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SHOT LOADING PLATFORM ANALYSIS

1.0 INTRODUCTION

Equipment Stress Analysis was asked to design a support system that
would be able to transfer shot from a hopper into containers resting on the
flatbeds of trucks. This support system also had to have shielding capability
to protect workers from radiation exposure. A wind and seismic analysis was
performed on the support system to determine member sizes. Hand calculations
were used to determine stresses and overturning forces in the support
structure.

The design is in accordance with SDC 4.1 (HPS) and is safety class 3SQ.
The design and fabrication is in accordance with American Institute of Steel
Construction, Manual of Steel Construction (AISC 1989). A1l welding and weld
inspection is in accordance with AWS D1.1. The applied loads to the shot
support system were in accordance with the UBC (ICBO 1991) and ASCE 7-88
(ASCE 1988).

Results of the analysis appear in Section 2.0. Loadings and
configurations appear in Section 3.0. Section 4 discusses the stress analysis
process, and the appendices contain the calculations.

2.0 RESULTS

The allowable loads and stresses for members were based on the American
Institute of Steel Construction (AISC 1989). Overturning moments and
restoring moments are based on the Uniform Building Code (UBC)(ICBO 1991).

The support structure was checked for overturning along its two main
axes. Calculations indicate a safety factor greater than 1.5; therefore
overturning will not occur.

The bending stresses in the shot support structure that result from
lateral and gravity loads are acceptable. The bending stresses in the funnels
are acceptable for the applied loads.

The hopper was provided by the GAR-BRO Company, Heber Springs, Arkansas.
No structural analysis was performed on this piece of equipment by WHC
engineering. Analysis was performed by GAR-BRO.

During operation, the maximum applied loads to the assembly are as
follows: ten cubic feet of lead shot in the hopper, 2 personnel with
assocgated equipment, and 1,000 1b of Tead blankets spread over a minimum of
10 ft° area.
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3.0 CONFIGURATIONS AND LOADINGS
3.1 CONFIGURATIONS

The drawings listed below document the configurations for the shot
loading platform assembly and the funneis:

. H-2-83738 Shot Loading Platform

. H-2-83745 Tank 241-C-106 Funnels
& H-2-83756

o H-2-83751 Tank 241-SY-101 Funnels.

The configurations and dimensions of the components analyzed appear in
Appendix A along with the calculations.

3.2 LOADINGS

The Toading criteria were based on the amount of shielding required to
keep exposure limits to a minimum. Discussion of the weights and applied
Toads appears in Appendix A along with the calculations.

4.0 STRESS ANALYSIS

The applied Toads to the shot support system were in accordance with the
UBC (ICBO 1991) and ASCE 7-88 (ASCE 1988). Hand calculations were used to
verify structural member sizes and weld sizes. Appendix A discusses the
applied loads in depth, as well as the actual and allowable loads.




WHC-SD-W320-DA-005
Rev. 0

5.0 REFERENCES

AISC, 1989, Manual of Steel Construction, Allowable Strength Design,
Ninth edition, American Institute of Steel Construction,
Chicago, I1linois.

ASCE, 1988, Minimum Design Loads for Buildings and Other Structures,
ASCE 7-88, American Society of Civil Engineers, New York, New York.

1CBO, 1991, Uniform Building Code, International Conference of Building
Officials, Whittier, California.

RS ETR KOS AT T T &5




APPENDIX A
SHOT LOADING PLATFORM

WHC-SD-W320-DA-005
Rev. 0



Wh~-SD-W320-DA-005

Rasv. O
ANALYTICAL CALCULATIONS .
Page [/ of |4
( Subject L LA SHOT SvprPonT ASSegw2ly (/1 CSA)
Originator /3 ~ /1/0///{/}1)

Date 4-20-F«

Date Zz,:g/ﬁ/"/

A DES/oN WHAS REQUIPED TO LOAD 1540 ORSTEEL
SHOT ITPTO CONTAHLVERS tAPIXG OP

FLAT IRELD TROCKS, THE SOPPORT HAD 7O
BE AQLE JO© VARY TH Helenr, Are CE
EASIL Y OISAELENLELED TO BE AMOVED From
SITE TO SITE., OX THE FOLLowmwé PACES
YoO WitL F1rOo THE ANALFSIK FoORr 4
THREE PARPT SOPPORT SYPSTEM WHICH HAS
THE CAPEALILITY 1O MEET THE HEQURE- .
AMELTS s WE HAVE OVE PLATFORM
ASSEAMBLY APD TwWO ITIPNOFLPENOENT SIDE -
SUPPORTS., A STATIONARY HOPPER WAS
ALSO ANALYSED TO PREVEXNT LEAD SHOT
FROM BEING SPILLEO DUVRIPE THE TIARSFER

Checker g!,/ M
y 74

OBJECTIVE:

—- x

e et e g

. BD-6400-060.1 (07/93)
A-2

D e O o SR £ ) R
D SRITLRNR RN TYTIRNY N TS AT, T




. WHC-SD-W320-DA-005

Rev, O

ANALYTICAL CALCULATIONS
Page 2 of |4

~ Subject _ LEAL SHOT SUPRORT AESEAMBLY
Originator _&~ /1/0//’/1447/ Date  /-4/- P4/

Checker Zz«/yu—.\ Date 7/? :9/9’ v
Jd

WIND [OALS #SCE 7—88 shrery C.M»s§é

F= 7= Gh Cr Ap a@/ﬁmﬂou
g2+ ©. Co25¢ K, CZV)L

Ky = Ey,o. z0'#6T = 087
v= 70 nyoé
- =~ 52= O[OOZ(@C:&?)(/;O7;7Q)L
g’zz /2:4? = /2“5,

GA-'—‘ 129 Exp C A")VJ-Z‘-:zo’

- o - b2 <2
i mgae‘;g}}r#aé SI0F o Cf #mi2 WO = h2! <3 e
ELO INE I8 5 - N . . -
SEEP6 6 . LIl 'Cve=62 I L

F= 125 (/,2‘1‘36/,2.) /f‘F ' _
o F= /7&5'A/= : e
' USE 20 /"JF W0 v/.afw

‘;l

SE/SMIC zo,jws | (/56 /7?/ y
: Fp— Z] Cp % s0c 41 A?Eu /2 .:.)' :7?347'/05)

Z 620 ZONE 265 CdLe 23-1)
= [z coce ¥ orm&o;?r TrgL £ 23-L)
VS Spc ¥l REU /12 .
CP‘-‘ aRe I roUPusmT ETAGLE 23-P)
COMPORE BT \WET-
S IS F/—o = &/9 %

7 )
SINCE A TEMPORA? ¥ STRUCTURE SEIS#nc @it (5E LooKED
E FON OUVETUORNMNING OPNLY, HNO STROCTURAL .€COMPONLARS
WILL BE PDESI/cHEn TO [RESIS] SEISMIC IATERA- LOAD NG

A-3 BD-6400-060.1 (07/93)




WHC-SD-W320-DA-005
Rev. O

ANALYTICAL CALCULATIONS
Page 3 of N

Subject _ LEAYD SHOT SIPPORT. ASSEMBLY
Originator /52 NORMAN Date </~-2 %4

Checker M, M Date ?,2{/‘?'7

7’z

)

TOPL PLATFORM ANALFSIS

—SEE APPENDIX A FOR LEAD SIHHELDING RERUIIEMEIS
= WONMKER POSE RATE 1O =45 mrfhr CVERIFIED)
- DOSE RATEOF 14 Aelbr = 385 CM OF L&A40

25 M = [38 " op prn

R LEAD LIAVKETIS
HICHER 1240 £XPpcTin
L L&EA0

- GEOFFRY PETER CKeH ENGINEER) SAYS [0 LEAO=/E!STLEL

SG. LoAD = 3T M0 = |45 IO <& —

S.C STEm = TR 14O - 438 7=207'srz
< . i //{ . ? . 3

RRE2%" ix @ sreeL = 8479 PSF

PLaTrForM = lo'wwo =61 = |1a5Fr2 -

O
W JEo FO
BIAVKETS,

S3E

LIMITE ARE

oW LOA0=2O0FSF
/JB'/(’ S0¢C 4,) #EVI2

FOTBEAR S

LIVE LMO

LIIE LOADS SHOW LoAR = 20 PSF. .
—— P (PEOPLE ) RA-ILIDGS, COWPIZTIONS | mise WHT)
_omLs /o7ﬁs:F S\‘/ERTK#L S#/zzolp&

COLIRNE, BT
3);2*;4-00?0 SCDIP»'!ZAJTBO -
Ve -Mrfaml _“//J 255 F +z;aj>%smcsxss.m o
I - 2C2¢
LI Mer=1y930% ibaneth //OLFINFLOOI(
/7/0/0/95@ WG?’— 7S50 e Va4l GM-LMO co,n/’,mf'

>
IO cu bt of sho? = ‘/s_oo R Jom #*
Hlims s ‘gz‘ez”'
PATFORNTS ZN SPnamy

oYY
leiEe -  THOALISEL ONELSIOE. 2 mm/zat
TRhe" | 3la"y gt | T o or/ffk."f::,,: T ’

.32_ }

DESIGND Wiee USE 2B AATE GuT AcTvAL TitIckN ECS

Wit B 2% ¢ THIS wir Aliow

ro RE ADOED LF AAD

3?(

T o — STRVCTVRE OF PM’W@I!M
COMSISIE O/ EXexW TS

3/_,9 n
BY
&)
= =.
| .
| A ;
i

T~ LorrER s0CATION

2’#/5—/! SIHNELDING 3 S10E€

<

W g

10/=6%
3Loﬂ

L ZJDOO POOLOS

\& TWO #MEL £ PERSONAL EGUIP
¥ . = jc00%
83 . - LE4D RLANKERS= joco F
‘ UHER) CORTAIVENS ANE
% US&E 10007 oF QUARKITS  SPREAD :
' v ofgf't'— sz:«ffﬂoﬂ loo_ﬁﬁmﬁ-x- BeIRke LOATDED,

BD-6400-060.1 (07/93)

e B

e A i o L IR et T et tscov-e rcputin s 1y sl NP I e R . ¢ gt Rl i



P

WHC-SD-W320-DA-005
Rov. 0

ANALYTICAL CALCULATIONS
Page 4 of Ny

Subject
Originator _/3/ NORMAN Date __ 4/~ /-2
Checker 4.-,/4 %\/m—-« Date ZA 5// 7y
YRR 400 25% Larer soup
Beam F1 TO BEAmd
USE BEAMS AS SINPLY SOPPORTED 21 #CL2D = Yo/
7 ”
7 3124 Lé":o zé’o” Ql=a Gy =3'rus (100 232177
1 i
= 2'#5 CE2) = J7FF
V_bzéz#_, ol 74 * . 5] 1647 /ex
2 2 S it
 —— SN 2 S SO T 2 ¢ iMg= | 262058 +)24 3,75)
42;3. 4,0 49 8 F HOCroSY S, 25)
.7 \l’_;lg\&q # IP¥4C2) (525)
v " . : 4 =B(105)
A 345 s = 2 L
' | e — — — ] 3= 2,771
-},
Mo aay v =Ll gme  zpy A=f282 *
- CUMEA L= | 7OHCH2DCR)
' =362
M i M ARM?.:(,M!(‘/,U.\
. o et : =4, £54
‘ ARMB -/04.5' (/.?ar.)c %)
w T 3= I o 432"

TRY XX W TS Se= 70O, /,.,.7.' 20:Z1
Po=m/s = ?,3/3413)/ /o./
Fbe 1/,07( psé
Fb= 5(4@- 225 711/ --01(

7 CH EC, - FE/NO MAY A'uow/P-EAE “ FOI? L/ZVO
AZREER2Y ( OEFLECTION (SEE POTE)

“ e - : = TQo”E ) frwo = 0..9’(” T
NOTE? tlowo Ancwsge L7210 = -0e-8 Al z _

NOOF QDEFLECTION 2L = Sew C28)7
ORC 199/ 38‘/(2?86.).’36‘3}

147 = Jfiz W= LE87 PLF

DUE 5O IARCE ALLOWALLE @) & LOSITION/NG OF
POINT LOALS , DEFLECTION TS OK FOIRR TUBE .

. SUM AREAS | 23
son_:-. F38'*

BD-6400-060.1 (07/83)

T RO T T R




WHC-SD-W320-DA-008
Rav. 0

ANALYTICAL CALCULATIONS
Page _ 5 of _ 4

Subject
Originator _2F #O rpmAip) Date __ 4-7—74
Checker S Date 746/7/
V4 ’
ELAM ¥ 2 r=V= zZéS*
v283"
3/_6-// 3/_.2II ) 3’«5’
& 7'y
Musx = G = 4283 3k57) = /%623 /%
£h = M = 4682y, = 17386 psc

- Fb= .6¢46) =224 > 174 .. OK

Amay= Lo (3L%2-4a2)

RHEL
= 428390 (L3CraF-4CH)*) = L£.30/n
é i
24 C29e £33 % OF FOR OEALECTION
o LBEFAMm IS OUN :

BEAM #3 R
SAME AS BBAm 27 A?_uf w2797 PeoKd POINT 20425
M= ZmMIF¥ s = 4563 %
b= 9563 ¢D/70/ = y3é2 psi <20.6"5%0K

DEFLECTION IS O
VaR= 2,791 %

. BEAM Wil BE AMALVSED AFTER A  T7OX2
FREEGOTY WIASRAMN. HAS. BEEN DESICNED
AV THE REACTIONS ARALYPSED

Fonc:zs" DOE 7O WIND LOAD. .. .

AREA Froam 2z PIATE = 10'x0' = /100f£¢2
AREA FROM FOUPuerr € rTFORM = 20€t2
/120 f£2

120 ce0) = 2,400 ¥

-~ APPLY W IKD LOAD AT TOR O/ PLaTForm Ccopt)
SPLIT LOAD RBETWEEN TwWO COLOMPE ON SIOE SUFPPOXT
F= [,200 ¥/zurrorT

BD-6400-060.1 (07/93)

= . - o 3060 SERFREES e © gy e s
B U S VDR A IS IS SIS SR RSN EESES WL 5




WHC-SD-W320-DA-005

Rev. O

ANALYTICAL CALCULATIONS
Page (, of )Y

Subject LZ4/) SHOT SIRPPORT ALK sl ¢
Originator L3/~ LD 1i44) Date < —4/-F& -

Checker @Mé y Date _ 5/% 5/? ¥
/ M : g -

VERT LOAOS AT ronKMRS DVE 7O R1, 82, B3

4283+36l 4283+36( 4X6XY4 ST 76 Lk FT
= #
e T 4en™ WeT= | #4s

4
J o
DISTRIBUTE 7O ¢4 <COrPERS
. 261 Fleopner

2,799 +=261 2, 797+3 6!
# #
.?_, 4~} g/(o
FREE ROOY LIA GrRAM ) Look € ONE SICE oF .
: , SUFPPORT & ArALicE wonsIeses,
. WETT OF SIBE SVPPORT CLEFT) 2) opiFoRM z.ow on PP BEMM
als " gvbysfers @ 2748 = 5367 IS rrom 37 mIGUTARY AneA
SoF SKSKa1s L 2843 = 227 . "OF erFoM
Z o2
GEB TS oot —~\l6T OF sTeEL Plare ~
. RIGHT SIOE N
4 e# -3 J60* A=10t4"g" 7%= G152
o wa'—?/.s'h- Frr¥ .
- # - W
. =.32 oo el
5200#—' 4 — S—yw . l} : L4 ﬁm gzmcc Z;)o(—
—f= ? 19~-6¥ %/éf‘ OF & wz.-'sapfba’
Ilso T . vé. 3,
‘I’, 429 " 1cexde s =i30%
7é3°1 ! - 80, 22 > RUE A 2 LA 2'/;.xzy;xm 1,
I X :
\
: - #
S 9 _ - SOM pIeHT = 9/2

- FoN RO Wiy
Mf’) SAnE IO

1P 0SS #’lm
FreTo
p— A by 427 ' g Rg =4582%
- N 19207’ 2 Aa = ‘7zéé"*
A I
- Té 2¢0™ T/OJ’&?F
ol J
+>MA :O

h200 C/6) + 76202) + 4644 (429) + U C1OS) 54 +3,/614,%8)
t+ 49/2 C16,28) = Ractrz01) Rg= 10, 589
’ 4= é_) 260

" o BD-68400-060.1 (07/93
A-7 ( /9-)




WHC-SD-W320-DA-005
Rev. 0

ANALYTICAL CALCULATIONS
Page 7 of }

Subject _LE4y) SHOT SoARORT ASCEMNLRLY
Originator /2~ N O ~4AR Date _ J= -«

Checker _@7@,@)« [ 7% Fe o Date ?,/25/‘?7

vow wink Lorossl ]

&.26X 10,55K FOR NON W0 Lotds
WE QILL SUBTRACT
* ‘ K . K ¥ H
I ! g e32 Ky 3 : X LoA08 rFFFECT
z.zl_* v ¥y ¥ ¥ ¥ OP STRVCTVRE

26,14 <« . .

Runrs
. A diioe 1o
)

M= 2¢.83 /X 4412 Tenorg LoAds,

C 27.82%7 .

IS8=F
% . L2%
626X [726] 0.5 L9587
Fa= 373 (626 = bos K E?OI“J Fr= sgrChd) ¥ %C_’.OI_{?.’_,
g Fa= 10,84 L7259 -

Fe=dl_ (b2m= 62K LClL68%3 Fs ==igg WOSP - sggc/.
Fs=' /.Era‘t C /9741

CHECK Lo ) Ry 6X A= e oau‘s— /3. ?,.3 r= z.z7,,,
60413/»2&5 Pb= M= 26,83C/2) /1a.a = 23, /16K 1:24. a/J
oRSE =, =, 8CHES = 27, > 23 T
Lo&o,j Fl?g" Fé éC{T 16CH63 A 176 Lok _
EACH LEE, = 1054%/8, = se' 28K
Fs fa= 1054 %X/8,08 L3I ICse C 148K

Fa= Kllr = Cl2)10°Xi1>/227 = 43,45
COM PATE I/ A3 STerl~ AISC P64 eof tron (P6 3-18)

Fg = /17 ©4 kf‘o

COMBINED LOADS
WD —~ 23,16 s M3 = 0692 < /.33 CZPcLvOEs '3
al /1704 FLererss For

NO wing — 2401206 + WEL2oy = 0.94</.o‘ LATERAL Lo
VSE BN e TS Fof SIOE SOPAPATS

. BD-6400-060.1 (07/93)
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ANALYTICAL CALCULATIONS
’ Page 8 of 4

Subject L g SHOT SULPORT ASSpmbLl

Originator /8 /&~ O AR/ Date S=—B&—-P#
Checker "¢ ) W Date 9 —28-9y
CHECK SAELYs TS CTELESCOPIOG TOSICE £X6x3Me)
‘FFG# 7

Mo op BoLrs M= E°Cré= .08 X
2 BoLrs = FORCE covrce = [MO8K'/1' = ppos¥
‘_*_-_, IO:OQ | COUPLE

— 10,08

Force aval = 1084 X
ACSOME QRE BEvT TAWET ALl AvAL LOAD

pr:.- Q/Ouf‘/)z 7"(0-@)23,/"= /4 5’3 £

TRY /0”8 AL QROLTS CAISC ¢ﬁea/ Vi 4~-5")
BOLTS ARE ZX DOYRBLE SHEAR

Fs = (8,67 P: Boer” (2] P
SHEAT &.& X it “ -9668?%}%55 cgpt]k’\):%p)

Frew = ]9 K . Cnamivace OIAMET:JPJ—(IJI?/(ESE@?TO)})

Fenennt = 1458%< /8055 ok  LsE"Bazs porc

: ! ’; - ~ - . - -

-fzz-f(e;é'/g]mr/oﬂ FrROM FOPR OF 8X6 7S £ TRANEFERTO S18”
@ F . . .- -
M GBI 107y = 16,8 /% e L

. 7 A= 3 in" =10. ;"3 = b
Ph= Mle= /6.8 crD/ 108 = 18,66 ks &.36 5_ e 8 r=L8&0 in

Fb= ,6c#8 = 276 (WO 1ATRHL coAD ADOITIVES) CONS.

_ . > /066 o O '
fas 105408867 .26 Ksé ' - T .
- Fa s e/ /r =_2,0CE62)/7 1o =_LC = T Il
COMPARE &) A-36 ST222 A2LOcoARBLES T
Kelr=80 - Foz= /5536 (A1Sc 5¢%ed)

' C 3 I ED LoD S

+ /:26/ =a7e £ ,0 & oK (o
18.6€/29,¢ 45734 P e
| ARO oKS)(con)

USE & XS5 X% T8 FOR TE2ESCOPINGE SVPPORTS
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ANALYTICAL CALCULATIONS
Page G of 14

Subject LE4) SHOT SIHZDOr] ALS 981 £

Originator 2/ 1) Or2 AR Date __ g=7=%¢
Checker pLU };:-#/ Date 9—28~9y
CHECK TNTEWVAL S0 il QOF T2 z:zescoﬂwé /Zﬂﬁz.négv S ”

“\WORST CASE Av4-L¥ SIS
— c#EcK PuwchIné Srearn F-10,08K From pc &

ANEA oF corirer =& "vr" OF rRBE rA4cs
Foe Pla = 10,08/ & ¢! oE whir) = 5,38
Fo=,49Crg) = 18.4K

Brd*> £.38%
&e OK I SHEAR

CHECK HORI2ONTAL TS )T# R RESTING OX Z7

SIOE R—>/oty"x 8~9%¢" = Greee 87 = 7
WGT PER LNIFT = 766 /iy

17 %

4

— MEMBER S FIeD @ EACH L2210 M= wl/2

= PébCF.5% /e = STEHF

Pb=Mk = G761 (127134 =" 4 973 psé

Fé=,6C/) = 206 __D> . 4.77 s oK FOR Bz;uomé,
- CAPACITY OF weeo :rmbr
5" Sw= bod = 30
& Aw= 10"
— Cb=mls = Y9Bcd/20 = [, 789 psi

fy=3358. /10 = 3958 /& Fach
fe= [ 980 + (B35 "R 1

fr= 2 028 #/in
TRY V4" FreET . ,3L70,000) E 7O &ZECTROJES
1707¢2/, 00k, 25) = 3,7/

372 > 2028
_OSE ' Furer 70P £ Bogom
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ANALYTICAL CALCULATIONS
Page /O of )

Subject L L40D SHOT_SULPLPORT ASSE18L 5 i

Originator __ (5~ Kot A7) : Date _S=2F4 '
Checker payy -—Zg/z,:? Date J~ 28 ~D¢
CHeeK 2% ANCLE USED AS CHLZF s‘umorar Fo;; ) ;M—T( ‘

“ANGLE el BE TOTALLF WrzOLED A20M¢ BOTOM EDGE
- GUSSET LPINTES 2L 23 R

l?(é-’b’fr CPe %)
y Y,
GX878 42/“’2//“ g | 1 T T
26X 20238 R R v el
BlL Loro = Té6¥cisy=  FED Firr w/ ZrsaeT ro40s FOR
ENTIRE LEDGTH OF ARGLE . _
A= ? in )

= 2! Iy o GuU
osE SCACING  F S&77S S= 1394 jn3

M= wl¥8= 479 /¥
Pé=mis = 4M™ cd/ 39403 14 599 pst
C6X38) =Fb= 246%¢ > /4.6% o oKk
- TRY BT Frier wreo 4L Aeows .GO??'M MIR 27 LE0eTH
- lond = . %ET /i = B0 ¥in GusET R I

3¢ Ooco)-'? E?0 ELEcmooés OR 3Y EpGIveERING
"= ,70742/55%% LE56 #in ... \SOUGEMET

CusseT R

loap= 26
= 19 ¥

—USE Yg" wELDS -

C H-t 2O TO1 = '
2% % %1% e
( Checx Sweant 1054KC P6#7)

; B . A= L5 C0%U = 301t PUUCTUIPE S#etr
cd = ‘ . Pu=357 pse L AREA

‘ fv &L Fv For fj?«?é_.’a{ e
=24 “2h'= 25! ~CHECK RENDING

~ SOPPOSEDL Y NO MOMBPT SICE, mammr IS
BeE/06 ﬂaé:srga BY TOrP cornMN ELT]ION

—(COS) USE FULL AOMEDT OK 2
A= 271,82 K S= //( C2LE8° )Nt = //zfm

Fb=,75 (38)= 2pxse £ zzaz"‘c/w/u,mns = 29.67 K¢ > 27
Vew Fb - THCNEASE 3 O0F 7o LATERAL LoAadsS [QBC K]
C7X4L3V=3e K > 2%7 & O PATE T OK For APAIER sewal

~CHECK SOrt Pﬁ;soree
10,54 756/ &,2512 = 4 686 PSF < Z 000 PSF
EOIL BEARING PREISURE TS OK.

BD-8400-060.1 (07/93)

A-11




(£6/£0) 1°090-00v9-Q8 el-v

JdO °° SFOIs M VO Jotam I Ny 11U SRl =
"STLI VYOI  YFHS 3 LaFwos L JA73H
DU HIAHC?  SOLT pndALAT I0VH O 2D X

"t Yoo TPTEM IS IS0
iy 6TEC & et =, I

y 52570 = reolzrd0e yseaf =9I cnam
3058 %h = €95, 20 28Ul =S/ =9F
£'89 = (#pe0 2 =4S
9/°hE =3/ST + (S22 =5/ p+p7 =05 S
- — 1
Lo L3 ot J+ ] 50%%%*@ s Y -

. 015 Lo S 237 SO2Z M J2FHD

] aGLIRNT W o000 007
s wactlyid —+ |\

L= 127 Z,
Y 2O INSALT NG (&Y a3 I

NO v WOy & W9uzT = (brrsy =9

7-99/ olelr) Z,_—_ 04T/ (/D (28UT) = Sy =3
@29 ___bg
b0 LY =gmﬁ - S(ZW = Elcl7 "'qu =3 -
B IO LY

MOTICH ¥ S¥ oLty Yo WO2 O ISATY
) Y FHL 0O 0Y Ty SO071Fn O MLINFULS =T —
(Puasvo? Lsolw Y ‘STOR/A TINaInonNZ L IO WOS STV S —

A9 =5

Q9 + 377+ O + (291 2T = T4l 5 -~
o9 =,(9 2,02 9/ = W¥8 Weouxin ¢ S
29/°1 =002 9 = “aeq quodef 3 S
o = :UND(3) I Jupreroy P 5

IL7A) DD =S (SD(/D S =S Y 9 Ip=SIpIr/mHgr0 g '5~

Ut 20 D | yR8LZ =W
FHOI L2F VY OD yoLt | Ziid 1 FS0 —

T230 31V coroas (24 #S GSLSE-Z-y oD
T SISO § SwHOT Ll (YEHMLFT SO0IL2FAANSI F LI

fEé-82 ~g 9ea /7// 834084)
AL-4/ =2°  BeQ WOy /57 J01euibug
TTIESS LIOTHTS LOHS OFZ7 7 welans )
Rl 30" s/ obeg

SNOLLYTINITIVI TVIILATVYNY

0 Ay
S00-VYQ-0ZEM-GS-OHM



WHC-SD-W320-DA-005
Rev. O

ANALYTICAL CALCULATIONS
Page /2 of 14

Subject __LEAD) SHOT SUPPORT ALSsmell sy
originator A3/ A) O/RAARS Date __ &=~/PF4

Checker ed m Date _ S—2 89 «
(4 J L4

LLETING QOG- ANALYSIS
W&7T OF LlAT FORM

78! oF X6x Y4 & %02 = L4864
87' oF £x6x3/8" e 2748 = 2,39
32' OF sxsy " @ 28,43 = 4/0
250F 1" R € 6l = L, £32
TCOFE /R B LY = 286

YFrivG Logs APE
€ 4 corNERS OF SUM = € 603
HATFORM (SEE 0w H-2-83138 FOR LOCATION)

- 2 LIFTING LOGS TO SYUPPORT LOAY = 3 302 #7006

CHECK PAHATE

_ AM=pLty = 3302(6)4
PL=mis M= 4653 i

LbL= 4, 953 ,a.u' S= Vé (5¢N* = Lo

£L << Fé S PLATE ZS OK ,
T /"MHJ-/?A'WD&
LSE LSooo® [0A0 RATED HOIST RING <. ReEGUItED From

. . T CERTIFIED LIFTING
TOR PIAT FORM  (#-2- 83738 sK3) .. .. L06 YEMOOR,

10-5"% L&Y = 110,28~ 4 (HolE oPELIE)
WET = B1,68 106,25y = 8,675
TOTAL WET = B 677F Lot ses qdé_eh;;;{oés
: | #los = 43377 . o =

psE 10000 ® tonn  parED pORTRING T

R SAAE FOR SIDE 2V STEelL PAVEL F

USE 10,000% Loso MATED HOKT NiVES FOR SIDE RIATE.
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ANALYTICAL CALCULATIONS
Page [73 of ]‘f

\/ Subject _SHOT LPLAT FORM ASSE1 BLY
Originator _ /3 ~_ NO/HAR Date 4—/3—=F%
" Checker '/&) }é—q&—- Date 9 —283 ~ 9,91

.. HE |
UMD AN POST sofpo s  [SeE H-2-83738 st #2,4]

- USE UERTICAL SOPPORTE €' SPACING AMAK
- HORIZONTAL [BANS
— UTISTAND 200 ¥ ATl FORCE & 7o,0 1 LING

-OP OF GuUARS g
ZBL5 BT N od S B P on

(Ifq‘;#,;’ — 7 = (707

E7 ‘ %\;l ‘
Q Q D
Ilé @ PIPE witt S1T . VA— _
I A2 "B PIPE HOER ‘T?
Id T N \lq
( . AL Lvj Q
- = b
Y6 75 }‘—L—\
- 4 6 POST LOCATIONS

sSeE
Sgerion 6 \ _ _7
O SH #2 oF
0wé H-2-831138,

- D::slé/u SIOEF FPOST ﬂ/m//)é: FOR 7wo sﬁxﬁo 5170.4—770,0

£00 .oczsr orF 2.5PAH = 85% or Afﬂum LoAD ( Sez AT #. B

P= 2490 85 = /70”" _ f %Eﬁfﬂ%g Fol
— USE 40 8 SCHED 4O P/ﬂ.{-’ 5 MTETIAL
- TRy th" pPE S .320 A-— 272 7= 310 (cous #5)

Pb= Mls = 170CH2 /1326 = 2/,902 psi
. Fb = ,écw- 2726 272465218 LOK T

,CE [’/g Y@ Sewp wo PIPE .
. o _u'=h
—CHECH WELDS v gyt S =%
~\JELO ALONG BOTH S10L5 OF PIFE , I S llEmlrRy
b= Mls = 170C12) /533 = |, 3490 psc
weELo 0 GUIRED o.09”

b3%fne.qon =

USE 3/16 " FLATE QLEVET WELO MIVY
BOTH SI10685 OF T ULE
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ANALYTICAL CALCULATIONS
Page /4 of M

T

Subject __ L EA7) SHOT  SurPor] AKLEMBZLY

Originator /R /= A)OD /241 Date _4- 20-4

Checker 7D W Date _ 9 - 2.8~ 9«
T 4

L OMNIEL AALYS IS

- FOMDELE WILL BE MADE OOT OF STAINLESS STEEL . [
- DimEncions witl RBE 12" Hick awo 247 P
OPERIVG OMN 7O TO A 7O ZUCH OFEU//UC

ou OO — MAY. SIZE | SOME FOpRRE 4] ALLER,
& b €& THEY AE OK B 'f zpc—mwtma—

‘o fg- agwo P‘“ . Pow Qoooof“ EMET)
— LEA4p SHOT = 432 #/wprr (ons - =430 #/arr)
— STAIWVLISS ST = SO4 #/evo AT

*___&*} VOLOME OF FPOWNEL = T/ h (P? +0d +d?)
T ' = o/ G2) (242 ¢ 2C24) + 22)
s = ﬁ?-?3 mn3 = i, /4 ££3
L E— WET = L1y (DY = §13F -

T AT LOA0 28 — APPL ¢ zozw ro;e omﬂ
FONUEL CA P ALSO ATIACH Lo é 42— .
o ¢ ’ 6 .
’;i/:’);’g “Z‘;::T‘i ‘:‘ ‘Z,‘u' T’“-— LotD ACTS OUER AN MEA OF 10 int @
3 BoTOM ofF Foulee | AOLY THAT LOAD IO

QASIry ok 8¢ ! - e
F (7 = 4 o -
ENGINEER IN G TOOCEAMIZT PR OF £ KN EL Fon Ar4LP SIS LEeOonSs)
Pz g4t 1o = 642 ls lia2

hco/a shtge = f’/;;—

a os:: MINVMAL Fb AFTER Wi0ED
6 =,6C30= /@ooq,a.u : .

/" .
z= 6920/ = O,0428 P VSEMmL
%20 /18 GoAGE :
AREA OF FOWWEL SHELL = i ’ MATERIAL
7, C1dC24 +2) = 694 in - 4,22 Pt

Wer oF Fonner w/l /8 GUAGE LALS
482 . P8 = ©0.0/72 37 -
WeT = B, 66%  miNwmAL WeT

— CIP WELBS FOR TWO S10E preces £ weo
7O 2z Y srHNErs STEELPFE2"LOK 6.
- PLETE MATERACL WL THEN GOusrsd Fort I3engivé,
- ASGIME 6" OFFSEF FOrRR toA0 M= 6427¢C8"= },&6&"#
S= 2/4in o= 3, 852/344 = [ 226 psi LI§ o=l

. 3
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The problem was run utilizing the program ISOSHLD on a Cray mainframe
computer. _The hardware was modeled as a cylinder of waste of density

p=1.2 g/cmt, surrounded by a cylinder of air, two shielding cylinders, and a
steel cylinder whose thickness equaled the sum of the two packages. The
shielding cylinders were run as an inner cylinder of lead and an outer
cylinder of air. The thicknessas of these twc cylinders were varied from
all air to almost all lead. In all casas, the thickness of these two
cylinders combinad remained the same. The exposurs rate was taken at the
canter of the length of these cylinders at the outer surfacs.

The Results

Lead Thickness 106-C 106-C 102-AY
(cm) Heel Pump Transfer Pump Agitator
Pump B

No Lead 1.130 0.1458 0.07419

0.5 0.5840 0.0741 0.03631

1.0 0.3036 0.03800 0.02129

- 1.5 0.15907 0.01969 0.01325
2.0 0.08437 0.01036 0.008543

2.5 0.04832 0.00E556 0.0055634

3.0 0.02511 0.002053 0.003780

3.5 0.01422 0.001724 0.002568

4.0 0.008291 0.001003 0.001763

4.5 0.004983 0.0006026 0.001292
4 5.0 0.003088 0.0003731 0.0008491
5.5 0.001963 0.0002377 0.0005946
6.0 0.001287 0.0001552 0.0004185
6.5 0.0008597 0.0001036 0.0002958
7.0 0.0005844 0.00007034 0.0002098
7.5 0.0004028 0.00004843 0.0001494
8.0 0.0002808 0.00003372 0.0001067
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No-Nonsense Guide
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Designing Metal Guard

Design Considerations:

There are five maior considerations
in the structural Gesizn of railings:

s Stucrura) Joading and dimen-
sional criteriz as estabiisbed
by Jocal building codes, regu-

“latory agencies or special de-
S1gn requirements.

e Mecbanical properties of
bandrail materiais and their
aliowabie desige stresses.

* ZElements of sections of railing
components. .

e Load smess and deflection reiz-
tionships 2s expressed in for-
muiae for cagineesing design.

-~ Proper amizchipen: and sound
suppordng scucture.

Code Reguirements

Local building code reguirements for
dimensions and loacing of railings czn
vary greatly. For most zppiications jex-

" cept Jow rise residemtial buildings)

).

OSHA reguirements must be complied
with. They stare thzt zailings *‘shall be
capable of withstanding 2 ioad of at
lezs: 200 1bs. appiied in any direction at
zny point of the wop 12il.” Local
puilding codes take precedence when
established cnxxz! joading criteria
exreed OSHA reguirements.

The absenee of uniform loading -

1eTia zrnong building codes is partiy due

70 the wide range of zpplications and
waffic exposures and parriy due 1 the
absepet of objecdve dztz from which
reiiable or generally zeceprable live
Joading factors can be determined.

AD zmbiguiry aiso arises from the
OSHA prrase *‘withstcoding g joad.”
This porase may be iniezpreted conser-
varvely as the design kit based on
aliowablie smess of bz marerizl. How-
cvez, mos: 7ailings puiir 10 copven-
Tional standards z0d demonstared 10

by William Thumauer
Julius Blum & Company

be safc in many years of use do Dot cop-
form under that ipterprezation.

Ohen, the OSHA siandard is inter-
preted 1o mean what 2 12iling &oustnot -
423) 35tally nndes the specified Joading
but that 2 permanent deformation-may
beroliated. The theory is that = 7ail-
ing, tven thougk somewha: deformed,
still provides saiery and can be repaired
if peed be.

. Tbe more conservative interprez-
tion may well result 1 overdesign a6
higher cost, but tbe more Biberal inter-
pre:arion, ip case of 2 failure nvojving
injury to persons, might je=d 10 sexious
.probicms of lisbiliry. Tous, undl the
expression ‘1o withstznd 3 Joad” is
tither changed or officizliy defined, the
more conservative interpreiation
shonid be zppiiet.

'Mechanical Properties of Materiais

and Allowable Stresses:
To provide propes saiery iactors, toe
engineering projession assigns to cach
‘meral 23 aliowabie design sess which
is gefined as the miniTum Yyieid
divided by 1.65. ‘‘Minimum
soength” is defined as the zest vaine
exceeded by 99% of 2 isrge mumber of

specitnens. The ‘‘yield point” for

B e Al v
4 e R e > -

and Hand Rails

meials otbes thap carbop steel is in-
dererzminate and thereiore, accorcing 10
ASTM,, it 4s arbitrarily deiined as tbe
point of stress at which permanent set
is 0.25% of gauge Jengtb of the 1est prece
{sec Figure A).

Tois rule applies to merals such 2s
aipminwee, bronzc apé sizinjess sieel
which are cormmonly uscé 1p raiiings.
Mechznical properties of matcnais
used ic oeal guard rzils and bandrails
are shbowp io Figure B.

Elements of Secrions

Properties of many sizes of bas,
shapes, pipe znd rubing used i railing
consuucriop car be jouné ip iabies
issued by ipdusTy 2ssociations and by
somme of the suppiicrs of tbese prosuc:s.
For propriezary sections such 25 Bant-
12} mouidings end ormzmesial saiing
posts check manufasturers” caialogs.
Figure C lists the enpneering proper-
Ges of z iew sizes o pipe co=moniy
used for railimgs i stee!, Ajummu=,
brozze or stainiess steei.

Rajling Formulae

- Toe Joacing characrerisdes of aoy
specific railing design cap be ‘com-
pured, given the roecbanical properties

Repd B-1




s}, e engineenng proper-
nice of the sirusiuzal components and
the dimensions, inciuding pos: besght
znc post spacing (1ail spaps) of the
compiciec structwse, The Jormuiae
{ollow conventional enginecring design
procedures. Stresses are cajculated
from bending moments and section
propertics, using tbe fiexure formuiz
[explanation of symbois sbows in
Figure D}

of the maicen

Maierial

Aluminum 6061-T6

Aluminum 80B13-T6 (pipe)

Alummurm 6083-T52

Alurninurs B083-732 (pipe)

Aluminum 808376

Aluriinurm 6DE3-TZ32 (pipe)

Bronze (zlioy 3E3;

Fie€ Erass i2hioy 230)
{anneziec DIDE]

FAeo brzes izhioy 230)
{crav'n scuzre and
recienguiar w::mg)

Type 302 Siamniess Sieel
(anneziec;

Type 30¢ Siamiess Sieel

. lLDIﬂS ta= WelDEul

Caroen Sies! Swruciurzl

Jusing ASTW
. Auﬁs !::““‘ =
“**= Carocr Sieel S305C
- Evriz Stes! Sruziure

= " Tuoing ASTM AZ70
- ACTVIiC Wood

=~ =Allowadie=mir. vielt x .17 - 1.83

Fosts

Posts act as veruca; cansiiever beams
ir resisting borizonta! thres: applied at
tbe 1op 13ii. Beading Domen: produced
by borizonta) thrust pormasliv controis
desigr, and siresses may be cajcuiated
by tbe formuia:

”
- wAzxlxh for unijorm loading

S
or
erh

{ = —— f{or concentraiec loading

S

Allowabie Minimum Moovuius of

Stress Yielc Elasuchy
(psi) {psi) (osi x 10%)
21,000 25.000 10.0

10.0
10.0
10.0

24.00C°
2,500
11,500°

25.000
1€.000
1€.000

15,000 25.000 70.0
24,000°  235.000 30.0
11.500 12.000 34

7,200 32.000 i7.0

11,000 1E.000 17.0

18.000 30.00¢C

S0.000 52.000~ 280

22.800 <2.800 280
17.000 28.020 28.0
32.000 52.000 280

<750 4.875 wE

(Rel. ASCZ ang Alum. Assnl)
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Disiribetion of joads througk muln-
ple spzns decrcases maximum hending
momen: in horizoniz! members Cai-
culstion of stresses jor éificient num-
bers of spans is accomplished by vary-
ing the bending moment consiant. The
foliowing formuiac apply:

For.uniform venticai or horizonial
loads:
( w/12 x L®
-~ _.—
$x K
K = B fo1 one o1 1wo spans
K = 9.5 jor three 0r more spans

For concentraied joads, appiicé at
mid-span:

F sl

-
S>» K
K = 4 jor opc span
K = 5 {or two or morz rpans

Anv of tbese egustions £z b soived

for aliowabie jos, pos: spatiag oF rail

spaz, oOr 07 tbe yogryed Sea!l prope:-
ties ¢ sectioz moduies. ﬁ-d: thz pw-
poss ¢ b 113330DS 3t 18 assumned
D3: cozoecmions porwees posts zod
saile arz Tee of pyve: apd tha: railings
YUz == 2 ST21gr: ime.)

- a--o
<

Loac Distriburioz

iz most szl imsiziiations, tne Joad
ﬁ:d‘.‘.- kg ..’J‘ I:'.. I1 ZTY oot nes: ic
€ist=isuisd 3T pzT tc OWbs POSiS oD
e:1der side O t2: post undes joading.
Therecrs, = ommzsy imsiances,
poszs =av be desagm=g Jor 235 2ilowzdie
lozg {7 o whieh 1¢ ess Thzs the 1ol ve-
guzres joafing of the zafiwme,
iozg cisTinuucs is dependest o the
stiimess of o= 12l reizmve 16 e saifi
Dess ¢} the posts znd ©2 e 102! Sus-
ber ¢ spzps i ipe se=. For o soTaight
Tuc cf sziimg, the Joad Trooories iat-
tor 3% n- Cotemmined mox Ine grest
£ 33C =28

-t
et heand

-
o igors -, ecoce e stiin

D= a--.—..--."

Toeicmmuiz vsed in gorermining ks
s=zt assumes 123t 2l posts &7z of joes-
tice mawesiz 222 secuon. Toent o
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=g, 3 ‘o= jcagel’
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and¢ where post spacing ususlly varies
berween 3 feet and 6 feet, Joad distribu-
tion is {airly uniform and the greatest
proporiion of s concentraied load ear-
ried by any one post cap be estimated as
follows:

End posts:

of 2 2 span railing — 85%

o! 3 or more spans — 8255

Jntermediaic posis:
of 2 2 span railing — 65%
of 3 or more spans — 60%

Thus, if 2 2001b. concentrated Joad is

specified, actual design Joad 10 be ap-
plied a1t the 10p of the end post is 525
of 200 Jbs. or 164 lbs; design Joad to be
applicd to intermediate posts is 60% of
200 lbs. or 120 lbs.
Note: If end posts differ from in-
lermediote posts in suength, the Joad
distriburiop potiermn becomes indeter-
minate and end posts should then be
designed to carry 100% of the concen-
trated Joad. ipiermediate posts moy
then be designed 10 the ‘‘center
Joaded"’ condivion.

In single span railings, each post
must be designed 10 carry the full cop-
cenrrated Joad.

The stiffoess of 2 rail or post is:

Ex1
oo k = —— for the rail
] L
Lot s Lok RN TR
e s ireere v EXL
S he AL LD YW "—5— for the post

e yunz ot

o -

o -
PSR gfintaAIRAN =

RS

o . e
Vomn oo

* ~Sriffness ratio is determined ac:

e N

ozt gm e sdosernzin "Ex1
- by e shmew e yraaik xall "1

. et em -y S— ———

T rREEL . koruil _ Ex1

e e R e —
: o # h

sttt the et
13 === o= =T hesriffness m2tio [R) is then plotied
" T ™ven-3 mapb 10 obuxin Load Proportion
=t jonz Facror:{Py).:4See Figure E). When the
ra———=— Jozd:proportion izcto; has been derer-
.= — .. mnined, tis muliplied by the total load
= 0 derrmine the Joad one post must
- SUStzin, ] -
" |The Figure E graph bas beep determin-
£d by camputer analysis and confirmed
. by loboratory test.)
Load Tests
) In 2 rypical test of 2 raiiing designed
by the above method, permanent defor-
mzrion will ocox =t abour twice the
desipn Joad, and filure will usuzliy oc-
Qur a1 about 24 times the design Joad.
{copunued on pext page)

P PP p——

Load Proporlion Foclor

EXPLANATIONOF SYMBOLS s
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w = Unilorm horizonial loaoing, ios/{l (perpendicular to the rail).

L = Span beiween centerlines of posis, of brackels

{inches).

¥ = Horizomal force, perpenoicular 1o rail appheo at 10p of post

{ibs).

Fy = Horizontal force, perpendicular to rail at any poini alonp the

railing (1bs).

Fy = Vertica! {orce, perpendicular 1o rail ai any poini beiween

posis ({ibs).
h = Heipht of post. Distance from point of loac
apove 10D of attachment (in).
¥ = Bendinp moment (in. 10s.)
{ = Unit siress {psi.)
{ = Allowable {iper siress jor oesion (psi.)
8, = Section mooulus (in.%)
I, = Moment of inenia (in.4)
k = Stiliness ot memper
K = Bending momeni constant
¢ = Distance from the neuiral axis 10 the exireme
section (in.)
E = Modulus of elasticity (psi.)
2 = Dellection (in.)

apphication

fiper of any

NOTE: Vaives for “w™ {uniform load in IDs./{{.) are convenec 10

ibs./in. by dividing by 12,
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¥ Deflection Considerations

Despite an absence of deficction
criteria for 1aiiings, elastic deficction
under Joad should be considered by the
desigper. Even though installations
mest suength requirements, excessive
‘deflection under Joad can produce a
psychological fecling of struciural in-
adequacy. On the otber band, a certain
duetility in the 1ail belps 10 absorb the
sbock of an impact. Where there is no
ductility, 2s in 2 concrete railing, the
shock of an impaci is much grester and
there js increased risk of 2 person being
injured by 2 {all against tbe rail.

1n a recent government research proj-
ect which attcmptied to determine the
impact of s faliing buman body on a
guard rail, ductility of the rail was not
copsidered and the test set-up was of a
completely rigid design, Accordingly,
the test results sbowed unreasonably
higb impact Joads and the Joading cri-
teris recornmended by that agency
were far Beyoné aceepred practice and
scasonable economies.

The decision of bow much elastic de-
ficction is reasonabie is Jeht with toe
designer. Lateral defiection of posts and
borizontal or verrica) deflection of rails
are computed as follows:

For posu:
w/J2 x L xh? Pk
" 3xEx] T3, Ex]

For rails:

Concentrated Joad at center of span:
g Fxl

A=
48 x E x|

Uniform loading:
5 x w/lg x L*
b=
384 x E x1

Conclusion

h is imponant to keep in mind that
the engineering ealeunlations apply oniy
10 the stucnural members of the railing
itself and that a2 pumber of other factors
are essential to a2 safe railing which
complies with codes and regulations:

* Connections within the rail-
ing, wbetber welded or me-
chanical, roust be properly de-
signed and executed.

e Esds and changes of direction
must be properly supported,
avoiding excessive overbang
2nd unsupported rurns.

WHC-SD-W320-DA-006
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* Mounting h21éware, such as
brackets, fioor fianges and
facia flanges must be so Ge-
signed 2t 1o susiain whatever
load" they may ponmally-be
subjected 10. Test repons
sbould be availabie from tbe
manufacturers of these pans.

¢ Fastepers, used for anchoring
must be of the proper size and
type for the required Joading
and must be comosion resis-
tant if exposed 1o the elements
o1 10 corrosive conditions. Tbe
manuizcturer of proprictary
ancboring devices usually
publishes tables of allowabice
loads and applicable {aciors of
safery.

-» The supporting structure wust
be sound so 2s to provide prop-
er anchorage for the railing-and
give it adeguate supporn.

Engineering Sesigp is only ope pbase in
the consuuction of 3 safe railing. Good
workmanship, suirabie accessories and
proper installation op 2 sound suppon-
ing strucrure are all essential. Failure in
apy ope of tbese areas ray canse
serious problems.
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