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ABSTRACT 

I 

I 
The number of individual shipments required will decrease as the 

capacity of the spent nuclear fuel cask increases. Thus, there is an 
incentive for identifying readily available minimum-weight tractors and 
trailers capable of safely and reliably transporting as large a cask as 
possible without exceeding the legal gross combination weight (GCW) of 80,000 
lb or selected overweight GCW limit of 110,000 lb. 

There are Federal and State limits on the maximum tractor-trailer- 
payload combination and individual axle loads permissible on U.S. highways. 
These can generally be considered as two sets, i.e., legal-weight and 
overweight limits. 

This study identifies options for commercially available heavy-duty on- 
highway tractors and trailers for transporting proposed future loaded spent 
nuclear fuel casks. Loaded cask weights of 56,000 and 80,000 lb were 
selected as reference design points for the legal-weight and overweight 
transporters, respectively. 

I 

conf 
tive 

The study approach basically consisted of (1) defining transporter 

and weight data for commercially available equipment; ( 3 )  identification 
igurations; (2) gathering tractor, trailer, and major component descrip- 

of possible tractor and trailer-weight-saving options; (4) estimation of 
minimum tractor and trailer weight and weight savings with various light- 
weight options; (5) and gathering of data on expected future (5 to 10 yr) 
reduction in tractor, trailer, and major component weight. 

The technical data on tractor and trailer characteristics obtained 
indicate that is possible to develop a tractor-trailer combination, tailored 
for spent nuclear fuel transportation service, utilizing existing technology 
and commercially available components, capable of safely and reliably 
transporting 56,000 and 80,000-lb spent nuclear fuel casks without exceeding 
GCWs of 80,000 and 10,000 lb, respectively. 

DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 
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FOREWORD 

The National Waste Terminal Storage Program was established in 1976 by 
the U.S. Department of Energy's predecessor, the Energy Research and Develop- 
ment Administration. In September 1983, this program became the Civilian 
Radioactive Waste Management Program. Its purpose is to develop technology 
and provide facilities for safe, environmentally acceptable, permanent 
disposal of high-level waste (HLW). HLW includes wastes from both commercial 
and defense sources, such as spent (used) fuel from nuclear power reactors, 
accumulations of wastes from production of nuclear weapons, and solidified 
wastes from fuel reprocessing. 

The information in this report pertains to the technical analysis 
studies of the transportation program of the Office of Civilian Radioactive 
Waste Management. 
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1.0 INTRODUCTION 

This minimum-weight t r a n s p o r t e r  study i s  one of a group of  f o u r  t h a t  
r ep resen t  a t o t a l  systems approach t o  developing highway t r a n s p o r t e r  and cask 
s p e c i f i c a t i o n s  f o r  the t r a n s p o r t a t i o n  of spent  nuc lea r  fuel  within t h e  U.S. 
Department of Energy (DOE) Off i ce  of C i v i l i a n  Radioactive Waste Management 
Program ( f i g u r e  1-1).  In add i t ion  t o  this study which i d e n t i f i e s  a range of 
t r a n s p o r t e r  c h a r a c t e r i s t i c s  and weight op t ions ,  s t u d i e s  wi l l  be conducted t o  
develop e s t ima tes  of  operat ional  f a c t o r s ,  cask capac i ty  vs. g ross  weight 
op t ions ,  and l i f e - c y c l e  c o s t s  and exposure e s t ima tes .  
f o u r  s t u d i e s  w i l l  be synthesized t o  support  a dec i s ion  on t h e  f i n a l  s e l e c t i o n  
of cask - t r anspor t e r  systems s p e c i f i c a t i o n s .  
po l i cy  and program o b j e c t i v e s  and made i n  t h e  context  of c u r r e n t  r egu la t ions .  

highway t r a c t o r s  and t r a i l e r s  f o r  t r a n s p o r t i n g  proposed f u t u r e  loaded spent  
nuc lea r  fue l  casks.  
a s  r e fe rence  design p o i n t s  t o  f a c i l i t a t e  t h e  c o l l e c t i o n ,  examination, and 
p r e s e n t a t i o n  of  s tudy information. Emphasis was placed on i d e n t i f y i n g  minimum- 
weight t r a c t o r s  and t r a i l e r s  capable o f  s a f e l y  and r e l i a b l y  t r a n s p o r t i n g  a 
56,000-lb cask without exceeding a gross  combination weight (GCW)* of 80,000 
l b ,  and an 80,000-lb cask without exceeding a GCW of  110,000 l b .  

The r e s u l t s  of t h e s e  

The dec i s ion  wi l l  be based on DOE 

This study i d e n t i f i e s  op t ions  f o r  commercially a v a i l a b l e  heavy-duty on- 

Loaded cask weights o f  56,000 and 80,000 l b  were s e l e c t e d  

No s p e c i f i c  s a f e t y  o r  r e l i a b i l i t y  s t u d i e s  were conducted. However, i n  no 

Additional 

ca se  do t r a c t o r ,  t r a i l e r ,  o r  component loadings exceed t h e  commercial r a t ed  
c a p a c i t i e s  of  s e l e c t e d  components. Additional r e l i a b i l i t y - r e l a t e d  f e a t u r e s  
inc lude  use of a i r  suspension and s t e e l  t r a c t o r  and t r a i l e r  frames. 
s a f e t y - r e l a t e d  f e a t u r e s  include good t o  e x c e l l e n t  braking ( i . e . ,  i nc lus ion  of 
an engine brake,  automatic brake s l ack  a d j u s t e r s ,  and a n t i l o c k  b rak ing ) ;  
maximum governed road speed of 55 mph; and s u f f i c i e n t  power t o  maintain 
moderate speeds up grades.  

1.1 BACKGROUND 

Federal and S t a t e  r egu la t ions  l i m i t  t h e  maximum t r a c t o r - t r a i l e r  
combination and individual  a x l e  loads permissible  on U.S. highways. These 
l i m i t s  are of two c a t e g o r i e s :  legal-weight and overweight l i m i t s .  All 50 
s t a t e s  have adopted uniform I n t e r s t a t e  highway ( i . e , ,  l e g a l )  weight l i m i t s  
pe rmi t t i ng  a maximum GCW of  80,000 l b .  
S t a t e  t o  S t a t e  and r e q u i r e  permits from each S t a t e  t r a v e l e d  through f o r  each 
shipment. 

The overweight l i m i t s  vary g r e a t l y  from 

The number of individual  shipments required wi l l  decrease a s  the s i z e  of 
t h e  spent  fue l  cask used inc reases .  T h u s ,  t h e r e  i s  an incen t ive  f o r  
i d e n t i f y i n g  r e a d i l y  a v a i l a b l e  minimum-weight t r a c t o r s  and t r a i l e r s  capable of  
s a f e l y  and r e l i a b l y  t r a n s p o r t i n g  as l a r g e  a cask a s  p o s s i b l e  without exceeding 
t h e  l ega l  GCW of 80,000 lb .  

* GCW = The g ross  combination weight of t h e  t r a c t o r  and t r a i l e r ,  including a l l  
f l u i d s ,  d r i v e r ( s )  , payload, and accesso r i e s .  

1 



Current Requlations 

Life-Cvcle Cost and Exposure Study 

Determine Life-Cycle Cost 
and Radiation Exposure 

of Using Various 
Cas Wransporter Options . 

Lega I-W ei g ht  
Truck Maximum GCW 80.000 Ib 

Overweight 
Truck Selected GCW 11 0,000 I b 

Proqram Obiectives 

Efficiently Transport 
Waste a t  Low Risk 

to People and 
Environment 

I ' I 1 
Mi ni mum-Weiq ht  
Transporter Study 

Identify Range of 
Transporter Characteristics 

and Weight Options 

f 
Transporter Operations Study 

Determine Safety, 
Reliability, Maintainability 

of Various 
Cas k/Tr a n s po rt e r 

Options 

~~~ ~ ~ 

Cask Capacitv 
Versus Weiqht Study 

Determine Variation of 
Cask Capacity wi th 

Weight for Legal-Weight Truck 
and Overweight Truck Cask 

, 
Proqram Decision 

Select Cask/Transporter 
Specifications 

Figure 1-1. Total Systems Approach to CasWransporter Specification 
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The same reasoning a p p l i e s  t o  overweight shipments, in which case the GCCI 
l i n i i t  was s e t  a t  110,000 l b  t o  enhance chances of widespread S t a t e  permit 
acceptance*. 

1 . 2  SCOPE 

The scope of t h i s  study included examination o f  commercially a v a i l a b l e  
1 egal-weight and overweight on-highway spent  nuclear  fue l  cask t r a n s p o r t e r s  
( i . e .  , t r a c t o r - t r a i l e r  combinations) w i t h  t i c k  of 80,000 and 11(1,000 l b ,  
respectively**. 
nva i lab i l  i t y  of t r a c t o r - t r a i l e r  conihinations were s tudied t o  i d e n t i f y  minimum- 
weight t r a c t o r - t r a i l e r  opt ions i n  those tinie per iods.  

Both present  ( a s  of 1987) and f u t u r e  ( 5  t o  10 years )  

* Office o f  Transportat ion Systems and Planning (OTSP) , 1986. 
Truck Shipments t o  Nuclear C:laste Reposi tor ies :  Legal, P o l i t i c a l ,  
Adminis t ra t ive,  and Operational Considerat ions,  BMI/OTSP-01, prepared f o r  the  
U . S .  Department o f  Energy by E a t t e l l e ,  March 1986. 

Overweight 

** The American Association of S t a t e  Highway and Transportat ion O f f i c i a l s  
(AAStITO) i s  work ing  cooperat ively w i t h  DOE-OCRWI.? t o  eva lua te  the  f e a s i b i l i t y  of 
rout ine  permit t ing of overweight vehic les  t r anspor t ing  spent  f u e l .  
conceptual vehic le  the  AAStlTO t ask  force i s  u s i n g  i n  i t s  discussions with 
S ta t e s  was developed independent of t h i s  study. 

The 



2 . 0  OVERALL FINDINGS 

The technical  data  on t r a c t o r  and  t r a i l e r  c h a r a c t e r i s t i c s  obtained in the 
course of t h i s  study i n d i c a t e  t h a t  i t  may be possible  t o  develop a t r a c t o r -  
t r a i l e r  combination, t a i l o r e d  f o r  the spent  fue l  t r a n s p o r t a t i o n  serv ice  and  
u t i l i z i n g  e x i s t i n g  technology and commercially ava i lab le  components, capable of 
s a f e l y  a n d  r e l i a b l y  t r anspor t ing  56,000- and  80,000-l t  spent nuclear  fuel  casks 
without exceeding GCUs of 80,000 and 110,000 1 b y  r e s p e c t i v e l y .  

1 W i t h  respec t  t o  poten t ia l  b e n e f i t s  from cur ren t  indus t ry  programs , the 
pr incipal  development i d e n t i f i e d  t h a t  could r e s u l t  i n  a l a rge  reduction in  
t r a c t o r  and t r a i l e r  weight i n  the  next 5 t o  10 yea r s  i s  the  use of s i n g l e ,  wide 
base t i r e s  and wheels i n  p lace of dual t i r e s  on both the t r a c t o r  and  the  
t r a i l e r .  Use of a t i t a n i u m  t r a i l e r  could r e s u l t  i n  f u r t h e r  reduction i n  
t r a i l e r  weight, b u t  no commercial t r a i l e r  manufacturer contacted i n  the  study 
had plans t o  develop such a t r a i l e r .  

2 . 1  EQUIPMENT F O R  C U R R E N T  CONSIDERATION 

2.1..1 Trac to r  hleights 

Tractor  weight e s t ima tes  with a v a i l a b l e  1 ight-weight optioris range from: 

0 13,210 t o  14,710 l b  f o r  the 80,000-lb GCW t r a n s p o r t e r  
0 16,850 t o  18,050 l b  f o r  the 110,000-lb GClJ  t r a n s p o r t e r .  

The opt ions  included i n  these mininum-weight es t imates  a r e  l i s t e d  in Table 2-1.  
T rac to r  weight-estimating work shee ts  a r e  presented in Apperidi x I?.  

For s a f e t y  reasons , an engine brake ( i  . e . ,  "Jake" brake) , automatic brake 
s lack a d j u s t e r s ,  a n d  a n t i l o c k  b r a k i n g  should be added. Other opt ions 
recommended by niany of the people contacted include power s t e e r i n g ,  a i r -  
condi t ioning,  a n d  a i r  suspension on the  tandem ax le s .  A s t ee l  t r a c t o r  frame 
and  heavier-duty Cunimins BC IV engine i n  p lace of the L10 engine were a l s o  
recommended f o r  the  130,000-1 b GCN t r a n s p o r t e r .  Inclusion of these  opt ions 
increases  the t r a c t o r  weight e s t ima tes  t o :  

0 14,420 t o  15,370 l b  f o r  the  80,000-lb GClJ t r a n s p o r t e r  
0 17,330 t o  18,330 l b  f o r  the 110,000-lb GCN t r a n s p o r t e r .  

The opt ions included i n  these weight e s t ima tes  a r e  l i s t e d  i n  Table 2-2.  

2 . 1 . 2  T r a i l e r  l ieights 

T r a i l e r  weight es t imates  w i t h  a v a i l a b l e  1 ight-weight opt ions range from: 

0 6,930 t o  9,200 l b  f o r  the 80,000-lb GC1.I t r a n s p o r t e r  
e 10,210 t o  13,700 l b  f o r  the 110,000-lb GCN t r a n s p o r t e r .  

5 



The options included i n  these  minimum-weight e s t ima tes  a r e  l i s t e d  i n  Table 
2-3. T r a i l e r  weight-estimating work shee ts  a r e  presented i n  Appendix C .  

Many of the people contacted recommended a i r  suspension f o r  the t r a i l e r  
a x l e s ,  p a r t i c u l a r l y  f o r  aluminum t r a i l e r s .  
probably a l s o  requi red .  
suspension, a n d  a support  gear  increases  the  range of t he  t r a i l e r  weight 
es t imates  t o :  

A support ( landing)  gear i s  
Use of automatic brake s lack  a d j u s t e r s ,  a i r  

0 7,460 t o  10,010 l b  f o r  the  80,000-lb GCW t r a n s p o r t e r  
0 10,880 t o  14,540 l b  f o r  the 110,000-lb GCW t r anspor t e r .  

The opt ions included i n  these  weight e s t ima tes  a r e  l i s t e d  i n  Table 2-4. 

Table 2-1. T rac to r  Options Included i n  Flinimurn-IJeight Estimates 

Trac to r  O p t i o n  
80,000-1 b GCk! 110,000-1 b GCN 

Transporter  Transporter 

Cab c o n f i g u r a t i o n  
Sleeper  b u n k  
Total number of ax les  
Number of driven a x l e s  
lJheel base,  inches 
Engine (hp)  
A 1  umi n u n  r a d i a t o r  
Transrni ssion (forward speeds) 
A 1  u m i  n u m  c l  utch housing 
Drive a x l e  gear c a r r i e r  case 
Type of suspension 
Ti r e s  
A 1  u m i n u m  d i s c  wheel s 
A1 umi n u m  wheel h u b s  
Type of brakes 
Centri fuse  brake drums ( a )  
filurninum cab 
Frame 
A 1  u m i  num bumper 
~1 urrii n u m  fue l  tank (gal  1 ons) 
Type of s t e e r i n g  
F i f t h  wheel, f ixed  l o c a t i o n  
A l l  f l u i d s  including fuel  

Cab-ove r -eng ine  
1-person 
3 
2 
204 
Cumniins L10 (300)  
Yes 
F u l l e r  RT11609 ( 9 )  
Yes 
A 1  u m i n u m  
Steel  spring 
Low prof i 1 e 
Yes 
Yes 
kedge 
Yes 
Yes 
Aluminum 
Yes 
Yes (80)  
Manual 
Yes 
Yes 

Cab-over-engine 
l-person 
4 
2 
180 
C u m i n s  BC IV (400)  
Yes 
Ful le r  RT14609 ( 9 )  
Yes 
Steel  
Steel  s p r i n g  
Lon p r o f i l e  
Yes 
Yes 
Wedge 
Yes 
Yes 
Steel  
Yes 
Yes (100)  
Fla n u a 1 
Yes 
Yes 

- ---- - -- --- 

( a )  “Cent r i fuse”  i s  a t r ade  name f o r  brake drums manufactured by the blotor 
CIheel Corporation. They c o n s i s t  of a t h in  s t e e l  cy l inde r  w i t h  c a s t  iron 
c e n t r i f u g a l l y  c a s t  on the in s ide  sur face .  
one end of the s t e e l  cy l inder .  

A s t e e l  end p l a t e  i s  welded on 
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Table 2-2.  Tractor  Light-\<eight Options ’P1 us Suggested Options 
-I---- - 

-I----- 
-_ 

Trac tor  Option 
80,000-1b GCW 110,000-1 b GCCl 

Transporter  Transporter  

Cab configurat ion 
Sleeper b u n k  
Total number o f  axles  
Fiurnber of driven ax les  
Uheel base,  inches 
Engine ( h p )  
A1 uminum rad ia to r  
Transmission (forward speeds) 
Aluminum c lu tch  housing 
Drive ax le  gear c a r r i e r  case 
Type of suspension 
Ti res  
F,1 urni n u m  d i sc  \,heel s 
A 1  unii n u m  wheel hubs 
Type of brakes 
Centr i fuse brake drums 
A 1  unii nun1 cab  
Frame 
A1 urni n u m  bumper 
A 1  u r n i n u m  fuel  t ank  (ga l  1 ons) 
Type of s t ee r ing  
F i f th  wheel, f ixed loca t ion  
All f l u i d s  including fuel  
Engine brake 
Automatic brake s lack  ad jus t e r s  
A n t i  1 ock b r a  king 
Cab a i r  condi t ioning 

Cab-over-engine 
l-person 
3 
2 
204 
Curnmins E C  IV ( 3 0 0 ) ( a )  
Yes 
Ful le r  RT11609 ( 9 )  
Yes 
A 1  urninurn 
A i r ( a )  
Low prof i 1 e 
Yes 
Yes 
Wedge 
Yes 
Yes 
Steel ( a )  
Yes 

Power 
Yes 
Yes 
Yes(a) 
Yes(a) 
Yes(a) 
Yes(a) 

Yes (73 

Cab-over-engine 
l-person 
4 
2 
180 
Curnmins BC IV ( 4 0 0 )  
Yes 
Ful le r  RT14609 ( 9 )  
Yes 
Steel  
Aids) 
Low p r o f i l e  
Yes 
Yes 
Idedge 
Yes 
Yes 
Steel 
Yes 

Power 
Yes 
Yes 
Yes(a) 
Yes(a) 
Yes(a) 
Yes(a) 

Yes ‘{CJB’ 

( a )  These opt ions d i f f e r  from those of minimum-weight es t iniates  l i s t e d  in 
Table 2-1. 
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Table 2-3. T r a i l e r  Options Included i n  Plinimum-lieight Estimates 

Tra i  1 e r  O p t i o n  Transporter  Transporter  

-- 
130 , 000- 1 b GCN 110,000-1 b GCW 

T r a i  1 e r  confi giiration 
Payl oad 
Nominal t r a i l e r  length i n  f e e t  
Number of ax les  
Type of suspension 
Ti res 
A 1  u m i n u m  d i s c  wheel s 
A 1  u m i n u m  wheel hubs  
Type of brakes 
Centr i fuse brake drums 
F r o n t  bit1 khead 
Tic  downs 
Spare t i r e  
Ti re  c a r r i e r  
S u p p o r t  ( 1  anding) gear 
Nonadjustable ax le  loca t ion  
All deck o r  c ross  members not 

r e q u i r e d  f o r  s t r u c t u r a l  
s t r e n g t h  removed 

Platform c h a s s i s  
5G ,000-1 b cask 
42 
2 
Steel  spr ing 
Low p r o f i l e  
Yes 
Yes 
S-Cam 
Yes 
N 0 
No 
rj 0 
No 
No 
Yes 

Yes 

Platform c h a s s i s  
80,000-1 b cask 
48 
3 
Steel s p r i n g  
Low prof i 1 e 
Yes 
Yes 
S-Cam 
Yes 
FI 0 
rJ o 
rd 0 
r.I 0 
1.I 0 
Yes 

Yes 

Table 2-4 .  T r a i l e r  Light-Weight O p t i o n s  Plus Suggested Options 

80,000-11 GCN 110,000-1 b GCW 
T r a  i 1 e r  O p t  i on Transporter  Transporter  

Tra i  1 e r  configurat ion Platform c h a s s i s  Platform c h a s s i s  
Payl oad  56,000-1 b cask 80,000-1 b cask 

fiumber of ax les  2 3 
Type of suspension A i r ( a )  Air(a) 
T i  r e s  Low p r o f i l e  Low p r o f i l e  
A 1  uminum d i  sc  wheel s Yes Yes 
A 1  urninurn wheel hubs Yes Yes 
Type of brakes S-Cam S-Cam 
Centr i fuse brake d r u m  Yes Yes 
F r o n t  bulkhead ri 0 N 0 
Tie  downs NO No 

T i r e  c a r r i e r  No N 0 
S u p p o r t  ( 1  anding) gear Yes(a) Yes(a) 
Nonadjustable ax le  loca t ion  Yes Yes 
All deck or cross  members n o t  

required f o r  s t r u c t u r a l  
s t r e n g t h  removed Yes Yes 

Automatic brake s lack  a d j u s t e r s  Yes(a) Yes(a) 

( a )  

Nominal t r a i l e r  length i n  f e e t  42 48 

Spare t i r e  FI 0 ri 0 

-- -----___ ---- _--___ 
These opt ions d i f fe r -  frol?i those of minimum-weight e s t ima tes  l i s t e d  in  
Table 2-3. 
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I t  was a l s o  suggested t h a t  low-bed t r a i l e r s  be considered t o  reduce t h e  
c e n t e r  of  g r a v i t y  of  the load,  thereby inc reas ing  s t a b i l i t y .  
but they would inc rease  t r a i l e r  weight, and thus were not evaluated in  t h i s  
study. 

These have mer i t ,  

2.1.3 Transpor t e r  Weights 

As i nd ica t ed  previously t h e  GCW accounts f o r  t h e  e n t i r e  weight of t h e  
v e h i c l e  and i t s  con ten t s ,  which include the t r a c t o r ,  t r a i l e r ,  loaded cask, and 
o u t f i t t i n g .  O u t f i t t i n g  includes:  I 

0 Drive r ( s )  

0 Driver  luggage and bedding 

0 Accessories such a s  physical  s e c u r i t y  system, f i r e  e x t i n g u i s h e r ,  
r a d i o ,  spa re  t i r e ,  t i r e  cha ins ,  and t o o l s .  

O u t f i t t i n g  f o r  a l l  ca ses  was assumed t o  weigh 1,000 l b .  Table 2-5 l i s t s  
t h e  weight breakdown of t r a n s p o r t e r s  by components f o r  t h e  80,000-lb and 
110,000-lb GCW t r a n s p o r t e r s ,  r e spec t ive ly .  
f e a s i b l e  t o  c a r r y  a 56,000-lb loaded cask using an 80,000-lb GCW t r a n s p o r t e r  
and an 80,000-lb loaded cask using a 110,000-lb GCW t r a n s p o r t e r .  

Table 2-5 i n d i c a t e s  t h a t  i t  may be 

Table 2-5. Transporter  Weight Summary I 

80,000-lb GCW Transporter  110,000-lb GCW Transporter  

Light-Weight Light-Weight L i  ght-Wei gh t Li gh t -Wei gh  t 
Options Options Plus Options Options Plus 
Weight Suggested Options Weight Suggested Options 

Components Range ( l b )  Weight Range ( l b )  Range ( l b )  Weight Range ( l b )  
~~ ~ ~~ 

Cask 56 , 000 56 , 000 80 , 000 80 , 000 

Trac to r  13,210-14,710 14,420-15,370 16,850-18,050 17,330-18,330 

Trai 1 e r  6,930-9,200 7,460-10,010 10,210-13,700 10,880-14,540 

O u t f i t t i n g  1 , 000 1 , 000 1 , 000 1 , 000 

Total 77,140-80,910 78,880-82,380 108,060-112,750 109,210-113,870 
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2.2 EQUIPMENT FOR FUTURE CONSIDERATION 

Use o f  s i n g l e ,  wide base ("Super S ing le" )  t r e s  with aluminum d i s c  wheels 
i n  p l ace  of dual low-profi le  t i r e s  w i t h  aluminum d i s c  wheels could save up t o  
an add i t iona l  744 l b  on t h e  80,000-lb GCW t r a n s p - r t e r  and 1,116 l b  on t h e  
110,000-lb GCW t r a n s p o r t e r .  Poss ib l e  weight savings with wide base t i r e s  and 
wheels a r e  not  included i n  the above weight e s t ima tes  f o r  the spent  fuel  cask 
t r a n s p o r t e r s .  However, t h e i r  use may be a v i a b l e  opt ion i n  the f u t u r e  and 
should be evaluated i n  d e t a i l  during the cask a c q u i s i t i o n  prel iminary design 
phase. 

10 



. .. . 

3.0 APPROACH 

-. .. . 

The study approach cons i s t ed  of t h e  following f i v e  t a s k s :  

1. Def in i t i on  of ove ra l l  t r a n s p o r t e r  conf igu ra t ions .  

2. Gathering of  t r a c t o r ,  t r a i l e r ,  and major component d e s c r i p t i v e  and 
weight d a t a  f o r  commerci a1 l y  avai 1 ab1 e components. 

I d e n t i f i c a t i o n  of p o s s i b l e  t r a c t o r  and t r a i l e r  weight-saving op t ions .  3. 

4. Estimation of minimum t r a c t o r  and t r a i l e r  weights and weight savings 
with va r ious  l ight-weight  op t ions .  

5 .  Gathering o f  da ta  on expected f u t u r e  (5 t o  10 yea r s )  reduct ion in  
t r a c t o r ,  t r a i l e r ,  o r  major component weight. 

To minimize the number of con tac t s  w i t h  t r a c t o r ,  t r a i l e r ,  and major component 
manufacturers,  these tasks were conducted simultaneously f o r  both legal-weight 
and overweight t r a n s p o r t e r s .  

The o v e r a l l  t r a n s p o r t e r  conf igu ra t ions  were s e l e c t e d  through study of 

Applicat ion Manual*. The 80,000-lb GCW legal-weight t r a n s p o r t e r  has 5 ax le s  

The 110,000-lb GCW overweight t r a n s p o r t e r  used here has 7 a x l e s  and r ep resen t s  

BMIIOTSP-01 ( see  r e fe rence  i n  foo tno te  on p. 3 ) ,  and t h e  Ohio Overweight Permit 

and complies w i t h  I n t e r s t a t e  highway weight l i m i t s  adopted by a l l  50 S t a t e s .  

a modified vers ion of  t h e  conf igu ra t ion  presented in  Appendix C of BMI/OTSP-01 
(1986) . 

To gain i n s i g h t  i n t o  how much weight could be saved with a 6-axle1 r a t h e r  
than a 7-ax1eI overweight t r a n s p o r t e r ,  l imi t ed  cons ide ra t ion  a l s o  was given t o  
a 6-axle  110,000-lb GCW t r a n s p o r t e r  meeting Ohio overweight permit l i m i t a t i o n s .  
Because many S t a t e s  r e q u i r e  7 a x l e s  f o r  a 110,000-lb GCW t r a n s p o r t e r ,  the 
6-axle conf igu ra t ion  i s  not bel ieved t o  be a v i ab le  opt ion f o r  48-State 
ope ra t ion .  

I 

I 
1 

Trac to r ,  t r a i l e r ,  and major component d e s c r i p t i v e  and weight d a t a  were 
obtained v i a  telephone and/or mail from t h e  leading U.S. manufacturers o f  those 
i tems. Appendix A p re sen t s  a l i s t i n g  of t h e  o rgan iza t ions  contacted during the  
study. 

Poss ib l e  t r a c t o r  and t r a i l e r  weight-saving op t ions  were i d e n t i f i e d  
through : 

0 Study of t ruck  d a t a  books and major component manufacturer ca t a logs  

0 Telephone d i scuss ions  with s t a f f  members of t r a c t o r ,  t r a i l e r ,  and 
component manufacturers 

0 Telephone d i scuss ions  with t ruck  f l e e t  o p e r a t o r s .  

* Ohio Department o f  Transportat ion,  1983. S t a t e  of Ohio Oversize and 
Overweight Permit Movements on S t a t e  Highways--Application Manual. 
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To a i d  communication and t o  a s s i s t  i n  de f in ing  and ga the r ing  weight d a t a  
on t r a c t o r s ,  t r a i l e r s ,  and weight-saving op t ions ,  weight-estimating work shee t s  
were prepared f o r  each t r a c t o r  and t r a i l e r  configurat ion being s tud ied  
and were s e n t  t o  t h e  t r a c t o r  and t r a i l e r  manufacturers l i s t e d  in  Appendix A. 
Copies of t h e  weight-estimating work s h e e t s  submitted by t r a c t o r  and t r a i l e r  
manufacturers a r e  summarized in  Appendices B and C ,  r e spec t ive ly .  

Estimates of t r a c t o r  and t r a i l e r  weights and weight savings w 
l ight-weight  op t ions  a r e  based on the d a t a  submitted on those work 
d a t a  obtained from t h e  major component manufacturers contacted.  

t h  var ious 
shee t s  plus  

Data on expected f u t u r e  (5 t o  10 yea r s )  reduct ions i n  t r a c t o r ,  t r a i l e r ,  o r  
major component weight were gathered simultaneously with t h e  d e s c r i p t i v e  and 
weight d a t a  f o r  c u r r e n t  components. Manufacturers were asked t o  i d e n t i f y  
p re sen t  t r ends  o r  developments t h a t  they be l i eve  w i l l  r e s u l t  i n  t r a c t o r - t r a i l e r  
weight reduct ions i n  t h e  next 5 t o  10 y e a r s  and t o  e s t ima te  t h e  amount of 
expected weight reduct ion a s soc ia t ed  with each. 
received t o  t h i s  r eques t .  
with individual  components r a t h e r  than with t h e  ove ra l l  t r a c t o r  o r  t r a i l e r .  

Only l imi t ed  responses were 
Those t h a t  were obtained a r e  a s soc ia t ed  p r imar i ly  
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4.0 TECHNICAL DISCUSSION 

4.1 CASK DESCRIPTION 

Two proposed f u t u r e  casks were considered in  this  s tudy:  a l e g a l -  weight 
cask w i t h  a loaded weight of 56,000 l b  and an overweight cask with a loaded 
weight of 80,000 l b .  Table 4-1 p re sen t s  t h e  assumed ove ra l l  dimensions f o r  
t hose  casks.  

Table 4-1. Assumed Overall Cask Dimensions 

Cask Dimensions 
56,000-lb(a) 80,000-lb(a) 

Legal-Weight Cask Overweight Cask 

3.7 
18 

support  c r a d l e s ,  f t  15 

Outside diameter ,  
Overall l eng th ,  f t  
Distance between c e n t e r l i n e  of  

Support pads,  f t  x f t  4 x 4  

4.4 
18 

15 
4.7 x 4.7 

(a) 
(b) Impact l i m i t e r s  not included. 

Including weight of impact l i m i t e r s  and support  c r a d l e s .  

4.2 TRANSPORTER CONFIGURATIONS 

A t o t a l  of  t h r e e  t r a n s p o r t e r  ( i . e . ,  t r a c t o r - t r a i l e r )  conf igu ra t ions  were 
considered,  a s i n g l e  80,000-lb GCW conf igu ra t ion  and two 110,000-lb GCW 
conf igu ra t ions .  Figures 4-1, 4-2, and 4-3 i l l u s t r a t e  t h e  number, spacing, and 
loading of the a x l e s  f o r  those t h r e e  t r a n s p o r t e r  conf igu ra t ions .  

Because of t h e  small diameter of  t h e  casks,  v e r t i c a l  height  c learance i s  
not a problem and a platform ( f l a t b e d )  t r a i l e r  conf igu ra t ion  was s e l e c t e d  f o r  
a l l  t h r e e  t r a n s p o r t e r s .  A plat form t r a i l e r  w i l l  r e s u l t  i n  a weight savings 
r e l a t i v e  t o  a low-bed t r a i l e r .  

4.2.1 80,000-lb GCW, 5-Axle Configuration 

The 80,000-lb GCW legal-weight t r a n s p o r t e r  conf igu ra t ion  shown i n  Figure 
4-1 i s  a conventional "18-wheeler" t r a c t o r - s e m i t r a i l e r  combination with f i v e  
a x l e s .  The d i s t a n c e s  between ax le s  and corresponding a x l e  loads a r e  in  
conformance with t h e  f e d e r a l l y  prescr ibed Bridge Formula B ,  which i s  presented 
i n  Table 4-2. 
loading on any consecut ive two o r  more a x l e s  may not exceed t h e  weight computed 

Federal and corresponding S t a t e  r egu la t ions  provide t h a t  t h e  
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-6 x 4Tractor 
-Equalizing Suspension: 

Axles 2 and 3 
Axles 4 and 5 

* 

@J@ 

(4 '4")  
36'1 " 

-204" WB 

Axle/Tandem 2,000 Ib 
Gross Loads 

34,000 Ib 

FIGURE 4-1. 80,000-LB GCW, 5-AXLE, LEGAL-WEIGHT 
TRANSPORTER CONFIGURATION 

14 

34,000 Ib 



-8 x 4 Tractor 
-Equalizing Suspension: 

Axles 2, 3, and 4 
Axles 5, 6, and 7 

4- 10’ 1 O’1-b 4 29’8” w 

4‘2” 4 1 ’ I  - - - * 4’1 ” 

FIGURE 4-2. 110,000-LB GCW, 7-AXLE, OVERWEIGHT 
TRANSPORTER CONFIGURATION 

4 f 2 ” +  - - +( 4 ’4 1 , )  ( 4 ‘4 l ’ )  

180” W B  +4 * I---------- 46’2” * 

4 57’ * 
P - 
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-6 x 4Tractor 
-Equalizing Suspension: 

Axles 2 and 3 
Axles 4, 5,  and 6 

3 0 ’9 I’ e 
4 ‘ 1 ”+ - +-b t 4‘1 ” 4’2” 

43’1 I’ 5 

168” W B  

4 55’ * 

Ax I e /Ta nde m 
Gross Loads 12,000 Ib 45,000 Ib 

- 
53,000 Ib 

FIGURE 4-3. 11 0,000-LB GCW, 6-AXLE, OHIO PERMIT, 
OVERWEIGHT TRANSPORTER CONFIGURATION 
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by the Bridge Formula. The formula must be appl ied and s a t i s f i e d  f o r  a l l  
p o s s i b l e  a x l e  combinations on a veh ic l e .  
l i m i t s  on any two o r  more consecutive a x l e s ,  t h e  load on a s i n g l e  ax le  i s  
l i m i t e d  t o  20,000 l b ,  t h a t  on tandem a x l e s  not more than 96 in  a p a r t  t o  34,000 
l b ,  and t h e  GCW t o  80,000 l b .  

In add i t ion  t o  t h e  above loading 

Table 4-2. Bridge Gross Weight Formula B 

No v e h i c l e  o r  combination of veh ic l e s  may be operated on t h e  
I n t e r s t a t e  highways when t h e  g ross  weight on two o r  more 
consecut ive a x l e s  exceeds t h e  l i m i t a t i o n s  p re sc r ibed  by t h e  
f o l  1 owing formul a :  

r 1 

W = 500 I + 12N + 36 
N -  1 

L -I 

where W = overa l l  g ros s  weight on any group of two o r  more 
consecut ive a x l e s  t o  t h e  nea res t  500 pounds, L = d i s t a n c e  in  
f e e t  between t h e  extreme of any group of two o r  more 
consecut ive a x l e s ,  and N = number of a x l e s  i n  t h e  group under 
cons ide ra t ion .  

Source: Surface Transportat ion Assis tance Act of 1982. 

Federal and S t a t e  laws allow two consecutive 2-axle tandems t o  c a r r y  a 
g ross  load of  34,000 l b  each i f  t h e  d i s t a n c e  between t h e  outermost ax le s  i s  36 
f t  o r  more. T h u s ,  t h e  t o t a l  weight allowed f o r  t h e  two tandems ( t o t a l  of 4 
a x l e s )  i s  68,000 lb .  This i s  an exception t o  t h e  Bridge Formula, a s  t h e  
required c a l c u l a t e d  length f o r  t h i s  ax le  loading i s  39 f t .  

As an a l t e r n a t i v e  t o  t h e  configurat ion shown in  Figure 4-1, t h e  t r a c t o r  
wheelbase (WB) can be reduced and t h e  t r a i l e r  length increased up t o  5 f t  and 
s t i l l  meet t h e  requirements of  t h e  Bridge Formula. However, t h e  ove ra l l  length 
of 51 f t  or more between a x l e s  1 and 5 must be maintained t o  s a t i s f y  t h e  Bridge 
Formul a .  

4.2.2 110,000-lb GCW, 7-Axle Configuration 

The 110,000-lb GCW, 7-axle,  overweight (permit)  t r a n s p o r t e r  configurat ion 
I 

~ 

shown i n  Figure 4-2 r ep resen t s  a modified vers ion of t h e  conf igu ra t ion  

been reduced t o  110,000 l b  and t h e  a x l e  loads and d i s t a n c e s  between ax le s  
s e l e c t e d  such t h a t  i n  no case does t h e  loading on any combination of two o r  

r e p r e s e n t s  a compromise between at tempts  t o  simultaneously minimize t r a n s p o r t e r  
l eng th ,  weight,  and percent  ax le  loading over  allowable Bridge Formula loading. 
I t  i s  well below t h e  maximum percentage overload r o u t i n e l y  permit ted by Ohio 
and many o t h e r  S t a t e s .  

I 
I presented in  Appendix C of BMI/OTSP-01 (see r e fe rence  on p.  3 ) .  The GCW has 

I more a x l e s  exceed allowable Bridge Formula loading by more than 20%. This 
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The overweight t r a n s p o r t e r  conf igu ra t ion  shown i n  Figure 4-2 i s  r e l a t i v e l y  
s h o r t ,  i . e . ,  approximately 62 f t  ove ra l l  and 57 f t  between a x l e s  1 and 7. This 
i s  only 6 f t  longer  than t h e  legal-weight t r a n s p o r t e r .  I t  i s  intended t h a t  
only two of t h e  t h r e e  a x l e s  on t h e  r e a r  of t h e  t r a c t o r  w i l l  be dr iven.  

4.2.3 110,000-lb GCW, 6-Axle Combination 

Some S t a t e s ,  including Ohio, i s s u e  overweight permits  f o r  110,000-lb o r  
higher  GCW t r a n s p o r t e r s  with 6 a x l e s .  
could be saved with a 6-axle r a t h e r  than a 7-axle overweight t r a n s p o r t e r ,  
l imi t ed  cons ide ra t ion  was given t o  a 6-axle1 110,000-lb GCW overweight 
t r a n s p o r t e r  conf igu ra t ion  meeting Ohio overweight permit l i m i t a t i o n s .  
r e s u l t i n g  overweight t r a n s p o r t e r  conf igu ra t ion  i s  shown i n  Figure 4-3. 

To gain i n s i g h t  i n t o  how much weight 

The 

Note the high loading on t h e  2-axle d r i v e  tandem. The Ohio maximum load 
l i m i t  f o r  t h e  condi t ion shown i s  46,000 lb .  Loads of 45,000 and 46,000 l b  on 2 
a x l e s  s l i g h t l y  over  4 f t  a p a r t  a r e  32 and 35%, r e s p e c t i v e l y ,  above t h e  34,000- 
l b  Bridge Formula l i m i t .  
t h i s  conf igu ra t ion  i s  not  considered acceptable  f o r  48-State ope ra t ion .  

Because of  t h e  high loading on t h e  2-axle tandem, 

4.3 TRACTOR DESCRIPTION A N D  ESTIMATED WEIGHT 

4.3.1 Trac to r  Descr ipt ion 

Table 4-3 p r e s e n t s  o v e r a l l  t r a c t o r  s p e c i f i c a t i o n s  f o r  t h e  t h r e e  
t r a n s p o r t e r  conf igu ra t ions  discussed i n  Sect ion 4.2. T rac to r  g ross  veh ic l e  
weight (GVW)* i s  equal t o  t h e  sum of  t h e  loads on a l l  of t h e  t r a c t o r  a x l e s .  
Two wheelbases a r e  l i s t e d  t o  ob ta in  d a t a  on t h e  weight i nc rease  o r  decrease 
a s s o c i a t e d  with inc reas ing  o r  decreasing t h e  t r a c t o r  length.  
wheelbases l i s t e d  f o r  each t r a c t o r  i s  equal t o  t h e  wheelbase shown in  Figures 
4-1 through 4-3 f o r  t h a t  s p e c i f i c  t r a c t o r .  Because t h e  casks w i l l  not p r o j e c t  
higher  than t h e  t r a c t o r  cab, t h e  f r o n t a l  a r e a  i s  e s s e n t i a l l y  t h a t  of t h e  cab. 

One of t h e  

For s a f e t y  purposes,  t h e  t r a c t o r  and t r a i l e r  must be designed f o r  heavy- 
duty on-highway usage and have required r a t e d  capac i ty  f o r  t h e  loads c a r r i e d .  
In a d d i t i o n ,  t h e  t r a n s p o r t e r  must have good t o  e x c e l l e n t  braking,  road speed 
l imi t ed  t o  55 mph,  and s u f f i c i e n t  power t o  move up  grades a t  moderate speeds. 
In th i s  l a t t e r  r e s p e c t ,  both 300- and 400-hp ve r s ions  of t h e  80,000-lb GCW 
t r a c t o r ,  and 400- and 550-hp ve r s ions  of t h e  110,000-lb GCW t r a c t o r s ,  were 
considered. 

During the s tudy ,  i t  was found t h a t  no 550-hp EPA**-rated d i e s e l  t ruck  
The major U.S. d i e s e l  t ruck  engine engine i s  commercially a v a i l a b l e  today. 

manufacturers c u r r e n t l y  o f f e r  EPA-rated engines with maximum power r a t i n g s  

* G V W  = The g ross  weight of  t h e  t r a c t o r  including a l l  f l u i d s ,  d r i v e r ( s ) ,  
a c c e s s o r i e s ,  f i f t h  wheel, and t r a i l e r  load on t h e  f i f t h  wheel. 

** EPA = U.S. Environmental Protect ion Agency. 
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l a b l e  4-3. Overall T rac to r  S p e c i f i c a t i o n s  

Legal -Weight Overweight 
T r a c t o r  S p e c i f i c a t i o n  T r a c t o r  T r a c t o r  

T r a c t o r  i l l u s t r a t e d  i n  F igure :  4- 1 4-2 4-3 

Axle and d r i v e  c o n f i g u r a t i o n ( a )  6 x 4  8 x 4  6 x 4  

T r a c t o r  G V W ,  l b  46,000 60,000 57,000 

GCW, l b  SO ,000 110,000 110,000 

Front  a x l e  l o a d ,  l b  12,000 12,000 12,000 

Rear 2-axle  tandem load  
( 2  d r i v e  a x l e s ) ,  l b  

Rear 3-ax le  tandem load  
(Equal ized suspens ion)  
( 2  d r i v e  a x l e s ) ,  l b  

F i f t h  wheel l o a d ,  l b  

Wheel base ,  i n  

34,000 -- 45,000 

46,000 60,000 57,000 
minus mi nus m i n u s  
t r a c t o r  t r a c t o r  t r a c t o r  
wei g h t  ( b )  we i g h t ( b )  wei gh t ( b )  

168 156 168 
!l ti ti 

204 180 180 

Fronta l  a r e a ,  f t 2  74 74 7 4  

Engine power, hp (30 mph on 3% grade)  300 400 400 

(30 rnph on 5% grade)  400 550 550 

Maximum governed speed ,  nph 55 55 55 

Fuel c a p a c i t y ,  gal 1 ons 80 100 100 

Duty c y c l e  On-highway, 200,000 m i l y r ,  always loaded ,  
t r a c t o r  ded ica t ed  t o  t h i  s appl i ca t ion  

Re1 i a b i  1 i t y  High High High 

S a f e t y  Good t o  e x c e l l e n t  b rak ing ,  55 mph governed 
speed,  h i g h  speed u p  grades  

( a )  First number i s  t o t a l  number of  wheels (dua l  t i r e s  and wheels a r e  
considered a s  one ) .  
numbers d iv ided  by two g ive  t o t a l  number of a x l e s  and number o f  driven 
a x l e s ,  r e s p e c t i v e l y ,  on t r a c t o r .  

Second number  i s  number of d r iven  wheels .  These 

( b )  T r a c t o r  weight w i t h  a l l  f l u i d s  ( i n c l u d i n g  d i e s e l  f u e l ) ,  d r i v e r ( s ) ,  and 
a c c e s s o r i e s .  
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ranging from 425 t o  500 hp.  All manufacturers speculated t h a t  they wi l l  have 
engines approaching 500 hp 5 t o  10 y e a r s  from now. Most t r a c t o r ,  engine,  and 
t ruck ing  people contacted during this  study b e l i e v e  t h a t  550 hp  i s  excessive 
f o r  t h e  110,000-lb GCW t r a n s p o r t e r  and t h a t  a range from 400 t o  500 hp i s  
adequate f o r  t h a t  t r a n s p o r t e r .  

Diesel fuel  weighs approximately 7 l b /ga l lon .  T h u s ,  t h e  amount of fuel  
c a r r i e d  i s  an important weight cons ide ra t ion .  For purposes of t h i s  s tudy ,  fuel  
s t o r a g e  c a p a c i t i e s  of  80 and 100 g a l l o n s  a r e  assumed f o r  t h e  80,000- and 
110,000-lb GCW t r a n s p o r t e r s ,  r e s p e c t i v e l y ,  t o  give a range of approximately 400 
mi between r e f u e l i n g s .  

4.3.2 Trac to r  Estimated Weight 

The f i v e  leading U.S. manufacturers of  Class 8 ( l a r g e ,  heavy-duty) 
t r u c k s / t r a c t o r s  were contacted and asked t o  provide weight e s t ima tes  f o r  t h e  
t r a c t o r s  descr ibed i n  Table 4-3. Those manufacturers and t h e i r  Class 8 u n i t  
s a l e s  a r e  shown i n  Table 4-4. 

Table 4-4. S a l e s  o f  Five Leading Manufacturers o f  Class  8 Trucks/Tractors 

U.S. Truck/Tractor Manufacturer 
New Class 8 Unit S a l e s  

January 1 t o  J u l y  3 1 ,  1987 

Nav i s t a r  ( I n t e r n a t i o n a l )  
Freight1 i n e r  
Mack 
Kenwort h (Paccar) 
Ford 

Subtotal  

All o t h e r s  
Total 

16 , 559 
13 , 017 
11 , 086 
8,040 
7 3 1  1 

56,213 

19 , 381 
75 , 594 

From "Ju ly  Truck S a l e s  by Manufacturer and Segment," Automotive News, p.  14 
(August 3 1 ,  1987). 

Weight-estimating work s h e e t s  were prepared f o r  each o f  t h e  t h r e e  t r a c t o r  
designs descr ibed i n  Table 4-3 and were s e n t  t o  t h e  f i v e  companies in  Table 4-4 
along w i t h  the t r a c t o r  d e s c r i p t i o n s  shown i n  Table 4-3. 
weight-estimating work s h e e t s  were submitted by t h r e e  of t h e  companies and a r e  
summarized i n  Appendix 8. 

Copies of completed 

A summary of  the est imated t r a c t o r  weights f o r  t h e  80,000-lb GCW and 
7-axle,  110,000-lb GCW t r a n s p o r t e r s  i s  given in  Chapter 2,  Overall Findings. 
In a d d i t i o n ,  two manufacturers es t imated an add i t iona l  weight savings of 
approximately 1,350 and 2,450 l b ,  r e s p e c t i v e l y ,  f o r  a 110,000-lb GCW 
t r a n s p o r t e r  3-axle t r a c t o r  i n  Figure 4-3, a s  compared t o  t h e  4-axle version in  
Figure 4-2. 
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4.4 T R A I L E R  DESCRIPTION AND ESTIMATED WEIGHT 

4.4.1 T r a i l e r  Descr ipt ion 

Two t r a i l e r  conf igu ra t ions  were considered: one f o r  legal-weight and one 
f o r  overweight s e r v i c e .  
The t r a i l e r  f o r  t h e  6-axle,  110,000-lb GCW t r a n s p o r t e r  i l l u s t r a t e d  in  Figure 
4-3 i s  very s i m i l a r  t o  the t r a i l e r  f o r  t h e  -/-axle,  110,000-lb GCW t r a n s p o r t e r ,  
so s e p a r a t e  d a t a  were not c o l l e c t e d  f o r  t h e  6-axle t r a i l e r .  
the o v e r a l l  s p e c i f i c a t i o n s  f o r  t h e  two s u b j e c t  t r a i l e r  conf igu ra t ions .  

These t r a i l e r s  a r e  i l l u s t r a t e d  i n  Figures 4-1 and 4-2. 

Table 4-5 p re sen t s  

Tab1 e 4-5. Overall Trai 1 e r  Speci f i c a t i o n s  
~~~ ~ 

Trai 1 er  S p e c i f i c a t i o n  
Legal Weight Overweight 

Trai 1 e r  Trai 1 e r  

T r a i l e r  i l l u s t r a t e d  i n  Figure: 4- 1 

Type t r a i l e r  Platform 

Pay1 oad 56,000-1 b cask* 

Overall t r a i l e r  l eng th ,  f t  42 & 45 

Number o f  t r a i l e r  a x l e s  2 

Total a x l e  loading,  l b  34,000 

F i f t h  wheel load,  l b  Trai l e r  weight 
+56 I 000-1 b cask 
-34,000 l b  

4-2 

P1 atform 

80,000-lb cask* 

47 & 48 

3 

50 I 000 

Trai 1 e r  weight 
+80,000 l b  cask 
-50,000 l b  

* As desc r ibed  i n  Table 4-1. 

4.4.2 T r a i l e r  Estimated Weight 

The Thomas Reg i s t e r  of U.S. Manufacturers l i s t s  hundreds of t r a i l e r  
manufacturers.  Eleven were contacted:  

e Alloy T r a i l e r s ,  Inc. 
e Ci ty  T r a i l e r  S a l e s ,  Inc. 
e Dorsey T r a i l e r s ,  Inc. 
e Fontaine Truck Equipment Company 
e Fruehauf Division 
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0 Lufkin T r a i l e r s  Division 
0 Ravens Metal Products,  Inc. 
0 Talbe r t  Manufacturing Company 
e Trail King I n d u s t r i e s  
0 Trai lmobile ,  Inc. 
0 Wilson T r a i l e r  Company. 

Most of t h e s e  were recommended a s  manufacturers of  l ight-weight  and/or high- 
capac i ty  platform t r a i l e r s .  
l a r g e s t  U.S. t r a i l e r  manufacturers ( i . e . ,  t a n g i b l e  a s s e t s  over  $50 m i l l i o n ) .  

The o t h e r s  were s e l e c t e d  a s  r e p r e s e n t a t i v e  of the 

Each of  t h e  eleven t r a i l e r  manufacturers was contacted f i r s t  by telephone, 
then by mail. 
i n  Table 4-1, and general  t r a i l e r  s p e c i f i c a t i o n s  given i n  Table 4-5 were 
discussed and mailed t o  them. 
l ight-weight  t r a i l e r  with minimum-weight opt ional  components. Weight- 
e s t ima t ing  work s h e e t s  were prepared f o r  each of t h e  two t r a i l e r s  descr ibed 
Table 4-5, and t h e s e  were a l s o  s e n t  t o  t h e  eleven manufacturers.  Copies of 
completed weight-estimating work s h e e t s  were submitted by s i x  of  the compan 
and a r e  summarized i n  Appendix C .  

The cask d e s c r i p t i o n s ,  including the concentrated loading gi 

They were requested t o  recommend a s p e c i f i c  

en 

in  

e s  

A summary of the est imated t r a i l e r  weights f o r  the 80,000- and 110,000-lb 
GCW t r a n s p o r t e r s  i s  given i n  Chapter 2 ,  Overall Findings. 

4.5 MAJOR COMPONENTS 

4.5.1 Engines 

Required engine power ranges from 300 t o  400 hp f o r  t h e  80,000-lb GCW 
t r a n s p o r t e r  and 400 t o  500 hp f o r  t h e  110,000-lb GCW t r a n s p o r t e r .  
S u r p r i s i n g l y ,  t h e r e  i s  r e l a t i v e l y  l i t t l e  v a r i a t i o n  i n  d i e s e l  t ruck  engine 
weight over  this power range. 
by varying t h e  turbocharger ,  i n j e c t o r s ,  and engine c o n t r o l ,  b a s i c a l l y  t h e  same 
s i z e  engine ( i . e . ,  same displacement) has a wide range of power r a t i n g s .  
Engines c u r r e n t l y  a v a i l a b l e  f o r  t h i s  a p p l i c a t i o n  a r e  l i s t e d  in  Table 4-6. 

All of t h e  engines weigh between 2,400 and 2,900 l b .  except f o r  t h e  
Cummins L10, D e t r o i t  Diesel All ison (DDA) 6V-92TA1 and Mack EM6. The l a r g e s t  
impact on t r a n s p o r t e r  weight would be t o  s u b s t i t u t e  a Cummins L10 engine f o r  a 
Cummins BC IV o r  C a t e r p i l l a r  34068 engine i n  t h e  300 hp  vers ion of  t h e  
80,000-lb GCW t r a n s p o r t e r .  The Cummins L10 would reduce t r a c t o r  weight by 600 
o r  more pounds. 

All of  t h e  engines a r e  turbocharged, and 

The most a c t i v e  a r e a  $or near-future  engine development i s  i n  t h e  10.0- t o  
1 2 . 0 - l i t e r  (600- t o  700-in ) engine c l a s s .  
lO.3-1i terI  325-hp1 1,880-lb engine by the f a l l  of 1988. Maximum power f o r  t he  
Cummins L10 may inc rease  t o  350 hp.  On t h e  o t h e r  end of t h e  power range, power 
r a t i n g s  f o r  t h e  C a t e r p i l l a r  3406B, Cummins  BC IV, and DDA 8V-92TA and S e r i e s  60 
engines a r e  expected t o  inc rease  i n t o  t h e  460- t o  500-hp range. 

C a t e r p i l l a r  planned t o  introduce a 
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Table 4-6. Diesel Truck Engine S p e c i f i c a t i o n s  

Engine 
Engine Engine Di spl aSement , Power Torque D rY 
Manufacturer S e r i e s  i n  Range, hp Range, l b - f t  Weight, l b  

Caterpi 11 a r  3406B 

Cummi ns L10 
BC IV 

D e t r o i t  S e r i e s  60 
Diesel 6V-92TA 

8V-92TA 

Mack EM6 
E9 

893 

61 1 
855 

677-775 
552 
736 

672 
998 

285-425 

240-300 
300-444 

250-400 
270-350 
350-475 

250-300 
400-500 

1150-1450 

860-950 
1000- 1400 

970-1400 
975-1050 

1175-1330 

-1400 
1325-1660 

2790 

1930 
2530 

2700 
2020 
2415 

2230 
2900 

4.5.2 Transmi ssi ons 

A nine-speed t ransmission should be adequate f o r  t h e  80,000-lb GCW 
t r a n s p o r t e r  and nine t o  poss ib ly  t h i r t e e n  speeds f o r  t h e  110,000-lb GCW 
t r a n s p o r t e r .  Again, t ransmission weight i nc reases  f o r  increased number o f  
speeds and/or increased torque r a t i n g s  a r e  l e s s  than might be expected. 

This i s  i l l u s t r a t e d  by t h e  weight of t h e  F u l l e r  Road Ranger s e r i e s  o f  
t r ansmiss ions  (RT) shown i n  Table 4-7. All of t h e  Road Ranger t ransmissions 
have i r o n  housings. 
t ransmissions.  

Aluminum housings a r e  not a v a i l a b l e  f o r  Road Ranger 

Table 4-7. Transmission S p e c i f i c a t i o n s  

Dry Weight Less 
Transmission Number of Torque C 1  utch Housing 
Model Forward Speeds Rating, l b - f t  and Controls ,  l b  

RT- 11609 
RT-14609 
RT- 11 61 3 
RT-14613 
RT- 15613 

9 
9 

13 
13 
13 

1,150 589 (Iron)  
1,450 616 (Iron)  
1,150 652 ( I ron )  
1 , 450 659 ( I ron )  
1 , 650 665 ( I ron )  
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Aluminum c lu t ch  housings weigh approximately 25 l b  and i ron  housings 75 l b  
f o r  a weight savings of approximately 50 l b  with an aluminum c l u t c h  housing. 
Aluminum c l u t c h  housings a r e  a v a i l a b l e  f o r  t h e  RT-11600 t ransmissions but not 
f o r  t h e  14600 and 15600 t ransmissions.  

Sp ice r  manufactures one of  t h e  l i g h t e s t  t ransmissions in  t h e  torque range 
of i n t e r e s t ,  but i t  can be used only f o r  t h e  80,000-lb GCW t r a n s p o r t e r .  
i s  t h e i r  Model 1310, which has 10 forward speeds,  a torque r a t i n g  of 1,300 lb-  
f t ,  and a dry weight of  460 l b  including aluminum transmission and c lu t ch  
housings. 
Table 4-7 f o r  t h e  Road Ranger t ransmissions.  

That 

Other Sp ice r  t ransmissions have weights s i m i l a r  t o  those l i s t e d  i n  

The manufacturers contacted fo recas t ed  no major near-term transmission 
weight reduct ions.  

4.5.3 T i r e s ,  Wheels, and Wheel Hubs 

T i r e s ,  wheels, and wheel hubs r ep resen t  a major a rea  f o r  weight savings in  
heavy-duty on-highway t r a c t o r s  and t r a i l e r s .  Current ly  manufactured 80,000-lb 
GCW t r a c t o r - t r a i l e r  combinations have 18 wheels and t i r e s  each, and t h e  
1 1 0 , 0 0 0 - l b  GCW o v e r w e i g h t  t r a n s p o r t e r  c o n f i g u r a t i o n  b e i n g  c o n s i d e r e d  i n  t h i s  
r epor t  has 26. With so many t i r e s  and wheels, a modest weight savings in  one 
u n i t  i s  mu l t ip l i ed  i n t o  a major weight savings f o r  t h e  e n t i r e  t r a c t o r - t r a i l e r  
combination. 

Truck f l e e t  ope ra to r s  and t r a c t o r  and t i r e  manufacturers a r e  e s s e n t i a l l y  
unanimous i n  recommending t h e  use of t u b e l e s s ,  r a d i a l  t i r e s  f o r  on-highway 
i n t e r c i t y  t ruck  ope ra t ions .  They most f r equen t ly  c i t e d  increased fuel  mileage, 
longer t i r e  l i f e ,  improved veh ic l e  handling, and fewer f l a t  t i r e s  a s  reasons 
f o r  t h e i r  choice.  For t h e s e  reasons,  t u b e l e s s  r a d i a l  t i r e s  a r e  recommended f o r  
t h e  t r a n s p o r t e r s  of spent fue l  casks.  

Po ten t i a l  weight savings with t i r e s  and wheels can be divided i n t o  f i v e  
op t ions  : 

1. Change from conventional t o  low-profi le  t i r e s .  

2. Change from s t e e l  t o  aluminum d i s c  wheels. 

3. Change from a l l  one s i z e  t i r e  t o  sma l l e r  t i r e s  on t r a c t o r  and t r a i l e r  
tandem a x l e s  than on s t e e r i n g  ax le .  

4. Change from dual low-profi le  t o  s i n g l e  wide base t i r e s  on t r a c t o r  and 
t r a i  1 e r  tandems. 

5. Change from 10-stud b a l l  s e a t  wheels with inne r  and o u t e r  cap nuts 
t o  8-stud hub-piloted wheels with s i n g l e  cap nuts. 

Options 2 ,  3 ,  and 4 above r e s u l t  i n  major weight savings.  Options 1 and 5 
r e s u l t  i n  l e s s e r  weight savings.  Options 1, 2 ,  and 3 a r e  in  use today. Option 
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4 i s  commonly used i n  Europe but  i s  not commonly used i n  t h e  United S t a t e s  and 
i s  only considered t o  be a p o s s i b l e  f u t u r e  opt ion.  
introduced r e c e n t l y  i n  the United S t a t e s  and i s  expected t o  become more common 
i n  t h e  next  5 t o  10 yea r s .  

Option 5 has been 

Table 4-8 p r e s e n t s  e s t ima tes  of  t i r e  and wheel weight savings poss ib l e  
w i t h  each of t h e  op t ions  l i s t e d  above. As shown, maximum savings of  
approximately 1,350 and 1,990 l b  a r e  estimated f o r  t h e  5-axle ,  80,000-lb GCW 
and 7-axle,  110,000-lb GCW spent  fue l  cask t r a n s p o r t e r s ,  r e s p e c t i v e l y .  

Option 2 ' s  use of low-profile t i r e s  and aluminum d i s c  wheels i s  a l r eady  
included i n  t h e  est imated t r a c t o r  and t r a i l e r  weights given in  Chapter 2 ,  
Overall Findings.  Option 3,  use of sma l l e r  t i r e s  on t h e  t r a c t o r  and t r a i l e r  
tandem a x l e s  than on t h e  t r a c t o r  s t e e r i n g  a x l e ,  o f f e r s  an add i t iona l  estimated 
weight savings of  272 and 408 l b ,  r e s p e c t i v e l y ,  f o r  t h e  s u b j e c t  t r a n s p o r t e r s .  
One disadvantage with using sma l l e r  t i r e s  with lower load r a t i n g s  i s  t h a t  more 
a t t e n t i o n  must be given t o  t i r e  inspect ion and maintenance of s p e c i f i e d  t i r e  
p re s su re .  

Option 4 c o n s i s t s  of s u b s t i t u t i n g  a s i n g l e  wide base t i r e  i n  place of 
narrower dual t i r e s  on a l l  of t h e  t r a c t o r  and t r a i l e r  tandem ax le s .  For t h i s  
op t ion ,  e i g h t  wide base t i r e s  and wheels would r ep lace  s i x t e e n  dual t i r e s  and 
wheels on the 5-axle ,  80,000-lb GCW t r a n s p o r t e r ,  and twelve wide base t i r e s  and 
wheels would r ep lace  twenty-four dual t i r e s  and wheels on t h e  7-axle ,  80,000-lb 
GCW t r a n s p o r t e r .  No change would be made t o  t h e  t i r e s  and wheels on t h e  
t r a c t o r  s t e e r i n g  a x l e  of  e i t h e r  combination. 

Use o f  wide base t i r e s  w i t h  aluminum d i s c  wheels on t h e  5-axle,  80,000-lb 
GCW t r a n s p o r t e r  i s  est imated t o  save 744 l b  with r e spec t  t o  use of low-profi le  
t i r e s  with aluminum d i s c  wheels (Option 2 ) .  S i m i l a r l y ,  use of wide base t i r e s  
w i t h  aluminum d i s c  wheels on t h e  -/-axle, 110,000-lb GCW t r a n s p o r t e r  i s  
es t imated t o  save 1,116 l b  w i t h  r e spec t  t o  Option 2. 

Wide base t i r e s  have been used in  Europe f o r  i n t e r c i t y ,  on-highway 
ope ra t ion  f o r  over  15 y e a r s  but a r e  not commonly used f o r  such operat ion in  t h e  
United S t a t e s .  One U.S. company, Southwire Company o f  C a r r o l l t o n ,  Georgia, has 
been ope ra t ing  a p r i v a t e  f l e e t  o f  70 t r a c t o r s  and 110 t r a i l e r s  equipped w i t h  
wide base t i r e s  i n  i n t e r c i t y  l ine-haul s e r v i c e  s i n c e  1975. 

s i n g l e  wide base t i r e s ,  some S t a t e s  a r e  c u r r e n t l y  studying wide base t i r e s  t o  
determine i f  they should be permitted f o r  general  on-highway use o r  poss ib ly  
have s p e c i a l  loading r e s t r i c t i o n s  placed on them. Some a r e  a l s o  concerned 
about t h e  s a f e t y  of wide base t i r e s  r e l a t i v e  t o  t h a t  o f  dual t i r e s .  For t h e s e  
reasons,  wide base t i r e s  c u r r e n t l y  a r e  not included a s  an opt ion f o r  t h e  spent  
fue l  cask t r a n s p o r t e r s .  However, they may be a v i a b l e  opt ion i n  t h e  f u t u r e .  

Because of  d i f f e r e n c e s  i n  the f o o t p r i n t  p a t t e r n  between dual t i r e s  and 

Bridgestone T i r e  Company, Inc. i s  developing a new m e t r i c ,  wide base t i r e  
(S ize  420/55R22.5). Prototype t i r e s  w i l l  be a v a i l a b l e  i n  t h e  near  f u t u r e  with 
production scheduled t o  begin in  l a t e  1988 t o  1989. 
conducted blow-out tests a t  highway speeds a t  the Ohio Transportat ion Research 
Center.  
Bridgestone r e p r e s e n t a t i v e  s t a t e d  t h a t  they were "good." 

They have r e c e n t l y  

The r e s u l t s  of  those t e s t s  have not y e t  been publ ished,  but  a 
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Table 4-8. Est imated Weight Savings f o r  S e l e c t e d  T i r e  and Wheel Options 
~~ 

Total T i r e  & Wheel Weight, Incremental  Weight Savings ,  
1 b/combinat ion 1 b/combi n a t i o n  

Option T i r e  and Wheel Ti r e  T i r e  Weight, Wheel Weight, 5-Axle 7-Ax1 e 
Number Option Ax1 e S i z e  1 b / t i  r e  1 b/wheel 80,000-1 b GCW 110,000-1 b GCW 80,000-1 b GCW 110,000-1 b GCW 

0 

1 

2 
ru cn 

3 

4 

5 

Convent ional  t i r e s  
S i n g l e  t i r e  s i z e  
S t e e l  d i s c  wheel s 

Low-prof i 1 e t i  res 
S i n g l e  t i r e  size 
S t e e l  d i s c  wheels  

Low-profi le  t i r e s  
S i n g l e  t i r e  s i z e  
Aluminum d i s c  

wheel s 

Low-profi le  t i r e s  
Two t i r e  s i z e s  
Aluminum d i s c  

wheels 

Wide base t i r e s  
Two t i r e  s i z e s  
Aluminum d i s c  

wheel s 

S t e e r i n g  
Drive 
T r a i  1 e r  
Tota l  

S t e e r i n g  
Drive 
T r a i l e r  
Tota l  

S t e e r i n g  
Drive 

T r a i l e r  
Total  

S t e e r i n g  
Ori ve 

Tra i  1 e r  
Total  

S t e e r i n g  
Drive 

T r a i l e r  
Tota l  

l lR22.5(G)  122 
124 
110 

I, 

,I 

235/75R22.5(6) 114 
117 
107 

0 ,  

I$ 

295/75R225(G) 114 
117 

107 

I, 

,I 

295/75R22.5( G) 114 
265/75R22.5(6) 100 

98 ,I 

295/75R22.5( G) 114 
15R22.5( J )  186 

172 I, 

80 
80 
80 

80 
80 
80 

55 
55 

55 

55 
51 

51 

55 
62 

62 

404 
1632 

3556 

388 
1576 
1496 
3460 

338 
1376 

1296 
3010 

338 
1208 

1192 
2738 

338 
992 

936 
2266 

404 
2448 

51 32 

388 
2364 

4996 

338 
2064 

2280 

2244 

1944 
4346 

338 
1812 

1788 
3938 

338 
1488 

1404 
3230 

N . A .  N . A .  

-96 -136 

-450 -650 

-272 - 408 

-472 -708 

E i g h t - s t u d  
Hub-pi1 o t e d  wheel s NOTE: T h i s  op t ion  a p p l i c a b l e  t o  a l l  above o p t i o n s .  - 60 -88 

Total  P o t e n t i a l  Weight Savings -1,350 -1,990 



Advantages claimed f o r  wide base t i r e s  include:  

0 Lighter  weight than comparable dual t i r e s  and wheels 
e Less s u s c e p t i b l e  t o  punctures 
0 Less r o l l i n g  r e s i s t a n c e  
0 B e t t e r  r i d e .  

Option 5,  use of 8-stud hub-piloted wheels, can be used with any of t h e  
o t h e r  op t ions .  In t h e  t r a d i t i o n a l  s tud -p i lo t ed  system, double cap nuts with 
sphe r i ca l  s e a t s  a r e  used t o  both c e n t e r  and clamp t h e  dual wheels. In a h u b -  
p i l o t e d  system, t h e  hub c e n t e r s  t h e  wheels and only a s i n g l e  cap n u t  pe r  s tud 
i s  required f o r  both s i n g l e  and dual wheels. 

S u b s t i t u t i o n  of  aluminum wheel hubs f o r  s t e e l  hubs i s  estimated t o  r e s u l t  
i n  a weight savings of approximately 1 7  l b  p e r  hub on s t e e r i n g  and t r a i l e r  
a x l e s  and 35 l b  p e r  hub on d r i v e  ax le s .  
t hose  Val ues. 

The p e r  a x l e  savings would be twice 

4.5.4 Brakes 

The most common type of heavy-duty t ruck  brake i s  an S-Cam drum brake. 
That type o f  brake i s  included i n  t h e  "s tandard" t r a c t o r  and t r a i l e r  weight 
e s t ima tes  given i n  Appendices B and C .  

Because good braking i s  required f o r  s a f e t y  reasons,  automatic brake s l ack  

Weight i nc reases  estimated f o r  t h e s e  brake op t ions  a r e  given 
a d j u s t e r s ,  a n t i s k i d  braking c o n t r o l s ,  and an engine brake* a r e  recommended f o r  
t h i s  a p p l i c a t i o n .  
i n  Table 4-9. 

Table 4-9. Weight Increases  W i t h  t h e  Various Brake Options 

Brake Option Estimated Weight Increase 

Automatic s l a c k  a d j u s t e r s  
Antilock braking +50 1 b / t r a c t o r  
Engine brake +80 1 b / t r a c t o r  

+ 7 l b / a x l e  

Weight reduct ion op t ions  f o r  brakes include:  

0 Use of  wedge-type brakes 
0 Use o f  "Cen t r i fuse"  brake drums 
o Use of  disc- type brakes.  

* A n  engine brake mounts on t h e  head of the engine and a l t e r s  t h e  opening o f  
t h e  exhaust valves  such t h a t  when t h e  engine i s  c o a s t i n g ,  i t  a c t s  a s  a 
compressor and r e t a r d s  the  motion o f  t h e  veh ic l e .  
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Wedge brakes a r e  sma l l e r  and l i g h t e r  than equivalent  S-Cam brakes.  
equ iva len t  braking performance, 15-in-diameter wedge brakes t y p i c a l l y  a r e  used 
in  p l a c e  of  16.5-in-diameter S-Cam brakes.  In add i t ion ,  automatic 
s l a c k  adjustment i s  b u i l t  i n t o  t h e  wedge-actuating mechanism and a s e p a r a t e  
s l a c k  a d j u s t e r  i s  not required.  The estimated weight reduct ion with wedge 
brakes in  p l ace  of  S-Cam brakes ( including a s soc ia t ed  drum and automatic 
a d j u s t e r  weight reduct ion)  i s  approximately 45 l b  p e r  brake o r  90 l b  pe r  axle .  

Cen t r i fuse  brake drums o f f e r  weight savings est imated a t  approximately 15 
l b  p e r  drum o r  30 l b  p e r  axle .  

Weight e s t ima tes  submitted by t r a c t o r  and t r a i l e r  manufacturers i n d i c a t e  
t h e  weight reduction w i t h  d i s c  brakes would be l e s s  than f o r  wedge brakes.  

For 

Wedge brakes and Cen t r i fuse  brake drums a r e  included i n  t h e  minimum-weight 
t r a c t o r  e s t ima tes  given i n  Sect ion 2.1.1. 
drums a r e  included i n  t h e  minimum-weight t r a i l e r  e s t ima tes  given i n  Sect ion 
2.1.2. 
combination, but  t h i s  i s  t h e  way t h e  manufacturers submitted t h e i r  minimum- 
weight e s t ima tes .  
brake drums, t h e  brake manufacturers fo recas t ed  no major reduct ion i n  brake 
weight f o r  the near  f u t u r e .  

S-Cam brakes and Cen t r i fuse  brake 

In p r a c t i c e ,  S-Cam and wedge brakes would not be mixed on a given 

Aside from using wedge o r  d i s c  brakes and/or Cen t r i fuse  

4.5.5 Axles and Suspensions 

Both t h e  5-axle ,  80,000-lb GCW and 7-axle,  110,000-lb GCW t r a n s p o r t e r s  
c a r r y  12,000 l b  on t h e i r  f r o n t  a x l e  and between 16,000 and 17,000 l b  on a l l  
o t h e r  a x l e s .  
5-axle,  t r a c t o r - s e m i t r a i l e r  combinations today. T h u s ,  h ighly developed l i g h t -  
weight a x l e s  and suspensions a r e  a v a i l a b l e  i n  this  a x l e  load range. 

Weight-saving op t ions  f o r  ax le s  and suspensions include:  

These a x l e  loads a r e  t y p i c a l  of those c a r r i e d  by on-highway, 

a 
a 
a 

Use of forged aluminum f r o n t  ax le  
Use of aluminum gea r  c a r r i e r  case on d r i v e  a x l e s  
Use of  t a p e r  l e a f  sp r ings .  

Use of an aluminum f r o n t  a x l e  can sbve up t o  90 l b .  

Use of an aluminum gea r  c a r r i e r  case on d r i v e  ax le s  saves approximately 45 

However, such ax le s  
a r e  not popular today and Rockwell has discont inued making them. 

l b  p e r  a x l e  o r  90 l b  p e r  2-axle d r i v e  tandem. 

Taper l e a f  sp r ings  a r e  included on t h e  f r o n t  s t e e r i n g  ax le  f o r  t h e  t r a c t o r  
weight e s t ima tes  given i n  t h i s  r e p o r t .  Use of t a p e r  l e a f  sp r ings  on d r i v e  and 
t r a i l e r  a x l e s  va r i ed  between manufacturers and i s  a s  i nd ica t ed  i n  Appendices B 
and C f o r  t r a c t o r s  and t r a i l e r s ,  r e spec t ive ly .  

Air suspension w i l l  r e s u l t  i n  a weight i nc rease .  However, i t  was s t rong ly  
recommended f o r  t h i s  a p p l i c a t i o n  by many of t h e  people contacted during t h i s  
s tudy ,  p a r t i c u l a r l y  f o r  use with aluminum t r a i l e r s .  Estimates of t h e  weight 
i nc rease  w i t h  a i r  suspension vary from 100 t o  300 l b  p e r  ax le .  
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The manufacturers fo recas t ed  no major nea r - fu tu re  weight reduct ions f o r  
a x l e s  and a i r  suspension systems, although s u b s t i t u t i o n  of composite m a t e r i a l s  
f o r  s t e e l  s p r i n g s  i s  poss ib l e .  For example, Fruehauf plans t o  i n s t a l l  
f i b e r g l a s s  sp r ings  on a few of i t s  t r a i l e r s  i n  t h e  near  f u t u r e .  

4.5.6 Frames, Cabs, and Bumpers 

The main frame members f o r  both heavy duty t r a c t o r s  and t r a i l e r s  a r e  
f a b r i c a t e d  from e i t h e r  high-strength low-a1 loy (HSLA) s t e e l  o r  an aluminum 
a l l o y .  All t r a c t o r  manufacturers o f f e r  a s t e e l  frame a s  s tandard and sometimes 
an aluminum frame a s  an opt ion.  
e i t h e r  p r i m a r i l y  s t e e l  t r a i l e r s  o r  a l l  aluminum t r a i l e r s .  

T r a i l e r  manufacturers t y p i c a l l y  manufacture 

The weight savings estimated f o r  t h e  aluminum t r a c t o r  frame opt ion i s  
s u r p r i s i n g l y  low, i . e . ,  approximately 150 l b .  A n  add i t iona l  weight savings of 
approximately 35 l b  i s  estimated f o r  an aluminum bumper. 
contacted during the study cautioned a g a i n s t  t h e  use of an aluminum t r a c t o r  
frame because of  r i g i d i t y  and d u r a b i l i t y  problems. 

A number of people 

Light-weight cabs a r e  s tandard on a l l  of t h e  t r a c t o r s  considered. The 
cabs a r e  t y p i c a l l y  made of aluminum. 
hood and fenders .  

Conventional cabs have f i b e r g l a s s  engine 

The s t r u c t u r a l  mater ia l  used f o r  t r a i l e r  frames i s  e i t h e r  HSLA s t e e l  o r  
aluminum. S u r p r i s i n g l y ,  t h e  l i g h t e s t  t r a i l e r  proposed has a s t e e l  frame. 
T ra i l  King and Fruehauf proposed s t e e l  t r a i l e r s  c o n s i s t i n g  of a c h a s s i s  only 
with t h e  deck removed. Ravens proposed an aluminum t r a i l e r  but  could not 
remove t h e  deck because i t  i s  required f o r  s t r u c t u r a l  s t r e n g t h .  

Except f o r  p o s s i b l e  increased use of  p l a s t i c s  o r  composite m a t e r i a l s  f o r  
t h e  t r a c t o r  cab and bumper, t h e  t r a c t o r  and t r a i l e r  manufacturers fo recas t ed  no 
major nea r - fu tu re  changes i n  m a t e r i a l s  f o r  t h e  s u b j e c t  components. A number of 
people contacted c i t e d  t h e  poss ib l e  use of a t i t an ium t r a i l e r  f o r  t h i s  
a p p l i c a t i o n .  
were planning t o  develop a s tandard commercially a v a i l a b l e  t i t an ium t r a i l e r ,  
but such a spec ia l  t r a i l e r  could be developed. 

None of  t h e  t r a i l e r  manufacturers contacted ind ica t ed  t h a t  they 
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ORGANIZATIONS CONTACTED 



S t a t e  Overweight Permit Of f i ce  

- Bureau of  Permits and Communications 
Ohio Department of Transportat ion 
Col umbus , Ohio 

Shipper  o f  Nuclear Wastes 

- TRUPACT 
Westinghouse E l e c t r i c  Corporation 
Carl sbad, New Mexico 

Trucking Companies Spec ia l i z ing  i n  Overweight Shipments 

- Dan Barclay Trucking and Rigging Company 
Wharton, New J e r s e y  

- R&M Express 
Grove C i t y ,  Ohio 

- T r i - S t a t e  Motor T r a n s i t  Company 
J o p l i n ,  Missouri 

Truck F l e e t  Operator Spec ia l i z ing  i n  Use of Wide Base T i r e s  

- Southwire Company 
Car ro l l  ton , Georgia 

Heavy-Duty (Class 8) Highway Trac to r  Manufacturers 

- Ford Motor Company 
D e t r o i t  , Michigan 

- F r e i g h t l i n e r  Corporation 
Port  1 and , Oregon 

- Kenworth Truck Company 
Ki rk l  and, Washington 

- Mack Trucks, Inc. 
A 1  1 entown , Pennsyl vani a 

- Navi s t a r  I n t e r n a t i o n a l  Corporation 
Chicago, I l l i n o i s  

Heavy-Duty Highway Platform T r a i l e r  Manufacturers 

- Alloy T r a i l e r s ,  Inc. 
Spokane, Washington 

- City T r a i l e r  S a l e s ,  Inc. 
New C a s t l e ,  Pennsylvania 
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- Dorsey T r a i l e r s ,  Inc. 
El ba , A1 abama 

- Fontaine Truck Equipment Company 
Hal eyvi 1 1 e , A1 abama 

- Fruehauf Division 
Fruehauf Corporation 
D e t r o i t ,  Michigan 

- Lufkin T r a i l e r s  Division 
Lufkin I n d u s t r i e s ,  Inc. 
Luf k i  n , Texas 

- Ravens Metal Products,  Inc. 
Parkersburg, West Virginia  

- Talbe r t  Manufacturing Company 
Renssel a e r ,  Indiana 

- T r a i l  King I n d u s t r i e s  
Mi t c h e l l  , South Dakota 

- Trai lmobile ,  Inc. 
Chi cago , I1 1 i noi s 

- Wi 1 son Trai 1 e r  Company 
Sioux C i ty ,  Iowa 

Truck Diesel Engine Manufacturers 

- C a t e r p i l l a r  T rac to r  Company 
Peoria ,  I l l i n o i s  

- Cummins Engine Company, Inc. 
Col umbus , Indi ana 

- D e t r o i t  Diesel All ison 
D e t r o i t ,  Michigan 

Truck Transmission Manufacturers 

- F u l l e r  Transmission Division 
Eaton Corporation 
Kal amazoo , Mi chi gan 

- Spice r  Transmission Division 
Dana Corporation 
Toledo, Ohio 
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Truck Axle and Brake Manufacturers 

- Axle and Brake Division 
Eaton Corporation 
Kalamazoo, Michigan 

- Automotive Operations 
Rockwell I n t e r n a t i o n a l  
Troy, Michigan 

Truck Air Suspension Manufacturer 

- Neway Divis ion 
Lear S i e g l e r ,  Inc. 
Muskegon, Michigan 

Truck Wheel Hub and Brake Drum Manufacturer 

- Motor Wheel Corporation 
Lansing, Michigan 

Truck Tire Manufacturers 

- Bridgestone T i r e  Company of America, Inc. 
Torrance,  C a l i f o r n i a  

- Goodyear Tire and Rubber Company 
Akron, Ohio 

- Mi chel i n T i  re Corporati  on 
Greenv i l l e ,  South Carolina 

Truck Wheel Manufacturers 

- Accuride Corporation (formerly Fi r e s tone )  

- Alcoa Forged Wheels Division 

Henderson, Kentucky 

C1 eve1 and, Ohio 

Truck F i f t h  Wheel Manufacturer 

- Fontaine Truck Equipment Company 
B i  rmi ngham, A1 abama 

Truck Engine Air  S t a r t e r  Manufacturer 

- Ingersoll-Rand Company 
Washington, New J e r s e y  
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T a b l e  B-1 .  Weight  Estimates f o r  46,000-GVW/8O ,000-GCW/6x4 
Legal  -Weight  T r a c t o r  (Cab-Over-Engine ,  204" IJB , 300 hp)  

\!eight, Lbs 
Ford Freight1 i n e r  Hack 

Base T r a c t o r  and Opt ions  CLT-9000 FLT-8664T MH603 

Base t r a c t o r  (wet) ( a )  
One-man s l e e p e r  
F i f th-wheel  
C u m m i n s  L10-30 e n g i n e  
A1 u m i n u m  r a d i a t o r  
A l u m i n u m  f lywheel  hous ing  
A l u m i n u m  c lu tch  hous ing  
A l u m i n u m  t r a n s m i s s i o n  housing 
A l u m i n u m  f r o n t  a x l e  
Aluminum g e a r  c a r r i e r  c a s e  

Tape r  l e a f  f r o n t  s p r i n g s  
Taper  l e a f  r e a r  s p r i n g s  
A 1  u m i n u m  d i sc  wheel s 
A l u m i n u m  wheel hubs 
Wedge b rakes  
C e n t r i f u s e  b rake  drums 
Aluminum cab  
Aluminum t r a c t o r  f rame 
Aluminum bumper 
80 -ga l l  on a1 u m i n u m  f u e l  t ank  
Manual s t e e r i n g  
KO a i r  c o n d i t i o n i n g  

( d r i v e  ax1 e s )  

T r a c t o r  w i t h  L i  ght-Wei g h t  
Opt ions  

Engine b rake  
Automatic  b rake  s l a c k  a d j u s t e r s  
A n  t i  1 ock b r a  k i  ng 
Power s t e e r i n g  
Air c o n d i t i o n i n g  
Air suspens ion  f o r  r e a r  a x l e s  
S t e e l  t r a c t o r  f rame 
C u m m i n s  BC IV-300 engine 

T r a c t o r  w i t h  Light-Weight  
Opt ions  Plus Sugges ted  
Opt ions  

13,867 
+ 331 
+ 378 

S t d  
N / A  
N /A  
Std  
N /A  
- 9 3  

- 90 
- 20 

- 280 
- 200 

- 8 2  

N/A 

N / A  

S t d  
N / A  
- 25 
- 270 

S t d  
S td  

13 ,516  

-+ 90 
+ 21 

+ 60 
f 115 
? 

S t d  
i- 924 

N/A 

14  , 7 2 d e )  

14,445 
S t d  
+ 388 
- 580 

S t d  
N / A  
S t d  
N / A  
N / A  

- 90 
S t d  
N / A  

S t d  
- 260 

- 246 
- 115 

- 150 
- 35 
- 5  
- 75  
- 65 

S t d  

13 ,212  

+ 80 

+ 50 
i- 7 5  
f 65 
+ 210 
+ 150 
+ 580 

( d )  

14 ,422  

14,996 
S t d  

N / A  + (38 
N / A  

S t d  
S t d  
N / A  

- 68 

- 130 
S t d  
S t d  
- 227 
- 56 

- 50 

- 67 
- 55 

N / A  

S t d  

N / A ( C )  
S t d  
S t d  -- 

14,711 

+ 20 
+ 21 

+ 94 
+ 105 
+ 49 
+ 67 
+ 300 

N / A  

15,367 

( a )  I n c l u d e s  8 0 - g a l l o n s  (560 l b )  d i e s e l  f u e l .  
( b )  Mack EM6-300 engine s t a n d a r d .  
( c )  Two 63-ga l lon  aluminum t a n k s  i n c l u d e d  i n  base  we igh t .  
( d )  Automatic  s l a c k  a d j u s t e r s  i n t e g r a l  w i t h  wedge b r a k e s .  
( e )  Does n o t  i n c l u d e  a i r  suspens ion .  
FI/A = Not A v a i l a b l e  
S td  = Standa rd  ( i n c l u d e d  i n  base  t r a c t o r )  
+ 
- 

= Weight added t o  base  t r a c t o r  we igh t  by i n c l u d i n g  o p t i o n  
= Ideight s u b t r a c t e d  from base  t r a c t o r  we igh t  by i n c l u d i n g  o p t i o n .  
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Table B-2. Weight Estimates f o r  60 ,OOO-GVW/11O,OOO-GCW/8x4 
Overweight Trac tor  ( Cab-Over-Engine, 180" WB, 400 h p )  

Weight, Lh 
Frei ght l  i n e r  Rack 

Base Trac tor  and  Options FLT-8684T FlH603 

Base t r a c t o r  (wet )  ( a )  
One-man s l eepe r  
F i f t h- w heel 
C u m m i n s  B C  IV-400 engine 
A1 uniinun r a d i a t o r  
A 1  uminuni flywheel housing 
Aluminum c lu t ch  housing 
A 1  uminum transnii s s ion  housing 
A 1  u m i  tium f r o n t  ax1 e 
Aluminum gear  c a r r i e r  case 

Taper l e a f  f r o n t  spr ings  
Taper l e a f  r e a r  spr ings  
A 1  umi nurn d i  s c  wheel s 
A 1  uminum wheel h u b s  
\.ledge brakes 
Cent r i fuse  brake drums 
A 1  umi niiri cab 
Aluminum t r a c t o r  frame 
A 1  umi n u m  bumper 
100-gall on a1 u m i n u m  fue l  t a n k  
Flanual s t e e r i n g  
No a i r  condi t ioning 

( d r i v e  ax1 e s )  

Trac tor  w i t h  Li ght-Wei g h t  Options 

Engine brake 
Automatic brake s l ack  a d j u s t e r s  
Anti 1 ock braking 
Power s t e e r i n g  
Air  condi t ioning 
Air suspension f o r  r e a r  ax le s  
S tee l  t r a c t o r  frame 

Trac tor  with Light-Ideight 
Options P1 us Suggested Options 

17,503 
S t d  
+ 388 

S t d  
S t d  
N / A  
S t d  
N / A  
r4 / A  

N / A  
S t d  
N / A  ( C 

S t d  
- 364 

- 351 
- 150 

Stcl 
N /A 

Stcl 
- 35 

- 75 
- 65 

16,851 

+ GO 

+ 50 
+ 75 
+ 65 
+ 210 

( e )  

S t d  

17,331 

18,406 
S t d  

N / A  + 
N/A 

S t d  
S t d  
N/A 

- 68 

- 130 
S t d  
S t d ( c )  
- 318 
- 84 

- 70 
N / A  

S t d  
N /A - 55 
N / A ( ~ )  
S t d  
S t d  
18,049 

s tc l  

II / A  
+ 2s 

+ 94 
+ 105 
+ 49 

s t d  

18,325 

( a )  Includes 100-gallon (700 l b )  d i e se l  f u e l .  
( b )  blach E9-400 engine.  
( c )  Non-driven t h i r d  ax le  has a i r  suspension.  
( d )  Two 63-gallon aluminum fue l  tanks included i n  base weight.  
( e )  Automatic s lack  a d j u s t e r  i n t eg ra l  with wedge brakes.  
N / A  = Not Avai lable  
S t d  = Standard ( included in base t r a c t o r )  
+ 
- 

= Ideight added t o  base t r a c t o r  weiqht by including opt ion .  
= Weight subt rac ted  from base t r a c t o r  weight by including opt ion .  
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T a b l e  B-3. Weight  E s t i m a t e s  f o r  57,000-GV~~I/110,000-GCW/6~4 
Overwe igh t  T r a c t o r  ( Cab-Over-Engine,  168" WF, , 400 hp)  

Weigh t ,  Lb 
F r e i g h t 1  iner Elac k 

Base T r a c t o r  and O p t i o n s  FLT-8664T PIHG03 

Base  t r a c t o r  ( w e t )  ( a )  
One-man s l e e p e r  
F i  f th-wheel 
Cumins B C  IV-400 e n g i n e  
A1 u m i r i u m  r a d i a t o r  
A1 urninurn flywheel h o u s i n g  
A1 u m i n u m  cl utch h o u s i n g  
A1 u m i n u m  t r ansn i i  s s i o n  h o u s i n g  
A 1 u m i  n um f r o n t  a x 1 e 
A1 u m i n u m  g e a r  c a r r i e r  c a s e  

T a p e r  l e a f  f r o n t  s p r i n g s  
T a p e r  l e a f  r e a r  s p r i n g s  
A1 u m i n u m  d i s c  \/heel s 
A1 u m i n u n i  wheel hubs 
Wed g e b r a k e s 
Centrifuse b r a k e  drums 
Aluminum c a b  
A1 u m i n u m  t r a c t o r  f r a n e  
A1 u m i n u n i  buriper 
1 0 0 - g a l l  on a1 u m i n u m  f u e l  t a n k  
Flanual s t e e r i n g  

( d r i v e  a x l e s )  

No a i r  c o n d i t i o n i n g  - 6 5  
T r a c t o r  w i t h  L igh t -1Je igh t  O p t i o n s  1 4 , 2 5 2  

14 ,810  
S t d  
+ 388 

S t d  
Stcl 
N/A 
S t d  
N / A  
N/A 

N / A  
S t d  
N / A  

S t d  
- 260 

- 246 
- 115  

- 150 
- 35 

- 7 5  

S t d  

S t d  

Eng ine  b r a k e  + 80 
A u t o m a t i c  b r a k e  s l a c k  a d j u s t e r s  ( d )  
A n t i 1  ock b r a  k i n g  + 50 
Powe r s tee r i n g + 7 5  
Air c o n d i t i o n i n g  + 65  
Air s u s p e n s i o n  f o r  r e a r  a x l e s  + 210 
S t e e l  t r a c t o r  f r a s i e  + 150  

O p t i o n s  Plus S u g g e s t e d  O p t i o n s  14 ,882  
T r a c t o r  w i t h  L igh t -Weigh t  

I 

17 ,448  
S t d  
+ 368 

N / A ( ~ )  
N / A  

S t d  
S t d  
N / A  

- 68 

- 130 
S t d  
S t d  
- 227 
- 56 

- 50 
N / A  

S t d  
N / A  

N;A( 3 
S t d  
S t d  
1 7 , 2 3 0  

S t d  

PI / A  
+ 2 1  

+ 94 
+ 1 0 5  
- 470 

S t d  

1 6 , 9 8 0  

( a >  I n c l u d e s  1 0 0 - g a l l o n  (700 l b )  d i e s e l  f ue l .  

( c )  Two 6 3 - g a l l o n  alurninum fuel t a n k s  i n c l u d e d  i n  b a s e  w e i g h t .  
( d )  A u t o m a t i c  s l a c k  a d j u s t e r  i n t e g r a l  w i t h  wedge b r a k e s .  

S t d  = S t a n d a r d  ( i n c l u d e d  i n  b a s e  t r a c t o r )  

1 ( b )  Mach E9-400 e n g i n e .  
~ 

' N / A  = Not A v a i l a b l e  

+ 
- 

= Weight  added  t o  b a s e  t r a c t o r  w e i g h t  by  i n c l u d i n g  o p t i o n .  
= Weight  s u b t r a c t e d  f rom b a s e  t r a c t o r  w e i g h t  by  i n c l u d i n g  o p t i o n .  
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APPENDIX C 

TRAILER WEIGHT-ESTIMATING WORK SHEETS 



Table  C - 1 .  Weight E s t i m a t e s  f o r  56,000-lb Cask Legal-Weight T r a i l e r  
( 4 2 - f t  P l a t f o r m ,  2 a x l e s )  

Weiqht, l b  
Wilson Ravens Alloy T r a i l e r s  Frue ha uf 

Base T r a i l e r  and Options ATCFT-42 Chass is  T r a i l e r  14agnum T a l h e r t  T r a i l  Kinq CF-800 

Base t r a i l e r  9,226 7,793 8,238 10,694 9.900 9,560 S t e e l  & Alum. 
S t ruc  trrra 1 ma t e r i  a 1 S tee l  S t e e l  A1 umi n u m  

A1 umi n u m  wheel hubs 

S t e e l  S t e e l  
A1 umi num d i  s c  wheel s - 272 Std  - 240 - 372 - 240 - 280 - 96 - 30 --- --- - 104 N / A  - 32 ( h )  
Cen t r i f (1 se brake drums ( a )  - 38 Std ( b )  
Disc brakes  N / A  N/A - 120 N / A  N / A  N/A 
Taper  l e a f  s p r i n g s  - 28 - 50 Std - 568(C) Std N / A  
No f r o n t  bulkhead S t d  S td  Std Std Std S td  
No t i e  down Std  S td  Std - 200 - 260 Std  
No s p a r e  t i r e  S td  Std S td  Std Std S td  
No t i r e  c a r r i e r  - 75 Std - 30 Std Std Std 

m Nonadjustable  a x l e  l o c a t i o n  S td  S t d  Std Std Std Std 
No suppor t  gear  - 225 - 230 - 200 - 230 - 250 - 250 

C u t  I - f t  o f f  f r o n t  of  t r a i l e r  - 150 N / A  - 50 - 122 - 120 - 120 
Remove any p la t form members not  

requi red  f o r  s t r u c t u r a l  s t r e n g t h  - 500 Std  - 84 N / A  -2,000 -1,066 
T r a i l e r  with Liqht-W?ight Options 7,872 7,475 7,48i 9,202 6.934 7,814 

Automatic brake  s l a c k  a d j u s t e r s  + 14 + 14 ( d )  + 14 + 14 + 14 
A i r  suspension + 778 + 500 + 384 + 568 + 266 + 650 
Support  g e a r  + 225 + 230 + 200 + 230 + 250 + 250 

Plus  Suggested Options 8,889 8,219 R ,066 10.014 7,464 8 ,728  
T r a i l e r  with Light-Weight Options 

( a )  Included wi th  aluminum wheel hubs. 
( b )  
( c )  A i r  suspension i s  s tandard .  
( d )  
N / A  = Not Avai lab le  
Std = Standard ( i n c l u d e d  in  base t r a i l e r )  

Included wi th  aluminum d i s c  wheels. 

Automatic s l a c k  a d j u s t e r s  i n t e g r a l  wi th  d i s c  brakes .  

+ - = Weight added t o  base  t r a i l e r  weight  by Including o p t i o n .  
= Weight s u b t r a c t e d  from base t r a i l e r  weight by inc luding  o p t i o n .  



Table C - 2 .  Weight Estimates f o r  60,000-lb Cask Overweight T r a i l e r  
( 4 8 - f t  Platform, 3 ax les )  

B a s e  T r a i l e r  and  O p t i o n s  

H e i g h t ,  1 b 
F rue ha ii f 

C h a s s i  s T r a i  1 e r  T a l  b e r t  T r a i l  King IJi 1 son  

B a s e  t r a i l e r  
S t ruc t u r a  1 ma t e r i  a 1  
A1 uni i  nun1 d i  sc wheel  s 
A 1  u m i  nuin wheel  h u b s  
C e n t  r i fuse b r a  ke d runis 
Disc b r a k e s  
T a p e r  1 e a f  s p r i n g s  
No f r o n t  b u l k h e a d  
No t i e  downs 
No s p a r e  t i r e  

P No t i r e  c a r r i e r  
No s u p p o r t  g e a r  
N o n a d j u s t a b l e  ax1  e 1 o c a t i o n  
One f t  removed o f f  f r o n t  o f  t r a i l e r  
Deck o r  c r o s s - m e m b e r s  n o t  r e q u i r e d  f o r  

T r a i l e r  w i t h  L i g h t - W e i g h t  O p t i o n s  

m 

s t r u c t u r a l  s t r e n g t h  removed 

A u t o m a t i c  b r a k e  s l a c k  a d j u s t e r s  
A i  r s u s p e n s i o n  
S u p p o r t  g e a r  

T r a i l e r  w i t h  L i g h t - W e i g h t  O p t i o n s  
Plus S u g g e s t e d  O p t i o n s  

10,897 
S t e e l  
S t d  
N / A  
- 57 
N/A 
- 7 5  
S t d  
S t d  
S t d  
S t d  
- 250 
S t d  
N/A 

S t d  
10,605 

-c 2 1  
-I- 750 
+ 250 

11,626 

15,398 
S t e e l  
- 558 

( a )  

S t d  
- 200 
S t d  
S t d  
- 230 
S t d  
- 122 

N / A  
13,704 

i- 2 1  
+ 504 
+ 230 

14,539 

13,900 
S t e e l  
- 360 
- 144 
- - -  

N / A  
S t d  
S t d  
- 297 
S t d  
S t d  
- 250 
S t d  
- 140 

-2,500 
10,209 
-- 

+ 2 1  
i- 399 
i- 250 

10,879 

13,409 
S t e e l  
- 420 
- 45 

N / A  
N /A  
S t d  
S t d  
S t d  
S t d  

S t d  

--- 

- 250 

- 160 

N / A  
12,525 

+ 2 1  
+1,000 
-I- 250 

13,796 

( a )  
( b )  Air s u s p e n s i o n  i s  s t a n d a r d .  
N / A  = Not A v a i l a b l e  
S t d  = S t a n d a r d  ( i n c l u d e d  i n  b a s e  t r a i l e r )  

I n c l  uded  w i t h  a 1  uminum d i  sc wheel  s .  

+ = W e i g h t  a d d e d  t o  b a s e  t r a i l e r  w e i g h t  b y  i n c l u d i n g  o p t i o n .  
- = \ * ] e i g h t  s u b t r a c t e d  f r o m  b a s e  t r a i l e r  w e i g h t  b y  i n c l u d i n g  o p t i o n .  


	1.0 INTRnDUCTION
	1.1 BACKGROUND
	1.2 SCOPE

	2.0 OVERALL FINDINGS
	EQUIPElENT FOR CURRENT CONSIPERATION
	2.1.1 Tractor Weights
	2.1.2 Trailer Weights
	2.1.3 Transporter Weights

	EQUIPMENT FOR FUTURE CONSIDERATION

	3.0 APPROACH
	4.0 TECHNICAL DISCUSS10 N
	4.1 CASK DESCRIPTION
	4.2 TRANSPORTER CONFIGURATIONS
	4.2.1 80,000-lb GCbJ 5-Axle Configuration
	110,000-lb GCW 7-Axle Configuration
	4.2.3 110,000-lb GCW 6-Axle Configuration

	4.3 TRACTOR DESCRIPTION AND ESTIMATED WEIGHT
	4.3.1 Tractor Description
	4.3.2 Tractor Estimated Weight

	4.4 TRAILER DESCRIPTION AND ESTIMATED WEIGHT
	4.4.1 Trailer Description
	4.4.2 Trailer Estimated Weight
	4.5.1 Engines
	4.5.2 Transmissions
	4.5.3 Tires \Jheel s and llheel Hubs
	4.5.4 Brakes
	4.5.5 Axles and Suspensions
	4.5.6 Frames Cabs and Bumpers


	APPENDIX A ORGANIZATIONS CONTACTED
	APPENDIX B TRACTOR WEIGHT-ESTIMATING IIORK StIEETS
	Included in Clinimuni-Weight Estimates
	Tractor Light-l:'eight Options Plus Suggested Options
	Included in Flinimum-Ideight Estimates
	Trailer Light-Weight Options Plus Suggested Options
	Transporter lieight Summary
	Assumed Overall Cask Dimensions
	Bridge Gross Weight Fornula B
	Overall Tractor Specifications
	Sales of Five Leading Hanufacturers of Class
	Trucks/Tractors

	Overall Trailer Specifications
	Diesel Truck Engine Specifications
	Transmission Specifications
	Options
	Weight Increases Gith the Various Brake Options
	Systems Approach to Cask/Transporter Specification
	Configuration
	Configuration
	Configuration

	DISCLAIMERS.pdf
	SUMMARY
	LISTOFTABLES
	LISTOFFIGURES
	GLOSSARY
	FACILITY DESCRIPTION
	VITRIFICATION CELL
	EQUIPMENT
	UTILITIES MATERIALS AND WASTES

	SITING
	OP ERAT IONS
	MA I N TEN AN C E
	REFERENCES
	High-Level Liquid Waste Vitrification Flowsheet
	Canister Operating Time Cycle

	Zone Classifications
	Liquid Waste
	Personnel Exposure Categories
	NWVF Areas and Associated Functions
	Process Equipment
	Legend for Figures 5 Through
	Essential Material Requirements
	Nuclear Waste Vitrification Faciltiy Waste Generation
	Allocated Facility Staffing Requirements
	Source of High-Level Waste in the Fuel Cycle
	High-Level Liquid Waste Vitrification Flow Diagram
	High-Level ‚daste Vitrification Cell Plan View
	High-Level Waste Vitrification Cell Elevation View
	Calciner Feed Tank
	Calciner
	Melter
	Frit Feeder
	Calciner Condensate Tank
	Decontamination Solution Tank
	Canister Storage Rack
	Cell AirFilters

	Welding and Inspection Stations
	Calciner Condenser


	Calciner Scrubber-Separator
	Off-Gas Demister
	I and Ru Sorber Feed Heaters
	Calciner Feed Tank
	Cal ci ner
	Me1 ter
	Frit Feeder
	Calciner Condensate Tank
	Decontamination Solution Tank
	Canister Storage Rack
	Cell Air Filters
	lrlelding and Inspection Stations
	Calciner Condenser
	Cal ciner Scrubber-Separator
	Off-Gas Demister
	I and Ru Sorber Feed Heaters
	Ruthenium Sorber
	Pre- and HEPA Off-Gas Filters
	Iodine Sorber
	NOx Destructor
	Off -Gas Cool er
	Process Operators
	Radiation Monitors
	Supervisors
	Others
	(P1 ant Forces
	Craft Workers
	P1 anners and Supervisors
	Others
	Process Engineers
	Faci 1 i ty Engineers
	Safety
	Technicians
	Others (Including Analytical )
	Others
	Totals: Nonexempt
	Exempt
	Supervisors









