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T i E .  ~‘ F ~~::~:: ~,::~~ ‘~~p .h~T F  :~ :
P y :  ~rafessor  Lara — ~2 r i c  .J -ans~~r.

n t rod u c t i. an

P e o l n n i n g  ~ it a  the  c o n : u ta t i a n : a i ~~ho~~ ~ i J O n  in p u b l ic a t i o ns  ( 1)
( 2 )  in tho  c :r c : i l a tio n  tel-c d , J3~ V at t e n y.~~n a c sb y r a r  c o n d u c t e d  r e sea’cn  in

~‘.~~~‘ uan l ?~~? , u n c e r  a rcr~oo si or .  fr a n  AB ~ t e rn it r o r , Uarbe r g . The r e su l t  wa.s
tn e  “ I n st r u c t o a n o  fo r  cu t : n g  tne  Laying e p th  of o ub l e  E t e r n it  P i p e s  w i t t
an I e rn.e:i~~~e (

~~~~~~
) :n3~~ia t1 -on -of P o l ’ iur e th a n e  Foam ” . ifl tne  Ajturt r. of

1 ‘1 uas r c • : t -~~: to e st a c l i s h  a or a gr a m  w i t h  d e cc r io t i o n s  f o r  an e x :e r i —
m e n t a  p l a r .~ :‘ or fioli stu of the freezing risk for a water nain insulated
is i n d i : - a t, ~~ a n a v e.

:i l a t o,n  in ate anaraduct ior . :

1. t s : r . , U. . (~~~ 3) , Tja ld~ up e t i ~~er i.~e. ~Fr o s t  2 p t h  in i w e d er 1) ,
a c e  lt a te  at o n a l  Conse r7 at lon  e t a r t m e n a , 2~NJ ,

(l~~5~~) , Lag~ n a n ~ s d j u p  ~Thr  ua e n l e c n : c~~ar .  (1.a~~ing
-~:th f : r  ‘. ater ~ airis ) , Pu b l i c a t i o n  o: the 2wed i sh  W a t e r  and  ‘rain Associati on ,

3 .  ‘[PP Posearc h as g iven  above , da ted  3 ~Jovenber  I

Pur ~ ose

:ne pur ~~ose was e x p e r i m e n t a lly  to pin—point the risk of freezing for
onso at e d  and  u n i n su l a t e d  ~ t ern i t  p ip es  according  to ( 1)  and ( 2 ) .  An o t h e r
p u r D o s e  woo to check on the  v a l i dot y  of tce genera l  c a l c u l a t i o n  f o u n d  on
( 3 ) .  The st u d y  was m a i n l y  c o n c e n t r a t ed  on v e r i fy in g  e q o a t i an s  I and  2 on
( 2 ) .

— 
1 , 75 A

‘~b e — ~~hC 1n ~~ye n —~~h

Q’/L = 
1,75 B/ ( 1 + B/A) 2

• C I n G

‘I r e n e  A = X/I n (2 h/ r j u)

B = X’/l n (r j~ / r j~) a

* is ‘~h= — G’(~ — h )

Al l  of tne  symbols  have the same m e a n o n g  as in ( 2 ) , n a m e l y :

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _  ~~~~~~~ —~~~~~~~~~— •-



ace spec if i c  h e a t  of t h e  w -o to r , k c a l / kg °c

• • o _.
-
~~~ t ne  o r c u r d  t c r a n e r a t u r e  gr a d i e n t , u / n

h the  Thy ong :eprh c o m p u t e d  to the cen te r  of the p o p e , n in ( 3 )

.en~~tc of m a in , ~ca

I’  d o o l y  mean d u r i n g  the w o n t er  season f-o r f l o w  in the  ma in , i/ S

r . .  t he  i n t e r n a l  r a d i i  of the  in s o l a t ion ,

r u the  ex t e rna l  r a d i i  of the  i n s u l a t i o n , ni

r t r e  e x t e r n a l  p ip e  r au iu s ,

0 .ten~ er ’at or -c ,

L the oroonc temperature at the depth of the main without the effect
• -:f t n e  h e a t  re .caoec by tne main , °C

ace ‘dater t e m p e r a tu r e  at  the  main  i nt ax e , ° O (main temperature f
the m ix e d  w a t e r  an a c r o s s — s e c t i o n  of a i se)

‘dater t e mp e r a t u r e  at the  ma in  o u t l e t , 
0: ~me an t em p e r a t u r e  in the

m i x e d  wate r  on -a crass—sec tion -of p :pe~

t re  ex t r e m e  w o n t e r  v a l u e  of ate son e curve  w h i ch  h ac  a sym n e t r o c a l
O C  axis , w i t h  the mean annual  t e m p e r a t u r e , in c l u d e s  cold mass

be t w een  the f ro st  l i ne  and t h a t  par t  or ’ t h e  s ine  curve  wh~ -~n runs
b e l o w  t h i s  l o n e  ( m e a n  a nn u a l  t e mp e r a t u r e  fo r  mea is + 3 . L 0 T~

= w a t e r  temperature in the p ip e - zr - own

X n e a t  c o n d u c t i v i t y  i ndex  f or  the typ e  of s o i l , W c a l / n h 0 C

A ’  t ne  h e a t  o o n d u o t i v i t y  i ndex  fo r  i n s u l a t i o n , kcal/nh °C

f ros t  d epth  w i t h o u t  the e f f e c t  of the heat  re leas ing f low in the
water  m a i n , H

0 
in (3).

Ac cording to the  i n t e rn a t i ona l  sys tem of un i ts  ( I I )  the  heat  o o n d ’ u u t i v i t y
n~ r -cer  is g iv e n  in W /n K and the specif ic  heat  in Ws/k g K.  The fo l lowi ng are
v a i i .1 for  c o m pu t a t i o n :

1 kcal/mh °C 1.15 ~(/mK
1 kcal/kg°C Li IQQ Ws /kgK

Experimental Plant 
*

The exper imental plant , which is located at the For lun da Waterworks in
:mea , has been set up according to the program and descriptions in all essen-
tials . Thus two parallel Eternit ~ T 1D pipe mains 200 mm in diameter , and
1O~5 n long , were buried 50 cm d e e p ,  measur ing  to the pipe center .  One of

— 2 —



t h e  m a in s  wa s  in s u l a t e  w i t h  ce1l~~ ar p l a s t ics  (p o l y  ~r e t a a n c )  , p r ’ ct e - c t e - d
ag a i n st  n o - ,  i :i~ y a n d  nec~, m i  c a l  ~~ma g-c sy an -.ut- -:- r p i s e wo t r .  a o c a m e t e r
300 7 7 .5.  The p ipe :s are P -apart. A~ -ca no p lp e  :nt a ~:c ~n c ut l e t

~-cre o n s t a l i c  to  r ’ecor the  i n ta ~ e a n d  - d i s - c r a r g e  of wat e r , a s w : i 1  as to
r e e d  t h e  t em : e r ct ur o  ausec . Oensor s  r o n  t emp ~~r a t u r e  gaug~ s wer e  mc. ~n aec  in
a m e a su r in o  s e c ti on  3 from the  en-c of each p ipe , a n .  fr o s t  m e t e r :  w~-r a l so
s ta s e s  t h e re . mhe  p o s i t i o n  of t he  me ter a  a n d  t h e or  1esogna ~~icr .:: can  he s ee m
in the a sp a rat 3 p l an , Figu r e 1.

—gaczes 
- 

J measuring s ec t i o n .  f or ~
rfrost limit meter - temperature and frost i.~.:tr .

-~~~-

8 • 

~ UH TH •
- 

UO t,ninsulated nain TQ ,

21 5 ,~~~! UM 
- 

~~~~~,. 
_________________

UI T I
8 I u v  iv T !

~
outlet 

~~~~~~ - 100 - — — - - -

Figure  1. P l a n  f e x o e r o m o n t a l  ~ l a n t .

The m a i n  sy m b o l s  cnosen  f o r  the  m e a s u r i n g  s ai n t s  a re  TI ( o n f l o w , cn i n s u t h t c
m a c n ) , 72 ( d i s c h a r g e , u n i n su l a t - e  m a i n ) , T ( o n f l o w , l a s u la t e d  n — o c r )  a r c  7~
(ciso c-arce , on s u la t e d m a i n ) .  An area of about  21 :< I~~ m r ema in- : -d  f re e  of
s n w  t:.r agnout the Wcnter.

T h n r e r a t o i’o g: iuces were p l a c e d  b o t h  m c :  c c  and ~u t s : d e  t h e  cop e s , as c a n
be seen  or. 7 : g o r e s  2 , 3 , LI and 5. The gauges ar-c 100 mm l on o  and I D  ran ln
: : ameter , -mro are of ~~e same resistance tyce  as used in ( 1) , i . e .,  are m a d e

a c o p p e r  ooi ~ w o t n  n~ ~L 35 onra s at 0°C. he same m e a s u r o r a c  o r o d g e  and
a r - c  car t e  - a l i u r - at i - o n met ho- : ~i-a s a lso co ed , m e a n I n g  a m a x i m u m  e r ro r  of ~~~.l0C
on a - omp-crm t u r c readings .

The w a t e r  in the  ma in  was taken from the main water l i n e  1eedin ~ to the
o c t j  ( tne w a t er w or x s  w i t h  a r to f i c i al  i n f i l t r a t i on ) , at  an almost c o n s t a n t
‘dater t a m pe r a t u r e  War ing  the ‘- i in ter  or’ ab o u t  +0 .5 °C in t h e  i n l e t  to  the exper :-
m en t a l  p l a n t .  A f t e r  passing i n t o  t h e  p l an t , t h e  wa te r  is con duc t - i  -i to an
i nf i l t r a t i o n  t ar .k s i t u a t e d  downs t rea m .

The ground within the area consists of  a layer of homogeneous , s o m e w h at
silty ~-ands , in  c o n t a c t  w a t h  the  h e a t e r s .  Oi ght  a n aly s e s  of the  samp le
( tr an s l a tor ’s no te: literally, ore~ measuring sections show litt le variation.
The - . ;ater r e t o on in g  c a s - a c o t y  of the  gm ond w i t h  free drainage am o u n t s  to a bou t
~ ( :y w c D ~~ct of the ~rth’d su b at a n c e .  The mean dry density in  tne  main  d i t c h e s
wa s nea. :ured w i t o , a cy l o n d e r  v o lume meter  a f t e r  t h e y  were fillec in and
was  a b o u t  1.~ t / rn . Accor ding a-c (1) (Figure ? . ui .2 - m d  F igu r e  3. -~. L , me—
p r - c l o s e d  as F i W u r ~ 6)  th e  hea t  conduct iv i ty index  f-or  th e  fr o z e n  ground is
0 .7  k o a l / r a  h °0 mr . d os 0 .5 k c o l / m  h°C f-o r u n f r o z e n  ground.
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f r o s t  lin i ,t me te r
TO

:1/ure 2. I n a a - r - c , u n i n s u l a t e d  ma in  ( T O ) .  P l ac e m e n t  of t ’c m p er a t ’ s r c  ~ acoe  ar.~
f ros t  L i m i t  m e t e r .

t emp e r a t u r e  g a c ~ es ‘ —

p~ p e

\ c_ ’® 
~~

,

fr rp st  l imi t  meter
UO

~i~ ure 3. Ou t l e t , ‘un in su l a t ed  main  ( U 0 ) .  Placement of temperature gauges
and frost l imi t  meters .
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~:m p c r a  Ire c a :~~e NR 1 8

cr~~ s — s e c t i  on

I r~~it~~~i:e

~zi- \v~~~~/~ ff •~
— / insulation

L~~~~~~~~~~~ JL !
0~

— fros t limit  ii
meters

F_go re u • :nta ~-:- :- , :c :u la te-d  m a i n  ( T I ) .  P l a c e m ent  of t em p e r a t ur e  gauges  a n d
f r o s t  l imi t  m e t e r s .

temp erature gauge NR 25 35

c~~~S~~~~~~~ ’ on

~~~~~~ 1 ,j
‘-. ~~_ _sL~r t ern at ‘c::e

:~
#. 

~~~~~~~~~ 
~~ I! ~~:~~~~~

°°
~~~~~~~

~~~~f rost  l im i t
meters

F i gur e  5. O u t let , i n s u l a t e d  main  ( U I ) .  P lacement  of temperature gauges and
frost limit meters.

A l l  ~r ound  levels significant for the measurement were calibrated and
related t o  the common reference plane of the means running through the centers
of the pipes . 3-oth the means and the ground surface above inclined 10 cm
from tne int-a~re , meaning a constant flow level along the entire measuring
section.
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kg/dm3 ;o~ um e kg/drn3
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W at er :~-m ~ -~-’t- -- w a t e r  :crc~~-~-

F:g~ r---~ 6 . heat c o n : u ot o v : t y  i n d e x  ac oo r :in g  to  ( 1)

R e s e a r o n Res u l ts

“ ~— --t h I  c l a”  ~~s a u _  ‘ c oc-~ -’ l~~’l am s ar t e i  r ~ c
— . : a a c . r  s e a s o n  an Sc .o- ; °rac er  1 ) 7 o .  ~c searoh  was c a r . t o n o cu s l y  c o n - r u s t - c : cn t : l
10 ~-‘ y Y’2, woa n aces :a snut cown research c o n d u c t - c O on 3 — 8 Warc n  1°72 .

F r o s t  l :m :t  m e t - c r c  a n :  tn e  water (flow ) meters were reac once a w-c e~: , a t
tom -c snow clearance was checi<ed . The air temserature a r c  the a t r r r o ssh er : :

c o t y  wer e  ;c to~~ned f r o m  the  wa te rworks  th roug h a u t o m a t i c  r e c a r c i ng  w it h  a
trerm- :~ r acn .

Al l  t r easured va lu es  we re processed. n v o ew of the aor  t e m p e r a t u r e , wr -rose
i:str :cutaon or. tine is shown in Figure  7 , one can s t a t e  t h a t  the W i n t e r  of

— 1~~7~T m u s t  cc son s :dere ’d  f a i r l y  normal ~n regard to the am o u n t  of c o l d .
Thu: the  amount of cold am ount ea  to lO 6O 0C~~~~n i l e  t a m  mean or m a x i m u m  amcunt

solo at Inca amount- c l to 800 and L-~DO°C ~ iC~~S. h o w e v e r , t oe fac t tha t  the
Wi n t e r  was n~ t espe c ia l ly  cold lid not  p lay  a s i g n i f i c a n t  ro le  for  resear-o rm
sorposes son- c e the l ay ing  - :t cpt h was s-c t w i th  excep t iona l  modera t ion  s i mp ly
to pro tect  agains t a m i l d e r  research win te r , i .e . ,  to 50 cm measured fr-o n
the :ur f a- : -c f the  ground a-c the cen t -c r  of the pipes .
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IL-s ex o -~nt  of sn-ow :0 -.’ - - r  - - ot :  0 0 - :  ~~r - c r- c -ca r c ro  area as g i v e n  on F:gc.r-e 7.
m t - S  cot -of s n o w  d u r c n r  ac -c r- ~s- - or  c c  : j f l  t - o r  SOi f l  be can a l dere- :  Ou: t -c  -~crmr c l .

fr s :~ :-c:ao woth in t o-c teas cr-oo-o n~ s o ot i - o n core-c at tn-c :otc~ :-c s an.-:
- -? th ic  a . .w ro in F ig u r a 8 for th-m unor,aulatcd n-airs and in F ig ur e  2 for
the  o r , s u l e t - e : : a a ons . The f :~~~res al so  a n o w  t h e  t ime c ar o at : o r c  in  w a t e r  f l a w
ocr a c re  m o o n s  arc ~ne - crcar .g- ~s on w a t e r  t - cm : -or a t - c r - c  a t  t h e  cr -own of toe  in t a c e

was  of a s ec i a l  i n t e r e s t  to d e t e r m ~ oe how t o-c n e a t  rcl ’cas d by toe
a n o o s - ,J a t e -d  --coons a t  t b e  i n l e t s  (TO ) , wr .er e  the t e m p e r - a t - a r c  of toe ncr -ceo  w a t e r
Is acooc  +0~~~, car k c e ~ toe g r o u n d  u n d e r  toe  main  f r o s t — f r e e .  At  o u t l e t s( uo ) , c-Jr-crc the  t - m m p cr a t u r e  of the m i x e d  w a t e r  is considerably lower b e c au s e
of t h e  coo l o n g  ~f the w a t e r  du r ing  passage t :n r cugh the ma ins , toe fros t line

a l so  lowe r - c  :. This was e spec ia l ly  c b - i i o u o  du r i n g  the  sh -u t - :ow n  o f  3 —

t a r  on , since toe ground ‘under toe mains at the o u t l e t s  rasicly frozo down to
.2 -c . Th-c ma ; :lmu :-r  f r - o ct  l i n e  d e p t h  w o t h i n  t he  are-a  of the  naons  was

~~ne-:u s y  1.6 o at toe outlets (I:~) arc 1.30 m at toe inta.ces (Th). t can
a L s o  cc e s a a -clisne d t h a t  toe h-cat release-O for the unins ulated mains ~ c: ~kiy
taco-;: ate frozen ground b — t h  ab ove  a n d  b-ilow toe main . :  ‘sr-en t a-c f l o w  s t a r t s
c~J o o o . This  n a t u r a l l y -: 2 o i r r s  most  r a s i d l y  at  the  :ntaoe: , :e:aase toe cro 0od
ac-c -re the m e an s  -was frost—free for about a m o n t h  b e f o r e  toe  o r o u n u  o u t s i d e
of t n - c  m r e a  c-f o n ft h e n a e  of the  m a in s  ( o f . Th )  th aw-s d .
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Figu re ~. Fros t  l i ne  -d e p t h  in  the  m a i n  t r - c n c n  ot  i nt a k e  and o u t l e t  f o r  the in—
5Iclat ~ ’I m a i n  ( T I )  -m od ( 1 1 )  r e sp e c t i v e ly  o u t s -- i l - c  of t h e  area of influence of

t h e  m a i n  ( T f l  and (t!V).
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- : \p -c : te  I , 0:0-c h- o a t  r - - l-:ta - . I from tn- c o r o - a c l a t - c - d  ~ -ui o was e x t r e m e l y
5 l o go t  , w o o  oh me - a r c s  taut the- ~r uro ’: arc :-cr ta-c m - a oa  f r -~ese: to  a l n o c t  the
sam~c _ev-e l as g r o u n :  c o t s - c  o c  a .e  area of on :  ~u-c- ’ c -0 : t a - c  na~~n .
t-cer - :- is no or e at  i f f - o r - - c c - c e b-o -w -~en toe i n t ak e s  a n d  o u t l et :  u n t i l  toe

I tic ow : , w— en the g r o i n :  — P m to: : ccc a t  f c . :t - on ac-ave t h e  to te -re: ( T )
0 - c o n  ab c-r e o cr -c c u t I - e t a  ( , ‘ ) .

As- ctrea’:o i cc : :  o a t h :  in ( 2 ) , toe r-c s -m -a r oh on - ow:  t o a t  aea - ;y  i : c : ulat o c o  of
a w a t e r  - -c i a  can c-c us-e d c c c l :  woere  t he  r i s k  of f r o s  :isl-:ca t oo n  0:-e s o c t

i .e . ,  in r c ox:  and w: . - :-re the soil  is n-c t mo -r e : c-j  toe f r- ;sa . n the
coo - c r c ran : , :

0 is -c :- :a c t i y  in th i s  case t h a t  t he  f r o s t  l i r e  :: o c e s e s o  , so
t a c t  a ur-:- -~o deal as to  :e gained by insu lat : r cg  such  s t r -ct c n e s  of l o n e . In
t a o s  c o n n e c t i o n  i r o s - : l a t i c o  asseac’s to be e s c e c i a lly  a - u v o c r t a c - c -o s - cr : r .

d o w n , as is - c l e a r l y  show n  b-f the research . -e sp i t e  ane f a c t  t o at  the
g r o a n :  -cr0 ~nc toe i n s u l a t e d  stain is coci io le te lj  f r o zen  to  a s-r -~~t 0 -Os O oh a t
toe :eg ioo :ng  o f  tb -c s h u t d o w n , the  l i n e  was able  to r e m a i n  c - ;at h ou t  f l e w  f or
o -c -e r cay :  wo t-c out  any m e c c o r - c o l e  ace f o m m a t o o n  (me as -are c  cy toe p r - seo

~~~
‘ i - -~~.--e ) e_ -cr~ d~ oa~ -~~ ~o ~~~ o r~~’ - a ~~~, ~~ ~- ~- r_ - :  _ -

~ — ‘

- -
~~~~~ ° - e  a-’ was ~

‘-‘-~~~~~ -~~— b e - -e at h  toe ain  a~ 
k -ce a _ ~~~~_ r

~~ o
s o u t d o -w n , zean100 a b u f f e L  aga ins t f r e e : i ng , i c e  f o r m a t i o n  in tn .e  h o c  c ul -c
ae oc t -cot-c o after o n l y  10 h ou r s , a - n d  - - a f t e r  2 :ays a b o u t  21  of  the  p o p - c  se :t 000
--‘ as filled -with icc , with the formation of ice in  the  top part of toe pipe.
It sr-out-i be note-: that there ‘was main tolerance for a pressure increase
a: tor toe  sir :  los  —;a ter  no- : beer  r a i s e d  to the  top  f : r  m e a s -u r o n g .  If
f r -o e : : o g  oa :  o c c u r r e d  in -a m a i n  between s h u t  v at -c e o , t he  m a i n  o-;ou l-: n a t u r a l l y
nave ou r o t  or t he  r o s t e r  gast : e ts  icc t he  j o I n t :  wou ld  h ace  f a o  led.

A: a : o i i t i c n a l  i l l u s t r a t i o n s, 0°— i s o t n e r m :  in toe  m e c o su r i n g  se c to on s  a t
~~~~ i-  a ~~: a-c -

~ : h~~i~ es a c~~~ ~ “~~r s or e  d_ thr cr~ co a o t h  o~
tom e in Fogur-c oo 10 , 11, 12 and 13 usong temperature measurement : mace in toe
Cr- :-000  a r o u n d  t he  p ip -c  ar -c- : the  r a s ui t s  f r o m  t h e  m ar -s am -u— ‘r o s t  m e a s u r - o m e n t .

CM CM
0 ~~~~~~__ __,_~~~~~ ,-~~ ,-___~~~~_~~~ - --- .- 0
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F i g u r e  10 . In t ake , u n i r - c u l a t - o d m s a n  ( T O - ) .  scctherms f-o r 1 C C .
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I

_ _ _ _  CM

30~ \—O--/~

4a te 522 Ii

o ’~ 0044 ~~ ~ 
004, ~~03I

~~~~~ .2~ ~ •14

~~ 1~~C •~~ J.-03 —Oh ,—0 2 - 0 2  .34

-. c .  c . - ot l e t , in : u a at e i m o o n  ( I ) .  _ sot roe rm .i :or -

Ivalua ti on

t h e  a..; -~~~~ tb-c o-eoss.r e-i vajues for f r o s t d ep t h  ~~~, aro ,nd 0-ez:-erat:n-e 

~ a e r  t n . : er c o t ur e  at the intakes 
~~be 

anc out lets ~~~~ e n p  -~4 u a t o : n s  I arc :
2 :aro r, :-w cc o re - o k-c : s~ c u b i n g  the flow 

~
‘t~~~• 

This cah c- mlate d -cetc e ,
- ‘cer ~ 

0:  t he n  c o m p a r e d ;-z i tn  t h e  m e as u r e d  -ralue 
~ ‘z a t t  . ~~or tn s :-c r c- : e  a

n c : k  r o m c ~~~ u 0 o : n  ue: ma c-c or-c February 1P72 , 3 t~aro h 1~~7? , l ~aron l~~~2,
• 2~ ~~ , or ’~~ ~- °7~ can cc -‘ors_ ~s ~~sr—s~ -- a—

o f  0 -oe m o s t s-c -;er e .- o o t c r  c o n d i t i o n s . In - a c c o r d a n c e  w o t h  0 - c  :-oms : c—
th or -a ot 0: roathr-c h to ~se thIs -condoticn to set the d:mcr~s ioo:  f or ’ to,’-

,-.oote r , c- .r-o on Olves a -.-alue on the sa f e :i:e f o r  t he r e s t  o f  0cc -c
l oo t - o r , -wit h ref-crenoc to  the od ecrrand f-or the least neceasar;- flow . It cay

a :  c ’-: t o o t  o t  p-cit-c normal for the lreatest risk or’ fr- :e : in~ b-c occur
m t s o o n t  on t o m e  : :c:f t-c : to about 6 weeks aft-c r toe co l -ce st t im-c -of toe
y e a r , tocoor ot e : s; r air temperature on the ground surface.

The -/~~ ue: from 3 t a r o o  1 ?72 -will be treatec sefore the rest of those
mention ed sos-i-c . These measurements gave 

~med 1.5 m , ~~~~~- 
_ T

• 
2o 1 (tens—

eçat-cre gauges Cc a n d  30, 
~~~~~~~~~ 

= — 11°C (see Figure 5.~~.l in (1) ) ac o n g  w o t r i
be +5. l°C ,~~~en +2.°°C , 

~
‘m a tt  = 0.200 1/s for the u n i n s u l a t e d  maons

-an d = +5.3~ C, J en +2 .0 °C and 
~~

‘
~~at t  0.00~4 1/s for the onsulate- :

maon:. l oth  Oc iS value entered in equation 1 and with L 0.1 km and A 0.3
k-cal/m h °O ( t h e  ground taken -as unfrozen) ~‘ber 0.131 1/s was obtained for
One insulated main , wnicr-i should be compared with ‘ma tt 0.200 1/s. F-or
the uninsulated main , according to equation 2 with \ 0.7 koal/m h°C (the
ground is frozen) ‘ber 0.°40 u s , which is to be compared with ‘tr~ tt
0.2d~ 1/s. :~ bo th cases (see Table I) exact correspondence was f o u n d  with

toe measure-i values , if the  calculated values are increased by li2~~. The
s-l igh t :-c’iiat ion can easily be explained by corresponding inexactitude in

• determining brie heat conduct ivity index of the ground . For example , com-
plete ver ifi cati on sf equation 1 was found for the uninsulated mair., if the

- -  

- I l - 

- 
-
~~~



n-c -- aol : _ o - a ty  icr c - o x -coo - s-ct  at 0.55 ko:l/m h°C inst-ca - : of 0.5, a - rat - c e
woosh ta -- a s cop l et :-  w i  th:n the limits - of the are-a of -:osn-cr:a-:n of to o

- -oi co~ :-ccto - : o ’ - ar -c I- --:’ to this r -c : ’-ar oh . Il ls b - c c - - me : p - i r t i cu l a r y
t o  c o o s - i :  or - cO t ccc o: tb-c f - c - c t t h a t  the g r a u n :  a rc - o n -: the  p i y - c . c  is

:~~:‘th~~l1y fr-cs - en o r :  p i r ~~i a i l y  cn f r - o : e n  ( see  F i g - o r - c  S elsa).

10 a or -o at  ex t - - o t  tb - c  s- am- c r e s u l t s-  were o c t o in - e d  in ‘l- naiJ-crat : on of
o F e : r- :ory  h~~~2. 0-c r -c tic -c ccreasur-c r’rent: were , .—r~ ~

60C , 
~
7ce 5.0°0 an :

- O’~ .— --~ r. a — —-i ,,c-’ ~ o~~ rg -- “  c -a ,o” I
‘~~~, s - -i1-~ ~~~~~~~~~~ 2 °0C 1/~ .- - - ‘ -~~~ -~ ~~ +2 ~~~ t 1

t r ’ie i r o s - u h a t e c  m elts , a o so r  ciog to cO-cation 2 we get 0’ 0 .2-il 1/: -0 0 1
.0.3 0/ 5 .

l h i t n  
~~~~

.. = _5.5 2, ~~~ +0.5°C cod +1.3°C , toe  c o n t r o l  calcul a—
t~ ons f o r  13 ~ oc r’-cb 1172 g~ -ze 

~~~
‘ ber  0.056 I7S for the -uninsula -cec mean

a :c :r-oooo 00 - 4 -oetaco 1. In thas Cas3~0 0 ’ mat t = 0.100 1/:, -an-: it i: ctot-o—
:-:orthv that to- c ::ffcre— between the  -~alc ulate-d and the me’as-crc ; ;a -ues
ar -  of toe s come or-o cr of ma cnitude as sefor-0. Th is , consadered as- a :/cot-cma—
too err:r , so:: orts tar e error -assume -I earl ier in t:-oe presumption of the

of tic-s :- eaO c-snou-oti- :ity index. F-c r the insulated mean ‘~~be

- -- n.: —t0 1.6cC. In thas case cO-cation 2 J 2 3  O’ : or  2.025 1/3 ,
w o o l - c  O’ o . t  0.1 4 - I/o. This great -leviatoon betw een the :alsu1-ate~

-- and
tn- c c-o -~as .r-: o v-a l u-e s is :ooa:p:inting -at farst. A closer analysis , now e-c-e r ,
seem: to so-ow tn-at tnc  stati onary con-dation on 13 -~arch h~ac not yet -change :
5 oat-: aft-cr shut :own from the  int-erruptior. on -

~ :-~aroh . The shut 1cc-r n f or
.noos-s~ ot-c : mean lasted onoy ~ days ar~d was inte rrupts: on S Carcn,.

t a o s  sno ut : be the cauce of th-~ -l i-cOo-on cetweerL tne -calculated arcs :cceac .re:

~rc of tne flow , to e:: a -control calculation na -d c Icoter should go-ic beth-cr

thou reason the 000da ti on s or . cit e on:u at-c-d main we-re ::oe-Os - Ci on
l t h . cot i-o n 2 ~ave 0’— ,~~ 0 .033 1/:, w h a l e  0’ -rath 0.~~33 U s ,

oo th _ 1 0. , 
~ 

+I.-- °C anc icr +3.~~°C. I t  is ocv:-j .s t h e :  to - c
agrcicm .ot is no ’-; c-oo:o deracl y better.

Thc l - s  :
Ic ~our -o 1 -mo d 1 o mp u t e d  Cal -ses

lr~ -uiated Pipe 0nansula~ -c - ~~~~~ 

—

— ‘csear o r: —~~~~ — — F~
—_—_ — i i

~~~o c t  ~roun- °
~~~

‘ ‘ -“~~ n1- r~ und I I

tsmp. -~P 
~-3~~ h ~~~~~~ cnce on

i3h °C O~ ~~ Q~~ Q~m.tt ~~~ m~~~ .j l~h C t~~~• ~en 0 ber 0 matt 0’m

1972-03.03 1.5 - 7.3 5.3°C 2.0°C 0.040 0,044 9.1 1 .5 . 73 5.4°C 2,8°C 0.181 0,200 9.5
1g72 02-09 .6.0 5,2°C 2.3°C 0.041 0.043 4.7 - 6.0 5,4°C 3.0°C 0.175 0.200 12.5
197203-13 - 5.5 5,5°C 1.6°C 0.028 0.049 42,9 - 5 .5 5.5°C 1.3°C 0.086 0.100 14.0
1972-03.29 1,0 5,4°C 3.4°C 0.033 0,038 13.2

(~Jo te: oonm-ms so c u l  d be n-c a l a: ~e-am e1s .
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-
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~n io 0i-oat Apc lic ati orc

Ta-c coaluathan of the r ’ :s’-ar -c’- o a ~rc o’w s that +oio , r  c o n p u t c o t i o n a l  :r i000 :  leo
-cs-c,: -:arh a er -wer- ce :-om -0r-t ally verofied . TO-c calcuLat ions carried 0 - c t in
(
~~

) -can torus be ~ s-~ - l  f o r  - -cm : : 0 0 0 0  - d o m e n s i o - n z - . h - c r - c  it s o ou i 5  be :tr-os-s~~:
t::a~ 0cc - so- - cal c-d at: or.s presume -a less favoratl-or follong around hoe so:e:
than woco is -;ali : f-c r toe  r- ’-o-eoa r cn .  TIc-cs -o fall- o r wit s :  a h e a t  c o o  :-uc ti~l ath
ao:es-: of l. o ~:cai/o h°C is ‘cue: as a certainty, as ;:p-cs-e l to toc 0.6 —

ar c th-o - r - o s e a r - o h .  This m”aos boat of the insulated m- -a c. oc: 5-ceo
:eso oc’e ac-ocr :on : b-a ( ~

) an: :re:-omiog toat 1.5 cc , toe ne-oes:ary
f th’w at z -0 .5 m f  or toe co ld est p-art of won ’er rema in: 2.1—I 1/s ~s-o -a TasTe
II , an e x c e rp t  from t oe  tao  le -s - in (3) valoc f-or silty :an:, woac h correspond :
t o  cl oy ac-oor - :tr -.a to (2) ). here tn-c t-cnp-eratsr-c grc~:ient shad ; ha ’z-co  c-c -on

-C s e ~~~~~~~
‘- a ca t h~~la  ~ c “no ’ t he  ~ r t a k e  h o a c ~~

If a -~ tomes grea ter temp -crab— crc gradoent is :ermitt-e o , or 2°C, a f l o w  of
ascot one—fo urth of t he  - id - ce: in toe tasles or asoct -3. 9~~ I/s is
Th is - ; a l o e  is of toe same order of ma gnot u-de as boat mec:-ore’: in  toe r-csearcn
( 3  - a r :o  1172) , :-c cc:ote the more fa-icrable bao<— fall ing mat erial ‘u sc -c ’ croon.;
toe r e - se a r - o h  m a o o .  Ct : 11 , toe - iafferen:e in bole r es u l t :  was  a f f e c t e d  m :r -e
by toe  f a c t  t r - - t  toe t ab t h s  f o r  s i l ty  s a n d  w e r e  ma - ce w i t o  toe general ass’om :—
- ion toat toe t- e r cp e ra t  ore crc l i -an t  ~~ a n  t h e  g r o u n d  is I ‘ I ’ m ( - d~~T 10 s a n :
coo 1~~~C/ m in c l a y ) ,  here an the general case of toe — ca lo -ulati or . m ad-c coor or
000 to equation 6 , to lowest v a l u e  f o r  

~~~~~~ 
_5O~~, whole on toe r-c sear°n

it was 3’ ,. 1’. °-~1 . In  a c - ci ti o n tic’- w a t e r  t em c~~r a t  cr- s at tn-c inta~ e is a s c o t
+6 0 0 on toe r -c s ’-a r- :n , wo i l - e  in  the g en e ra l  - c o m p u t at i o n :  to-s w a t e r  t - c m s - or a t - ore
is as-s-~meo to be +2 .5 °C at toe inta<e ar.d 2°C at the c u t l e t .

It is also clear from to-c above b oa t  in  th e  res -ear -cn  3’ ~. ~~ 2/cc ,
i ,-s. , 0’ a: a - i-cl cc co a t  la-c : b e t w e en  t h o s e  vai l;  f or s-en d an-I for otc y .
C a n o e -  the salty sand in ton s -case has an onus oa1ly low c en s a ty  aoc  tn ,o s  a
lo-w neat -cond -uc to- ;aby o n l e x , t h i s  os ‘c o m : le t e l y  n a tu r a l .

In regard to toe  s h u t o o w o  in toe insulated main , o t is en-c oon 105 0-003

-conr ’c e o t o o n  to stab-s that the shutdown in a practical ca:-c roe-icr has  a d i m - e n —
s a o n al  c on n e c t i o n  with the -choice of the laying depth . :0 : 5  a: ala- cilar
from the computational tables in ( 3 )  (see Thole III , cx :-erp t :‘ rom the  c ab l e - s
in (3) ).

Conclus ion

The freezing research in 51r.ea in the ~intcr 1171 — 1~~’2 r’cca s s r c c w r c  t o a t
goo d prerequ~ :1tes -can be found far esser .taall-j csoallower t~ yano c-c: tic ocr
regard to fros t in rock trenches and in ground ‘wni-co i~: no t -

- :n~ -eo t t fr - - c c t
dasp lac ement by me-arcs of using high quality ins-uis ton g ~cuh1-c Et- corc at :opes .

• Oc-o - d agreement has seen f ou r - i  between the ca l  cut ct ’c i and too - c me-a:c. r - :
fl-ow: . The 0cc -caret ocal oat :ulaticns ma do according to (2) h:~~e teen . :a :3—
f - a o t a r i l y  v e r o f o - e - 1 . :n ~ u r - - : ti :a l  case the c a l ou l a t i  on can s - o m t h y  c-~ c:-

• wit-n the sic of the table: in (3) for computing dinensa:ns .
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T ,~b l -c  II
- cc ‘t h c les-  o r -  (3) 2h :oc:ng s~ e T o n n e o c t i o n  b e - t w o en tn-c th~~ og

H , to- , ~r-ost ban-c thth-. ~i . an-: the - 0 c e c a f i c  ~1 ;c•’ .,‘/ l.
U

: o uo l e  h t e r ’n it  ::‘— -e ln s a n d

Dimensio n 200 mm , NT 10. 0/ 300 mm. NT 7.5

HO—H H O’IL
m m l/se k . , k m

.50 .50 .74
-50 1~5O 

- 
.71

.50 2.50 ~7O

l00  ~50 1.41 1972-03-03
100 1.50 135
10 0 2.50 1,33

1.50 .50 2.09
1.50 1.50 200
1.50 250 1.96

2-00 .50 2.76
2.00 1.50 2.65
2.00 2.50 2.60

2.50 .50 343
2.50 1.50 3.29
2-50 2.50 3.23

3.00 .50 4 10
3.00 1.50 3.94
3.00 2.50 3.87

3.50 .50 4.78
3.50 150 4.58
3.50 2.50 4.50
4.00 .50 5.45
4.00 1.50 5.23
4.00 2.50 5i3

Table il l
from T~ :l-~u ire ( 3 )  Thawin g -laximum Calues for To: tance Cetween Frc st

- - I -os tc  :o~ ~o I L c y : r o g  e cth  H , ire aeference to the F crmato-:n of I-c e Curong
i lIT—hour TIoutdowfl

T o o t h - c  ltern t p ipe ire s-an d

Dimenxéon 200 mm, NT 10.0/ 300 mm. NT 7.5

HO—H
m m

.50 4.68 1972-03-03/08
1,50 4.88
2.50 4.97

Dimension 200 mm, NT 10.0/ 350 mm , NT 7.5

H HO- H
in m
.50 7.56

1.50 7 .76
2.50 7.85
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Ccnt :rO:. i t I C O  -of T a b l e  I:::

Dimension 250 mm , NT 10.0/ 350 mm , NT 7.5
H ‘ HO—H
in m
50 5.96

1.50 — 627
230 6.41

Dimension 250 mm , NT 10.0/ 400 mm , NT 7.5
H HO—H
in m
.50 9.83

150 10. 14
250 10.28

Summary
In the autumn of 1971 an exper imenta l p lan t was
installed at Fors lunda waterworks , UmeL The
purpose was to veri fy experimental ly the risk for
freezing of insulated and uninsulated asbestos-
cement p ipes according to theoretic al calcu-.
Jations regarding lay ing depth contra frost pene-
tration depth , reported in the publications “Tjal-
djupet i Sveri ge”, J ans on , L.-E. — SNV, V4 ,
1968’) and “Laggningsdjup for vatte nled-’
ningar ”,J anson , L.-E. — VAV ,- P14 , 19692) .

* The natu ral soil within the test area and in the
layer affected by the installation consists of
sli gthl y silty sand. Two parallel asbes t os-cemcnt
p ipes , 0 200 NP 10 , lengt h 106 m each , were
lai d at a depth of 50 cm as measu red from the
centre of the p ipes. The distance between the

o p i pes was 5 m. One p i pe -~was insulated with
cellular p lastic (pol yuret an ) which was protected
against humidity and mechanical injurie s by an
asbestos-cement pipe , 0 300 NP 7.5. The
backfi ll, the natura l soil , was sieve anal ysed and
the humidity determ ined. Water for the two
condwts was ta ken from the wate rwork ’s water
mai n , where by an almost constan t temperatu re
of the water was obtained at the inlets of the
p ipes. Several sensors to temperat ure indicators
were placed ins ide as well as outside the p ipes
within a section of 3 m from the ends of eac h
pipe. Within these sections frost penetration
limit meters were p laced.
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An area of 21 x 110 m2 of the installation
was kept clear from snow during all of the
winter. Continuous tests were carried out from
Novembe r 22 , 1971 to May 15 , 1972 , and a
flow stop tes t was carried out during the time
March 3-8 , 1972.

On the basis of the measurements of fros t
penetration and water tem peratu re at the inlet s
and out lets , t he reported theoretical calculations
in the ubovemen tion ed public ations were con-
trolled by estimating the wat er flow , Q’ber ’
which was compared with the value obtained b y
measurement , Q’mat t ’ Comp lete conq r ui ty
with the measur ed values was obtained , when
t he estimated values were incre ased by 10 per
cent. This small deviation can easily be ex-
plained by the corres ponding inexactness when
determining the coefficient of thermal conduc-
tiv ity.

The evaluation of the te st shows that the

princi p les of calculation app lied earlier have
been satisfactoril y veri fied. By using hi gh-quality
insula tion for p ipes the prospects are good for
decreasing the foundation dep ths considerabl y
with regar d to frost pen etration in rock exca-
vation and in non—frost—heaving soils. The
deepes t frost penetration appea rs in these soils ,
and thus large cost savin gs can be obtained. The
use of insulated p ipes is particular l y advan-
ta geous at flow stops. This is concl usivel y shown
by the test.

1) “The Ground Frost Depths in Sweden ”
2) “Laying Depth s for Water Pipes in the Ground with

Reference to Frost ”.
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