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INTRODUCTION
1. Purpose-This calculation method has been established to illustrate an

analysis to determine the competence of hydraulic telescopic cantilevered
crane booms.

2. Scope-This analysis applies to crane types as covered by Power Crane
and Shovel Association Standard Number Two, Mobile Hydraulic Crane
Standards and ANSI B30.15; refer to paragrapb 5.1, Applicability.

3. Criteria-Calculations shall include the dead weight loads, rated load
and a minimum side load of 2% of the rated load at the rated load radius. The
side load provides for "normal" conditions of nlachine operation. In addition,
the effect of the wind on the boom should be considered, as is provided for in
the calculations.

3.1 The factors of safety used herein are the recommended factors of the
A.I.S.C. "Specification for the Design, Fabrication and Erection of Structural
Steel for Buildings," adopted February 12, 1969.

3.2 The boom shall be deemed competent when thc solution uf the
interaction equations provided herein yield a value equal to or less than onc
(1.0).

4. Loads and Forces
4.1 The 2% side load provides for "normal" conditions of boom motion.

No allowances have been made for dynamic loads, duty cycle operation,
effects of the wind on the load lifted or operations other than lifting crane
service.

4.2 All forces and loads are expressed in pounds. Dimensions are in
inches. Stresses both allowable and calculated are in units of ksi. Also, the
modulus of elasticity is expressed in units of ksi.

5. Analytical Determination of Stresses and Critical Loads
5.1 Applicability-This analysis is applicable to multi-sectioned "box"

type booms, which are totally enclosed and cantilevered beyond the base
section.

5.2 Basis for Analysis-The equations presented in this analysis are
based on laterally unsupported beam column formulas, the solution of which
are combined in interaction equ3tions. In determining the section properties.
the effective width of the plates in compression are used. The areas covered in
this analysis consist of axial and torsional loading, bi-directional bending and
panel buckling. Of primary importance in the analysis are the compressive
stress calculations.

The work of this committee is not intended to cover all design concepts, but
rather a basic system. However, other design configurations may use alterna­
tive calculation methods when substantiated with suitable test data.

5.3 Summary-Where strain gage results are available they should be
used to supplement the analytical data.

6. References:
6.1 A.I.S.C., "Specification for the Design, Fabrication and Erection of

Structural Steel for Buildings," adopted February 12, 1969. In addition,
Supplements Nos. 1, 2, 3, and Commentary with additions and revisions
where applicable.

6.2 A.I.S.1., "Specification for the Design of Cold-Formed Steel Struc­
tural Members," 1968 edition. In addition, "Commentary on the 1968
Edition," by George Winter and Supplementary Information Part II.

6.3 Column Research Council, "Guide to Design Criteria for Metal
Compression Members," Second Printing, 1960.

6.4 "U.S.S. Steel Design Manual," by R. L. Brockenbrough and B. G.
Johnston, November 1968 printing.

.\TOMENCLATURE

a Clear distance.between transverse stiffeners on side plate; also the ratio
of the material yield of the wcb to thc material yield of the compres­
sion flange

A,
Ai

Am

C'c

Cmx
C mv
C

v
'

d
D
E
f

Actual area of section
Total effective area of section used in calculating Fa (refer to Appendix·
5 for illustration)
Area of compression flange
Area based on inside dimensions of section (refer to Appendix 5 for
illustration)
Area based on mean dimensions of section (refer to Appendix 5 for
illustration)
Area based on outside dimensions of section (refer to Appendix 5 for
illustration)
Cross-sectional area of stiffener or pair of stiffeners
Area of both webs
Actual width of stiffened and unstiffened compression elements
whether flange or web (refer to Appendix for illustration)
Effective width of stiffened compression element (refer to Appendix 5
for illustration)
Actual flange width (refer to Appendix 5 for illustration)
Mean width of section or bw - tw (refer to Appendix 5 for illustration)
Overall width of section (refer to Appendix 5 for illustration)
Distance learn neutral axis to extreme tension fiber of box section (refer
to Appendix 5 for illustration)
Distance from neutral axis to compressive fiber of box section (refer to
Appendix 5 for illustration)
Bending coefficient dependent upon moment gradient; equal to

1.75 + 1.05 (MXIllill
) + .3(_Mxmill )2 but not more than 1.3

I\1xmax M xmax

(refer to Appendix 3 for illustration)
Column slenderness ratio dividing elastic and inelastic buckling equal
to

V7T2E/(Fy - ure)

Effective column slenderness ratio dividing elastic and inelastic buckl­
ing equal to

j 7T2E

Q..Q.(t~ - fire)

Coefficient applied to bending term in the interaction formula and
dependent upon column curvature caused by applied moments; use .85
.85
.85
Ratio of "critical" web stress, according to linear buckling theory, to
the shear yield stress of web material
Overall depth of section (refer to Appcndix 5 for illustration)
Factor depending upon type of transverse stiffeners
Modulus of elasticity 29,500 ksi
Cumputed axial and bending cumpression stress on appropriate flange
or web
Computed axial stress based on total section area
Computed bending stress about the appropriate axis
Sum of the computed axial and side bending compressive stresses·
Computed bending stress about the x-x axis
Computed bending stress about the y-y axis
Sum of the computed torsional and vertical shear stress
Computed average web or flange shear stress
Total shear transfer of stiffener(s), kips per inch of length
Allowable axial stress permitted in the absence of a henrling moment
Allowahle benrling stress for the appropriate axis
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2

Fbx Allowable bending stress about the x-x axis if this bending -moment
alone existed

Fl,x Allowable bending stress in compression flange of box sections as
reduced for hybrid sections or because of large web depth-to-thickness
ratio

Fby Allowable bending strcss about the y-y axis if this bending moment
alone existed

F~ Euler stress divided by factor of safety; equal to

12'172E

23 (Kl/r?

F~x Same as F~ about the x-x axis

F~y Same as F~ about the y-y axis

Fv Allowable web shear stress
Fy Specified minimum yield stress of material being used, based on "yield

stress" or yield strength, whichever is applicable
g Wind load, Ib/in2, g == .004 (mph)2/144
G Shear modulus of elasticity 11,300 ksi
h Clear distance between flanges (refer to Appendix 5 for illustration)
hm Mcan height of section d - (tc + tt)/2 (refer to Appendix 5 for

illustration)
hv Vertical height of horizontal stiffener
H o Height to boom foot pin from ground
H p Height to center of pressure on boom
He Reference height at which wind velocity is measured (20 ft in U.S.)
Ix Area moment of inertia about the x-x axis
Iy Area'<noment of inertia about the y-y axis
Ist Moment of inertia of a pair of intermediate stiffeners, or a single

intermediate stiffener, with reference to an axis in the plane of the web
Ixe Effective moment of inertia about the x-x axis
lye ELTeclive moment of inertia about the y-y axis
J Torsional constant; equal to (refer to Appendix 4 for other equations)

4(bm )2(hm )2

2hm + b m + b m

t w t c tt

k Coefficient relating linear buckling strength of a plate to its dimensions
and conditions of edge support

K Effective length factor, for cantilevered section usc the value 2 unless a
smaller one can be justified

K, Torsional length factor for cantilevered sections, usc the value 4/3
I Dimensional lengths of boom
L Distance from tip to section in question
Lb Actual unbraced length of section in the plane of bending
M Bending moment about the appropriate axis
M 1 Constant moment load about the x-x axis resulting from eccentric

loading on the head
M 2 Constant moment load about the y-y axis resulting from side loading

on the head
M xmin Smaller moment at end of unbraced length of beam-column at tip
M xmax Larger moment at end of un braced length of beam-column at section

in question
M x Bending moment about the x-x axis
My Bending moment about the y-y axis
N Number of parts of line
p Wind velocity exponent
P Externally applied load at the tip
Pa Axial load applied to section
Px Lateral loading component; (side load)
Py Vertical loading component
Pz Axial loading component
Q.,. Ratio of effective profile area of an axially loaded member to its total

profile area of AelA
Q. Axial stress reduction factor for unstiffened elements of a section; refer

to Appendix 6
Radius of gyration for appropriate axis

rb Radius of gyration about the axis of concurrent bending, computed on
the basis of actual cross sectional area

R Load radius from centerline of rotation to centerline of load
R h Hoist cylinder reaction
Rx Reaction loads in the lateral direction
~ Reaction loads in the vertical direction
Rz Reaction loads in thc axial direction
Sx Strong axis section modulus with c taken to the compressive side
Sy Weak axis section modulus with c taken to the compressive side
Sxe Effective strong axis section modulus with c taken to the compressive

side

SYe Effective weak axis section modulus with c taken to the compressive
side
Thickness of flange or web in compression (refer to Appendix 5 for
illustration)

t e Thickness of compression flange (refer to Appendix 5 for illust~ation)

tt Thickness of tensiun flange (refer to Appendix 5 for illustration)
tw Thickness of web (refer to Appendix 5 for illustration)
T Torsional moment
Vp Wind velocity (mph) at center of pressure height H p
Ve Wind velocity (mph) at reference height He
Vx Statical shear load on section in the lateral direction
Vy Statical shear load on section in the vertical direction
w Component weight, Iblin
W Total component weight
x Subscript relating symbol to strong axis bending
Y Ratio of yicld stress of web steel to that of yield stress of stiffener steel
y Subscript relating symbol to weak axis bending

Subscript relating sym bol to axial loading
" Boom centerline elevation angle relative to a horizontal planc, or the

ratio of wcb yield stress to flange yield stress
(J Angle between a line perpendicular to the boom axis and the hoist

cylinder axis
arc Residual compressive stress, equal to .5 Fy in lieu of specific information

on steel used
u Poisson's ratio-equal to .3

LOAD MOMENT DIAGRAMS AND EQUATIONS

1. Assumptions used on Load Moment Equations
l.l Wind force is negligible on head (should include effects if jib used).
\.2 Torque is created by the side load P on thc hcad (would also be

applicable for a jib).
\.3 Equations are still applicable ifjib used but dimensions, weights, and

center of gravity to be adjusted accordingly.
\.4 Py == P cos "; Pz = P sin"
\.5 Winch rope fleet angle and anglc relative to boom is negligible.
\.6 Wind force is uniformly distributed along the exposed length of the

side of the section with its reaction at the centcr (is a valid assumption since
eaeh section considered individually).

\. 7 That the dimensions are to the reaction points and that the tips of
each section beyond thesc points are small in length and will not affect the
validity of thc equations.

1.8 That the axial stresses produced by the friction forces due to the
section reaction points from onc to the next are small in comparison to the
other stresses, that the section support cylinders carry the axial loads.

1.9 That equations and formulations appearing in the foregoing analysis
are for the boom in the extended position-see Fig. 1-7. Partially retracted
positions will require reformulation of some equations; as an example in Fig. 4
when III is zero or negative the cylinder no longer takes the axial load at the
section being considered. The moment equations would then appear as those
written for reference Fig. 3. Similar changes would appear in the axial load,
reactions and shear force equations.

FIG. I-LOADING DIAGRAM-BOOM ASSEMBLY
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3

. 18PaL= Wz sm a--­
17 + 18

18
VyL = R,3 + Wzcosa--­

17 + I,

. 17Par = R Z1 + Wz sm a---;
17 + 18

AXIAL LOAD ON SECTION

VERTICAL REACTIONS

M
x

_ 1
8

R'3 = -I - .JW z COS a---; R yZ = R YI + R Y3 + W z COS a
8 17 + 18

LATERAL REACTIONS

R _ My.
x3 - Is l

VERTICAL SHEAR FORCES

1_
Vyr = R,l + Wz C08a--'-;

17 + 18
LATERAL SHEAR FORCES

V". = R XI + gd I l7 ; VxL = R x :<

NOTE: Subscripts rand L refer to right and left of sections Zl - Zl

Vx = -RX1 = Px
Vy = - R yt = WI COS a + Py

p

M 1 = Pyl1 + Pzlz - PIN!. + Wt[l" cos a + IGsina]
M z = P)l

T = Pxlz
AXIAl LOAD

F1.G. 2-LOAD MOMENT DIAGRAM-HEAD SECTION

2. Rifer Fig. 2
Load Moment Equations-Reaction Of Head Forces On Tip Section

MOMENT

SHEAR LOADS

SIDE LOAD

Px = .02 P
FIG. 4-LOAD MOMENT DIAGRAM-ALTERNATE TIP SECTION

4. Refer Fig. 4
Load Moment Equations for Alternate Tip Section at Section Zl - Zl

MOMENTS

My = M" + R xl 17 + .5gd JI/
t = P)z

AXIAL LOAD ON CYLINDER SUPPORT

R Z2 = R d + W~ sin 0:

AXIAL LOAD ON SECTION

VERTICAL REACTIONS

Mx 18R,3 = - - ,5Wz cos 0:---;
18 17 + 18

FIG. 3-LOAD MOMENT DIAGRAM-TIP SECTION

LATERAL REACTIONS

3. Rifer Fig. 3
Load Moment Equations For Tip Section at Section Zl - Zl

MOMENTS

.5Wz cos al/
Mx = M1 + Ryl17 + ---=---'--­

17 + 18
My = M z + R xl17 + .5gd1l j

Z

T = Pxlz
AXIAL LOAD ON PIN

R _ My,
x3 - 1

8
'

VERTICAL SHEAR FORCES

17
V yr = R YI + W Z COS 0:--- + W 3 COs 0:;

17 + 18

LATERAL SHEAR FORCES

Vxr = RXJ + gd117 ; V xL = RX3

NOTE: Subscripts rand L refer to right and left of Section ZI - ZI
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4

FIG. 6-LOAD MOMENT DIAGRAM-INTERMEDIATE SECTION

FIG. 5-LOAD MOMENT DIAGRAM-INTERMEDIATE SECTION

~I COJERS REINFORCING PLATES AROUND
HOIST CYLiNOER AND PIVOT PIN AREAS

R"

R _ My.
XI - 1

21
l

VERTICAL SHEAR FORCES

R"

'20
VYC = R Y4 - Rye, + Wg cos IX + W8 cos a----;

'20 + 121

121VyL = R Y7 + W, cos a + WS COS a---
. '20 + 21

LATERAL SHEAR FORCES

V"r = RX4 - RX5 + gd;JI ZO ; VxL = RX7

NOTE: Subscripts rand L rcfer to right and left of Section Za - Za

FIG. 7-LOAD MOMENT DIAGRAM-BASE SECTION

VERTICAL REACTIONS

M x 122 'ZI
R y , = - - "V, COS a- - 5WH cos a----

121 '21 'ZO + '21

Ry,; = R,,4 - Rye, + Ry7 + cos a(W7 + Ws + W g )

LATERAL REACTIONS

7. Refer Fig. 7
. Load Moment Equations-Base Section at Section Z4 - Z4
MOMENTS

6. Refer Fig. 6
Load Moment Equations for Intermediate Section at Section Z3 - Za

MOMENTS

LATERAL SHEAR FORCES

Vxr = R X2 - RX3 + gd2'12; V xL = R xo
NOTE: Subscripts rand L refer to right and left of Section Zz - Zz

5. Refer Fig. 5
Loa'll Moment Equations for Intermediate Section at Section Zz ~ Zz

MOMENTS

VERTICAL REACTIONS

M x "4 I"JRY5 =- - W4 COS a- - .5Ws cos a----;
113 '13' l,Z + 113

R Y4 = R Y2 - RY3 + R Y5 + COS a(W. + Wo + W B)

LATERAL REACTiONS

R _ My.
x5 - '13'

VERTICAL SHEAR FORCES

My = R x21'2 - R x3117 + .5gdz112
Z

T = Pxl2

AXIAL LOAD ON CYLINDER SUPPORTS

R Z3 = R.z + (Wa + W4) sin a; R Z4 = R,a + Wosin a

AXIAL LOAD ON SECTION

AXIAL LOAD ON CYLTNDER SUPPORTS

R Z5 = R"J + (WI; + W 7) sin a; R'6 = R,o + Wgsin a

AXIAL LOAD ON SECTION

128
2

M x = R,.61Z8 - R,,7133 + .5W12 cos a---
. 1

28
+ 1

29

My = R x6128 - R x7 '3;J + .5gd4128
2

T = Pxl2

AXIAL LOAD ON CYLINDER SUPPORT

R'7 = R Z6 + (Wg + W lO ) sin c<
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AXIAL LOAD ON SECTION

AISC (C4)

AISC (C5)

CRC (4.7)

AISC (C3-1)

AISC (C5-1)

AISC (1.5-2)

3.

,5. If (KL/r) < C~ - inelastic range

[
I IJ,c(KL/r)2] F

QsQa - Fy(C~)2 y
Fa = ---------,------'--'--'------cc

5/3 + 3/8(K~:r) - 1/8(~:rr
c c

6. If (KL/r) 2 C~ - elastic range

F = I27T2E
a 23(KL/r)2

B. Allowable compressive bending stresses Fb for x and y directions
considering' lateral torsional buckling.
1. Inelastic lateral buckling check

j 5.1 KtLS:j
(KL/r) equiv. = .'v}Iy I vc;;-

Where K t =4/3
L = distance from tip to section in question

M M 2Cb = 1.75 + l.05(~) + .3(~);
M xmax M xmax

1.0 S Ch S 1.3 CRC p. 101
M xmin = the moment at the tip ,
M xmax = the moment at the section in question at L

NOTE: Clockwise moments are positive.
Counterclockwise moments are negative.
Refer to Appendix 3 for further discussion.

NOTE: L as used above is the distance from outer end of the
section in question to the point where the stresses are
to be calculated in that section.

Ifb/t s 184/Yf, for all plates, the entire section is fully effective
at a stress level 1. 67 times the actual stress. Proceed to St~ 2, Part
II for the allowable strcss computations. If b/t > 184/ yf, for any
one or all plates, the section is not fully effective for stress level f
and an effective width calculation must be made for each plate
that exceeds this ratio.

C. Determine effective width of plates that have bit ratio greater
than 184/Vf
1. Calculate the effective width of plates which are not fully

effective accordingly:

Where fis the actual stress computed from BI.I, B1.2, and B1.3
from the previous paragraph.

2. Calculatc new section propcrties Ae, Sxe, and Sye based on thc
effective widths be'
NOTE: The effective widths be used in computing Ae do not

require an iterative solution because the stress fa is
based on the actual area A.

3. Recompute new stress 'levels based on new properties.
4. Recompute new effective widths based on new stress levels.
5. Continue until stress level stabilizes-approximately three

iterations. Proceed to Step 2, Part n, for the allowable stress
computations.

II. To Determine Allowable Stresses:
A. Allowable axial stress Fa

Notc: If the stress is a tcnsile value, then. Fa = .6Fy, proceed to
Step II, Part B.

1. Factor Q a

effective area (Ae)
Q..=------.,-_----:'----"'-

actual area (A)

Where Ae equals the effective area of all stiffened elements,
both flanges and webs, corresponding to the actual stress. If all
plates are fully effective Q.. = /.

2. Factor Q,; see Appendix 6 to determine if this computation
must he made. Applies to outstanding plates free on one edge.

C' _ j 7T
z
E

C- Q,Qa(Fy - O'C)

Where Q,Qa S 1.0
4. Compute (KL/r) of both axis and use the largest KL/r value

for the Fa calculation.

r= j~

- .5gd4(128 + 129 )2

L"

+ .5gd4(l2s + 12,,)2

137

VERTICAL REACTIONS

LATERAL REAGTION

R xS = R XG - R X7 + gd4(l28 + 12,,)

AXL'\L REAGTIONS

_ R h sin 8 128 + .1 29 (1 29 + I,,)
R z8r - --- + R x6---- - R X7 ----

2 137 LJ7
R Z7 - (W II + W 12 ) sin a

2
_ R h sin 8 128 + 129 (1 29 + l:l;{)

RZSL - --- - Rx6---- + RX7 ----
2 LJ7 1:17

R Z7 - (W II + W 12 ) sin a

2

128
Vyr = R,.6 - R,.7 + W I2 COS a----;

128 + 129
129V yL '= R,.8r + R Y8L + (WlO + W ll ) cos« + W I2 COS «---­

128 + 129

LATERAL SHEAR FORCE

Vu = R X6 - R X7 + gd412s ; V xL = RxS - gd4129

HOIST CYLINDER REACTIONS

NOTE: Subscripts rand L refer to right and left of Section Z4 - Z4

CALCULATION PROCEDURE

Step l-Preliminary Data
A. Provide description of geometry and loading, such as boom length,

working radius, boom angle, rated load, etc.
H. Identify boom arrangement.

/. Generate shear and moment diagrams.
2. Solve for forces and moments from Section 3.

C. Identify boom section for analysis.
/. Determine material properties.
2. Determine section properties.

Step 2-Calculation of Section Properties, Based on Compressive Stresses, the
Actual Stress, and the Allowable Stress

I. To Determine Section Properties:
A. Determine if plates in compression are fully effective at yield.

/. For vertical bending loads compute the bit ratio for the com­
pressive flange.

2. For side bending loads compute the bit ratio for the compres­
sive web.

3. For axial loads compute the bit ratio for both webs and both
flanges_ Ifb/t S 184/Yf, where f = .6Fy, then the entire
section will be fully effective at yield. The properties can then
be computed based on the actual section. Proceed to Step 2
Part II for the allowable stress computations. If bit > 184/ V1,
for any or all plates, the section may still be fully effective for
the actual stress. -AISC (1.9.2.2)

B. Determine if plates in compression are fully effective at the actual
stress.
/. Compute actual stresses based on full section properties.

/.1 For compression flange, f = fa + fbx
1.2 For compression web, f = 'fa + fby

1.3 For axial (all plates), f = fa
Use this calculated stress for f and recompute the'b/t ratios.
NOTE: For the axial case the effective widths will be different.

Refer Appendix 5.

PIVOT PI:-l LOADING

VERTICAL SHEAR FORCE
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AISC (1.6-2)

AISC (1.6-la)

AISC (1.6-lb)

AISC (1.10-1)

AISC (!.l0-1)

Where: Fy = material yield of the compression flange
2. k = 5.34

3. C = 45000k
y Fy(h/t)2

190 IfIfC y > .8, then C y = -- -
(h/t) Fy

FC
4. F =~< .4F

y 2.89 - y

= FyC y < .4F
Fy 2.89 - y

5. f
s

::; Fy

B. If part A is not met, then proceed accordingly-stiffeners are
required.

2000
1. If a/h ::; 1.5, then h/t may be as much as v'F.:-

y

2500
If a/h < 1.0, then h/t may be as much as _~

v Fy
\\There Fy is the same as before,

otherwise h/t is limited to 14000
VFy(l'y -j- 16.5)

in any case a/h ::; (260)2 to a maximum of 3
h/t

2 If a/h < 1.0; k = 4. + 5.34/(a/h)2 AISC 0.10.5.2)
If alh > 1.0 (up to 3); k = 5.34 + 4./(a/h?

45000k .
3. C y = F

y
(h/t]2 however, If C y > .8, then

C =~ fk
y h/t >IF;

4. Ir C y ::; 1.0, then

F.=~[C + I-C y J<.4F AISC(1.I0-2)
y 2.89 v 1.15 V! + (a/h)" - y

5. Ir C y > 1.0, then

3. Required weld to connect stiffener to the web.

r > h j( Fy )3 AISC (1.10-4)
vs - 340

Where: Fy = material yield of web
fvs = kips per lineal inch

NOTE: If Fv was computed from IIB-4 from above, then

fsfvs = fyS -
Fv

6. f
s

::; Fy

C. Stiffener properties
1. Required cross sectional area

l-Cv(a (a/h?)
As, =--2- h - Vi + (a/h? y. D· h· t AISC (1.10-3)

Where: Y = Fy of web/Fy of stiflener (see appendix 7)
D = 1.0 ror stiffeners in pairs

= 1.8 for single angle stiffeners
= 2.4 for single plate stiffeners

NOTE- If Fy was computed from IIB-4 from above, then

fs
Ast=Ast-

Fy

2. Required moment of inertia with reference to an axis in the
plane of the web.

I st 2 (5hOY AISC (1.105.4)

Step 5-Calculation for Tensile Stresses
I. Actual' stress without stiffeners

-fa + fbx + fby ::; :6Fy
NOTE:. rr the section is a hybrid, then the limit is F~x from Step 2

Part IIC-! and/or 2.
On some sections fa may be positive.

II. If stiffeners are used and if Fv came from Part IIB-4 of Step 4, then
the bending tensile stress. is limitedaecordingly.

AISC (1.10.2)

AISC (1.10-6)

fs = V/2bt + T /2Amt

Where bt = the area of one web
A = the area based on the mean dimensions of the section.

m Refer to Appendix 5
II. To Determine the Allowable Shear Stress Fy

, A. No stiffeners on the web plates if
1. h/t < 260 and/or

(
12 + (Aw/A f )(3a - a 3 ) )

F' - F
bx - bx 12 + 2 Aw/A

f

Where a = Fy of web/Fy of flange
Step 3-Solution to the Interaction Equation(s) for the Compressive Stresses

NOTE: The actual stresses fbx and fby are based on the effective
section properties, if applicable, Sxe and Sy,,' The axial stress
fa is based on the total area (A) of the section. Also, the fa
term may be positive for some sections. Refer to Step 2, Part
IlA.

1. If f.lFa ::; .15, thcn compute

~+~+~< 1.0
Fa Fbx Fby -

2. If fa/Fa> .15, thcn compute both 2.1 and 2.2

2.1 ~ + fbx + ~ < 1.0
.6F

y
Fbx Fby -

fa CmJbx Cmyfby
2.2 ,- + f + f ::; 1.0

Fa (I - -:'-)Fbx (I - -:'-)Fby
Fex Fey

Where: Cmx = C my = .85

12.,,2E
F' =-------::-

c 23(~~hf

Do for both x and y axes using their corresponding rb'
Step 4-Calculation of the Actual and Allowable Shear Stress in the Webs

I. To determine the Actual Stresses

2. Compute first check on allowable compressive stresses.

. ) 1020002.1 If (KL/r) eqUlv.::; -F- AISC (I.5.J .4.6a)
y

Fbx = .6Fy
Fby = .6Fy

2.2 If )102000< (KL) . < )51000
F

y
r eqUlV. - F

y

F = F (~_ 5.1 K,LSxFy \ < .6F AISC (1.5-6a)
bx y 3 1530000 CbVJf;! - y

Fby = .6Fy

2.3 If (KL) . > )510000
r eqUlv. Fy

FbK = 170000/(KL/r)2 equiv. AISC (1.5-6b)
Fby = .6Fy

NOTE.: If there are unstiffened elements on the section
that result in a value for Os less than I, then F".
shall be the smaller value .6FvQs or that provided
by 2.1, :!.2, or :!.3 multiplied by Q, whichever is
applicable.

c. Determine if a further reduction in Fbx is required.
1. If web (h/t) > 760/ v'F: then:

[
Aw(h 760)]F~x = Fbx 1.0 - .0005- - - _~ AISC (1.10-5)
Af t V Fbx

If web (hit) > 760VSAiVF;;:' and horizontal stiffeners are
used and placed at .4 the distance between the compression
flange and the neutral axis as measured from the compression
flange (refer to Appendix 7) then:

, [ Aw(h 760V5.4)JFbx = Fbx 1.0 - .0005- - - _~
Af t VFbx

2. And if the section is a hybrid, Fbx in either fla"'E;c shall not
exceed the above or
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7

fbx + fby :s; ('825 - .375 ;' ) :s; .6Fy AISC (1.l0-7)
v

III. If the flanges and webs are of ASTM A514 steel and stiffeners are

used, and if

fbx + fby > .75Fbx or F{JX' if applicable,

then fs shall not exceed Fv as computed from Part B-5 of Step 4.

APPENDIXES

Appendix 1
Critical flexural stress due to lateral-torsional buckling for the compression

flange

Appendix 3-Bending Coefficient Cb

MOMENT SIGNS:

ClDO<WISE MOMENTS ARE POSITIVE.
CruNTERCLDCKWISE MOMENTS ARE

NEGATIVE.

I I
I I

-
I
-

I
I I

I

I I I
1.5 1.75 2.0

C
b

SKETCH 6 EOUATION FRCM:

AISC FIG.Al
6 AISC SECTION 1.5.1.4.611

-.5 ~ ~xmin -SMALLER BENDING MOMENT AT TIP

~ xmax .LARGER BENDING MOMENT AT SECTION

" ~ IN QUESTION
USE SHADED AREA I:"OR CANTILEVERED BOOM

I

-, 0

Cb= 1.75 + 105 (M~miH) + .3( M xmin )
2

M xmax M xmax

Where: I :s; Cb :s; 1.3 CRC p. 101

OTHER REFERENCE: AISI Commentary- -Flexural members chapter,
subject-lateral buckling

Equation:

Appendix 4-Torsional constant J for closed rectangular sections

AISC (I .S-6a)

z,-f~- -"'-' I~'-­
~ L---------J

(Lf = 5.1 KtL~kb
r equiv yJIyI

(Section 1.5.1.4.4 Commentary on AISC)

Terms:
L = distance from tip to section in question

Sx = major axis section modulus to the compressive flange
I y = minor axis moment of inertia
J = torsional constant of the beam cross-section

Kt = 4/3 cantilevered section with no end restr8int

F = (~- Fy(L/ rt)2)F <.6 F
bx 3 1530 X 103 Y - y

substitute (KL/r)equiv for (L/rt) to obtain expression for Fbx :

F =F(~- 5.1 KtLSXFy )<.6F
ybx y 3 1530000 Cb~ -

(Refer to Appendix 3 for value of Cb)

Appendix 2
Relationship between relative effectiveness and width-thickness ratio for a

stiffened compression element based on .60 Fy compressive stress level,
uniformly distributed. (Safety factor = 1.67 for kc = 4.0)

j -:6E( (.415)j~)bit = 1.9 - 1 - (.91)-- -
fmax w It [max

Where fmax :s; .6Fy

(bil' b) " 100% General equation:

0% L-__---J._..L _

J

ELLER CURVE----~~

59%

110%

~ ••---PLASTIC

100"'/" I-,..~~_~I\-+-. (SHONN FCR REFERENCE ONLY)

I
I----- --

I
I
I
I

bit

~ - EFFECTIVE: WIDTH cr= COMPRESSION El£MENT

b - ACTlJI),l WDTH CF CCMPRESSIOO ELEMENT
t - THICKNESS CF COMPRESSION ELEMENT
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8

CASE I-for thin wall sections
Top and bottom flanges are the same thickness

Sx.' BASED ON EFFECTlVE AREA

BASED ON EFFECTIVE AREA. (AN
EaUAL AREA MAY BE CONSERVATIVELY
REMOVED TO FROM THE TENSILE SIDE
TO MAKE THE SECTION SYMMETRICAL AND
THUS FACILITATE THE SECTION MODULUS
CALCULATION)

*c
II

CASE II-for thin wall sections
Top and boltom flanges aren't the same thickness

I1--

NOTE:*<: INDICATES COMPRESSION SIDE

Appendix 6-Unstiffened Elements

-

I
j

r- ----,

if:

(bit) ~ 95.0/v'l'; ; Qs = 1

when:

950/v'l';< (bit) < 176/v'1';

Q, = 1.415 - .00437(b/t)v'I';

when:

(bit) ::::: 176/ v'I';
Q, = 20000/[F,(b/t)2J

Appendix 7-Panel Stiffeners
INDICATES EFFECTIVE WIDTH FOR
COMPRESSION ELEMENTS

A.=CROSS HATCHED AREA

EFFECTIVE AREA FOR AXIAL LOAD

x-I- T --x

STIFFENER
IN PAIRS

E'I
SINGLE

STIFFENER
AN"Glf

STIFFENER

hv = .4 the distance between the compression flange and the neu Iral axis as
measured from the compression flange.
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