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DESIGN NOTE NO. 4* 

Subject:  Cradle Modification Where a Rock Foundation Hiatus Ekists 

When a. conduit i s  designed f o r  a non-yielding foundation, it i s  sgme- 
t imes discovered during const ruct ion t h a t  t h e  a c t u a l  p r o f i l e  of t h e  
rock foundation d i f f e r s  s i g n i f i c a n t l y  from t h a t  assumed i n  design. I f  
t h e  a c t u a l  p r o f i l e  d i f f e r s  from t h e  assumed p r o f i l e ,  t h e  loading on t h e  
conduit w i l l  be a f fec ted  unless some modificat ion i s  made. Where t h e  
rock p r o f i l e  l i e s  below t h e  assumed rock p r o f i l e ,  t h e  load  op t h e  con- 
d u i t  will be increased due t o  t h e  increase  i n  t h e  d i s t ance  between t h e  
t o p  of t h e  conduit and t h e  rock foundation. I n  t h i s  case  t h e  designed 
conduit should be used only if t h e  load on t h e  conduit can be reduced 
t o  t h a t  assumed i n  design. 
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Figure 1. Defini t ion sketch 

*Repared by t h e  personnel of t h e  Design Unit, Design Branch, Hyat tsvi l le ,  
Maryland. 



The purpose of t h i s  design note i s  t o  present  a method f o r  maintain- 
ing  t h e  load on a conduit a t  a h ia tus  i n  t h e  rock foundation equal t o  
t h e  load  determined i n  design. This method i s  intended f o r  use where 
t h e  dev ia t ion  between t h e  assumed and a c t u a l  rock p r o f i l e s  occurs 
over a r e l a t i v e l y  shor t  length .  The method presented involves a modi- 
f i c a t i o n  of t h e  dimensions of t h e  c r a d l e  f o r  t h e  p ipe  conduit .  

In determining t h e  c rad le  modificat ion required,  t h e  theory  contained 
i n  Technical Release No. 5 i s  used along wi th  t h e  fol lowing assumptions: 

1. The conduit i s  a p o s i t i v e  p ro jec t ing  conduit on a 
non-yielding foundation. 

2. The average u n i t  load on t h e  designed conduit and 
t h e  modified c rad le  obtained by using an i n t e r i o r  
prism width equal t o  t h e  top  width of t h e  modified 
c rad le  may be conservatively taken equal t o  t h e  
average un i t  load on t h e  designed conduit and c rad le  
obtained by using an i n t e r i o r  prism width equal t o  
t h e  top  width of t h e  designed c rad le .  

The nomenclature used i n  t h i s  design note i s  t h e  same a s  t h a t  of 
Technical Release NL. 5 wi th  these  add i t ions :  

B 5 t o p  width of t h e  designed cradle ,  f t  

B' = top  width of t h e  modified cradle ,  f t  

CCp ' load coef f i c ien t  f o r  p o s i t i v e  p ro jec t ing  conduits  - 
designed c rad le  

c : ~  5 load c o e f f i c i e n t  f o r  p o s i t i v e  p ro jec t ing  conduits  - 
modified c rad le  

w = average un i t  load a t  t h e  t o p  of t h e  conduit - cp 
designed cradle ,  l b s / f t 2  ( s e e  Equation ( 2 ) )  

w 1  r average un i t  load a t  t h e  top  of t h e  conduit - 
Cp modified cradle ,  l b s / f t 2  ( s e e  Equation ( 4 ) )  

Wcp z t o t a l  v e r t i c a l  load at t h e  top  of t h e  conduit over 
t h e  designed c rad le  width, l b s / f t  l eng th  of conduit 

wCP z t o t a l  v e r t i c a l  load a t  t h e  top  of t h e  conduit over 
t h e  modified c rad le  width, l b s / f t  l eng th  of conduit 

q - pro jec t ion  r a t i o  - designed c rad le  ( s e e  Figure 2) 

7 ' =. pro jec t ion  r a t i o  - modified c rad le  ( s e e  Figure 3 )  



Rock 

Figure 2. Section A-A 

The de r iva t ions  of load  formulas f o r  p o s i t i v e  p r o j e c t i n g  conduits  a r e  
given i n  Technical Release No. 5 ,  Appendix A. 

The load on t h e  designed conduit and c rad le  is  

wep = C C ~ Y B ~  

The average un i t  load is  

Figure 3. Section A' -A1 



The load on t h e  designed conduit and modified c r a d l e  i s  

The average unit load i s  

I f  t h e  average wit load on t h e  designed conduit and modifled c rad le  
is  made t h e  same as t h a t  on t h e  designed conduit and cradle ,  then 

It should be observed t h a t  t h i s  method involves a modificat ion of t h e  
c r a d l e  i n  which t h e  top  of t h e  cradle,  f o r  t h e  width, B' , i s  at t h e  
e leva t ion  of t h e  center  of t h e  conduit.  Cursory inves t iga t ion  might 
suggest thai,  4,h.e average u n i t  load on t h e  designed conduit and c rad le  
could be dupl- ~ s t e d  mi7 *ly by increasing t h e  c r a d l e  width a t  and be- 
low t h e  e leva  -i t  r, of t h e  assumed rock p r o f i l e .  In  order t h a t  t h i s  
zpproach d u p l i ~ ~ i t e  the o r i g i n a l  design condit ions,  t h e  c rad le  would 
of necess i ty  have t o  be made q u i t e  wide. Hence t h i s  approach i s  not 
economical. 

Using Equation ( 7 )  and Technical Release No. 5, a tr ial  and e r r o r  solu-  
t i o n  could be made f o r  B ' .  The a t tached drawing, ES-181, can be used 
t o  e x p l i c i t l y  determine B', thus  simplifying t h e  procedure f o r  obta in-  
ing  t h e  necessary cradle  modificat ion.  

Hc ES-181 is  a p l o t  having an abscissa  of - Hc 
11 B 

( o r  ) and curves of 
-- 
H, 

2 ( o r  2 Sheet 1 of ES-181 encompasses values  of  - from m 
0 t o  20 and 2Wy from 0.2 t o  2.0. Sheet 1 is  an enlargement of a por- 

Hc 
t i o n  of sheet  2. Sheet 2 has values of - from 0 t o  60 and values of 

7 B 

2Kp7 from O,2 t o  2.0. 

For t h e  normal s i t u a t i o n  t h e  value of Bf can be obtained from ES-181. 
Knowing &, 11, B, ( v ' B ' ) ,  and W, 

1. Draw a s t r a i g h t  l i n e  from t h e  i n t e r s e c t i o n  of t h e  known 

H, values of - and 2Kp7 t o  t h e  o r i g i n  of t h e  char t .  This 
7B 

l i n e  i s  t h e  Solution Line. 

2. Read t h e  value of  2mq'  a t  t h e  i n t e r s e c t i o n  of t h e  Solution 



Line and t h e  value of '7- 
7 B 

3. Calculate t h e  value of 7 ' by 

4. Determine t h e  value of B '  by 

Normally ES-181, sheet  1 w i l l  be used i n  determining B ' .  However, i f  

Hc - i s  g rea te r  than 20, sheet  2 w i l l  be used. Where t h i s  i s  t h e  case 
7 B 

Hc 
and - 7' B' i s  l e s s  than 20, t h e  d i r e c t i o n  of t h e  Solution Line w i l l  be 

obtained from sheet 2; but t h e  value of 2Q7' can be obtained from 
e i t h e r  sheet  1 o r  2. Sheet 1 gives b e t t e r  accuracy than sheet  2. To 

Hc 
obta in  from sheet  1 t h e  value of 2KP7', where - is  g rea te r  than 20 v B 

Hc 
and - 

7' B' 
i s  l e s s  than 20, 

1. Determine from sheet  2 t h e  2W7 vaLue a t  t h e  in te r sec t ion  
of t h e  Solution Line and t h e  dashed l i n e  designating t h e  
l i m i t s  of sheet  1. 

2. Locate t h i s  same point  on sheet  1 and draw from t h i s  point  
t h e  Solution Line. 

3. Read t h e  value of 2KIJ-7' a t  t h e  i n t e r s e c t i o n  of t h e  Solution 

Hc Line and - 
7' B' ' 

The presence of a rock foundation h ia tus  w i l l  increase  t h e  tendency f o r  
f a i l u r e  i n  t h e  s o i l  because of t h e  increased d i f f e r e n t i a l  set t lement at 
t h e  h ia tus .  Where t h e  s o i l  used i n  t h e  embanlunent i s  " b r i t t l e , "  con- 
s ide ra t ion  should be given t o  f l a t t e n i n g  t h e  c rad le  s ide  slopes, t o  
perhaps 1 t o  1, t o  decrease t h i s  p o s s i b i l i t y  of f a i l u r e .  





1 UNDERGROUND CONDUITS. Cradle Modif icat ion for a Rock Foundation Hiatus- Deterrn~notion of ZKp?. 

2. Values of Ku may be  obtained from F S - 1 1 4 .  
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I UNDERGROUND CONDU ITS: Cradle Modification for a Rock Foundation H iotus-Determination of 2Kpq1 

m: 36" I.D. p p e  b, = 3.813 tt 
& = @ f t  B = 5.15 ft 
Kli = 0.19 qB = pb, = 4.5 f t  

Determine: The cradle  l o d i f i c a t i o n  required i f  fl $ = 6 f t .  

Solution : 
1. Compute 

2Wq = 2(0.19)(0.874) = 0.332 

2. Use FS-181, sheet 1. 

For 5 = 8.69 and 2KNq = 0.332, draw the  Solutlon Line. 
nB 

At the  m t e r s e c t i a n  of t h e  Salutlon Line and A = $ = 5.0, read 2Wq' = 0.393. 
rl B 

3 Compute 

MAMPLE2 

Given: 30" I . D .  p ipe  b, = 2.9513 ft 
H, = 20 Pt B = 4.29 f t  
w = 0.18 q~ = 3 . 6  ft 

Determine: The cradle m a d ~ f i c a t l o n  required where q 'B1 = 19 ft. 

Solutlon : 
1. compute 

1 = 5 = 5 . 5 6  77B 

q = * = ' $9 - 0.639 
B e- 

2mrl = ~ ( o . l a ) ( o . 8 3 ~ )  = 0.302 

2 .  Use FS-181, sheet 1. 

Detennlne the i n t e r s e c t i o n  f o r  % = 5.56 and 210177 = 0.302 and draw the  Solutlon Line. 
rlB 

Noncdly the 2KNn' value t o  be determined wuuld be located a t  t h e  ~ n t e r s e c t i a n  of t h e  

Solution Line and t h e  -%ve.lue, b u t  no t ice  khat t h i s  in te rsec t ion ,  where 5 - - 1.05, ri B q' B' - 1 9  - 
1s below the  l i n e  AB. Since t h i s  is the  case, read t h e  vnlues of  2Wq'  = 0.80 a d  

= 1.31  at the i n t e r s e c t l o n  of the  Solution Line and t h e  line A .  
77 B , 3 compute 

! 

m: 24" I .D.  p q e  
& = M e t  
W = 0.19 
b, = 2.5 ft 
B = > . a 3 3  rt 
qB = pbc = 2.5 ft 

Detelrcne: The c r a d l e  modification repuired v h u e  $ B' = 7 f t  

I. Ustng ES-181, shee t  2. 

11. Using E-181, shee ts  1 m d  2. 

Solution: 

I. Using ES-181, shee t  2. 

B. Deterrnrnc t h e  m t e r s e c t i o n  for  % - 32.0 and 2Wq = 0.243 and draw t h e  Solution 
L m e .  77B 

Then, a t  t h e  in tersec t ion  of t h e  Solution Line and -% = & = l l .43 ,  read 
77 B 7.0 

iyji,,' = 0.28. 

C. Compute 

= _ 0.28 2m - ~ = 0 . 7 3 7  

11. Using B-lei, shee ts  1 and 2 .  

A .  Rum sheet 2 

At the x t e r s e c t i a n  o f  t h e  Solu t io ,~  Line and HC = 20, r e d  2Kilrl = 0.26. 
?B 

B.  From s h e d  1 

R a n  t h e  i n t e r s e c t i o n  of 3 = X) a d  2W77 = 0.26, draw t h e  Solution Line. 
qB 

n2 
Then a t  thc  i n t e r s e c t m n  of t h e  Solutmn Llne and -T-T = 11.43, read 2W77' = 0.284. 

'I B 

C. Compute 

- 2Wq' 0.284 
2W - = 0.747 

NOTE: If Lhe i n t e r s e r l t o n  of I.he values of HC and 2Wl) occurs below the  l i n e  AB, no modificetior. 
of  the c r d l r .  v id tb  i s  requil.ed. " 
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