
Publisher’s version  /   Version de l'éditeur: 

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la 

première page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez 
pas à les repérer, communiquez avec nous à PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

Questions? Contact the NRC Publications Archive team at 

PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the 
first page of the publication for their contact information. 

https://publications-cnrc.canada.ca/fra/droits

L’accès à ce site Web et l’utilisation de son contenu sont assujettis aux conditions présentées dans le site

LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

Internal Report (National Research Council of Canada. Division of Building 
Research), 1961-08-01

READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE. 

https://nrc-publications.canada.ca/eng/copyright

NRC Publications Archive Record / Notice des Archives des publications du CNRC :
https://nrc-publications.canada.ca/eng/view/object/?id=3d0f5e5f-9ef5-458e-8992-6d3a0aa6dff1

https://publications-cnrc.canada.ca/fra/voir/objet/?id=3d0f5e5f-9ef5-458e-8992-6d3a0aa6dff1

NRC Publications Archive
Archives des publications du CNRC

For the publisher’s version, please access the DOI link below./ Pour consulter la version de l’éditeur, utilisez le lien 
DOI ci-dessous.

https://doi.org/10.4224/20338248

Access and use of this website and the material on it  are subject to the Terms and Conditions set forth at

Use of ice landings
Gold, L. W.



NATIONAL RESEARCH COUNCIL 

CANADA 

DIVISION OF BUILDING RESEARCH 

USE OF I C E  LANDINGS 

by 

L. w. Gold 

Internal Report No. 229 

of the 

Division of B u i l d i n g  Research 

OTTAWA 

A u g u s t  1961 



PREFACE 

This report  i s  one of several  reports  and 
papers which have been prepared by the Snow and Ice 
Section of the Division a s  a contribution t o  the 
safe use of ice  covers f o r  t ransport  and f o r  pulp 
wood landings. A s  is  often the case i n  engineering 
applications,  there  is much t o  be learned from careful  
study of f i e l d  experience. The Division has been 
privileged t o  have very subs tan t ia l  co-operation from 
the Canadian Pulp and Paper Association and i n  
pa r t i cu la r  from some of the member companies i n  the 
col lect ion and submission of f i e l d  information, some 
of which i s  now presented and analyzed. 

The author, a research o f f i c e r  with the 
Division, i s  head of the Snow and Ice  Section, and 
has devoted much time t o  s tudies  of the  s t rength of 
ice.  

Ottawa 
August 1961 

N. B. Hutcheon 
Assistant  Director 



USE ICE LANDINGS 

I,. W. Gold 

A Survey on Loads Placed Successfully on Ice  Covers 

I n  the f a l l  of 1958 the  Snow and Ice  Section of t he  
Division of Building Research, i n  co-operation with the  
Canadian Pulp and Paper Association, and through the  Associate 
Committee on Soi l  and Snow Mechanics of t he  National Research 
Council, undertook a survey on t h e  f a i l u r e s  of i c e  covers 
t h a t  occurred during the  construction and use of i c e  landings 
f o r  wood storage by pulp and paper companies. The observa- 
t i o n s  obtained i n  the  winters of 1958-59 and 1959-60 have 
been reported (1). These observations showed t h a t  many of 
t he  vehicles broke through i ce  t h a t  would normally have been 
considered t h i c k  enough t o  support the  loads applied.  This 
indicated t h a t  f ac to r s  o ther  than i ce  thickness were probably 
responsible f o r  some of t he  f a i l u r e s  t h a t  occurred i n  t he  
course of normal operations on the  landings. To obtain 
f u r t h e r  evidence on t h i s  point ,  a study was undertaken i n  
t he  winter  of 1960-61, of t he  loads which pulp and paper 
companies successful ly  placed on frozen lakes  and r i v e r s ,  
and of t he  associated i c e  thicknesses.  

Rose and S i lvers ides  estimate that  soae 10 t o  15 
mil l ion tons  of pulp wood a r e  placed on i c e  covers each 
winter  ( 2 ) .  To attempt t o  record a l l  t h i s  a c t i v i t y  would be 
un rea l i s t i c .  With t he  ass i s tance  of t h e  Canadian Pulp and 
Paper Association, arrangements were made f o r  4 companies t o  
each record,  on spec ia l  forms, d e t a i l s  concerning the  i ce  
cover and the  wood placed on one landing. During the  winter ,  
o ther  companies indicated t h e i r  wil l ingness t o  pa r t i c ipa t e  
i n  the  survey and contributed observations. Table I records 
the  approximate s i z e  of the  landings observed, the  approxi- 
mate weight of t h e  wood placed on the  landing, and the  
number of t r i p s  required t o  place the  wood. 

Besides a complete record f o r  one landing one 
company submitted a p a r t i a l  record of t he  wood placed on 6 
addi t iona l  landings. This record,  summarized i n  Table 11, 
included the  t o t a l  number of cords of wood placed, the  
associated number of t r i p s ,  d e t a i l s  on i ce  thickness and 
sample observations of the  d a i l y  t r a f f i c .  These observations 
were no t  complete enough t o  be included i n  the  general  
analyses but  samples of d a i l y  t r a f f i c  ind ica te  t h a t  they 
support the  general conclusions obtained from the  observa- 
t i o n s  in Table I. 

When completed, the  survey had recorded over 64,000 
loads f o r  a t o t a l  of over 850,000 tons  of wood placed on i c e  
covers. !J?welve breakthroughs only were reported during t h e  
placing of this  wood. Eight companies placed t h e i r  wood 



without any fa i lu res .  Some of these companies have operated 
t h e i r  landings f o r  2 o r  more years without accident. 

OBSERVATIONS - 
A special  form was prepared and dis t r ibuted t o  the 

companies par t ic ipat ing i n  the survey (Fig. 1). This form 
was used da i ly  t o  record the t o t a l  weight of wood placed on 
each landing, the number of  t r i p s  required t o  place t h i s  wood, 
the type of vehicles used, the weight of the l a rges t  load 
placed, the thickness of the i ce  cover and the thickness o f  
the  white ice.  From observations on the number of t r i p s  and 
the t o t a l  weight of wood placed, the average weight per t r i p  
on ice  of given effective thickness could be calculated, 
Information on. the maximum loads would indicate the spread 
in s ize  o f  the loads allowed on the i ce  during the period 
f o r  which average loads were calculated. 

ANALYSIS OF TI333 OBSERVATIONS 

Theoretical considerations show t h a t  the maximum 
s t r e s s ,  S, produced , i n  an ice  cover is direct ly .proport iona1 
t o  the applied load, P, and inversely proportional t o  the 
square o f  the effect ive thickness, h;  i . e . ,  

where C is a proportionali ty f a c to r  t ha t  depends on the 
properties of the i c e ,  the geometrical configuration of the 
load, the location of the load with respect t o  cracks i n  the 
cover and the nature of these cracks. The ef fec t ive  thickness 
was obtained by adding one-half of  the measured thickness of  
white ice  t o  t ha t  of good c lea r  ice.  With a good i ce  sheet 
and moving vehicles whose wheel geometry does not change very 
much from one vehicle t o  another, C can be considered constant. 

= S/C is cal led the "ice loadingN i n  t h i s  report.  The r a t i o  -2 
h 

From the records, the observed values of the average 
load, H, and the maximum load An f o r  each landing were determined 
f o r  effect ive i ce  thiclmesses i n  s teps  of 1 in ,  I n  Pig. 2, 
? i n  l b  is plotted against  effect ive ice  thickness h,  i n  in ,  
Shown i n  the same f igure f o r  reference a re  the l i ne s  defined 

2 
by P=50h and P-250h2. A l l  breakthroughs reported t o  date have 

2 
occurred f o r  loads greater  than P-50h (1). P=250h2 defines 
approximately the upper safe l i m i t  t h a t  has been recommended 
i n  the l i t e r a t u r e  f o r  those s i tua t ions  where some r i s k  i s  



acceptable. The r a t i o  of and Fm t o  the square of the 
effect ive thickness of the  i c e  was calculated. I n  Pig. 3 ,  

0 r, 

H/hL i s  plotted against  the  ice  thickness along with Pfail/hd 
obtained from the breakthroup;h repor ts  received t o  date. 

?/h2 i s  plot ted against  Fm/h2 i n  Fig. 5. Figure 4 shows the 
observed number of loads placed on the  i ce  during the i ce  use 
survey f o r  each i c e  thickness i n  s teps  of 1 in.  I n  the  same 
f igure  i s  shovm the number o f  breakthroughs recorded since 
the f a l l  of 1958. 

It could be argued t h a t  the  calculat ion of  ef fec t ive  
ice  thickness i n  the manner done i n  t h i s  report  i s  not jus t i f ied ,  
The ru le  of giving t o  white ice  an effect ive thickness of ha l f  
i t s  measured thickness i s  one which has been adopted b~ a 
nuinber of authors. It probably originated from invest igat ions  
made by the Russians p r io r  t o  1939. Its  continued use i s  not 
an indication of i t s  va l id i ty  but r a the r  of the  lack of know- 
ledge on the strength propert ies of white ice.  'kis ru le  was 
used i n  (1) and has been adopted i n  t h i s  report  f o r  the  
following reasons: 

(1) The qual i ty  of the  white i c e  formed on the landings is 
variable. The .mechanical propert ies of t h i s  ice  depend 
upon i t s  quali ty.  

( 2 )  The bonding strength between successive layers  of white 
ice  i s  variable. Some breawhrough observations 
indicate a f a i l u r e  of the cover between such layers .  

(3 )  It i s  unlikely t h a t  properly prepared white i ce  has a 
strength a s  low a s  one-half t h a t  of good c l e a r  i ce  ( 5 ) .  
Assuming t h a t  it does have a s t rength equivalent t o  one- 
half  i t s  thiclmess of c l e a r  i ce  w i l l  ensure t h a t  the  
resu l t ing  prediction of the bearing capacity w i l l  be on 
the safe side.  

( 4 )  Assigning t o  white i c e  t h i s  e f fec t ive  thickness w i l l  
draw a t t en t ion  t o  the f a c t  t h a t  the s t rength of such 
i ce  i s  l e s s  than t h a t  of good c l e a r  ice  and t h a t  it 
depends upon the qual i ty  and thus upon the techniques 
used i n  preparing the landing. 

Calculating the effective thickness i n  t h i s  way 
w i l l  normally change the measured thickness by no more than 
25 per cent and usually l e s s  than 15. Changing thicknesses 
by t h i s  amount w i l l  not great ly  a f f e c t  the  l i m i t s  on the 
bearing capacity of ice  covers obtained from the  present 
surveys, nor w i l l  it s igni f icant ly  modify the general con- 
clusions t h a t  were obtained from the  study on the use of i ce  
landings. 



DISCUSSION 

Figures 2 and 3 show t h a t  many of t he  reported i c e  
f a i l u r e s  occurred f o r  loadings t h a t  a r e  normal f o r  operat ion 
of the  Pulp and Paper Industry. This confirms the  observa- 
t i o n  t h a t  f ac to r s  o ther  than i c e  thickness must be responsible 
f o r  these f a i l u r e s .  

To define more prec i se ly  some of the  f a c t o r s  t h a t  
could be contr ibut ing t o  t h e  i c e  f a i l u r e s ,  a revised break- 
through repor t  was prepared and d i s t r i bu ted  i n  the  f a l l  of 
1960, Besides the  spec i f i c  information deemed important 
from e a r l i e r  breakthrough observations, an  opinion a s  t o  t he  
cause of the  f a i l u r e  was requested. The breakthrough observa- 
t i o n s  obtained during the  winter  of 1960-61, combined with 
the  observations of previous years,  confirmed t h a t  vehicle 
speed i s  one contr ibut ing f ac to r .  For i c e  thiclmesses and 
water depths normal f o r  landings, vehicle speed should be 
kept below 5 mph t o  ensure t h a t  t h e  cover w i l l  not be unduly 
s t ressed  by t h i s  e f f ec t .  

Reports showed t h a t  some f a i l u r e s  may be associa ted 
with a drop i n  temperature suff ic . ient  t o  cause thermal cracks 
i n  the  ice .  Observers commented on the  very b r i t t l e  nature  
of the  i c e  under t h i s  condition. This b r i t t l e  behaviour may 
be due t o  the  presence of thermal s t r e s ses .  Such observa- 
t i o n s  suggest t h a t  ext ra  precaution be taken when placing 
loads on i c e  covers following a marked drop i n  temperature, 
and i n  p a r t i c u l a r  t o  keep vehic les  well  away from any cracks. 

Some of the  f a i l u r e s  occurred on t h e  access roads 
from the shore under condit ions t h a t  suggest erosion of the  
i c e  from cur ren ts  o r  a bridging e f f e c t  between the  shore and 
the  f l o a t i n g  i c e  cover, a possible r e s u l t  of lowering the  water 
l eve l .  A number of f a i l u r e s  were associa ted with multi-layered 
i c e  covers, i . e .  i c e  l aye r s  separated by a pocket of  water o r  
a i r ,  Such defec t s  i n  the  cover may be caused by a changing 
water l e v e l  o r  poor f looding pract ice .  

During a v i s i t  t o  one o f  the  landings,  t he  foreman 
described another source of f a i l u r e  confirmed l a t e r  by one 
of t h e  breakthrough repor ts .  If the  loads a r e  l a rge  enough 
t o  crack the  i c e  under the  vehic le ,  then continuous use of a 
road by vehicles carrying such loads can came severe cracking 
and a considerable depression of t he  i c e  i n  the  immediate 
v i c i n i t y ,  This de t e r io ra t ion  of i c e  by t r a f f i c  can be con- 
t r o l l e d  by moving the  road a t  l e a s t  one t ruck  width about 
every two hours,  depending on the  t r a f f i c .  



An i n t e r e s t i n g  f a c t  which the  survey revealed was - 
t he  marked decrease i n  t he  r a t i o  ~/h'! a s  t h e  thickness of i c e  
increased. The reason f o r  t h i s  i s  obvious. For each landing 
t h e r e  i s  a p a r t i c u l a r  increase i n  i c e  th ickness  w i t h  time and 
so t he  i c e  thiclmess a x i s  i n  Pigs.  3 and 4 can be visual ized 
a s  a time sca le .  A t  a given i c e  th ickness ,  usua l ly  about 16 
i n .  f o r  most landings,  loads a r e  allowed on the  i ce .  Experience 
has determined the  s i z e  of t he  load t h a t  can be placed on the  
i ce  a t  t h i s  time. Por a f i v e  t on  t ruck  t h i s  i s  usua l ly  8 t o  
10 tons ,  a l i t t l e  over & the  capaci ty  of t he  t ruck ,  giving a 
gross weight of about 20 tons. A s  quickly a s  poss ible ,  the  
loads  a r e  increased t o  t h e  f u l l  capaci ty  of the  truck.  This 
loading of 20 t o  25 tons  i s  usua l ly  achieved by the  time the  
i c e  is 20 in .  th ick .  For i ce  th ickness  g r e a t e r  than 20 t o  
25 in .  t he  f a c t o r  l i m i t i n g  the  s i z e  of the  load placed, on 
t he  i c e  is the  capaci ty  of t he  t ruck  and no t  the  thickness 
of the i ce .  When the  maximum loading of t he  t ruck  has been 
reached, t he  i c e  loading decreases w i t h  increas ing i c e  th ick-  
ness (Fig. 3) .  

A t  any time the  maximum load on the  landings under 
observation was usua l ly  within 20 per  cent  of the  average load 
(Fig. 5 ) .  This is probably because there  was normally no t  a 
very la rge  va r i a t i on  i n  the  capaci ty  of t he  t rucks  used on 
each landing and each car r ied  the  g r e a t e s t  possible load. A 
notable exception is  shown by the  observations p lo t ted  a s  
c i r c l e s  where t he  maximum loads g r e a t l y  exceed the  average 
loads ,  p a r t i c u l a r l y  f o r  the  higher loadings. It i s  of i n t e r e s t  
t h a t  5 of t h e  12 breakthroughs recorded i n  the  i c e  use survey 
occurred on t h i s  landing. 

It i s  a common f i e l d  observation t h a t  cracking 
occurs i n  t he  immediate v i c i n i t y  of a vehic le  when t h e  i c e  

2 2 
loading,  P/h , is about 150 l b / i n  . This ind ica tes  t h a t  t he  
i c e  loading f o r  col lapse  of t h e  i c e  cover is probably l e s s  

n 

than 300 lb / inL (3 ,4 ) .  The maximum load r epo r t s  contained i n  
t h i s  r epo r t  and i n  (1) show t h a t  t h e  i c e  loading f o r  t he  - 
col lapse  of a good i c e  cover must be g r e a t e r  than 250 lb/ in2.  

2 
The l imi t i ng  value f o r  ~ / h  i s  thus  probably between 250 and 

2 300 Ib/ in  . T h i s  ind ica tes  a s  shown i n  Fig. 3,  t h a t  during 
the  e a r l y  p a r t  of t h e  season, when the  e f f ec t ive  i c e  cover i s  
l e s s  than 20 in . ,  the  reserve of s t reng th  i n  the  cover i s  
of ten l e s s  than 100 per  cen t  of the  applied load. A s  t he  season 
progresses,  the s i t u a t i o n  improves. When the  i c e  thickness 
i s  25 in.  o r  g rea t e r ,  t h e  reserve of s t r eng th  i s  of ten  200 t o  
300 per  cent  of the  average load being placed on the  cover. 

The way i n  which companies have n a t u r a l l y  taken 
advantage of t h i s  f a c t  i n  p rac t ice  is shown i n  Fig. 4 where 



t he  i n t e n s i t y  of -the t r a f f i c  gradually increases  with increas ing 
2 

th ickness  ( o r  t he  equivalent ,  decreasing ?/h ) so  t h a t  most 
of the  wood i s  placed on the  i c e  when there  i s  a comfortable 
margin of safe ty .  This f a c t  i s  r e f l ec t ed  i n  the  breakthrough 
observations where the  majori ty of f a i l u r e s  occur f o r  i c e  
thickness l e s s  than 20 i n . ,  whereas most of t he  wood i s  
placed. on the  i c e  when the  t h i c h e s s  i s  grea t e r  than 20 in .  
(Fig.  4 ) .  

Although many i c e  f a i l u r e s  occur f o r  i c e  loadings 
t h a t  a r e  qu i te  normal, t he  s tud i e s  ind ica te  thal; they a r e  
confined pr imar i ly  t o  t he  const ruct ion period of the  landing 
(Fig. 4 ) .  This suggests t h a t  the  i c e  cover i s  more sens i t i ve  
t o  t he  add i t iona l  f a c t o r s  t h a t  contr ibute  t o  breakthroughs 
when i t s  thiclmess i s  l e s s  than 20 i n .  S t ress ing  and , r ~ k i n g  
of the  i ce  by n a t u r a l l y  occurring temperature changes wculd 
produce such behaviour. 

CONCLUSIONS 

The study on the  loads placed success fu l ly  on i ce  
covers by pulp and paper companies show t h a t  f a c t o r s  o ther  
than i c e  thickness must be responsible f o r  many of the  f a i l u r e s  
occurring during normal operat ions on i c e  landings. Break- 
through observations ind ica te  t h a t  these  add i t i ona l  f a c t o r s  
a r e  probably - 

(1) vehicle speed; 
( 2 )  crack formation and the  development of thermal s t r e s s e s  

by n a t u r a l l y  occurring temperature changes ; 
( 3 )  f a t i gue  of the  i c e  cover through r e p e t i t i v e  loading; 
( 4 )  formation of mult iple i c e  l aye r s  separated by a i r  o r  

water pockets; and 
( 5 )  eros ion o r  bridging of the  i ce  cover near  t he  shore. 

The majori ty of f a i l u r e s  reported occur f o r  i ce  thiclmesses 
l e s s  than 20 i n . ,  For these th icknesses ,  the  i ce  loading f o r  
the  year  i s  grea t e s t  and t h e  i c e  cover is  l i k e l y  most s e n s i t i v e  
t o  temperature changes. Most of t he  wood i s  placed on the  
landings when the  i c e  th ickness  is grea t e r  than 20 in .  By 
giving ca re fu l  a t t e n t i o n  t o  the  f a c t o r s  l i s t e d  above, it should 
be possible t o  reduce the  frequency of occurrence of vehicle 
breakthroughs without reducing the  average weight of the  loads 
now placed on i c e  covers. I n  some cases ,  it should be possible 
t o  increase t h i s  average weight. 
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TABLE I 

WEIGHT OF WOOD AND b W E R  OF TRIPS ON LANDING 

TABLE I1 

WEIGHT OF WOOD AND NUMBER OP TRIPS ON LANDING 

Approximate area  
covered with wood 

115 

544 

22.6 

8.4 

48 

39 

16 

14 

8 

30 

110 

97 

Approximate 
weight ( t ons )  

166,364 

168,341 

10,861 

760 

71,184 

37,250 

12,810 

14,443 

5,569 

28,113 

113,765 

78,288 

707,748 

Number of 
t ruck t r i p s  

8 577 

10,193 

1,045 

171 

4,136 

2 , 493 
872 

1,121 

36 5 

3,003 

7,411 

3,522 

42 909 

Average weight 
wood per  t r i p  

( t ons )  

19.4 

16.5 

10.4 

4 5 

17.2 

14.9 

14.7 

12.9 

15 3 

9-4 

15.4 

22.2 

Approximate area  
covered with wood 

27 

29 

17 

38 

28 

32 

- 

Approximate 
weight ( t ons )  

25,500 

29,100 

20,600 

22,700 

28,200 

24,800 

150,900 

Number of 
t ruck t r i p s  

3,550 

3,594 

3,754 

3,076 

3,569 

3,896 

21,439 

Average weight 
wood per t r i p  

( t ons )  

7.2 

8.1 

5.5 

7.4 

7.9 

6.4 
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FIGURE 2 

AVERAGE LOAD FOR GIVEN EFFECTIVE ICE 

THICKNESS h 
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FIGURE 3 

OBSERVED LOADING AT GIVEN THICKNESS OF THE 

ICE COVER, P IN L B ,  h IN INCHES 
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FIGURE 4 

NUMBER OF LOADS PLACED ON ICE AND NUMBER O F  

BREAKTHROUGHS FOR EFFECTIVE ICE THICKNESSES IN STEPS 

OF ONE INCH 



FIGURE 5 

MAXIMUM LOADING OF ICE COVERS FOR EACH 

AVERAGE LOADING, P AND Pm IN L B ,  h IN 

INCHES 


