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SHOT LOADING PLATFORM ANALYSIS 

1.0 INTRODUCTION ' 

Equipment Stress  Analysis was asked t o  design a s u p p o r t  system t h a t  
would be able t o  t ransfer  s h o t  from a hopper into containers res t ing  on the  
f la tbeds of trucks. This s u p p o r t  system also had t o  have shielding capabi l i ty  
t o  protect workers from radiation exposure. A wind and seismic analysis was 
performed on the  support system t o  determine member sizes. Hand calculat ions 
were used t o  determine s t resses  and overturning forces i n  the  support 
structure. 

The design i s  i n  accordance w i t h  SDC 4.1 (HPS) and i s  safe ty  c lass  3SQ. 
The design and fabricat ion is  i n  accordance w i t h  American I n s t i t u t e  of Steel 
Construction, Manual of Steel Construction (AISC 1989). A1 1 we1 d i n g  and we1 d 
inspection is  i n  accordance w i t h  AWS D1.l. The applied loads t o  the  s h o t  
s u p p o r t  system were i n  accordance w i t h  the  UBC (ICBO 1991) and ASCE 7-88 
(ASCE 1988). 

Results of the analysis appear i n  Section 2.0. Loadings and 
Section 4 discusses the s t r e s s  analysis configurations appear i n  Section 3.0. 

process, and the appendices contain the  calculations.  

2.0 RESULTS 

The allowable loads and s t resses  for members were based on the American 
Institute o f  Stee7 Construction (AISC 1989). 
res tor ing moments a re  based on the Uniform Bui7ding Code (UBC) (ICBO 1991). 

Overturning moments and 

The support s t ruc ture  was checked f o r  overturning along i ts  two main 
Calculations indicate a safety factor  greater  than 1.5; therefore  axes. 

overturning w i  11 not occur. 

The bending stresses i n  the  shot support s t ruc ture  t h a t  result from 
l a t e r a l  and gravi ty  loads a re  acceptable. 
a re  acceptable f o r  the appl i ed 1 oads. 

The bending stresses i n  the  funnels 

The hopper was provided by the GAR-BRO Company, Heb,er Springs, Arkansas. 
No s t ruc tura l  analysis was performed on this piece of equipment by WHC 
engineering. Analysis was performed by GAR-BRO. 

During operation, the maximum applied loads t o  the assembly a re  as 
follows: ten cubic f e e t  of lead s h o t  i n  the  hopper, 2 personnel w i t h  
assocdated equipment, and 1,000 l b  of lead blankets spread over a minimum o f  
10 f t  area. 

1 
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3.0 CONFIGURATIONS AND LOADINGS 

3.1 CONFIGURATIONS 

The drawings l i s t e d  below document the configurations f o r  t he  shot 
1 oading platform assembly and the funnels: 

0 H-2-83738 Shot Loading P1 atform 

0 

0 

H-2-83 745 
& H-2-83756 

H-2-83751 

Tank 241-C-106 Funnels 

Tank 241-SY-101 Funnel s. 

The configurations and dimensions of the components analyzed appear i n  
Appendix A along w i t h  the  calculations.  

3.2 LOADINGS 

The loading c r i t e r i a  were based on the amount o f  shielding required t o  
keep exposure limits t o  a minimum. 
loads appears i n  Appendix A along w i t h  the  calculations.  

Discussion of  the weights and applied 

4.0 STRESS ANALYSIS 

The applied loads t o  the shot s u p p o r t  system were i n  accordance w i t h  the  
UBC (ICBO 1991) and ASCE 7-88 (ASCE 1988). 
ver i fy  s t ruc tura l  member s izes  and weld s izes .  
applied loads i n  depth, as well as the actual and allowable loads. 

Hand calculations were used t o  
Appendix A discusses the  

2 
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The problem was run u t i l i z ing  t h e  program ISOSHLD on a Cray mainframe 
computer. The hardware was modeled as a cylinder o f  waste o f  density 
p 1 . 2  s/crt?, surrounded by a cylinder o f  a i r ,  two shielding cylinders, and a 
s tee l  cylinder whose thickness equaled the sum o f  the t w o  packages. 
shielding cylinders were run  as an inner cylinder .of lead and an outer 
cylinder of a i r .  Tine thicknesses of these t ! ~ c  cylinders were varied from 
a l l  a i r  t o  almost a l l  lead. 
cylinders combined remained the same. The exposure rate was taken a t  the 
canter of the length 04 these cylinders a t  the outer surface. 

The 

In a l l  cases, the thickness o f  these two 

The Results 

A-16 
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POSiS aci as vcrtic;; un: i icvc  bczxs 
k resisting bo::zoniz! t h s :  applici ai 
thc rop raii. hcoomg ZZIOC)+=: prociucci 
by borironul thrusi oornz!ir coarrois 
ocsigz, and strcssu a a y  bc c&uiaic2 
by rbc iormuis: 

w/12 x L x h 
S for uniiorm loading I -  

0 1  

F ~ I  x b 

S f -  - lor conccniraici loading 

kllowa ble 
Siress 
(psi) 

21,000 
24.00C' 
9,500 

11,500' 
151000 
24.00C' 
i 7 SO0 

Minimum Moouius of 
YielC Eiasrrcity 
(Dsi)  psi x IO*) 
25.000 7 0.0 
25.000 7 0.0 
76.030 10.0 
16.000 1 C.D 
25.000 i 0.0 
25.000 i 0.0 
19.030 X.0 

7203 3 7.0 

I 
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Gis:ribotioo o! jus05 t h ~ o u ~ t  rnclt~. 
plc spnm dccrcaxs Eaxinurr; 'ncncing 
momcn: in norizontsl mcmbcrs C;L 
cuittion O! s i r t ~ c  io: t5!icrm: nu=- 
hers oi span: is occozpiis'nci, by vw- 
in& the bcndmg momcni consian:. Tnc 
foliowing for=lubc opply: 

For. uniform v c n i u i  or horizonla1 
loads: 

i; - 6 for onc 01 two spans 
K = 9.5 ior tntcc 0: morc spans 

For conccntraicl io ia r ,  appiieC ai  
mid-span: . 

F Y ! .  
I =  - 

5 x >: 
K = 4 io: onc spzr: 
I; - 5 io: rwo or mor: n;ns 

- -  

I 

i 
I 



. .  

and whcrc post spacing usurlly varies 
bcivccn  3 feci and 6 k t ,  load disrribu- 
tion ir fairly uniform a d  t h e  grurest 
proportion of J conctntratcd load cu. 
ried by any one post can be estimaicd as 
follows: 

( .  

End posts: 
01 i 2 span railing - 85% 
a! 3 or more spans - 82% 
l n ~ c r m e d i ~ ~ c  posts: 
ol i 2 span raiiing - 65% 
o13 or more spans - 60% 
Thus, if I 200 Ib. concenustcd load is 

speciiicd, actual design load IO be ap- 
plied i t  the 10p of the mod post is 62% 
of 200 Ibs. or 16: I'Ds; design load. to be  
applied 10 intemcod~arc posts is 60% of 
200 IDS. or 120 I ~ s .  
No=: I,/ end pons djffer fzom in- 
LZIYJI~~~OLC p o s ~  in SUU?@, thc load 
~ S U Z * D U L ~ Q D  pot= becomu mdercr- 
minrrrc and radposu should t b a  be 
designed to 1005 of zhc conca- 
unreo' i ~ d .  iOl~m&otc posts moy 
GUJ be desjped IO rhc **cure: 
I w d e Z "  conciiuon. 

mun be designed IO u ~ i y  the iull COD- 
cmaaIcd Ioai. 

ln single spa rsiiings, Cich post 

Tnc d h u s  of 2 rail or post is: 
f -) 

. Rov.0 . -. - -  
:c 

i 

w'. EXPLANATIONOF SYMBOLS 

w - Uniiorm horizontal loaoinp. lDS/ft (Derpendicular 10 ine rail). 
L - SDan beiween centerlines 01 D O S E .  or brackets (incnes). 
P = Horizontal lorce. perpenotcular to rail appliee at top 01 posi 

FE = Horizontal iorce. perpendicular lo rail at any poini alonp the 

Fin - Verlrcal iorce. perpendicular lo rail a: any poinl Delween 

h = Heipht of post. Distance from poinl of load application 

N, - tiending moment (in. IDS.) 
f - Unil sress (DS~) 
f = Allowable fiwr stless for oesion (osi.) 
S, = Section mooulus (in.') 

I, = Momtnl of menia (in:) 
k - SliIfness of memoer 
K = Bendino moment constant 
c - Dtstance from lhe neutral axis to the extreme f i b e r  ol any 

E - Modulus of elasticity (psi.) 
c - Deilcdion fin.) 

(IbS). 

railing (IDS). 

posts (ies). 

atme top of aitacnrneni (in). 

. _  

seEiion (inJ 

NOTE: Values lor "w" (uniform load in IbsJit.) a re  convertec to 
1bs.h. by dmding by '12 

F i p r e  D 

CENTER LO&DED i 

. . .  --- ..... ...... 

. . . . .  ........ ........ . . . . . . . . . . . . . . . . . . . . .  ........ ........... . . . . . . .  . .-.. . . . .  ..- . . . . . . . . . . . . .  .......... . . . .  ..... . . . . . .  ........ -- - - 
0.1 LD 10 100 1000 



designa. E v a  though insrallarions 
meel rumgth I C ~ ~ ~ C J D ~ D U ,  ucus ivc  
defIccrio~ undcr load txn produce I 

psycholopid fccling of ~ u ~ c t u r a l  in- 
rdquc) . .  On the otba hand, s cmain 
duc~iliry io thc rail bclps i o  absorb the 
shock of an imptcr. M'bcre tbuc is no 
ductility, is b a coaacic railing, t h e  
shock of an impact i s  much putcr and 
tbuc is incrused risk of a person being 
iniurcd by a fa11 against the rail. 
In a retent govunment reswch proj- 

ect whicb atrcmprcd to deiamine tbe 
impact of t I d i n g  human body on a 
p u v d  rail, ductility of the rail was not 
considucd and  tbc test set-up was of a 
complciclp ripid design. Accordingly, 
the IISI results showed uprwonablg 
high impact loa& and tbc l~ariing crj- 
tPit recommended by toni agency 
were farkyond acaprcd practice and 
rusonablc economics. 

' Ibc decision of how mu& d;rsric de- 
f ieetio~~ is rusonnbjc is left wiio toe 
designa. herd defrecti~n of posts a d  
borizond or VaCjUl  denecrion o! rails 
are computed as follows: 

For pru: 

~ 1 1 2  x L % h a .  P a ba 
or - A -  3 x L x l  3 x E x )  

For n i l r :  

Conccntnid load ai center of s p a :  

F x La 
4 6 x E x I  

A -  

U d o r m  loading: 

5 x w/lq x L' 
A -  

384 x E x I 

Conclusion 
It is important to  keep in mind that 

tbe m p b ~ r i a g  calculations apply onjy 
to tbc  srmcnval members of tberailing 
itself a d  &ai a number of 0th- factors 
are essential IO a s d e  railing which 
w m p l i a  wirb c o d a  and rqdadons: 

Conaccrions within the nil- 
ing, wbctba wellid or me- 
chanical, m w  be propaly de- 
s i p &  and a c c u t d .  
b d s  i o 6  ~ h t n p e s  0-f direction 
must be properly supponed, 
avoiding accssive ovahag . 
2nd unsupported. nuns. 
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bracicrs ,  fioor fiangcs and 
facia nangcs must hc SO de-  
signed 1 s  io sustain u*hatcvcr 
load- t b q  may nonnally. k 
subjected to.  Jesi reports 
sbould be +labic horn tbc 
manufacturers of tbesc pans. 
fasteacrs, used fo: mchoring 
must bc a! rbc propc s i x  rad 
type for tbc required loading 
and must bc corrosion rcsis- 
t int ii exposed io ibc elemcots 
or io conosii~e conditions. Toc 
mandic tura  of proprictq 
ancboring devices usually 
pu blis bes tables of a1 Iowa bie 
loads a d  applicable factors of 
SifCt).. 

Ibe supponing structure must 
bc some so as KO provide p rop  
cf anchorage for tbe railingand 
Dive it SdCaUiKt suppor,. 

Engineering 6 u i . p  is only one pbasc in 
tbc consmcrion 01 s s d c  railing. C o d  
workmanship, suitnbie mcccssories i o d  
propa installation on a sound suppon- 
ing smcnve are 111 essential. Failure in 
a g  m e  of t b u e  =us may u w e  
sajout  pblems .  

I '  3 _. . .  
r' 
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