Technical Report Documentation Page

1. Report No. 2, Government Accession No. 3. Recipient's Catalog No.
Not Assigried /2.2 ~(27
4. Title and Subtitle 5. Report Date
August, 1997
Finite Element Models for the Single-Web Sheave Design 6. Performing Organization Code

for the Shippingsport Vertical Lift Bridge

8. Performing Organization Report No.

7. Author(s) Not Assigned

Anthony Rante, PE

9. Performing Organization Name and Address 10. Work Unit (TRAIS)
HR-25-104-97-1

Artech Engineering 11. Contract or Grant No.

PO Box 2062

Darien, IL 60559 13. Type of Report and Period Covered

12. Sponsoring Agency Name and Address Final Report, August 1997

Illinois Department of Transportation
Bureau of Materials & Physical Research
Springfield IL 62704 14. Sponsoring Agency Code

15. Supplementary Notes
This work was conducted jointly with the Bureau of Bridges & Structures and District 3.

16. Abstract

Finite element models for the Shippingport Vertical Lift Bridge over the Illinois River at LaSalle were created using a single-
web design for the sheaves. The models used both linear and sinusoidal load distributions along the periphery of the sheave. A
model of the cable tray was also created. Using an analysis developed at the University of Illinois, 4/5P downward loading and 1/5P
per side was used for loading each semi-circular channel. The models were additionally rotated 18° for maximum loading. Peak
tensile stresses generated in the cable tray were at 7.6 ksi, and the peak tensile web stress was 3.3 ksi. A hub analysis was also
conducted using internal pressures of 8,000 psi and 4,000 psi generated by the FN3 shrink required by the AASHTO Movable Bridge
Code. Peak stresses in the forged ASTM A668 Class C hub were 23.1 ksi at 8,000 psi pressure, whereas it was only 12.2 ksi peak
tensile stress at 4,000 psi.

17. Key Words 18. Distribution Statement
sheave; shafting; trunnion; shrink fit; hub; plate; finite element  [Unlimited.

models; stresses; load distribution function; vertical lift bridge;
movable bridge; Shippingsport Bridge; Illinois River

19. Secqrity Classif. (of this report) 20. Security Classif. (of this page) ' 21. No. of Pages 22, Price
Unclassified Unclassifed 38

Form DOT F 1700.7 (8-72) Reproduction of completed page authorized



Analysis of the Shippingsport Vertcal Lift Bridge
Sheave Components - May 1997 - Report 2 -

CONTENTS

Introduction

FEA Model of the Single Web Sheave

Linear Load Distribution Derivation

Load Case 5 - Linear Load Distribution , No Offset
Load Case 6 - Linear Load Distribution , 18 Deg Offset

Sinusoidal Load Distribution Derivation

Load Case 7 - Sine load Distribution s No Offset
Load Case 8 - Sine load Distribution y 18 Deg Offset
Cable Tray

Central Hub

Summary

page

13
14
16
19
27
37



Introduction

This report is the second part of the Shippingsport bridge sheave
analysis. The first report should be referred to for a complete
description of the applied loading. The objective of this analysis
is to evaluate a new design of the sheave, which is primarily
constructed around a single center web. This single web design

is an alternate to the three web design that was investigated in
the first report.

The approach used in this analysis is simular to the first
analysis in that two different load distributions along the
cable tray were used; linear and sinusoidal. Also like in the
first report, two sheave orientations were also investigated.

The two orientations that were analyzed are zero offset and an
18 degree rotational offset.

A local model of the cable tray is also presented in this report.
This model is constructed using 3-D solid elements, commonly

called 8-noded bricks. These elements have 3 degrees of freedom
at each node; translations in X, Y, and Z.

Finally, the central hub of the sheave was analyzed again using
3-D solid elements. The loading for the sheave hub is comprised

of an 8000 psi shrink fit pressure superimposed with the pressure
distribution created from the weight of the counter balance.

The following properties for the steel materials were used in
this analysis:

Modulus of Elasticity (psi) 30,000,000
Poisson’s Ratio .3

Ux, VY, £ v

~S

e - NopeD BRICK



FEA Y4 MmMopeEL OF THE SHEAVE — NO OFFSET










LINEAR LOAD DISTRIBRBUTION

LT
P - D
‘ Y
FOR The FEA /o MobeEL, t
e
22,653 e e
T = = 1lo,22W.= LR
2
_ =(o,826.5) avg B
¥ | So - N
o= P x4
FoR 12° INCREMENTS,
x = Y x &a
Q = 75 N (.09 4 Rm>> = 15.70S5 i~
B —
FN = 1478 -‘;—N (\:>.7OS IN) = 23 21 e
6 vLvocATION
b FOoR LOAD ? F; F; FY
‘ B84~ 1478 "g(N RA3AUA B 2426 LB |23 085 18
2 72° 7173 |22,07¢
3 ¢o® 1,606 | 20,102
4 48° 15,532 | 17,250
5 3¢ 8,779 | 13,644
o
6 4 21,205 | Q44
7 12° 22,705 | 4824
8 o° | , 23,212 | o
VO ,424

w.__—-/

LB

xT



LOAD casE

LOADING

=

W 4
P ad 4
i

Pl
TR
| 4~1 h;' .
[ Ij

k%
L
=

o

LY

ey

5

e

]
i
Ly F “
B
j’iﬂqfﬁ -
i .
L g l-'q
L

:'.';. .ﬂ‘.m iy »;I;I’ ,‘ r _: - .I"'F_l;‘-;:j'. e =y -
o A Ut
'-:_ v o !.‘.;.: -

Py e
R E

/)
TR T Y

PLoT



MK M U AA

PRINCILPLE

TENSILE

.,

4971 .25
4168. 10
544 .95
2621.81
1858.66
18055.51
272 .569

& S10.77

STRESS

r-1293.9

-2077 .8
-2860.2
-56435.35
-4426.5

(poi)



MAAITA UM

PRINC\PLE

COMPRE SSI\VE

4541 .85
3495.73
2445 .61
1397 .48
349,369
=898 .75
-1746.,
T =794,
B -S58435.,
-4891 .
=595,
~E98Y .
-8@35.5

SINIS = _000

STRESS (psi)



Ui

LE

AN AX A U AN

CENTER WER

PRINCIPLE

TENS\LE

—-q -

STRES

4
—

3457 .15
2952.186
2407 .16
1882.17
1857 .17
852.183%
807 . 188
-217.80
-742 .80
-1267 .7
«1792,7
-2817.7
-2842.7

(P.SL)



LC

1)

e

OCFFSET

\.

N

3
!
j

i

!
!

L 4
il

el 7Y




LE &

ML AN U AA

PRINCI\PLE

TENS) LE

s § o

SP30. 42
4243 .74
3457 .06
2670.38
1883.69
1997 .01
518305
= -476.34
& - 1263.
-2049,
-282%6.
-2623,
-4469,

~SIRANI®

STRESS (PSL )



LL.C &

MAKX LM U AN

G

1|
3

= — A
e = e, s S W =

PRINC)\PLE COMPRESSIVE

= e

2219
-150

4590 .
3405,

249
e

. 84
1054,

61
61

-15385.8
~2521 P
ﬁﬁ;”37B6.2
| -4891 .5
-GB76.7
-7261 .9
-8447 .1
-Q9G632.4

steesS (ps



SINUSOIDAL

LOAD DISTRIRBUTION

_ A
/FMAX - W R
\ 4 (1o, ene.5 L&)
= = {
Fanron i (7S 1N) eel N
£ = 'Pmp\—x (sin @)
FoR 12 (INCREMENTS,
Q= (5.70%5 1N
o= Pxg
N
(=] LOCP!T\OI;I 4;
e FoR Lo A®D FN Fx FY
\ 24 1871 = |292.38% 8| 3071 LB (29,2238
2 72° 1789 28,096 | 8682 |26,72]
3 ¢o’ 129  |25B,583> | 12,792 | 22,186
4 48° 1398 |21,954 | 14,691 [ 16,316
S 36° 1lob |\7,270 | 14,053 | 10,210
¢ 24° 765 |, 014 10,975 | 4887
7 \2° 29| G114 Loo07 1277
8 o° ) o o o
110,790 w8V



M AX | M UAA

PRAINCILPLE

TENSILE

_ldl'"

640,
i -1622.6

STRESS

SRS
61
4519,
5527,
235355,

8511

1543

65

£
53
49
45

351,419

61

-2624.6
-8616.7
-4608.7
-5600.8



L. C T

A DY AA U AA

PRINC\PLE COMPRESS\VE

_.|5...

5758.866
4631 .65
53506 .43
2381 .21
1255.99
188 .781
-994 .43
I— _21 ].C] .
| 3044,
-4370,
-5495.
-6624d.,
-7745,

~JNKN®= D ay

STRESS (Pa)



LC & o

MAAKN MU AN

1e° OFFSET

6s/2.72
53576.69
4580 . 66
5584 .63
2568.60
18592.57

PRINCIPLE TENSILE STRESS (95;)

-G —



=L &

CENTER WER

MAKIMUM PRINCIPLE

TENSILE

STRESS

4262,

2785,
2204 .

1875.

1146

80
75
70
54
59

617 .542
865.4902
-440.56
~969.61
-1498.6
-2027 .7
~2obb .7
-3485.8

Cpsi)



L. 8

M AL AA U AA

PRINCI\PLE

ﬁﬁ

i
o2 1 el

—t

P, [ -
N s
Sevs

Coa\PRESSIVE

g 5 - B

STRESS

588 .50
4594, 36
3380.42
2166.48
952.547
261 .59

-1475

(Psd

.5
 -o689.2
| -3903.

5117,
-6331 .
- 7545,
-8758,

NIRRT



CARLE TRAY LOADING

BAsSED
LOAD

ON  THE
DISTRARUT I ON

P =

LB
‘ 3 Lt B

FoR mMmopE L

)

73.9 2,
.347

[N

b =D =

2A5. 4

> 7 T34y T BS2

LINEAR

REF
f. 32
ReEpPoRT

$

(Ye)

pPSt



LOCAL MOTDEL

— RO~

>
’
UL




et
‘e
el

UN
PER SIPE

o
F CABLE

TRAY




M A X LA U A

PRINCI\PLE

TENSILE

S@41
' 2946
285 |

1269

sTreESS ( F‘S‘*J

L 662.2186
114,796
432,
-980.
-1527 . 4

.57
4494,

15

Wk
i 2399,

31

. 89
2504 .
1757 .

47
B3

82
04



5041 .57
4494, 15
3946.73
5599.31
2851 .89
2804 .47
175785
RS 1269, 63
L BB2.218
114.796
-4352 .62
-9s0. 04
-1527 .4

STRESS (Psf)

MUK L AN U AA PRI\NC(IPLE TENSiLE

.....13 -



S@41 .57
4503, B9
2964 . 62
2426, 14
26887 .66
2349, 19
1816.71
= 1272.23
| 733 762
195, 286
243 .18
-881.66
-142@,1

CRoss sSecTIoN ©oF PeEAkK STRESS AREA

MAEXIM UM PRINCIPLE TENSILE STRESS (psg)

_24._.



CABLE TRAY - FINER MESH

7554 .67
5491 .01
& 5427 .35
4565 .,74
3300, 04
2205 .58
ile2.72
189.873
-9%54 .58

-2@g18.2
-SEal .8

-4145.5
g

A B A PRGN CIPLE TENSILE  aTREsEs (Psi)



C—~, k""
{

PERLECTED

SHAPE BuPERIMPOSED o Tl MO DE L



HUB ANALY SIS W I TH 000 PSS § 4000 psc
SHR WK | PRESSUR T

FoR &HRINK= Sooo st

,F - ‘\'43,306 LB

WELSHT l4.0 1n (20.0 lN)

T

il

s Psi

LeT HALe oF F, Aco To

THE SHRIN Fi7 PRESSURE AT
THE TOoP, AN HALF SUVUBTRACT
FRoAm T HRe RoOTTOM.

No w
1523 .
(= .
g = Qoo — -———%3— = TRo0e pPsc
BOT TOAA
ToRQUE CAPACTY 1S
T = FxR /%roz.c-nod

T - [8000 \FS( </lT(i_4’(N) 20 u«) .(] T = 4’)926/00 IN-LB
(410,500 Fr-L8)



OR = 4000 psi
F ,PSHRINK P ¢

- 1523 |
Tee = 4000 + 525 = 499a L.
s
BoOTvON = ,
T = — (4— 9226 Ooo> = 2463 0060
CQPAQ\TY :L / ) ’ ’

N8

( 205,250 Fr-rg)



FEA Y4 mopeEL oO©oF cCcENTRAL HuR

-~

-

Lt
-
|

3
H
\
N
PP,
F
L1 w
/,f
|1
[~
"/
e
’d"
b1
b
oo
/ﬂ"

—-29 -~



H U
B moper

CEA

._30 —



Fron

Lo AP
COUN TER. ANEIGGHT

APPLIED

.\
g
S .
,v(l b -,
B
e, g "
e
T 8 0 S
o+ S
o, T
s K R v, | —— -
S8 S, S M= o u 2
ool N T A B S N
" e . o s o seer e
e . b ——— o »
S 0
Ny 5
0]
ah

LOADILNG



SHRIN K gooo PS¢

25185
=56 T
= 19@88 .,
e 17052,
15025,
12988 .

M= OO N

=115

MA XL M UAA PRINCILELE TENSILE sTRES (P3i>

._.gl_



SHRIN KK

14586. 42
497,868
-462 .68
-14258.2
~2oBS . 7
-5544 .5
-4304 .85
-5260 . 4
-5226.0
71005
-2 ld7 1
=SB . B
- 168068,

MAXIM UM PRINCIPLE  (OMPRESSIVE STRESS (psd)

._33-



/PSHR\NK G pse

5Z135.53
21137 .8
& 19080.3
b 17052, 9
15@25 ., 4
12998.0

10970 .5

28560 .69
Hdo5 ..255
=LA

MESIMUA - PRINCIPLE . TENSILE aTeesel

—34 -



Foumne = 4000 psi

11689.54
457 . 4495
-254.55
-“HB8 .59
1878 .6
~2E590 .6
=nine, 7
-3614.7
-4526 .8
s SR
s e LR
~EEE2 .4
=75 8. B

MAXIMUM  PRINCIPLE ComMmPRESSIVE SIRELSS (Psi)

-5 -



T © . AOED put

12181 .1
11096, 7
& 1eo12.3
L 8927.97
7843 ,56
6759. 18
CE74.76
4598 , 35
Z505 . 95
2421 ,55
1337.15
D55 747
=59l .65

MPRIBAUA  PRINCIPLE  TENAILE STRESS L

..3 & —



Summary

The following summary is separated into sections that correspond
to the sheave's main components that were reviewed ‘in this
analysis.

~ SHEAVE -

The single web sheave model was created using 3-D plate

elements that require a thickness input. Part of the model
verification was to check this input against the various plate
thickness used in this new design. Load cases 5 - § were run using
combinations of the derived load distributions and rotational
location of the sheave during operation. The loading was verified
by using a single boundry element in the vertical direction.
Since loads were placed at the central hub to react to the

main cable tray loading, this boundry element is there only to
balance the model. The magnitude of this boundry element was
confirmed to be within 300 pounds for all four load cases.

This small amount confirmed the vertical component of the loading
was balanced between the cable tray and the central hub.

The output of the sheave FEA model gave an estimated weight of
5200 pounds for a quarter model, or 10.4 tons for the entire
sheave. The output stress plots are presented on pages 7 through
18 and are sorted by the specific load case. The following tables
are the summary of peak stresses for the previous 3-web design
and the single web design that was analyzed in LC 5 through 8.
SIG1l corresponds to the maximum principle tensile stress and

SIG3 corresponds to the maximum principle compressive stress.

3-web Design

~=- Front Web -- Front Web Removed
SIG1 SIG3 SIG1 SIG3
Linear Load -~ No Off 3750 6340 5200 6000
- 20 Deg 3640 10,000 5420 8000
Sine Load - No Off 3050 5400 6000 6000
20 Deg 3250 10,000 6000 8500
Single Web Design
SIG1 SIG3
Linear Load -~ No Off 4971 8036
- 18 Deg 5030 9632
Sine Load - No Off 6304 7746
18 Deg 6373 8759



- CABLE TRAY -

The loading for the cable tray of the single web sheave design is
based on the load derivation that was presented in the first
report. In the case of the single web design, it is not accurate
to reduce the model to a 2-D cross section. The gussets located
every 9 degrees require a 3-D approach. The local model shown on
page 20 captures two of the gussets so that the unsupported
portion of the cable tray is represented in the simulation.

The stress plot on page 22 shows a peak stress of 2000 psi
tensile on the underside of the cable tray. The plots on 23 and
24 indicate a peak stress of 3500 psi at the base of the first
cable groove. Since this stress gradient peaks up rapidly, it was
decided to use the end deflection| to load a finer mesh 2-D model.
This gave a peak stress of 6500 psi at the base of the groove and
is shown on page 25. This approach is somewhat conservative since

it neglects the support from the material on both sides of the
cross section.

- CENTRAL HUB -

Two load cases for the central hub were investigated.

The attachment method for the hub to the trunnion shaft was
revised to be a shrink fit. The two load cases, were developed
with an 8000 and 4000 psi shrink pressure. For these two shrink
pressures, an estimated torque capacity was calculated and is
410,000 foot-pounds for the 8000 psi and 205,000 foot pounds for
the 4000 psi shrink pressure.

The stress plots for the two load cases are shown on pages 32 -
36. Page 33 gives a good view of how the pressure re-distributes
as the counter weight loading is applied to the hub. On page 34,
the tensile stress around the hub ID goes through little change.
This indicates that most of our stress is due to the shrink fit
and not the applied load. When comparing the stress plot on page
36 (p shrink = 4000) to that on page 34 (p shrink = 8000), the
maximum tensile stress reduces to| 12,000 psi from 23,000 psi.
Whether or not the shrink pressure can be reduced will depend

on what torque capacity is required.

This analysis and the presented results are based on the primary
loading as being due to the cables, counterbalance, and center

bridge section. If any significant additional loads do exist, they
can be analyzed and superimposed with the above results.





