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SUMMARY:

The green blocks in Numi project have dimensions 52X52X26 inches, and weighs about
20,000 1bs. Two pairs of tongs are designed by Jim Kilmer to lift the green blocks. The

finite element analysis of the tongs is done by Bob Wands. This engineering note just put
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November 28, 2001

Stress Analysis of Lifting Tongs
Final Design

Bob Wands

Introduction and Summary

The tong material and geometry have been finalized. T-1 steel (Sy > 100 ksi per vendor
testing) will be used. This report presents the results of the final stress analysis, in which
a single lifting tong pair is subjected to a 20,000 Ib load.

Results show that the maximum primary stress in the tong is 26.3 ksi, which is less than

1/3 Sy = 33.3 ksi. Pin stresses area a maximum of 6.8 ksi, also below the allowable for
the Grade 8 bolt material used for the pin.

Geometry

The analysis is based on the tong geometry given in Drwg # 8875.126-MD-406176.

Material and Allowable Stress

The tongs are made from A514 T-1 steel, with a
tested yield strength greater than 100 ksi. For this
analysis, maximum allowable normal stress is
limited to Sy/3 = 33.3 ksi. Maximum shear stress
is limited to S+y/6 = 16.6 ksi.

The pin will be a Grade 8 shoulder bolt, 1.5 in.
diameter. Sy is much greater than 100 ksi for this
material, so for simplicity the same allowables
will be applied to the pin as have been applied to
the tong.

Finite Element Model

The finite element model is shown in Fig. 1. It
consists of 4000 8-node brick elements. Loads
totaling 20 kips are applied on the tong jaws.
Constraints are applied at the holes at the top of
each tong. Contact elements are used between
the pin and the tong jaws to produce a joint with
zero frictional resistance to torque, and capable
of developing whatever compressive contact is W
necessary to resist the shear and bending forces.

Figure 1. Finite Element Model



Results

Stresses in Tongs

Three critical sections were evaluated. These are shown in Fig. 2. The FE results were
used to determine the forces and moments on the three sections. The forces and moments
are output in the natural coordinates of the section; i.e., x-axis parallel to the line defining
the section.

Table I gives the properties of each section. Table I gives the forces and moments each
section.

The resulting stresses were calculated from the section property and force information.
These stresses are:

Pn = primary membrane (fy/A)
Py, = primary bending (Mc/I, about the two bending axes x and z)
Shear = shear stress due to in-plane forces (fx and fz)

The total normal stress was found by summing the membrane and bending stresses.
These stresses are summarized in Table III. All stresses area below the allowables.

Section 1

Section 2

Section 3

Figure 2. Sections for Stress Evaluation



Table I. Properties of Sections

Width

Thickness | Area Izz Cz Ixx Cx
(in) (in) (in% (in*) (in) (in*) (in)
Section 1 6.0 1.25 7.5 22.15 3 0.73 0.63
Section 2 4.5 1.25 5.63 9.49 2.25 0.73 0.63
Section 3 2.7 2.50 6.75 4.10 1.35 3.52 1.25
Table II. Forces and Moments on Sections
Fx Fy Fz Mx My Mz
(Ibs) (Ibs) (Ibs) (in-1bs) (in-1bs) (in-1bs)
Section 1 3333 -21486 -393 16839 6088 84913
Section 2 7071 7071 393 3872 -2576 -23301
Section 3 0 -10000 -393 891 -1046 26603
Table III. Stresses on Sections
(all stresses in psi)
Sum of
Pn | Py-Z | P,-X | Bending T"“g Normal Shear
tress
Stresses
Section 1| 444 11501 | 14369 25870 26315 447
Section 2| 1257 5523 3304 8827 10084 1259
Section 3 0 8758 316 9075 9075 58




Pin

The bending and shear forces on the pin were extracted from the FEA at the pin mid-
length. These are shown in Fig. 3.

For a 1.5 inch pin, A = 1.76 in’, I = 0.248 in*. The shear stress is then 2280/1.76 = 1295
psi. The bending stresses about the x and y axes are 6838 and 6718 psi, respectively.
(Because the cross section is circular, the bending stresses do not add as they did in the
case of the rectangular tong sections)

All pin stresses are well below the allowable stress.

My = 2226 in Ibs

Mx = 2266 in Ibs

Fx = 1213 Ibs

Fy = 1931 Ibs

Ftot= 2280 Ibs

Figure 3. Forces on Pin at Mid-length
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ADDENDUM +> Engineering Note Msp EN-142
,,ﬁnal/vsa‘s ot the Green Block L;'f/fﬁ) Fracture "

Dm;\;f the test of the Lz'f%:’fy fil'f(ﬁ{fe , Some s!:‘/)p&o/
was &erveo/ . Fre/!c/ meaturements turn vut that

The tongs in Service opens up more +ham Was 0Llumerd
Ju the analysis (Page 2~ 3 of +he nete) which avag
boted ou the drau/z';z? ( 8875.12{~MD~doé181). Some
ohher factors mg] also~ Coutrtt burted 4o 12 Sfr'/?/)cr)/,
ax. the weld beads wes not groundec].

To preyenrt +he ,w‘/opeg/, o Cross bow (3 ckflfned%
mocl ify +the lz’fﬁf;j Fiyture. The oma[yﬂ‘s > Nex page,
and the schematic i/ atfoched . In Py @5, plot of-

~for’c}l i POl boe Veviud f’ﬁcﬁ&ww weéﬁcyaz“ v? -
yefemted for < = g0°.




[ Zﬁ(‘an? l [0-29 —03

Q=

f}{mme +he Mﬂe m P;Q /s céomooq/-(‘o x=306°,
See whot friction coefficiont b repuired

Coek — Fuy SnaX
//—:__—El-— W A =0 32

Y WSt By wax
st less than whet we find frow +the /zama/éoo/(

Now we as/ume that the fn'c{—ow& Coefficient /a:-"O. [
Jee WHat {eree will be I"e,?on'l*ec( ty He creit bar to
hold Hhe ton 7 ~£-004¢:Hue[" without shippery.
Wlosx — (Fy t G ) S
/l/( =0.| =
W sin o +(Fy+F,) Cos %

We bnow thatt Fy =09/ W, Weuwssume F=IW .
thew

Cos ~ (091 +% ) sy
St —+ (o.c}['l-g) o

solve for g . we gef 7 =048

0.1 =

Fg = §W = (048)(5000) = 2400 (bg.
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WELD SAFETY STOPS(ITEM 6) TO ITEM 1
BY SETTING JAW OPENINGS TO 15" AND 22" AS SHOWN,

R

gusriy

T T T T T T At T

8X

>

|

/2,12 CLOSED

5

[ C

SZhug)
T

7]

]

G

¢

14 .49 CLOSED(WORKING)
20.49 OPEN(WORKING)
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;i;fsetuﬂness of any information, apparatus, product or
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ANS| Y14.5M-1982
MAX. ALL MACH. SURFACES

258//

DRAWN DATE
REV DESCRIPT ION
APPROVED DATE
A | REVISED DESCRIPTION FOR ITEM 8 B. CYKO 10-05-03
TO MATCH REQUISITION, J . KILMER 10-05-03
1.ADDED [TEM 12 AND ASSOCIATED F Mc CONOL OCUE /
HARDWARE . CHAIN LENGTH WAS “
S B.ELLISON 12704705
2 LOCATION OF (ITEM 6) TO BE FIELD
B WELDED :
3 ADDED ITEM 15;
4 CHANGED NOTE 1 FOR FIELD WELD DIM. : B B
5.CHANGED QTY.(ITEM 6) 4,WAS 2 MATERIAL C. NILA 07-DEC-03
SIZE 5/8 X 1 X 2.00 WAS 3/4 X 2 X3.00.
15 | MB-431611 | HANDLE WELDMENT 4
HEX HD. CAP SCR. 3/4-10 X 3.00 LG.
14 COML GRADE 5 4
13 COML S/74 FLAT WASHER, ALLOY STL. 4
12 | MC-431589 [SAFETY BAR 2
17 COML 1 1,2 FLAT WASHER, ALLOY STL. 4
CHAIN, GRADE 80 ALLOY STEEL,
10 COML 2 FT. LONG, McMASTER-CARR #3587T17 4
9 COML CHAIN CONNECTOR FOR 5/8 CHAIN, GRADE 3
80 ALLOY STL, McMASTER-CARR #3578“7
SHACKLE w/SAFETY PIN, @1, 25K LB.
ZZEL 8 COML LOAD L\MWT, McMASTER-CARR #8966T55 3
/ MD-40686/7 |INGOT LIFTER ASSEMBLY 1
FLAT, 5/8 x 1 x 2.00 LG. As6 STEEL
Aﬁ 6 COML (SAFETY STOPS) 4
5 COML 1 1/8 FLAT WASHER, ALLOY STL . %
4 COML NUT 1 1/8-7UNC HX. HD. CRADE & J
SHOULDER SCREW 5.00 LG. SOC. HD
3 COML 1 1,2 DIA. SHOULDER, 1 1/8-7UNC THD 2
x 1.50 LG. ALLOY STEEL
2 MD=406180 | WELDMENT LEFT 7
1 MD-406175 | WELDMENT RIGHT 2
| TEM PART NO. DESCRIPTION OR SIZE QTY .
PARTS LIST
UNLESS OTHERWISE SPECIFIED|ORIGINATOR J . KILMER 30-APR-2002
XX XXX | ANGLES || DRAWN V. MAJDANSK | 02-MAY-2002
+ - |t —— |+ —— |[CHECKED D.FRIEND 06-JUN-2002
| BREAK ALL SHARP EDGES | APPROVED J KILMER 06-JUN-2002
015 MAX
2. DO NOT SCALE DRAWING. USED ON
3. DIMENSIONS BASED UPON

MATER AL

SEE PARTS LIST ABOVE
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PPD/MECHANTCAL DEPARTMENT
NUMI, GReEeEN BLOCK L ITFTING FIXTURE
LIFTING FIXTURE ASSEMBLY

SCALE DRAWING NUMBER SHEET REV
1 33/25.1260-MD-4006131 oF 1| B
CREATED WITH ldeas11NXSeries ‘GROUP: PPD/MECHAN I CAL DEPARTMENT

N
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O D 2 5 / |

DRAWN DATE
REV DESCRIPTION
APPROVED DATE
4 ITEM NO. 2 THICKNESS WAS 1.00,| F. McCONOLOGUE |11-13-03
ADDED TAPFPED HOLE C NTLA 13-NOV=03
| | | |
[ [ L ,,,,,,,,,,,,,,,,,,,,,,, , L [ [
‘ ‘ — T — — — [
[ [ f *********************** T [ [
| | | |
|
|
|
|
|
2 — = 1 1,2 REF
1T 1/2 REF ——F=
|li| 5/ 8 \
3,8 |
/8 LV N0
y
\ﬁ I
2 1 S —
v L
1
- L N ] B
N
=— 2 .44 —= 5/4-10 UNC-2B THRU
TYP. Sy 4358
3 MB-4061/9 HANDRA | L 1
75 2 MC-40617// STIFFENER NO. 1 1
1 MD-4061/6 LIFTING BAR 1
| TEM PART NO. DESCRIPTION OR SIZ/ZE QTY.
PARTS LIST
UNLESS OTHERWISE SPECIFIED |[ORIGINATOR J . KILMER 30-APR-2002
XX XXX ANGLES || DRAWN V . MAJDANSK | 02-MAY-2002
+ 06 |t -—- |+ —— ||CHECKED D.FRIEND 04-JUN-2002
1. BREAK ALL SHARP EDGES APPROVED J.KILMER 05-JUN-2002
015 MAX .
2. DO NOT SCALE DRAWING. USED ON
3. DIMENSIONS BASED UPON MD-406181
ANS| Y14 .5M-1982
4. MAX. ALL MACH. SURFACES |F=r=rrmm=
2§$/ SEE PARTS LIST ABOVE
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