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2.1.6

NOMENCLATURE

a =Clear distance between transverse stiffeners on side plate; also the ratio of the material yield of the web
to the material yield of the compression flange

A =Actual area of section

A, =Total effective area of section used in calculating F, (refer to Appendix E for illustration)

As =Area of compression flange

A; =Area based on inside dimensions of section (refer to Appendix E for illustration)

A, =Area based on mean dimensions of section (refer to Appendix E for illustration)

A, =Area based on outside dimensions of section (refer to Appendix E for illustration

A4 =Cross-sectional area of stiffener or pair of stiffeners

A, =Aregot-both-webs

b =Actual width of stiffened and unstiffened compression elements whether flange (Lr web (refer to
Appendix F for illustration)

b =Effertive width of stiffened compression element (refer to Appendix E for illustration)

bs =Actual flange width (refer to Appendix E for illustration)

b, =Megan width of section or by, - t,, (refer to Appendix E for illustration)

b,, =Ovgrall width of section (refer to Appendix E for illustration)

C; =Distaince from neutral axis to extreme tension fiber of box section (tefer to Appendix H for illustration)

C. =Distance from neutral axis to compressive fiber of box section (refer'to Appendix E for illustration)

Cy, =Bernding coefficient dependent upon moment gradient; equalto (see Equation 1)

2
ag\/lxminf) agleminf)
1.75 + 105G 00+ 0.35 X000 (Eq. 1)

Xmax Xmax

but not more than 1.3 (refer to Appendix C for illustration)
C. =Column slenderness ratio dividing elastic and inelastic buckling equal to (see Equation 2)

Ip’E B, s, (Eq. 2)

C'; =Effective column slenderness ratig dividing elastic and inelastic buckling equal to (se¢ Equation 3)

|___p’E
QsQa(Fy_Sre) (Eq 3)

C, =Cogfficient applied to bending term in the interaction formula and dependent upon dolumn curvature
caused by applied moments; use 0.85

Cix =0.85

Cny =0.85

C, =Ratio of “critical' web stress, according to linear buckling theory, to the shear yield stress of web
material

d =Ovefall depth of section (refer to Appendix E for illustration)

D =Facjordepending upon type of transverse stiffeners

E =Modutusofetasticity 29-566kst

f =Computed axial and bending compression stress on appropriate flange or web

f, =Computed axial stress based on total section area

f, =Computed bending stress about the appropriate axis

f. =Sum of the computed axial and side bending compressive stresses

fox =Computed bending stress about the x-x axis

foy =Computed bending stress about the y-y axis

fs =Sum of the computed torsional and vertical shear stress

fy =Computed average web or flange shear stress

fys =Total shear transfer of stiffener(s), kips per inch of length

F, =Allowable axial stress permitted in the absence of a bending moment

F, =Allowable bending stress for the appropriate axis

Fpx =Allowable bending stress about the x-x axis if this bending moment alone existed
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F'vx =Allowable bending stress in compression flange of box sections as reduced for hybrid sections or
because of large web depth-to-thickness ratio
Fpy =Allowable bending stress about the y-y axis if this bending moment alone existed

F'e =Euler stress divided by factor of safety; equal to (see Equation 4)
2
12p°E
wilb S (Eq. 4)
23(Kl =r)

F'ex =Same as F'g about the x-x axis

F'ey =Same as F'¢ about the y-y axis

F, =Allowable web shear stress

Fy =Specified minimum yield stress of material being used, based on "yield stress" or yield strength,

whigheveris-applicable

g =Wind load, Ib/in?, g = 0.004 (mph)2/144

G =Sheqr modulus of elasticity 11 300 ksi

h =Cleaf distance between flanges (refer to Appendix E for illustration)

h, =Mean height of section d - (t; + t;)/2 (refer to Appendix E for illustration

h, =Vertical height of horizontal stiffener

Ho =Height to boom foot pin from ground

H, =Height to center of pressure on boom

H, =Reférence height at which wind velocity is measured (20 ft in US>

I, =Areal moment of inertia about the x-x axis

ly =Areal moment of inertia about the y-y axis

Ist =Monpent of inertia of a pair of intermediate stiffeners, or-a single intermediate stiffener, fvith reference to
an gxis in the plane of the web

le =Effdctive moment of inertia about the x-x axis

o —Effdctive moment of inertia about the y-y axis

=Torsipnal constant; equal to (refer to Appendix:D for other equations) (see Equation 5)

4(b,)%(h_)?
2h(m m)b,(n mi) (Eq. 5)

m

tW tC tt

IY
J

k =Coefficient relating linear buckling strength of a plate to its dimensions and conditions ¢f edge support
K =Effegtive length factorfor.cantilevered section use the value 2 unless a smaller one can be justified
K =Torsjonal length factor-for cantilevered sections, use the value 4/3
| =Dimensional lengths:of boom

L =Distgnce from tip to section in question

L, =Actyal unbraced length of section in the plane of bending

M =Bengling.moment about the appropriate axis

M; =Comstant moment load about the x-x axis resulting from eccentric loading on the hea
M, =00memmmmmmmmmmm- ] i i i

Mymin =Smaller moment at end of unbraced length of beam-column at tip

Mymax =Larger moment at end of unbraced length of beam-column at section in question
M, =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

P, =Axial load applied to section

P, =Lateral loading component (side load)

Py =Vertical loading component

P, =Axial loading component

Q, =Ratio of effective profile area of an axially loaded member to its total profile area of Ag/A

=
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3.1

3.2

4.1

4.2

Qg =Axial stress reduction factor for unstiffened elements of a section; refer to Appendix F

r =Radius of gyration for appropriate axis

r, =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

Ry, =Hoist cylinder reaction

R, =Reaction loads in the lateral direction

Ry =Reaction loads in the vertical direction

R, =Reaction loads in the axial direction

S, =Strong axis section modulus with c taken to the compressive side

Sy =Weak axis section modulus with ¢ taken to the compressive side

S, —Effpetivestrong-axis—sectontmeduius-with-c-takente-the-compressi

ctive weak axis section modulus with c taken to the compressive side

d velocity (mph) at center of pressure height H,,
velocity (mph) at reference height H,

ript relating symbol to strong axis bending

of yield stress of web steel to that of yield:stress of stiffener steel
ript relating symbol to weak axis bending

ript relating symbol to axial loading

centerline elevation angle relative.to' a horizontal plane, or the ratio of web yield stress to flange
stress

¢ between a line perpendicularto the boom axis and the hoist cylinder axis
Syc =Regidual compressive stress,(egual to 0.5 Fy in lieu of specific information on steel uged
u =Poisgon's ratio—equal to 0.3

Criteria—Cdlculations shall include the dead weight loads, rated load and a minimum side Ipad of 2% of the
rated load af the rated load.radius. The side load provides for "normal” conditions of machipe operation. In
addition, the| effect of the-wind on the boom should be considered, as is provided for in the calgulations.

The factors |of safetysused herein are the recommended factors of the AISC "Specification| for the Design,
Fabrication and Eréction of Structural Steel for Buildings," adopted February 12, 1969.

The boom shattbedeemedcompetent-whenthe—sototiomof-the-nteractiomequationsproviced herein yield a
value equal to or less than one (1.0).

Loads and Forces
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.

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.
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51

5.2

53

6.1

6.1.1

6.1.2

6.1.3

6.1.4

6.1.5

6.1.6

6.1.7

6.1.8

6.1.9

Analytical Determination of Stresses and Critical Loads

Applicability—This analysis is applicable to multisectioned "box" type booms, which are totally enclosed and

cantilevered

beyond the base section.

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 equations. In determi
properties, the effective width of the plates in compression are used. The areas covered in this analysis
consist of axial and torsional loading, bidirectional bending, and panel buckling. Of primary importance in the

analysis are

The work of

the compressive stress calculations.

thic o ook I docicn caoncan hit ratha hacie—c)

ning the section

aktabataadc ot intandad ar-o 1 to b 2
S~ SO ttC TS TToT T IC IO C U tO—COvE T T U ST T COTICC PtST DUt athitT o DTSIC—3y

stem. However,

other design configurations may use alternative calculation methods when substantiated with suitable test

data.

Summary—
Load Momgnt Diagrams and Equations
Assumptions Used on Load Moment Equations

Wind forcg is negligible on head (should include effects if jib used),

Torque is

Equations

accordingly.

Py=Pcoga;P,=Psina

Winch rop

Wind forcg is uniformly distributed along the exposed length of the side of the section with i

center (is

That the d

in length and will not affect the validity of the equations.

That the
are small

That equ

reated by the side load P on the head (would alsoybe applicable for a jib).

are still applicable if jib used but dimensions, weights, and center of gravity

b fleet angle and angle relative fo boom is negligible.

h valid assumption sinee' each section considered individually).

mensions are to the reaction points and that the tips of each section beyond these

Where strain gage results are available they should be used to supplement the afalytical data.

to be adjusted

s reaction at the

points are small

ial stresses produced by the friction forces due to the section reaction ponts from one to the next
camparison to the other stresses, that the section support cylinders carry the ax

ial loads.

in the extended

position —Figure 1, Figure 2, Figure 3, Figure 4, Figure 5, Figure 6, Figure 7. Partially retracted positions will
require reformulation of some equations; as an example in Figure 4 when |4, 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 Figure 3. Similar changes would appear in the axial load, reactions, and shear
force equations.
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FIGURE 1—LOADING DIAGRAM—BOOM ASSEMBLY

FIGURE 2—LOAD MOMENT DIAGRAM—HEAD SECTION
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FIGURE 3—LOAD MOMENT DIAGRAM—TIP SECTION

FIGURE 4—LOAD MOMENT DIAGRAM—ALTERNATE TIP SECTION
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FIGURE 6—LOAD MOMENT DIAGRAM—INTERMEDIATE SECTION
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6.2

Refer Figur
8, and 9)

MOMENT (Eg

AXIAL LOAD

SHEAR LOAD

SIDE LOAD (§

uation 6)

W, COVERS REINFORCING PLATES AROUND
HOIST CYLINDER AND PIVOT PIN AREAS

FIGURE 7—LOAD MOMENT DIAGRAM—BASE SECTION

M, = Py1,+P,1,-PaN1,+Wflgcosa + 1gsina]
Mz= P14
T=P,1,

Equation 7)

Fquation 9)

Rz3= PaN+P,+ W, sina

S (Equation 8)

Vi = —Ry1= Py
Vy= -R,;= W,cosa +P,

b 2—| oad Moment Equations—Reaction of Head Forces on Tip Section (se¢ Equations 6, 7,

(Eq. 6)

(Eq.7)

(Eq. 8)

(Eq. 9)
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6.3 Refer Figure 3—Load Moment Equations for Tip Section at Section Z1 - Z1 (see Equations 10, 11, 12, 13,
14, 15, and 16)

6.4

MoMENTS (Equation 10)

0.5W2005a172

My = M+ Ry Ly + =2

M,= M, +R ,1,+0.5gd;1,°

y

T=P,1,

(Eq. 10)

AXIAL LOAD

AXIAL LOAD

VERTICAL RH

LATERAL REA

VERTICAL SH

LATERAL SHE

NOTE—Suh

Refer Figur
Equation 18

DN PIN (Equation 11)
P,, = P,; +W,sina

DN SECTION (Equation 12)

P =R, +W,sina—Zl—: P = W,sina—&
= + —_— = N2
ar z1 ZSIna17+18’ aL ZSIna17+18
ACTIONS (Equation 13)
1g

Rys = 1_; —O.5wzcosam; Ry2= Ryp+ Ry + W,cosa

CTIONS (Equation 14)
My
Rx3 = 1_8; Rx2: Rxl + Rx3 + gd117
EAR FORCES (Equation 15)
_ . .y - 1g
Vyr = Ryq +chosam, Vy = Ryg+ chosam

EAR FORCES (Equation:16)
er = Rxl +gd117; VxL= Rx3

scripts r and L refer to right and left of Section Z4 - Z;

Eguation 19, Equation 20, Equation 21, Equation 22, Equation 23)

e 4—IKoad Moment Equations for Alternate Tip Section at Section Z; - Z; (§

(Eq. 11)

(Eq. 12)

(Eq. 13)

(Eq. 14)

(Eq. 15)

(Eq. 16)

ee Equation 17,

-10-
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6.5

MoOMENTS (Equation 17)

2
1;

1,+14

M, = M; +R;1,+0.5W,cosa

X +Wj3cosaly; + Ryl

2
M,= M, +R,;1;+0.5g9d,1,

T=P,1,

(Eqg. 17)

AXIAL LOAD PN CYLINDER SUPPORT (Equation 18)
R,, = R,; +W,sina

AXIAL LOAD PN SECTION (Equation 19)

P P W,1g
= = ———sina
ar aL 17 + 18
VERTICAL RHACTIONS (Equation 20)
- My 18 . —
Rys = 7——0.5W,cosa——— R,,= Ry; + Ryg *W,cosa + W;cosa

3T 1, 1;+1g’

LATERAL REACTIONS (Equation 21)

My
Rx3 = T Rx2: Rx1+Rx3+gd117

1g
VERTICAL SHEAR FORCES (Equation 22)
1, 1
Vyr = Ry chosam +Wjcosa; Vy = Ryg+ chosa17 1,

LATERAL SHEAR FORCES (Equation 23)
er = Rxl +gd117; VxL= Rx3
NOTE—Subscripts r and+refer to right and left of Section Z1 - Z1

Refer Figurg 5—Lead Moment Equations for Intermediate Section at Section Z, - Z5 (3
Equation 25| Equation 26, Equation 27, Equation 28, Equation 29, Equation 30)

(Eq. 18)

(Eq. 19)

(Eq. 20)

(Eq. 21)

(Eq. 22)

(Eq. 23)

ee Equation 24,

MOMENTS (Ecquation24)
1.2
12
M, = R,,1,,-R,21,, +W,cosal,, +0.5W.cosa———
X y2-12 y3-17 6 16 5 112+113
2
My= Ry,1;, —Ry3l,7,+0.59d,1,,

T=P,1,

+Wgsinal g+ P,3(1;9—14g) (Eq. 24)

-11-
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6.6

AXIAL LOAD ON CYLINDER SUPPORTS (Equation 25)

R,3 = R,y + (W53 +W,)sina; R,,= R,3+W;sina

AXIAL LOAD ON SECTION (Equation 26)

113

Pa = Pal= RZ3+W55ina—112+ 1,

VERTICAL REACTIONS (Equation 27)

M 11y
Rys = 1_1: Wétcosal—12 —-0.5Wsgcosa; Ry4= Ry, —Ry3+Rys+ cosa(W, + Wg + W)
LATERAL REACTIONS (Equation 28)
My
Rx5 = 1_13; Rx4: RXZ - Rx3 + RX5 + gd2112
VERTICAL SHEAR FORCES (Equation 29)
V,, = R,,—R,3+W, cosa+W cosai
yr T ty2 y3 y 5 1..+1
127413
V, = Re+W W L
yL= Rys + 4C0sa + scosam

LATERAL SHE

FAR FORCES (Equation 30)

V. =

Xr

Rx2 - Rx3 + gd2112; VxL = Rx5

NOTE— Suibscripts r and L refer to the right and leftwof Section Z, - Z,

Refer Figur
Equation 32

MOMENTS (E

e 6—Load Moment Equations for, [Ntermediate Section at Section Z3 - Z3 (
Equation 33, Equation 34, Equation 35, Equation 36, Equation 37)

guation 31)

2
120

yalog—Rysloset Wocosaly, + O.5wscosaF121

3 Wgsinaly; + R, 5(1,, -1,

2
4150 —Ryslos +0.59d31,,

5)

AXIAL LOAD ON CYLINDER SUPPORTS (Equation 32)

R,s = R4+ (Wgz+W-)sina; R,s= R,5+Wgsina

AXIAL LOAD ON SECTION (Equation 33)

121

Pa = PaL= P25+W85inam

ar

(Eq. 25)

(Eq.

26)

.27)

(Eq.

28)

(Eq. 29)

(Eq. 30)

ee Equation 31,

(Eq. 31)

(Eq. 32)

(Eq. 33)

-12-



https://saenorm.com/api/?name=fe9059c9e3d8fe9d353660ffbc6c98cb

SAE J1078 Reaffirmed APR94

6.7

VERTICAL REACTIONS (Equation 34)

Ry7 = Lcosal—zz—o.Swgcosal (Eq. 34)
10 -Wy 1y 1yp+1y

Rye= Rys—Rys+ Ry 7+ cosa(W; +Wg+ W)

LATERAL REACTIONS (Equation 35)

M
— y. —
Ry7 = I, Ry6= Rya—Rys + R,z +9d3ly (Eq. 35)
VERTICAL SHEARTOREESHEqHation-363
V,, = R R,: + Wycosa + W cosai (Eq. 36)
yr = Rya—Rys T W 8 10+ 1y 4
1o

Vy = Ryz +W;cosa + Wgcosam

LATERAL SHEAR FORCES (Equation 37)
er = Rx4_ Rx5 + gd3120; VxL e Rx? (Eq' 37)

NOTE—Subscripts r and L refer to right and left of Section Z33Z5

Refer Figurg 7—Load Moment Equations—Base Seection at Section Z, - Z, (see Equation|38, Equation 39,
Equation 40| Equation 41, Equation 42, Equation 43, Equation 44, Equation 45, Equation 46)

MOMENTS (Hquation 38)

2
1
M, = Ryglyg=Ry71s +0.5W c08a —2— (Eq. 38)

1+ 1y
2
My= Ryglog —Ry7133+0.59d,15
T="P,1,

AXIAL LOAD PN CYLINDER SUPPORT (Equation 39)

R,7; = R+ (Wg+W,,)sina (Eq. 39)

AXIAL LOAD ON SECTION (Equation 40)

. 128
Par = PaL = lesmam (Eq 40)

VERTICAL SHEAR FORCE (Equation 41)

128
Vyr = Ry6 - Ry7 + le Cosam (Eq 41)

128

Vyi = Rygr tRyg +(Wyg+ Wy )cosa + Wy, cosam

yL

-13-
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LATERAL SHEAR FORCE (Equation 42)

Vir = Ryg—Ry7+9d,156; V= Ryg—09d, 15

Xr

HolisT CYLINDER REACTIONS (Equation 43)

Rp = [Ryg(lyg+159) =Ry7(19 +155) + Wyplg,c08a

+W;,(15,cosa —15sina) + Wy,(155c0sa —155sina)

1
—Ry7(136—135)] l:{129 - aéuO—I cosq

=) r‘n'r.:mnI g

PivoT PIN Ld

LATERAL

AXIAL RY

ADING

ReAcTION (Equation 44)
Ryg = Ry —Ry7 * gd4(128 + 129)

EACTIONS (Equation 45)

_ Rpsing +R 1yg+ 1y 20 Lazy

z8r 2 x6 137 74 137 17
Ry =(Wyy +Wyp)sina 056 (15 + 1,)°
2 Y
+ + 1onx
R,g = halnq _ Rx6128137129 + Rx7gé'_29137133g
Ry7 = (Wyy + WyoJsina  0.5gd,(1yg + 1)
2 1,

(Eq. 42)

(Eq. 43)

(Eq. 44)

(Eq. 45)

-14-
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VERTICAL REACTIONS (Equation 46)

Rygr = 0.5[Rpcosq+ Ry 7 —R g— (W5 + Wy, +W,,)cosa]

1,-15 136
——— +gd,(15+ 129)E
7

-P
137

X

Ryg = 0.5[Rjcosq+R 7 —R g —(Wyq+ Wy, + Wy5)cosa]

(Eq. 46)

1,136 136
+Px1—_gd4(128 + 129)1_
37 37
NOTE—Subscripts r and L refer to right and left of Section Z,4 - Z4
7. Calculation|Procedure
7.1 Step 1—Prdliminary Data
a. Proyide description of geometry and loading, such as boom length, working radius, bgom angle, rated
load, etc.
b. Identify boom arrangement.
1. Generate shear and moment diagrams.
2. Solve for forces and moments from Section 3.
c. lderftify boom section for analysis.
1. De¢termine material properties.
2. De¢termine section properties.
7.2 Step 2—Calculation of Section Properties, Based on Compressive Stresses, the Actual |Stress, and the
Allowable Stress
7.2.1 To DETERMINE SECTION PROPERTIES
a. Detgrmine if platesq«n‘eompression are fully effective at yield.
1. Fqr vertical bending loads compute the b/t ratio for the compressive flange.
2. Fqr side bending loads compute the b/t ratio for the compressive web.
3. Fqr axiglloads compute the b/t ratio for both webs and both flanges. If b/t £ 184/C,(where f = 0.6Fy,
then-thé entire section will be fully effective at yield. The properties can then be computed based on
the_actual section. Proceed to 7.2 2 for the allowable stress computations. 1f b/t > 84/(X, 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.
1. Compute actual stresses based on full section properties.

1.1 For compression flange, f = f, + fy,
1.2 For compression web, f = f; + fix
1.3 For axial (all plates), f=f,

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

-15-
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7.2.2

To DETERMINE ALLOWABLE STRESSES
a. Alloyable axial stress F,

NOTE—If the stress is a tensile value;then F, = 0.6F,, proceed to 7.2.2B.

NOTE—TFor the axial case the effective widths will be different. Refer to Appendix E.

If b/t £ 184/, for all plates, the entire section is fully effective at a stress level 1.67 times the actual
stress. Proceed to 7.2.2 for the allowable stress computations. If b/t > 184/{¥, 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.

Determine effective width of plates that have b/t ratio greater than 184/(.

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

_ 253t _ 503 o

0 AISC (C3-1)
NEE S (ba)

b

winhere:

f Is the actual stress computed from 7.2.1.B.1.1, 7.2.1.B.1.2, and 7.2i.B.1.3 from the previous
pgragraph

2. Calculate new section properties Ag, Sy, and Sy based on the effective widths be.

NOTE—The effective widths be used in computing A, do not require an iterative solution because the stress

f,|is based on the actual area A.

3. Re¢compute 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 7.2.2 for the
allowable stress computations.

1. Factor Qg

effective area (A,)
actuyal‘area (A)

Qh = AISC (C4)

where:

AJ equals the effective area of all stiffined elements, both flanges and webs, corr¢sponding to the
aqtual stress T
If all plates are fully effective Q, = 1.

2. Factor Qg; see Appendix F to determine if this computation must be made. Applies to outstanding
plates free on one edge.

2
3. c = |—PE AISC (C5
¢ QsQa(Fy_Src) ( )

where:
Q.Q,£1.0
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4. Compute (KL/r) of both axis and use the largest KL/r value for the F, calculation

-

5. If

NOTE—L
th

b. Allo

K= 4/3

L = distance|from tip to section in question

J .. .2
C, = L?5+105%M£EEO+03%M£EEO; 1.0£C,L£1.3

CRC p. 101

5.1K LS
(KL o) equiv. = Ljﬁ%—fqﬁg CRC(4.7)
y

where:

(KL/r) < C'—inelastic range

s,(KL ur)z}
————|F,

QsQa|:1 - 2
F,(Co)

AlCSCO (oD 1N
A=A —a N = =y |

KL g 2L Q’03
5c83+3 C8é—cc g—l DSé—CC pe

KL/r) 3 C'—elastic range

12p°E

= i AISC (1.5-2)
23(KL =)

as used previously is the distance from the outer end-of the section in question td
P stresses are to be calculated in that section.

vable compressive bending stresses Fy, for x@and y directions considering lateral tg

blastic lateral buckling check

eMxmaxﬂ eMxmaxﬂ

the point where

rsional buckling.

Mymin = the moment at the tip

Mymax = the

moment at the section in question at L

NOTE—Clockwise moments are positive. Counterclockwise moments are negative. Refer to Appendix C for
further discussion.
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https://saenorm.com/api/?name=fe9059c9e3d8fe9d353660ffbc6c98cb

SAE J1078 Reaffirmed APR94

2. Compute first check on allowable compressive stresses.

2.1 If (KL/r) equiv. £ 102 000
Fy

Fpx = 0.6Fy

Fpy = 0.6Fy

2.2

/102 000 _ KLy . [51 000
If —Fy <érgequlv. £ —Fy

Foy

2.3

Fbx
Fby

If th
the
whid

5.1KLS,F, ©
Fo,= Fyg?_ Loy _C£0.6F, AISC(1.5-6a)
€3 1530000 C,,/Jl,@

= 0.6F,

faKLs (510000

er Qequiv Fy
= 170 000/(KL/r)? equiv. AISC (1.5-6

= 0.6Fy

bre are unstiffined elements on the section thatresult in a value for Qg less than 1
smaller value 0.6F, Qg or that provided by 7.2:2.B.2.1, 7.2.2.B.2.2, and 7.2.2.B.2.3
hever is applicable.

Determine if a further reduction in Fy, isyrequired

1. If

If
be

(rd

veb (h/t) > 760/CF,, then:

A ..
E Fbx{l.O—O.OOOSXWg% —%’Og} AISC (1.10-5)
f AT bx

web (h/t)r>760 (6.4 | CFy,, and horizontal stiffeners are used and placed at
tween the compression flange and the neutral axis as measured from the con
bfer toAppendix G) then:

then Fy, shall be
multiplied by Qq,

D.4 the distance
pression flange

F

Fo

Aydd  760./5.40
by = Fb{l.O—O.OOOS—Wg———+

Argl  [Foy @

And if the section is a hybrid, Fyy in either flange shall not exceed the previous or

. 2+ (A, 0A)(3a-a’)o
x T UBXET 12424, 0A, 4

AISC (1.10-6)

where:
a = Fy of web/F, of flange

-18-



https://saenorm.com/api/?name=fe9059c9e3d8fe9d353660ffbc6c98cb

SAE J1078 Reaffirmed APR94

7.3 Step 3—Solution to the Interaction Equation(s) for the Compressive Stresses

NOTE—The actual stresses fy,, and fi,, are based on the effective section properties, if applicable, Sye and Sye.
The axial stress f is based on the total area (A) of the section. Also, the f; term may be positive for
some sections. Refer to 7.2.2A.

1. Iffy/F, £0.15, then compute

fof, f
24 bx by g9 AISC (1.6-2)
l:a bx by

2. Iffy/f;>0.15, then compute both 2.1 and 2.2

f f, f
21 |2+ X4 e AISC (1.6-1b)
0.6F, Fpx Fpy
f C,..f C,..f
22| 2+ mf“’x + ”}“’y £1.0 AISC (1.6-1a)
a ®__ao6p ®__2a0p
€ F, 2 P € Fey? by
where:

Cinx|= Cmy = 0.85

Do fpr both x and y axes using theircorresponding ry,.
7.4 Step 4—Calculation of the Actual and Allowable Shear Stress in the Webs
7.4.1 |. To DETERMINE THE ACTUAL STRESSES—
fa = Vyodbt+TR2A

where:

bt =the greatef*one web

Am = the area based on the mean dimensions of the section. Refer to Appendix E.
7.4.2 Il. To DETERMINE THE ALLOWABLE SHEAR STRESS F,,

a. No stiffeners on the web plates if

1. h/t <260 and/or

hotg —a2000 AISC (1.10.2)

[F,(F,+165)
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5.

b.

1.

where:
Fy = material yield of the compression flange

k=5.34

45 000k

C. =
YOR(he)’

IfC,>0.8,then C = % /FK AISC (1.10-1)
,\ AL

Fl = chV£04F AISC (1.10-1
T 2897y (1.10-1)

fsE Fy

If pgrt A is not met, then proceed accordingly—stiffeners are required:

If o/h £ 1.5, then h/t may be as much as 2000 If a/h < 1.0, thern h/t may be as much 3s 2500 Where

ARy Fy
14 000 - a2606%

~—————— jnany case a’h
JF,(F, +16.5) Y €h o

Fy is the same as before, otherwise h/t is limited to

a maximum of 3

Iffach < 1.0; k= 4 +5.34 o(a th)® AISC (1.10.5.2)
If|a ch > 1.0(up to 3); k= 5.34 + 4/(ath)*

Cl = 45 000k, however, if C/> 0.8, then

Fy(hat)®
190J?

cl= = |=
het\F,

IfCy £1.0, then

F —
- Y. v -
F{ = 2.89[CV + }£ 0.4F, AISC (1.10-2)

1.15,/1 + (a th)?

If Cy, > 1.0, then

F,C
- YV
F, = >89 £0.4F,

fsEF,
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c. Stiffener properties

1. Required cross-sectional area

1-C 2.0
@ @h) O pxhx AISC (1.10-3)

Ast - ¢
2 & fii@mye

where:

Y = Fy of web/F, of stiffener (see Appendix G)
D = 1.0 for stiffeners in pairs

= 1.8 for single angle stiffeners

= 2.4 for single plate stiffeners

NOTE—If|F,, was computed from 1I1B-4 previously, then

fS

Al = AstF_
\"

2. Re¢quired moment of inertia with reference to an axis in thesplane of the web.

ah o'
If* &8 AISC (1.10.5.4)

3. Required weld to connect stiffener to the web.

F .3
f,l2h g%Tyog AISC (1.10-4)

wihere:

F\| = material yield of wel
fu4 = Kips per lineal inch

NOTE—If|F,, was computed from 1I1B-4 previously, then
fS
vs,:_

\"

7.5 Step 5—Calculation for Tensijle Stresses

—h

= f

S

7.5.1 |. ACTUAL STRESS WITHOUT STIFFENERS—
=+ st fby £ 0.6Fy

NOTE—If the section is a hybrid, then the limit is F'y, from 7.2.2.C.1 and/or 2. On some sections f; may be

positive.
7.5.2 |l If stiffeners are used and if Fv came from 7.4.2.B.4, then the bending tensile stress is limited accordingly.
® 56
fbx+fby£é .825-0.375="£ 0.6F, AISC (1.10-7)

F.9
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7.5.3

l1l. If the flanges and webs are of ASTM A 514 steel and stiffeners are used, and if
fox + foy > 0.75F, or Fy, if applicable,

then fg shall not exceed F, as computed from 8.4.2.B.5.

PREPARED BY THE SAE OFF-ROAD MACHINERY TECHNICAL COMMITTEE-SC31
CRANES AND LIFTING DEVICES
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APPENDIX A—

Critical flexural stress due to lateral-torsional buckling for the compression flange
2K L2 _ 5.AK(LS,

= b
er ﬂequiv /le

(Eq. Al)

(Section 1.5.1.4.4 Commentary on AISC)

Terms:

L =distanck from tip to section in question

S, = major gxis section modulus to the compressive flange
ly = minor akis moment of inertia

J =torsiongl constant of the beam cross section

Ki = 4/3 cartilevered section with no end restraint

SEC-1 SEC-2 SEC-3 2

z i - - A - |

- =

f—t- <

FIGURE Al—
2 ..
F. (L) 0

Foy = ?_.Y(—t);FyEO.6Fy AISC (1.5-6a)
& 1530 10%

substitute (KL/r)egyiy for (L/ry) to obtain expression for Fy,:
= F gtg_ 5.1K(LS,F, 0 ap
Y& 1530000 C,,/Al,0 7

Fo

(Refer to Appendix C for value of Cy,.
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APPENDIX B—

Relationship between relative effectiveness and width-thickness ratio for a stiffened compression element
based on 0.60 F, compressive stress level, uniformly distributed. (Safety factor = 1.67 for k. = 4.0)

0.6E (0.415) |0.6Eg
f w ot f @

max

ba = 1.9 gi—(091) (Eq. B1)

max
where:

frmax £ 0.6F,

(8 /b) x 100%

110%

100%

0%

By

b, - EFFECTIVE WIDTH OF COMPRESSION ELEMENT
b ~ACTUAL WIOTH OF COMPRESSION ELEMENT
t ~ THICKNESS OF COMPRESSION ELEMENT

FIGURE B1—
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APPENDIX C

Equation:

where

1£C,£1.3

OTHER REFH

BENDING COEFFICIENT C,

SKETCH 8 EQUATION FROM'
AISC FIG. Al
@ AISC SECTION 1.5.1.4.60
Mlmln - SMALLER BENOING MOMENT AT TIP

XMAX - LARGER BENDING MOMENT AT SECTION
N QUESTION

SHADED AREA FOR CANTILEVERED BOOM
Lo -
Mymax | ] \]\
W —_—— — — = MOMENT SIGNS :
l ! | | CLOGKWISE MOMENTS ARE POSITIVE.
COUNTERGLOCKWISE MOMENTS ARE
| l | | “necative.
1.0 + b + .
1.0 1.8 .75 2.0 23
%
FIGURE C1—

C, = 1.75 + 1.05&xming

N2
Eélemln(j
Sy ot 0.3%

Xmax eI\/IXIT] aXQ

RENCE—AISI Commentary—Flexutal members chapter, subject—Iateral buckling

(Eq. C1)

CRC p. 101

Zﬁ e
A /
Q/ Mtax

FIGURE C2—

-25-



https://saenorm.com/api/?name=fe9059c9e3d8fe9d353660ffbc6c98cb

SAE J1078 Reaffirmed APR94

APPENDIX D
TORSIONAL CONSTANT J FOR CLOSED RECTANGULAR SECTIONS—

General equation:
2(A,+A)A,
Z‘t& +2m P

W tl t2

FIGURE D1—

CAsE |—for thin wall sections

Top and bottom flanges are the same thickness
_ 2tyt,bZh2

1'w™m. im

- bmtw £\ hmtl

|

.

‘ w * ) w
}

FIGURE DZ—

(Eq. D1)

(Eq. D2)
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Case II—for thin wall sections

Top and bottom flanges are not the same thickness

J

b, % ?

&lm , Om  Omg

e tW tl t2 g

t ol bl ey

|‘ 1
e O —ompn— p —om]

PO 4———3

|

1

3 4
by '

et by, — ¢

FIGURE D4—

(Eq. D3)

(Eqg. D4)
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APPENDIX E

EFFECTIVE WIDTH OF CROSS SECTION

V LL I I
Vi
v V]
S.e: BASED ON EFFECTIVE AREA x B
=
/
Vi
Y g
L A L LL
*c
y |y
AN Y 3\ \
Sy © BASED ON EFFECTIVE AREA. (an N N
EQUAL AREA MAY BE CONSERVATIVELY M N
REMOVED TO FROM THE TENSILE SIDE "
TO MAKE THE SECTION SYMMETRICAL AND ® N
THUS FACILITATE THE SECTION MODULUS N N
CALCULATION ) \
\WALVA LAY
y
|

NOTE:*t INDICATES COMPRESSION SDE

FIGURE'E1—
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when:

when:

APPENDIX F

UNSTIFFENED ELEMENTS

FIGURE F1—

(bet) £95.0 8 /F; Q= 1

95.0 o, [F & (b at) <176 o, [F,
Q= 1.415-0.00437(b =t) [F,

(bet)s 176/,[F,
Qs= 20 000/[F, (b =t)°]

(Eq. F1)

(Eqg. F2)

(Eq. F3)
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APPENDIX G

PANEL STIFFENERS

' e wes '
»
_ NEUTRAL AXIS
'] ‘ ]
N
STFFENER
N PWRS
— <
SINGLE ANGLE
STFFENER STIFFENER

hy{ = 0.4 the distance between the compression flange and the neutral axis as measured from the compression flarjge
if/h < 1.0 k =4.0 + 5.34/(a/h)2

if[l.0<a/h<3.0: k =5.34 + 4.0/(a/h)2

ifp/h > 3.0: k = 5.34 (use of tension field action is not counted upon

FIGURE G1—

-30-



https://saenorm.com/api/?name=fe9059c9e3d8fe9d353660ffbc6c98cb

SAE J1078 Reaffirmed APR94

APPENDIX H
WIND LOAD
H.1 Relationship between Wind Velocity and height.
V = V,(HeH,)P

H.2

H.3

V, = wind ve

locity (mph) at height H,

H, = reference height at which wind velocity is measured (usually H, = 20 ft)

H = height t¢
V = wind vel
p = wind vel
where:
for V, = 2
for V, =4

NOTE— 2(
5(
Wind load g

Center of w
section is fo

Iind at that point.

center of wind pressure on boom or boom section from ground H = H, + H,
pcity (mph) at wind pressure height H

Dcity exponent

0 mph at H, = 20 ft, use p = 0.17
0 mph at H, = 20 ft, use p = 0.25

mph is for in-service condition
mph is four out-of-service condition

pounds per square inch
g = 0.004(V)? o144

nd pressure is found for & given section at 60% of its extended length, the wind

9
/\ CENTER OF WIND PRESSURE

{L il |
7 7
H
H
|8
\
Ho
A
FIGURE H1—

(Eq. H1)

(Eq. H2)

velocity for that
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