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8018-195 Ross Cage Lifting Lug Design Page 1 of 8

W:=3in
Steel Plate
tpl = 05 in
(Aluminum) m
L4x4x1/4 O
s;7=3in
[N
©
s:=3in
number of bolts )
numy =3 \_/
Fa
S
Q s,:=1.5in

bolt diameter
db = 075 in

Steel Bolts

ASTM A193 Grade B8
Tensile Stress

F, =170 ksi

Yield Stress

F, ,»=30 ksi

Structural Steel

F, ;=36 ksi

F, =50 ksi
Aluminum

F, =35 ksi

F, 4:=38 ksi
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Failure Modes in Steel Plate
1. Bearing Strength at Bolt Holes
J3.10

clear distance between the edge of the
hole and the edge of the adjacent hole
or edge of material

db'i‘i in
Bolt Row #1 I, ji=8,— fg =2.563 in

Bolt Row #2+ [ yi=5— (db+% in) =2.125 in

Nominal Strength
Bolt Row #1
R, ji=min (121, ;+1,+F, ,24+dy+1,+F, )
R, ;=45 kip
Bolt Row #2+

R, y=min (121, ,+1,+F

u_s?

24+dy-t,-F, )

Design Strength R,:=1+R, ;+ (numb— 1) R, ,=135 kip
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2. Rupture Strength of Plate
J4.1

Gross Area Agi=W-t,=1.5 in’

Effective Net Area A=A, — (db + % . in) oty
A4,=1.063 in’

Nominal Strength R, ,i=A4+F, ;=54 kip

Tensile Yielding

Nominal Strength R, ,==F, +A,=53 kip

Tensile Rupture

Design Strength R, ,:=min (Rn ' ,Rn_r> =53.1 kip
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3. Block Shear of the Plate
J4.1 N/A

4. Failure Modes in Steel Bolts

. T db2 . 2
nominal unthreaded body area A= =0.442 in
of bolt 4
nominal shear stress F,,=0.6-F, ,=42 ksi
nominal strength of single bolt R,:=F,, +A4,=18.555 kip
Allowable Strength of entire R, ,s==numy+R,=55.7 kip

bolt group



Failure Modes in Aluminum

8018-195 Ross Cage Lifting Lug Design Page 5 of 8

5. Block Shear in Aluminum Member

| thickness of Angle
1,
t):=—1In
T

gross area in shear
A ovi= (s
net area in shear

gross area in tension

Ay
net area in tension

allowable force

P, :=if

4 (numy—1) +5) (=23 in’

A=Ay — (2.5 : (db+% in))-z,: 1.7 in?
=7 1,=0.375 in’

A=Ay — (% (db+% in) -t,) =0.266 in’

Fuﬁa <A, > (06 'Fu7a> <A,
Fra

V3

'Agv +Fu7a 'Ant)

se

((0.6 -FU) -A,W+FU-Agt)

Rn5 ::Psr:52 klp
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6. Rupture of Aluminum Angle

x::%+ 0.625 in=2.125 in

/)
L:=s;+ (numy—1)+s=9 in N

Gross Area of angle Ag:=1.94 in’

Net Area of angle A,=A,— (db +% in) «t,=1.721 in’
Shear lag Factor U:==1 —%: 0.764
Effective net area A,:=A,-U=1315 in’

Nominal Strength R,s:=F, 4+A4,=50.0 kip
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7. Bolt bearing in Aluminum Member

edge distance

bolt row #1 dyyi=min (s;,1.5+d,) =1.125 in
bolt row #2+ d,,=min (s -1. (db+% in) , 1.5 db)
deZZ 1125 in

Nominal Strength

Bolt Row #1

d
Rn]::<2.Fua.tl.db>.( 61—)2107 kiI’
T N 2'db

Bolt Row #2

de o
Rn72:: <2.Fu7a.tl.db> 0(2.;,_): 107 klp
b

Nominal Strength

R,;=R, ;+ (numy—1)+R, ,=32.1 kip
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Summary of Failure Modes

1. Bearing Strength @ bolt holes (steel plate) R,; =135 kip
2. Rupture (steel plate) R,,=53.1 kip
3. Block shear (steel plate) N/A

4. Shear in bolts R,,=55.7 kip
5. Block Shear (Aluminum Member) R,s=52 kip
6. Rupture (Aluminum Member) R,s=50 kip
7. Bolt bearing (Aluminum Member) R,,=32.1 kip

Governing Failure Mode

Safety Factor Q:=5
gov="7. Bolt Bearing (aluminum member)”

Rn i=min (Rnl 7Rn2 aRn4aRn5 7Rn6aRn7> =32.1 kip

n

R R, 6.413 ki
= —6. 1
0 p

Design Load on Lug

P:=4000 Ibf

Comparison of Demand to Capacity

if P<R, —“GOOD! :)”
P _0.624
—=0. |“Goobt )
" else

|“No Goop (-
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Beam in Cage Floor (Supporting Main underlung load)

Elasticity

deflection Mod of Elasticity

Aluminum Alloy 6061-T6, T6510
ultimate tensile strength F,,:=38 ksi
Yield tensile strength F,:=35 ksi
Compression yield strength F., =35 ksi
Shear yield strength F, =24 ksi
compressive Mod of E:=10100 ksi

E;+=E—100 ksi=10000 ksi

Safety Factor on n,:=10
Yield Stress

. F,, .
Allowable Stress in F,i=—==3.5 ksi
Tension Flanges n,

. F, !
Allowable Stress in F,i=—%=35 ksi
Compression Flanges n,

Beam Length [:=57.25in
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Beam Information

Beam Size 2 C12x12.1
Dimensions/Geometry

depth d:=12in
width b:=3.292 in
Flange Tip t:=0.24 in
Thickness
Ave Flange t:=0.502 in
Thickness
Web t,:=0.673 in
Thickness
Area A4:=2+10.3 in?
depth d:=12in

Properties (of back to back channels)
Strong Axis
Mod of Elasticity [.:=2-180 in*

Section Modulus S.:=2+29.9 in’



Force on the Lug

Weight of floor

Maximum Moment

Maximum Deflection

Maximum Stress

Maximum Stress
Allowable Stress

8018-195 Ross Cage Floor Main Beam Page 3 of 3

P:=13500 Ibf

wyi=20 psf« 18 in=30 plf

M, ::L J4=16.2 kip-ft

Mmax H
fi= = =3.248 ks

X

Js

at

=0.928

if /s
at

“GOOD”

else

“NO GOOD”

<1.0 =“GO0D”
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s;=151in
(Aluminum) s:=3 in
2 Cl12x12.1 — bolt diameter
db :=0.75 in
|
s;=151in
s=3in
§,:=3in
( .L. ) ': / \
' Steel Plate
t,:=0.62 in
Steel Bolts Structural Steel
ASTM A193 Grade B8 F, ;=36 ksi
Tensile Stress F, ;:==50 ksi
F, »+="0 ksi Aluminum
Yield Stress F, =35 ksi
F, =30 ksi F, 4:=38 ksi
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Failure Modes in Steel Plate

1. Bearing Strength at Bolt Holes
J3.10

clear distance between the edge of the
hole and the edge of the adjacent hole
or edge of material

db'i‘i in
Bolt Row #1 Lo ji=s5,— fg =2.563 in
Bolt Row #2 Lo yi=5— (db+% in) =2.125in
Bolt Row #3 lp 3i=5— (db+% in) =2.125in

Nominal Strength

Bolt Row #1
R, ji=min (121, ;+1,F, (,24+dy 1, F, )
R, ;=55.8 kip

Bolt Row #2
R, yi=min(12+1, ye1,+F, (,2.4+dye1,-F, )
R, ,=55.8 kip

Bolt Row #3
R, si=min (121, 321, F, ,24+dy+1,F, )
R, 3=55.8 kip

Design Strength R,;:==3+R, ;+3+R, ,+3+R, 5=502.2 kip
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2. Rupture Strength of Plate
J4.1

Gross Area Agi= (2-51 +2-s>-tp,:5.58 in’
Effective Net Area A= ((2 es;+2 -s) -3 (db+% in)) d
“ty
A,=3.953 in’
Nominal Strength R, =4, F, ;=200.88 kip
Tensile Yielding -
Nominal Strength R, ,==F, ~4,=198 kip

Tensile Rupture

Design Strength R, ,:=min (Rn ' ,Rn_r> =197.6 kip
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3. Block Shear of the Plate

J4.1

Situation 1

gross area subject to shear Ag,=2- <S1 +2. s) Ly
Ag =93 in’

net area subject to shear A, =2 ((s, +2. s) —2.5. (db +% in)) by
A,,=6.588 in’

net area subject to tension A, = (2 es—2- (db +% in)) Ly
A,,=2.635 in’

uniform stress factor Uy :=1.0

Nominal Strength

R, ;==min(0.60F, +A,,+ Uy +F, +4,,0.60+F, +Ay+Uy-F, +4,)

u

R, ;=329 kip
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Situation 2

gross area subject to shear Ag,= (s 1 +2 -s) Ly
_ ;2
Ay, =4.65 in
net area subject to shear A, = (<s1 +2 -s> —2.5. (db +% in)) Ly

A,,=3.294 in’
net area subject to tension A, = ((2 .S +s1> -25. (db +% in)) ‘1
A,,=3.294 in’

uniform stress factor Uy :=1.0

Nominal Strength
R, ;:=min (0.60F, +A,,+ Uy +F, ;+4,,0.60+F, +Ap+Uy-F, +4,)

u

R, ;=264 kip

Bolock Shear Design Strength R, ;:=min (R,,_ ] ,Rn_z) =263.5 kip
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4. Failure Modes in Steel Bolts

number of bolts ny:=9

. - db2 . 2
nominal unthreaded body area A= =0.442 in
of bolt 4
nominal shear stress F,,:=0.6+F, ,=42 ksi
nominal strength of single bolt R,:=F,, «A,=18.555 kip
Allowable Strength of entire R, ,:==n,+R,=167.0 kip

bolt group
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Failure Modes in Aluminum

5. Block Shear in Aluminum Member C12x12.1 dimensions

flange width
bpi=3.292 in

flange thickness
1+=0.502 in

web thickness
t,:=0.632 in

gross area in shear

Agyi=((2+5455) *1,,+ bye 1)) +4=29.4 in’
net area in shear i
Ayy=Ag,—4- (2.5 . (db +— in)) .1,=23.8 in’
gross area in tension 8

Agi=2+(2+5+1,) =7.584 in’
net area in tension {
Apy=Agy—2- (2 . (db +§ in) . tw) =5.372 in’

allowable force

P,:=if Fuﬁa cA,,> (0.6 -FMJ,) <A,

F, .

\/g 'Agv+Fua'Ant]

else
((0.6-F, )+ A4,,+F, ,~Ag)

R,5:=P, =808.8 kip
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6. Bolt bearing in Aluminum Member

edge distance

bolt row #1 dyyi=min (sy,1.5+d,) =1.125 in
. 1 1.
bolt row #2 d,,=min S—E- db+§ in|,1.5-d,
d62:1125 in
. 1 1.
bolt row #3 d,;:=min S—E- db+§ in|,1.5-d,
de3:1125 in

Nominal Strength

Bolt Row #1

del .
R, ;=24 (2+F, ,t,dy) " R 4
*dp

Bolt Row #2

d
R,,2=:2-<2.Fua.tw-db>-(2 e; J=54 kip
cdp

Bolt Row #3

de3 .
R, 5:=2+(2+F, ,+t,d) " P B A
*dp

Design Strength

Ry5:=3+R, ;+3+R, ;+3+R, ;=486.3 kip
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Summary of Failure Modes

1. Bearing Strength @ bolt holes (steel plate) R,;=502.2 kip
2. Rupture (steel plate) R,,=197.6 kip
3. Block shear (steel plate) R,;=263.5 kip
4. Shear in bolts R,,=167.0 kip
5. Block Shear (Aluminum Member) R,;=808.8 kip
6. Bolt bearing (Aluminum Member) R,s=486.3 kip

Governing Failure Mode

Safety Factor Q:=10
gov="4. Bolt Shear Strength”

Rn i=min (Rnl 7Rn2 aRn3 7Rn4 7Rn5 aRn6> =167.0 kip

Design Load on Lug

P:=13500 Ibf

Determination of Safety Factor

R
R if —2>10.0 =“GOO0D! :)”
‘Qactualzz_n: 12.37
P |“Goop!
else

|“No Goop (-
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s;=151in

s:=3 in
(Aluminum) bolt diameter

2 C12x7.41 _\ /_ dy:=0.75 in
V N
\ L s;=1.51in

@\_|

e, s=3in
Q) ©
(7 ) N
o) (©
Q> @ 5,:=3in
| \ Steel Plate
1,1:=0.625 in
Steel Bolts Structural Steel
ASTM A193 Grade B8 F, (=36 ksi
Tensile Stress F, =50 ksi
F, »="0 ksi Aluminum
Yield Stress F, =35 ksi

F, ,>=30 ksi F, =38 ksi
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Failure Modes in Steel Plate

1. Bearing Strength at Bolt Holes
J3.10

clear distance between the edge of the
hole and the edge of the adjacent hole
or edge of material

db'i‘i in
Bolt Row #1 Lo ji=s5,— fg =2.563 in
Bolt Row #2 Lo yi=5— (db+% in) =2.125in
Bolt Row #3 lp 3i=5— (db+% in) =2.125in

Nominal Strength

Bolt Row #1
R, ji=min (121, ;+1,F, (,24+dy 1, F, )
R, ;=56.25 kip

Bolt Row #2
R, yi=min(12+1, ye1,+F, (,2.4+dye1,-F, )
R, ,=56.25 kip

Bolt Row #3
R, si=min (121, 321, F, ,24+dy+1,F, )
R, 3=56.25 kip

Design Strength R,;:==2+R, ;+2+R, ,+2+R, ;=337.5 kip
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2. Rupture Strength of Plate
J4.1

Gross Area Agi= (2-51+1-s>-tp,:3.75 in’
Effective Net Area A= ((2 es;+1 -s) —2. (db+% in)) d
. tpl
A,=2.656 in’
Nominal Strength R, ,i=Ag+F, (=135 kip
Tensile Yielding -
Nominal Strength R, ,==F, ~A,=133 kip

Tensile Rupture

Design Strength R, ,:=min (Rn ' ,Rn_r> =132.8 kip



8018-195 Ross Cage Underslung design #2 Page 4 of 9

3. Block Shear of the Plate

J4.1

Situation 1

gross area subject to shear Ag,=2- <S1 +2. s) Ly
Ay, =9.375 in’

net area subject to shear A, =2 ((sl +2. s) —2.5. (db +% in)) by
A,,=6.641 in’

net area subject to tension A, = (1 es—1- (db +% in)) Ly
A,,=1.328 in’

uniform stress factor Uy :=1.0

Nominal Strength
R, ;==min(0.60F, +A,,+ Uy +F, +4,,0.60+F, +Ay+Uy-F, +4,)

R, ;=266 kip
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Situation 2

gross area subject to shear Ag,= (s 1 +2 -s) Ly
Ag,=4.688 in’

net area subject to shear A,y i= (<s1 +2 -s> —2.5. (db +% in)) by
A, =3.32 in’

net area subject to tension A= ((1 .S +s1) —1.5. (db+% in)) “ly

A,,=1.992 in®

uniform stress factor Uy :=1.0

Nominal Strength
R, ;:=min (0.60F, +A,,+ Uy +F, ;+4,,0.60+F, +Ap+Uy-F, +4,)

u

R, ;=199 kip

Bolock Shear Design Strength R, ;:=min (R,,_ ] ,Rn_z) =199.2 kip
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4. Failure Modes in Steel Bolts

number of bolts ny:=6

. - db2 . 2
nominal unthreaded body area A= =0.442 in
of bolt 4
nominal shear stress F,,:=0.6+F, ,=42 ksi
nominal strength of single bolt R,:=F,, «A,=18.555 kip
Allowable Strength of entire R, ,:==n,+R,=111.3 kip

bolt group
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Failure Modes in Aluminum

5. Block Shear in Aluminum Member C12x7.41 dimensions
flange width
ITf y 7—| bf:: 2.960 in
_r/ ‘\\_ .
1 1 flange thickness
@ @) £:=0.502 in
| N\ ZEN:
/ )\‘ / l;) ) I web thickness
1 v t,,:=0.300 in

gross area in shear
Agyi=((25+5)) o1, + byot)) +4=16.7 in’
net area in shear

Apyi=Ag—4- (2.5-(db+% in)) o1, =14.1 in’

gross area in tension
— 1 . 2
Agi=2+(2+5+1,)=3.6 in
net area in tension

A=Ay —2- (1 . (db +% in) . tw) =3.075 in>
allowable force

nv

P,:=if F, ,+4,>(0.6+F, ,) -4

\/g 'Agv+Fua'Ant)

else
((0.6-F, )+ A4,,+F, ,~Ag)

R,s:=P,=447.9 kip
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6. Bolt bearing in Aluminum Member

edge distance

bolt row #1 dyyi=min (sy,1.5+d,) =1.125 in
. 1 1.
bolt row #2 d,,=min S—E- db+§ in|,1.5-d,
d62:1125 in
. 1 1.
bolt row #3 d,;:=min S—E- db+§ in|,1.5-d,
de3:1125 in

Nominal Strength

Bolt Row #1

del .
R, ;=24 (2+F, 4t +dy) » =25.7 kip
cdp

Bolt Row #2

d
R”2::2.<2.Fua°tW'db>'(2 e; J:25_7 kip
*%p

Bolt Row #3

de3 .
R, 3:=2+(2+F, 4+t +dy) — =25.7 kip
cdp

Design Strength

Rné:ZZ'Rn_I +2'Rn_2+2°Rn_3: 1539 kip



8018-195 Ross Cage Underslung design #2 Page 9 of 9

Summary of Failure Modes

1. Bearing Strength @ bolt holes (steel plate) R,;=337.5 kip
2. Rupture (steel plate) R,,=132.8 kip
3. Block shear (steel plate) R,;=199.2 kip
4. Shear in bolts R,,=111.3 kip
5. Block Shear (Aluminum Member) R,s=447.9 kip
6. Bolt bearing (Aluminum Member) R,s=153.9 kip

Governing Failure Mode

Safety Factor Q:=10
gov="4. Bolt Shear Strength”

Rn i=min (Rnl 7Rn2 aRn3 7Rn4 7Rn5 aRn6> =111.3 kip

R, )
R, ::E: 11.133 kip
Design Load on Lug

P 13500

Ibf=6750 Ibf

Comparison of Demand to Capacity

if P<R, =“GOO0D! :)”
=0.606
_R : ||“GOOD! )

else
|“No Goop «*
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1 DESIGN SUMMARY/PURPOSE/OVERVIEW

11 PURPOSE OF DOCUMENT

This document summarizes the calculations made for the Maintenance Deck Platforms.
This is a supplemental structure that is attached to the Main Ross Cage only during maintenance
activities. It is not considered part of the permanent structure

Ross Cage Structural Design Calculations Page 2 of 9



2.1

2

DESIGN CRITERIA/REFERENCE INFORMATION

DESIGN CODES

International Building Code IBC-2015
Minimum Design Loads for Buildings and Other Structures, ASCE 7-10
Design Loads on Structures during Construction, ASCE 37-14
Building Code Requirements for Structural Concrete, ACI 318-11
Specifications for Structural Steel Buildings, AISC 360-10
Specifications for Aluminum Structures AA SAS30-10

Mine Safety and Health Administration Standards & Regulations MSHA CFR Title 30
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2.2  DESIGN LOADS

Dead Loads

it

&

Dead Loads for the structure consist solely of the self-weight of the steel materials (HSS,
Angles, Channels, Plates, Etc.) that make up the structure. Note that since the structure is
symmetric, only 1 side of the structure is modelled.
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Live Loads — Platform

-Pakst

Maintenance Deck Roof
20 psf

Maintenance Deck
Platform
40 psf
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Live Loads — Personnel Tie-off Points

-10K

-10K

, L)
——— b rrsoa

There are (2) tie-off points on each corner post, 8 total. We consider the case where (2)
tie-off points on a single post are used simultaneously. Each tie-off point supports 5000 Ibs
(vertical load) and 500 Ibs (horizontal in both axis).
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Soil Loads
N/A

Snow Loads
N/A

Rain Loads
N/A

Ice Loads
N/A

Seismic Loads
N/A

Wind Loads
N/A
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3 CALCULATIONS/STRUCTURAL MODEL

Code Check

Ne Calc
>1.0
9010
75-.90
50-.75
0.-50

.

Results of the Calculations are shown here for the two tie-off point situations. “Code
Check” refers to the ratio of a member’s demand to capacity. A ratio less than 1.0 is good.
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4 CONCLUSIONS

A structural model was created to analyze the Maintenance Deck structure. This is a
supplemental structure attached to the main Ross Cage during maintenance activities.

Unlike the main cage (which is composed of mainly aluminum), the maintenance deck is
composed of structural steel rolled shapes. It is bolted into the main deck at the 4 corners, as well
as the middle over the main cage transom beam.

The structural model accounts for the dead load of the major structural materials used. It
also accounts for a blanket live load over both the work deck below and the roof deck above.
Additionally, it accounts for personnel tie-off points on each of the corner posts.

The structural analysis showed the members are adequate for the expected loads.
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