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ABSTRACT ' 3

The equipment reviewed in this report is an 'Electric Overhead Crane.'
The crane is designed and rated for a capacity load of 150 tomns on
the main hook.

The crane was analyzed for the resistance to the specified Operational
Base Earthquake (OBE) and the specified Safe Shutdown Eqrthquake (SSE).
This was done with loads of 50 and 55 tons on the main hook and the
trolley at mid-span.

The crane was mathematically modeled as a multi-degree of freedom system
of node points, interconnected by various finite elements. "ANSYS",

a large scale general purpose computer program was used to perform

a static and a reduced modal analysis. It was found that excitations
parallel the runway (Y direction) would produce slip. This excitation
was then proportioned to produce a maximum Y reaction that would not

produce slip. '

-

It was found that the stresses in the principal.structural components
did not exceed the allowable stresses with a 50 ton load on the
main hook. .
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ANALYSIS DESCRIPTION

The crane was analyzed to determine the effect of seismic excitations.
For this analysis, the matrix displacement method was used based upon

‘finite element techniques. The crane was mathematically modeled as

a system of node points interconnected by various finite elements
representing straight beams. All masses and inertias were distributed
among the nodes whose degrees of freedom characterize the response of
the structure. The interconnecting finite ‘elements were assigned
stiffnesses equivalent to that of the actual structure.

The mathematical model represents as accurately as possible the
flexibility of the bridge girders, hoist rope, and girder end
connection. The trolley, the drive units and the bridge trucks were
represented as rigid bodies. ) .

The crane was analyzed with the trolley positioned at mid-span.
This was done with loads of SO and 55 toms in the down position.
Preliminary calculations showed that this condition would produce
the maximum girder stress for a given load. )
The dynamic analysis was of the mode frequency (MODAL) type,
solving for the resonant frequencies and the mode shapes that
characterize the crane. The modes with meaningful participation
in a given direction are directly expanded by the computer program’
to yield the expanded mode shapes, the element stresses and the
reaction values. This type of analysis-is linear and plastic
deformation, sliding, friction, and slack rope are not taken

into account. "

The amplified response spectra used in the analysis are shown in
Appendix 'A'. These include the three orthogonal excitations for
the specified earthquakes. Also included in this Appendix are
the mode coefficients and natural frequencies for mode shapes
considered.
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The normal mode approach was employed for the analysis of the
components. All significant eigen-values and eigen-vectors were
extracted, and these modes were combined by ‘the method specified by
the U. S. Nuclear Regulatory Commission, Regulatory Guide 1.92,

Rev. 1, Section 1.2.2 (Combination of Modal Responses with Closely .
Spaced Modes by the 10%Z Method). Those modes with mode coefficient
ratios less than 1% in the x direction or 0.5% in the y and z
directions were dropped because their contribution is proportionally
small when compared to the largest mode coefficient of the related
directional excitation. The results of the three orthogonal dynamic

.excitations were combined by the square root of the sum of the

squares method ‘(SRSS) and then absolutely added to the results of
the static condition.

Because the y reaction exceeds the frictional resistdnce of those bridge
wheels that are braked, slip will occur. The maximum acceleration

in the y direction will be reduced from that predicted by the modal
analysis. The primary y mode was therefore reduced by a scale
factor such that the resulting y reaction approaches the maximum
that could be sustained before slip. The results were then
resummed as previously described. .

In order to_ assure structural integrity, the job specification
requires that the maximum stresses not exceed the minimum yield
strength of the material divided by 1.5 for the OBE and 1.l for
the SSE.

The crane 1is constructed of ASTM A36 structural steel except for
components which are specifically noted in the report. A36 material
has a specified minicum yield strength of 36 ksi. The combined
bending and axial stresses are limited to 24 ksi for the OBE and
32.7 kis for the SSE. o

The actual properties of the specified materials show a great

deal of variation and are generally considerably higher than the
minimum required by the material specification. Also the maximum
stresses occur only at-.a point on a section and cannot of themselves
be indicative of the tendency of the section to permanently deform,
especially when the nominal stresses on the extreme fibers of the
adjoining faces are significantly lower. It is therefore conservative
to compare the combined bending and axial stresses at the corners ’
with the specified allowables to assure structural integrity. °
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Impact factors for wheel flange to rail comtact, etc., have been
considered negligible. The state of the art today is such that these
impacts cannot rigorously be studied; however, independent time
history analyses have been run in many cases, all indicating slow
relative motion between the rail and the wheel. This is because

of the time dependency of the forcing function comming from the
building into the crane. Note that the only coupling through which
these forces can be transmitted is dynamic friction. Upon reaching
the rail the wheel will first rise through the corner radius and then
contact the rail. During this period, the structure is starting to
deflect as the end of the crane in this direction is flexible.

The computer analysis was performed using "ANSYS, a large scale
finite element program.
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SUMMARY OF RESULTS

The crane was mathematically modeled using finite elements. On

the basis of preliminary runs, the number of degrees of freedom and
the significance criteria for modal expansion were adjusted. Static
and three load step reduced modal runs were made and the results
summed. Because slip occurs, the y excitation was proportioned and
these results resummed.

The crane was analyzed with the’ new ‘trolley at mid-span. For this -
position the analysis was done with 50 and 55 ton loads on the main
.hook in the low position. From preliminary studies, the load case
considered should yield the maximum stresses in the girders.

Tables 1 through 4 summarize the maximum stresses in the members
from the finite element model. All stresses are within the allowables
required by the job specificacion with a 50 ton load.

Table 5 summarizes the rope load from the finite element model.
Because of the seismic acceleration a slack rope condition was found
to exist under certain conditions. This cannot be truly simulated
with a linear modal analysis. However our experience with time
history analyses shows that a modal analysis tends to produce
conservative results. The rope load predicated by the modal analysis
is well below the allowable rope load.

Table 15 summarizes the maximum crane bridge wheel loads. When the
excess dynamic rope load (that'which produces a slack rope) is
deducted, a small upkick 1is produced by the loading conditions
examined. When the wheel loads parallel to the runway are compared
with the vertical wheel load times the coefficient of friction, it

is found that the crane bridge will tend to slide under certain
loading conditions examined. This sliding is oscillatory in nature
and the loadings predicted by a modal analysis are conservative.

The -reported wheel loads have been adjusted to account for frictional
effects.

Although some non-linearities are produced by the specified
excitations the specified linear analysis will conservatively
predict the behavior of the crane during a seismic excitation.
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Additional information on the response of the crane may bé found
in Appendix 'A'.

The crane was found to meet the job specificaéion requirements for a
seismic excitation with a 50 ton load on the main hook.\fith a 55 tomn
load, the stress on girder A exceeds the allowable by less than 1%
for the SSE.
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50 Tow . :
TABLE | :
MAXIMUM_STRESSES..FROM.PE1AMDO :
B OBE MID 50D ;
COMPONENT____EI.EM _NODE. X Y Z SRSS_.STATIC .. SUM._
~—STHOER & 35 311 712. 5137, 10502,  12184.  10191. 22375,
GIRDER B 47 359 686. 6239. 10255,  12023. 9681, 21704,
END CONNECT=BHE 21155 860 11114 100, . 1415C S04...-..11454..
"7 TTEND CONNECT-LHE =~ 67 25 831.  11805. 147. 11835 390. 12225
b@e‘ ALLOWABLE STRESS At ksl
22375 o ,93%Z _
24000
|
. - |
:}
- TABLE 2. |
A MAX IMUM_STRESSES FRGM..PF1AMDS |
_ SSE MID SO D
i mee JEOMPONENT __ ELEM_MGDZ. X Y. —2Z SRSS.. STATIC SUM.
GIRDER A 30 311+ 1382 8699. 19716,  21594. 10191,  31785.
GIRDER B 47 359 1323. ggaa,  192s4s. 21221, 9681.  30902.
e dEND CONNECT=RHE __21____155____ 1571 15759 194 15838 2504 16342...
END CONNECT-LHE &7 253 1523.  16736. 277.  16807. 390.  171%7.
.- SSE  AviowABLE STRESS, 32.7 ksl
317865 _  ,972 ’
3 2700 .
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: TABLE 3 ‘
. |
\ ,
3 o MAX IMUM_STRESSES._FROM.-EEABMDO. : *
— OBE MID 550D ] :
I : y |
_ __COMPONENTL ELEM _NORE X Y. Z SRS STATIC.____ SUM__
‘ GIRDTR A » 30 311 687. 6302.  10859.  12575. 10497,  23071.
. GIRDER B 47 359 663. 6407.  10627.  12427. 9987.  22418.°
—-——END CONNECTZRHE___ 24 153 840 11416, 89 11449 504 11953
. END COMNICT-LHE 67 253 831. 12124 138. 12153 390. ' 12543,
'1- - )
: T OBE ALOWABLE S7RES  ZTHa
' ﬂ 23071 - 96!
: 24000
I -
Iy )
™ , ‘ O 3 :
I:‘
‘. —— - et —— TABL-E—-- 9 shimm e i mmtse b waw e ma —— -
»
- S _— MAXIMUM _STRESSES_EROM.-PFiBMDS
SSE  MID S5 D
R :
.. ...COMPRONENT___.__ELEM NODE X ' z SRSS.——STATIC . SUM.
(«':“IRDE'? A ' 30 311 133%. 8940. 203387. 22301. 10497, 32798.
y GIRDER B 47  3s9 1282, 9089. 19944, 21754, 9987. 31942,
w =-——END CONNECT=RHE.___ 21..__ 155 1572 156195 175 1462722 S04 16776,
END CGMNECT-LHE &7 253 1524.  17199. 250. 17268 3%0. 17657.
»
' . SSE  AUIWABLE STRESS 32,7 kst
‘¢
»
. 32.79¢ - 1.00 *
- 32 700
y
.
N
d.
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TagLE 5
Rore L_OA DS
KI1PS
0B E SSE
LoaDd | Pos STaTIe st +0v| Sr-OrN | sre0yn | ST-DYN
5OT IMmoon | 118 | 363. |- 127. | 577. |=3%1.
55T |Min Own 12.8. I8B, | —132. 616, |=360.
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RATED BREAKING STRENGTH =129 T
ELASTIC LiMIT .6 x BREAMIING  STRENGTH
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ScalE FactoRr
BecavusE Swe wikl, OccuR. AT THE

Raill. WHEEL, INTERFACE

IF THE REALTION

IN THE Y OQIREQTION EXCEEDS THE MAXIMUM

WHEEL LOAD

THIZ

IN THE 2Z. DIRECTION
CoOEFFICIENT OF FricTIoON

TIMES
THE

ACCELERATION IN THE Y OIRECTION Wikl
BE LESS THAN PREOICTED pRY A MODALL

- ANALYSIS . THE PRIMARY Y MoDE MAY
86E PROPORTIONED 8Y A SCALE FACTOR
THAT  ACCOUNTS FoR SLIOING 4&ND THAT
1S DERIVED AS FowrLawg:
‘ : W HERES '
'J L— F(z) Ry £ Mux
Jil @ i . ARE MAxiMUM
REACTIONS FRrom -
XK_ / FiN\TE EreEMeENT
FY AN \ . Mapgat. ANALYSIS
:,’ A —1}‘1& AND .
F max Mue ¥ Fz.max 15 MAxX
: , Rz J : Z REACTION AT
» oA DR\WE WHEE W
\ 7 F.‘ K Max Y
» N &0 l ) REAcCTION 8Y
" FRICTION
SCF 15 Scare FacTorR
Fz Max = "ﬁ"z__Z; + _fz%_(
F\( = -2-5 Fz, M
seF = _Ex
) Ry

OBSERVING TRAT Mx 15 DUE PrimarRILY

TO Y EXQITATIONS
- 2 SAFL NMue)
seF = E2 (5 - 255
SCE = Rz

gRy (1— zua(aYS )
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|
TaRQLE .6 . :
S cALIT FAeTOR '
REALTIONS OB E Ss&
LOAD FAcToR 5T SuM | 28D SUM | ST Sum 2ND SUM
SOT 1Rz wef| 1939 190 2.75.1 2486 ,
Ry o 152.6 33.8 379.0 4.0 ;
Me kol 2417 [ 23264 | 25739, 32871
SCF 1§52 J265 |- ~z
ST Rz. me 199.1 19¢.4 2%2.17 2.76.%
Mx wiel 2 17, 2.368.2. | 25738~ 3377.6
SCF 1902 1300
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o SRSS-4. 3 WHITING CORPORATION ANSYS SRSS PROGRAM 87/03/06.
TABLE # 7 - ~—BY_MJM paGE I3 OF 27 ..

JE6756/MJM/AEP, DCC, EXIST, TROLLEY MID. SOT LD DN / OBE- ‘X’

—— A mm freGresmG m ey see—— —— s - - —— e - -

T © TTTTREACTION SUMMARY

- LOAD STEP 1 2 3 SRS3 STATIC SUM DIFFE
e NODE LADEL - Lo s o
T Aol EY T 8e1. 182118 131, 1s2120. -0.  182120. -1321

e 101 FZ 6363. 22645, 86788. 89719. 102692, 192611. 127

101 mx 76157. 123BE891. 58956, 12386263, _ 30557, 12416820, -123557
T 1027 FZ T 6133, 22230, 84202, 87380. 96898,  1842786. 95

P 102 MXx 39147.  355501. 6815.  367655. 97029. 464684, -2706&;
: 123 FY 0. Q. 0. 0. 0. 0.

E 1237 Fz 0. . 0. 0. 0. 0. o.

_ 123 Mx 0. 0. 0. 0. 0. 0.

123 My 0. 0. 0. 0. Q & .0 _ . ..
te 124 FX 34350. 1555, 15074. 37544, 0. 37544. =375
124 FY 0 0. o 0. 0. - 0.

T 124 FZ ) 0. 0 0. 0. 0.

: 124 MX 0 0. 0 0. 0. 0.
ze 124 my 0 Q. 0 0. 0. 0.

2 124 MZ 0. . 0. 0. 0. 0. 0.~
: 201 FY 825.  182611. 294.  1825613. 0. 182613. -1826
2 201 F2 5866, 22803. 88075. 91168.  102714. 193882 115
28 201 MX_. 62142, 12287309. 48300. 12287561, 296039. 12317250, —122578
-t 202 FZ 5608, 22796. 85659. 88818, 96877.  185694. 80

- 202 MX 24203. 335544, 10093.  336567. 96161.  432728. -2404
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' TABLE # LS 2 MODE 1 SCALE FACTOR = _.1852 BY MJM PpaGE 14 _0OFZ7
@ JES756/MJIM/AEP, DCC,' EXIST, TROLLEY MID, 50T LD DN / OBE ‘X’ :
T REACTION SUMMARY ) T o T
‘e LOAD STEP 1 2 3 SRSS STATIC SUM DIFFE
- NODE _LABEL i S
- 101" FY 861, 33728. 1a1 33739. -0. - 33739.  -337
5 . 101 FZ 6363, 4194, 86758 87122, 102692 7 189814. 155
101 _MX 76157, 2293867, 58556. 2295878, ____ 30557, 2326435, -22653
ST H6aTFz T T T6134.77 4117 Baz8z 84605, 95898. 181503. 122
«- 102 MX . 39147, 67691. 6B815. 78492, 97029. 175522 185
' 123 FY 0. 0. 0. 0. 0. .0 .
T 123°FZ 0. 0. 0. 0. 0. 0.
‘ 123 MX 0. 0. 0. 0. 0. 0.
. 123 Y e 9. 0. —_..0 0. . < S
T 1247FX 343%50; 488 15074, 37543; 0. 37513, -375
- - 124 FY 0. 0. 0. " 0. 0. 0.
124 F2 0. 0. 0. 0. 0. 0.
T 1247RX 0. 0. 0. 0. 0. 0.
O 124 MY 0. 0. 0. 0. 0. 0.
E 124. MZ 0. 0. 0. .0 0. I
o 201 FY gas. 33820, 274, 33837, 0. 33831, -338
e 201 FZ 5866 4223. 88075 88371.  102714. 191085, 143
24 201 MX 62142, 2275610, 48300. 2274970. 29689, 2306659. -22472
- 2037FZ 5508; 3223 B5&59 85934. 56877. 182823 109
T 202 MX 24203. 62143, 10095 67349, 96161. 163510, 287
«
5T ‘
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.6}
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. SRSS5-4.3 WHITING CORPORATION ANSYS SRSS PROGRAM 87/03/06.
TABLE # By MJM  pace 5 ofF 21
< JEO756/MJUM/AEP, DCC, EXIST, TROLLEY MID, 50T LD DN / SSE ‘X’ : %
e A CTION SUMMARY e r i = e e o e
-’ LOAD STEP 1 2 3 SRSS STATIC SUM DIFFE.
. _NODE_LABEL . . .. e e e
- 101 FY 1776, 377981, 310. 377985. -0. 377985, =3779
- 101 FZ 12271. 46999, 162950. 170036. 102692, 272728. -573
101 MX___ 149223. 25706557, _ 115418, 25707249, __ 30557. 25737806, 7256766
“102 Fz 11732, 46137, 158168. 1465176, 96898. 262075. -682
. 102 MX 70998. 758587. 16276. 762076. 97029. 859106, —6650
. 123 _FY 0. 0. 0. 0. - __0. L
s 1237FZ 0. o. 0. 0. o. 0.
, 123 MXx- o. 0. 0. 0. 0. 0.
e 123 My 0. 0. ___o. 0. _0, N N
~ . 124"FX &4711. 3227. 25060, 71010. o. 71010. -710
T 124 FY 0. 0. 0. . 0. 0. 0. )
: 124 F2 0. 0. 0. 0. 0. 0.
s 124 Mm% 0. 0. 0. 0. 0. 0.
- 124 MY 0. 0. 0. 0. 0. 0.
3 124 MZ _._0. ___o. 0. o _o. 0. o
T 201i"FY 1698, 379004, 553, 375008. 0. 37%9008. . -3790
@ 201 FZ 11413. 47327. 165396 172412. 102714, 275126. -69&
2a. 201 MX 126012, 25501954, 96598. 25502448, 296B89. 25532137, ~254727
= 202 FZ 10799 47312 160774, 167938, 96877. 264815, -71C
- 202 MX 45924, 696411, 22901, 698300. 961618, 794460. -5021
Poen
E -
'.2: N . u';:: .4 -:‘,
) 23 ! - < ‘
i
- :
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SR35-4. 3 WHITING CORPORATION ANSYS SRS5 PROGRAM 87/03/06.
TABLE # 1O LS 2 MODE 1 SCALE FACTOR = .1265 _ BY MmomMm PAGE E 16 OF 2._7_ ]

Q'é . JE&756/MJIM/AEP, DCC,” EXIST, TROLLEY MID, 5OT LD DN 7/ SSE ‘X’ . %l

| =T REACTIONTSUMMARY ' T T v

- LOAD STEP 1 a2 3 SRSS STATIC SUM DIFFEF

NODE LABEL _ o g
T "TT101TFY 1778. 3787165, - 310, 47348. -0. 37ga8. -4764

. 101 FZ 12271, 5945, 162950, 1463520, 1024692, 256212, "608&

. 101 MX 145223. 3251879. 115418. 3257347.__ 30557.  3287904._ -32267¢
T 1027FZT 11732 5834, 158168,  158710. 96898, 255408, -6181

' 102 MX . 70998. 95961, 16275, 120475. 97029. 217505. -234+

123 FY 0. 0. 0. 0. 0. 0. L
——'"1"3‘?2 0. 0. 0. g. 0. 0.
v 123 MX 0. .0. 0. 0. 0. 0.
. 123 My 0. 0. 0. _._o. 0. 0.
. 124 F¥X 647171, 308, 290460, 70937. 0. 76937.7 =709:

® - 124 FY 0 -0 o 0. 0. 0.
iz 124 FZ 0. 0. o} 0. - 0. 0. _
kR 124 MY 0. 0. (o} 0. _ . 0. 0.

) 124 MY T 0. 0. (o} 0. 0. 0. i
2: 124 MZ . 0. 0. 0. 0. 0. - 0, o
== 20 FY 15698. F7934] 553, 47978. 0. 847978, .. -34797

@ 201 FZ 11413, 5987. 1853964, 1465897. 102714, 2568611, -&31€
2 201 MX 126012. 3225997. 96598, 3229902. 29489, 3259591. -320021
= 20 FZ 10799, 5985, 1&6077X%, 15612347, RE877. 258123, =5437

.. 202 MX 45924, 88094. 22901. 101953. 96161, 198114, -57%

t o
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SR35-4. 3 WHITING CORPORATION ANSYS SRSS PROGRAM

77185 )
87/03/07.

py Mdm PAGE_IT oOF 27

JES756/MIM/AEP, DCC, EXIST, TROLLEY M1D, 55T LD DN / OBE ‘X° : ‘“
m e e ACT 16 SUMMARY ) T T e
P LOAD STEP 1 a 3 SRSS STATIC SUM . DIFFE!
NODE _LAEGEL . . —— —
TTTTTTTION TEY 861, 182118. 132. 182120. ~0. 182120,  ~1821i
* 101 ¥2 6174. 22649, g9s72. G2594. 105193, 157848, 125¢
101 MX 76158, 12395371, 55613, 12585250, 30557. 124168038, —123554¢
T 102 Fz 5957. . 22225, 672088. 90270. 97400. 187570. 91
ot 102 Mx 39173. 355501. 6393, 367657, g7028. 464685, -2706:
12 123 FY 0. 0. 0. 0. 0. 0.
= 123 F 0. o. 0. 0. 0. 0.
PR 123 MX 0. o. o. 0. 0. 0.
e ‘123 MY 0. 0. 0. 0. 0. 0. . .
S 124 Fax 33338. 1554, 14519, 37323. 0. 37323 -373:
¢t - 124 FY 0. 0. 0. o. 0. 0. ;
ie . 124 FZ 0. 0. 0. 0. 0. 0.
¥ 123 MX 0. 0. 0. 0. 0. 0. - ;
CeF 124 MY 0. o. 0. 0. o. 0. i
21 124 MZ 0. 0. 0. 0. 0. 0. - ‘
™ 201 FY 825. 182611, 289, 182513. 0. 182613. -—-1826
- 201 FZ 5651. 22807. 90909, 93896. 105216. 199111, 113
2 201 MX 62130. 12287310 45955, 12287553. 29692, 12317245. —122578.
oy 202 FZ 5302. o279, 886005, 91649. 99379. ig1028. . . . -77.
® 202 MX 24210. | 235544. | 10045, 336566. 95160. 432726. .~2404
O‘-';
P |
3 . . .
. i7.
¢ :: ‘e LR ‘ ,'.: .
1
"y
7 N S
4 - ..’;:,: v‘- '.;4 )
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87/03/06.

SRSS—4. 3 WHITING CORPORATION ANSYS SRSS PROGRAM ,
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NODE_LAPEL___ — e e e e
Tt 101 FY gal. 34639. 132. 34550, -0. 34650. -346&!
101 FZ 6174, 4308. 89672. 85988. 105194, 195182, 152¢
_101 _MX 76158, 2355797 55613. 2357683, _ 30557, 2388241, -2327%:
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=TT T'REACTION SUMMARY , -
C." LOAD STEP 1 2 3 SRSS STATIC SUM DIFFEI
NODE_LABEL _ e —— - e et e
TTTTTT 101 FY 1775.  377980. 312, 377985. —-0.  377983. -3779t
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Y 202 Mx - 45928, 696411, 22878. 698299, 96160. 794459, ~4021:
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- __TABLE # 1M LS 2 MODE § SCALE FACTOR = . 1300 By _MJIM pace 20 oF 2.7
- JE&6756/MJM/AEP, DCC, EXIST, TROLLEY MID, 55T LD DN / SSE ‘X’ i
—T T REACTION SUMMARY - ’ T
® LOAD STEP 1 =z 3 SRSS STATIC SUM DIFFEF
- NODE LABEL o .t et e e oo
- 101 FY 1775. 49137, 318. 45171, -0. 349171, —-4917
-’ 101 F2 11939, 6111, 168351, 168895, 105194, 274089,  -637C
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103 FZ 11416, 5997.  1&3807.  164314. 99400.  263715.  -549%
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. 123 mx . 0. 0. 0. 0. o. 0.
123 MY 0. . 0. 0. o. 0, .o, .
y 124 FX 54709, 319, 28081. 70540, 0. 70530.  —705¢
)" 123 FY 0. 0. 0. 0. 0. 0.
e 124 _FZ 0. 0. 0. 0. 0. 0.
= 124 MX 0. 0. o. 0. o. 0.
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EIES SR P 5. VE VL VAN

Fx The R\( at 1.4 1s divided 67 4 for +he Y
Wheels on +Hhe held side  and  multiphed by %/3
to aceount foyr frictisnal resistance  qt the unrestraine)

wheels, The minimum wheel load 15 the nccja'f'lve‘ff
+he maxi1mum consu/erm7 aomplate rcvcr.salo

ERE R

F7 " The  wheel  Joad ot each held wheel '
+he R)’ as praerFJ by the post processiny
computey  program after dhe applicahon o F the
scale.  factor as previovsly Jesaribed, The
minimym Vhecl Joad s the 0694+IV¢ SsF the
maximym ‘aanﬁdenq? conplete reversel.

Fy = Ry

Fz _ The »;/heél_ [oad at, +the more he.aw/y
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by +he post processing computer program
after +the. appliecahon of +he goale factor”

as prcku_sly deseribed. |

= R o o TRUCHS
= for OAwE
Z _}— B -ﬂ!— wB=x 4¢
= woe FoR TOLER TRUWCHS

The mimmum whee| load g+ -the less heawi!

loaded Wheel s o 4rvek 15 the Bzltte “dymue)
divide ) by ‘2. less  the Mx  divided by
the wheel boase plis the rope ypkick (Fn'z)

per wheel. The rope upHickk 5 iq negahve.
valie of stahe - dyname. 1n table 5,
‘= R:L. - Myx ] X !

WHERE X OEPENDS oN TROUEY posiTions AND
EQVALS 445 roR TRoeLLEY AT MID.
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SSE | lo] I.g 492 | 193.3 | ~l& | -49.2 | ~43.1
02, .8 13¢.4 | ~l.& +8.0
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GEOMETRY SECTION

-

The equipment analyzed in this report is an 'Electric Overhead Crane'

which is designed and rated for a capacity load of 150 tons on the
main hook. ' This 'is based on using a new SFP° de51gn trolley on

the existing bridge (S/N 10038). T Ty
The mathematical model of the crane with node numbering and global
coordinates is illustrated on page 26.

The boundary conditions are selected to provide the most realistic
linear approximation to actual conditions in a seismic event as
follows:-

-

NODES - 101, 102, 201, 202

UZ: Simulates wheel to rail con:éct in the ~
vertical direction.

NODES - 101, 201

UY: Simulates the drive brake which
is automatically.set and which provides
stability parallel the runway.

NODES - 101, 102, 201, 202

MX: Simulates the differential wheel loads
of a fixed bogie truck subject to
overturning.

NODE - 124

UX: Simulates wheel to rail contact perpendicular
to the runway.
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The other restraints of nodes 123 and 124 weré selected to simplify
the analysis.

.

Those nodes which are coupled have the same displacement in the indicated
directions only. Their displacements in all other directions are
independent (released). This coupling is used to simulate load transfer
between various components.

BRIDGE TRUCK
NODES - 101-121, 102-122
UX:" Simulates the load transfer from the
bridge wheels to the runway rail
perpendicular the runway.
TROLLEY
NODES - 371-401, 372-402, 373-403, 374-404

UZ: Simulates wheel to rail contact in the’
vertical direction.

NODES - 371-401, 372-402

UX: Simulates the driv. brake which
is automatically set and which provides
stability parallel the girders.

NODES - 372-402, 373-403 |

UY: Simulates wheel to rail contact
perpendicular to the girders.
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The master dynamic degrees of freedom for a reduced modal analysis
are selected to obtain those modal shapes which characterize the
principal vibrations of the structure. Placement is such as to
include coupled modal shapes due to eccentricities. Higher degrees,
of freedom were not included because they will not contribute -
significantly to the system response. This can be justified by the
responses obtained.

The girders, and the girder end connections are modeled as uniform
beans. The rope is modeled as a spar element which is capable of
supporting axial loads only. These elements have. the properties

of the corresponding parts of the actual crane. The trolley,

the drive, the bridge trucks and certain short connections are modeled
as rigid members capable of transmitting loads only. Lumped masses,
were assigned to represent the masses of the trolley, ' the bridge
trucks, the drive and the wheels. Additionally the beam members

were assigned distributed masses. ’ .

The trolley, trucks, etc. were modeied as rigid members because
past experience shows that components of this type are very stiff
structures with high natural frequencies in excess of 40 Hz.

The simulation of the restraint of the crane perpendicular the
runway is modeled on only one side consisting of a linear spring
and two rigid beams capable of transmitting the load to the bridge
wheels. The spring stiffness is selected so that the resulting
frequency of the x mode yields an acceleration value from the high
frequency region of the response spectrum curve. The resulting
loads are distributed to the two runway rails by the 2/3, 1/3 method.
The reason for the 2/3, 1/3 distribution is to account for
manufacturing tolerances in which case one end of the crane would
tend to contact the runway rail before the other end. The other
end would however carry a portion of the reaction due to frictional
resistance to sliding before flanging of the wheels.

Although certain simplifications are employed in making the

linear mathematical model, these simplifications are in accordance
with accepted practice. Such simplifications are employed to provide
a model solveable with available resources while predictlng the
seismic response with reasonable accuracy.
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APPENDIX A

This appendix summarizes the amplified response spectra and the modal
response of the crane.

Page Table - Title

2 Al Response Spectrum, OBE

3 A2 : Response Spectrum, SSE

4 A3 - Frequencies & Mode Coefficients, 50T OBE
5 A4 Frequencies & Mode Coefficients, 50T SSE
6 AS Frequencies & Mode Coefficients, IS5T OBE
7 A6 Frequencies & Mode Coefficients, |53T SSE
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HZ x .Y , Z . i
‘ 1 1. 94 0. 3447 & 104. 3000 * MAX 0. 0804 1
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- T e B0 e —0,-8157 E e 0. 0205 o cve meimnee O, 0255 e e
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m : 11 17. 55 0. Q070 0. 0099 0. 0017 ;
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DATE _2°6-87

SUMMARY _OF NATURAL FREQUENCIES AMD MODE COEFFICIENTS - PAEPAMDS .

“TTABLE

- -.A;.-.;:*-. -

WHITING QN 79183
BY PAGE _AS OF 7 1
S sk e et e e

'MODE  FREGUENCY MODE COZFFICIENT FOR SPECIFIED DIRECTION
" HZ X Y y :
S| 1.94 0. 9229 * 216.5000 * MAX 0. 1661 !
2 2.77 5..6730 * MAX 0.1118 90. 5100 * MAX
3 4,08 __._ 1. 1090 #_ _..0.036% .. .. _. ._ 00468 . .
i e o =" 5. 90 0. 6661 # ‘0. 0402 2. 1980 #
5 7. 50 0. 0988 # 0. 2662 0. 0586
s 8.69____ 0.0308 __ _0.0583 0. 0012
T Ty 3, 25 0. 0297 0. 0006 0.0193
8 11.20 . 0.0296 0. 0574 0. 00083 ;
L 9 12.48____0.0248 ' _.__0.0126 0.0023 _____°
10 18.77 0.2637 * 0.0015 0.0226
] 11 17. 55 * 0. 0128 0.0181 0.0030 ~ {
e AR 21.75__0.0013 0. 0135 0.0008___1
: 13 o7. 84 0. 0011 0. 0012 0.0004
14 29, 89 0. 0078 0. 0003 0. 0002 i
15 34. 08 0. 0007 ___0.0003 0..0004 |
16 32,43 0. 0003 0. 0001 0. 0003 3
17 sa. 70 0. 0003 0. 0003 0. 0002 "
13 53. 12 0. 0004 0. 0001 0. 0001 |
19" 59. 49 0. 0003 0. 0000 0. 0001 |
20 61. 70 0. 0001 0. 0001 0. 0011
21 72. 68 0,000 0.0000 0.0000 __
2a 80. 51 0. 0002 0. 0001 0. 0000
23 82. 47 0. 0002 0. 0001 0. 0003
_ 24 84, 00 0. 0002 0. 0000 0. 0002
25 $3. 2% 0. 0000 0.70000 0. 0002
26 93. 30 0. 0000 0. 0000 0. 0003
A7 11%.10 . 0.0000 - 0.0000 _________ 0.0000______
2g 193.30 0. 0000, 0. 0000 0.'0000
SIGNIFICANCE FACTOR 1.00% 0. 50% 0. 50%

% INDICATES EXPANDED MODE
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3 - ’ . um‘rm.m—:-:;m 79183 paTC 3""”’1
: BY MJM FAGE _AG_OF 7.
- .i

20 stsmm

TABLE A3 TssT-e0E T , j

SUMMARY._OF _NATURAL_FREQUENCIES AND .MORDE COEFFICIENTS == RAEPBMDO

MODE = FREGQUENCY MODE COUEFFICIENT .FOR SPECIFIED DIRECTION

HZ CX Y 4 7 ya :
T T T T 1 1. 94 0. 484856 ® 104. 3000 # MAX 0. 0833.
2 2. &6 ‘3. 0710 # MAX 0. 0630 52. 9200 = M;
3 4.08 Q6168 ¥ . 0.0205 ... 0.0285 _.__
4 5. 87 0. 27461 # 0. 0164 0.9211 = !
5 7.5 0. 0419 & - 0. 1132 0. 0250 }
- & 8..49 0..0138 0. 0261 _0.0005 ____1
7 9. 25 0.0136 0. 0003 0. 0087
8 11. 20 0.0144 0. 0279 . 0. 0004
— 2 12 48 0.0124 0..0063 o_0611.___1
10 15. 77 0. 1401 # 0. 0008 . 0.0t23 ;
: 11 17.55 . 0.0070 0. 0099 0. 0017 ;
12 21.75. 0, 0004 0..0075. 0.0005____1
13 27. 84 0. 0004 0. 0004 0. 0002 ]
14 29. 89 0. 0042 0. 0002 "  0.0001 ]
A5 34,08______0.0004 0.0002 a.0002
15 42. 43 0. 0001 - 0. 0000 . 0. 0002
17 52. 70 0. 0004 ) 0. 0002 0. 0001
18 2d. 20,0002 0.0000 0. 0000
19 59, 49 - 0. 0002 0. 0000 .0. 0001
- 20 &1.70 0. 0000 0. 0000 0. 0006 :
e e e Y T2.68.__ . 0.0000 0..0000 0..0000 ___
. 22 80. 51 0. 0001 0. 0001 0. 0000 ,
23 82. 47 0. 0001 0. 0000 0. 0002
. 24 g4, 00 0,.0001 0..0000 0..0001
25 33, 26 0. 0000 0. 0000 0. 000¢
26 93. 30 0. 0000 0. 0000 0.0002 .
SR - 7 119.10.__ ____0. 0000 0..0000 00000
23 193. 30 0. 0000 0. 0000 0. 0000

SIGNIFICANCE FACTOR 1. 00% 0. S0% 0. S0%
£ INDICATES_EXPANDED MODE :
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ol ' . WHITING RQN 7U&3  DpATE 3-9-87
. BY MJ M PAGE _AT aorFr T
T . TALLE A6 TTEE T - SSE =

o —__SUMMARY..OF._NATURAL.EREGUENCIES .AND MODE.CAEFFICIENTS -~ RAEPBMDS.
MODE  FREQUENCY MODE COGFFICIENT FOR SPECIFIED DIRECTION

- Nremw sermas

xsul Mélm_,.i. $

HZ X Y y4
T 1.94 0.9228 # 216, 5000 * MAX .0. 1715
2 2. 66 5. 7580 # MAX © 0,11831 99, 2100 #* MAX
e et e Y e 4,08 1.1100 % 0..03549 - 0.0520 .
4 5. 89 0. 6761 # 0. 0402 2. 2060 #
5 7. 50 0. 0986 # 0. 2662 0. 0583
& - B8, 69 0,.0308 0..0583 0.0012
7 9. 25 0. 0297 0. 00046 0. 0193 y
8 11.20 0. 0296 0. 0574 0.0008 = !
9 12.48 0.0248 0.0124 0.0023__ i
10 15.77 0. 2637 * 0. 0015 0. 0226 3
11 17.55  0.0128 0.0181 0. 0030 i
- 12 21,75 0. Q014 0.0155 Q.0008____
13 27. 84 0.0011t 0. 0012 0. 0004 i
143 29. 89 0. 0078 0. 0003 0. 0002 /
e A 838,08 0. 0007 0.0003 0. 0004
15 42, 43 0. 0002 0. 0001 0. 0003
17 82, 70 0. 0008 0. 0003 0. 0002
18 - 53,12 0, 0004 0. 0001 : Q. 0001
19 59, 47 0. 0004 . 0.0000 .- 0.0001
20 61,70 0. 0001 0. 0001 0.0011 .
- 21 .58 ____0.0001 0..0000 - _0.0000.___
2 80. 51 0. 0002 0. 0001 _ 0.0000
23 82. 47 0. 0002 0. 0001 0. 6003
- 24 84,00 - __0.0002 0,.0000 Q0002
as 3. 26 0. 0000 0. 0000 . 0. 0002
. 26 3. 30 0. 0000 0. 0000 0. 0003
Y ~ SRS & 3 § ¢ 0..0000 0..0000 0. 0000..
28 192, 30 0. Q000 0. 0000 0. 0000
SIGNIFICANCE FACTOR 1.00% 0. 507 0. 50%
-k _INDICATES _EXPAMDED_MODE
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