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1. Purpose—This calcy|
analysis to determine th
crane booms.

2. Scope—This analysig
$tandard Number Two, Mobile Hydraulic Crane
Standards and ANSI B3(.15; refer to paragraph 5.1,

and Shovel Association

3. Criteria—Calculatio
and a minithum side load
side load provides for “no
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INTRODUCTION

ation method has been established to illustrate an
competence of hydraulic telescopic cantilevered

applies to crane types as covered by Power Crane

Applicability.

hs shall include the dead weight loads, rated load
of 2% of the rated load at the rated load radius. The
mal” conditions of machine operation. In addition,

the effect of the wind on ghc boom should be considered, as is provided for in

the calculations.

3.1 The factors of sa
ALS.C. “Specification fo
Steel for Buildings,” adoj

3.2 The boom shall
interaction equations pro
(1.0).

4. Loads and Forces

4.1 The 2% side load
No allowances have bee
effects of the wind on th
service.

4.2 All forces and 1
inches. Stresses both allo
modulus of elasticity is e

ety used herein are the recommended factors of the
the Design, Fabrication and Erection of Structural
ted February 12, 1969.

be deemed competent when the solution of the
ided herein yield a value equal to or less than one

provides for “normal” conditions of boom motion.
made for dynamic loads, duty cycle operation,
load lifted or operations other than lifting crane

ads are expressed in pounds. Dimension$care in
able and calculated are in units of ksi [Also, the
pressed in units of ksi.

5. Analytical Determindtion of Stresses and Critical Loads
5.1 Applicability—T|his analysis is applicable to multi-sectioned “box”
type booms, which are fotally enclosed and cantilevéred beyond the base

section.

5.2 Basis for Analy:!
based on laterally unsuppj
are combined in interacti
the effective width of the
this analysis consist of axi
panel buckling. Of prim
stress calculations.

The work of this comm
rather a basic system. Hd
tive calculation methods

is—The equations presented in this analysis are
orted beam column formilas, the solution of which
n equations. In detéxmining the section properties,
plates in compression are used. The arcas covered in
I and torsiopal Yoading, bi-directional bending and
ry importanece/in the analysis are the compressive

ttce is noyintended to cover all design concepts, but
every other design configurations may use alterna-
when substantiated with suitable test data.

o

Actual area of section

Total effective area of section used ip\caléulati
5 for illustration)

Area of compression flange

Area based on inside dimensions, of section (|
illustration)

Area based on mean dimensions of section (
illustration)

Area based on ouiside dimensions of section

illustration)

Cross-sectiodal area of stiffener or pair of stif
Area of hoth ‘webs

Actuald width of stiffened and unstiffened
whether'flange or web (refer to Appendix fo
Effective width of stiffened compression elem
for illustration)

Actual flange width (refer to Appendix 5 for|
Mean width of section or by, — t, (refer to Ap|
Opverall width of section (refer to Appendix

Distance from neutral axis to extreme tension

to- Appendix 5 for illustration)

hg F, (refer to Appendix-

efer to Appendix 5 for
efer to Appendix 5 for
refer to Appendix 5 for
eners

cmnprcssion ClCn]CHlS
illustration)

nt (refer to Appendix 5
illustration)

pendix 5 for illustration)

for illustration)
ber of box section (refer

Distance from neutral axis to compressive fibgr of box section (refer to

Appendix 5 for illustration)
Bending coefficient dependent upon moment

M, M, i\
1.75 + 105( xmm) + 43<Mxmm) but no

Xmax

xmax

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

Va?E/(F, — o,,)
Effective column slenderness ratio dividing el
ing equal to
\/ 7?E
QeQ(¥; — o)
Coeflicient applied to bending term in the
dependent upon column curvature caused by 2

gradient; equal to

more than 1.3

inelastic buckling equal

stic and inelastic buckl-

nteraction formula and
pplied moments; use .85

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

6. References:

6.1 A.LS.C, “Specification for the Design, Fabrication and Erection of
Structural Steel for Buildings,” adopted February 12, 1969. In addition,

Supplements Nos. 1, 2,
where applicable.
6.2 A.LS.I., “Specifi

3, and Commentary with additions and revisions

cation 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 IL
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.

a Clear distance bet

NOMENCLATURE

ween transverse stiffeners on side plate; also the ratio

of the material yield of the web to the matcrial yield of the compres-

sion flange

—HEga

g nbﬁ‘ Gbﬁ h;-"

g

<'-..’ <'-ﬁ V;-" U"-‘; a"—ﬁ

@

»

iesNico]

=

.00

.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 Appendix 5

for illustration)

Factor depending upon type of transverse stiffeners

Modulus of elasticity 29,500 ksi

Computed axial and bending compression 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
Computed bending stress about the x-x axis
Computed bending stress about the y-y axis

compressive stresses-

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 bending moment
Allowable bending stress for the appropriate axis
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F,.  Allowable bending stress about the x-x axis if this bending moment S, Effective weak axis section modulus with ¢ taken to the compressive
alone existed side
F,, Allowable bending stress in compression flange of box sections as t Thickness of flange or web in compression (refer to Appendix 5 for
reduced for hybrid sections or because of large web depth-to-thickness illustration)
ratio . t, Thickness of compression flange (refer to Appendix 5 for ilIustr‘ation)
F,y  Allowable bending stress about the y-y axis if this bending moment ¢, Thickness of tension flange (refer to Appendix 5 for illustration)
alone existed ’ ty Thickness of web (refer to Appendix 5 for illustration)
F, Euler stress divided by factor of safety; equal to T Torsional moment
1272E \A Wind vclocity (mph) at center of pressure height H,
— Vv, Wind velocity (mph) at reference height H_
23 (Kl/;) V, Statical shear load on section in the lateral direction
F;X Same as F, about the x-x axis v, Statical shear load on section in the vertical direction
. w Component weight, 1b/in
F;y Same as F; about the y-y axis w Totalpcomponengt weig}/lt
F, Allowable web shear stress X Subscript relating symbol to strong axis bending
F, Specified minimum yield stress of material being used, based on “yield vy Ratio of yicld stress of web stecl to that of yield stress of stiffener steel
stress” or yield strength, whichever is applicable y Subscript relating symbol to weak axis bending
g Wind load, Ib/in®, g = .004 (mph)®/144 7 Subscript relating symbol to axial loading
G Shear moduluf of efasticiTy 11,300 kst a Boom centerline elevation angle relativejto|a horizontal plane, or the
h Clear distance| between flanges (refer to Appendix 5 for illustration) ratio of web yield stress to flange yield, strdss
hy, Mecan hcight fof scction d — (t, + t;}/2 (refer to Appendix 5 for g Angle between a line perpendiculan te/thg boom axis and the hoist
illustration) cylinder axis .
h, Vertical height of horizontal stiffener [ Residual compressive stress, eqlialyto .5 F, ip lieu of specific information
H, Height to boom foot pin from ground on steel used
H, Height to cenfer of pressure on bovm u Poisson’s ratio—equal to~3
H, Reference height at which wind velocity is measured (20 ft in U.S.)
T, Area moment Jof inertia about the x-x axis LOAD MOMENT, BIAGRAMS AND| EQUATIONS
I, Areasmoment fof inertia about the y-y axis 1. Assumptions used on 'Load Moment Equations
I;  Moment of inertia of a pair of intermediate stiffeners, or a single 1.1 Wind force is‘negligible on head (should fnclude effects if jib used).
intermediate s{iffener, with reference to an axis in the plane of the web 1.2 Torque is credted by the side load P on| the hcad (would also be
L. Effective momgnt of inertia about the x-x axis applicable for a {ib).
L. Effective momgnt of inertia about the y-y axis 1.3 Equationsare still applicable if jib used bult dimensions, weights, and
Torsional consfant; equal to (refer to Appendix 4 for other equations) center of gravity’to be adjusted accordingly.
4(b,)%(h,,)? 14 By ="Pcosa; P, = Psina
oh + b b 15, Winch rope fleet angle and angle relative to boom is negligible.
—mr mt Tm 1.6 Wind force is uniformly distributed along|the exposed length of the
o ot sidedof the section with its reaction at the center (if a valid assumption since
k Coefficient relgting linear buckling strength of a plate tc its dimensions “edch section considered individually).
and conditiong of edge support 1.7 ‘That the dimensions are to the reaction goints and that the tips of
K Effective length factor, for cantilevered section usc the value 2 unlegg’a each section beyond these points are small in length and will not affect the
smaller one cap be justified validity of the equations.
K, Torsional length factor for cantilevered sections, use the value 4/3 1.8 That the axial stresses produced by the ffriction forces due to the
1 Dimensional lgngths of boom section reaction points from one to the next are small in comparison to the
L Distance from |tip to section in question other stresses, that the section support cylinders cirry the axial loads.
L, Actual unbractd length of section in the plane of bending 1.9 That equations and formulations appearinfg in the foregoing analysis
M Bending momgnt about the appropriate axis are for the boom in the extended position—see Fig. 1-7. Partially retracted
M, Constant monjent load about the x-x axis resulting from eccentric positions will require reformulation of some equatiops; as an example in Fig. 4
loading on thel head when |, is zero or negative the cylinder no longer Jakes the axial load at the
M,  Constant moment load about the y-y axisresulting from side loading ~section being considered. The moment equations would then appear as those
on the head written for reference Fig. 3. Similar changes would appear in the axial load,
M, in Smaller moment at end of unbraged\length of beam-column at tip reactions and shear force cquations.
M, max Larger moment at end of unbraced\length of beam-column at section
in question
M, Bending momgnt about th¢ x*%x“axis
M, Bending momgnt about_the'y~y axis
N Number of pagts of lirie 27 wrroe
p Wind velocity fexponent =
P Externally applied-load at the tip
Pa Axial load apr]iPH ta section
P, Lateral loading component; (side load)
P, Vertical loading component
P, Axial loading component

PP

=

—
o

= o =
.-

e

e

w
<R

>
©

Ratio of effecti
profile area of
Axial stress red
to Appendix 6
Radius of gyra

ve profile area of an axially loaded member to its total
A/A
uction factor for unstiffened elements of a section; refer

tion for appropriate axis

Radius of gyration about the axis of concurrent bending, computed on
the basis of actual cross sectional area
Load radius from. centerline of rotation to centerline of load

Hoist cylinder
Reaction loads
Reaction loads
Reaction loads

reaction

in the lateral direction
in the vertical direction
in the axial direction

Strong axis section modulus with ¢ taken to the compressive side
Weak axis section modulus with ¢ taken to the compressive side
Effective strong axis section modulus with ¢ taken to the compressive

side

ROTATION

FIG. 1-LOADING DIAGRAM-BOOM ASSEMBLY
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N 2
P/N = >/
WINCH ROPE ,(4 " G

AxiaL Loap on SecTioNn
1 1
T, Py, = W,sin a 8

7t lg I + 1g

Par = R,; + W,sin al

VerTicaL REACTIONS

1

Rys = % — SWycosay 5 5 Ry =Ry + Ryg + Wyoosa
8 7+l
LateraL REacTiONS
M,
Rys = BN Ry = Ry + Ry + gdyl;
8

VEeRTICAL SHEAR FORCES

1; Ig
T 18; VyL = Ryg + W,cos

I, + 1
LATERAL SHEAR FORCES
V R +ogdl V, _R

Vi =Ry + Wycosa

F{G. 2—LOAD MOMENT DIAGRAM-HEAD SECTION

2. Refer Fig. 2

Load Moment Equationg—Rcaction Of Head Forces On Tip Section
MoMENT

Pl + Ply|— P/Nl; + W[l cos & + I sin ]

Axiar Loap

R, =|P/N + P, + W;sina

SHear Loabps
Vi=-R, =P,

V, 4 —R,, =W, cosa + P,

SipE LoAp

P, = .02P

T p.<)

NOTE: Subscripts r and L refer to right and left 6f\sqctions Z; — Z;

FIG. 4—LOAD MOMENT DIAGRAM—ALTERNATE TIP SECTION

4. Refer Fig. 4
Load Moment Equations for Alternate Tip Sectiop at Section Z, — Z,
MOMENTS

2

1
M, = M, + Ryyl; + .5W,cos a—"— + Wy cob aly; = Rl

8
M, = M, + R4l; + .5gd ;2
T = PXIZ )
Ax1aL Loap oN CyYLINDER SUPPORT
R,=R, + W,sina

AxiaL Loap on Secrion

Ry =

7

7

#

Z

\‘\/

NN A
O

R ?/,
N b

3. Refer Fig. 3

o o Walg
P T 183.,“.
VERTICAL REACTIONS
4 Ry3=&—.5w cos a ;
Iy ? L+ 1y
FIG. 3—LOAD MOMENT DIAGRAM-TIP SECTION Ry, = R, + R,; + W, cos a + W, cos &
LateraL Reacrions '
M
Ry =% Ry =R, +Ry+gdl,

Load Moment Equations For Tip Section at Section Z; — Z,
MoMENTS

5W, cos al,?
M, =M; + Rl; + ————
I, + 15

M, = M, + Ryl, + .5gd,1;2
T=Pl,
AxiaL Loap on Pin

P, =P,  + W,sin «

x3 ’
lg
VEeRrTICAL SHEAR FORGES

Vo = Ry + choso(17 :i .
LATERAL SHEAR FORCES
Ve =R +gdids; Vi, =Ry
NOTE: Subscripts r and L refer to right and left of Section 7, — Z,

+ Wycosa; Vi =Ry + Wycosa
I + 14
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FIG. 5-LOAD MOMENT DIAGRAM-INTERMEDIATE SECTION

5. Refer Fig. 5
Load Moment Eq
MomeNTs

M, = Ryhy = Ryslys
My = Ryl — Rylys
T=Pl,
AxiaL Loap on CyL.
RzB - Rz‘l +
Axiar Loap o~ Secr
Pﬂ.['

VErTICAL REACTIONS

M

Rys=—

li3

R, =R,

LaTErRAL REACTIONS
R M
5= T
X l]
VERTICAL SHEAR For
Vyr = Ryz

Vo, =Ry

LATERAL SHEAR FOR(]
V,

Xxr

ations for Intermediate Section at Section Z, — Z,

1.2
- W, cos alj + .5W, cos a—2—
}12A+ by
F Wysin alyg 5= Py(lyy — 1y)
- Sgdyl;s?
DER SUPPORTS
(W, + Wysina; R, = R4+ Wy sine

ON

Il‘{

=P, = R ,+ W.sina—
AL = ’ iy + i3

1, 1.
— W, cos a2 — 5W, cos a 12

13 12+ lig
- Ry3 + Ry5 + cos (W, + W, +-W)
F5 Rye = Ry — Ry + Risid'gdyly,
ES

l12

— Ry + Wy cosw' P W, cos aﬁ;
| 12 13
+ W, cos a\=W, cos a—2
g + 13
s
Ry~ Ryg + gdolias Vi = Rys

FIG. 6-LOAD MOMENT DIAGRAM~INTERM

VERTICAL REACTIONS

EDIATE SECTION

M, 15 |
R,, = — — W, cos aZ S5Wy cos a n
: Ly 21 Lo + 1oy
Rys = Ryy ORy5 + Ry + cos a(W; + Wy + W)
LaTERAL REACTIONS
MV
R¢: = T Rys = Ryg — Rys + Ryg |+ gdylyg
21
VerTIéAL StEaR Forces
V,, =R, — R, +W W, S
yr = Ryy — R o 4+ Wqcos o« + Wy cos ;
Lo + 1z
Vi =Ry + Wicosa + Wycosa —
! 20 P1
LaTeraL SHEAR FORCES
Ve = Ryg = Ryp + gdylyys Vi, 4 Ry

NOTE: Subscripts r and L refer to right and left

f Section Zy — Z,

NOTE: Subscripts r

6. Refer Fig. 6

and L refer to right and left of Section Z, — Z,

Load Moment Equations for Intermediate Section at Section Z, — Z,

MowmEenTs
' Lpy?
My = Ry — Ryslos + Wocos aly, + .5Wg cos
Ly + 131
F Wysin aly; 7 Ro5(ly; — lye)
M, = Ryylpo — Ryslys + .5gdjlao”
T=P,l,

.

Axiat L.oan on CYLINDER SUPPORTS

Ry =R,y + Wy + Wy)sina

AxiaL Loap on SecTtio

P, =

R, =R,5; + Wgsina
N

L
P, =P, + Wysina—2L—
o iy Lo + Iy

a I b, ,
281 R W, COVERS
R s i
o R/m.% HoIsT

REINFORCING PLATES AROUND
CYLINDER AND PIVOT PIN AREAS

FIG. 7-LOAD MOMENT DIAGRAM-BASE SECTION

7. Refer Fig. 7

Load Moment Equations—Base Section at Section Z, — Z,

MOMENTS

2
128

M, = Ryslzs — Ry7l3s + 5Wy, cos a———

2
M, = Ryglog — Ryglys + 5gd,lys?
T=Pl
AxiaL Loap on CyYLINDER SUPPORT
R,; =R+ (Wy + W) sina

log + lyg
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Axiar Loap ox SecTioN

P, =P, = Wy,si Lrs
ar — T, = YWy SN &

28 + 129

VERTICAL SHEAR FORCE

1
V,, =R =R, + Wy, cos a—2 .
Lyg + 1y

I
VyL = I%'Sr + RygL + (Wi + Wip)cosa + W, cos a—-

LaTeraL SHEAR FORCE

Vir = Ryg = Ryg + gdyles; Vo = Ry — gdylyy

Hoist CyLinpER REACTIONS

Ry = [Ryglys + lag) — Rygllyg + lz) + Wigly, cos o
+ W, (15, cos @ — lggsin a) + Wiy(lg, cos a — 144 8in )

L.

5

Ifb/t < 184/, for all plates, the entire section is fully effective
at a stress level 1.67 times the actual stress. Proceed to Step 2, Part
II for the allowable stress computations. If b/t > 184/V/f, for any

one or all plates, the section is not fully
and an effective width calculation must
that exceeds this ratio.

C. Determine effective width of plates tha
than 184/ V1.

effective for stress level f
be made for each plate

t have b/t ratio greater

1. Calculate the effective width of plates which are not fully

effective accordingly:
_ 253t(1 50.3 )

b = P A
YA (b/y VT

AISC (C3-1)

Where fis the actual stress computed from B1.1, B1.2, and B1.3

from the previous paragraph.

2. Calculate new scction propertics A, S

effective widths b,
NOTE: The effective widths b_used

and S, bascd on the

xe’>

n computing A, do not

Pwvor Pix Loaping

LaTterar REacTION

Ris|= Rag — Ryp + gdy(lyg + Lug)

AxiaL Reactions

2__(] 1 AY | 1
ZT\ 36 3’5/7 g

R,sin § Ld + lyg lg + 133
Rer = 9 + Ry 1 - RX7( 1 )
37 37
Ry — (Wi + W)sina
2
R, sin f Lb + Ly log + Lyy
Rog = T T e X7 1
37 37

Ry — (W + Wyp)sina

2

VErTICAL REACTIONS

Ryg = S[Rycos 8 + Rygl = Ryg — (Wyp + Wiy + Wip) cos

I, — 1 I
- Px—_ + gd‘t(l?% + 129)1._

1

37
Ryg, = S5[Rycos§ + Ryf — Ryg — (W + Wiy + Wyp)cos o]

NOTE: Subscripts r apd L refer to right and left of Section Z,5= Z,

CALICULATION PROCEDURE

Step 1—Preliminary Daffa

ly — Iy
+ th—'i'/— — gd (lys + L)<

-t

+ 5gd,(lyy + Ly)?

— Sgdy(lys + 1yg)®

36
37

l.'%G

37

A. Provide descriptiqn of geometry and loading, such as boom length,

working radius, bpom angle, rated load, etc.
B. ldentify boom arfangement.
1. Generate sheai] and moment diagrams.

2. Solve for force§ and momentsAtom Section 3.

C. Identify boom sedtion for analysis:
1. Determine maferial propeéxties:
2. Determine secfion properties.

Step 2— Calculation of Section Properties, Based on Compressive Stresses, the

Actual Stress, and the Allogwable\Stress
1. To Determine Seftion’ Properties:

require an iterative solutign
based on the actual area™A!

(S ]

because the stress f, is

. Recompute new stress levels based on new properties.
. Recompute new cffective widths bas¢d on new stress levels.
. Continue until stress lgvel) stabilize§—approximately three

iterations. Proceed to Step' 2, Part II,|for the allowable stress

computations.
II. To Determine Allowable\Stresses:
A. Allowable axial stress F,

Note: If the stress'is a tensile value, thep. F, = .6F,, proceed to

Step IL\Part B.
1. Factor Qy

effective area (A,)

actual area (A)

AISC (C4)

Where A, equals the effective area of all stiffened elements,

both flanges and webs, corresponding
plates are fully effective Q, = 1.
2. Factor Q;

50

Yo the actual stress. If all

see Appendix 6 to determfine if this computation

must be made. Applies to outstanding|plates free on one edge.

3. 3R
) c, = [ 7E
QsQa(Fy - Urc)

Where Q Q, < 1.0

AISC (C5)

4. Compute (KL/r) of both axis and use|the largest KL/r value

for the F, calculation.

\/T
r= [-—
A
5. If (KL/r) < G, — inelastic range
0, (K1/r)?
Qo1 - =l

- F(Cy?

a

’
c

6. If (KL/r) > C/ — elastic range
_ 127°E
AT 23(KL/r)?

5/3 + 3/8(Ké‘/r> - l/za(Eﬁ)3

AISC (C5-1)

L

AISC (1.5-2)

NOTE: L as used above is the distande from outer end of the

A. Determine if plates in compression are fully effective at yield.

L. For vertical bending loads compute the b/t ratio for the com-

pressive flange.

2. For side bending loads compute the b/t ratio for the compres-

sive web.

3. For axial loads compute the b/t ratio for both webs and both

flanges. If b/t < 184/+/f, where f = .6F,, then the entire

section will be fully effective at yield. The properties can then

be computed based on the actual section. Proceed to Step
Part I for the allowable stress computations. If b/t > 184/

2

NG

for any or all plates, the section may still be fully effective for

the actual stress.

B. Determine if plates in compression are fully effect

stress.

1. Compute actual stresses based on full section properties.
1.1 For compression flange, f = f, + fi,

1.2 For compression web, f ='f, + f
1.3 For axial (all plates), f = f,

Use this calculated stress for f and recompute the b/t ratios.

AAISC (1.9.2.2)
ive at the actual

NOTE: For the axial case the effective widths will be different.

Refer Appendix 5.

Section i question to the point where the stresses are
to be calculated in that section.

B. Allowable compressive bending stresses Fy for x and y directions

considering lateral torsional buckling.
1. Inelastic lateral buckling check

5.1K,.LS
(KL/r) equiv. = [ _t2% / r— CRC (4.7)
v J‘[y ) v Cb

Where K, = 4/3

L = distance from tip to section in question

c, = 1.75 + 105(M’"““‘) + B(M’"’““)2
b — N : ;

) AM, M max
10<C, <13 ) " CRC p. 101

M, ;n = the moment at the tip

ymax = 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.
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2. Compute first check on allowable compressive stresses.

29 If /102000 (

2.1 If (KL/r) equiv. < 10;“"0 AISC (1.5.1.4.62)
Yy
Fo, = F
F = F
) /51000
equiv. <
Y
> 51KLS F,
)< 6F, AISC (1.5-6a)

ho=n (2
F,, = -6F,

3 1530000 C, V]I,

2.3 If(KL) > /510000
r . F,

equiv. y

F,, = 170000/(KL/r)? equiv. AlISC (1.5-6b)
Fy, = .6F,
NOTE: If there are unstiffened elements on the section

Where: F, = material yield of the compression flange

2. k=534
45000k

=
»(h/9)

190

- [k
" (/oY E,

If C, > 8, then C

F,C
4. F,=21<
2.89
5 f, <F,

4F,

AISC (1.10-1)

AISC (1.10-1)

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

required.

1. If a/h < 1.5, then h/t may be as much

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

2000
FY
2500

VE,

as

C. Determine if 4

1. If web (h/th >
F,=F

If web (h/|
used and p
flange and
flange (refe

h
x[1.0 - .ooos—w-(— -

that result in a value for Q less than 1, then F;
shall be the smaller value .6F,Q  or that provided
by 2.1, 2.2, or 2.3 multiplied by Q_ whichever is
applicable.

further reduction in F, is required.
> 760/ VFy,, then:
760

A Mt VE,,.
) > 760V/5.4/VF,, and horizontal stiffeners are
aced at .4 the distance between the compression
he neutral axis as measured from the compression
to Appendix 7) then:

)] AISC (1.10-5)

760@)]

Where F, is the same as before,
14000

otherwise h/t is limited to

260 )2 .
—— ) \t6-a maxim
h/t

2 Ifa/h < 1.0; k = 4 §5.34/(a/h)2
If a/h > 1.0 (upte 3); k = 5.34 + 4./(

in any case a/h < (

3.C, = 45000k hewever, if C, > .8, the
Fy(h/e)?
=190 Jk
Y7 ht

4 1f G{KM.0, then

VE, @5 + 1p.

I

m of 3

AISC (1.10.5.2)
h/h)?

n

AISC (1.10-2)

y

Y:D-h-t

AISC (1.10-3)
(see appendix 7)

from above, then

nce to an axis in the

ATSC (1.105.4)

AISC (1.10-4)

F, 1.0 ooosA‘"<h e 1-C
px — Tpx Y — . —_— - F:_!_[Cv+h‘_]<4}‘
At VEu ¥ 289 115VI 1 (a/mEd =
2. And if the pection is a hybrid, Fy, in cithcr flange shall not
exceed the hbove or 5 1 C, > 1.0, then
F,C
12 4 (Ay/A)(3a — &%) F, = 2 < 4F,
¥ =|F, ( b ) AISC (1.10-6 v -y
Where a =[F, of web/F, of ﬂange C g;igﬁeif" roperties
Step 3—Solution to the 'nteractwn Equatmn(s) Jor the Compressive Stresses ’ I Re uir}:ﬁ d F;,ross sectional area
NOTE: The actujl stresses f;, and f,, are based on the effective - Req .
section prpperties, if applicable, S,, and S,. The axial stress A = 1-C (2 _ {a/h) )
f, is based on the total area (A) of the section. Also, the f, =T \n T Vix (a/h)?
term may [be positive for some sections. Referto'Step 2, Part Where: Y = F. of web/F. of stifiener
II A =y v
- D = 1.0 for stiffeners in pairs
1 Iff/F, < .15, thep compute = 1.8 for single angle stiffengrs
i + fb_x + fb_y <10 AISC (1.6-2) = 2.4 for single plate stiffendrs
Fo B By NOTE: If F, was computed from 1IB-4
2. If f,/F, > .15, thep compute both 2.1tand2.2 £,
f f f Ay = ASLF
20 2 4 241 <10 AISC (1.6-1b) v
BF,  Fi by 2. Required moment of inertia with refer
(&) C..f lane of the wceb.
22 2 4 ‘“’;"‘ 4 "‘;"Y < 1.0 AISC (1.6-1a) P
# 1———)F (1— a‘)F Ist 2
(-7 RSy Fy /™™
2 1R | 1d s
Where: G, =C 7= 09 T ¥ TeeteneT
P 1272, £ > h\/( F )3
= Vs —
¢ KL\2 340
23( v ) Where: F, = material yield of web
Do for both d P thei di f = kips per lineal inch
o for both x and y axes using their corresponding ry, NOTE: It F, ted f IIB-4 f b h
Step 4—Calculation of the Actual and Allowable Shear Stress in the Webs was computed from rom above, then
I. To determine the Actual Stresses fo=f &
Vs v§ F

Where bt
A

m

f = V,/2bt + T/2A,t

the area of one web
the area based on the mean dimensions of the section.

Refer to Appendix 5
II. To Determine the Allowable Shear Stress F,
A. No stiffeners on the web plates if
1. h/t < 260 and/or

14000

- AISC (1.10.2)
VF,(F, + 16.5)

h/t <

Stepp 5—Calculation for Tensile Stresses
I. Actual stress without stiffeners
—f, + fyy + §, < 6F,

NOTE: If the section is a hybrld, then the
Part IIC-1 and/or 2.
On some sections f, may be positiv

limit is F{, from Step 2

€.

I1. If stiffeners are used and if F, came from Part IIB-4 of Step 4, then
the bending tensile stress, is limited accordingly.
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fbx +

fS
foy < (‘825 — 375 F—) < 6F,

v

AISC (1.10-7)

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

Appendix 1
Critical flexural stress
flange

o

used, and if
fou + foy > 75,
then f; shall not exceed F, as computed from Part B-5 of Step 4.

’
or F,

if applicable,

APPENDIXES

due to lateral-torsional buckling for the compression

KL 5.1KLS,

_Tf.b

equiv

(Section 1.5.1.4.4 Commentary on AISC)

Terms:
L = distance from tip
S, = major axis section
I, = minor axis momen|
J = torsional constant
K, = 4/3 cantilevered sq

Appendix 3—Bending Coefficient C,,

-10
SKETCH 8 EQUATION FROM

AISC FIG. A)
B8 AISC SECTION 1.5.1.4.60
M‘min - SMALLER BENDING MOMENT AT TIP

NV SRy BENDIN

0 section in question

modulus to the compressive flange
t of inertia

bf the beam cross-section

ction with no end restraint

/ EEC—I SECT2 SEC-3 z
z—4f - - - -
-
- -
2 F(L/r)?
F,, - (_ L——)F < 6F > (1.5:6
bx 3 1530 x 103)°Y =77 AISC ( 2)
substitute (KL /1), fot (L/r) to obtain expression for F,_:
Pt (2 5.1 KLS,F, )< oF
"7 F\s 1530000, VL) T Y

(Refer to Appendix 3 fol

Appendix 2

Relationship between
stiffened compression e
uniformly distributed. (§

value of C,)

relative effectiveness and width-thickness ratio for a
ement based on .60(F, ‘compressive stress level,
fely facior = 1.67 for ko= 4.0)

6E (415) [ 6E
9\/?’1;(1 — (9

)

w/t finax

MOMENT AT SECTION

INQUESITION
USE SHADED AREA FOR CANTILEVERED BOOM

o — — =
Mxmin/ | |
xmax | | |
Sfr—— —— i MOMENT SIGNS
| | l CLOCKWISE MOMENTS ARE POSITIVE .
| | COUNTERCLOCKWISE MOMENTS ARE
I | | ' necaT]ve.
[ { ; ; |
r.o 5 175 2.0 23
CD
Equation:

xmin

M )2
¢, =175+ 1.05( I“—‘")

xXmax xmax

)+ 3(3
+3(3
Where; I' < G, < 1.3 CRCp. 101

OTHER REFERENCE: AISI Commentary--Fle
subject—Ilateral buckling

ural members chapter,

/ ﬁ ny

L

/’\,MMin

L
P

Appendix 4—Torsional constant J for closed rectangu

Max

ar sections

General equation:

| ~+— PLASTIC

b/t =
Where f,,, < .6F,
(bg / b} x 100%
0% p—ooooo—
100%

89%

0%

(SHOWN FOR REFERENCE ONLY)

+———————— INELASTIC CURVE

10 238 .
A

J= 2A, + ADAL
T %, b, by,
Ly ty )

b, -~ EFFECTIVE WIDTH OF COMPRESSION ELEMENT
b —ACTUAL WDTH OF COMPRESSION ELEMENT
t — THICKNESS OF COMPRESSION ELEMENT
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CASE I—for thin wall sections ' 777
Top and bottom flanges are the same thickness
S,e, BASED ON EFFECTIVE AREA x! _ x!
3 — 3
i
J 2tyt,b ?h 2
- V/. 7
bmtw + hmt] Py
h
m y yl
t ] f—— —] |-t AR
W w
* Sye ., BASED ON EFFECTIVE AREA. (AN
T EQUAL AREA MAY BE CONSERVATIVELY ™
* REMOVED TO FROM THE TENSILE SIDE 1
! TO MAKE THE SECTION SYMMETRICAL AND *,
b THUS FACILITATE THE SECTION MODULUS q
m CALCULATION }
CASE II—for thin wall jsections A
Top and bottom flanges aren’t the same thickness
y
i

J = oh ———g—— 1—‘ l NOTE: % INDICATES COMPRESSION SIDE

h H Appendix 6— Unstiffened Elements

T 5 *

P J— =
+
A=b xh ‘ +
d My 08D _
A.=b.xh 4 A—.'I b
i f i IR
* if:
fo7h? (b/1) < 95.0/V/F. 1
b t) < . ;o =
| i ! S o
\ b N when:
—bp—|  © 95.0/VF, < (b/t) < 176/ VI,
_ b Q, = 1.415 — .00437(b/t) VY,
Appendix 5—Effective Width of Cross Section v * GOV
when:
b. \~'IJ T~ 170 va
;/2 Q, = 20000/[F,(b/1)?]
Appendix 7—Panel Stiffeners
INDICATES EFFECTIVE WIDTH FOR
COMPRESSION ELEMENTS I—N S
. e/2 r ! e WESB T t
t
A A\ h
_— 4 NEUTRAL AXIS
—»belzube/zL—- j [ o — _—*_
y
il BN
1
& N STIFFENER
A,=CROSS HATCHED AREA IN PAIRS
X -+ X =
SINGLE ANGLE
EFFECTIVE AREA FOR AXIAL LOAD A STIFFENER STIFFENER
h, = .4 the distance between the compression flange and the neutral axis as
. Th measured from the compression flange.
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