Ye 84

o o2

- Since the total comnre551on must be equal to T, and

. C = 0.85 Te Q&oncrete in’

compression)

ST 607 _ iog s s, -
Ae -“0.85féf'3:§§£5 178.5 sq inj 32 x b4 = 128 sq in.

.+ The neutral axis-lieé be1ow thelslab;
Using (b) above: PO L
| 14 x y = 178.5 -128 = 50.5
y = 3. 61"

Compute ¥ with respect to axis a-a.

Area ~ Ya-a Ay,
4x32 128 2 256

3.61 x 14 50.5 5.81 293.15
178.5 549.15

= 249.15 _ "
Y = 785 = 308

The lever arm from T to C = 32 - 3.08 = 28.92"
M, = 607% x (28:92) < yu63'k

=¢M_ = 0.90 x 1463 = 1317'K

3
i




EXAMPLE (Cont.)
Check @ _. -‘f-_z-eb + Tis a function on. then check T . "

Using Fig.(c), for balanced conditions:

Y - .003
3

2
y 1809’4’" = yb

.003 + .0021

32 - y = 13.06"
The depth of the compression streés block, é‘b = .85yb-

a, = -85 x 18.94 = 16.10"

Then the area of the concrete compféssion block is:
C = (.85)(4)(297.4) = 1011k ’

e 3a e e~ omepK\Nm o - = gooK
T »—-%-Q = 0.75 x 1011 = 758 ;>Tactual = 607" OK

Check on M, by alternate method: see Fig.(d).

32" L C1 T (8.6 362.2"
BT o = (.85)(4)(2)(9) (k) = 244.8F

g» : 2
11-&" 3’6100 .
o }.__.~4i% Cm = [362.2(32 - Lf2)vaus.8(32 -] /12
.85£,

= 1463'X
Mn = 1463

2 - - - 'k
E,_ c; My =¢M = 0.90 x 1463 = 1317 “Ans.
8 8 x 1317 o 49,70 k1f Ans.

W Se———=
u Lg 30x30




3 Eeer— Ce

Iy —-71

EXAMPLE | '
Given the T beam floor system as shown, and MDL = 200 k,

Mpp = 250 k £4=4,000 psi, £,=60,000 psi, L = 20'0".
Find the area of steel required for a T beam in this system.

typ.

60_0.- 60-0u

Section 8.10.2 ACI Code p. 85
Effective flange width bé’

-4 - 60" s
1) b, =% 20 x 12 = 60" = .Governs

2) b_ = (2)(8)(3) + 15 = 63"

= (2)@F) + 15 = 72"
= 1.4(200) + 1.7(250) = 280 + 425 = 705 K
M L
=4 - 205 _ .g3'k
e - .50 " 7837
Assume a the same depth as the slab and compute moments

about Cc. o T(23=5)‘§ Asfy(23.5) = Mn

A_(60 . .
23. 5" s(60)(23.5) = 783 x 12

} o Ag 6.66 sq in.

Compute Agt
Ce T _ 6.66 x 60 _

Ac = 785ty = TBsTy T (B3N (H)  117-° sa in.

A .
a =F:=‘1—]6LOL6-= 1.9610 a/2= 0.98"

Since a{3" the neutral axis is in the flange.




EXAMPLE (Cont.). ‘
T(d -2) = (A, x 60)(25 - 0.98)/12

120.10 As
6.52 sq in.

Use 3 - #9 and 3 - #10 in two layers, A_ = 6.81 sq in.

Check a:
= Af = 6.8 x 60 = 408.6"
sy
408.6 '

AC = .85x’+ = 120.18

_120.18 . a w2 LB opw

- ay _(he - 'k 'k
M (allow.)" T(d-5) =(408.6x24)/12 =817.2 ©>783 ™ OK
M
_ “n(actual) _ 783 x 12 _ . .
ts —#(T-_-%l = Goighl = 6:53 sq in~v6.52 sq in OK
y'. 2 _ :
L _ 'k 'k
My -.ﬁran_o.99(817f2) = 735 7> 705 " OK
Check Qnax = O.?SQb: ' A
From ACI Tables, for fj = 4,000 psi and fyg 60,000 psi,
0.75Q, = .021k '

= 5 =-_._-—- = o .
Qactual - B, & 15 x 25 0182<<.0214 OK,

w
Check @ . = 200/f = 200/60.000 = .0033 <.0182 OK
min Y S




EXAMPLE | _
A pair of C12x20.7 channels are bolted to a beam 10"x 12" |
as shown. Determine the safe resistingwmbment if bending " -
occurs about the,x-axis. |

Given; F_=18,000 psi, F,=1200 psi, and E /E,=n=20.

y1_§>)":c12" ‘From ASDMp 1- 40 (9th Ed.)
°en Ci2x20.7 A=6.09 sq in., d=12", bf 24 942"

Axis x - x . Axis y - y<

1 =129 in* I=3.88 in?

S ¥= 6 X-oin

10x12 "4.£-= 120 sq in.

“Axis' X -x. Axis  y - y.

I=(10x122)/12 - I=(12x107)/12

= 1440 in® . =1000 in*

§= 6 in -* . - : §= 5 in

Transform the section to an equivalent wood section by using .
the given value of n = 20. - _
For x-axis bending, since the sectibn'is symmetrical with re-
pect to this axis, we may transform the moments of inertia

directly. T R :
I,.= nI+I, = (2)(20)(129)+1uuo;516o+1440=6600 in®

Syp" tr/( 4y=6600/6 = 1100 in°

If F, = 1200 psi, Fs=an=(20)(1200)=2#000:>F

“w y=18,000 NG

s(allow.
If F, =18,000 psi, F /n 18, ooo/20-9oo<:F w(allow, )=1200<Use

Then ‘the moment capacity of the section is;

(FyStr) _ 900 1bs L1100 in3 1 £t x 1K
= 12,000 in 1bs

M.=— 2L
R 12,000 ~ in2

= :n'k
Mp= 82.50




EXAMPLE LR : |
Determine the size of weld requlred for the bracket shown. =~
o Material is A36, and welding electrodes E70,

k e "
Y %=1.81" pssume effective .
5, 69" thickness of weld
throat, t -v1"

e

Stress at Pt,

Because of symmetry, the c.g;5ié
W1l4x48 half-way between the top and bot-
tom welds. For X with respect to

k 74" l, the y-axis: take moments about a-a.
»*
Flange width for ';S2liZ_ili_lilyziliilélllligl
detailing, from x 2(7.5)(1)+(16)(1) ~
ASDM »-1°26  s6.25 g, |
3 5 &3 ) 2
1.=I_ + 1.=lé.,.2(7.5)(s)2+2(1=5—)+2(?.5)(7—5 -1.81)+16(1.81)
P X y 12 12 2 . /
L1 | L I |
’X : y ) v
Ip= 1301033 + 179018 = 1“’80
e = 15+33-1.81 = 16.69"

N Y4 - : s b
£, =(spateyrg = 1.03 ksif

2”1, :"_‘_175‘1 o;-"'u‘i‘_, 1)
= _Eey = 32 x 16, 69 x 8 e
5 T—9_1 ) = 2.89 ksi -

fp= ,J(f + 5% 15 = J(1 03+2.05)%+(2. 89)2 = 4.22 ksi

_D = 2;22 = 4,55 51xteenths. use f%f fillet weld.

.928

o~ t(allow ) 21 16

Min. plate thickness = 2707 fu 2125 x 21 0.3201-,-3-"191 0K

The numerator of the above fraction represents the shear
force on the throat of a 5/16" fillet weld, and the denonm-
inator is the allowable shear stress for A36 steel which
is in Section F4 ASDM p. 5-49 or, Tadle | p. 5-17.




EXAMPLE

Assume the plate is of sufficient size and strength to carry -

the applied loads. U51ng materlal hav1ng F =36 ksi, and 1"dia.

A-323N high strengfh bolts, find the maximum load on the bolts.

bolt group is as shown.
Since the resultant force in any bolt is

perpendicular to the line which connects
it to the center of sgravity of the bolt

_ group, the bolt having the largest load
is farthest from the c.g. We will check
d bolt “d".
10-1"$ At "d", the force d:.agram is:

bolts - £, Ty
| & 1

In this diagram} _ = total number of bolts.

12" 146k By 1nspectlon. the &enter of grav1ty of the

Cs8o

' _ Pekr;uw

Ip |
Ix=No.bolts X a2+No.bb1ts x b° = l,c(32 + 62) =

Iy=No.boltS»x c? = 10 x 32

Lo k

=J0 = ¥

ao X 12 x 3 _ k
270 ~T 5033

= 40 x 12 x. 6 _ k

:/“1 + £,)% £ =J(4~ + 5.33)2 + (10.66)2 = 14.175

= 16.5k. Table 1-D, ASDM p.4-5, and is the‘

Rv(allow.) ,
allowable load in single shear for a 1"diameter A-325N

bolt. Therefore the maximum load on the given group of

fasteners, 14.17k. is satisfactory.




DESIGN OF WOOD BEAM

Design a wood beam for the given loads.

‘Lumber to be #2 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 0.900 k
Dead load 0.600 k_

9gt—Q" 9i-Q"

w,=0.060 k1lf
w1=0.200 k1f

E_}.H“‘ _ 13
P 18'-0" B -

I]

Check with snow, and w1thout snow.

Wlth sSnow: 2 IR
(.060+.,200) (18) (.900+.600) (18)
M . +
8 . 4 x 1.15 (snow duratlon

' : factor)

W.0. snow: , _ ,
‘ .600 x 18 o '
Mmax= 10.53 + x = 10.53 + 2.70 = 13.23 ft-k

- For single use, the bending stress Fb' for #2KD So, Pine, is 1.300
ksi.

= in3
Sreq.=16-4 % 12/1.300 = 151.38 in

Try multiple sticks:

Since we are using multiple sticks, the allowable bending stress
Fy is increased to 1.500 ksi.

The new required section modulus is then:
\ [ =151.38(1.3/1.5) = 131.20 in

“req.
3 x 12's S=52.734 No. req.= 131.20/52.734 2.49

3

2 x 12's S=31.641 No. reg.= 131.20/31.648 = 4.15
Por the 2 x 12's; fb£16.4 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. : , . _




The areas of the choices are:
4 -2 5% 12's =4 x 16.875 = 67.5 in2
3-3x12's =3 x 28.125 = 84.38 in?

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: : R :

With snow:

Vﬁax=((.900+.600)/2)+(.060+.200)((18/2)-(11;25/12))
= .750 4+ 2,096 = 2.846 k -
For snow duration:
Vhax= 2.846/1.15 = 2,475 k
wW.0. snow:

Vmax? (.600/2) + 2.096 = 2,39 k

£,= (3/2)(2.475/67.5) = 0.055 ksi < F, = .095 ksi- OK

The dead load deflectioh is:
(5) (.060/12) (18x12) 4 .600(18x12)°
+
,z&DL= 384 48

(1,600/2) (4) (177.979)

(1/2)E for
creep effect

DL= hE 0.47"
The live load deflection is:
(5) (.200/12) (216)4 . 900(216)3
_ +
A = 384 48
' (1,600) (4) (177.979)
foLL= 0.58"
0.58"=L/372 < L/360 OK
The total load deflection is:

gﬂsTOT= 0.47 + 0.58 = 1.05" = L/206 > L/240 Not acceptable.




Using the 3 - 3 x 12's:
The properties of this combination are:

‘Area = 3 x 28.125 = 84.375 in®

Moment of inertia 3‘x 296.631 = 839.89V134
Section modulus = 3 x 52.734 = 158.202 in3
The maximum shear is:
= (3/2)(2.475)/84.375 = 0.044 ksi << F,= .095 ksi OK
= (16.4 x 12)/ 158.202 = 1.244 ksi < Fp= 1.500 ksi OK
0.47 x 711.96/889.89 = 0.38"
0.58 x 711.96/889.89 = 0.46" - .~
rop= 0-84" = L/257 < L/240
USE 3 - 3 x 12's




IH1-79

DESIGN OF GLULAM BEAM

Design a glulam roof beam for the given loads.

- Lumber to be 22F Douglas Eir;

The use condition is "dry". .
The live load deflection is limited to L/360, and the total load
deflection is to be less than L/240. S ‘

w3=0.250 k1f

w3=0.900 k1f . -

T _ BEERINR AT '
%“ 50'-Q" e

1R=28.75 k , » R=28.751k

By inspection, theitqtal 1oad“condition will govern the QQSiQQﬂ..

Mooy = (0.250 +0.900) (50)“/8 = 359.4 ft-k.

The unsupported'léhgth of'the beam'ié'- 0, since the compression
face is held by the roof planking.

Assume that%tpg;§hgngfgc;q;,:CF_=.0,90,
Fy, = 2.2 x 0.90 x 1.15 = 2,277 ksi

2.2 = Fb from allowable stress tables
V0;90 ' éésumed shape factor
1.15 = snow load duration factor
Then, the reqhired éection modulus is:
. \“ N _ . 3
‘ Sreq. = 359.4 x 12 / 2.277 = 1,894 in
Try a glulam beam 8 3/4 x 37.5 (25 - 1 1/2 lams) A_
Depth Area Moment of Section
(in) (in“) Inertja Modulus
(in®) (in~)
37.5 328.1 38,452.1 2050. 8
Cp = (12/)Y9 = (12/37.5)2/9 = ¢_gg
£, = M/S = 354.4 x 12 / 2050.8 = 2.103 ksi

Adj. Fb = 2.2 x .88 x 1.15 = 2.226 > 2.103 OK




Check shearing stress:
V'= 28,75 - (37.5/12)(1.150) = 25.16 k

v

FV = 0,165 x 1.15 = 0,190 >0.115

£ (3/2)(25.16)/328.1 = 0.115 ksi

-Deflection calculations:

- ‘ 2
Z&TL_ 180.0 x M x L“/ Ex I

ZXTL= 180.0(355.4) (50)2/(1800) (38,452.1)
' = 2.34" = L/257 < L/240
‘ZSLL= 2.34 (.900/1.150) = 1.83" = L/328 > L/360

Since this is about 10% over the allowable deflection value, +a
conservative approach would be to add an additional lamination,
thus making the beam depth 39.0" , _ . -
| The revised I = 38,452.1 x (39.0/37.5)°

= 43,253.4 in?

'Z&LL ="1,83 x 38452.1/43253.4“=”1363“ = L/369 OK .

The dead load deflection, considering creep, and increasing the
dead load deflection by 50%: ’

'ZXDL =1.5%2.34x(.250/1.150)x(38452.1/43253.4)

A <o

DL

TL
The bending and shear stresses are OK by inspection.

= 0.68 + 1.63 = 2,31" = L/ 260 < L/240 OK

Provide a camber equal to 1.5 times the dead load deflection,

| Camber = 1.5 x 0.68 = 1.02"

The {equired bearing length for the beam using F, = 0.385 kSi, is:
Adj. F, = 1.15 x 0.385 _

Area . == 28.75/0.443 = 64.94 in®

Bearing length, 1= 64.94/8/75=7.42 say, 7 1/2"

8 3/4™x39" GL beam (26 - 1 1/2" lams)

22F Douglas Fir, Cumber 1"




o s1c

Design'a s0lid section wood column for the given conditions. The

column supports a roof, and the total live (snow) and dead load .is
‘18 kips. S

The bracing is the same for both the x and y axes.
The lumber is No. 1 Douglas fir-larch. '
p=18g" - ‘ |

Try @a 4 x 6 (3 1/2 x 5 1/2) (Joist Plank category)

Area = 19.25 in® = (1/8,) = 10x12/3.5 =34.3 < 50
10°

F, = 1.25 ksi K = 0.671(E/(F_ x LDF))/2

E 1800 ksi o K = 0.671(1800/(1.25 x l._l__S__))U2
1 g 0L K= 23,7 < 34.3

Since the column 1/4 is‘greétér.fhan K and less than 50 it -is--a

long column, and the allowable compressive strength parallel.:.to

the grain is : o ' _ .

. F'_ = 0.35/(1/d)% = 0.3(1800)/(34.3)% =.0.450 ksi

Then: P(allow;)? E!Cx A??aif~p’459x;9t25,= 8.84_k§18_k F'Gé”ﬁ

_1_Try”a 6 x 6 (Sfl/z_xgs_l/Z).(Pdst &:Timber,categqryﬂ;;  %
Area = 30.25 in®  (1/4,) = 10x12/5.5 =21.8

F,= 1.00 ksi - K = 0.671(1600/(1.00 x 1.15)1/2
E = 1600 ksi K =25.0 5 21.8 o |

The column 1/4 is bétween 11 (the limit of 1/d for a short cblﬁmn)

and K, therefore, it is an-intermediate column, and the allowable
compressive strength is equal to:

3
I’

F', = F(LDF) (1-1/3((1/d)/K) %) o

F'. = (1.00)(1.15) (1-1/3(21.8/25.0)%) = 0.928 ksi
The the allowable axial load on the column is:

Plaliow.) = 0-928 x 30.25 = 28.1 k > 18 k OK




In composite construction, the concrete slab is attached to the
steel beam by means of steel shear studs which are welded to the
beanm 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 5 56, sets the parameters'fbr
designing such members. _ E

The methods of construction which may be considered in the design
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 beams and
formwork are sized to support the dead 1load of the beamns,
concrete slab, formwork, and construction loads.

In this presentation only type 2 shall be considered.

Under system two, the steel beam is stressed and deflectedAto
- accommodate the applied loads. o _

To determlne the properties of the composite sectlon, the
concrete 'is transformed to an equlvalent steel section by
reduclng its effective width by the ratio of bgfe/n, where the
portion of the effective width of the concrete siag on each szde
of the bean centerllne 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 I1, p.5-58)

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 I4.1, p.5-59. .




In the following problem, "the shear connectors are de51gned for
the full composite action . and they must carry the - total -
horizontal shear to be resisted from the point of max1mum momentjr
to the points of zero mement. :

Section I1, ASDM p. 5-56 requires that the value of this. shear%be»"
the smaller of: o _

’

fc = the compressive strength of the concrete in ksi . ... -

::Ac = the actual area,” 1n square 1nches, of the effec-: Lovii
tive concrete flange as defined in Il, ASDM p 5-56..




PROBLEM:

The floor framing for the lobby of an office building has beams
spaced 9 feet on centers and spannlng 28 feet. : :
Design a co“p051te section using no shoring.

The steel is A36, the concrete f'¢=3,000 psi and is normal -
weight concrete, the allowable horizontal shear per 3/4" X 3"
stud is 11.5*+ pcr stud. .

The LL = 100 psf, partitions = 20psf, and ceiling = lOpsf.

The DL = 4" concrete slab @ 50psf steel beams and metal formwerk
@ 30psf, (the metal formwork is considered as not conributing to
the composite action of the system), and a construction load of
20 psf.

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, F» may then be taken as 0. 56F,. .

‘Loads

Before conc. hardens - load After conc. hardens

Constr. load .020 ksf LL ) .100 kst
Slab .050 ksf .050 ksf Part. .020 kst
St. bm & dk .030 ksf b .030 ksf Ceil. . .010 kst
Misc. .005 kst

.100 kst - .080 ksf .135 ksf.

Unit 14 Bm spcg w/ft W ' M
(ksf) (ft) (k1lf) (k) (k-£t)

wie 135 S 1.215 34.02 . 119.07
wor .080 " A 0.720 20.16 . 70.56
wer .100 - ' 0.900 25.20 . 88.20
wri .215 " 1.935 54.18 . 189.63

Mer x 12 €8.20 x 12 .
ScL req. = = = 44.10 in3?
Fo .66(36) -

The minimum required transformed section modulus is:

Mrir x 12 189.63 x 12
Str req. = - = = 94.82 in3
Fb 24

To limit the Aci to 1", the required moment of inertia is:

M x L2 88.20 x 282 .
Ireq = - = = 429 in¢
161.1% « A 161.11 x 1

li




111—85

£ =57\ £ e '=57\ 3000 '=3,122 ksi; Es=29,000 ksi

Es 29,000
= =9.2 -~ n=29

Ec 3,122

equal to the average of the required Sci and Str; in this case,

44.10 + 94.82 )
Strtal = 69.5 in3d

2

Try a Wid x 48, A=14.1 in?; S=70.3 in?®; I=485 in¢; br=8.030 in;

l Select a trial section having an approximate section modulus
l d=13.79 in; tv=.340 in; tr=0.595"

The effective width b;‘is the'smalleSt‘of:

1 " .
BF“ . ;.:Z -~ ( 364-72!? 12 '
o SO TUS M—S 28 x == 84

4 7= Sn Uk By |
l 1379 3.845" N (2 x 4 x8) + 8=_T72" (governs) .

_—

| Cges " 9 x 12 = 108"
130%9. - . S

bett 72
b' ‘= = em—

= 8";

Ay ~ Ay? To To +Ay?
284.64  2531.87 42.67 2574.54

0 0 485.00 485.00
284.64 I¢x of bm) = 3059.54
~Ay2=-(6.174 x 284.64) ==-1757.37
Jo (of comp Dm) = 1302.17

46.1

(8.895+2)~6.174 4.721"
6.895+6.174 13.069"

1302.17
= —— = 275.83 in?

4.271

1302.17 . .
Str=Sboett= = 99.64 in? > min Si1r=94.82

13.069 :

l 284.64
— = 5.174"




. _ Mpr(12) _ (88.20) (12) _ . _ o
CEeny = TCg. = T g0.3 = 15.06 ksi < Fp = 23.76 ksi oK

£ Mrgp.(12) _ (119.07) (12)
(top) nSg  (9)(275.83)

. ’

= 0.576 ksi < 0.45 f_ 0K

£ _ Mpp(12) _ (189.63) (12)
(bott) SR 99.64

(Mcp) (L2)  _ (88.20)(282) _ , ' L
4(const. 1d) = trETITI(IL) (161.11) (a85) ~ 0°89" < 1! OK

= 22.84 ksi < Fp = 23.76 ksi oK

. ) @?)  _ __(ie.on(ze?) _ ..,
(LL) ~ (161.11) (Igg) (161.11) (1302.17)

(Mpr) (L2)  _ (70.56)(28%) _ .
8DL < T1e1.11) (I5) ~ (161.11) (485) 0.71%

The required shear to be carried by the studs is the smaller of:

0.85 . Bt (0.85)(3) (72) (4)
2 2
A.F 14.1) (36
vy = sy o 2)( )

= 367.2K

Vh =

= 253.8Kk - Governs

The stud diameter shall not be greater than 2.5 time the thick-
ness of the steel beam flange, ASDM I4, p.5-60.

(2.5) (0.595) = 1.49" > 0.75", . 3/4" dia studs are OK.

At 11.5K per stud, the number of studs required to carry a shear
of 253. 8k is: .

_ 253.8

=11.5 - 23.07, use 24 studs each side of beam center line.

Use connectors in pairs, the spacing perpendlcular to Dbeam
center line, per ASDM p.5-60, is four time the stud diameter.

~ spacing = (4)(.75) = 3"




As per ASDM p.5-60:

‘Min. longitudinal spacing of studs is 6 time the stud diﬁﬁgféf! '

i.e., : (6)(0.75) = 4.5" | i

Max. longitudinal spacing is 8 time the slab thickness, i.e., -
(8) (4) = 32"

The actual stud sapcing, longitudinally, is:

28) (12 = 14" > 4.5%, and < 32";

24
[-;-} (2

The total shear must be carried by the web of . the steel beam,
then £y is: - . . R -

_ Vpor _ _27.09
at,  (13.79) (0.340)

£y

= 5.76 ksi < Fy, = 14 ksi OK




EXANMPLE

Lising LRFD, se)ec*.a beam fo carry = simply suPpor%ed um{-’ormly
- Aisdriboted lan of 10%/1 LL snd 0.5%/er OL. Use Fy= 50 ki and
consider besm 3¢ having (Ul Isteral sopport. The beam qpsn 40 .

< Lolotion: .
gstimated beam usetgk} 50 plf. ¢ .
" wy = h2(.50%40.05) 4}-,[9(’ o) = 0.66 + l G = 2.26 A‘r LRFOM p- G-25

1
My g = 2REEAT o 450"

._,____..Mq - _ﬁé_?_:t_‘_?_ - 2, 'na
Zyrer = ?Sbf.;' T 040(50) et
Tey 2 W24x55  Ex = 124 in®; I= 1350 in 4

2 "
Check $or & LL deflection hmx'}ed to 360 = 42’20 = %2

Ut;mg gervice load Momen«l- for d‘:f:’lecf-wn chesk |~

2 Mo L* 200)(#0) " _
M (koA 2051 a0 o Aot .Qm _147 1,33 MU

: .- 200 x40 - e
- T e ‘For Aps 133 = S5 14%"‘

Ty W24x 62 5 Zx=15%; L=1550 in*

wWo revised = 1.2(0.50+ o. oaz)-;-l e(10) = 2 27 "/s-r
Mu - 207-78"402" = 454 1’4

Mp = ZuFy = (153x 503/9_ = 638"

FMp = 090 (638) = :>74 “%454" ok,

200)(40)* _ . “ :K.'
actoal Ay, = me L28" < 133" o

< heck' compact section limibs
=mom p |- 25 L!ZFDM

L:c0o; .__.h4 = 501
2% t

Fiaﬂge- 4 %" = q-'q o.K,
web ¢ = 9o.5 ok

W24x 6215 sat s{'\gd-ory




Determine Mg y B and Mwn X:o_r' s steel T beam ‘navub{

the %“owfwé ‘SCC{'.lon,’.—' H\ The beam Span ‘s 207 ¢ 's;:'m,at
the nominal odl (5, — Fy= 26 Ksi

As (lox)+Ex2): 26
- :gng x'l")'!"(Xx‘z xG)
Bla-a) = EY _ | > b X
| T = -é- ('Q_(lma.? + ¢788) + .l'-;(_lo_y?. )+ 20(212) o
ap2.44  + 6.7 + ‘?8.67 = 3)4.,7.2 e

3

2016 3. 208 4e 78"

= T _ 31477 _ : o3
. qwbﬁed’ S "’—"5';“ “W - 4’6'35

mys SFys @ean)(e)fy = 1230

Z- Plashe oreas sbove snd belew N4, musk be=.

R o=
w-1624 - & Top emta ™ 20-2 * 18:‘_
oy amas 16+2 = \8
3 ~

N () x;:.é) -r(?.oxa-\) +Qx4..z> =
Ma= Py 2= (36) (8:) i = 250.8 ¥

M 250.% .
Shape Fackr = 7ﬂ§~= T4 R

s =_____—-—-M“8 = 2_5_9',3—2‘—-8—9 5.02%#
“ 20%

Fo

O

. -‘ . 3
16,2402+ 672 *83.Gw




(P_astic Hwoes

o = REAL HINGE 3, @ = PLASTIC HINGE

J'P ﬁ LP-K

-3 [=] }7

VIECTUAL \Wogk. METHZD -
i Systam 19 Symme-}‘rl'ca\, the cnd rotations

o AT ys /
L 2t plastic hunges, a7 equal. (&)
6 ‘ .
— @y deomeingi. the middle rotahion s +oice
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