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16 April 2012

TOP HEAD LUG & TAIL LUG DESIGN
FOR
TOWER 2

In January of this year, | was contacted by Crane Service Inc., a Crane and Rigging Company, to design top
head lugs for four vertical vessels that were in an old abandoned EI Paso gas plant in Southern Utah. The lugs
were needed in order to down end the vessels. See the file “Tower Height Estimates.pdf” for a photo of the old
plant and the four vertical vessels. This design example is for Tower 2 as it was the heaviest. Note that Tower
2 is the second from the right hand side of the photo.

| agreed to design the lifting lugs and sent an email asking for the following information:

1. An outline drawing of each vessel showing the location of the CG would be good.

2. Height of each vessel from the basering to the top tangent line.

3. O. D. of each vessel just below the top tangent line.

4, Thickness of the shell just below the top tangent line. Could be obtained by drilling holes in the shell,
using a “material identification device”, or doing Ultrasonic Testing.

5. Documented weight of each vessel, either just the shell or dressed out with P&L/insulation/piping.

6. Type of head of each vessel. The General Welding document shows a 2:1 elliptical head for #3 vessel
shown.

7. Type of shell material of each vessel just below the top tangent line. General Welding shows A-212 B
for the # 3 vessel.

8. Close up photos of the top of each vessel and the basering & skirt of each vessel would be good. The
photos should identify each vessel.

Comments:

1. CSI will be responsible for the crane study for each vessel.

2. CSI will be responsible for locating the top head lugs so they will not interfere with any nozzles or
piping.

3. CSI will be responsible for the rigging hook up for each vessel.

4. CSI will be responsible for the tailing hook up for each vessel. A sample tailing hook up is attached. |
recommend tailing down the vessels with a sling in a choker hitch, rather than connecting slings to the
basering.

5. The vessels can be down ended dressed as they are with this method.

CSl replied that general arrangement drawings were not available, but they would hire an NDT company to do
Ultrasonic testing to determine the shell thickness and would measure the vessel to provide the other
measurements I required. See file “UT Report On Six Vessels.pdf”, sheet 3 for the information for Tower 2.
Be sure to look under the yellow sticky notes to see the hidden information, ie, the vessel circumference, the
height, etc. CSI also sent a separate email showing that the head length, measured from top tangent line over


http://www.maximumreach.com/

the head and down to the tangent line on the other side = 9.83”. This measurement was used to determine if the
head was indeed a 2:1 semi-elliptical.

CSl also decided that they did not feel qualified to down end the three heavy vessels using a tail sling and asked
me to design tail lugs for them. They also requested that the tail lugs be positioned above the bottom tangent
line as they did not want to weld to the skirt. With this scope of work in mind, I then sent them a manhour
estimate for all attachments:

SCOPE OF WORK: Manhour estimate

Design top head lugs 8 mh * 4 vessels = 32

Design tail lugs 4 mh * 3 vessels = 12
Administrative 4 mh =4
Total mh 48
Cost @ $90/mh * 48 = not to exceed $4,320.00

DRAWING INDEX:

A drawing index is always developed as the design of the lift attachments proceeds. It is usually sent to the
field or client on a monthly basis, so they will know what drawings will be coming to them. But in this case
with few designs, I filled it out per CSI’s down ending schedule and sent it to them at the start of the first lug
design.

MAXIMUM REACH ENTERPRISES DRAWING INDEX

CUSTOMER: Crane Service Inc.
PROJECT: ANETH GAS PLANT

NUMBER DRAWN BY DESCRIPTION REV.
CSI| - 1601 KEG Top Head Lug For Dehydration Vessel 1.00
1602 KEG Top Head Lug For Tower 3 1.00
1603 KEG Top Head Lug For Tower 2 1.00
1604 KEG Top Head Lug For Tower 1 1.00
1605 KEG Tail Lug For Tower 3 1.00
1606 KEG Tail Lug For Tower 2 1.00
1607 KEG Tail Lug For Tower 1 1.00

WEIGHT DETERMINATION:

With the above field measurements, | was able make what | felt was a conservative estimate of the weight of the
vessel and the location of the CG. The steps and assumptions to do this were:

Vessel circumference = 24.5°, Therefore the O.D. = C/Pi=24.5/3.14=17.8" =93.58”

Assumptions:

1. Use 1.68” thickness for the shell

2. Use 1.79” thickness for the head

3. From the shell weight table, sheet 6, used 96” O.D. and 1-5/8” thickness = 1,687 1bs./ft.
4, From the head weight table, sheet 7, used 96” O.D. and 1-7/8” thickness = 5,517 Ibs/head
Therefore, the vessel weight was:



Weight of the shell =76.83"*1,687 1bs./ft/ = 129,612 Ibs.

Weight of the two heads =2*5,517 Ibs. = 11,034
Subtotal 140,646
Add 25% for trays, piping, nozzles, basering, etc. = 140.646*0.25 = 35,162
TOTAL 175,808

NOTE: When Tower 2 was lifted off the foundation, it weighed 160,000 ====>»Good

As the location of the CG was unknown, | assumed that 60% of the weight was carried by the lifting lugs at the
initial pick position (IPP), and 66% was carried by the tail slings.

Therefore: The IPP load = 175,808*0.6 = 105,485 Ibs.
The load/lug at IPP = 105,485/2 = 52,743
The load/lug at set =175.808/2 = 87.904
The tail load =175.81k*47.33°/71.83’ =115.84 k
NOTES:

1. When Tower 2 was down ended and in the horizontal, the load to the tail crane was 92.00 k====»Good

2. See the Rigging Summary Sheet (RSS) on sheet 4 for the dimensions used to calculate the tail load. The
RSS is sheet number 1 in most design calculations, and is the control document. If any information changes
in the design, then the Rigging Engineer will update the RSS. It will not be sheet number 1 in this example
due to the need to present the background of the lift first. It will be sheet number 4.

3. The location of the CG shown on the RSS was an educated estimate because for most vertical vessels, it is
located about 40% of the distance from the bottom of the basering toward the lifting lugs.

4. The 7’ shown on the RSS is the sum of the skirt height (6°-8”") plus an estimate of 4” above the bottom
tangent line where the tail lug will be located.

TOP HEAD LUG DESIGN

Calculating The Eccentricity Of The Lug:

Sheet 5 shows the layout and formulas for calculating the 18” of eccentricity for the top head lug. Note that the
18” 1s not to scale. The distance is actually 17” but I increased it to 18 just to be conservative.

The maximum width of the top head lugs = 0.01745*0.R.*30° = 0.01745%93.58*30°/2= 24.49”
This is based on the theory that any lug with a width of 30° or over must be designed using “curved plate
design” which is a lot more complicated than using flat plate design.

Using The Plate Lug Program On My Website:

After the eccentricity had been determined, two runs were made using the plate lug program, one with the
vessel in the horizontal (IPP) to determine maximum lug plate bending and minimum weld size and one with
the vessel in the vertical (SET) to determine the end area required and bearing stress at the lug hole. See sheets
10 thru 13 respectively. See sheet 29 to see how | arrived at the dimensions for the top head lugs.

Top Head Lug Drawing:

Sheet 14 shows the resulting top head lug drawing, “Approved For Fabrication”.

The photos at the end of the top head lug design show the fabricated/installed top head lug and the rigging hook
up.
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198" {1507 | 2202 | 3033 ) 3775 | 4332 5291 | 6051 | 8812 | 7573 | 83511 9099 9679{10629 121410112153 112531 § 13700 | 15257} 16787) 13336| 19355 | 21046 2 3006) 24571
204" 11600 | 2401 | 3219 | %007 | LB11 ] 5616 § 6422 | 7229 | B038 | 4863 | 9657 {10484{11280(12105{12907 [13722{14533115189] 1781 3| 15456 ] 21102 3| 26408 2606
220 11695 | 2544 | 3411 | 4245 | 5097 | 5951 | 6805 | 7660 | 8516 | 5390 [10231 {11207 11951 |12828| 13674 (14537 | 15401 [17150] 1883691 20608 | 22352 25852] 27605
216" 11793 | 26c2 | 208 | suo1 femoa] 62935 | 7103 | G102 | aoof § 9932 10820 11749 12860 |1 3ses i sass hsera lirada el 1oneed o1 7ou | 220 27 Z7azlzonsg
222" | 1894 | 2843 | 3811 | 4744 | Su9b | 6649 | 7603 | 8536 | 9514 {10590 11425 |12508 [13345 [14330 | 15273 15237 [17202]{15153 21072} 2301 3| 24958 azsd363] 30521
228~ |1998 {2999 | 4020 | 5003 Jé007 | 7012 | 8018 | 9025 po034 R1063 R2053 £20BS 14073 5111 (16106 L7122 18140 [20157 §22219 (24265 26316 |23371 30431 | 32453
23un  |2108 | 3158 | k234 | 5270 | 6327 | 7385 | 844S | 9505 pOS6T h1651 2694 h3780 14826 15914 (15061 8031 {19102 [21268 {23397 {25551 [27709 |29872 |32040 [3k212
auge 221t | 3322 | uusu | sse3 | 6das | 7768 { 5882 | 9998 R111s hooss f3351 puko3 15593 L6737 |L7830 P86 20089 |22367 |2u605 {26869 {23133 {31412 53691 35974
Weight
1b/sq.rt}5-10 §7.65 {10.3 | 12.8 |15.3|17.9 }20.4 |23.0 | 25.5| 28.1 | 20.6 | 33.2] 35.7] 38.3| b0.8 | u3.4] 45.9] s1.1} s6.1] 61.2] 6.3} 71.2) 76.5] B1.6

Note: 1, All weighty are in 1lb.



1D. /4

Corresponding radius of dish & m
corner for 2:1 S.E. heads QQ

Dish: .9045 X I.D.
Knuckle: .17275 X I.D.

1-Dy [()%EH) %g%fms?‘ (1IN I.D. E&EIH) %‘fﬁ%m
12 | 10%8 246 78 70216 | 12%4

14 | 128346 2X6 84 76 14

16 | 1475 274 90 8136 1546

18 | 1634 38 96 86136 | 166
20 | 18*s 346 102 | 92% 1778

22 | 19% 3134¢ 108 | 97'%e | 18'tie
24 | 21144g als 114 | 103% | 1016
28 | 252{s 4t 120 | 108%6 | 2032

30 | 27% 4316 126 | 113%%46| 2134

32 | 2816 512 132 | 119% | 22136
3 | 32%16 6% 138 | 124%3i6| 2336
40 36346 61216 144 130%4 | 24%

a2 | 38 7% 150 | 135MMe| 25%%1¢ |
a8 | 43716 | 816 156 | 141% | 26716
sa | 4816 9216 162 | 146%5 | 28

60 | 5474 1036 168 | 151%%16| 29

66 | s59ltie 1178 174 | 15728 | 30tie

72 | 653 1246 180 | 162'%6| 31146




Thickness Thickness Lug Radius
of i Of Pads
Lug Plate % Typ. Both Pads Pad Radius

Centerline Of Lug

Hole And Pads A
— 44

Pad Weld Size
Typ. Both Legs

Force On
Lug

Angle Of Force

S

1\ ¥2 —=
TPP

Eccentricity

J,—-—————- I & 2.0"
] ¥ % Adding This Weld (5.08 cm)
L : Changes A Three - ha
Lug Weld Sided Weld To A
Size, Typ Four Sided Weld
Both Legs Group
Lug
Side
Weld
. L h
3 Sides > 7 2.0" (5.08 cm) engt
Min. : Radius
Weld \ y
Equipment Size
Skid Equipment Skid
 je—— Width Of Lug Base —eq
END VIEW SIDE VIEW NOTES:
1. Section A-A: Area Across Pin Hole
2. Sect!on B-B: Area Past Pin Hole
PLATE LIFTING LUG 3 Sections Not Shown
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PROGRAM TO DESIGN A PLATE TYPE LIFTING LUG v.02
COMPANY:cst - PROJECT: Aneth Gas Plant / 0

ITEM NUMBER:ower2@ PP >

Crosty G2130655 Select a metric shackle from the lookup table based on the force on the lug
or click the SHACKLE button to enter your own shackle and lug data.

413 in Shackle Inside Width at Pin
569  in Shackle Eye Diameter
280  in Shackle Pin Diameter
25 in Lug Pin Hole Diameter R_ecommend hole be 0.13” or > than shackle
pin dia.
500  in Lug Radius
150 in Lug Plate Thickness
2000  in  LugPlate Width at Base =~ Minimum value of 2*radius of lug
1400  in Lug Side weld length Recommend using min. 0.7 * lug plate width
5  in Lug Pad Thickness Input zero if pads are not required
50 Lug Pad Radius Input zero if pads are not required

Lug Eccentricity
Force on the Lug

Angle of the Force on the Measured from the horizontal

Lug

: .. Yield Stress of the Lug

2000 Ksi Material Fy

148 Kips/in ‘@i‘i‘i"’able Forceonthe 1y 10.91 for LH60 or 14.85 for LH70

180 Impact factor, IF Recommend that a minimum 1.8 impact factor

‘ be used

OUTPUT:

Checking combined stress of the lug plate

3000  in™2 Area of Lug Plate at Base

10000  in"3 Section modulus of the lug plate at the base

17.09 ksi Bending stress of the lug plate fb, actual

0.00 ~ ksi Tension stress of the lug plate ft, actual

21.60 ksi Allowable bending and tension stress, Fb & Ft

0.79 " Combined stress of the lug plate. Must be less than 1.0 (= 2o £

Checking the lug weld size for a THREE sided weld, with the weld treated as a line



4800  in Area of the weld / /

327 kips/in Horizontal component of twist

325  kips/in Vertical component of twist

0.00 kips/in Tension force on the weld

1.10 kips/in Shearing force on the weld

5.44 kips/in Resultant Force on the weld /?
066 in Minimum weld size o000 i/ s&E /

Checking the lug weld size for a FOUR sided weld, with the weld treated as a line

: in Area of the weld am/
201 Xkips/in Horizontal componeat of twist

141 kips/inYertical cq;ppoﬁ'ént of twist
0.00 kips/in Ten3jesforce on the weld
078 kips/inShearing foree on the weld

297 _Kips/in Resultant Force 0
936”/ in Minimum weld size
Checking bearing at the pin hole

22.60 ksi Bearing stress of the lug without pads Max. D Y-z

13.56 ksi Bearing stress with pads attached R -Y-".

3240  ksi Allowable bearing stress

1055 kips Load per pad "

0.07 in Pad weld size, min. L/s&E %4

Checking end area of the lug across the pin hole

5.86 in"2 End area required across the pin hole

4.59 in  Maximum effective lug radius. Used to calculate the max. allowable end area
11.72 in”2 Maximum effective end area G oD

Checking end area of the lug past the pin hole

391 in”2 Area required past the pin hole MIRX. @ S & 7
8.34 in"2 Actual end area

7.72 ~ in"2 Maximum allowable end area GG ool

Calculated by www.maximumreach.com 4/13/2012



PROGRAM TO DESIGN A PLATE TYPE LIFTING LUG v.02

COMPANY:

T

~ PROJECT: AnethGasPlant
ITEM NUMBER Tower 2’(;);?’ l Z-

Crosby G2130x55 ¥

Select a metric shackle from the lookup table based on the force on the lug
or click the SHACKLE button to enter your own shackle and lug data.

4.13 in Shackle Inside Width at Pin
569  in Shackle Eye Diameter
2.80 in Shackle Pin Diameter
293 in  LugPin Hole Diameter
500  in Lug Radius
15  in  Lug Plate Thickness
2000 in  Lug Plate Width at Base
1400  in Lug Side weld length
5  in Lug Pad Thickness
450 in Lug Pad Radius
(800 in Lug Eccentricity >
(s‘a.éo’”” ~ kips Force on the Lu
¢ 50.00 deg Angle of the Force on t
20 0B Lug
. Yield Stress of the Lug
2000 ksi Material
.. Allowable Force on the
14.85 kips/in Weld
1.80 Impact factor, IF
OUTPUT:

Checking combined stress of the lug plate
' in"2 Area of Lug Plate at Base
in"3 Section modulus of the lug plate at the base

30.00
100.00
0.00
527
21.60
0.24

Recommend hole be 0.13” or > than shackle
pin dia.

Minimum value of 2*radius of lug
Recommend using min. 0.7 * lug plate width
Input zero if pads are not required
Input zero if pads are not required

Measured from the horizontal
Fy

Use 10.91 for LH60 or 14.85 for LH70

Recommend that a minimum 1.8 impact factor
be used

‘ksi Bending stress of the lug plate fb, actual

ksi Tension stress of the lug plate ft, actual

ksi Allowable bending and tension stress, Fb & Ft

Combined stress of the lug plate. Must be less than 1.0 Wﬁx @ I FFP

Checking the lug weld size for a THREE sided weld, with the weld treated as a line



4800 in Area of the weld

000  kips/in Horizontal component of twist / 3
000  Kips/in Vertical component of twist

18 kips/in Tension force on the weld

000  Kkips/in Shearing force on the weld

183 kips/in Resultant Force on the weld

0.22 in Minimum weld size MAX . o I PF

Checking the lug weld size for a FOUR sided weld, with the weld treated as a line
58Q_ in Area of the weld
~kips/in Horizontal component

0.00

000  KkipsA t of twist
1.29

000  Kkips/i the weld
129 __kips/in Resultant Force on t

0 in Minimum weld size

Checking bearing at the pin hole

3767  ksi Bearing stress of the lug without pads

22.60 ~ksi Bearing stress with pads attached oo D

3240 ksi Allowable bearing stress

17.58 kips Load per pad ez

012 inp Pad wild I;ize, min. s / 4 )‘/EL e
Checking end area of the lug across the pin hole

9.77 in"2 End area required across the pin hole

459 in  Maximum effective lug radius. Used to calculate the max. allowable end area
11.72 in"2 Maximum effective end area GG oe P
Checking end area of the lug past the pin hole

651 in”2 Area required past the pin hole

83  in"2 Actual end area

772 in2 Maximum allowable end area GGo o b

Calculated by www.maximumreach.com 4/13/2012
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VESSEL

Lug Orientation
By CSI

S
U

QRIENTATION
, , 2 PADS WELD PADS
7 FOR /
Jer 97 o v SEMNEG N / /2 G THICKNESS
" Iy
Re 5 / LIFT HOLES i UL
&= I: :| PENET.
_ /] m __BORE OR DRILL UFT HOLE —
Y ‘v 2.938"¢ DAMETER t :l
|
—_— ==t HEAD
CURVE PLATE
‘" y 7/ 70 FIT SHELL THICKNESS
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|
) TANGENT LINE i
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/s 68 FO. 22
3 SIDES)—57 17 SHE| INSIDE DIAMETER
] THICKNESS
_J}’
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OMIT PAD wau)—/ Zc e
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1
2. MATERIAL TO BE THE SAME AS VESSEL WHERE ATTACHED.
3. MATERIAL TO BE MINIMUM YIELD STRENGTH OF 36,000 psi
4. PROVIDE TWO LUGS 180" APART PER ORIENTATION.

5

Use A36 Plate

5. Use LHT0 Rod__ ¢sTivATE ERECTION W1, = /7.5 81 K
@ Approved For Fabrication - W;‘ ESTIMATE INITIAL PICK WT. = /¢ 5 - 4.9 &~
/ ;
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TAIL LUG DESIGN

Reference:  Top Head Lug Design, RSS on sheet 4 where:
The tail load ~ 116 Kips
Off set length = 93.58”/2 + 5” btm lug to hole =51.8"=4.34’
Other vessel dimensions required for running the up ending program

Steps:
Ref. Sheet
1. Run the up ending program to determine the lift angle for max. forces for combined stress 17
1. Run the pad eye program to determine the lug end area & bearing stress with the vessel
In the horizontal 18
3. Run the L shaped tail lug program to determine the combined stress on the lug plate & weld 19
4. Run the safe working load program for the tail sling 21
5 Clearance between the bail of the 85 Te shackle & the lug plate 21
=14.85” -5.5”=9.35”. Plenty of clearance for a doubled 2.5” EIPS sling
6. Make a lug drawing “Approved For Fabrication” 22

The photos at the end of the tail lug design show the fabricated and installed tail lug, the tailing hook up and the
down ending of tower 2.



COMPANY: CraneServicelncl

PROGRAM FOR UPENDING FORCES v0.1
PROJECT: Aneth Gas Plant Tail Lug Tower 2.

Note: Forces are in kips and lengths are in feet

176.00
71.83
24.50
434

OUTPUT:

Total weight of vessel including trays, insulation, piping, etc
Total length from lift point to tailing point
 Lower length from the CG to the tailing point

Offset length from the centerline of the vessel to the tailing point

Lift [Lift [Lift Lift Tail |Tail Tail Span
Angle[Load [Load Load |Load |Load Load

I(deg) Tranverse||Longitudinal Tranverse Longitudinal|

0.00 [60.03 [60.03  [0.00 115.97[115.97 J0.00 71.83
5.00 |l60.64 [l60.41  [5.29 115.36114.92  [110.05 71.93
110.00[61.25 [60.32  [10.64 114.75[113.00  [[19.93 171.49|
15.00]61.88 59.77  [16.02 114.12110.23  [29.54 70.51
20.00 [62.53 [58.76  [21.39 113.47(106.63 |38.81 68.98
25.00]63.21 |57.29  [26.71 112.79(102.22  [47.67 66.93
30.00(/63.94 5537 [31.97 112.06/97.05  |56.03 64.38|
35.00(64.74 53.03  [37.13 111.26(91.14  [63.82 61.33
40.00]l65.63 [50.27  [42.18 110.37|84.55  |70.95 57.81
145.00 |66.64 [47.12  {47.12 109.36(77.33  [77.33 53.86
150.00167.82 [43.59  |51.95 108.18[69.54  [82.87 49.50
55.00[69.24 [39.72  |[56.72 106.76(61.23  |87.45 44.76
160.0071.02 35.51  |61.50 104.9852.49  [90.92 39.67
l65-00d73.33 [30.99  [66.46 [102.67]43.39 _ ]93.05 34.29
70.00 %.54 26.18  [71.93 99.46 [34.02  [93.46 28.65] ==
7500181.37 [21.06  [78.60 94.63 [24.49 __[01.41  [22.78
80.00[89.63 [15.56  |88.27 86.37 [15.00  [85.06 16.75
85.00 107.40/9.36 107.00 68.60 [5.98 68.34 10.58
86.00113.79[7.94 113.51 62.21 [4.34 62.06 9.34
87.00[122.13[6.39 121.97 53.87 [2.82 53.79 8.09
88.00/133.52[4.66 133.44 42.48 [1.48 42.45 6.84
89.00150.01[2.62 149.98 25.99 [0.45 25.99 5.59
90.00{176.00(0.00 176.00 0.00 0.00 0.00 4.34

Calculated by www.maximumreach.com 2/6/2012
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PROGRAM TO DESIGN A PAD EYE TYPE LIFTING LUG v.02

COMPANY: CraneSeniceine,  PROJECT: AnethGasPlam - / .
ITEM NUMBER: TeilLugFor Tower2 5

Crosby G2130x85 ¥ Select a metric shackle from the lookup table based on the force on the lug or chck the SHACKLE button to enter your own
500  in Shackle Inside Width at Pin

ssu_ - in Shackle Eye Diameter / / 4 é

330 in Shackle Pin Diameter °
343 in Lug Pin Hole Diameter Recommend hole be 0.13” or > than shackle pin dia. q D
550 in Lug Radius

250 in Lug Plate Thickness

11.00 in Lug Plate Width at Base Minimum value of 2*radius of lug

0.00 “in Lug Pad Thickness Input zero if pads are not required -

0.00 in Lug Pad Radius Input zero if pads are not required

50  in Lug Eccentricity

11600 kips Force on the Lug i

90.00 deg  Angle of the Force on the Lug  Measured from the horizontal

3600  ksi  Yield Stress of the Lug Material Fy
14.85 kips/in Allowable Force on the Weld  Use 10.91 for LH60 or 14.85 for LH70

1.80 Impact factor, IF Recommend that a minimum 1.8 impact factor be used

OUTPUT:

Checking combined stress of the lug plate

27.50 in*2 Area of Lug Plate at Base

s042  in"3 Section modulus of the lug plate at the base g Z D
000 ksi Bending stress of the lug plate fb, actual )/V f & 5}{ /1 P&: p

759 ksi Tension stress of the lug plate ft, actual A £ é o &R n
2160 ksi Allowable bending and tension stress, Fb & Ft

035 Combined stress of the lug plate. Must be less than 1.0

Checking the lug weld size, with the weld treated as a line

2200 in  Area of the weld /V/A coE z. ¢4 SAA P& P J/L/fl- [~

4033 in"2  Section modulus of the weld

949 kips/in Resultant Force on the weld P rOS AR
0.64 in Minimum weld size

Checking bearing at the pin hole

231 ksi Bearing stress of the lug without pads 6@ < o

000 ksi Bearing stress with pads attached

3240 ksi Allowable bearing stress

000 kips Load per pad

0.00 in Pad weld size, min.

Checking end area of the lug across the pin hole

1283 in"2 End area required across the pin hole

537  in Maximum effective lug radius. Used to calculate the max. allowable end area
1372 in*2 Maximum effective end area R -r-Y

Checking end area of the lug past the pin hole

859 in"2 Area required past the pin hole '

946 in"2 Actual end area & ool

9.15 in"2 Maximum allowable end area
Calculated by www.maximumreach.com 2/6/2012
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L SHAPED TAIL LUG PLATE AND WELD DESIGN
Maximum Reach Enterprises (See note 5)
Henderson, NV
Client: Crane Service Inc.
Project: Aneth Gas Plant
Location:

Contract #:

Date: 06-Feb-12

Item: Tail Lug For ToWe_r 2 Rev#: 1
Page 1 of 2
LUG BENDING & WELD SIZE CALCULATIONS DUE TO COMBINED STRESS
P g T - @e@‘f--wi o°
. L ‘ Ve 2 /\ ; PR
oPp. SIBE ??‘-—37' el O L — N I S
/\‘ . e PT pin hcle
I\Lirg - = T c.g al >~ h
ate . _ .g. ‘
P \( ) 3 \ s weld, | iji ii
. S ; I N :
\ E /4 f - Y
stiffener plate i’ | y +j__x_/
NOTES:
1. Fillin data in shaded fields.
2. Analysis based on Omer Blodgett's calculations for an "L" shaped weld, dated 24 Mar 99.
3. This calculation does not take in to account the weld between the stiffener plate/ring and the lug plate.
4. The calculated fillet weld size is typical for each side and both ends of the lug.
5. Lug end area must be designed by the Top Head Lug design program or one of the lug programs on www.maximumreach.com.
INPUT:
TRIAL #1 TRIAL #2
Load, P 99.46 - 116.00 kips
Angle 70.00 0.00 degrees
Recommend 1.8 min. LF. 1.80 1.80 REFERENCE (Allow. Force)
Electrode E70 E70 I -t 12.73 kips/in.
Allow. force on weld 14.85 14.85 kipsfin. 14.85 kips/in.
Base ring ext. past skirt b 10.50 10.50 in.
OAL of the weld d 11.00 11.00 in. o
Arm for lug bending e 5.00 5.00 in.
Radius of lug f 5.50 5.50 in.
Length of lug for bending g 11.00 11.00 in.
CL of lug hole to shell h 5.00 5.00 in.
Thickness of Lug, t 2.50 250 in.
Lug Material, SA- A36 ~ A36
Yield Stress, Fy 36 36 ksi )
Ta -
OUTPUT FOR TAIL LUG PLATE: \,\
Forces on the tail lug plate ~ ”\“\ /‘7‘?)
PR=P*cos(angle) | / 34.02 | | /116.00/ |kips ;
PT=P*sin(angle) | 9346 / |/ 0.00/ kips
N

(Continued)



Find Properties Of Lug

Page 2 of 2

Bending Allowable, Fb=0.6Fy 216 216 ksi -
Tension Allowable, Ft=0.6Fy 2186 21.6 ksi ff;’: (,‘D
A=t*g 27.50 27.50 sq. in.
S=t*g"2/6 50.42 50.42 cu. in.
fb=PT*e*l.F/S | 16.68 i 0.00 | ksi <Fb
Bending Stress: O.K. O.K.
ft=PR*LF/A [ 2.23 [ 759 | ksi <Ft
Tension Stress: O.K. O.K.
fo/Fb+ft/Ft<=1 | 0.88 | 0.35 | <1.0 = O2 r
Combined Stress In Lug Plate: O.K. O.K.
OUTPUT FOR WELD:
Find Properties Of Weld Treated As A Line
About the X-X axis (vertical axis)
Nx = d(t+d)/2(t+d+b) 3.09 3.09 in.
Ix = td"2+th3/6+2d"3/3-d"2(t+d) 2/2 (1+d+b) 733.02 733.02 cu. in.
About the Y-Y axis (horizontal axis)
Ny = b(b+t)/2(t+d+b) 2.84 2.84 in.
ly=2b"3/3+t*b"2+t"3/6-b"2(b+t)"2/2(t+d+b) 661.81 661.81 cu. in
Total weld length Lw = 2*d + 2*b+ 2*t 48.00 48.00 in.
S=1Ix+ly 1394.82 1394.82  |cu.in.
Find Various Forces On Weld
Torsion T = PT*(h-Ny)+PR*(Nx-fj|  119.67 [ -279.13  |kip-in.
At point a2
fth = T* (d-Nx)/S 0.68 -1.58 kips/in.
ftv = T*Ny/S 0.24 -0.57 kips/in.
fh = PR/Lw 0.71 2.42 kips/in.
fv=PT/Lw 1.95 0.00 kips/in.
fr = SQRT((ftv-fv)+(fth-fh)2) 1.70 4.04 kips/in.
At point a1
fth=T*Nx/S 0.27 -0.62 kips/in.
ftv=T*(b-Ny)/S 0.66 -1.53 kips/in.
fh=PR/Lw 0.71 242 kips/in.
fv=PT/Lw 1.95 0.00 kips/in.
fr=SQRT((ftv+fv) 2+ (fth+fh)"2) 2.78 2.36 kips/in.
Governing Point: at a2
Governs Governs
Find Fillet Weld Size Required
MIN. WELD SIZE w = |.F . *fr/allowable force 0.34 0.49 in {i&:} (_’:}d‘:l z}/ |
RECOMMENDED WELD SIZE 1 1 in 4/5‘5 /
. / 5 =
N s yay- j O 77 B/ A&
S EE = ~J o 2oL ;rer c t
- 4
g \ P s ),f ~
SrpEsse Sk LoE  STLn
,,g,,,\» &l



SAFE WORKING LOAD OF A SLING v0.2 2/

COMPANY: Gaesonicsin. ™~~~ PROJECT: Aneth Gas Plant
ITEM NUMBER: Tail Sing For Tower2

11600  Maximum Tension in the sling or total tension for all parts of the sling
EIPS2.50in 120.80Kp v SELECT: Wire Rope type, diameter and SWL @ 100% Efficiency
200  Number of parts being used, ie two parts for a doubled sling
90.00 Effeciency factor of the swaged fitting at the eye of a IWRC sling (%)
1" diameter and smaller  95.0%
1-1/8" diameter thru 1-7/8" 92.5%
i 2" diameter and larger 90.0%
600 %  Diameter of the hook or "Other type of pin"  Enter zero if not applicable

0.00 Diameter of the curved plate of the spreader bar Enter zero if not applicable
0.00 Diameter of the trunnion Enter zero if not applicable
000  Diameter of the shackle pin or sheave Enter zero if not applicable
OUTPUT:
2.40 ~ Hook or "Other type of pin"/sling ratio
0.00 - Curved plate/sling ratio
0.00 Trunnion/sling ratio
000  Shackle Pin or sheave/sling ratio
67.73 Efficiency factor of the sling over a hook or "other type of pin" (%)
o0  Efficiency factor of the sling around the curved plate (%)
0.00 Efficiency factor of the sling around the trunnion (%)
0.00 Efficiency factor of the sling around a shackle pin or sheave (%)
163.62 Safe Working Load of the sling using the smallest efficiency factor &2
4762 Reserve capacity of the sling above the maximum tension
@” é ‘H‘:D ak

2‘/:”6 EI?Q-; o
/é.
Calculated by www.maximumreach.com 2/6/2012 | < ::53 ‘;’/;.’;677?;/ SHook
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ATTACHMENTS:

Tower Height Estimates.pdf
UT Thickness Report For Six Vessels.pdf

L Shaped Tail Lug And Weld.xlIs

The above pdf reference files and xIs program will be sent upon request.

COMMENTS:

ANGLE OF FORCE ON LUGS:

Some of you may feel that there is a contradiction between the angles of force on the lugs used in the plate lug
program and the tail lug program, ie, for L Shaped Lugs & Welds. My intention was to relate these angles of
force to the lift angle of the vessel.

Plate or Pad Eye Lugs:




With the vessel in the horizontal at 0° lift angle, ie, in the IPP, the top head lugs are laying down and the angle
of force on the lugs is vertical, ie, transverse to the longitudinal centerline of the lugs and the vessel. Therefore,
I used the convention that the angle of force on the lugs in this position is 0°. When the lift angle is 90°, then
the vessel is set and the angle of force on the lugs is 90°. As the lift angle increases, the angle of force on the
lugs increases at the same rate. Maximum values for lug plate bending and weld size occur at 0°. Maximum
values for end area and bearing stress occur at 90°.

If plate lugs or pad eye lugs are used to lift say a lubrication skid where the force to the lugs is vertical, then the
above angle of force convention is still good, ie, the lugs are being used with the longitudinal centerline in the
vertical so the angle of force at set is at 90°. There is not rotation of the load. This means that bending and the
weld do not have to be checked at 0°. They are a maximum at 90°. But if the lift slings come off the lifting
lugs at say 60°, then a run would have to be made for this angle to check the bending in the lug plate and the
weld. This run would also automatically check the lug end area and bearing for 90°.

L Shaped Tail Lug And Weld

With the vessel at IPP, the force on the tail lug is vertical, so | used 0° for this angle of force. As the lift angle
increases, the angle of force on the tail lug increases at the same rate. Maximum values for end area, bearing
and weld size occur at 0°. The maximum value for lug plate bending occurs at somewhere around 65°, ie, in
our example it occurred at 70°.

On page 18, 1 used the pad eye program to calculate the required end area and the bearing for the tail lug, so
notice that | used 90° as the angle of force and the full 116 k of tail load. 1 did this because maximum values
occur when the angle of force is in line with the longitudinal centerline of the lug, ie, 90° for a plate lug or a pad
eye lug. I could have used the plate lug program and got the same results.

Also note on sheet 18 that the weld required was 0.64”, but the weld required from the L Shaped Lug program
was 0.49”. That is because in the pad eye program, only the base weld length of 117 was used, and did not
include the 10.5” of side weld.

TOP HEAD LUG DIMENSIONS:

I did not end up with the dimensions for the top head lug for Tower 2 simply by selecting a 55 Te shackle in the
plate lug program and then using the values shown. It is not that simple. The dimensions shown in the program
are for a very compact lug with a short eccentricity of 4.5”. The eccentricity for most top head lugs is between
13” and 30” to provide clearance for the shackle, insulation, etc. So the dimensions shown are just a starting
place, and the Rigging Engineer has to play around with the dimensions until he has a lug plate that provides the
correct eccentricity, enough bending strength, weld length & size, enough end area and low bearing.

Shown below are two sheets that provide guidelines for selecting top head lugs. The user still has to tailor the
shown dimensions to fit his purpose.

Note that | selected lug “3 C” from the guideline sheet, but that I still had to change some of the dimensions to
get it to fit my design.
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TOTAL ’ LIFT LUG
TYre WeioHT Faze IH:CLIJ(SES! A lB | C E R w | BusseT PADS HOLE | MATL.
. fElon ons) THICKNESS ob. | — l . DIA. N}l,:;]‘;mm
36" to 48" Inside Diameter
1-A 0-30 35 1 12 12 7 13 3 3/8 1/2 2=-1/2 30,000
1-B 31-65 50 1-1/2 14 12 8 14 4 3/4 1/2 7 3/8 | 1/4 "3 30,000
1-C | *1 66-100 50 1-3/4 16 14 9 15 4-1/2 1 3/4 8 1/2 |11/4 3 30,000
54" to 72" Inside Diameter
2-A 0-30 35 1 12 12 7 15 3 3/8 1/2 2-1/2 30,000
2-B 31-65 50 1-1/2 16 14 8 17 4 5/8 1/2 7 3/811/4 3 30,000
2-C | *1 66-100 50 1-3/4 18 14 9 18 4-1/2 /8 1/2 8 1/2 | 1/4 3 30,000
2-D | *2 101-150 75 2 20 16 11 20 5 1-1/4 3/4 9 3/4]3/8 3-1/2 38,000
78" to 108" Inside Diameter
3-A 0-30 35 1 14 | 10 6 | 18 3 1/2 1/2 2-3/8 | 30,000
3-B 31-65 50 1 20 12 7 19 4 5/8 1/2 7 3/8[1/4 2-7/8 30,000
3-¢ | *1 66-100 | 50 1-1/4 | 22 | 14 9 | 21 | 4-1/2 3/4 3/4 8 3/4|1/2 | 2-7/8 | 30,000
3-D | *2 101-150 15 1-3/4 22 16 10 23 5 1-1/4 1 9 1 3/8 3-3/8 38,000
3-E | *3 151-200 | 130 2 25 18 12 25 6-1/2 | 1-3/8 1 12 1 1/2 4-3/8 38,000
114" to 144" Inside Diameter
4-A 0-30 35 1 14 10 5 20 3 1/2 1/2 2-3/8 30,000
4-B 31-65 50 1 22 14 7 22 4 1/2 1/2 7 3/811/4 2=7/8 30,000
4-C | *1 66-100 50 1-1/4 26 14 9 25 4-1/2 3/4 - 3/4 8 3/4|1/4 2-7/8 30,000
4=D | *2 101-150 75 1-3/4 26 16 12 27 5 1-1/4 1 9 1 3/8 3-3/8 38,000
4-E | *3 151-200 | 130 2 28 18 12 27 6-1/2 | 1-3/8 1 12 1 1/2 4-3/8 38,000
150" to 180" Inside Diameter
5-A 0-30 35 1 14 10 5 21 3 1/2 1/2 2-3/8 30,000
5-B 31-65 50 1 22 | 14 6 | 23 4 5/8 1/2 7 3/8 | 1/4 | 2-7/8 | 30,000
5-C | *1 66-100 50 1-1/4 26 14 10 28 4-1/2 3/4 3/4 8 3/4] 1/4 2=-7/8 30,000
5-D | *2 101-150 75 1-3/4 26 16 12 30 5 1-1/4 1 9 1 3/8 3-3/8 38,000 |
S5-E | *3 151-200 | 130 2 28 18 12 30 6-1/2 | 1-3/8 1-3/8 12 1 1/2 4-3/8 38,000
186" to 216" Inside Diameter /
6-A 0-30 35 1 16 10 4 24 3 1/2 1/2 2-3/8 30,000
6-B 31-65 50 1 24 14 6 26 4 1/2 1/2 7 3/8 1/4 2~7/8 30,000
6-C | *1 66-100 50 1-1/4 28 14 9 31 4-1/2 3/4 3/4 8 3/4 1/4 2-7/8 30,000
6-D | *2 101-150 75 1-3/4 28 16 12 34 5 1-1/4 1 9 1 3/8 3-3/8 38,000
6-E{ *3 151-200 | 130 2 30 18 12 34 6-1/2 | 1-3/8 1-3/8 12 1 1/2 4-3/8 38,000
*1 - For 75 Ton shackle increase lift hole to 3-3/8". -

*2 - 130 Ton shackle increase to 4-3/8".
*3 - 150 Ton increase to 5-1/8".

THE END




