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ASME Lifting Lug Design- Static Design Basis 0or28/2024
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Material Properties Lug Section Geometry
Lug Properties Base Metal Properties . . A
L Material Above Pin: a:=2 in
E:=29000 ksi
Hole Diameter: D =2 in
Fyﬁlug =36 ksi Fyﬁbase :=36 ksi
— : o . Pin Diameter: 1
FU,J-UQ =09 lesil Fuﬁbase =58 ksi Dpin =3 in
. . Radius: 1 .
Enter Nominal Design Factor for Max Allowable Stress r:= oR D, +a=31in
3-1.3.1 Nominal Design Factors. The static strength Side Material: b oy 1 D 5
design of a below-the-hook lifting device shall be based e =F TS FpT AN
on the allowable stresses defined in sections 3-2 and 3-3.
The minimum values of the nominal design factor, N, Base Total: B :=2.b +D. =6 in
in the allowable stress equations shall be as follows: tot e h
N; = 2.00 for Design Category A lifters . '
= 3.00 for Design Category B lifters Material Below Hole: h:=2.5 in
= 6.00 for Design Category C lifters
Total Height: H:=h+D, +a=6.51in
Desian Cateaorv: 1B See ASME B30 9 h
esign Category: Sec. 2-2 - 1
Lug Thickness: g P

Nominal Design Factor: N :=2

¢= Shear Plane Loading Angle

0] :=15 deg

loading angle

See ASME B30 Shear Plane Reduction Due to Curve

Eq. C-2

D

pin

2
prime = ’ { sin [ (ploading_angle ]]] =01in
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Calculate Allowable Stresses for Static Design

We are going to calculate the allowable stresses per ASME - BTH-1, and then convert those
stresses into equivalent safety factors. Then, we will use AISC Allowable Stress Equations for

design.
Gross Tension Yield |ASME BTH-1 Minor Axis Bending - Solid Bars |ASME BTH-1
Eq. 3-1 & 3-2 Eq. 3-25
F 1.25-F
_ Ty _lug . L y_lug .
Fy gross = =18 ksi F = ———Y——— =22.5ksi
d d
Fy lug
F Q , i=m———=1.6
. _ulug - bending
Fe errect =T 5oy, 242kt o
Shear on Bars, Pins & Plates |See ASME B30
F Sec. 3-2.3.6
y_lug
§2t , =—=_- =2 . a E .
ension gross F F :=1if <2.45- =10.4 ksi
t gross v tlug Fy lug
Fy_lug
. N, -3
Bearing Stress  |ASME BTH-1 a3
Eq. 3-53 else
. F
. 125 Fy—l”g—zz | £
b= N = .5 ksi N,
d
F F
_ y_ lug _ _ y_ lug _
Qbearing T F =1.6 “hear = Iz =3.5
P v
Failue Mode 1 - Yielding of Gross Section g ——
(Previously Calc'd)
tensi =2
€nsion gross
~ =
P L tlug ’ Btot ’ Fy_lug o . ' N
allow gross yield =~ , =>4 kip ¢ \
tension gross @
AISC D2-1
FAILURE MODE 1
YIELDING OF GROSS SECTION
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Failue Mode 2 - Tension Rupture on Effective Area

(Previously Calc'd)

b =2in t =0.51n
e lug

=5

tens_rupt'

(treat at OSHA Rigging Component)

Apply AISC Dimension limitations Sect. D5-1b

b

e

b :=min ) =1.631n
e 2-tlug—|—.631n

F

u lug 12 tl “be

ug

=18.9 kip

Pallow tens rupt
- - tens rupt

LOAD DIRECTION

OF EFFECTIVE

TENSION RUPTURE
(SECTION

%
\

| b |

AISC D5-1

77

EAILURE _MODE 2
SINGLE PLANE TENSION RUPTURE ON
EFFECTIVE AREA PERPENDICULAR TO LOAD

Failue Mode 3 - Shear Rupture on Planes Parallel to Line of Action

(Previously Calc'd)
=3.5

shear

"ty =2-251in

- F

q_lug"A

sf

=22.6 kip

allow shear '
- shear

|AISC EQ. D5-2|
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LOAD DIRECTION
SHEAR PLANES
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AISC D5=2

7t

EAILURE MODE 3
SHEAR RUPTURE ON 2 PLANES

PARALLEL TO THE LINE OF ACTION




9 F, 1ug tiug Ppin BEARING

FAILURE

Failue Mode 4 - Bearing Failure @ Pin /LOAD DIRECTION

=5.1kip

Pallow_bearing =

bearing
Note: We are deviating from AISC equation J7-1.
Equation J7-1 applies a 1.8 coefficient to the yield
stress. We have replaced that with a 0.9
coefficient based upon David Ricker's 1991

Engineering Journal recommendations. AISC
assumes a tight fitting pin. For lifting operations
we will have a loose fitting pin, and Ricker reports AISC J7

capacity is reduced.

FAILURE_MODE 4
BEARING FAILURE AT PIN

Failue Mode 5 - Tearing Tension Along Line of Action

IMAGINARY BEAM W/
5 FIXED—FIXED END
1.67 x Fy,, tiga CONDITIONS LOAD DIRECTION

0.80; TEARING TENSION
AT SIDES OF HOLE

P allow_Tear = _Q D
bending Y pin

Flexural Tension on Fixed-Fixed Beam

Equation from Ricker Article pg. 152 and Figure 15 I e ! ~
(also in Rajendra Failure Mode 4) =) o N\ o
f \ ;
QQ.
2 BEAM CROSS
1.67F, j,0 t,ya | SECTION
= =150.3 kip
allow tear Qb ai .D .
ending ~pin RIKER PG 1
PDH ONLINE RAJENDRA
FAILURE MODE 4
"LOOSE EEI PIN PLOWS"

EAILURE MODE 5
SINGLE PLANE TENSION TEARING
PARALLEL TO LOAD
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Failue Mode 6 - Out of Plane Bending - Weak Axis

r‘&
Z '—l-B -t 2—O 375 1 ’ ‘ / '
plastic Z fot lug Y- in | LOAD DIRECTION
O
" SO T
 _ iiD-E, =} l
T B S S
e
3
ug
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FAILURE MODE 6
OUT OF PLANE BENDING ON
WEAK AXIS
P L Fy_lug ) Zplastic - .
allow flexure '~ D | 11.6 kip
. h
Qbending Tsin Aout_plane ] |h T+ o
allow gross yield =54 kip
Summary
; ) ; ; allow tens rupt =18.9 klp
Failue Mode 1 - Yielding of Gross Section - -
Failue Mode 2 - Tension Rupture on Effective Area P allow shear =22.60kip
Failue Mode 3 - Shear Rupture on Planes Parallel to Line of Action . =5.1kip
allow bearing
Failue Mode 4 - Bearing Failure @ Pin Allow tear =150.3 kip
Failue Mode 5 - Tearing Tension Along Line of Action Allow Flexure =11.6kip
Failue Mode 6 - Out of Plane Bending - Weak Axis
allow gross yield
Pallow_tens_rupt
o Pallow_shear )
P illow T min P =5.1kip
- allow bearing
Pallow_tear
allow flexure
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