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ABSTRACT

The equipment reviewed in this report is an 'Electric Overhead Crane', {]
consisting of two separate top running trolleys and a monorail underhung

hoist unit with the track mounted on the side of girder 'B'. 'The crane

is designed and rated for a maximum capacity load of 150 tons with

limitations of 150 tons on the main trolley,.20 tons on the auxiliary

trolley or 1-1/4"tons on the monorail hoist unit. *

The crane was analyzed for the resistance to the specified Operational
Base Earthquake (OBE) and the specified Safe Shutdown Earthquake (SSE).
This was done with a Toad of 60 tons and no load on the main hook and the
trolley at mid-span, quarter span and both ends of span. " The auxiliary
trolley was unloaded and parked on the south end for the loaded cases.
Additional unloaded cases were run with both trolleys at various
positions. “For all cases the monorail hoist unit was unloaded and
located on the north end. .

The crane was mathematicaly 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 paralled to the rumway (Y direction) would

produce: slip. “This excitation was then proportioned to produce

a maximum Y reaction that would not produce slip. Those components
not directly analyzed by the computer program were manually analyzed
with loadings from the computer program. °

It was found that the stresses in the principal structural components
did not exceed the allowable stresses with a 60 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 fipite elements representing straight
beams. - A1l 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. ’ e

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

The crane was analyzed with the main trolley at mid-span, quarter
span and both ends of span. ' For these positions the analysis was
done with a 60 ton load on the main hook and with no load. -For all
loaded cases the -auxiliary trolley was unloaded and parked on the
south end. Additional unloaded cases were run with both trolleys

at various positions. For all -cases the monorail hoist unit on
girder B was unloaded, and located on the north end.. In order to
simulate the additional pendulum effect of the monorail hoist unit
hanging under the track,a torsional spring was included in the model.

The dynamic analysis was of the mode frequency (MODAL) type,
solving for the resonant frequencies and the mode shapes that
charac?erize the crane. The modes with meaningful participation
in a given direction are directly expanded by the computer program
to y1gld 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 Speétra used in the analysis are shown in
Appendlx.‘@'. These include the three orthogonal excitations for
the specified eqrthquakes. 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% Method). Those modes with

mode coefficiént ratios less than those shown in tabie 1-1

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 resistance of 1]
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 bé sustained

before slip. The results were then presummed as previously
described. ‘ : ) :

For the specified seismic excitations it is réquired that
the crane retain control of and hold the load and that the
bridge and trolley remain in place on their respective runways.

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 1.1 for the SSE.

The crane is constructed of ASTM A36 structural steel except
for components which are specifically noted in the report.
A36 material has a specified minimum yield strength of 36
ksi. The combined bending and axial stresses are limited

to 24 ksi for the. OBE and 32.7 ksi for the SSE.

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 contact, 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 coming from
the building into the crane. Note that the only coupling through
which these forces can be transmitted is dynmamic 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
sunmed. " Because slip occurs, the y excitation was proportioned and
these results summed again. '

The crane was analyzed with the main trolley at mid-span, quarter 1
span and both ends of span. ' For these positions the analysis was

done with a 60 ton load on the main hook and with no load. For all

loaded cases the auxiliary trolley was unloaded and parked on the south end.
Additional unloaded cases were run with both trolleys at various

positions. For all cases the monorail hoist unit on girder B was

unloaded and located on the north end. Appendix A summarizes the load
positions considered and the dynamic response of the crane for these

cases. The cases considered provide maximum loadings on the principal
components for the specified seismic events when the crane is

- handling loads up to 60 tons.

Tables 2-1 and 2-2 summarize the maximum stresses in the members used 1|
in  the finite element model. Tables 2-3 and 2-4 summarize the

maximum stresses from the manual calculations using the loadings

from the finite element model. Al1 stresses are with the allowables

required by the job specification with a 60 ton load.

Table 2-5 summarizes the buckling stability of the girder web which
is also within the allowables required by the job specification.

The stresses in the monorail track exceed the allowables required by
the job specification but the maximum loadings do not exceed the
ultimate load from a plastic analysis. Because the monorail track
is not required to retain control of and hold the load or maintain the
bridge and trolley in place on their respective rumways, it is not
necessary to meet the specification allowables as long as the track
does not become detached from the crane. The results as summarized
in Table 2-6 show that the maximum loads do not exceed the ultimate
loads.
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Table 2-7 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 Tinear 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 2-8 sunmarizes the maximum crane bridge wheel loads. When the
excess dynamic rope load (that which produces a slack rope) is
deducted, a small upkick is produced by the loading conditions
examined. "When the wheel loads parallel to the runway are compared
with the vertical wheel load time 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 specificed
excitations the specified linear analysis will conservatively
predict the behavior of the crane durning a seismic excitation.

Additional information on the response of the crane may be found
in Appendix 'A'. .

The crane was found to meet the job specification requirements for a
seismic excitation with a' 60 ton load on the main hook.



' . . ° FORM N.2494

WHITING REaN, 7 95083  pare _7-3-87

o 411487 RcleSZ nN-4-87

‘e WAMH 11527

TagLe 2.-)  OBE
SUMMARY OF MAXIMUM STRESS FRoM CoMPUTER OUTPUT AND
MopIFIED RESULTS FROM SECTION 4 AS INDICATED .

RES
Smaegs | Auow | GhER)

TRoWEYl LoaQ Ecemat! NopE Ks) KS1 Aiiow

T

COMPANENT

GIRDER A |M MiD| DN 34 318 216 | 240 .90

GRoER B |m MO ON | T] 364 2.1.3 | 24.0 | .89
ENO TiE RHE|M LHE DN 17 154 w4 | 230 | .60
ENp Tie e | M LHE DN 172 252 199 | 240 | .83 ,
MoNoralL TRre| M LHE DN 13% $43 P.A. - T B |
TRacK Suverorr | M LEE | DN ne | se4 73 | 246 | 3072} 0
For AoDITIONAL DETAILS SEE TABLES BH1) To 832

41 Prasne ANALYSIES PERFORHED | see PP 4-1S8 70 4-163 For Loap RATIO ANNLYSIS 1
& 2 SECTION AEVISED FROH COHPUTER ANALY SIS, SEE PP, 4-149 AnD4-1SO FOR ANALYSIS 0
PA= PuasncC AvaLrsis FErFoRHED ]

TeeLeE 2-2. SSE
SUMMARY OF MAXIHUM STRESS FROM COMPUTER QUTPUT AND il

MoDIFIED RESULTS FRoM SECTION 4 #s IWDICATED.

Sraess . Arrow o on)

COMPONENT | TRouey | Loap | ELemeny| Nooe K1t Ks1 | Auow
GIROER A {M MiD| ON 34 38 309 | 327 .35
GIRDER B |m. MID| DN K 3o 3o | 327 | .93

. END T RRE} A I/4 NO 17 154 22,7 3.7 69

(EnND Ti LHE|M LHE| ON n 252 | 30,1 | 327 | .92%3| [
MoNgRAIL Teex] M LHE | DN 13§ 443 PA. - 9544} T[]
Traex SurrrT| M LHE | DN nz set | 134 | 327 | .41*5) &

ForR AOOITIONAL. DE.'TAILS. See T'ABLES Bl TO0 B 32

4+ 3 SEertioN Re.v:sso Frot1 CoMHP. ANm.Ysus see pp, 4-108 to4-11] For Aunws:é E}
& 4 Puasric  ANALYSIS PERFoRMED | SEE PP 4458 10 4~163 Tor LoaD RéAT:O ANGLYSIS ]
*.5  geerioN REVNSEO FroM CoNP, ANhLYbIS seepp, 4-149 mo4 ISO FoR ANALYS|S iy

PA.= Puastic ANALYSiS PerroRHED i
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TABLE 2-3 OBE

SUMMARY OF MAXIMUM STRESS FROM SUPPLEMENTARY

caLcutATION (FOR ADDITIONAL DETAILS SEE REFERENCED PAGES)

COMPONENT DETAIL | paee | sIRass| o | ST
BRrIoGE WHEEL FLANGE SHEAR | 4-18 | 14 212 | 0,07
BrIDGE AXLE . SHEAR 4-20 | &0 | 172 | 0.47
BRIDGE TRUCK SEISMIC : . :

LUGS: LUG PLATE SHEAR 4-235 | 21 | 144 | OIS
LuG PLATE TENSION  |4-249 | 1.0 | 240 | 096

LOG PIN SHEAR 14-27 | 30 | 2.0 | 025

WELDS 4-29 | 6.9 | 204 | 0,34

Bours TENsION | 2-31 | le.6 | 6.3 | 027

BRIDGE TRUCK TENSION | 4-35 | 142 | 24.0 | 0,59
SHEAR 4-35| 2.2 | 144 | 085
_, WeLDS 4-35.| l6.l | 204 | O.79.
"TRUCK TO GIROER BoLTS 4-55 | 236 | 36.8 | 0.64
: WELDS 4-75 | 150 | 204 | 074 |
GIRDER To ENO Tie BoLrs  |4-87| 256 | 36.8 | 0.70
WEL DS 4-99 | 150 | 20,4 | 0.74
MONORAIL ! .
SUPPORT TO GIRDER| - WELDS 4-14] t+ 13.3 | 2004 | .65 |
SUPPORT TJENS/ION 4-150| 7.3 | 240 | 0,39
TRACK To SUPPORT| BolLTS 4-157| 24.1 | 36.8 | 0.65
GIRDER WELDS 4-170] 5.6 | 204 0,76
{- GIRDER END SHEAR 4-171f 109 | 144 | 076
] : WELDS 4-1711 12,7 20.4 | 062
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SUMMARY OF MAXIMUM STRESS FROM SUPPLEMENTARY

caLcutATION (FOR ADDITIONAL DETAILS SEE REFERENCED PAGES)

S
COMPONENT DETAIL PAGE | sTRESS| Lo, | SEESS

BRIDGE WHEEL FLANGE SHEAR | 4-18 | 2.7 23.9 | 009

BRrRIDGE AXLE SHEAR 4-20 | /L6 Z3,5 | 049
BRIDGE TRUCK SEISMIC - .

LuGS: LUG PLATE - SHEAR 4-23 | 6:3 /9.6 | 0,32

LUG PLATE TENSION  |4-24 | 32,5 | 32,7 | ©.99

LUG PIN SHEAR  |4-27 | 87 | l64 | 0.53

WELDS 4-29 1203 | 228 | 073
BOLTS TENSION | 4- 3/ | 48.9 | 83,6 | 0.58
Botrs SHEARR | 4- 3] | 314 | 502 | 0.63

BRIDGE TRUCK TENSION 4-41 | 20.8 | 32,7 | 0,64
SHEAR . |4-41 | 177 | 196 | o, 90
WELDS 4-41} 23.7 | 2728 | 0.55.
JRUCK 70 GIROER BOLTS 4-6/ | 43/ | 802 | 0. 8.
WELDS 4-75 226 | 278 | 0.8 |0
GIRDER TO ENO TiE BoLTS 4-94 | 485 | 502 | 0,97
WEL DS 4-107 247 | 27.8 0.89
END TIE 7ENSION 4= | 30,/ | 327 | 0,92
MONORAIL !
SUPPORT TO GIRDER|  WELDS 4-145\| 24,1 | 278 | 087
SUPPORT TENSION 4-1s0} 134 | 32.7 | 0.4/
TRACK To SUPPORT| BolTs 4-/57| 44.4 | 50,2 | 0.68
GIRDER WELDS 4-170| 27/ | 27.8 | 0.97
G/RDER END SHEAR 4-1711 149 | 196 | 076

KIELDS 4-17/} 174 | 27.8 | 9,63
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SUMMARY oF PLASTIC ANALYSIS FROM SUPPLEMENTARY

CALCULATIONS .
COMPONENT PAGE |ACTOAL |ULTIMATE | ACTUAL
LOAD(kipS) LovD (tiPs) ULTINATE
' OBE | 4-/63| 245 | 4.8 0,5/
MONORAIL TRACK N )
SSE | 4-163 | 458 | 4.8 085

FOR ADDITIONAL DETAILS SEE REFERENCED PAGES,

TABLE 2-6

SUMNARY OF BUCKLLING STABILITY FROM SUPPLEMENTARY

LALCULATIONS,

COMPONENT PRGE | STABILITY| ALLOW, | STABITY
' FACTOR | FACTOR | Arrow,
OBE | 4-16910.592 1 0.667 | 0.89

GIRDER WER :
SSE |4-169 0859|0909 |0 94

FOR ADDITIONAL DETAILS SEE REFERENCED PAGES.
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(Kies) |
TROLLEY | LOAD | STATIC | SUM | DIFF. ’:’[,’,}oéu ' ffi’%ﬁ DLF E]
03 |M mio | On | 140 | 418,4 |-138.4 | 1545 | 027 |30
SSE M MiD|DN | 140 | 6619 |-381.9 2106 |03 |47
ReF. PP, 4-181 anp 4-182 . 0

FoR

DLF= DYNAMiC Load FALTOR =

AoDITIONAL. DETAILS SEE

SV
STATIC

TABLES B IS 10 D118
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SUMMARY OF MaximuM  WHEEL 0ADS |
(KiIP5)
. Mayx Wz
T Yo max | Wonae [ W ¥ SEISMIC LUG-
UK | ar Mio up| AT iz oa] B MU | B T L OAD
AT AEON Rue ON | AwE ON
DAIVER 6.¢6 53.2 | 2129 60:2 | 26,7 AT LHE QN
opz | eh2el 48-8 | 1953 | . 842
IDLER | (.46 —_ 139:0 12.3.8 -
'02.)2.01 — '4z'q ’2\3“
ORVER | 2.7 75.9 | 30335 | 729 | 78.7ar Auvx /4
IOLER 12,7 —_— 1963 168.5 4.8 AT LHE ON
102,202 — 199.7 | 167.7

% Wp 15LOAD ON OTHER WHEEL OF TRuUCK WHEN Wa 15 Max,

For ADDITIONAL DETAILS SEE TABLES Y-6 THRousH 4-T.
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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.> An auxiliary trolley is supplied which is designed and
rated for a capacity load of 20 tons on its hook. For this analysis,
the 1ifted load is limited to 60 tons on thé main hook and the minimum
loaded main hook approach is 10'-3-1/4 to the Left Hand End of the
crane. The auxiliary trolley is unloaded for all cases analyzed and
is in a parked position at the Right Hand End of the crane whep there
is a load on the main hook. "The monorail hoist unit on Girder B is

unloaded in a parked position at the Left Hand End for all load cases.‘

The mathematical model of the crane with node numbering and global
coordinates is illustrated on pages 3-8 through 3-}6.

The boundary conditions tabulated in table 3-1 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 contact in the
) vertical direction.

NODES - 101, 201

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

NODES - 101, 102, 201, 202
ROTX: Simulates the di fferential wheel loads
of a fixed bogie truck subject to
overturning.
NODE - 124

UX: Simulates wheel to rail contact perpendicular
to "the runway.

The restraints at node 428 were applied so that a torsional spring
could be employed to simulate the unrestrained swing of the monorail
hoist unit. The other restraints of nodes 123 and 124 were

selected to simplify the analysis.




BRIDGE TRUCK
NODES
ux:

MAIN TROLLEY
NODES

NODES
Ux:

NODES
uy:

AUX. TROLLEY
NODES
UZ:

NODES

UX:

, NODES
uy:

UZ..

L
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The nodes which are coupled have the same dlsplacement in the
indicated directions only.
directions are independent (released).
to simulate load transfer between vaf1ous components and is
tabulated in table 3-2.

Their displacemnts in all otheér
This coupling is used

101-121, 102-122

Simulates the load transfer from the
bridge wheels to the runway rail
perpendicular to the rumway.

391-401, 392-402, 393-403, 394-404

Simulates wheel to rail contact in the
vertical direction.

393-403, 394-404

Simulates the drive brake which
is automatically set and which provides
stability parallel with the girders.

392-402, 393-403

Simulates wheel to rail contact
perpendicular to the girders.

341-411, 342-412, 343-413, 344-414

Simulates wheel to track contact in
the vertical direction.

343-413, 344-414

Simulates the drive brake which is
automatically set and which provides
stability parallel with the girdeqs.
342-412, 343-413

Simulates wheel to rail contact
perpendicular to the girder§.
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HOIST UNIT
NODES - 423-425, 424-426
UZ:. Simulates wheel to track contact
in the vertical direction.
NODES - 423-425
UX: Simulates the drive brake which
provides stability parallel with the
track.
NODES - 423-425, 424-426
UY: Simulates wheel to track contact
. Perpendicular to the track.
NODES - 423-425, 424-426

ROTX: Simulates restraint developed to
rotation after clearance is taken
up in unrestrained swing.
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The master dynamic degrees of freedom for a reduced modal analysis
tabulated in table 3-3 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, the girder end connections, the monorail track and
track supports are modeled as uniform beams. 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 trolleys, the drive and certain short
connections are modeled as rigid members capable of transmitting
loads only. The bridge trucks are simulated with a beam to simplify
the wheel load analysis. ' Lumped masses were assigned to represent

. the masses of the trolleys, the bridge trucks, the drive and the

wheels: Additionally the beam members were assigned distributed

.masses.

The trolleys and drives were modeled 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 modal solveable with available resources while predicting the
seismic response with reasonable accuracy.
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. . ° FORM N.2404

' WHITING REQN, 13508  pate _5-26-87
[. | | BY MJIM paGE 3- 17 o 9%
' 4771.4-47

li : TabLE 3|

BouNDARY CONDITIONS
NooES wITH ZERO DISPLALEMENT IN THE INDIRATED DiRECTIONS

L : TRANSLATION RoTATION
Locamod | Mook ™1 uY | vz | RoTX [ RoTY | ROTZ
B Seaik| 24 X X X % X X
bR SemiNe-| 1.3 X X x X

Tauere RHE| 1O x "X X

pee| (02 X x

Tauex e| 201 X % v

_ WE| 202 )4 e
HolsT 429 * > % * b3 x

TapLE  3-2.

CouPLED  NopES |
NODES WIiT™ EQUAL DISPLACEMENTS IN THE INODIRATED DIRECTIONS

LocaTioN NODES "TRANSLATION ROTATIO N~
ux vy vz. | RoT> | RovY | RoTZ
BRTauck | 10 2.1 x
. 1o | 122 | x
Maw Tewey] 4Ol 391 X
H0Z | 392 X v
o3 | 393 X x -
_ HoH a4 X X
Aux Trauey|” 4| 39| , X
41 2 342 T x Y
tl\;l'g 343 X X T X
host | wey (335 ] X | x| X | «
414 | 426 x X x







*!' . . FORM N.2494

WHITING REQN. __[790% pate _2°-21-87
{.' BY o MJ M PAGE 3— 18 OF 9 4
-t ovH 9987

[ TABLE 3-3

DynaMmie.  DeeREES oF FREECOM

MasTER NooEs FOR REDUCED  MODAL. ANALYSHS

FrREE IN + TNOICATED OmeeTioN
LocaTioN | Nooe TRANSLATION

ux Y UZ
GrpeER A | 309 x x
318 Ped x x
325 > x
GiRpER B | 359 x x
368 * x x
375 x X
_| EnoTe R| 153 X ' X
L 253 X ol
Movorai TRE{ 432 - X x
434 x x
U3¢ x b
438 X x x
140 x ol
: | Hy2 T ox
| Maw Trousey | 407 x x x
<o | ane l‘.oc ' X
. Aux TRoer | H17 x x ol
416 ol
Monorail Haist| 427 x > X
DRwe Mach | 501 x x
502 x x
S03 X X







SYMMETRICAL BOX GIRDER PROPERTIES

L]

PROGRAM_/07 _ PROGRAM 10 1-R-1-09(019)

i‘ B —‘| ? WHITING REQN_77908 DATE S-26-67
I 4 . BY MJIM . _PAGE 3- 19 oF 34
B AN New  GiroeER
X + X
1 1 f‘
4 :
A
07 .
00000 0000 READ ) MR‘
12500 weme——e 1 A .23
2290900 “e===-- 2 B 22.
960000 ———- 3 c 76 .
0e3125 mmemmmee 4 JIZY
1849000 smmeem= 5 E 18,
35762161 [ —— Y
724900364 ‘meme—- Iyy
65940033 remmme—e- Syy
115+0000 'mmw=w=  AREA
1%86H¢4503 = =emacaa TORSIONAL

CONSTANT (K)







GIRDER EQID

SECTION PROPERTIES

PROGRAM__ 117 procray |p_1-A-2-06 (0de)

WHITING REQN_79508 DATE S-26-87

— 8Y MJIMM PAGE 3-20 OF 34
SECTION " 86" PR TR NEw Gumoen
f—— — —————————— 3
L - | 1 o .
¥ 'l ; |
H ] I
1 A= IS(EW 125(22) + 2 (312)(72.625)
' + 2(515)= F7.8T mz
(-
=" e 15 72.38
= 13970 n't
a <
R H
" ,‘- U‘ =
‘ o ] - #
rs=’-i o =
: 6 x & x%anG.|Y¥
‘ 117
GIVEN DATA
1. ~4,375 = DIMENSION A (IN.) 743750
2. 2.2, = DIMENSION B (IN.) 2200000
3. . ).28__ = DIMENSION C, (IN.) 102500
4. 72,025 = DIMENSION D (IN.) 726250
5. .3125_ = DIMENSION E (IN.) 0e3125
6. |®. _ = DIMENSION F (IN.) 180000
7. .75 __ = DIMENSION G (IN.) 07500
8. .8 = DIMENSION H (IN.) 05000
9., lo+6% = DIMENSION J (IN.)(¥ OF ANGLE) 16800
10. _-_|.¢% = DIMENSION K (IN.)(R OF ANGLE) 126800
11. 5,75 = AREA CF ANGLE (IN.2) . 3°7500
12. 19.9__ = MOMENT OF INERTIA OF ANGLE(IM.%}(VERT,)-- 13:3“30
13, 19.9__ = MOMENT OF INERTIA OF ANGLE(IN%) (HORIZ)=w= 133000
. COMPUTED DATA ooooo.oooooo
Iy y(IN.%) (MOMENT OF INERTTA OF SECTION) m 670828851
CF - 362002
| 884813191

Tyxx(IN.4) (MOMENT OF INERTIA OF SECTION)

. B
L B







spt ® emwer mme ew o

PROGRAM .11. PRQGRAM D 1-A=2-5(044)

axis which is parallel to the 'y' axis.

" (BUILT UP OF ROLLED & ' " WHITING REQN_79508 pATE___ 5-27-87
RECTANGULAR SECTIONS) BY MJM PAGE 3-21 OF 3%
.U"GlhDER END  ConneEcTioN
y'?.LEMENT ELEMENT PROPERTIES/ ELEMENT THRU ™MD
NO. (1) DIMENSIONS CENTROID - - -
ROLLED
A | v |ome |ox |y |
735 | 4. | 47| 307% | 345 | ¥ b :
2 | 735 | 1w | W47 | 25576 | 345 %l | 22b |,
1000. | . - i1
M
1 P3| 2. 28
| P
l | - -
ECT: s SIS
(1000+4)] " &% &Yy - X3 | ¥ PNL DA
1003 28. .75 % | 40.885 | i W )
—| : i 12 lc 125
] )
|
NN 1
(0.0) X
-—
—
ROLLED
SECTION|{ | %~ (x; ,¥1) {xg 0¥1) |4
' 5 RECT. SECTION '
All rolled sections must be entered before rectangular sections." 'ro
enter rectangular sections, end rolled sections. with Ay = 1000.
In order to execute program enter a negative value for ‘A‘i' or ‘Axi' .
-COMPUTED DATA :
141342 — X. = Digtance from the 'y' axis to the centroid
of the section. )
382500 ——— §y =~ Distance from the 'x' axis to the centroid
of the section. ‘
3547000 —— . A = Area of the section.
6404062 . Ix = Moment of inertia about the section's’neutral
- axis which is parallel to the ‘'x' axis.
32423277 — Iy = Moment of inertia about the section's neutral






"SECTIONAL PA®PERTIES rrocran_ 116 @osiy 10_1-a-2750080)

" (BUILT UP OF ROLLED & ~ T WHITING REQN_77508 pATE 5-27-§7
RECTANGULAR SECTIONS) . BY MJM PAGE 3- 22. OF 34
A TTTT
GIRDER END  CONNECTION
CLEMENT| ELEMENT PROPERTIES/ ELEMENT : AT ENDS
NO. (i) DIMENSIONS CENTROID ! e e e e e -
ROLLED
() | R4 | Txi | Ivi o Yy
L] 235 | 94 | w47 | 2076|345 | ¥
2| 735 | 144, | 447 | 25.516| 34.5 3k |, | 424
1000, ‘ T T ]
B N
Tass:iie
- |
1, ' : -
(Go0o+)] %4 &y X ¥y | 3
1003 9 .75 24.5 | 40.875 Ly V'~ ~
1004 3 3%.5 | 4% | 17.75 RIS 4
1005 o5 3.5 | 265 [.19.75 N
-1, ) A EITY B
NN
’ E ;
| i i | i
| (0.0) X

oxy

—

ROLLED
SECTION| | %~ (x; ,¥1) 5%y 0¥4) 1

RECT. SECTION

bl

All rolled sections must be entered before rectangular sections. To
enter rectangular sections, end rolled sections with Ay = 1000.

In oxder to execute program enter a negative value for 'Ai' or '&i .

COMPUTED DATA :

188382 ——— X . = Dpistance from the 'y' axis to the centroid
of the section. : ’
306699 — § =~ Distance from the 'x' axig to the centroid
of the section.
909500 ——. A =~ BArea of the section.
1417846306 — . Ix -~ Moment of inertia about the section's neutral
axis which is parallel to the 'x' axis.
162084309 ——. ly - Moment of inertia about the section's neutral

axis which is parallel to the 'y' axis.

.
3



. . . FORM N.2494

WHITING REQN, 79908  pate _I-27-87

g8Y MJm PAGE U~ 23 op__S4
A kary

E FFECTIVE ProPeERTIES
GIRDER  ENpD CoNNECTION (ReF 1, pp 4, 44,2 -4.44.3)
AT ENDS

A= (35.7 V35 H0A5)* 90.95) /3 = 6lell 0%

_Ixx = (eHo.4+ Va0 XIHi80)+ V(ei0. D (ns0)+ Mmo,'}_)(mlg?\‘-i- 14180)

Y
- 5152.. o
Iyy = (s242+ \\'/57.42)’(10-'0) + /24 (Kk210) + G0 + 16210 )
.9 )
- : 8"*'78: 'nq
ErFECTIVE ToRSIONAL PrOPERTIES
22228 2%
S | Jx  205%)+ 14037 [ K -s.3¢ T2 '327(7»*) J
Jasul < 4,953 g% (REF 4 b, 290, TABLE 20, CASE 4)
FUunRTeER SIMPLIFY ’
%2k 1z e = 12 322302 +6 (22) ) = 5 @)° — = 597¢1n
o 22N ¢ (22)(12)+ G (2)¥(3)+T (D~ lu&)m)’- -
(REFY, p300,
aer 21, ¢ASE 2) .;zSLL’Z.Lﬁ' (3+4& -59%- va""xw 263
(z.z.)"(sm) (1.+3+% 2% _Q)"‘) - 2.03) 2-(33 (:2+5174)"_]
= 75o90 1 ¢
6 = (4,953 (11zx108) ) = _ 005047 497!
75090 (29%10%)
I< 199 >J'
- 4 (199)(.005047)

AN\N

[
<

JafF = *,955 [ -0050‘}7979? - Tanh L‘_OMH

483.3 n't

NO TWIST oR WARP
" AT ENDS

(ReF Y4, p,298-31¢)
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SYMMETRICAL BOX GIRDER PROPERTIﬁS
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P
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L3698641

PROGRAM_ /07 PROGRAM ID 1-A=1-D37513;

WHITING REQN_79508 paTE  5-27-87

BY  MJM PAGE 3-24 oF 34

g 9.9.87
TRUCKS

ENTER

075' ’

| 8,

26.25

3

6.5

Ixx

Sxx

Iyy
Syy

AREA

TORSIONAL
CONSTANT (K)




® WHITING REQN. ﬁ@.g_a___ paTE _6-8-87

BY MJIM PAGE J-25 OF 34
OG99 87 ‘ _

EFFECTIVE PROPERTIES oOF BrAMs

To SmuLaTE_ TRUcKS
- SIMULATE W/ BEAM

3%
0 N ///

2.¢.75

!
L
|

— (4
s
|

g

60 WB ORWER
4§ W8 XOLER

FoR Fomeg ¢ X DirEeTON (Rer 3, p. 104, TABLE 1] case] £p 80).

Fe
st 42 - iP'sz e’
s - >
zfx 2 AX 3ETom r s
zo.ci"om . ] .
149 ToLer A= .@_‘%&" ‘
= COS2X2%75) _
foma  SLETRET= toa7 m®
Ampisn = G (6052 YD) . 2.
Twet)s - Joe-t In
Foa MomaNT AcouTr Z Axis  (Rex 3, pioy, Tagux NI, cAE 187)
?":_h_ﬂé ‘rt I‘ s M=z )
et ; we) o & EZ.
-p - & t . '1 :
Womvsq o= 2EXx1q * ‘
1O 9% T0LER
-tz = ZMB_)QIzXTR $

I‘icmvgq = gs%if%-—%_&ﬂ. = 67700 it
cos)(2e3Y)
wx(m#:—— 212.9 900 1n*

- Tz zower







WHITING REQN. _%_59_@;_ DATE _6-8-87

MM PAGE 3= 26 o 3% ‘
ALY G987
For Forez 1N 2Z DirgeTiON (RzF 3, p1oH, TABLE i, aase 12p17,

7 i ,
’5:51 REFe lg AZ= %Flgb + Jiﬁv_([ﬁ)b Zr E‘ AZ= F&.-o 3

3 3EX
kg s J:G_E.. 2> !
o4 Zen O 29T 27
Ty = 97 L~ o 3'3 Gl
. 3 1.3 -t
. ( ¢ T + J1nr ) %rm Jm
I, ()
omvER = - = 1391 ;nt
(ers . (BT (161
2 {7y + =370
3
Ty roter = (%) - 72 ¢
! (1034 , (37 (B1F) 43 In

2017) 1370

BECAUSE THE MODEL ‘RESTRAINS THE BRIDEE oN
ONE SIOE ONLY AND THE LOAD IS ASSUMED TO
BE QISTRICGUTED TO THE RUNNAY oM A 2/3
/5 RATIO TO AccouNT FOR FRicTIoNAL., RESISTAMCE
ON THIE UNRESTRAINED SIDE

I7 oaver = I3 = 2086 ¢
%3
I\/ IoLEnR = 237z = J3355% nt







. . . FORM N.2494

WHITING Rean. 19908 parg _6-8-27

BY MM PAGE _3-27 of_ 937

JRY) 94547

TRoLLE Y

FRAMES MoOELED AS RiGID

MAIN HoisT RorE
1% bia~= PyTtion 10FILV — Ay, STEEL —26 STRAND = 36ZWIAE

REEVED -2.- & PamT SYSTEMS — RECUNCANT (AEFS)

MoQuLus OF ErasTiairy 1%, 000, 500 gsi

Auvx HWasT Rore
F Qia - STANLESS SteEL, - 6X37, IwWRC
ReevED -2 - 4 pParT SYSTEMS — ReEQuNDANT (REF”)

Agea= gxX.L58= 2,06In%-

MopuLys oF EwisTie!TY 13, 000, 000 ps!

MonNoraiL HoisT UNIT

MooELED . AS RIGID .

BRriDcE SPRING

The BRIDGE SPRING- 1S USEQ AS A RIGIO LINK FOR
TRANSMITTING- REACTIONS IN THE™ GLOBAL. X OIREZNON
(PARALLEL. WITH THE GIRDERS), THE SPRING- RATE 1S SELECTED

TO PROVIDE A NATURAL. PREQUEMY IN T’HE? HIG-H FREDUENLY
(STIFF) PORTION OF THE EMATATION SPERTRUM.

K= ¢omrf)>
= 328co0 (2m(33))* = 35 4000 000 /iy

K= SPRINGRATE, Ib/mm
w = ToTAaL WEGHT OF CRANE, [b

(WITHoUT LIFTED LOAD) 2
9= AXELERATION oOF GRA¥ITY, \n /sce
< - NATURAL,  FREQUENCY,  Hz
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WHITING REQN, _TWO8
sy __MIM paGE =28 op_ 34

FORM N.2494

DATE 6-26 =37

(15927

MonoraiL TR&CK & FLT SuepT

S &x18.4

Fxpn Sueer
w 8x35

-

8.2 »J310

8.0
ToRsIONAL
To
o

S PRING-
SIMULATE

IN RAOIANS

A= S.% In%
Ixx= 576 nt
Iyy= 373, it
Jz = 24 nt
A= 10.3 |n%
Ixx= 127 %
Iyy = H2.6 |nt
Jz. = 77 " ind

UNAESTRAINED SWING ofF Hoist

(AeF 15, p 3-25)

T=WJ o

T = Ko

w 4

1200 (12

y= 4400 in 16 fredian







' ‘ FORM N«2494

WHITING ReaN. _1IVO8  pate _6-246-37

BY MJIM PAGE 3~ 29 oS4
o 9947

TARACK Wep  SPRING RATE
(REF, %, pp 128-145)

+
S—— Tp = .u26(1)° _ ¢
8 2 = 2,272 n
I‘ﬂ?"—){ } 2.
) -zn# ’ ForR A | in sTRIP
| Ts = L2 = .ooles8 m*
= 4 5¥- o o) 3T
@ 4 £ Ip 403Lp
b 3EJ.
Teaww = Lé ?77‘- = 2. \fTrTe
3 ‘/4 -
2 Z.I‘Hy(.aouse)’('-i)’(z.zn) = ,06132 pt
Lo . y
.m*! n | Ip = .LL__I:Z‘ = L0577}t
"_’/” ¢ For A lm STAIP
2

= 2.71(:) 2270 n%=

"!'/ A;
"i‘EIB '-i-IQ

Agquv = 2250 | 288 YATTHP
EVean

= 2.82¢ Y(znW (o) = .6017 ;n*







. FORM N.2494

3 wHiTinG REan, 79998  pare _4-24°37
By AT paGE _ 9790 o 31

T 7747

F Supe T
xD OuPPORT WeB SPAING Rate (REE 4, pp 128-14%5)

+495
%tz: Tp = -H 17?02) 21.28 in't
f— )
8.0z For A 'm 5TRIF>

, 00 2483 int

I/ = (310)° o
.aloa”:I Is = 1z
@ = ¢ 33 =9/ 3L
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Mass ELEMENTS
D £s5cRIPTION

Ma N TRowLeY LESS Broek
Broen ONLY
Broex w/ 60T LFTED LOAD

Auvx TRoury LESS Oreen
BLocek ONLY

BRioeE DRivE ASSEMBLY
SINGLE ReDucTioN UNITS

-t 5 5

MonNORAILL HowisT UNIT

DrRivE TRUeCKS

T oLeER  TRuers

FORM N.2494

WHITING REQN. __1990% __ paTe _5-8-87

BY MoM PAGE 9= 33 o 94
CHH9.9.47
NoQE WEG HT Mas s
Le LR see/ N
407 124000 3 20 7?6
406 20000 5"3_
306 40 000 362
g7 2.2.300 57.71
416 32.00 8.28
502 4000 'g;?g
501,503 zo000
2] 1200 a1l
103203 5000 12.9%
lol200 2000 5.18
/ y %Oé \1.65
lot, 20 5.18

101)202. 2000 .
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. WHITING REQN. 79508  paTe _ 6-8-87
MJM PAGE 3-3'% OF 34
‘ CIL 4947
DisTRIBUTED Mass’
ON Beam ELEMENTS
: = DisTrIBUTED WEIGHT (LB/FT)
i GIRCER: GIRDER A GIRpER B
' GRDER 510 510
'l WRLIT ' §0 -—
; SQ SHAFT & Crics 20 -
; CTRLs £ SuePT - g5 —_
RAIDe-e CoNDUETOR | - 4o
Mise 15 10
750 G20
Mass . DEeNSITY
G1RDER A
190 = ,00 /406 lbsee™/int
12 1150% 3860 4
GIRDER B
20 = L001163 _lbsec*/mm¥
12.% 1150 x386.%
END  ConNeeTIONS
DistrigvTED WEIGH T
IBO 1b/r+

Mass OQeRsITY
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12.%3570x 356t

. OO1O8T 5 sec™/1nt

MoNORAIL TRACK

DisTRIGUTED WEIGHT INCLUDING CoNDUCTORS
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SUPPLEMENTAL CALCULATIONS

This section summarizes the analysis of those components which were
_not directly analyzed by the finite element program utilizing the
loadings that were generated by this program.

Page

4-2
4-4

' 4-9
4-18
4-21
4-32
4-46
4-76
4-108
4-112
4-149
4-151
4-158
4-164
4-170
4-171
4-174
4-177
4-181

Subject

Scale Factors

Bridge Truck Loads

Bridge Wheel Loads and Upkick
Bridge Wheels and Axles
Seismic Lugs \

Bridge Trucks

Girder to Truck Connection
Girder to End Tie Connection
End Tie

Support to Girder Connection
Monorail Support

Monorail Track to Support Connection
Monorail Track

Girder Buckling Stability
Girder Welds

Girder End

Main Trolley Wheel Loads

Aux. Trolley Wheel Loads

Rope

For effects of seismic loads .on trolley components

see separate Structural Design Calculation Report.







. ' . FORM N.2494

WHITING REQN. 23508 pare 571987

BY MJIJM_ _ ppge _4-2 or. 182
Ovif 1489

SeaLE FacToR

BeEcavusE Suwe wikl. oO¢ccuR AT THE
RAalL. WHEEL, INTERFACE IF THE REALCTION
IN THE Y OIRECTION ExCEeDs THIE MAXIMUM
WHEEL LOAD IN THE Z DOIRECTION TIMES
THE CoE&FFICIENT OF FrRicTION THE
ARELERATION IN THE ¥ OiRscTioN Wikl
BE LESS THAN PREOICTED pPY A MODAL
ANALYSIS , THE PAIMARY Y MoDE= MAY
OE PROPORTIONED 8Y A SCALE FACTOR
THAT  ACCOUNTS FoR SLIOING 4&ND THAT
1S DERIVED AS FouwlLows:

W HERE
r‘\?.) Ry £ Mx
ARE MAaximuMm
REACTIONS Froma

XK _ FiN\TE ELEMENT
= \ _ Mapai. ANALYSIS
- A

T i ——— AND
By max My Fz. max 15 MAX
I Rz J " 1 Z  REACTION AT
» A DRIWVE WHEEL
\; 7 Fy 8 Max Y
| o l YREAcTIoN ey
FRICTION
SCF 15 ScaLe FacToR
Fz Max = “R':,% + "%'g
Fe = .25 Fz amax (ReF I3, p.3°38)
SeF = _Fx ‘
Ry

OBSERVING THAT Myx 15 DUE PrimARILY
TO Y EXQITATIONS

seF = 2% (87 v 2eT0md)

sep = Rz
8Ry("’m)




‘.

FORM N.2494

WHITING REQN. ! "9O8  pate _7-16-87
MJIM oace 43 op. 122
GL449-9-87
TagLe H-I
ScaLEe FACTORS
MAIN Avxy | Maww -
TROLLEY Trowey |  LoaD OBk SSE
Mi10O ARE GOT'UP| .1/83 0785
RHE 60T ON| .1508 D2
RHE NO ,0852. . 0572 1
: MID No , 0796 , 0549
/4 RHE | ¢oT UP| .iz4z | 081 1
sre | eoT on| 1773 | 1338
RhE RkE coT v | HZS 1 0729
RHE | ¢oT ON| 1580 1160
RHE * NO 10826 0537
LHE AKE 60T UP 2071 L 13TY
RHE | ¢oT on| 3187 | 2944
MID NO 12 0678
/g NO . 2037 . 1206
LHE NO 1242, s0770
For REAATIONS SEE TaBLEs © 39 THROUGH B 96
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WHITING REQN. _ 29908 pate _ 8- 787
8Y MJIM PAGE 4~y OF 184
As2 9-2-87

TARuer LoADS

THE Rx AT 124 15 OVIDED @ 2 FoR THE Z TRuLHS
ON THE HELD SIOE AND MULTIPLED BY %3 To ACCOUNT
FOR FRICTIONAL. RESISTANCE AT THE UNRESTRAINED
WHEELS | THE MINIMUM  TRUCK LOAD 1§ THE NESATIVE
OF THE MAXIMUM  CONSIDERING- COMPLETE REVERSAL ,

e &

ALL OTHER TRUCK  LOADS ARE  SUMMARIZED
DiazeTLy  FROM  TABLES B33 T0 B9C

AFTER THE  APPLICATION oF THE SALE FACTOR
AS PREVIOUSLY DESCRICED. :
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sy —_MJM PAGE __ 4= e 192
AsZ 3-2-87 -
TABLE H- 20
ORIvE TRueH Loa0S (NoDEs 101-20])
( OBE - SCALED)
- Trousy | Loap Sum (Max) _DIFFER _ (MN)_
Fx | Fv Fz. Mx  x Fe FZ | ™M~
, .
Maiv MiIO | UP | 13 29.7 | 1e%3 | 1922 | =133 | -29.7 | 65 1 -1g4
AN | 131 378 | 2171 | 2436. |-13.1 |-37.8 1.7 1-23¢1.
iy |pe | 130 | 312 | 1e82 |2490. |70 | -3TZ | 73.0 |-2%12.
oN | 130 | s0.2 | 2599 | 3%48¢ [-13:0 -50.2.| 187 |-3%09.
wnelve | e | ane | 1764 | @510 | ~12.6 | 6l6 | 3.8 {-3433.
ol | 124 712 | 273.1 | 4585, |~-1Z2.4% |[~7I.2Z 36.8 |-%507.
anel vel 1071 371 {1873 | 2458. | -107T |=37.1 | &% |-23p0.
oN| 123 506 | 2795 | 3336 |~128 | -50.4 | 309 |-3258-
{
mip| wo | (2.6 | 1.+ | (0589 |\ | -i2.6 | =A% 2. !-1320.
we | wo| 13001 29.3 1 1082 | 1897 |- 130 | —293 1 GHI | -1773.
e | wo | 124 | 253 | ne7 | 220% | -1zt | 253 55.0 ‘-230.
re| wo | T | 28.6'| 1286 1919, |- 1T | -28:CH 455 §~[644.
avx M| Nol| 122 | 252 | j23.3 | 1865, | ~12.2 [ -25.2 | 479 ;-1802.
e | Nol 1223 | 875 | 122.1 | 476 | =123 -575 | $0.9 |~ 4685,
| | ' ~21. 3 |-m4s.
8ot Mip| No| 127 21.3 100.1 | 1526, | 127 2-; ~53 6;2 ) :,5}‘5
W LH‘E No ”'? 2-?'5 12.8.0 2.2.380 - ”'? - 29, HS- '
ALl i FORCES In KIPJ) MOoMENTS 1IN TN 0PS PN
GrLoanl. COORDINATE STSTEM '
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TABLE -3

IorzR  TRue Loa0S (NoDES 102-202)
( OBE - SCALED)

T Loa Sum (Max ) B DIFFER  (MIN)
ROUEY oI 1 P 1 Fz | W< | Fa Fr 1 Fo | ™~
r
S Maiv MIO | VP | 13D o 5L | 2847 | -13.3 o ¢1.0 {-103.8
‘ aN | 13.] o 204.) | 1985 |=13-] e} 8.l {149
iy | pP 13,0 o 1574 | w05 | ~13.0 O 679 | -266.]
DN | 13.0 o 248.6 | 423.4 | ~13.0 o 12.6 {-279.0
LHE| vP | 126 o) 165.8 753.4% | -1 6 (@) 581 |-6/0.6
ol | 124 o 2.62.8 | 815.1 |~12H4 o 2995 |-672.3
aeE| UP| 0.7 | O mas | wuse |~07 | O | 503 | -36T
oN | /.8 o 266.5 | 4851 |-/28 o 26:8 |-407.6
i
MiD| No | 12,6 © i q44 | 1736 [~12:6 Z 57,6 1=92:4
LHE [ o | 2.4 © 1 1067| 5453 |-12.4 5 49,3 |-4#03.7
ReE| N0 | 1.7 o 16:3 | 4324 | =17 $1.% |-345.7
ax M| No| 122 | o | M2.3 | 33%1 [~1222| 43.0 {-260-0 |
v | Nol 123 0 1.7 | 612.8 | =123 9 45.5 |- 183
8ot MiD{ No| 1Z.7 o q90.4 2553 |-12.7 o 1.3 |-1%3
Lne| Nol| 1.9 o lé.l 332.0 {-1]-9 o] 46.3 |-253<¢

GLoealL COORDINATE STSTEM
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TABLE H-Y

PAGE

4-7 o

182

DRIYE -Tryew Loa0S (NoDES I01-20!)

( SS5E - $eALED)

T Loa Sum (Max ) B DIFFER  (MiIN)
,' i ° T/ 1 _Fr Fz. Mx F x Fy F2 | ™Mx
N ]
‘Maiv M0 | VP | 25.3 37| 1974 | 2391, | ~25:3 | -37.1 33.0 [-2315.
‘" RN | 25.0 | 52.7 | 300.7 | 3384,|~25:0 | -52.7 |-69.8 }- 3307
g {oP | 25.4 53.0 | 2073 | 3245.| -25.4 |-53.0 | 53.6 |-3187.
ON | 253 | 7%.2 | 365.3{ 4979, [~253 | -74.2 |-g6.5 |—410).
el ve | 248 | 1066 | 2047 ] 5258, | -29.8 |-106e | 2.9 |-sis0.
ol | 244 11971 3764 erie. |24 |-119.7 |-66.5 |- 6839.
RHE| vP| z2I.7 48.9 | 221.¢ | 326l | 72T | -487 39.8 |-23183.
DN | 246 72.1 | 3%2.3 | 4772, |26 |- 720 | .58.1 {-%495.
- 7 1=1677.
MiD| No | 244 27.0 | 129.8 | 1751, |-2%4% | -27.0 | 447 | .
we | o | 253 4.2 | 1264 | 249%, | -25.2 | -"**Z | 53.5 |-292%
LHE | wo | 247 379 | 129.6 | 3833, [-247 | =377 | 4.2 i-3757‘
RuE| wo | 231 39.7 | 1454 | 2685 | -2 | =377 | 362 -2610.
) 4, 323 | 127.2 | 2455, | -z4.4 | -32.3| 3.6 |-2373-
i Bl $569. | ~2%6 |-100.7| wa2.4 {-§510.
174 No 24.¢ l0007 '3700 9.
8oth MiD| No| 2.& 217 | 125 | 1997 | -2hE | -27.7 47.6 | -13.
LBE| No 2.3.7 4Yo0.8 192.77 Jo48. -23.7 | -40.% 379 |- 2961
ALl Forees in KIPS  MomsHTS 1N TN nes Y]

GroeAlL COORDINATE STSTEM

-~
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ASZ 4-2-87 -
TABLE -3
LDLER -TRyuewwr LoaOS ; (nooEs 102.-202)
( $SE - SCALED)
Sum (Max) DIFFER _ (MIN)
Trougy | laAD [—————— Fz. Mx | Fx |- Fy Fo | ™Mx
: r
~Maiv MIO | VP | 253 o) 181.4 | 383.5 |-25.3 o 3.3 | -233.7
RN | 25.0 o 28441 30%.9 | -250 (& =716 | -226.3
i {vp | 254 o 193.7 | 720.2 | -25% v/ s0.4 | -575.8
oN | 253 o 351.8 1 799.1 |-253 o -90.6 { - 60%.7
weelve | 24y | o 195 | 1331, | ~248 | o 48.6 |-1188.
oN | 24.4 o) 3¢%8 | 1y1o0. | -2+4 0 -72:4 {=1267,
RHE| vP| 217 o 2056 | 7.5 |-2Z21.7 o 374 {-6v.0
pN | 24.6 &) 3cT.%¥| &17.0 |-24.¢6 o -65-2 |-739.6
i
MID| No | z4.4 o) 110:5 | 2799 | -2%4 o Y2,/ | =]96.7
M| w0 ) 253 o) 131 | 7170 | -23.3 O | y9.2{-87
LiEt o | z2n7 | © | 169 | 1017, |[-2%T | © 44,0 i- 8753
RHE| NO | 23,/ (o X 1301 725.§ -23.1 o 33.3 |- 6409
Aux MID | No| 244 | O 123.9 | s8L1 |-244 | © 340 |-50L9
4 | No| %6 O 124.4 | 1002, | —2%6 O 38.6 |-8732.1
BOTH M‘D NO Z"{og (o) ’O?oO 4'500 ~24, & (@) 43'L _Z—’?’o
LHE| Nol 23.7 o 128.0 | 590.3 |- 23:7 o 34.1 |-511.8

VN

Ay, FoRCES te KIP..S) MoMENTS 1IN TN PS
Groral., COSRDINATE STSTEM
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BRIDGE WHEEL LOADS AND UpPkICK

THE WHEEL LOADS ALE DETERMINED 8Y APPLYING THE BRIOGE
TRUCE REACTIONS, SHOWN [N SCALED TABLES B33 To B96

o THE TRUCKS IN THE FOLLOWING MAMNNER :

BRIDGE
GIRDER )
GIRDER A 7/\ - - BRIDGE
vl ' TRUCK
DRIVER "4
TRUCK .
. _ . ‘
Q/’J 2D Tsz RAIL ‘I NK , P
MxI [Nj . /]
rl K
/ Fx | / Wz _ /f
. Wxn < W WzM
MobpEL SCHEMATIC <20 oriver | 30 DRIVER |

OF END oF CRANE 24 IDLER 24 IDLER
- ~ 483/g priver
~ 4238 IDLER |
- 96 ¥4 oriver
84 34 1pLer

BRIDGE DrIVER TRUCK 15 LOCATED ON G/RDER A AND [DLER

TRUCK IS LOCATED ON GIRDER B,




. FORM N.2494

~

(o X~ s A -z
WHITING ReEan. _ 22228 oare 7-24-37

sy 452 PaGE _4— /0 op_13Z
MUM 9-3-87

FLANGING WHEEL LoADS

Wynax = Fx (FROM  SCALED TABLES B33 To BIE) Is DIVIOED SETWEEN
OPPOSITE ENDS OF CRANE IN 4 23 twp 13 MennER . FOR THE
FOUR WHEELS ON THE HELO SIOE Fx 1S DIVIDED BY 4 AND
MULTIPLIED 8¥ %3 To ACCOUNT FoR FRICTIONAL RESISTANCE

; AT THE UNRESTRAINED WHEELS.

_ = 5
WXMAX "ZL(éz')& —_63"-

Wy ~>  THE MININUM WHEEL LOAD IS THE NEGATIVE OF THE MAXjHUH

CONSILERING COMPLETE REVER SAL

Wxrmg = = Wx max

VERTICAL WHEEL LOADS AND UPkicK LOADS,

WHEEL LOADS.

Wzuax Womm —= /N OETERMINING WHEEL LOADS THE MAX. TRUCK REACTIONS

Fz AND My WERE TAKEN FROM THE "Sum” COLUMN OF SCALED
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FORM N.2494

BY ASZ page £/

e 2 < Mx

Z — WB THEN zyw =0 AND UPKICK OCCOURS.
oo FROM Up-KICK CALCOLATIONS FOR THIS CONDITION Wzrmfﬁq Fz +5Lz>§
ot | W, =O AND
meet A e 1z wees 'a) 2hm
& ’—t\ Q DPLICK = Nzpgy =~ Ao
Ay , A (€€ PG, 4-12
F “ Fo  wHeeL BAsE W= 60 . (orver)
2 t3
s | | e =48 m. (1oLer)
[ ! )
L_30 DRIVER | 3OOLRIVER |
' 24i10ier | 24 1LeR

- Fz = Mx _ _Fz Mx
Wzmax = Wza= 5+t 5k Nemn=HWyg

UPKICKk LOAD

Fo y Fur == IN DETERHINING UPKICK LOADS, THE LOAD: Fy whS

TALEN FROM THE "DIFFERENCE " coLUMN AND MOMENT

My WAS TAKEN FROM THE " Sum" COLUMN OF ScALED

TABLES B33 To 896, ROPE UPKICK LOAD (Ry ) was
{

TAKEN FROM TABLES BJI6 And RI8 FOR LOAD IN Dovin
PoS/TION, FOR LOADS IN UP POSITION AND FOR THE NO-LOAD
CONDITION ROPE UPKICK LOAD (Ry) DVES NOT EXIST

AND THE}?EFOQE EQUALS ZERO.

mm 9-3-87
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BY ASZ PAGE £ = '2 op_ /3L
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/5 z‘/ [Fz g; ’g’] < == E> THEN UPKICK OCCURS

WHEEL A’ y /.Fz KUPKICK e
% "
N
{AF? ?fa’: SPAN SP= 7838 I, fDe:uc-R)-
2 )
Mx Mx = 6698 . (ICLER)
P | 300rver| 483g briver | SP

24 IDlER | 423 IDLER

LoAD FACTOR = F

A 8378 : A 42.37S

DeIVER f 78,57 - 06 IOLER fax S %6375 9 64
8 =20 . 8 .

DET/ER fB "~ 78,375 0.38 . IDLER f& ¢6. 375' = 0,36

Nz - (Fz) + 55 |
= fa (Fzi- ‘% E‘:)*'%
L= L FoR BRIDGE LHE AND L=R FOR BRIDGE RHE
Fri AND Mx, WERE TAKEN AT NODES Z20/-FOR DRIVER ANO 202 FoR
IDLER FROM SCALED TABLES B33 70 B96.
Fzr AND Myo were TAKEN AT NoOES /0] FOR DEIVéR AND /02 For
IDLER FROM SCALED TABLES B33 rp 896,
X 15 A DISTANCE  BE ru)efu BRIDGE END AND MAIN TROLLEY HOOK AND

DEPENDS 0N TROLLEY POSITION AND EOUALS :
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By __ASZ PAGE. 4-/3 oF_!3Z
MJIM 3-3-87
FOR HAIN TROLLEY AT HMID. X, =466 N, Xn =.466 m

QUARTER X, =699 N. X = 233 0.
LHE X, =808T7Smn,  %p=123.25 N
RHE X Z186.5N.  %p=T7455 m,
BRIDGE sPAN BS =932 I,
SINCE THE LINEAR COMPUTER ANALYSIS SHOWS THE HoIST ROPE
GoMG N comPRESSION (SLACK ROPE .c'o,vomm) WHER THE LOAD
IS IN'THE DOWN POSITION, THE UPKICK LOADS WERE DETERMINED
BY SUBSTRACT/ING THE RELATIVE PROPORTION OF THE ROPE
COMéResS/ VE LOAD[Ru](WHICH CANNOT EX 157 ) FrROM THE VERTICAL

\ -

REACTIONS.,

TanGENTIAL WheeL Loaps (Brake UHEEL on DRIVER TRUCK ONLY).
Wynax — THE HAXIMUM WHEEL LOAD IN THE Y DIRECTION (S TRLEN TO BE LINIED BY

THE COCFFICIENT OF FRICTION OF 0:25 AND THE MAX/HTUM WHEEL LOARD

Nz 1ax ). ’ ' .
( i X) /V)’m)x"' 0.25 W)zunx

THE MINIMUM WHEEL LOARD 15 THE NEGATIVE OF THE HAXINUN CONSIDELING

. COMPLETE REVERSAL,
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WHITING REQN. _72598 pate _2- -2
By __ASZ PAGE 7= 14 or_ /82

MoMm 1-3-%7

TABLE 4-6

CRANE WHeEL LOADS ~DRIVER (NODE [0],201)-0BE (SCALED)

TROLLEY |LOAD} Wymax | Wrpax |—MAX. Wz Poo | Pur |T4BLE
Wagaax) | wa** | (201) | (1or) |usen

MAIN-m1D. | vP | 6,66 | 28,6 | /4.2 | 50.] | — — 8 34
oN | 654 | 373 | 432 | 67.9 | 19 79 | B38

Y9 | we | 651 | 314 | 25,6 | 426 | — — B 42

oN | 648 | 47.0 | /1880 | 7.9 | 19.3 — 8 46

LHE | ur | 628 | 36,7 | 196.7 | 297 | — - 5 50

ON | 638 | 48.8 | 1963 | &2 | 1.9 79 | Bez

MDD, | Mo | 631 | 190 | 76.2 | 297 | — | — B é6

Y4 no | 648 | 212 | £4.9 | 23.3 - - 870

LHE | N0 | 620 {1 23.8 | 95,1 | 216 - | — 874
RHE | No | 5.87 | 240 | 96,0 | 32.0 | — — | 894
Avx-Mip | No | ¢t | 23.3 | 93,1 | 302 | — — | 878
Y4 | NO | 617 | 34/ | 1365 |-(4.4%) 244 | — 8 82
BoTH-MID| NO | 637 | 18.9 | 755 | 246 | — — | 886
LHE | NO | 5:93 | 253 | /0.5 | 267 | — — | 890

|
RHE | up | 5,35 | 33.6 | 13496 | 52.7 - - 858
ALL FORCES IN KIPS N GLORGAL CcO-ORDINATE SYSTEM .
¥ INDICATES UPKICK LOAL AT UPKICK LUG FOR THE STATIC PLUS DYNAMIC
CONOITION

¥ Wa 1S LOAD ON OTHER WHEEL OF TRUCK WHEN Wy IS MAX.,
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a-/-87
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PAGE L= 15 op_i32

CrANE Wreel LOADS-/DLER (NoDE 102,202)-0BE (scated)

TROLLEY |LOAD | Wypax Ay rax MAX. Wz Pu. | Pur |T4BLE
Wamax) | wa** | (202) | (1v2) |useED

sam-wn | wo | 666 - | 807 | 704 | - | - | 834
ON | 6.54 - 106.0 | 98,/ - - 8 33

Yo | w | 6,5/ - 827 | 747 | — - B42

N | 648 | T |28.8| N48 ] — - B 46

(e |we | 628 | = | 90.3| 755 | — - | &850

ON | &.2/ - /39,0 | 123.8 | — - 8 54

RHe | up | 625 | — | 9.5 | 780 | — - | 858

DN | 5,38 - 1429 | 123.6] — - 862

MiD. ‘NO 6: 3/ - 5047 4317 - - B 66

Ya | ~vo | 648 - 527 | 44.8 | — — & 70

LHE | nO | 620 | — 598 | 469 | — - 874
RHE | NO | 587 |.~ | 672 |49/ | — — | 894
ax-mio | No | Gl | — | 632 | 49/ | — - | 878
Y4 \NO | 617 | T 6.9 {498 | — - | 8&
BOoTH-MID| NO .| 6 .37 - 426 | 41.8 - ~ 586
LHE | NO | 5,93 - 65.0 | &/ - — 8 30

COMEITION)

ALL FORCES IN KIPS IN GLORAL CO-ORDINATE SYSTEM.

T¥ Ve 1S LOAL ol OTHER WHEEL OF TRUCK WHEN Wa IS MAXK.

¥ INCICATES UPKICK LOAL AT UPKICK LUG FOR THE STATIC PLUS DYNAMIC:
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TABLE 4-8

CrRANE WheeL LoADS-DRIVER (WODE 0/,201)-SSE (3cALED)

TROLLEY |LOAD| Wymax | Aax | 21AX. Wz Po | Pur |T4BLE
Watmax) | Wa** | c2o01) | (101) |usen

MAIN-MID. | vP | (2,7 | 346 | 138.6| 588 | 16.5 | /13.0 | B36
ON | 125 | 51.7 | 206.7| 940 | 3.3 | 28.6 | B4O

. | w | 127 | 39.5 | 158.0| 49.3 | jas | — B 44
N | 127 | 664 | 265,7| 996 | 452 | 7 | 898

. LHE [ wP | 124 | 475 | 1900 147 | 277 | ¢7 |B52
ON | 122 | 76,9 | 3035 | 72.9 59.9 | /h0 855

RHE\ uP | 10.9 {413 | 1652 | 564 | 57 | 2.6 | B0
oN | 123 | 677 | 2707 e | 137 | 313 | B&+

MID. | No | 122 | 229 | 9.6 | 332 | 44 | — B8
“ | wo | 127 | 26,2 | 1048 216 | &I — &72
LHE | NO | /2.3 1 32,1 | 1284 06 173 - 87¢

RHE | No | 16 |.2949 | 175 | 279 | 47 | 27 |89s

ax-Mo | No | 122 | 2724 | es| 227 | - | - | Bso
4 | nO | 123 | 48.6 | 1945 |—(575%) 789 | 27 | &84

BorH-MiD| No | 12,4 | 23.5 | 940 | 275 | 725 | 59 |88

LHE | NO | /1.9 | 30,5 | /22.] | 206 | 5. - 8 92

ALL FORCES IN KIPS N GLORAL CO-ORDINATE SYSTEM.

¥ INCICATES UPKICK LOAD AT UPKICK LUG FOR THE STATIC PLUS DYNAMIC:

COMNLCITION)

M€ W 12 LoAL o1 OTHER WHFEL OF TRUCK WHEN Wi IS MAX.
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WHITING ReaN. _Z9SO08  pare _S-/-&7
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TABLE 4-9

CRANE WHeEL LOADS-/DLER (NoDE /02,202) ~SSE (ScALED)

TROLLEY |LOAD | Wymax | Whax MAX. W2 Pu. Pur |T48LE
Waguax) | wWa** | (202) | (102) |usesn

man-mio, | ue | 12,7 — | 987|827 - - 836

ON | [12.5 - /47.8 | 136.6| — — 8 40

Yo | we 12.7 - 103, 7 | 90.0 - - B 44

LHE | uP | 12.4 - /095 | 820 | — 25 | 852

TOoNL 122 - /96.3| 1685 | — " 48 | 856

RHE | up | 10.9 — 8.2 | 8§7.4 - — B 60

DN | /2.3 - 11997 | 1677 | 1O — 864

MID. | No | J2.2 — 604 | s0./] | — — Be&&

Ya | wo | 12,7 - 635 | 496 | — - &72

LHE | nO | 12,3 — 70.8 | 46./ — - 875
RHE | MO | 6. | — go.7 | 504 | — — | 8395
AUX-MID | NO 2.2 — 74,1 49.8 - - B 8o
4 \no | 123 | — (722 52/ | — | 12 | 884

BOTH-MID| No | /2.4 — 60,2 4 88| — — R 93
LHE| NO | 1.9 - 76.3 | 8,7 | — — &gz

ALL FORCES IN KIPS N GLORAL CO-ORDINATE SYSTEM.
¥ INCICATES UPKICK LOAL AT UPKICK LUG FDR THE STATIC PLUS DYNAMIC:
COMCITION)

K€ We 12 LoAL o1 OTHER WHEEL OF TPUCK WHEN Wy 1S MAX,

-
.
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» .

BRIDGE WHEE] .

FLANGE SHEAR STRESS

MIRL ! ROLLED STEEL

23 0D,
Gymw"'53 KS/
8 T =o,g@.'1’-"i=2/2/<5/ |
27 T.D. AL 5 '
L=l .
A 78 || - SSE G _pr Gran _
L_,l - e LM_-O,é—:Iﬂ’A’--ZB.?ks/

 MAX. LoAD 088 Fy = Wyppy = 6.66 > (7h8LE 4-6 #w0 4-7)

(3 FeWhugn= 2.7 ke (Taice 9-8 g 4-3)
L= 2[ (37 -(3) "= 106 m

ASSUME ONLY HALF EFFECTIVE N) SHEAR

OBE T - 0.66 =7 ‘ SSE 7 _ 12,7 _
os¥i0G 0875 1K L= o eioerogis ~ 27«8l
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Bridbge AxLE

M7rRL : A151-1/44 HOT ROLLED

/ |Rz.
. 'y!
/ Ry v
_ G,,,W =43 ks
’/

=/ Vil
] < .
i a1 A
o 08E T . 43 .
3 == Ly =206 =72 wsi
Y ~ , _
hE® SE T,,=0622=2235,
z _ : i
5% | 56
SPAN /1, 378
< —_— =
DEPTH > S €3

*. MODE OF FAILURE [S SHEAR FOR
SEISMIC LOADS

MAxX . LOADS PER TABLES 4-6 And 4-7 For OBE ) AND 4-8 i 4-9 -

FoR SSE.

,Q_B__E_ /E;( .:-WXHHX = 6‘:66 K/P F)-/=Wy,,,9x=53.2k/P 5=WZHGK=2/29KI'-

-

DRIVER
IDLER  F¢= 6.66 KIP Fp=0 A = /42,9 &2
SSE =127 kP - K =759 kP £ =303.5 kip’
ORITER
FZ- =199, 7 «ip

/DLER Fe =12, 7kip Fy =0
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WHITING REQN. 795‘33 DATE - ":i |
BY LAlZ PAGE _4-2D o 587
MIM  9-3-87
CEE
3.5\
DRIVER Fy Fz =, ___ 2/29 6.66%/
Rz J/f ) (B i) [ Y

= 7.4 wp

IDLER _ 1492.9 6.66 13,5 _ 29 4
- Re z T TS e

SSE

——

_[(75.9)2, /' 303,5 , 12.7 x/3.§ 2.'=
DRIVER R = (____) +( t e 1711 kP

Rr z 7 1375 9.9 «ip
T _ 4 Rruax
LHﬁx T3 A
OBE _ 4 W74 _ o
RE [=35 FE =80ks
g
SE 722 L7 .y

—————

]
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BRIDGE [ruck SEISMIC LUGS.

\ 2

" s | “4325 souTs E¥ r—rfeucz

- LI N

A
1%

1

—o—|—" |
)
’
|

. \
| Let?|

1

t el \'

7%
fte—————>{

. ~——-r

+
P araal

/—m. A:glls N

EUPKICR WGS
7
.

4 BMIY RAIL
28}

1
E
1
I
e
L]
il
h
[
12
a4
p et be s BN
o

2}

2 2

ot latl .- WHEEL #
]

U<
\—e 24
-

1~ 3
\—nsu.m.um. |[;‘ /8 /..8 ] >l

MTRL,: ASTM-A36

‘G)/M/N = 36 kSI

IS

G
BE G, = L 24 ks Ta=0.6Gpo=14.9 ks

< G -
S2E Cp= S = 32.7 ko Ly = 0.6Gu = 19.6 ks
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FRICTION COEFF, #= (.25 - 1.:5;2,% 1%
X = TAN £ = 14,04° i
1725 = P j gé

MAX. WHEEL UPKICK LOAD. Puax = PuL FROM TABLE 4-6 TO 4-3
08E + Pypy = 26.7 rip
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BY ASZ paGe F—Z2 op_ 182
MM 9-3-87 .

LOAD ON EACH OF THE CORNTOURED LUGS ¢

F - ng Fis = Fy 70 (30-01) = O Pugx TAN (30-14,04)
=0./43 PMAx

~7 7
RESOLTANT FR = ffT\/Z * Fy 2 ="[(55 Friax )7' + (0. 143 Puax )?
. = 0,52 Pumax

oBe  F,=05%26.7=/34rp F,=0/43%26,7 =3,8 cip

Fo=052x26,7=13,9 kIP

sse  F,=05%78,9=39.5 kP _F;=0/43x 78.9= 11,3 wip

Fp =052 x78,9= 410 xiP

SECTION AA (SHEAR)

T, = FR cos (53.42°-30°+14.04)

_ [3.9¢0s3796°
La 2.25%2,3 2.1 Kt

CRE

"4/ cos 3746° _

_
- = [ 2
ba® —Zgzro3 = 63K
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BY ASZ PAGE 4- T3 o I8Z
MM 9-3-87
- secion -8 (Tension)
DIRECT - Fv 8ENDING (= _ M _ Fiul2.15)
O A 8H g S

I

\

G.. =Mv_ Ao (228-0,375+0.563,
Bv = g < 1
-

GB =G, +GBH +Gyy

OBE _ /3.4 3.8x2,15 |, 134x253 _

= 0= Sotvdcd | Z2sx4682 T Zasxdegr - 67 Ksl

. 3 & R
55E _ 395 /.3 x2.15 395 x2.53
T 65 B 2.2§ %468 2285x 4.68% t 228x 4.62% /g'_g‘“’
3 G

secrion C-C (7Ewsion)

oeecT . = Fv BENDING G = Fr (0.20)

N =

A dH S

G . A (5% 0563)
Bv S

. = Gp * by * Ogy

e ~ _ __ 134 3,2x020 /3.4x/,99 o
= b~ 557! 2252862 L 22286 - 1.0 ks
s o o395 | 1l3x020 |, 39.5x192 _ 5.

C " 226%x2.86 2.25x2.862 2.25 x 2.86%
6 A
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By ___ASZ pacE 4= 2% o I3L
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seciron A-A  (TeEnsion)

DreeCT (- Fr sy (53.942-30 +14.04)
| A

BENSING 65 2 ~Fu(069-020)
H S

G. . A (0.92+056)
8v — S

7Ensite G, =0y + Ggy + Gy

osE (. [398in3146° _ 382049 | [34x148 _

e A - ZZSX 213 2’25"2‘32 + 2,252 3% - /OI 7 KSI
s .

SA _ 4 Sn396° 11.3%0,49 39.5%/48 _

=4 GA - 2.285%2, 3 2.285x 2, 3% 2,2Cx2.32 3.5 &8y

6 6
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FORM N.2494

LoGa PIN
. A - LD FINISH
S Fv  Fue MaTrL 1018 coL FINI
N l ‘ Grnw = 30 kst
|
RIT T Rz %E G, = 20 0 s/

/,

1| 244 | ! -”/44

. TAu‘O.GGA{_L""/Z.O KS)
OBE  Fusx=26.7 uiP

30
SSE Pygx =T78:9 kiP =22 Gy = ,—,—-273zs,

vl - —
Ugre =06 bpy = 167 31
VerricAL LoAD ON NEARSIDE PIN.

Fon = 2 +1,875)F, - (2+0:23+25) Fy _ 6.875 (D5 Puan) = 4.73 (0,143 Pax }

/0 10
08 Fyy = 74 wiP

sSe  Fyy= 218 ke

Veericar Loap o Farsice PN,

- (IEQ "/3752Fv + 4,72 Fi - 3./25(0.§Pﬂﬁx)+4, 72(0.143 Prrax)

10 10
ORE FVF = 6'(0 KiP
$SE Fye =177 kip
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_ Fww (575-175) + Fve (175) _ Fon (175) + Fye (6.75-175)
Rl - RZ =
5.75 5,75
ope R =70 «p R, = 6,4 e
3SR =206 kP Rz= 18,9 kP

gam 1S 0875 < IS
DEPTH 2

o<

*. PROBABLE MODE OF FAILURE IS SHEAR

* »

/

. R
a2
4

SHEAR T - 4  Ruax
S
STRESS = A

Wiy

08 T =30 ks

SSE T =87 ks







. . FORM N.2494

WHITING REan. 79908 pare _S-H4-27

BY ASZ paGE 4= 28 or_ 18-
MOM 9=3-87 .
WeLos
Altowadles
MraL: ASTH-A36  Gyum = 36 kst
WewD MreL : E7DXX ELECTRODES FoR ALL WELOS Gyruy=S7 kst
57x0,6
086 Ty pu = 57,2-0'6 =22.8ks1  SSE Uyt 7 =30 kst
' _ 0.6236VYZ
- '0—6‘77&-20,4/251 DAy 27.8 Ksl
.. lw AL = 20,4 kst oo Tua =27.8 ks
(RZ) (Rl)
R LRZ
L |- MAX, FORCE ON WELD A, B
F F ) _
¢ 10 A EMAX "@mx - Rmx
< > )
085 Famax =gy = 7.0 k1P
SSE  Frppy =By =20.6 kP .
Welo A ' | G ‘ A
7 = Famax - Fa nax
A A 0,707 *0.3125 (2+6) 0
| l ' 'lFArmx '
0B Tp=2.6 ks ,

SSE Typ=78 xsi
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WewoB
.Z _ﬁz_l__z-z I Fahax { 526 )z+/ )z Farmax
R I G 0,707(0.3/25)(7-);_ 22g0T) - (Z975) 748

= l\3 lZJ
e =47 ks<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>