


N atio n al  R adio  A stron om y  O bservatory

Post O ffic b  Box 2 

G r e e n  B ank, W e s t  V ir g in ia  24944

TELEPHONE ARBOVALE 456-2011

PROJECT'- LFST 

SUBJECTS

^D iscussionsjrfith R ailroad Engineer 

S . von Hoemer

For large  te le sc o p e s , one o f the p o s s ib i l i t ie s  fo r  the azimuth ro ta tio n  i s  a c ir c u la r  

tra c k  on the ground, with a diameter comparable to  the diameter o f  the te le sc o p e . A 

s u b sta n tia l fra c tio n  o f the t o t a l  c o s ts , then, would be in  these foundations. The co sts  

would be reduced co n sid erab ly , i f  ju s t  normal p la in  ra ilro a d  could be used fo r  the 

azimuth ro ta tio n : standard roadbed, t i e s  and r a i l s ,  and standard fr e ig h t  cars  (without 

sp rin g s). The main question i s  whether i t  can be used concerning the accu racies  we 

need.

In my f i r s t  antenna paper (June 1965 ) , I  gave some estim ates based on a telephone c a l l  

to a ra ilro a d  firm . With a maximum load o f 30  to n s/axle  ( 450 tons/io o  f e e t ) ,  the co sts  

were mentioned with % eo,ooo/m ile; the accuracy a f t e r  one year o f normal use by tr a in s  

was quoted with +1/2 in ch . For comparison, B i l l  Horne a t  Green Bank estim ated the c o sts  

o f  a s in g le  heavy s t e e l  tr a c k , embedded in  concrete and anchored to the ground, tak in g 

300 tons downward and 80 tons la t e r a l ly  and upward; the r e s u lt  was $  700,000/mile.

In order to  obtain  b e tte r  estim ates on r a ilr o a d s , I  had sev era l d iscu ssion s on Aug.29 

with fiv e  r a ilr o a d  engineers o f  the New York C en tra l System (466 Lexington Ave, New York, 

N .Y .) . T his meeting was suggested and prepared by J .  Hungerbuhler. The r e s u lt s  are given 

in  the fo llo w in g .

t .  Mr. Cunningham (General D iscussion )

The b a l la s t  (g ra v e l)  used fo r  the roadbed i s  not r e a l ly  " s o lid " ;  i t  provides fo r  trq in s  

a ce rta in  (d esired ) "cushion” , moving about 1/2 inch down i f  a tra in  d rive s  over i t .

I f  more r i g i d i t y  i s  wanted, or i f  the ground y ie ld s  too f a s t ,  a co n so lid ation  i s  used fo r  

the lower p art o f  the roadbed by grout (mixture o f sand and cement) which i s  poured in  

under p ressu re. For d e t a i ls ,  we should w rite  to the firm  Penetryn (38399  Pelton Road, 

W illoughby, Ohio; c lo se  to C levelan d ). See attached  le t t e r s  (answer d o e V t t e l l  much).

A foundation o f s o lid  concrete i s  not recommended. I t  would not a llow  proper adjustments 

and maintenance, although the ground beneath i t  s t i l l  would y ie ld  s lo w ly . A r e a l ly
Q.

s t i f f  and s o lid  concrete foundation, th u s, would need many p i l la r s  driven down to g ra te r
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depth, i f  p o ss ib le  to s o lid  rock; th is  would become extrem ely expensive*

Modern ra ilro a d s  mostly have welded r a i l s « where the temperature s tr e s s e s  are taken up 

by th e t i e s  to the b a lla s t*  (Older r a i l s  leave  open gaps between r a i l  ends o f  about 

1/a to  1/4 inch*)

2) M r.D .Perish (C osts)

For the complete track  sectio n  ( b a l la s t ,  t i e s ,  tr a c k s ) , fo r  heavy lo a d s, one has in  the 

average about 0  15/to o t  fo r  the m a te ria l, and 0  1 , 5/foot fo r  the labour; but the la s t  

fig u re  might be about double fo r  a sm all jo b , not connected to  an e x is t in g  ra ilro ad *

In a d d itio n , one has about # f-2/yard3 fo r  grading ( s o i l  movement). On normal, r e la t ­

iv e ly  le v e l  ground, the t o t a l  i s  about

0  20/to o t  * 0 100,000/mile.

3) M r.H .Curtis (Loads)

For heavy tra c k s  (weight i k 100 -  136 lb /y a rd ), and fo r  21 inches between cen ters

of t i e s ,  the maximum (downward) load i s

72,000 lb /a x le  * 33 ton s/axle  (two w heels).

With a minimum spacing between a x le s  o f  5 f e e t ,  th is  amounts to

660 tons /  100 fe e t .

The maiimum fo rces  in  other d ire c tio n s  depend on the load a c tu a lly  p r e s e n t :

10 %  lo n g itu d in a l ( l ik e  a c c e le ra tin g  a tr a in )  

5 %  la t e r a l  ( l ik e  a tr a in  in  a c u r v e ) .

S 'A  of. L
OPERATED B Y  ASSOCIATED UNIVERSITIES, IN C ., UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



N atio n al  Radio  A stro n o m y  O bservatory

P o st O ffic e  Box 2 

G r e e n  B an k, W est  V ir g in ia  24944

TELEPHONE ARBOVALE 456-2011

DATE --------------

PROJECT- ”

SUBJECT*-

*) Mr» T , S co tt (Maintenance)

For pssenger tr a in s  up to 85 m iles/hour, the accuracy o f newly b u i l t  ra ilw ay  i s  mostly 

about 1/ 4  inch (grade and l a t e r a l ) ,  more accuracy i s  not needed. The cushion e f f e c t  i s  

about 1/2 inch in  the average*

For heavy, high-speed tr a in s , maintenance i s  necessary about every two y e a rs . Whe»the 

tracks are low , they are l i f t e d ,  and more g ra v e l i s  hammered beneath. These adjustments 

are 1/2 inch average and up to  1 inch; on s o ft  ground o c c a sio n a lly  up to 2 inches*

The co st o f maintenance i s  about 400 #/m ile.

5) Mr, R, P a ttiso n  (Welded R a ils  and Accuracy)

Modern ra ilro a d s  m ostly use welded r a i l s .  The r a i l s  are anchored to the t i e s ;  the b a l la s t  

reaches to the le v e l  o f  the top edges o f  the t i e s  and i t  extends a t le a s t  two fe e t  s id e ­

ways beyond both t i e  ends.

The maximum accuracy to be achieved by standard methods, fo r  b u ild in g  and maintenance, 

i s  1/8 inch (grade and l a t e r a l ) ,  and the cushion e f f e c t  can be brought to  1/4 inch under 

heavy tra in s  i f  wanted sm all.

The co n so lid atio n  by grout would increase the co sts  by about 15 per ce n t.

For d e ta ils  and measurments on welded r a i l s ,  we should w rite  to  the Ameiican Railway 

Engineering A sso c ia tio n , Committee on Welded R a ils ,  59 Van Buren S tr e e t ,  Chicago, 1 1 1 *

I have w ritte n , see attached l e t t e r ,  but no answer y e t.

I f  some length  o f  roadbed i s  produced with the same g ra v e l and the same method on about 

the same s o i l ,  then the cushion e f f e c t ,  even a f t e r  one year o f  use, should be about con­

stant along t h is  length  o f roadbed; w ith in , say , 20 or 30  per cent*
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Summary_and_Conclusions

t .  We could use e ith e r  ju s t  normal roadbed with maintenance every two y e a rs, or r e in ­

forced concrete foundations on concrete p i l la r s  driven fa r  down; but nothing in  

between* -  The following^ holds only fo r  normal roadbed*

2 . Costs are about 100 000 #/mile fo r  e re ctio n , and about 400  #/mile fo r  maintenance,

3. Consolidation  by grout on ly  to improve s o ft  ground.

4 . Maximum lo a d s . 4a .  Down: L = 33 tons/axle = 660 tons/100  f e e t .

For example, a stru ctu re  o f  6000  tons should s i t  on a t  le a s t  200 a x le s ;  th is  means 

50 heavy gondolas with 4 a x le s  and 35 000 # each, which g iv e s  200 000 The weight 

must be d is tr ib u te d  over a t le a s t  1000 fe e t  o f  tra c k , which i s  the ca se , anyway.

4b. lo n g itu d ih a l = 10%  o f  L 

la t e r a l  = 5 % o f  L

For example, a te lesco p e o f  200 m diam eter, w ith a face-on wind o f  25 mph, g iv e s  a wind 

force o f  400 to n s. I f  lo n g itu d in a l on ly , the weight (te le sco p e , gondolas . . . )  then 

must not be le s s  than 4000 tons. I f  l a t e r a l ,  the weight must not be le s s  than aoootons.

The f l a t  tr a n s it  te lescop e w i l l  p ick  up about 2000 tons wind fo rce  in  s u rv iv a l (tfomph) 

which c a l l s  fo r some s p e c ia l anchoring in  stow p o s itio n . During ob servation , 25 mph, 

the wind fo rce  i s  100 to n s, which, even i f  l a t e r a l ,  demands only 2000 tons o f  weight 

which i s  the case anyway.

I t  seems th at weight and wind force  impose no serio u s problems#

5 .  Accuracy with standard methods can be brought to 1/8 inch fo r  erectio n  and maintenance, 

and i s  1/2 inch a ft e r  one year or two o f use with fa s t  t r a in s . Regarding our low 

speeds, one might assume 1/ 4  inch * 6 .3 4  mm.

I f  the track s  have the same diameter as the te le sc o p e , and demanding a poiitLng accur­

acy o f  1/16 o f  a beamwidth, standard ra ilro a d  i s  good fo r  A. = to cm V^/nJ sin ce  we 

su btract two deformations a t opposite s id es  o f  the tra c k , and i f  the stru ctu re  aver­

ages over n independent deform ations on e ith e r  s id e . We might suggest to  regard 

X = 5 cm as the l im it .  (E s p e c ia lly , i f  the su rface g e ts  deformed, to o .)

r e p o r t  n o *-
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