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Introduction 

The purpose of this report is to summarize the OH module 

connecting forces found as a result of the super-element modeling of the 

EC internal module structure. Although not presented here, this approach 

can also provide MH connecting forces and assembly deflections. 

The Basic Superelement Approach 

The EC calorimeter module assembly consists of three distinct 

module types as shown in Fig. 1. There are 16 OH modules which are 

assembled into a ring and supported at 56.25 degrees on either side of 

the centerline. The 16 MH modules are assembled concentrically within 

the OH assembly, and their weight is supported by OH along an arc 

from plus or minus 56.25 degrees about the centerline. The IH module is 

a single unit, and is supported within MH by bearing on MH at the 

56.25 degree locations as indicated in the fJ.gUJ'e. 

The closed-form calculation of the forces and moments between 

modules in such a structure is not trivial. Although it is possible to 

arrive at a solution by superimposing solutions for thin rings under 

various loadings, the thin ring approximations assume that the energy of 

the structure is well represented by the bending energy alone; that is, 

that membrane and shear deformations are not significant. A large error 

would be expected by applying this method to the analysis of the EC 

structure, since the module assemblies are not good approximations to 

thin rings, and their shear behaviour is difficult to characterize, since the 

rings are not continuous but in fact are stiff, discrete modules attached 

(~ to adjacent modules at a fmite number of points. 



A numerical approach using (mite element analysis was used instead 

to calculate the forces between modules. A well-developed technique 

known as substructuring (super-elements) was applied to permit 

economical analysis of intermediate assembly steps as well as primary 

stress evaluation of each module. This technique consists of three basic 

phases: 1)The "generation" phase breaks up the assembly into "super 

elements" (in this case, individual modules) which are then modeled in 

detail (many nodes and elements). The detailed model of each module is 

then mathematically condensed by the finite element program such that 

the only active degrees of freedom are those at the points of connection 

between the individual modules. 2)The "use" phase assembles the 

individual super-elements into the final structure, or any desired 

intermediate assembly of modules. This model can be run very 

economically due to the small size of the stiffness matrix. 3)The "stress 

pass" phase uses the displacements found in the use phase as input into 

the detailed super-element model of the module to extract stresses. 

The Finite Element Model 

DB Module Super-element 

The OH module was modeled with the dimensions shown in Fig. 2. 

The model used only the outer skin and four internal steel plates to 

characterize the module stiffness. Super-elements representing both 1/16 

in. and 1/32 in. skins were generated. The internal structural plates were 

1.87 in. thick in both super-elements. Two load vectors were generated 

for each super-element. One of these was the module weight, which was 

applied as concentrated nodal loadings on the edges of the module. The 

other loading was thermal contraction, which allowed the possibility of 

assigning a uniform temperature to each module and thereby estimate 

cooldown stresses and their effect on connection forces. Eight super­

elements were generated, and symmetry was exploited to account for the 

full arch assembly. 



Each luper-element was condensed from it'l detailed description down 

to an element containing 18 nodes, each with only three translational 

degrees of freedom. These "master" nodes are indicated in the Figure. 

Sixteen of these nodes were used to connect adjacent OH modules in the 

super-element use phase, and can be thought of as representing a 

connection scheme which uses four connectors on the inside radius and 

four connectors on the outside radius of each module. The remaining two 

nodes were used only on OH modules 1,2, and 3 to provide support 

points for the MH module assembly. 

For clarity in presenting connection force results, the inner radius 

connectors at any interface of OH modules are numbered 1-4, with 1 

being the backward-most (farthest from the collision center). The outer 

radius connectors are numbered with a similar convention. 

MH Module Super-element 

The MH module was modeled with the dimensions shown in Fig. 3. 

The model used only the outer skins and the endplates to characterize 

the module stiffness. Two load vectors, weight and thermal contraction, 

were generated with the super-element. Nine super-elements were 

generated, two of which were half modules, and symmetry was exploited 

to account for the full arch· assembly. 

Each super-element was condensed from it's detailed description down 

to an element containing eight "master" nodes (one at the corner of each 

endplate) each with only three translational degrees of freedom. These 

nodes were used to connect adjacent MH modules, and can be thought of 

as representing a connection scheme which attaches the MH modules at 

the inner and outer radius of the endplates only. Some of these nodes 

also serve to provide contact with the inner radius of the OH arch for 

transferral of the MH weight. 

m Modeling 

The effect of IH on the assembly was modeled by applying 

concentrated nodal loads to the MH arch at the location where IH will 

be supported in the fmal assembly. The loads were adjusted to account 

for the actual center of gravity of the m module. 



Boundary Conditions and Conneetion Modeling 

The model represented only one-half of the EC assembly, with the 

effects of the other half accounted for by a symmetry boundary condition 

on the vertical plane containing the module assembly centerline. The 

weight of the modules was carried to ground through OR module 3, as 

shown in Fig. 4. This module was given a two inch thick steel plate 

along it's underside where the supports are applied. The supports are 

allowed to translate freely in the horizontal direction, which requires that 

the arch assembly itself develop any horizontal reactions necessary for 

equilibrium. This should be conservative. 

The MR arch was supported on the inner radius of the OR arch 

with "gap" elements, which allow two surfaces to maintain compressive 

contact only, or separate if necessary. They were used without friction, 

and so allowed relative sliding of the MR and OR arches at the contact 

points. 

The simplest means of assembling super-elements is to generate them 

such that adjacent elements have identical node numbers at connecting 

interfaces. This will result in an "automatic" connection at this point. 

This method was used wherever total connection in all directions was 

desired between modules. 

Some runs were made in which the connectors on the inner radius of 

OR were "disconnected" in the sense that only compressive surface 

contact was allowed. This was modeled by applying an offset to the node 

numbers in the super-elements,(which eliminated the automatic 

connecting), and then using "gap" elements at the four connectors on the 

inner radius of each module interface. Nodal coupling was then used to 

enforce full connection at the outer radius connectors. In some cases, it 

was desired to "reconnect" the inner radius connectors only at the 

bottom modules. This again was done by nodal coupling. 

In some cases, it was desired to eliminate the ability of a given 

connector to sustain forces parallel to the module interface. This was 

done by constraining the two nodes at such a location to move with 

identical displacements perpendicular to the interface, but giving them 

freedom to displace relative to each other parallel to the interface. 



Results 

The connecting forces between OH modules were calculated for eight 

different models. These forces are presented in detail in the Appendices. 

A cover page to the Appendices shows the sign conventions and other 

details needed to interpret the results. The results will be summarized for 

each case in the text below. 

In earlier work it was found that a 1/32 in. skin on OH 3 (the 

support module) resulted in unacceptable stresses. Therefore, in the 

following Models 1-6, all OH modules have 1/32 in skins except OH 3, 

which has a 1/8 in. skin. 

Model 1. 

Characterisitics: 

1. 	 OH module skin thickness = 1/32 in. except OH 3 - 1/8 

in. 

2. 	 OH modules fully connected at four locations on the inner 

radius and four locations on the outer radius of each module 

interface. 

3. 	 Loading is OH, MH, and m module weight only. 

The connecting forces for this case are given in detail in Appendix 

A. To summarize, the largest connecting force on OH is found at 

theta=67.5 degrees at the second outer radius connector, and is 38000 

lbs. 

The forces which are transmitted to the inner radius of the 0 H arch 

from the weight of the MH arch and IH module for this case are shown 

in Fig. 4. 

Model 2. 

Characteristics: Same as for Model 1 except 

1. 	 Loading is OH, MH, and IH module weight plus a thermal 

gradient as shown in Fig. 5. 



The connecting forces for this case are given in detail in Appendix 

B. To summarize, the largest connecting force is found at theta=67.5 

degrees, at the third outer radius connector, and is 67000 lbs. 

Model 3. 

Characteristics: 

1. 	 OH module skin thickness = 1/32 in. except OH 3 = 1/8 

in. 

2. 	 OH modules completely connected only at four locations on 

the outer radius of each interface. The inner radius of each 

interface supports only compressive loading, and is free to 

separate if necessary. 

3. 	 Loading is OH, MH and m weight only. 

The connecting forces for this case are given in detail in Appendix 

C. To summarize, the largest connecting force is found at theta=45 

degrees, at the f1l'8t outer radius connector, and is 63500 lbs. All but one 

of the inner radius compressiv&oonly contact points separated at theta=O, 

22.5, and 45 degrees. 

The forces transmitted to the inner radius of the OH arch from the 

weight of the MH arch and m module for this case are shown in Fig. 6. 

Model 4. 

Characteristics: Same as for Model 3 except: 

1. 	 Loading is OH, MH and IH weight plus a thermal gradient 

as shown in Fig. 5. 

The connecting forces for this case are given in detail in Appendix 

D. To summarize, the largest connecting force is found at theta=O 

degrees at the first outer radius connector, and is 73000 lbs. It can be 

seen that the inner radius compression-only connectors are more active in 

this cooldown scenario. 



Model 5. 

Characteristics: 

1. 	 OB module skin thickness= 1/32 in. except OB 3 = 1/8 in. 

2. 	 OB modules fully connected at only the first and fourth 

outer radius connectors at each interface. The second and 

third outer radius connectors can sustain no force parallel to 

the module interface (shear). The inner radius connectors at 

each interface support only compressive loading, and are free 

to separate if necessary. 

3. 	 Loading is OB, MH and m weight only. 

The connecting forces for this case are given in detail in Appendix 

E. To summarize, the largest connecting force is found at theta=45 

degrees at the flrBt outer radius connector, and is 64000 lbs. 

Model 6. 

Characteristics: Same as for ModelS except 

1. 	 Loading is OH, MB and IB weight only plus a thermal 

gradient as shown in Fig. 5. 

The connecting forces for this case are given in detail in Appendix 

F. To summarize, the largest connecting force is found at theta=O 

degrees at the flrBt outer radius connector, and is 73500 lbs. 

Model '1. 

Characteristics: 

1. 	 OB module skin thickness= 1/16 in on all OB modules 

2. 	 OB modules fully connected at only the first and fourth 

outer radius connectors at each interface. The second and 

third outer radius connectors cannot resist forces parallel to 

the module interface (shear). The inner radius connectors at 

each interface support only compressive loading and are free 

to separate if necessary. 

3. 	 Loading is OB, MB and m module weight only. 



The connecting forcea for this case are given in detail in Appendix 

G. To summarize, the largest connecting forces occurs at theta=45 

degrees at the first outer radius connector, and is 66500 lbs. This force 

compares with 64000 lbs at the same location for Model 5, which is 

identical to Model 7 except for OH module skin thickneas. This implies 

that the forcea are not strong functions of skin thickness in the range 

being investigated. 

The forces transmitted to the inner radius of the OH arch by the 

weight of the MH arch and IH module for this load case are shown in 

Fig. 7. 

Model 8. 

Characteristics: 

1. 	 OH module skin thickness = 1/16 in on all OH modules. 

2. 	 OH modules fully connected at only the first and fourth 

outer radius connectors at each interface. The second and 

third outer radius connectors cannot resist forces parallel to 

the module interface (shear). The inner radius interfaces from 

theta=67.5 to theta=180 degrees can support compression 

only, and are free to separate if necessary. The inner radius 

connectors from theta=O to theta=45 degrees can sustain 

both normal compression and tension, but cannot sustain any 

force parallel to the module interface. 

3. 	 Loading is OH, MH and m module weight only. 

The connecting forces for this case are given in detail in Appendix 

H. To summarize, the largest force occurs at theta=45 degrees at the 

fll'st connector on the outer radius and is 76500 lbs. 

The forces transmitted to the inner radius of the OH arch by the 

weight of the MH arch and m module are shown in Fig. 8. 



I"'""" Conelusion 

This report includes only information on the 0 H connecting forces 

for various assumed connector schemes. The super-element machinery is in 

place to model other connector ideas, and provide information on overall 

deflections, MH connecting forces, and primary module stresses. 



IDterpretms the Appendices 

A typical block of data is reproduced below: 
t-+--"1I~"""'=----- ZI • ''"0'-- . , 

Explanation of terms: 

Theta 	 This is the angle -of the OH module interface represented by 

the following data, and is measured in a clockwise direction 

beginning from the 6 o'clock position on the EC assembled 

structure. See Fig. 1. 

Node 	 This is the node number of the master node at which the 

connecting force RESF is found. It is of no real use to the 

reader, and was included only to cheek the program. 

FX,FY 	 These are the forces in the x and y coordinate direetiollB at the 

master node, and are used to calculate RESF 

Phi 	 This is the angle which the force RESF makes with the module 

interface. It is always referenced to the module on the left and 
has the convention shown in the sketch below. 



RESF 	 This is the actual connecting force at the master node, acting 

on the interface at the angle phi. There a.re eight connecting 

points at each interface, and so eight RESF's. The first 

connecting point in each data group (node 11 in this example) 

is the inner ra.dius connector fa.rthest from the collision center, 

or inner connector 1, as shown in Fig. 2. The next connecting 

point (node 12 in this example) is inner connector 2, etc. The 

fifth connecting point (node 15 in this exa.mple) is the outer 

radius connector farthest from the collision center, or outer 

connector 1. The next connecting point (node 16 in this 

example) is outer connector 2, etc. 

Normal Force 

This is the total normal force (membrane force) between the 

two modules at the theta interface. The sign convention is that 

a positive normal force will tend to separate the modules 

(produce tension) 

Shear 	 This is the total force parallel to the interface of the modules. 

The sign convention is that a positive shear force tends to 

move the module to the right of the interface toward the center 

of the assembly. 

Moment 	 This is the total moment a.t the interface about the centroid of 

the section. The sign convention is that a positive moment 

tends to put the inner radius in tension. 

Force on 	Inner Radius 

This is the vector sum of the forces on the four connectors at 

the inner radius. 

Force on 	Outer Radius 

This is the vector sum of the forces on the four connectors at 

the outer radius. 

--------------_.._-_.. ­
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I?.,' NOR"AL FORCE· -28670.101' SHEAR. -1758."6 "OHern. 2~681a.800 

·FORCE OM:IMH£R IAD-IUSIL... 408..7 afl .. fOleli ·-ON·QUi.1t lMU,USa_-.....2S9al..a4i--...--- ". 
::'1 
m THETA· 157.500 
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MODlll FX· ;'2.152 FYa 168l·70! Ptlp' -27.6,4 RcSF. 169Z.~It ..III(1:':'1 00 FX· -1 86. 20 FY· 60a .33 PH. -6.'&' 3 RE. F. 6a38 • .&.73 
" 00 FX· -2" 1. 0 'f. 59' .19P" • -.2 0 RE F. 6,.27.940
;·1 igD&Utf: -ad::tH H:· -:.;m!3:0-' -~n 0 ·-,;;dt:m-·Hlli-· U:!!~lf···- - -.. 

f 1"1 "sSI Z6 FXo lau:ro no -21'iZ.688 PHlo -lZ8.~o5 RESFo 1'i23.1h 
~~1 .. =8Bi..:flJl:.. .ib ·yg...~l:.-,-..:!lll:m...&nl=--:tjl:Ut.llf~: Jttl!8ga ___ ......... ......__
:\"', 

i 
'r MORltAL FORCE. -20661.805 SHEAR. -3851.486 ftO"ENT. Z'1262.929 
~?! fORCE OM INMER RADIUS. 20108.235 fORce ON OUTER RAOIUS. 2677Z.791 
.. 

( . 
j .. ..._.... .. ... ,.. ...... ..... .. .... ... . ...... 

•" THETA· 180.000 

e,·..aOE· il-JiX-a·· .. ZO'f•• lIO--Ji-Y-----·..·· -.4Ot-~Hl. ---90 • .000- JcEip· ~l...l~----···hOOE 8Z FX· -, '.~1t3 FY· .00, PHI. 90.000 RE~F. '1,.,..3
NRDE 83 FX· -1~66.760 FY· -.00 P~I. 90.000 RlSF- 150b.7bO ~ fte D£ ~W_ _2A~Q_.'~ tv. -.ona PH. 90.uOO R~S~. 38~9.570 
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~ NO E \ FX- ~832.19 FY- • PH - -\ jtOOO RtSF- lt83l.190 
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~•~*.~••••••• FULLY ASSEH8LED EC STRUCTURE ••••••••••••••••••••••••• 
••••••••~•• THERHAL LOADiNG CORRECTED fOR Z IN. ~TE •••••••••••• , )
••••••• ,... OH 1 AT 15 K r·.I•••••~..... OH Z AT 20 K J\~veV'ld\~ ~ ••••••••••••• OH 3 AT 250K

';·:::m-t:::::···· RU t-tt-~~R~- ... 
~ 
I 

••••••••••••• MH 3. ~50K 

~ •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ~/20/87 ••••••••••••••••••••••••••••••••••• 
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~ITHETA. 0.000 

~.H80E- 1 FX· l'983·'tg8 FY·. .~88 PHI· 98. 0°8 RlsF.71M BE 2 FX· 18829.It FY· • PHI· 9 .08 R SF.' 15:1~:~S8 ,.
INO E 3 fX· 33286.3 0 FY· • PHI. 90.0 R SF. 3128b.300PN80E ~ FX· 52198.700 FY· .000 PHI· 90.000 REiF. 'lI98.70S! 

II It DE '''~ FX. 7271.230 FY·, -gog ""PHI·. 98.888 ItE F. .lill:ia,···10 NODE 6 FX. -320.307 FY. • 0 PHI. -9. RE F. 
I,NOOE 7 FX· -2532.000 FY· .000 PHI. -90.000 RESF. 2532.000] 
12 

NODE 8 FX- -2870.910 FY· -.QUO PHI- -90.000 RESF. 2870.910 
"4~ ~__ '. _ ••___,'(NO-it"A": FORCE· llt1839~813' SHEAR- .000 ItOltENT. 1665"b9 .441t· -- -.-----.-. 


,.!FORCE ON INNER RADIUS· 1lt0297.800 FORCE ON OUTER RADIUS. l'lt2.013 

'" ' 
,e'THET A. 22.500 .. - ,,, 
,~ 

NODE i1 FX· 22lt3~.600 FY· -It450Z. 601PHI· 't9.Z58 REIF. It9839.~61t::=8Br" i ~~: 'llX22:~I~~~: :~t~il: Hi" ~~,: ~~ :ia~ I~ ~:" ~l,i!~:'8l~ ,... -._, ... ,
,,,'NODE ~ FX· 30886'.9 0 FY· -4437 .00 PH!. 57.3ltl RE F. 54&63.620 
. iNOOE 5 FX· 23495.5 0 FY· 3030 .400 PHI. 161t.710 RESF. 383~3.361 
,"':NODE.1.b FX·, lZ5l5.8g0FY... 3361t7.30g .PHI·' .,-177 .919 RISF._~.3'903.t.154 .. '..
NNOOE 17 FX· 13711.5 0 FY· 35678.20 PH· -17d.522 R SF· 38222.231t 

, 18 FX· 178~2.8 0 FY· 34969.500 PHI. J.75.520 R SF. 39240.357"iNDOE 

2~'.lNDrUUL FOR e· It 8 .81t3 tlEAR· 7 .3. 57 ~O" ,.. 142570.6 . It .. .l
j'"iFORCE O~ lAMER lABtui. 185~1t8.3b8 ~~R~E aN aUTE~ lADIUS.· 1!6~89.668· - . ..-- .. '''' 
"( 

~'ITHETA· ItS.OOO 
. ~I 
.. IMOOE 21 FX· 5110.5ltO FY· -It731Z.500 PHI- 51.165 RfSF- It7587.711 
'--IMOOE 12 FX· -17772.bOO FY· -Itlt099.100 PHI- 23.317 RES F· It8102.753 
"~)'N D 3 FX· -13931t.200 FY· - It It. H • 21t. 3 RESF. 9999.712~,tMRB( .. F X - -3b95. 60 FY· "~l~b~o. ~82, .. ~HI· ~o .!;1 RESF· 'llt822.·9l,--- '-~. 

, ,NO ~ 5 FX· ~8 ..74. go FY. Ib3i9.80~ PH. 153.007 RESF. Slllt7.1t 
1.• NOOE 6 FX· 18t35.80 FY- 30602.500 PH· -166.066 RESF. 3~72b.6 
" NODE 27 FX· 337lt1.108 FY· 29518.688 PHI. 176.174 ftESF. 1t~825.633
I~:~INODE 28 FX· It7653.l0 FY· 209b.1t PHI· l'8.7lt2 RESF. 52059.253' 

; .!NORHAL FORce· 1371tt1.221t SHEAR· 29153.69, 110HENT. 788905.301 
:' FORCE ON .INNER RADIUS. 176790.6ltl FORCE ON OIJTER RAOIUS. 177lt21t.887I,' , , ' .. 

i ", 
, ITHET A. b7.500t f~ I 

,NODE 31 FX· -30715.700 FY. -2b~37.700 ' PHI. 17.altl RESF· 40377.259,iNDOE 32 FX. -21099.600 FY· -15188.900 PHI. llt.308 RESF· 26353.03b 
NODE 13 FX. -30648.,°8FY· -15ltI4.tOO PHI· It.18~ RESF. 3lt30l·492<,HDBE 4 FX. -3~2ltl. 0 FY· _~2Z6 6. 88 PHI- 12.b20 RllF.NO E 5 FX. 3 398. 0 FY· 369 9. PH • '~lSit .626 R F- l3~'2:iJ~ -._.. 
NODE b FX· It ~20.900 FY· 52986.700 PHI. -1'U.111 R f. b6887.490NoDe 37 FX. 37110.~00 FY- 33318.ltO~ PHI. -.160.582 RESF. It9872.814 

I 
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NODE 38 FX- 3381~.300 FY- 1~096.600 PHI- -119.903 RESF- 3~~91.126 

NORMAL r ~CE- -~1313.~29 SHEAR- 500bO.01~ "O"EN· ) 1215723.6~3
FOPCE at. !NNE~ RADIUS- 139900.~'9 FORCE ON OUTER. IUS- 1998~1.691t . ~ 

TH£JA- 90.000 
! 'I 

! ; NODE 41 FX- 1t215.900 FY- -10222.200 PHI- 112.1t12 RESF- 110'7.41t9 
NODE 42 FX- 8201.440 FY- 15658.000 PHI- -117.645 RESF- 11675.876\ "NODE 1t3 FX- 5012.240 FY- 11157.388 PHI- -113.089 RESF- 2781.105

I "NODE Itlt FX- 2575.900 FY- 1669.2 PH - - 1t7.056 ~ESF- 3069.1t44 
·1 ~INOOE 45 FX- 1598.920 FY- 9001.Q50 PHI- -100.065 RESF- 911t8.754 

iNOOE 1t6 fX- ~213.380 FY- 11689.600 PHI- -l09.8Z1 RESF- 121t25.752 
I r'N8 oE 47 FX - 2014.610 FY - 61t27. Q70 PHI- -112.131t RESF- f)939 ,.379 .. 
1 

7 
" DE 48 FX- 2007.070 FY- -127.239 PH - 176.373 RESF- 2011.099 

I ' 

jelNSRMAL FORCE- -45860.541 SHEAR- 30\39.521 "O"ENT- 97631.924 
, 
.:' 
r, 
..E .RtE....OtLINHER RADIUS.!'...2749.'.55.6. FORCE.. ON.OUTER R4D.IUS- : ____.28.9't4 •..3~.~.. _._...... . 

-.....- _..__ .. 
"ITHETA- 112.500 
1) 

"M8 DE 51 FX- 2985.930 FY- -3240.148 PHr- 155.157 RESF- -4Ii0fi. 606'
,.N DE 52 FX- 8737.660 FY- 15911.00 PHI- -96.274 RESF- 18152.317 

., NODE 53 FX- 7535.828 FY- .14098.,8° PHI- -95.626 RESF- 1~985'f75
~NQDE_'~ FX- 6~50.72 FY-_. t128a 8 PH - -99.993 RESf- 2008.07

i"INODE 55 FX- 2032.170 FY- - 256.3 PH - 170.175 RESF- 2389.59 
11[100E 56 FX- 974.161t FY- 180. 30 PHI- -107.032 RESF- 1530. 91t

NODE 51 FX- 392.274 FY- - 9~.Q~9 PHI- lit .91t3 RESF- 798.027 ~ E. '8. EX.. .13 30 •.1Z0f.1.-._... ~i9l0J 3'0 ..... P.HI.- .. 1.5& .O~~__ .RESJ~ .. 21.82, '.1.1_._______ ~ ....
,vi 

niNOR"AL FORce- -~3425.812 SHEAR- 11t959.933 "O"E~T- -533133.487
71iFORC E ON INNER RADIUS- ~4970. 73lt FORCE ON OUTER RADIUS- 5350.008 
; II 
,"iTHETA- 135.000 

I 
"INoOE.61 fX- 5011."78 FY- 13"7.790 PHI- -119,961t REiF- 5195.339 
~'INOOE 62 FX- 13517.4 FY- 7747.750·' PH -" '-185.180 RE F- '15580.164" 

1,u'MOOE 63 FX- 13650.8 0 FY- 7795.620 PHI- ~1 5.270 RE F- 15719.925 
I :NODE 64 FX- 17731.580 FY- 7960.560 PHI- -110.822 RESF- 19436.~76. 
~'"ODE 65 F x- -3680.1t6.8 FY- ... -5067. 820 PHI- 99 ,011 RE~F- 6263.273
:;NOOE 6~ FX- -5~18.11t FY- 1786.730 PHI- Z6.7~9 RE F- '5705.142"-' ­
aNODE 67 FX- -~152.680 FY- 1163.780 PHI- 33.563 RE F- 5869.217~. NODE 68 FX- -~6'6.500 FY- 196.15~ PHI- ~Z.572 RESF- 1t630.65~ 

:'~:NOR"AL ~ORCE- -377'8.2~6 SHEAR-· . 5309.617 MOMENT- -816010.343 ......... 

i"! FO RCE ON INNER RAO IUS- 55761.383 FORe E ON OlH ER RAOI US- 19572.296
I 
! 1,1 

'i THETA- 151.500 
I 

:NODE 71 FX- 6~lb.970 FY- 6b.900 PHI- -111.903 RESF- 6417.319"", N88E.12 fX-. 33b5 .l98 FY-~28 5.398 PHI- -54.985 RESF- 6265.768 ... _
"N E 73 FX- 2688.63 FY- 564f).13PH - -~7.963 RESF- 6253.600 
" NODE 8~3.460 FY- 5467.208 PH - -31.270 RESF- 5531.880lit FX-

IMOgE 5 FX- 1t96g.798 FY- -I02~.66 PHI- -134.102 REIF- 5358.049 
"I NO E 6 FX- 527 .79 FY- - 665.1 H - -13 .032 RE F- 5 7.554
',NODE 77 FX- 4912.~80 FY- - 1t89.Qi8 ~HI- -12S.372 RE F-" ~1i3.41t8 
4 NODE 78 FX- 1981.140 FY- 179.31t9 PHI- -107.321 RE F- 1989.242 

~JKOR"AL FORCE- -32509.955 SHEAR- 10~6.21Z "O~ENT- -56326.3U2


FORCE ON I~NER RADIuS- 21175.12~ FORCE ON OUTER RADIUS- ·17840.288 

---_._-_._,-_.. _--_. --'-'-'" .................. _--'" . ..-......_...... . .. _-_ .._-­

http:RADIuS-21175.12
http:FY--I02~.66
http:FX-2688.63
http:RESF-1t630.65
http:FY-196.15
http:INoOE.61
http:RESF-2389.59
http:RESf-2008.07
http:FX-6~50.72
http:FY-15911.00
http:SHEAR-500bO.01


N ~E 81~1- 1901.530 FY- .ogo PHI- -90· -,0 RESF- 79Oi.'30 
M E 8 - 5Z56.640 Fr- • PH - -90, R F- 5 .640 )

: H E 8 fX- 39Z0.040 Fr- .808 PHI- -9o.a08 R~IF- i*ZO.04U 
II IE 8~ FX- lZ7~,5~0 FY- -'8gB PHI- -9°'8°8 REIF- 127~,5~O
N 8 - 8.b 9 Fr- • PH - -90. 0 RE F- 898.609 

V ri" I 8. H. 3!~f>'ltO FY· -'~ 8 p+ -90'88° RE F. . 377"1~8 

" 

,M 0 8 FX- 3 64.6 0 Fr- -. 0 PH - -90. 0 RE F- 3964.6 
, HODE 88 FX- 3"41.310 Fr- • 00 PHI- -90.000 RESF- 3"47.310~I 

~iNOR"Al FORCE- -30439.1t49 SHEAR- '.081 KOHENT- -75192.61'2I 
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THETA- 0.000 


NODE 1 FX- C.r)OO FY- O.ogo PHI- 0.000 RESF- 0.000
NODI: l fX- 0.000 FY. 0.0 0 PHI· 0.000 RESF- 0.000NODE 3 FX. 0.000 FY. 0.000 PHI- 0.000 RESF- 0.000NODE 4 FX- O.JOu FY- O.ogo PHI- 0.000 RESF- 0.000 .. NODE , fX- 58680.600 FY- 0.0 0 PHI- 90.000 RtSF- 5Sc8b.600·NODE 6 FX- 28431.000 FY- 0.000 PHI- IlO.JOO RE~F- ,2"431.000
I' NODE 7 FX- 18359.700 FY­ 0.000 PHI- 90.000 RES F- 18359.100 
i, NODE 8 fX. 13587.700 FY- 0.000 PHI- 90.000 RESF- 13587.700 


NORMAL FORCE- 1l906'.OOO SHEAR- 0.000 MuIiEIU- 0.000 

l' FORCE UN INNER RAOIUS- 0.000 FORCE ON OJTER RADlUS- 119065.000 


THETA- 22.500 


.. NODE 11 FX- O.ocg FY- O.goo PHI- 0.000 .RESF- 0.000 

! ,NODE 12 fX- o.oe FY. o. 00 PHI- 0.000 RESF- O.DOO ---'! NODE 13 FX. 0.000 FY- 0.000 PHI- o.()OO RESF- 0.000I" NODE 14 FX· o.Joe FY. 0.000 PHI- (.1 • .,)00 RESF- 0.000 

Ht NODE 15 FX- 55f~2.200 FY- -22215.200 PHI- 90.593 RESf- 59541.71~ 
"OO~ u .. 'FX- 26 '3.700 FY- -11194.~OO PHI-- 89.327 RE~F- 28,..,.8.933- .... ---. -_.- ... _ ..
NOD 17 FX- 17827.000 FY· -6J95.240 PHI- 9l.705 RE F- 18939.404HODE 16 FX- 13409.100 FY. -3998.010 PHI- 9~ .896 RESF- 13993.020 

I . 

I • N8 RMAL FORCE- 120821.79~ SHEAR- 263~.'16 M09ENT- 0.000
.F RCE ON I~NER RAOIUS- o.oo~ FOR E ON O~ ER ~ADIUS- 1206!1C.49Z 


THETA- 45.000 - .. -.~ --- ~ . -- - .....
_ 

NODE 21 FX- 0.000 FY- 0.000 PHI- O.GOO RESF- 0.000 
. -NODE iZ Fx- 0.08~ FY- 0'8°0 PHi- 8.ogo RE~F- o·sog
I;' NSDE 1 FX- 0.0 FY· PH - .0 0 RE F- O. 0 

-,! N DE FX- -1876.870 FY. 187g: 898 PHI- -90.000 RESF- 2654.295.:;-',NOOE 25 FX- 41141.,00 FY- -425b3.400 PHI- 92.921 RESF- 63!U3.Z7Z 
;"'N8oE !6 FX- 159~t.500 FY- -22171.100 PHI- 80.193 REjF- ZI333.b9 3r;,'N DE:' 7 FX·· .18, .!>oo FY· -1;896.0YO PH - 10J. .962 RE f.·28~9.5 ·It···· ~."" -~.~" NODE 28 FX- 14 3J..400 FY- - 991.2 0 PHI- 106.522 RE F- 167 9.2831:\·' 

;"NORrtAL FORCE- 125111.037 SHEAR- 6.1.52.073 HuI1EtH- -156575'i'lO 
_L__, .FORCE ON INNER RADIUS- 2654.295 FORCE ON OUTER RADIUS- 280~5.017 

http:REjF-ZI333.b9
http:RAOIUS-o.oo
http:FORCE-120821.79
http:RESf-59541.71


T~ETA. QC.COc.) ) )
NODE 41 f-.( ­ 0.000 FY- 335,.340 PHI- -90.000 RESF- 335!h340NODE 1t2 FX- O'goo FY- 297fl.380 PHI- -90.000 Re~F- 297.:l3.300NODE 1t3 FX- O. 00 FY- 2'" 7.4 0 PHI- -9(1.000 RE F- 2)417.ltOONODE 1t4 FX- 0.000 FY- 205llt.10U PHI- -90.01l0 RESf- 20524.100NODE 45 FX- 710.373 FY- -15696.700 PHI- 92.591 RESF- 15712.760
NOO~ 1t6 FX- 7579.050 FY- -5719.310 PHI- 142.961 RE~F- 9494.867NOD 47 FX- 5,90.320 FY- -6625.160 PHI- 126.608 RE F- 8478.221NODE 1t8 fX- 20~3.440 FY- -5128.380 PHI- 1.J.l.725 RESF- 5:'20.)01 

. NORMAL FORce- -4'6&O.~69 SHEAR- l5623.244 MJMENT- -1346396.529
FORCE ON INNER RADIUS- 7QU30.140 FORCE ON O~TER R.OIUS- 36664.736 

. c THETA- 112.500 
:' NODE 51 FX- 1413.100 FY- 3411.530 PHI- -90.)00 RESF- 3692.613"NODE 52 FX- 10311.,00 FY­ 24893.500 PHI- -90.000 RESF- 'b944.521

NOO~ ~3 FX- 1026~.988 FY- 24780.500 PHI- -~o.ooo RESF- 26828.713NOg' .. FX- 1¥20'j FY- £464,,18° PHI- -90'gOO RfSF- Z667f·ltZ~NO E 55 FX- - 353. 50 FY- - 4958.1 0 PHI- 60. 21 RE;SF- lobo .91 
. N0DI ~6 FX- -5304.180 FY- -10189.00 PHI- 85.001 RESF- 11467.483NOD «7 FX- -380,.860 FY- -1¥782.g0 PHI- 93.'J71. Rt::SF- 1,432.990iNDO 58 FX- -114.549 FY- - 408. 98 PHI- 111.614 RESF- 409.'+76 

"iNORrlAL FORCE- -37755.&73 SHEAR- lZ71.~~; MOMENT- -1~66247.696
,'":FORCE ON INNER RADIUS- 8413ij.Z6b fORCE ON OUTER RADIUS­. ~.r . . . 46399.813 

' 

:; THETA- 135.000 

, NODE 61 FX- 1934.180 FY- 193~.180 PHI- -'}O.OOO RESF- 2735.3,.1t
,NODE 62 FX- 14043.100 FY- 1401t3.100 PHI- -90.000 RESF- 19859.94Z

NODE 63 FX- 16919.~OO FY- 16919.400 PHI- -90.000 RESF- 23927.645"NOOE 64 FX- 20958.bOO FY- 2¥958.600 PHI- -90,OOg REr" 19639.936 
, NoDe 6' F~- -1~OI1.600 FY- ,- 8iS- 810 "PH - 78.13 R~ F- lit 3 It It • 2Z1---- - "--,--. .<---~-~ 

I NODE 66 F • - 96 .300 FY- -70 .940 PHI- 77.598 R F- 13013.'3~eNODE b7 FX- -lozeo.700 FY- -9'SZ.3ItO PHI- 87.986 RE F- 140'3.969NODE 68 FX- -4976.500 FY- -64 0.620 PHI- ~7.522 RESF- 8178.857 
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