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JUSTIFICATION FOR SHIELDED RECEIVER TUBE ADDITIONAL LEAD SHIELDING 

1.0 INTRODUCTION 

High radiation doses have been encountered during recent core sampling of Hanford radioactive waste 
tanks, Temporary lead shielding has been identified for installation on the Shielded Receiver (SR) tube for 
Core Sample Trucks (CST) #I, #3 and #4. The half round lead shielding installed around the SR tube have 
a 4 %” inside diameter and %“thick wall. The total weight of the lead shielding added is 240 Ib. The 
purpose of this document is to verify that the Shielded Receiver Lifting Frames (SRLF) on CSTs #1, #3 and 
#4 are adequate to support the addition of 240 Ibs of lead shielding. 

2.0 IDENTIFICATION OF APPLICABLE ANALYSES 

An engineering calculation was prepared that structurally analyzes the effect of adding 240 Ib. of lead 
shielding to the identical SR tubes on CSTs #I, #3 and #4. The engineering calculation in Appendix A, 
Slress Aizalysis ?f Shielded Receiver Tube, is not released into the Hanford Document Control System but 
has been independently reviewed. 

Two structural analyses have been completed analyzing the structural components that make up SRLF 
(Appendix B). The first analysis is Struclural and Stress Analysis, Shielded Receiver Lifing Frame, C,’ore 
Sample Truck # I .  The second is Slructural and Slress Analysis, Shielded Receiver Lifing Frame Lind.Jack 
As.wnh/ies, (Ore Sample Truck #3 and ## (Appendix C). Neither of these documents are released into the 
Hanford Document Control System, however, both documents have been independently Reviewed. 

3.0 DISCUSSION OF ANALYSES 

3.1 SHIELDED RECEIVER TUBE 

Appendix A contains a short analysis used to determine ifthe SR tube, the SR tube welds and SR tube to SR 
Hoist base plate bolted connection on CST # I ,  #3 and #4 are adequate. The analysis determined that the SR 
tube and its’ structural coniiectioiis are more than adequate to support an additional 240 Ibs of temporary 
lead shielding. 

3.2 CORE SAMPLE TRUCK #I 

The text excerpt from the SRLF structural analysis in Appendix B evaluates the structural adequacy of 
CST # I  SRLF to support the dead weight of the SR Hoist, SR tube, SRLF structure and associated 
transportation loads. Page B-11 identifies the maximum SRLF member stresses as being 21,300 psi. This 
stress occurs in the Tube Steel (TS) 2x2xX structural tube members connecting the SR fixed frame to the 
truck frame. 

The analysis conservatively assumes the allowable stress for this member to be based on that for ASTM 
A36 carbon steel. According to tlie American Institute of Steel Construction (AISC 1989) for the given 
section size and yield stress, the allowable stress was determined to be 23,760 psi. However, the SRLF 
2x2x% structural tube members are actually fabricated using ASTM A500 Grade B material. This material 
has yield stress of 46,000 psi as opposed to 36,000 psi for ASTM A36 material. Therefore, the allowable 
stress for tlie ASTM AS00 Grade B material should actually be 30,360 psi. This is a 27.8% increase in the 
allowable stress for the TS 2x2x’A. 
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The high stress members on CST # I ,  the TS 2x2xX structural tube members, are actually TS 3x2x5/16 and 
TS 3x3~5116 (see drawings H-2-91715, Slit. I, Rev. 9, H-2-91716, Sht. 3, Rev. 0, Sht. 4, Rev. 0). Using the 
smaller sized structural tubing as a reference, the increased size in structural tubing provides a 287% 
increase in structural rigidity about the X-X axis, 94% about the Y-Y axis and 72% increase in cross- 
sectional area. I n  addition to using larger structural tube members, the SRLF has been significantly 
strengthened to accommodate the addition o f  hydraulic cylinders with a 1 W diameter rod in lieu o f  
cylinders with I ”  diameter rods (see ECN 626650). 

3.3 CORE SAMPLE TRUCK #3 AND #4 

The text excerpt o f  the CST #3 and #4 SRLF structural analysis in Appendix C evaluates the structural 
adequacy o f  the SRLF to support the dead weight of the SR Hoist, SR tube, SRLF structure and associated 
transportation loads. Page C-14 identifies the maximum SRLF member stresses as being 23,740 psi. This 
stress occurs in the TS 2x2xX structural tube members connecting the SR fixed frame to the truck frame. 

The analysis conservatively assumes the allowable stress for this member to be based on that for ASTM 
A36 carbon steel. According to AISC 1989 given the section size and yield stress, the allowable stress was 
determined to he 23,760 psi. However, the SRLF 2x2xX structural tube members are actually fabricated 
using ASTM A500 Grade B material. This material has yield stress o f  46,000 psi as opposed to 36,000 psi 
for ASTM A 36 material. Therefore, from AlSC 1989 the allowable stress for the ASTM A500 Grade B 
material should actually be 30,360 psi. This is a 27.8% increase in the allowable stress for the TS 2x2xX. 

On CSTs #3 and #4, the members determined to have the highest stresses (TS 2x2xX connecting the SR 
fixed frame to the CST frame) were analyzed as simple shapes when, in fact, they are composite shapes. 
The TS 2x2xX have I%’’ gusset plates welded between them and the CST frame (see H-2-690043. Rev. 2, 
zone F-4). The addition of the gusset plates significantly increases the structural capacity of the TS 2x2xX 
connecting members. In addition, the SRLF has been significantly strengthened to accommodate the 
addition of hydraulic cylinders with a 1 %” diameter rod in lieu ofcylinders with I ”  diameter rods (see 
drawings H-2-690043, Rev. 2 and H-2-690044, Sht. 1, Rev. 3 and Sht 2, Rev. 2). 

4.0 CONCLUSION 

Hal f  round lead shielding weighing equal to or less than 240 Ib may be added to the SR tube on CST #1, #3 
and #4 based on the following facts: 

The structural analysis o f  the SR tube, the SR tube welds and SR tube to SR hoist base plate bolted 
connections determined that the structural integrity was more than adequate to support the additional 
load. 
Both analyses of the SRLFs (Appendices B & C) use a very conservative allowable stress for the 
evaluation o f  the SRLFs structural tubing. 
Structural modifications increasing the strength o f  the SRLFs were made subsequent to the 
performance o f  the analyses in appendices B and C. The modifications increased the strength o f  the 
high stress inembers o f  the SRLFs for all three CSTs. 

. 

. 

Operational loading o f  SRLF was not considered by either o f  the structural analyses in the appendices B or 
C, however, after review of the analyses it was determined that transportation loads (longitudinal = -.43g, 
lateral = .37g and vertical = -, ISg) bound all operational loads. Review o f  the structural analysis o f  the SR 
tube and SR tube connections in Appendix A determined that it i s  adequate to support operational loading. 
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5.0 REFERENCES 

AISC, 1989, Manual of Steel Conslruction - Allowable Stress Design, American Institute of Steel 
Construction, Ninth Edition, Chicago, Illinois. 
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Appendix A: Stress Analysis of Shielded Receiver Tube. 
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TWRS ADMINISTRATION 

TEMPORARY SHIELDING 

Hanual HNF-IP-0842 
Volume VII, Radiological Control 
Section 3.2, REV 2 

Effective Date Ju ly  31, 1998 
Page 8 o f  10 

Figure 1. Temporary Shielding Authorization Form. 

TEMPORARY SHIELDING AUTHORIZATION 

TEMPORARY SHIELDING AUTHORIZATION 
I D  Nwber: Shielding Lacat im:  SHIU-WD -s 
A. RWP Y Pre.Job survey Data: 30cm ow CY 

Uark Package # contact ow CY 

8.  Shieldin-AlferatIon raulngs I f  necessary) or R m v a l :  ,*TAU_ ( C i r c l e  M e )  !/ I I  4+ 
2. - r U c . v ~ E b  P L P E S H L E L D ~ ~  I " L t T U C t  IO 

CWEZ U3&fT34 PF ChAC-SX 5 t k L E l - D -  b%Z=iGtZ> AS FZET'P. 

C. Approvals /-7- 
F a c i l i t y  Engineering G L  Date&& Weight L imi tat ions E&\b 
 or I n s t a l l a t i o n  or Modif icat ion Only) 

Radiological Control Date 

D .  comnentr: 

E. I n s t a l l a t i o n ,  Al terat ion,  and Rermval 

Final  Configuration: - Shielding R m v e d  
- Shielding Mcdi i ied/ lnsta l led (Attach drauingr or photographs) 

Shieldina I n  Place I m u n t  

I 

Final  estimated ueioht o f  Shieldino: 

Radiation DOLE Rates: Dirtance Shielded UnShielded 
30 Crn ow- cw- OW CY 

C 0 " t J C t  ow- CY- w- cy- 

CDnpleted By: ( H P T )  Date- 
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Calc. No 
Revision 0 

DESIGN ANALYSIS Page No 

Client: Characterization EauiDment WOIJob No. 
Subject: Shielded Receiver Tube Analvsis- Date: 8/04/99 By: B. L. Coverdell 

Checked: 4 9  By: ~-0I-C. 
Revised: By: 

1.0 OBJECTIVE This set of calculations determines the adequacy the shielded receiver tube to carry an additional loading 
of 250 Ib due to lead shielding. 

2.0 DESIGN INPUTS 
2.1 Drawing: ti-2.690020 Rev. 3 

3.0 ASSUMPTIONS 
3.1 None 

4.0 METHODS OF ANALYSIS (Hand calculations completed in Mathcad ver. 8.0) 

5.0 REFERENCES 
5.1 AISC, 1989. Manual of Steel Construction, 9th Edition, American Institute of Steel Construction. Chicago, 

Illinois 

Cleveland. Ohio. 
5.2 Blodgett. 0 W, 1991, Design of WeldedStruclores. Fourteenth Printing. The James F. Lincoln Arc Welding Foundation, 

6.0 FINDINGS AND CONCLUSIONS The calculations below determine the shielded receiver tube is adequate to carry the 
exected 250 Ibf additional loading with a large factor-of-safety. 

7.0 CALCULATIONS 

7.1 Determine the loads on the shielded receiver tube and include the addition of lead shield. 

Tube := 250.Ibf 

L:=77.in- l.t2.in-.75.in 

Tube 4 := L. 10.19 
Ibf 
-iT 

Weight of added lead shield. 

L = 6.261 R Length of shielded receiver tube. 

Tube 4 = 67.5544bf Weight of 4 schedule 40 pipe. 

Tube 2 = 22.852.lbf Weight of 2" sch 40 pipe. 
I b f  
3- Tube 2 := L.3.65, 

Lend = 2?97.lbf Weight of lead 

I b f  
Flange := ' [ (8 .5. in) ' -  (2.39,in)?]..75.in.490. 

Weight of ball valve, view port and dust cap is estimated at 100 Ib. 

W lolal := Tube +Tube +Tube ., + Lead +Flange  W = 26494bf Misc weight. 

7.2 Assuming the 4 sch 40 pipe carries the entire load, determine the maximum stress in pipe. 

Flange = I I . l I4 . lbf  Weight of lower flange 
J' 2- 

A-3 
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A4:=3.I7.inz Cross sectional area of 4 sch 40 pipe. 

a a = 835.629.psi OK 
'" 1OtJl 

4 t '- A 

7.3 Determine the adequacy of the 1/4" weld attaching the 4 sch 40 pipe to the Upper flange 

d := 4.5.in 
I .  

Diameter of weld 

Weld size 

a base := 36000 psi Yield stress of the base metal. 

a := 60000 psi Yield stress of the weld matal. 

'" a := P 

Connection Loads: 

F z := 1" total F := 0.lbf F := O.lbf 

M y  := O.in.lbf bI,:=O.in.lbf h.1 , := O.in,Ibf 

Weld Properties per Blodgett 1991 

C,:=? 
d 

d 

c I - 7 7 j . i n  - 

C y  i 2.25.in 

The distance to the outer fiber in the x-direction. 

The distance to the outer fiber in the y-direction. C y : = ? .  

A := v d  A ," = I4.137.in The linear area of the weld. 

n.d' 
-2- 

x.d' 
s wy := -J- 

s , " ~  i t5.904-in' 

s ,vy = tj.904.in' 

I," = 71.5694n' 

The linear section modulus about the x-axis. 

The linear section modulus about the y-axis. 

The linear polar moment of inertia 

s ,~ := 

z . d '  
J , v : = T  

Linear Weld Stress: 

Required Fillet Weld Size: 

\v 0.OIS.in 1 f \" f w f w f \" 
5 

0.707.(0.3).0 0.4.0 base 0.4.0 base 0.707.(0.3) 6 weld 

0.707 is for shear through throat of fillet weld, 0.3 is allowable stress reduction factor for shear through throat of 
fillet weld and 0.4 is for shear on base metal. See AlSC 1989, Table J2.5. Page5-70. 

The Margin of Safety: 

OK \". 

FS := - FS = 16.979 
r 
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7.4 Check bolts attaching upper flange and shielded receiver tube to the hoist box. 

n := S 

a allow := 90000.psi 

w 13.5.in)'- (2.39.in)'].1.1?.in.490. 

1" total := w total + w flanpe 

A c .- '- .- 702,in' 

Number of 5/8" A193 bolts. 

Minimum yield stress for an A193 bolt (no class specified). - 
I lbf 

W flange = 41.035 .lbf Weight of upper flange. Ti' 
Total weight of shielded receiver tube assembly. 

Cross sectional area of a 5/8" bolt 

w total 
a '- 

f '- 

t-allow FS := - 
a t  

a t =  1666.psi Maximum stress in a 518" bolt. 

FS : 54.007 OK 

A-5 
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PIPE RadNad 140 
DIAMETER 

Half Round Full Round 

ADVANCED SHIELDING TECmOLOGY, LLC 
PRICLYG STRUCTURE 
EFFECTIVE DATE: R I w  1.1999 (rev.1) 

Metalized 

Half Round Full Round 

4" or less $80 $160 $94 $238 

6" $105 $210 $119 $300 

8" 

10" & 12" 

$124 $248 $147 $372 

$140 $280 $166 $420 

I 4"orless I $168 I $336 I $199 I $505 I 

14" & 16"" $140 $280 $166 $420 

18" & 20" $150 $300 

Page 1 of 3 
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PIPE 
DIAMETER 

RadKlad 130 Metalized 

Flalf Round Full Round Flalf Round Full Round 

6" 

8" 

$248 $496 $294 $742 

$360 $720 $327 $1,078 

10" 

12" 

$518 $1036 $615 $1,554 

$835 $1.670 $993 $2.505 

14" - 20" 
~~ 

$900 $1800 



RF'P-6018, Rev. 0 

SIZE 

1' x 3' 

ADVANCED SHIELDING TECHNOLOGY, LLC 

m. Coated Sh ie ld  Panels. 0.25" th i ck  l e n d  

RadKlad 140 Meta l i zed  

$130 I I $210 

1' x 4' 

2' x 4' 

$160 $245 

$225 $295 

* includes 4 grommetfed holes 

lV. Coated Valve Shie lds ,  0.75" th ick  lend 
~~ 

VALVE SIZE 

3/41' to 1" 

RadKlnd 140 RadKlad 340 Metalized 

$470 $705 

I 2" I $575 I I $860 I 
I 3/4** to 1" Karotest I $575 I I $860 I 

V. Whole Body Monitor Shield Enclosure 

Specifications (standard model): 

will accommodate most whole body monitors is use (IPM, PCM, etc.) 
modular dimensions 
sinele entrylerit 
seismic qualification available 
modular design allows for easy installation and removal of individual shield panels 
modular design allows for easy access to whole body monitor for maintenance 
safe and easy assemblyldisassembly 
side shielding available up to 1.0" lead thickness in 114" increments 
roof shielding available up to 112" lead thickness in 114" increments 
stainless steel panel finish 
options available a t  Customer request 
Special Design Whole Body Monitor Shield Enclosures available 

h i c e s  (standard model): 

114" thick lead shielding on sides and roof 
112" thick lead shieldine on sides and roof 
314" thick lead shielding on sides, ID" thick on roof 
1.0" thick lead shieldins on sides, 112" thick on roof 

(roll for esiimaie} 

Y 

Page 2 of 3 
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ADVANCED SHIELDING TECHNOLOGY, LLC 

Notes: 

1. 
2 

3. 

4. 
5 .  

All prices are subject to change without notification. 
Prices are non-inclusive of handling and freight charges, installation 
materials (fasteners). or installation support services, if applicable. 
Products s h o w  here are indicative of most commonly fabricated shield 
products. Please contact us for pricing on other shielding products. 
10 working days are required to process rguesu for all special shield designs. 
Fabrication of special size valve shields requires a 4 to 6 week lead time. 

\VEICHT INFORiVIATION 

L Pipe Shields (0.5" thick lead) 

Diameter \Veigbt per liner foot (half-round shield coverage) 

1 " 
2" 
3" 
4" 
5" 
6" 
8" 
10" 
I t "  

6.15 Ibs 
11.5 
15.5 
19.15 
23.75 
28 
35.5 
45 
53.25 

LI. Valve Shields (0.75" thick lead) 

Valve sue Weight 

314" 15 Ibs 
1" 15 
2" 80 

Ill. Shield Panels (114" thick) 

15 Ibs per square foot 

Page3of 3 
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Appendix B: Structural and Stress Analysis, Shielded Receiver Lifting Frame, Core Sample Truck # I  

B- I 
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STRUCTURAL AND STRESS ANALYSES, SHIELDED RECEIVER LIFTING FRAME, 
CORE SAMPLER TRUCK #1 

1.0 INTRODUCTION 

S t r u c t u r a l  and s t r e s s  ana lyses  have been conducted f o r  t h e  sh i e lded  
r e c e i v e r  l i f t  frame ( S R L F )  mounted on core  sampler t r u c k  number 1 .  Analyses 
cases  were: t h e  normal opera t iona l  s t a t i c  v e r t i c a l  (deadweight) l oads  and t h e  
deadweight combined with add i t iona l  s t a t i c  v e r t i c a l  and ho r i zon ta l  l oads  
in tended  t o  account for t h e  p o t e n t i a l  demands af t r a n s p o r t i n g  the SRLF on t h e  
t r u c k .  

The SRLF i s  a space frame s t r u c t u r e  w i t h  welded j o i n t s .  I t  . i s  f a b r i c a t e d  
from v a r i o u s  s i z e  s t r u c t u r a l  s t e e l  t ubes ,  except t h e  t w o  main members f o r  t h e  
f i x e d  frame por t ion  a r e  6 inch deep channels .  The o b j e c t i v e s  of the s t r u c t u r a l  
ana lyses  inc lude  determining and eva lua t ing  t h e  s t r e s s e s  in  t h e  frame members 
and t h e  weld j o i n t s .  Three dimension s t a t i c  f i n i t e  (beam) element ana lyses  of 
t h e  SRLF were conducted (Images 1993) with models t o  r e p r e s e n t  t h e  SRLF i n  t h e  
r a i s e d  and lowered p o s i t i o n ,  and t o  envelope the r e s t r a i n t  provided by t h e  
welded a t tachments  t o  t h e  t r u c k .  Fully f ixed  j o i n t s  were used in  t h e  f i n i t e  
element models. The r e s u l t s  were member (beam) s t r e s s e s  and j o i n t  f o r c e s .  The 
j o i n t  f o r c e s  were used t o  c a l c u l a t e  t h e  weld s t r e s s e s  f o r  t h e  j o i n t s  with 
methods from Blodgett  1982. The member and weld s t r e s s e s  were eva lua ted  and 
determined t o  be in  conformance with A I S C  1989 and AWS 1992. The ana lyses  
r e s u l t s  do not p r e d i c t  t h e  p o t e n t i a l  a f f e c t s  of  r e s idua l  s t r e s s e s ,  c y c l i c  
s t r e s s e s ,  s t r e s s  concen t r a t ions ,  and po ten t i a l  d e f e c t s .  The welds,  i nc lud ing  
t h e  a t tachments  t o  t h e  t r u c k ,  should f r equen t ly  be thoroughly cleaned and 
v i s u a l l y  i n s p e c t e d .  

2.0 CONCLUSIONS AND RECOMMENDATIONS 

The SRLF s t r u c t u r a l  ana lyses  r e s u l t s  a r e  t h e  s t r e s s e s  and j o i n t  f o r c e s  
for t h e  s t r u c t u r a l  members. The j o i n t  fo rces  were then used t o  c a l c u l a t e  t h e  
welded j o i n t  s t r e s s e s ,  inc luding  t h e  s t r e s s e s  i n  t h e  gusse t  p l a t e s  t h a t  
s t i f f e n  4 j o i n t s .  These c a l c u l a t e d  member and weld s t r e s s e s  a l l  a r e  wi th in  t h e  
a l lowab le  v a l u e s .  However, t h e  SRLF s t r u c t u r a l  member ends a r e  simply and 
d i r e c t l y  welded t o g e t h e r  a t  t h e  j o i n t s  or connec t ions .  Therefore ,  the 
ana lyses  and t h e  r e s u l t s  do @ p r e d i c t  or inco rpora t e  t h e  p o t e n t i a l  a f f e c t s  
o f :  

r e s i d u a l  s t r e s s e s  due t o  f a b r i c a t i o n  

1 c y c l i c  s t ress  changes dur ing  opera t ion  and t r a n s p o r t a t i o n  ( f a t i g u e )  

= s t r e s s  c o n c e n t r a t i o n s ,  sharp co rne r s ,  and p o t e n t i a l  d e f e c t s  in  t h e  
welded j o i n t s .  

The computed s t r e s s e s  i n  t h e  members and welds would d i r e c t l y  superimpose 
with r e s i d u a l  s t r e s s e s .  This i nc reases  the  p o t e n t i a l  f o r  o v e r s t r e s s  under a l l  
load c o n d i t i o n s ,  p a r t i c u l a r l y  f o r  t h e  welds. Cycl ic  s t r e s s e s  have t h e  
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p o t e n t i a l  t o  i n i t i a t e  and p r o p a g a t e  f a t i g u e  c r a c k s .  A g a i n  t h e  welds w i t h  t h e  
h i g h e r  l i k e l i h o o d  f o r  s t r e s s  c o n c e n t r a t i o n s  and d e f e c t s  a r e  t h e  most 
v u l n e r a b l e .  F u r t h e r  more comprehensive ana lyses  t o  accoun t  f o r  t h e s e  p o t e n t i a l  
e f f e c t s  c o u l d  be conducted.  A number o f  e n v e l o p i n g  assumpt ions wou ld  be 
n e c e s s a r y .  I t  i s  b e l i e v e d  t h a t ,  a f t e r  f u r t h e r  a n a l y s e s ,  t o o  many u n c e r t a i n t i e s  
w o u l d  r e m a i n  t o  e l i m i n a t e  t h i s  concern .  

I t  i s  recommended t h a t  t h e  w e l d  j o i n t s  i n  t h e  SRLF and t h e  a t t a c h m e n t s  t o  
t h e  t r u c k  be t h o r o u g h l y  c l e a n e d  and v i s u a l l y  i n s p e c t e d  f r e q u e n t l y .  F o r  
example,  a f t e r  each 30 days o f  o p e r a t i o n ,  and a f t e r  each r e l o c a t i o n  t o  a n o t h e r  
t a n k  f a r m .  The i n s p e c t i o n s  would be f o r  ev idence  o f  s t r u c t u r a l  and j o i n t  
d i s t r e s s  i n c l u d i n g  c r a c k s .  They s h o u l d  be f r e q u e n t ,  because v i s u a l  i n s p e c t i o n  
may nat be a b l e  t o  f i n d  c r a c k s  b e f o r e  t h e y  have advanced c o n s i d e r a b l y .  

I n  t h e  e v e n t  s t r u c t u r a l  d i s t r e s s  o c c u r s  where j o i n t  r e p a i r  , i s  n e c e s s a r y ,  
e v a l u a t i o n  s h o u l d  be made t o  d e t e r m i n e  i f  t h e  d e s i g n  d e t a i l s  can be r e a d i l y  
improved .  

3.0 MATERIALS AND ALLOWABLE STRESSES 

D e s i g n  d r a w i n g  H-2-91716 (WHC 1994b) f o r  t h e  SRLF s p e c i f i e s  e i t h e r  ASTM 
A36 o r  ASTM A500, Grade B s t e e l  f o r  t h e  s t r u c t u r a l  t u b e s  and channe ls .  The 
s t e e l  p l a t e s  and o t h e r  components used a r e  ASTM A36. The we ld  me ta l  used has a 
s p e c i f i e d  minimum u l t i m a t e  s t r e n g t h  o f  70,000 l b f / i n 2 .  

3.1 STRUCTURAL STEEL STRENGTH AND ALLOWABLE STRESSES 

The s t r e n g t h ,  a l l o w a b l e  s t r e s s e s ,  and o t h e r  m a t e r i a l  p r o p e r t i e s  used f o r  
a l l  t h e  s t r u c t u r a l  s t e e l  members and components i n  t h e  SRLF were e s t a b l i s h e d  
c o n s e r v a t i v e l y  f r o m  ASTM A36 s t e e l  minimum s p e c i f i c a t i o n s  as f o l l o w s :  

Modulus o f  E l a s t i c i t y ,  E 

Shear  Modulus,  G 

= 29,000,000 l b f / i n 2  

= 11,200,000 l b f / i n 2  

Poisons R a t i o ,  p = 0,300 

U l t i m a t e  T e n s i l e  S t r e n g t h ,  F, 

Y i e l d  S t r e n g t h ,  F, 

A l l o w a b l e  A x i a l  S t r e s s ,  F, 

A l l o w a b l e  Bending S t r e s s ,  F, 

A l l o w a b l e  Shear S t r e s s ,  F, 

= 58,000 l b f / i n 2  

= 36,000 l b f / i n 2  

= 0 . 6 0  x F, = 21,600 l b f / i n 2  

= 0.66 x F, = 23,760 l b f / i n 2  

= 0.40 x F, - 14,400 l b f / i n 2  
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3 . 2  WELD ALLOWABLE STRENGTH 

The u l t i m a t e  and allowable s t r eng th  for the  welds j o i n i n g  t h e  SRLF 
s t r u c t u r a l  members were e s t ab l i shed  in  accordance with t h e  S t r u c t u r a l  Welding 
code (AWS 1992) ,  and t h e  Manual o f  S t e e l  Construction (AISC 1989).  These f o r c e  
per  u n i t  l eng th  va lues  a r e  determined based on t h e  minimum u l t ima te  s t r e n g t h  
(FUN,,,) of t h e  weld me ta l ,  and t h e  th i ckness  (t,) o f  t h e  weld a s  fo l lows:  

Weld Metal Ul t imate  S t r eng th ,  F,,, 

Fillet Weld Ultimate S t r eng th ,  F,, 

Fillet Weld Allowable S t rength ' ,  F, 

= 70,000 l b f / i n 2  

= 0.707 x t, x F,,, l b f / i n  

= 0 . 3 0  x F,, = 14,800 x t, l b f / i n  

4.0 CONFIGURATION AND LOADS 

The c o n f i g u r a t i o n  o f  t h e  S R L F  s t r u c t u r e  f o r  co re  sampler t ruck  1 obta ined  
from t h e  des ign  drawing H-2-91716 (WHC 1994b) i s  shown i n  Figures 1 ,  2 ,  and 3.  
I t  i s  a space frame s t r u c t u r e  with welded j o i n t s .  It  i s  f a b r i c a t e d  from 
va r ious  s i z e  s t r u c t u r a l  s t e e l  tubes ,  except t h e  two main members f o r  t h e  f ixed  
frame por t ion  a r e  6 inch deep channels.  The f ixed  frame a n d  i t s  t w o  brac ing  
members a r e  welded t o  t h e  t ruck .  The moveable por t ion  i s  r a i s e d  and lowered 
dur ing  normal ope ra t ion  by the  two v e r t i c a l  a c t u a t o r s .  Figure 1 a l s o  shows t h e  
l o c a t i o n  o f  t he  normal opera t ion  v e r t i c a l  s t a t i c  (deadweight) loads  o n  t h e  
moveable po r t ion  o f  t h e  s t r u c t u r e .  These loads (maximum) a r e :  t h e  sampler 
h o i s t  sh i e lded  r e c e i v e r  box and base p l a t e  (1 ,900  l b f ) ,  plus t h e  sh i e lded  
sampler tube  (2 ,800  l b f ) .  

The maximum a l lowable  speed on paved roadways i s  15 mi/h f o r  t h e  co re  
sampler t r u c k  1 .  This l i m i t  was e s t ab l i shed  t o  prevent t r u c k  r o l l o v e r  from t h e  
r e s u l t s  of a p rev ious  a n a l y s i s  f o r  core  sampler t r u c k  2 (WHC 1994a).  
p o t e n t i a l  demands o f  t r a n s p o r t i n g  t h e  SRLF on t h e  t r u c k  a t  t h e  15 m i / h  maximum 
allowed speed, a l s o  es t imated  by the  r o l l o v e r  a n a l y s i s  f o r  t r u c k  2 (WHC 
1994a) ,  a r e  r ep resen ted  as addi t iona l  s t a t i c  fo rces  o n  t h e  S R L F .  These a r e :  
0 .18  g v e r t i c a l ,  0 .43  g l o n g i t u d i n a l ,  and 0.37 g l a t e r a l .  The moveable po r t ion  
o f  t h e  SRLF i s  only i n  t h e  lowered pos i t i on  dur ing  t r a n s p o r t .  

The 

5 . 0  STRUCTURAL ANALYSES AND RESULTS 

Three dimension f i n i t e  element s t a t i c  ana lyses  were conducted f o r  t h e  
SRLF s t r u c t u r e  (Images 1993) f o r  t he  normal opera t ion  deadweight l o a d s ,  and 
f o r  deadweight combined with t h e  addi t iona l  t r a n s p o r t a t i o n  l o a d s .  F i n i t e  beam 
element models with t h e  SRLF in  the  r a i sed  and lowered p o s i t i o n  were developed 
and used. Also, t h e  f ixed  frame was b o t h :  modeled t o  be f u l l y  r e s t r a i n e d  a t  
a l l  welds t o  t h e  t r u c k ,  and with only the  two braces provid ing  t h e  ove r tu rn ing  
r e s t r a i n t .  Ful ly  f i x e d  j o i n t s  were used i n  the  f i n i t e  element models, because 
t h e  SRLF s t r u c t u r a l  member ends a r e  simply and  d i r e c t l y  welded t o g e t h e r  a t  t h e  

'For f i l l e t  weld (t,) = 3/16 i n . ,  (F,) = 2775 l b f / i n .  
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joints or connections. Four of the SRLF connections are stiffened with gusset 
plates. 

Four deadweight loads analyses cases were run. This was necessary to 
obtain analyses results for the SRLF in both the raised and lowered position, 
and for the two restraint conditions assumed for the fixed frame. Four 
transportation loads analyses cases were run with the SRLF in the lowered 
position. This was necessary to obtain analyses results for both forward and 
aft direction longitudinal loads, and for the two restraint conditions assumed 
for the fixed frame. The finite (beam) element models are described in detail, 
and all the Images 1993 analyses results are provided in Appendix A. 

The Images 1993 analyses results include the forces and moments in the 
members and joints, and the member stresses. The bending, axial, shear, and 
combined stresses are calculated for each beam element in the SRLF model. The 
maximum bending, shear, and combined stress values in the SRLF members for 
deadweight loads, and the transportation loads are listed and compared to the 
allowable in Table 1 and Table 2, respectively. All of the calculated 
potential stresses in SRLF structural members are within the allowable. 

The stresses in the weld joints due to the member/joint forces and 
moments were calculated. Weld stress analysis methods from Blodgett 1982 were 
used. The weld joint stress calculations and evaluations are provided in 
Appendix B. Table 3 lists the maximum potential weld stresses for the normal 
deadweight loads, and transportation loads. For comparison, the allowable weld 
strengths for the welds are also listed in Table 3. All of the calculated 
potential weld stresses in the SRLF joints are within the allowable strengths. 
for the normal deadweight loads the calculated weld stresses, with few 
exceptions, are very low. For the additional transportation loads, most of the 
calculated weld stresses increase significantly. Two of the weld joint 
stresses essentially equal their allowable strength. Several others are within 
20% of the allowable strength. 

It was also necessary to use member/joint forces to calculate the bending 
stresses in the gusset plates that stiffen 4 joints in the SRLF. The maximum 
calculated bending stresses in the plates for the deadweight and 
transportation load cases are 10,3218 lbf/in2 and 14,085 lbf/in2, respectively. 
These are within the 23,760 lbf/in allowable bending stress. 
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FIGURE 1: SHIELDED RECEIVER L I F T I N G  FRAME ASSEMBLY 
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FIGURE 2:  SHIELDED RECEIVER SUPPORT FRAME ASSEMBLY 
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FIGURE 3 :  SHIELDED RECEIVER F I X E D  SUPPORT FRAME ASSEMBLY 
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Type o f  Maximuy A1 1 owabl e 
Member* S t r e s s  ( l b f / i n  ) ( l b f / i n ' )  

40 A x i a l  518 21600 

41 Bending 7475 23760 

107 Shear 8019 14400 

i 39 Combined** 7970 23760 

T a b l e  1. Maximum Member S t r e s s e s  Normal Deadweight  Loads 

II I I I II 

Member* 

82 

44 

16 

4 1  

Type o f  Maximuy A1 1 owabl e 
S t r e s s  ( l b f / i n  ) (1 b f / i  n2) 

A x i  a1 2364 21600 

Bendinq 18180 23760 

Shear 4708 14400 

Combined** 21300 23760 

*Beam number f r o m  Images-3D Model, see Appendix  A. 
* *Mos t l y  b e n d i n g  s t r e s s ,  use bend ing  s t r e s s  a l l o w a b l e .  

9 

B-11 



WP-6018, Rev. 0 

6 to 6 main cross member 
6 to 7 
Gusset to 10 
32 to 7 end weld 
6 to 7 gusset to 35 

6 to 7 weld on side of 

1976 2355 2775 

1036 1900 2775 
743 1363 2775 

1273 2535 2775 

3222 4399 5550 

306 1635 2775 

(t,, = 3/8 in.) 

5 to 5 lower bracing 

5 ,  5 to 7 lower bracing 
to vertical tube 
5 to 5 lower bracing 
Actuator support 
(90" joint) 
Actuator support 
to c 5x9 

*Fixed frame joint 
**For fillet weld thickness (t,) = 3/16 in. unless otherwise specified. 

63 687 2775 

114 713 2775 
145 326 2775 

64 1425 2775 

976 1133 3700 
(t, = 1/4 in.) 

3/16" fillet 3/16" fillet 314" weld 
equiv reqd thickness 

available 
equiv reqd 

10 
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Appendix C: Structural and Stress Analysis, Shielded Receiver Lifting Frame and Jack Assemblies, Core 
Sample Truck #3 and #4 
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7. Abstract 

S t r u c t u r a l  and s t r e s s  ana lyses  have been completed f o r  the s h i e l d e d  r e c e i v e r  l i f t i n g  
frame (SRLF) ,  and t h e  j a c k  assemblies mounted on  co re  sampler t r u c k s  X3 and $4. 

The SRLF i s  a space  frame s t r u c t u r e  f a b r i c a t e d  from s t r u c t u r a l  s t e e l  tubes  and 
channe l s ,  with welded j o i n t s .  Analyses cases  were r u n  f o r  t h e  deadweight l oads  and 
t h e  deadweight combined with loads  r ep resen t ing  p o t e n t i a l  t r a n s p o r t a t i o n  demands. 
Three d imens iona l ,  s t a t i c  f i n i t e  element ana lyses  were conducted. The ana lyses  
r e s u l t s  i nc lude :  t h e  s t r u c t u r a l  member s t r e s s e s ,  and t h e  f o r c e s  in  t h e  welded 
j o i n t s .  The j o i n t  f a r c e s  were used t o  c a l c u l a t e  t h e  weld s t r e s s e s .  The member and 
weld s t r e s s e s  were determined t o  be in  conformance with AISC 1989 and AWS 1992. The 
ana lyses  r e s u l t s ,  p a r t i c u l a r l y  f o r  t h e  welds, do not p r e d i c t  t h e  p o t e n t i a l  a f f e c t s  
o f  r e s i d u a l  s t r e s s e s ,  c y c l i c  s t r e s s ,  stress concen t r a t ions ,  and p o t e n t i a l  d e f e c t s .  
The re fo re ,  i t  i s  recommended t h a t  t h e  welded j o i n t s ,  i nc lud ing  t h e  attachments t o  
t h e  t r u c k ,  be thoroughly  cleaned and v i s u a l l y  inspec ted  f r e q u e n t l y .  

The f r o n t ,  c e n t e r  and r e a r  j ack  assemblies a r e  beam s t r u c t u r e s  connected t o  t h e  '. 
t r u c k s .  S t r e s s  ana lyses  were conducted f o r  t h e  v e r t i c a l  f o r c e s  appl ied  by t h e  j a c k s .  
Also,  h o r i z o n t a l  j a c k  f o r c e s  were considered f o r  the f r o n t  and r e a r  assembl ies .  For 
t h e  v e r t i c a l  l o a d s ,  t h e  member, weld, and b o l t  s t r e s s e s  in  t h e  load  paths t o  t h e  
t r u c k  were determined t o  be in  conformance with AISC 1989 and AWS 1992. The 
assembl ies  have low capac i ty  f o r  hor izonta l  j a c k  l o a d s .  F i n a l l y ,  t h e s e  assembl ies  
a r e  f r e q u e n t l y  used l i f t i n g  f i x t u r e s  f o r  t h e  t r u c k s  and co re  sampling equipment. 
They should have f r e q u e n t ,  comprehensive prevent ive  maintenance (PM) v i sua l  
i n s p e c t i o n s  f o r  s t r u c t u r a l  d i s t r e s s .  
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STRUCTURAL AND STRESS ANALYSES, SHIELDED RECEIVER L I F T I N G  FRAME AND JACK 
ASSEMBLIES, CORE SAMPLER TRUCKS #3 AND #4 

1.0 INTRODUCTION 

S t r e s s  ana lyses  and s t r u c t u r a l  eva lua t ions  have been conducted f o r  t h e  
s h i e l d e d  r e c e i v e r  l i f t i n g  frames (SRLF) and t h e  j a c k  assembl ies  mounted on 
co re  sampler t r u c k s  number 3 and 4.  
ope ra t iona l  s t a t i c  v e r t i c a l  (deadweight) l oads .  I t  was a l s o  analyzed t o  
determine t h e  e f f e c t s  of t h e  deadweight loads  combined with a d d i t i o n a l  s t a t i c  
v e r t i c a l  and ho r i zon ta l  l oads  intended t o  account f o r  t h e  p o t e n t i a l  demands of 
t r a n s p o r t i n g  t h e  SRLF on t h e  t ruck .  The f r o n t ,  c e n t e r ,  and r e a r  j a c k  
assembl ies  i nc lud ing  t h e i r  connections o r  attachments t o  t h e  t r u c k s  were 
analyzed f o r  v e r t i c a l  f o r c e s  appl ied  when t h e  j a c k s  a r e  deployed. These 
ana lyses  a l s o  computed t h e  maximum c a p a c i t i e s  f o r  concurren t  ho r i zon ta l  j a c k  
f o r c e s  f o r  t h e  f r o n t  and r e a r  j ack  assemblies.  

I t  

The SRLF was analyzed f o r  t h e  normal 

The SRLF i s  a space frame s t r u c t u r e  with welded j o i n t s  (WHC 1995a) .  
i s  f a b r i c a t e d  from va r ious  s i z e  s t r u c t u r a l  s t e e l  t ubes ,  except  t h e  t w o  main 
members f o r  t h e  f i x e d  frame por t ion  a r e  6 inch deep channels .  The o b j e c t i v e s  
of  t h e  s t r u c t u r a l  ana lyses  inc lude  determining and e v a l u a t i n g  t h e  s t r e s s e s  i n  
t h e  frame members and t h e  weld j o i n t s .  Three dimensional s t a t i c  f i n i t e  beam 
element ana lyses  of t h e  SRLF were conducted (Images 1993).  The models used 
r e p r e s e n t  t h e  SRLF in  t h e  r a i s e d  and lowered p o s i t i o n ,  and envelope t h e  
r e s t r a i n t  provided by t h e  welded attachments t o  t h e  t r u c k .  
were used i n  t h e  f i n i t e  element models. The r e s u l t s  were member s t r e s s e s  and . 
j o i n t  f o r c e s .  The j o i n t  f o r c e s  were used t o  c a l c u l a t e  t h e  weld s t r e s s e s  f o r  
t h e  j o i n t s  wi th  methods from Blodgett  1982. 
eva lua ted  and determined t o  be i n  conformance with AISC 1989 and AWS 1992. 
However, AISC 1989 and AWS 1992 adv i se  t h a t  successfu l  welded connec t ions  
r e q u i r e  d e t a i l i n g  c o n s i d e r a t i o n s  and precaut ions  f o r  r e s i d u a l  welding 
s t r e s s e s ,  load  or s t r e s s  d i s t r i b u t i o n ,  c y c l i c  s t r e s s e s ,  and s t r e s s  r a i s e r s  o r '  
d e f e c t s .  
t o g e t h e r .  The re fo re ,  t h e  ana lyses  do not p r e d i c t  t h e  p o t e n t i a l  e f f e c t s  of  
t h e s e  f a c t o r s .  To compensate, t h e  SRLF welds inc luding  t h e  a t tachments  t o  t h e  
t r u c k  should f r e q u e n t l y  be cleaned and v i s u a l l y  in spec ted .  

The f r o n t  j a c k  assembly i s  a simple beam ( W  5x16) with a c e n t e r  mounted 
j a c k .  The c e n t e r  j a c k  assembl ies  (two per t r u c k )  a c t  a s  c a n t i l e v e r  beams ( W  
14x22) wi th  concen t r a t ed  end loads  from the  j a c k s .  
a s imple  beam ( W  14x22) supported o r  l i f t e d  by end mounted j a c k s ,  with 
concen t r a t ed  l o a d s  a t  t h e  t w o  attachment po in t s  t o  t h e  t r u c k  c h a s s i s  
(WHC 1 9 9 5 b ) .  
t h e  s t r e s s e s  f o r  and e v a l u a t e  a l l  t h e  s t r u c t u r a l  members, j o i n t s  ( e . g . ,  welds 
and b o l t s )  and connec t ions  in  t h e  load path from t h e  j a c k s  and b o l s t e r s  t o  t h e  
t r u c k  c h a s s i s .  Standard des ign  s t r e s s  ana lys i s  methods f o r  s t r u c t u r a l  s t e e l  
beam type  members and t h e i r  connections were used. The member, b o l t ,  and weld 
s t r e s s e s  were determined t o  be in  conformance with AISC 1989 and AWS 1992. 
The j a c k  a s sembl i e s  a r e  l i f t i n g  f i x t u r e s  f o r  t he  co re  sampler t r u c k s ,  d r i l l i n g  
p l a t fo rms ,  and t h e  SRLF (wi th  r e c e i v e r  a n d  sample t u b e ) .  The assembl ies  w i l l  
be i n  f r equen t  use. 
nea r  t h e i r  des ign  a l lowables  i n  some l o c a t i o n s .  The assembl ies  i nc lud ing  t h e  

Ful ly  f i x e d  j o i n t s  

The member and weld s t r e s s e s  were 

The  SRLF s t r u c t u r a l  member ends a r e  simply and d i r e c t l y  welded 

The r e a r  j a c k  assembly i s  

The o b j e c t i v e s  of t h e  j ack  assembly ana lyses  were t o  c a l c u l a t e  

The front and r e a r  assemblies a r e  p o t e n t i a l l y  s t r e s s e d  

1 
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a t tachments  t o  t h e  t r u c k s  should ,  a s  p r e v e n t a t i v e  maintenance ( P M ) ,  be 
thoroughly cleaned and v i s u a l l y  inspec ted  f r e q u e n t l y .  

t o  develop t h e  recommended maximum accep tab le  speed f o r  t r u c k s  3 and 4 .  
In a d d i t i o n ,  a r o l l  over eva lua t ion  was performed. The r e s u l t s  were u s e d .  , 

2.0 CONCLUSIONS AND RECOMMENDATIONS 

The SRLF s t r u c t u r a l  ana lyses  r e s u l t s  a r e  t h e  s t r e s s e s  and j o i n t  f o r c e s  
for t h e  s t r u c t u r a l  members. 
welded j o i n t  s t r e s s e s ,  inc luding  t h e  s t r e s s e s  in  t h e  g u s s e t  p l a t e s  t h a t  
s t i f f e n  fou r  j o i n t s .  These c a l c u l a t e d  member and weld s t r e s s e s  a l l  a r e  wi th in  
t h e  a l lowable  va lues .  The a l lowable  f i l l e t  weld s t r e s s  b a s i s  i s  t h e  shea r  
s t r e s s  va lue  a t  i t s  t h r o a t .  The AISC 1989 and AWS 1992 f u r t h e r  advise  t h a t  
success fu l  welded connec t ions  r e q u i r e  d e t a i l i n g  c o n s i d e r a t i o n s  and p recau t ions  
f o r  r e s idua l  welding s t r e s s e s ,  load o r  s t r e s s  d i s t r i b u t i o n ,  c y c l i c  s t r e s s e s ,  
and s t r e s s  r a i s e r s  o r  d e f e c t s .  The SRLF s t r u c t u r a l  member ends a r e  simply and 
d i r e c t l y  welded t o g e t h e r .  Connection hardware and d e t a i l i n g  p recau t ions ,  
e.g . ,  c l i p  ang le s ,  which balance j o i n t  f o r c e s ,  avoid d e f e c t s  and s t r e s s  
r a i s e r s ,  and minimize r e s idua l  and secondary s t r e s s e s ,  were not used. 
The re fo re ,  t h e  ana lyses  and t h e  r e s u l t s  do not  p r e d i c t  o r  i nco rpora t e  t h e  
p o t e n t i a l  a f f e c t s  o f :  

The j o i n t  f o r c e s  were then used t o  c a l c u l a t e  t h e  

Residual s t r e s s e s  due t o  f a b r i c a t i o n  (welding) 

Cycl ic  s t r e s s  changes dur ing  ope ra t ion  and t r a n s p o r t a t i o n  ( f a t i g u e )  

S t r e s s  c o n c e n t r a t i o n s ,  sharp  co rne r s ,  and p o t e n t i a l  d e f e c t s  in  t h e  welded 
j o i n t s  

The computed s t r e s s e s  in  t h e  members and welds would d i r e c t l y  superimpose 
wi th  r e s i d u a l  s t r e s s e s .  This i n c r e a s e s  t h e  p o t e n t i a l  f o r  over  s t r e s s e s  under 
a l l  load c o n d i t i o n s ,  p a r t i c u l a r l y  f o r  t h e  welds. Cycl ic  s t r e s s e s  have t h e  
p o t e n t i a l  t o  i n i t i a t e  and propagate f a t i g u e  c racks .  Again, t h e  welds wi th  t h e  
h ighe r  l i k e l i h o o d  f o r  s t r e s s  concen t r a t ions  and d e f e c t s  a r e  t h e  most 
v u l n e r a b l e .  Comprehensive ana lyses  t o  account f o r  t h e s e  p o t e n t i a l  e f f e c t s  
could  be conducted. A number o f  enveloping assumptions would be necessary .  
I t  i s  be l ieved  t h a t ,  a f t e r  f u r t h e r  ana lyses ,  t o o  many u n c e r t a i n t i e s  would 
remain t o  e l i m i n a t e  t h i s  concern.  

I t  i s  recommended t h a t  t h e  weld j o i n t s  in  t h e  SRLF and t h e  a t tachments  t o  
t h e  t r u c k  be thoroughly cleaned and v i s u a l l y  inspec ted  f r e q u e n t l y .  
example, i n spec t  a f t e r  each 30 days of ope ra t ion ,  and a f t e r  each r e l o c a t i o n  t o  
ano the r  tank  farm. 
j o i n t  d i s t r e s s  inc luding  c racks .  They should be f r e q u e n t ,  because v i sua l  
i n spec t ion  may n o t  be ab le  t o  f i nd  c racks  before  they  have advanced 
cons ide rab ly .  

For 

The in spec t ions  would be f o r  ev idence  of s t r u c t u r a l  and 

In t h e  event  SRLF s t r u c t u r a l  d i s t r e s s  occurs  where j o i n t  r e p a i r  i s  
necessa ry ,  eva lua t ion  should be made t o  determine i f  t h e  des ign  d e t a i l s  can be 
r e a d i l y  improved. 
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For a l l  t h r e e  j a c k  assembl ies  s u b j e c t  t o  t h e  given (WHC 1 9 9 5 ~ )  maximum 
v e r t i c a l  j ack  loads  on ly ,  t h e  c a l c u l a t e d  member s t r e s s e s ,  welds s t r e s s e s ,  b o l t  
f o r c e s ,  and bear ing  loads  a r e  wi th in  t h e  a l lowable  values and c a p a c i t i e s .  The 
j a c k  assembl ies  a r e  not des igned  t o  s u p p o r t  hor izonta l  j a c k  loads .  Therefore ,  
one recommendation i s  t o  pos t  s i g n s  on t h e  t r u c k s  t o  warn a g a i n s t  allowing 
s i d e  loads  on t h e  j a c k s .  Another i s  t h a t  t h e  ope ra t ing  procedures inc lude  
p recau t ions  t o  p revent  t h e  a p p l i c a t i o n  o f  any s i d e  loads  o n  t h e  j a c k s .  

The f r o n t  jack maximum v e r t i c a l  11,100 l b f  (WHC 1 9 9 5 ~ )  load alone w i l l  
develop about 82% of  t h e  a l lowab le  s h e a r  f o r c e  capac i ty  in  t h e  5 /8- in .  
SAE Grade 8 b o l t s  i n  t h e  connec t ion  t o  t h e  t r u c k  c h a s s i s .  Therefore ,  about a 
450 l b f  ho r i zon ta l  concurren t  load on t h e  front j ack  wi l l  over s t r e s s  t h e s e  
b o l t s  in  s h e a r .  

The r e a r  j a c k  assembly v e r t i c a l  load capac i ty  i s  governed by t h e  s t r e s s  
in  t h e  3 /16- in .  f i l l e t  welds t o  t h e  t r u c k  c h a s s i s .  The 10,000 l b f  (WHC 1995c) 
maximum v e r t i c a l  r e a r  j a c k  loads  develop 58% of t h e  allowable s t r e s s  c a p a c i t y  
i n  t h e s e  welds.  The b o l s t e r s  on t h e  r e a r  assembly highly l i m i t  t h e  c a p a c i t y  
f o r  ho r i zon ta l  j a c k  loads .  A 500 l b f  ho r i zon ta l  r e a r  j a c k  load in  t h e  forward 
o r  a f t  l o n g i t u d i n a l  d i r e c t i o n  w i l l  develop t h e  a l lowable  bending s t r e s s  
c a p a c i t y  i n  t h e  1/4-in.  t h i c k  b o l s t e r  end p l a t e s .  A 1,250 l b f  hor izonta l  j a c k  
load  i n  t h e  l e f t  o r  r i g h t  l a t e r a l  d i r e c t i o n  wi l l  develop the  a l lowable  s t r e s s  
i n  t h e  attachment welds for t h e  j a c k  mounting p l a t e s  on t h e  b o l s t e r s .  

The c e n t e r  j a c k  given v e r t i c a l  10,000 l b f  design load (WHC 1995c) would 
develop  55% of t h e  a l lowable  s t r e s s  c a p a c i t y  in  t h e  3/16-in. f i l l e t  welds 
a t t a c h i n g  t h e  end p l a t e  t o  the W 14x22 beam. 
assembly for ho r i zon ta l  j a c k  loads  was not r equ i r ed .  

d r i l l i n g  p l a t fo rms ,  and t h e  SRLF (wi th  r e c e i v e r  and sample t u b e ) .  The 
assembl ies  w i l l  be in  f r equen t  use.  The front and r e a r  assembl ies ,  
p a r t i c u l a r l y  i f  sub jec t ed  t o  concur ren t  ho r i zon ta l  j a c k  f o r c e s ,  a r e  
p o t e n t i a l l y  s t r e s s e d  near  t h e i r  des ign  a l lowables  in  some l o c a t i o n s .  The 
assembl ies  i nc lud ing  t h e  a t tachments  t o  t h e  t r u c k s  should,  as p r e v e n t a t i v e  
maintenance (PM) ,  be thoroughly  cleaned and v i s u a l l y  inspec ted  f r e q u e n t l y .  
These should be comparable t o  t h e  comprehensive in spec t ions  ( t h i r d  p a r t y )  
r e q u i r e d  f o r  c ranes  and  l i f t i n g  f i x t u r e s  w i t h  po ten t i a l  s e r i o u s  s a f e t y  
consequences due t o  f a i l u r e ,  and conducted by q u a l i f i e d  personnel .  Major 
s t r u c t u r a l  r e p a i r  should be eva lua ted  i n  advance by q u a l i f i e d  engineer ing  
pe r sonne l ,  Damaged l i f t i n g  f i x t u r e s  w i l l  o f t e n  be rep laced ,  because t h e  
p o s s i b l e  r e p a i r s  could s t i l l  l e a v e  u n c e r t a i n t i e s  and s a f e t y  concerns.  

s i t e  paved roads i s  15 mi/h. This  i s  t h e  same as  determined f o r  truck 2 
(WHC 1994a) .  

An eva lua t ion  of t h e  c e n t e r  j a c k  

The j a c k  assembl ies  a r e  l i f t i n g  f ixtures f o r  the co re  sampler t r u c k s ,  

The recommended maximum a c c e p t a b l e  speed f o r  t rucks  3 an 4 on Hanford 

3 .0  MATERIALS A N D  ALLOWABLE STRESSES 

The des ign  drawings (WHC 1995a) ,  (WHC 1995b) for t h e  SRLF and t h e  j a c k  
assembl ies  s p e c i f y  e i t h e r  ASTM A36 o r  ASTM A500, Grade 8 s t e e l  f o r  the 
s t r u c t u r a l  tubes  and channe l s .  The s t e e l  p l a t e s  and o t h e r  components used a r e  
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ASTM A36. 
70,000 l b f / i n 2 .  
assembl ies  t o  t h e  trucks. F i n a l l y ,  t h e  t r u c k  c h a s s i s  l o n g i t u d i n a l  s t e e l  
members have a minimum u l t i m a t e  t e n s i l e  s t r e n g t h  ,(FJ o f  ,103 Kips/in'. 

The weld metal used has a s p e c i f i e d  minimum u l t i m a t e  s t r e n g t h  of 
S t e e l  SAE Grade 8 b o l t s  a t t a c h  t h e  front and c e n t e r  j a c k  

3.1 STRUCTURAL STEEL STRENGTH AND ALLOWABLE STRESSES 

The s t r e n g t h ,  a l lowable  s t r e s s e s ,  and o t h e r  mater ia l  p r o p e r t i e s  used f o r  
a l l  t h e  s t r u c t u r a l  s t e e l  members and components in  t h e  SRLF and j a c k  
assembl ies  were e s t a b l i s h e d  conse rva t ive ly  from ASTM A36 s t e e l  minimum 
s p e c i f i c a t i o n s  as  fo l lows :  

Modulus o f  E l a s t i c i t y ,  E 

Shear Modulus, G 

= 29,000,000 l b f / i n '  

= 11,200,000 l b f / i n 2  

Poisons Ra t io ,  p = 0.300 

Ult imate  T e n s i l e  S t r e n g t h ,  F, 

Yield S t r e n g t h ,  F, 

Allowable T e n s i l e  S t r e s s ,  F, 

Allowable Bending S t r e s s ,  F, 

Allowable Shear S t r e s s ,  F, 

= 58,000 l b f / i n '  

= 36,000 l b f / i n '  

= 0 .60  x F, = 21,600 l b f / i n 2  

= 0.66  x F, = 23,760 l b f / i n '  

= 0.40 x F, = 14,400 l b f / i n 2  

3 . 2  WELD ALLOWABLE STRENGTH 

The u l t i m a t e  and a l lowab le  s t r eng th  f o r  t h e  welds j o i n i n g  t h e  SRLF and 
j a c k  assembly s t r u c t u r a l  members were e s t a b l i s h e d  in  accordance with t h e  
S t r u c t u r a l  Welding Code (AWS 1992) ,  and t h e  Manual of S t ee l  Cons t ruc t ion  
(AISC 1989).  These f o r c e  pe r  u n i t  l ength  va lues  a r e  determined based on the 
minimum u l t i m a t e  s t r e n g t h  (Fum) of t h e  weld metal ,  and t h e  th i ckness  (t,) o f  
the weld a s  fo l lows:  

Weld Metal Ul t imate  S t r e n g t h ,  F,, = 70,000 l b f / i n 2  

Weld Ul t imate  S t r e n g t h ,  F,, = 0.707 x t, x F,,, l b f / i n  

Fillet Weld Allowable S t r eng th ,  F, = 0.30 x F,, = 14,800 x t, l b f / i n  

4 
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3.3 BOLT ALLOWABLE STRESSES 

S t e e l  s t r u c t u r a l  b o l t s ,  SAE Grade 8 ( equ iva len t  t o  ASTM A490), a r e  used 
t o  a t t a c h  t h e  f r o n t  and c e n t e r  j ack  assemblies t o  t h e  co re  sampler t r u c k s  3 
and 4 .  
( s h e a r )  t ype .  The a l lowable  shea r  s t r e s s  in  these  b o l t s  i s  28,000 l b f / i n 2 .  
The f i x e d  end suppor t s  f o r  t h e  c e n t e r  j a c k  assemblies a r e  provided by end 
p l a t e s  bo l t ed  t o  the truck frames. The f i x e d  end moments when the c e n t e r  
j a c k s  a r e  deployed w i l l  pu t  t h e s e  bolt: i n  t ens ion .  The a l lowable  t e n s i o n  
s t r e s s  in  t h e s e  b o l t s  i s  54,000 l b f / i n  . The a l lowable  b o l t  bear ing  s t r e s s  in  
t h e  t ryk  c h a s s i s  members (1/4-in.  t h i ckness )  i s  1 . 5  x F,, or 1 .5  x 103 
Kips / in  = 154 Kips / in2 .  

The f r o n t  assembly bol ted  connections t o  t h e  c h a s s i s  a r e  bea r ing  

4.0 CONFIGURATION AND LOADS 

4.1 SHIELDED RECEIVER LIFTING FRAMES 

The c o n f i g u r a t i o n  of t h e  SRLF s t r u c t u r e  f o r  co re  sampler t r u c k s  3 and 4 
ob ta ined  from t h e  des ign  drawings H-2-690043 and H-2-690044 (WHC 1995a) i s  
shown i n  F igures  1, 2 ,  and 3. I t  i s  a space frame s t r u c t u r e  wi th  welded 
j o i n t s .  I t  i s  f a b r i c a t e d  from va r ious  s i z e  s t r u c t u r a l  s t e e l  t ubes ,  except  the 
two main members f o r  t h e  f i x e d  frame por t ion  a r e  6 inch deep channels .  The 
f i x e d  frame and i t s  two brac ing  members a r e  welded t o  t h e  t r u c k .  The moveable 
po r t ion  i s  r a i s e d  and lowered during normal ope ra t ion  by t h e  two v e r t i c a l  
a c t u a t o r s .  F igure  1 a l s o  shows t h e  l o c a t i o n  o f  t h e  normal ope ra t ion  v e r t i c a l  
s t a t i c  (deadweight) l oads  on t h e  moveable po r t ion  o f  the structure. These 
l o a d s  (maximum) a r e :  the sampler h o i s t  sh ie lded  r e c e i v e r  box and base p l a t e  
(2 ,100  l b f ) ,  plus t h e  sampler tube (900 l b f ) .  

The maximum a l lowable  speed on paved roadways i s  15 m i / h  f o r  the c o r e  
sampler t r u c k s  3 and 4.  Th i s  l i m i t  was e s t a b l i s h e d  t o  prevent  t r u c k  r o l l o v e r  
from t h e  r e s u l t s  of a prev ious  a n a l y s i s  f o r  co re  sampler t r u c k  2 (WHC 1994a).  . 
The p o t e n t i a l  demands o f  t r a n s p o r t i n g  t h e  SRLF on t h e  t r u c k  a t  t h e  15 mi/h 
maximum allowed speed ,  a l s o  es t imated  by t h e  r o l l o v e r  a n a l y s i s  f o r  truck 2 
(WHC 1994a),  a r e  r ep resen ted  as add i t iona l  s t a t i c  f o r c e s  on the SRLF. These 
a r e :  0 .18  g v e r t i c a l ,  0 .43  g l o n g i t u d i n a l ,  and 0.37 g l a t e r a l  ( s e e  
Sec t ion  6 .0 ) .  The moveable po r t ion  of t h e  SRLF i s  i n  t h e  lowered p o s i t i o n  
du r ing  t r a n s p o r t .  

4.2 JACK ASSEMBLIES 

The c o n f i g u r a t i o n s  o f  t h e  f r o n t ,  c e n t e r ,  and r e a r  j a c k  assembl ies  and 
t h e i r  connec t ions  t o  co re  sample t r u c k s  3 and 4 a r e  shown by t h e  des ign  
drawings (WHC 1995b).  Conf igura t ion  ske tches  a r e  a l s o  inc luded  w i t h  the  
s t r e s s  ana lyses  i n  Appendix C .  The f r o n t  and r e a r  assembl ies  a r e  simple beams 
w i t h  bo l t ed  and welded connec t ions ,  r e s p e c t i v e l y ,  t o  the t r u c k  c h a s s i s .  The 
c e n t e r  assembl ies  a r e  c a n t i l e v e r  beams bol ted  t o  the truck frames. Ver t i ca l  
s t a t i c  l oads  a r e  app l i ed  t o  the assemblies when the j a c k s  a r e  deployed t o  l i f t  
o r  suppor t  t h e  co re  sample t r u c k s  d u r i n g  ope ra t ion .  
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F i g u r e  1. Shielded Receiver L i f t i n g  Frame Assembly. 
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Figure 2 .  Shielded Receiver Support frame Assembly 
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Figure 3. Shie lded  Receiver Fixed Support Frame Assembly. 
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The f r o n t  assembly maximum v e r t i c a l  load  on t h e  s i n g l e  c e n t e r  mounted 
j a c k  i s  11,100 l b f .  The r e a r  assembly maximum v e r t i c a l  load on each end 
mounted j a c k  i s  10,000 l b f .  
j a c k  f o r c e s  f o r  t h e  f r o n t  and r e a r  j a c k s  were c a l c u l a t e d .  The c e n t e r  
assembl ies  were analyzed f o r  a 10,000 l b f  v e r t i c a l  (upward) j a c k  or end des ign  
load  only  (WHC 1 9 9 5 ~ ) .  

The maximum c a p a c i t i e s  f o r  concurrent ho r i zon ta l  

5.0  STRUCTURAL ANALYSES AND RESULTS 

5 . 1  SHIELDED RECEIVER L IFT ING FRAME ANALYSES 

Three dimensional f i n i t e  element s t a t i c  ana lyses  were conducted f o r  t h e  
SRLF s t r u c t u r e  (Images 1993) f o r  t h e  normal opera t ion  deadweight l oads ,  and 
f o r  deadweight combined with t h e  a d d i t i o n a l  t r a n s p o r t a t i o n  loads .  F i n i t e  beam 
element models w i t h  t h e  SRLF i n  t h e  r a i s e d  and lowered p o s i t i o n  were developed 
and used. Also,  t h e  f ixed  frame was modeled two ways: t o  be f u l l y  r e s t r a i n e d  
a t  a l l  welds t o  t h e  t r u c k ,  and with only t h e  two braces providing t h e  
ove r tu rn ing  r e s t r a i n t .  
models, because the SRLF s t r u c t u r a l  member ends a r e  simply and d i r e c t l y  welded 
t o g e t h e r  a t  t h e  j o i n t s  o r  connec t ions .  
s t i f f e n e d  with g u s s e t  p l a t e s .  

o b t a i n  r e s u l t s  f o r  t h e  SRLF i n  both t h e  r a i s e d  and lowered p o s i t i o n ,  and f o r  
t h e  two r e s t r a i n t  cond i t ions  assumed for t h e  f ixed  frame. Four t r a n s p o r t a t i o n  
load  cases  were run with t h e  SRLF i n  t h e  lowered p o s i t i o n .  This was necessary  
t o  ob ta in  r e s u l t s  f o r  both forward and a f t  d i r e c t i o n  long i tud ina l  l o a d s ,  and 
f o r  t h e  two r e s t r a i n t  cond i t ions  assumed f o r  t h e  f ixed  frame. The f i n i t e  beam 
element models a r e  desc r ibed  i n  d e t a i l ,  and a l l  t h e  Images 1993 ana lyses  
r e s u l t s  a r e  provided i n  Appendix A .  

j o i n t s ,  and t h e  member s t r e s s e s .  The bending, a x i a l ,  shea r ,  and combined 
s t r e s s e s  a r e  c a l c u l a t e d  f o r  each beam element i n  t h e  SRLF model. The maximum 
bending, s h e a r ,  and combined s t r e s s  va lues  in  t h e  SRLF members for deadweight 
l o a d s ,  and t h e  t r a n s p o r t a t i o n  loads  a r e  l i s t e d  and compared t o  t h e  a l lowables  
i n  Table 1 and Table 2 ,  r e s p e c t i v e l y .  All of t h e  ca l cu la t ed  p o t e n t i a l  
s t r e s s e s  in  SRLF s t r u c t u r a l  members a r e  wi th in  t h e  allowable.  

Fu l ly  f i x e d  j o i n t s  were used i n  t h e  f i n i t e  element 

Four of t h e  SRLF connections a r e  

Four deadweight l oads  ana lyses  cases  were r u n .  This  was necessary  t o  

The Images 1993 r e s u l t s  i nc lude  t h e  f o r c e s  and moments in t h e  members and 

The s t r e s s e s  i n  t h e  weld j o i n t s  due t o  t h e  member/joint fo rces  and 
moments were c a l c u l a t e d .  
used. 
Appendix B .  
deadweight l o a d s ,  and t r a n s p o r t a t i o n  loads .  For comparison, t h e  a l lowable  
weld s t r e n g t h s  f o r  t h e  welds a r e  a l s o  l i s t e d  i n  Table 3 .  
c a l c u l a t e d  p o t e n t i a l  weld s t r e s s e s  i n  t h e  SRLF j o i n t s  a r e  wi th in  t h e  a l lowable  
s t r e n g t h s .  For t h e  normal deadweight l oads  t h e  ca l cu la t ed  weld s t r e s s e s ,  with 
few e x c e p t i o n s ,  a r e  very low. For t h e  a d d i t i o n a l  t r a n s p o r t a t i o n  loads ,  most 
o f  t h e  c a l c u l a t e d  weld s t r e s s e s  i n c r e a s e  s i g n i f i c a n t l y .  
j o i n t  s t r e s s e s  e s s e n t i a l l y  equal t h e i r  a l lowable  s t r e n g t h .  Several o t h e r s  a r e  
wi th in  20% o f  t h e  a l lowable  s t r e n g t h .  

Weld s t r e s s  a n a l y s i s  methods from Blodgett  1982 were 
The weld j o i n t  s t r e s s  c a l c u l a t i o n s  and eva lua t ions  a r e  provided i n  

Table  3 l i s t s  t h e  maximum p o t e n t i a l  weld s t r e s s e s  f o r  t h e  normal 

All of t h e  

Three of t h e  weld 
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Tab1 e 1. Maximum SRLF Member Stresses, Normal Deadweight Loads. 

Type of 
Stress 

(1) Maximum deadweight bending and combined stresses in the aft 2x2x1/4 
tube cross member supporting the shielded receiver. 

(2)  Maximum deadweight shear stress in t h e  4xZx1/4 tube main cross 
member. 

Table 2. Maximum SRLF Member Stresses, Deadweight Plus Transportation Loads. 

r I I 

Type of Maximuy Allowable 
Stress (lbf/in ) (lbf/in ) 

Combined 23,740 23,760 

Note: All maximum transportation load stresses in the 2xZx1/4 tube members 
connecting the fixed frame to the truck frame. 

10 
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3 to 3 edge horizontal member 

3 t o  5 too brace t o  vertical 

3 to 3 fop  brace t o  
horizontal 

3 to 3 vertical t o  lower 
brace 

3 t o  3 lower brace t o  
horizontal 

3 t o  3 bottom o f  vertical 

Table 3 .  Calculated and Allowable SRLF Weld Stresses. 

282 857 2546 

295 447 2775 

280 413 2775 

100 236 2775 

376 948 2775 

6 6  531 2775 

I Calculated Weld I II 
. . . . . . . . 
Member; 

. . - . - - -. - I Dead Weight I Transportation I (lbf/in:  

3 and 3 t o  5 with gusset 1738 2387 
plater ( 3  joints) 814 2251 

990 2525 2775 

L to 3 main cross member I 744 I 969 

3 to 3 middle hor izonta l  264 1978 2775 

I I I 
I 

11 brace 

3 to 3 bottom of hor izonta l  103 . 1068 ' 

brace 

3 and 3 to 5 ( 3  j o i n r r l  

*Fixed Frame Joint 
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I t  was a l s o  necessary  t o  use member/joint f o r c e s  t o  c a l c u l a t e  t h e  bending 
s t r e s s e s  in  t h e  g u s s e t  p l a t e s  t h a t  s t i f f e n  fou r  j o i n t s  i n  t h e  SRLF. The 
maximum c a l c u l a t e d  bending s t r e s s e s  in  t h e  p l a t e s  f o r  t h e  deatweight and 
t r a n s p o r t a t i o n  load  cases  a r e  6,992 l b f / i n *  and 10,413 l b f / i n  , r e s p e c t i v e l y .  
These a r e  wi th in  t h e  23,760 l b f / i n 2  a l lowable  bending s t r e s s .  

5.2 J A C K  ASSEMBLY ANALYSES 

The genera l  scope o f  t h e  j a c k  assembly ana lyses  was t o  c a l c u l a t e  t h e  
s t r e s s e s  f o r  t h e  s t r u c t u r a l  members and j o i n t s  i n  t h e  load path from t h e  j a c k  
mounting p l a t e s  and b o l s t e r s  t o  t h e  t r u c k  c h a s s i s .  The f r o n t ,  c e n t e r ,  and 
r e a r  j a c k  assembl ies  i nc lud ing  t h e i r  connec t ions  o r  attachments t o  the trucks 
were analyzed f o r  v e r t i c a l  f o r c e s  appl ied  when t h e  j acks  a r e  deployed. These 
a n a l y s e s  a l s o  presumed concurren t  ho r i zon ta l  j a c k  f o r c e s  f o r  t h e  f ront  and 
r e a r  j a c k  assembl ies .  The c a l c u l a t i o n s  for a l l  t h r e e  assemblies a r e  provided 
i n  Appendix C .  

5.2.1 Front Jack  Assembly 

mounted j a c k .  On each end i t  i s  connected t o  t h e  f r o n t  ends of t h e  t r u c k  
c h a s s i s  l o n g i t u d i n a l  members. These t w o  connections (or p a i r )  a r e  5-in.  deep 
b r a c k e t s  f a b r i c a t e d  from 3/4- in .  p l a t e .  
j a c k  assembly, and a t t ached  t o  t h e  c h a s s i s  with 5/8-in.  SAE Grade 8 b o l t s .  
The ana lyses  were conducted f o r  t h e  maximum v e r t i c a l  f r q n t  j a c k  load ,  
11,100 l b f ,  and cont inued  t o  e s t i m a t e  the capac i ty  of t h e  assembly f o r  
concur ren t  l o n g i t u d i n a l  and l a t e r a l  j a c k  loads .  

r e s u l t s  a r e :  

The f r o n t  j a c k  assembly i s  a simple beam ( W  5x16) with a s i n g l e  c e n t e r  

They a r e  welded t o  t h e  ends of t h e  

For t h e  11,100 l b f  v e r t i c a l  load only on t h e  front j a c k ,  t h e  ana lyses  

The maximum s h e a r  f o r c e  i n  t h e  5/8-in.  b o l t s  i s  7 ,088  l b f .  This  i s  about 
82% of t h e  a l lowable  8,600 l b f .  

The bending s t r e s s  in  the2main W 5x16 beam i s  11,149 l b f / i n 2  maximum, 
compared t o  23,760 l b f / i n  a l lowable .  

The bending and s h e a r  s t r F s s e s  i n  t h e  brackf t  connections t o  t h e  truck 
c h a s s i s  a r e  10,451 l b f / i n  and 3,061 l b f / i :  , r e s p e c t i v e l y .  
a r e  w i t h i n  th ; i r  a l l owab les ,  23,760 l b f / i n  bending s t r e s s  and 
14,400 l b f / i n  shea r  s t r e s s .  

The s t r e s s  i n  t h e  1 /4- in .  f i l l e t  welds a t t a c h i n g  t h e  b racke t s  t o  t h e  ends 
o f  t h e  W 5x16 main beam i s  336 l b f / i n ,  well wi th in  t h e  3 ,700  l b f / i n  
a1 1 owabl e .  

The bear ing  s t r e s s  fromzthe b o l t s  a t  t h e  holes  in  t h e  t r u c k  c h a s s i s  
members i s  45.4 Kips/in . 
The bear ing  load c a p a c i t y  f o r  t h e  7- in .  wide j a c k  mounting p l a t e ,  based 
on t h e  W 14x22 web c r i p p l i n g  p o t e n t i a l ,  i s  47.25 Kips. This  i s  very 
s u f f i c i e n t  f o r  t h e  11 .1  Kips maximum v e r t i c a l  j a c k  load .  

These va lues  

The a l lowable  i s  154 Kips/in . 
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The s h e a r  f o r c e s  i n  t h e  5 /8- in .  b o l t s  a t t a c h i n g  t h e  f r o n t  j a c k  assembly 
t o  t h e  c h a s s i s  a r e  a t  82% a l lowable  due t o  t h e  11,100 l b f  maximum v e r t i c a l  
j a c k  load .  
over  s t r e s s e s  t h e s e  b o l t s .  

5.2.2 Rear Jack  Assembly 

by end mounted j a c k s ,  with concent ra ted  loads  a t  t h e  two a t tachment  p o i n t s  t o  
t h e  t r u c k  c h a s s i s .  The attachments t o  t h e  c h a s s i s  a r e  1 /4  i n  t h i c k  s t e e l  
b racke t  p l a t e s  welded t o  t h e  f l anges  and web on t h e  i n s i d e  of t h e  W 14x22 
beam, and t o  one s i d e  of t h e  c h a s s i s  l ong i tud ina l  members. The maximum 
v e r t i c a l  load on each r e a r  j a c k  i s  10,000 l b f .  
e v a l u a t e  t h e  ho r i zon ta l  j a c k  load l i m i t s  f o r  t h i s  assembly. 

For the 10,000 l b f  maximum v e r t i c a l  r e a r  j a c k  load ,  t h e  s t r e s s  ana lyses  
r e s u l t s  f o r  t h i s  assembly a r e :  

The maximum s t r e s s  in  t h e  3/16-in.  f i l l e t  welds t o  the t r u c k  c h a s s i s  i s  
1,610 l b f / i n  which i s  58% of t h e  a l lowable  2,775 l b f / i n .  

The maximum bendzing s t r e s s  in  t h e  W 14x22 beam i s  5,600 lb f / in ' ,  compared 
t o  23,760 l b f / i n  a l lowable .  

The bea r ing  load  c a p a c i t y ,  based on web c r i p p l i n g  p o t e n t i a l ,  f o r  t h e  
b o l s t e r s  suppor t ing  t h e  j a c k s  i s  37 Kips. 
t h e  10 K i p s  maximum v e r t i c a l  j ack  load .  

The b o l s t e r s  on t h e  r e a r  j ack  assembly h ighly  l i m i t  t h e  c a p a c i t y  f o r  
ho r i zon ta l  j a c k  loads .  
f o r  co re  sampler t r u c k  number 2 .  Therefore ,  t h e  ana lyses  and  r e s u l t s  f o r  t h a t  
assembly for ho r i zon ta l  l oads  apply (WHC 1994b). A 500 l b f  ho r i zon ta l  j a c k  
load  i n  t h e  forward or a f t  l ong i tud ina l  d i r e c t i o n  w i l l  develop t h e  bending 
s t r e s s  c a p a c i t y  i n  t h e  1 /4- in .  t h i c k  b o l s t e r  end p l a t e s .  
r i g h t  l a t e r a l  load  w i l l  develop the  s t r e s s  c a p a c i t y  in  t h e  attachment welds 
f o r  t h e  j a c k  mounting p l a t e s  on the  b o l s t e r s .  The o t h e r  components 
p o t e n t i a l l y  ove r  s t r e s s e d  by hor izonta l  j a c k  loads  exceeding t h e s e  va lues  a r e :  
t h e  main W 14x22 beam, both in  bending and t o r s i o n a l  s h e a r ,  t h e  mounting b o l t s  
f o r  t h e  j a c k s  t o  the b o l s t e r s ,  and t h e  attachment welds t o  the  truck c h a s s i s .  

5.2.3 Center J ack  Assembly 

The c e n t e r  j a c k  assemblies ( t w o  per  t r u c k )  a c t  a s  c a n t i l e v e r  beams 
( W  14x22) wi th  concen t r a t ed  end loads from t h e  j a c k s .  
a r e  provided by t h e  3 /4- in .  t h i c k  end p l a t e s ,  welded t o  t h e  end of t h e  beam 
and bo l t ed  (1 - in .  and 3 /4- in .  SAE Grade 8 b o l t s )  t o  t h e  lower frames of t h e  
co re  sampler t r u c k s .  
(upward) j a c k  o r  end load .  The a n a l y s i s  r e s u l t s  a r e :  

The re fo re ,  about a 450 l b f  ho r i zon ta l  concurren t  load on t h e  j a c k  

The r e a r  j a c k  assembly i s  a simple beam ( W  14x22)  supported ( o r  l i f t e d )  

I t  was a l s o  necessary  t o  

This  i s  very s u f f i c i e n t  f o r  

The design i s  very s i m i l a r  t o  t h e  r e a r  j a c k  assembly 

A 1,250 l b f  l e f t  o r  

The f i x e d  end suppor t s  

The assembly was analyzed f o r  a 10,000 l b f  v e r t i c a l  

The bending s t r e s s  i n  t h e  
a l lowab le  i s  23,760 l b f / i n  . 

14x22 beam i s  10,600 l b f / i n 2  maximum, t h e  
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The maximum tension'forces in the 1-in. and 3/4-in. bolts attaching the 
end plates to the truck are 9.3 Kips and 1.9 Kips, versus the 42.4 Kips 
and 23.9 Kips respective allowables. 

The maximum stress in the cantilever beam end plate 3/16-in. fillet weld 
is 1,533 lbf/in which is 55% of the allowable 2,775 lbf/in. 

The bearing load capacity, based on web crippling potential, for the 
bolster supporting the jack is 37 Kips. 
10 Kips maximum vertical jack load. 

This is very sufficient for the 

6.0 ROLLOVER STABILITY ANALYSES 

The WHC 1994a rollover stability analysis for core sample truck number 2 
which estimates the acceptable 15 mi/h limiting speed on Hanford site paved 
roads applies to trucks 3 and 4. The potential transportation acceleration 
loads at 15 mi/h will also be the same as for truck 2, 0.439 longitudinal, 
0.379 lateral, and 0.189 vertical. Another analysis was required to estimate 
the minimum turning radii versus speed for differing roadway bank (super 
elevation) angles for trucks 3 and 4. Less restrictive turning radii are 
theoretically required for trucks 3 and 4. 

The recommended 15 mi/h maximum speed for truck 2 (WHC 1994a) is governed 
by the center of gravity (cg) height for the truck with the drilling platform 
and its equipment. For truck 2 the cg height is 64.3 inches (WHC 1994a). For 
trucks 3 and 4 it is 60.0 inches, s e e  Table 4, Weight Distributions for Core 
Sample Trucks 3 and 4 (WHC 1995~). To allow the speed limit for trucks 3 and 
4 to increase by 1 mi/h to 16 mi/h, the cg height would have to be 57.0 inches 
or lower. 
could affect the structural design for the SRLF. Therefore, the recommended 
maximum acceptable speed for trucks 3 and 4 on paved roads remains at 15 mi/h. 

The WHC 1994a minimum turning radii analysis for truck 2 was repeated for 
trucks 3 and 4. 
truck 2 from WHC 1994a. Shorter turning radii are theoretically required for 
trucks 3 and 4 for given speeds and bank angles due to its lower cg. 
cases, about a 0.7 coefficient of friction is required to prevent skidding 
during minimum radii turns. 

This would increase the transportation loads by about lo%, which 

Table 5 has the results, and the comparable results for 

For both. 

14 
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Truck Chasis  

Total  

Longi tudinal ,  x(” L a t e r a l ,  y”’ V e r t i c a l ,  z ( * )  

120 0 21 

49 0 60 

( i n )  ( i n )  

15 
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Table 5. Theorectical Minimum Turn Radii Core Sample Trucks. 

Truck 2 with R = 10' Body Roll 

'Minimum radius of turn without rollover 

'Minimum required coefficient of static friction between tires and 
roadway for no skidding. 

16 
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Al.  FINIE-ELEMENT h4ODELS 

The  Shielded Receiver Lifting Frame Assembly (SRLF) (Drawing H-2-690044, Sh. 1 & 2) is 
installed on the core sampler truck drill rig (Drawing H-2-690043) and supports the Shielded 
Receiver Assembly (Drawing H-2-90020). The  Lifting Frame Assembly consists of two parts; the 
Moveable Frame Assembly shoRn on Drawing H-2-690044, Sh. 1 (Page A-6) to which the  
Receiver Assembly is attached, and the Stationary Fiued Support Frame Assembly as shown on 
Drawing H-2-690044, Sh. 2, (Page A-7) which provide alignment for the moveable frame. T h e  
moveable frame is raised and lowered by a pair of hydriulic cylinders, During transportation the 
moveable frame is in the down position and facing fonvard, while for operation it is in its full up 
position. Both frames are fabricated from standard structural steel shapes connected with welded 
joints. 

The  purpose of these analyses was to determine the forces in the welded joints and the stresses in 
the members of the SRLF. The analyses loads are: the receiver assembly deadweight, self weight 
o f  the frames, and potential transportation loads. T o  accomplish this, three dimensional finite- 
element models were generated for both frames utilizing the M G E S - 3 D  computer prosram. 
One model depicted the moveable frame located in the operating (up) position Lvhile the second 
located it  in the transportation (down) position. Beam elements were used for all o f  the frame 
members and truss elements for the hydraulic cylinders. Lateral loading between the frames was  
accomplished with stiff linear springs located at the roller locations which were in contact. Pages 
A-S through A-24 show various plots of the geometry models. 

The Receiver Assembly deadweight was applied as uniform loads to the moveable frame’s 
horizontal forward and aft members (P/N 3), at the attachment points. This is shown in on page 
A-25. In addition, the selfweight o f the  frame was included by a IG gravity load. The  potential 
dynamic loads generated during transportation were applied in three orthogonal directions and 
\\.ere combined with the deadweight of frames and receiver in lotver position and for two 
longitudinal load cases. One case being the aft load and the second as fonvard load condition. 
The aft (fx = +0.43G), fonvard (fx = -0.43G), side (fz = 0.37G) and vertical 
(fy = -.lSG) loads applied to the frame assembly to simulate the effect of dynamic loading as  
reported in Rollover Analysis ofRotary Mode Core Sampler Truck X2 (WHC-SD-WM-ER-391, 
Rev.0). The boundary conditions imposed on the model included vertical restrzint of  the 
actuators and fixed joints between the drill rig and the Fixed Support Frame aft bracing horizontal 
members (P/N 3). The 6x4 tube steel bottom member (PLY 7) o f  the Fixed Support Frame was 
also restrained against translation and rotation about its torsional axis for one case and only 
against translation in the second case. These two boundary condition cases were analyzed to 
provide the worst case loads for these welded joints as well as other affected joints. 

The input and output for each of the up/down deadweight and aft/forward transport finite-element 
models for each o f t h e  two boundary conditions is given in Section A2. The resulting weld joint 
forces, the maximum stresses in frame members and their evaluation are given in Appendix B. 
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