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This report, as a complement to the preceding ones 
carried out in Italy,aims to bring in the light,sta 
tistically as well as under a quality analysis,the 
meaning and results of a highly efficient winter main 
tenance of a highway network.If we compare north eu 
ropean countries to mediterranean ones,we find there 
is a vast variety of problems and solutions.InItaly, 
due to the particular orographical structure of the 
peninsula, the need of an efficient road andhighway 
winter maintenance is always increasing and has beco 
me of vital importance.In fact, 80 per cent of the 
runs, in tons/km, for the transport of goods, takes 
place by road and as much as 60 per cent of this traf 
fic is served by the turnpike network.A further aim 
of this study, which reports the winter campaigns re 
sults of 1974-1975 and 1975-1976, making comparisons 
with the former ones,is to furnish useful information 
concerning technologies and organization procedures 
being applied today,as well as the tendencies and u 
dating in progress. We think necessary to point out, 
furthermore that the present report handles only a 
commentary of a wider survey comprehending several 
Tables.Theese Tables contain, properly indexed, all 
the analytic data concerning the operation and the.efV 
ficiency of the winter maintenance service on the Ita 
han turnpike network during winters of 1974 - 1975 
and 1975 - 1976. Therefore whoever might be intere-
sted to obtain thecomplete survey, as well as those 
previously carried out, may request the same writing 
to: A.I.S.C.A.T. - via Sardegna 40 - Rome - Italy. 

The Network under Study 

The turnpike sections that underwent winter maintenan 
ce during the winter of 1974-1975 or wich were fitted 
with the relevant equipment,had a length of 3,873.5 km. 
equal to about 90 per cent of the total turnpike network, 
operating on 31.3.1974. 

This proportion increased during thewinter of 1975-
1976 reaching an approximate value of 95 percent; this 
fact points out once again how the majority of Italian 
highways are located in geographical and orographical zo 
nes characterized by such weather conditions requiring  

a certain maintenance organization. 

Referring to the mentioned environmental condi-
tions and to their natural diversification, so as to 
provide possibilities of comparisonon the most pos-
sible homogeneous basis, we outline the following o-
perative sections: 
I GROUP: North Italy hill or flat land Highways; 
II GROUP: Mountain highways; 
III GROUP: Coastline highways and flat land and hill 

highways of central and southern Italy. 
In Table 1 are listed the elements relevant to 

length and area development of the network under stu 
dy, the modifications of said elements from 1972 to 
1976; some gaps are due to some operative sections' 
restructuration as well as to the exclusion of others 
from this report. 

Table 1. Length and area development of the network 
under study. 

Group 72-73 73-74 74-75 75-76 

Extension I 1,729.1 1,864.2 1,890.7 1,908.4 
km. II 417.4 417.4 477.3 485.2 

III 1,363.0 1,605.6 1,505.5 1,774.5 
Total 3,509.5 3,887.2 3,873.5 4,168.1 

Area I 39.8 41.0 43.4 44.8 
in millions of II 8.4 8.4 10.0 10.2 
sq. a. III 28.9 32.8 30.6 37.0 

Total 77.1 82.3 84.0 92.0 

In operative terms, the extension on which an in 
tervention or continuous control must be carried out, 
increased of 18 per cent during the period 1972-1976. 

Regarding the orographical characteristics of the 
layouts, the maximum quota levels reached in each of 
the three groups are found in the following 	sec- 
tions: 
I 	GROUP: Torino-Savona 	650 m. above sea level 
II GROUP: Brennero-Chiusa 1,381 m. above sea level 
III GROUP: Roma-Carsohi 	626 m. above sea level 
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Cut slopes do not exceed 4 per cent, except on so 
me particular steady gradients; this is of major im-
portance not only because of the satisfactory servi-
ce results under normal or Optimum weather conditions, 
but also for the easier interventions for the control 
of ice film formation or snow removal. 

The Organization 

To be able to carry out an efficient winter main-
tenance service, the turnpike network is subdivided 
in operative sections, whose extension variates depe 
nding on weather conditions and traffic density and 
characteristics. 

During the two winter seasons the following avera 
ge extensions were taken for each of the groups: 
I GROUP: average operative section 85 km. 
II GROUP: average operative section 70 km. 
III GROUP: average operative section 105 km. 

A slight increase of such values was observed, re-
spect to the values arisen during the preceding resear 
ch,probably due to improved techniques and intervention 
means which, reducing the duration,lead to wider opera 
tion ranges. 

Examining the equipment installations, devices,tran 
sport means, and manpower available for the average ope 
rative section of each group, the following datawasta 
ken: 

Operative Sections. Each operative section, indepen 
dently from the group it belongs to, is averagely equi2 
ped with two centers with fixed installations such as 
aprons or parking areas, warehouse, etc. The total num-
ber of such centers in the whole network amounts to 95. 

Meteorological observation Stations. All data rele-
vant to current weather conditions are supplied by me-
teorological observation stations installed on highways 
or near toll boxes and equipped with special measuring 
devices. 

Averagedly, this stations have a density per km.of 
0.02 on highways belonging to Group I (1 each 50 km); 
0.07 on II Group highways (1 each 14 km.) and 0.05 for 
III Group highways (1 each 20 km). 

The differences appearing in the above mentionedda 
ta relevant to I and II Group highways are due to the 
fact that III Group highways are most recent ones,there 
fore presenting a larger number of more sophisticated 
equipment. 

It has to be pointed out that besides the data obtai 
ned from such devices, there is also a vast network of 
information operated by different organizations,suchas 
the aerological data bulletins, broadcasted by the Mili 
tary Aeronautic Service. 

Measuring Instruments. In Table 2 is outlined the 
number of turnpike section using each type of devicesdu 
ring the winter of 1975-1976. 

We can see there is sufficient equipment but automa 
tic equipment for meteorological data processing, survey 
and trasmission is not widely used at present. 

We hope that experiments keep improving these modern 
techniques verifying their efficiency so that their te-
chno-economical possibilities may be utilized on a wider 
scale. 

Table 2. Number of turnpike section using 
listed type of measuring instruments 

Instruments 
Number of 

sectnons 
Intruments 

Number of 
sect]ons 

Thermometer 34 Barograph 8 

Barometer 26 Hygrograph 8 
Hygrometer 22 Pluviograph 
Pluviometer 1 Notometer 3 
Polymeter 4 Icelert 1 
Thermograph 8 Anaemograph 2 

Open Depots, Shelters, Silos. Regarding spaces and 
areas for the deposit of materials and parking of the o 
perative means on the network under study, it was found 
that open depots are predominantlyin use and that they 
amount to 171 on an average area of 1,200 sq.m. 

Shelters are few, they total 29 with an average shel 
tered area of approx.250 sq.m., silos are even lesthey 
are only to be found in few units with a stocking capaci 
ty on the order of 200 cu.m. 

It is important to point out the interesting operati 
ye characteristics of silos such as loading and unloa-
ding rapidity,reduced space requirements, good conserva 
tion of melting salts,little needof personnel and quick 
and automatic dosing for the preparationof solutions. 

Operative Means. The number of means for each opera 
tive section did not show any important variations in the 
period from the winter of 1974-1975 to 1975-1976 and,in 
dipendently from the type of acquisition (rented or ow-
ned)the average number is listed in Table 3. 

Table 3. Means issued to the average operative 
section. 

Means 
I Group 

(85 km) 

II Group 
(70 km) 

III Group 

(105 km) 

Shove—blade trucks 28 27 11 

Rotary snowplows 1 3 - 
Saltspreading trucks 5 6 3 

Tank trucks 1 1 - 
Warning and coordination 
means 

3 2 

Loading snowplowS 3 4 2 

Conveyor belts - 1 - 
Total 41 45 18 

As only average operations were carried out,the in 
dicated values are purely indicative; in fact it isevi 
dent that if on a definite section only the salt solu-
tions are utilized, there will be a greater need of 
tank trucks than the above, while the salt-spreading 
trucks shall not be listed. 

The observation of the relevant data of park on the 
network under study and of its evolution in time (se

-p
e 

Table 4) points out that the park increase is not pro 
portional to the network increase and that there were 
even some reductions. 

This can be explained by means of very mild winter 
seasons; it is also due to the constant research by the 
concessionary firms for a winter maintenance service 
both efficient and economical. 

Moreover, this may be observed because except for 
some particular operative machinery, there is an increa 
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Table 4. Evolution of the park on the turnpike network. 

Winter 
Shove-blade 
trucks 

Rotary 
snowplows 

Salt-sprea 
ding trucks 

Tank 
trucks 

Warning & 
coord. 

Loading 

N P T N 	P T N P 	T N P T N P T N P T 

69-70 689 12 701. 2 	7 9 142 32 	174 9 3 12 119 123 242 113 29 142 

70-71 714 20 734 5 	14 19 151 38 	189 10 6 16 39 212 251 123 21 144 
a 

71-72 -  - - - - - - - - 
72-73 789 33 822 3 	22 25 159 47 	206 7 13 20 47 192 239 122 40 162 

73-74 870 36 906 6 	21 27 165 59 	224 13 15 28 65 217 282 138 49 187 

74-75 87b 27 897 2 	30 32 192 32 	224 18 16 34 77 196 273 122 37 159 

75-76 866 27 913 2 	30 32 192 32 	224 16 15 31 71 184 255 129 38 167 

Note: N - rented 
P - owned 
T - total 

athe winter of 1971-1972 data were not processed. 

sed.tendency to rent the means, on a call or permanent 
basis, obtaining in this way a more rational and ecomi 
cal utilization of the same. 

Personnel. Also during the winter seasons of 1974-
1975 and 1975-1976 it could be observed that company's 
personnel is one of the most costly items of the win-
ter maintenance service. From the absolute values rela 
tive to the whole network and keeping in mind the in-
creased length of the same, it is possible to observe 
that the general tendency to call bids for the winter 
maintenance and to rent the equipment rather 	than 

buying it, has also influenced the reduction on the 
number of personnel of these companies. Viceversa, the 
re was a slight increase in the number of enterprises 
personnel. (See Table 5) 

Regarding the average operative section, the staff 
is pointed out in Table 6. 

Table 5. Total personnel employed.  

Winter Camoains of 1974-1975 and 1975-1976 

The weather conditions of the network under study 
were different in the winter of 1974-1975 from thosedu 
ring the winter of 1975-1976. 

While during the former winter and preceding seasons 
(see Table 7) weather conditions were quite mild in tern 
perature and with few, even if heavy snowfalls, during 
the period from November 1975 to March 1976 winter was 
much more severe. 

If such phenomena could lead back to tendency laws, 
even based on an approximate and incomplete knowledge of 
the present winter's characteristics, one couldprobably 
argue that after the severe winter registered in 1971-
1972, there was an exceptional milder stage until 1974-
1975. From this year on, winter seems to have returned 
to normally expected conditions. 

The relative implications of highway winter mainte-
nance service which can be analytically deducted from 
the Tables enclosed in the complete study, are summari-
zed and commented upon in the following paragraphs. 

Personnel 

Coordination personnel 

Workers, drivers, etc. 
of the companies 

Workers, drivers, etc. 

of the enterprises 

Total 

Operation and utilization of means. Referring to the 
Tables of the complete survey concerning the analytic e 
xamination of each operative section and presenting a 
comparison between the operation of the means in charge 
of snow removal operations or those of ice control, we 
make some general considerations on both campaigns un-
der study, paying special attention to the utilization 
and efficiency levels; this levels, even if indirectly, 
may provide elements of judgement economically speaking 
or in terms of service quality, acquired for the turnpi 
ke network. 	 - 

The analyses of the operative sections' equipment 
pointed out the great importance of renting equipment, 
a procedure that induces a greater adaptability and fle 
xibility of the services regarding the real maintenance 
requirementa. Let's remember that renting of equipment 

I Group II Group III Group 
	 may be achieved as follows: 

	

3 	6 	 6 	 Permanent renting. With which the operative means, 
together with the personnel in charge of it, station 

	

9 	17 	12 	 permanently in the operative centers at the complete di 
sposal of the Concesaionary, during the whole witer sea 

	

45 	48 	23 	 son or for one or more months. 

	

57 	71 	 40 

Personnel 	 72-73 73-74 74-75 75-76 

Coordination personnel 	206 	212 	198 	188 

Workers, drivers, etc. 	473 	549 	461 	479 

of the companies 

Workers, drivers, etc. 1.250 1.554 1.580 1.591 

of the enterprises 

Total 	 1.929 2.315 2.239 2.258 

Table 6. Personnel employed on average operative 
section. 



Table 7. Summary of meteorological data of the winters from 1969 to 1976. 

Elements Group 69-70 70-71 71-72 72-73 73-74 74-75 75-76 

Average temperature I N.C. N.C. + 	4 + 	4 + 	4 + 	5 + 	5 
oc II N.C. N.C. + 	6 + 	6 + 	5 + 	3 + 	4 

III N.C. N.C. + 	9 + 	8 + 	8 + 	9 + 	9 

Minimum temperature I N.C. N.C. 17 - 	9 - 10 - 	8 - 10 
oc II N.C. N.C. - 16 - 17 - 19 - 12 - 16 

III N.C. N.C. - 	7 - 10 - 10 - 	8 - 14 

Hours n. with temperature I 554 891 420 651 449 318 428 
< 0 °C II 683 1.127 397 592 481 314 497 

III 94 176 82 147 113 99 128 

Snowfalls I N.C. N.C. 7 4 2 2 6 
average number II N.C. N.C. 21 17 14 9 11 

III N.C. N.C. 4 2 2 1 4 

Total snowfall hours I 11 37 66 31 13 18 59 
hours II 153 128 153 102 150 119 101 

III 63 56 11 7 11 8 20 

Total snow accumulation I N.C. N.C. 69 30 17 13 45 
cm. II N.C. N.C. 247 137 149 145 167 

III N.C. N.C. 24 8 23 1 29 

Max accumulation per snowfall I N.C. N.C. 66 39 35 30 130 
cm. II N.C. N.C. 60 60 150 340 153 

III N.C. N.C. 52 20 63 9 16 

Note: N.C. not collected data. 
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Renting on call. Whenever the operative means is re 
quired, the Concessionary requests it; therefore, the 
owner may also utilize the means for other purposes. 

The type of renting varies from section to section 
depending on the equipment availability of each zone 
and on the operative requirements. The sections with a 
high traffic density and with no surrounding traffical 
ternatives clearly need equipment rented on a permanent 
basis (specially snowplows) because any delay of opera-
tion, even regarding minutes, may lead to unsafe traf-
fic conditions and block circulation. 

Therefore, checking the percentage proportion bet-
ween the means actually utilized and those issued to the 
sections, we may observe that during the last two win-
ters, it reached higher peaks especially due to the ren 
ting equipment procedure. 

The percentage proportion between parking and wor-
king hours is also favourable, due to the same reason. 

Anyways, if we want to compare both seasons of 1974 
-1975 and 1975-1976, the same proportions confirm the 
fact that, due to a milder starting winter season, the 
re was less need of equipment (always in proportion to 
the same availability) for snow removal operations.: 
being ice film control a preventive and usual opera-
tion, there was not a great difference for the same du 
ring both seasons. 

Regarding the coefficients of utilization obtained 
from snow removal operations relating the number of 
hours/km of equipment utilization to the number of 
hours of snowfall, and from the ice control operations,  

to the hours whose temperature fell below 0 °C, we can 
see in Table 8 that there is a general increase of thee 
se coefficients. This means that under the same wea-
ther conditions there was an increased utilization of 
the same means. 

It is not easy to furnish an explanation of such 
phenomena through statistics only, therefore we retain 
it useful to advise all the operators of this field Cal 
ling their attention to this phenomena so as to verify 
and be able to pass judgement on the above, for future 
suerveys. 

De-icing Salts and Abrasives 

The utilization of chlorides and abrasives has fol-
lowed, also during the winters of 1974-1975 and 1975-
1976, the same tendencies as those verified during for 
mer surveys. 

The most widely used dc-icing salt is still NaCl. 
About 350,000 kg. of NaCl were utilized during the win 
ter of 1975-1976 on the whole network; calcium chlori 
de solution comes next; more than 22,000 kg.were utili 
zed; and last solid calcium chloride 13,600 kg. 

Looking at the data shown on Table 9,which indica-
tes the consumption of dc-icing salts and abrasives du 
ring the period between 1969 and 1976, one sees 	that 
though the validity of rock salt is confirmed, CaCl2so 
lutions are now being widely used (with a slow rate of 
diffusion) together with a higher sophistication of 
storage, prepailation  and dosage of the mixture. 



Table 8. Coefficient of utilization of means 
(Hours of utilization-km/showfall hours or hours with temperature below 00C.) 

Group 72-73 73-74 74-75 75-76 

Shove-blade trucks I 0.148 0.067 0.093 0.166 

II 0.140 0.144 0.112 0.351 

III 0.145 0.057 0.0008 0.017 

Rotary anowplows I 0.0002 - 0.002 0.001 

II 0.007 0.009 0.0004 0.003 

Saltspreading trucks I 0.021 0.014 0.072 0.046 

II 0.014 0.013 0.046 0.151 

III 0.024 0.006 0.002 0.043 

Tank trucks I 0.001 0.0001 0.0005 0.0004 

II 0.001 0.0004 0.018 0.0001 

III 0.002 0.0002 0.001 0.001 

During the last two seasons there was an increase 
in the use of abrasives which were scarcely utilized 

before. 
Although the data on the total consumption mightaQ 

pear altered due both to new operative sections and to 
the fact that the last survey include sections which 
were not considered before, such increased utilization 
of sand could be explained not only under a technical 
aspect but especially from an economic point of view, 
due to the low maintenance budgets through which some 

concenssionaries are forced to operate. 

Table 9. De-icing salts and abrasives winter 

consumption. 	- 

winter 
Cad 

2 
CaCl 

2 NaCl Sand 

solid solution 

69-70 10,117 4,293 278,320 161,497 

70-71 16,528 7,764 373,969 169,997 

71-72 S.C. N.C. N.C. N.C. 

72-73 9,847 17,417 236,911 86,029 

73-74 9,506 11,726 152,984 33,385 

74-75 8,965 16,085 142,262 84,602 

75-76 13,569 22,389 348,138 149,694 

Conclusions 

Besides the observation carried out in the former 
chapters and any further elements of judgement deriving 
from the data contained in the enclosed tables, the de 
gree of efficiency of the whole organization of winter 
maintenance of the turnpike network may be verified 
through the level of the services obtained. 

The numbers regarding this level may be obtained irn 
mediately even if empirically, from the observation and 
consideration of the hours of blocked circulation due to 
snowfall or ice formation, as well as to accident data 
which depend directly on the former. 

During winter of 1974-1975, traffic was blocked for 
2 hours on one only section of the entire network; the 
number of hours with a temperature below 0 °C variated 
depending on each group - between 100 and 300 hours a 
proximately; the number of snowfall hours was between 

10 and 110. 
During the same seasons, 87 accidents happened due  

directly to the presence of snow or ice formation on 
carriageways. Only 4 of these accidents were mortalwith 
a percentage incidence on the total accident 	number 

(6,834 total accidents and 172 mortal accidents between 
October 1974 and March 1975) in the order of 1% and 2% 

respectively. 
During the winter of 1975-1976, circulation blocks 

appeared only an 7 sections with a minimum duration of 
half an hour and a maximum one of 4 hours, while the 
hours withtemperature below 0 °C were,depending on the 
geographic conditions of the sections, between 130 and 
500 hours; the snowfall hours totalled 20-100. 

The rate of accidents amounted to 7,938 total acci 
dents of which 204 were mortal; of these accidents 162 
and 2 (2% and 1%) were caused directly by the presence 
of ice or snow on highways. 

Certainly, the above results would have been quite 
different if there had not been a winter maintenance 
service or if the existing service had not been suffi-
ciently organized; not only accidents would have been 
plenty but circulation blocks would have caused many 
inconveniences to both the drivers and the entire sur-
rounding community. 

As a conclusion, it can be pointed out that the pre 
sent techniques applied by highways concessionaries have 
given proof of their validity, on the basis of the achie 
ved results. Moreover, the most recent national or in-
ternational congresses on winter road conditions have 
not brought up any substantial changes of means and ma 
terials technology; the present studies in progress now 
in Italy concern mainly, therefore, the search for eco 
nomy and organization and the consideration of optimum 
rates that shall link this economy to the effectivene-
eds of circulation. 

Hence, future research should aim to introduce eco 
nomic analysis elements which will give a greater ai-
gnificance to highway winter maintenance service. 


