
HIGHWAY MAINTENANCE MANAGEMENT 
IN ONTARIO: A PROGRESS REPORT 
F. Rendulic and T. A. Hickey, Department of Highways, Ontario 

•IN 1965, the Department of Highways, Ontario, undertook a study to determine the 
feasibility of conducting a comprehensive analysis of its maintenance function. The 
objective of this analysis was to find ways to optimizP. maintenance efforts throughout 
the province. 

As a result of the early analysis, department management took positive steps to de­
velop and implement a maintenance management system. The system was founded con­
ceptually on "the systems approach." The systems approach to maintenance manage­
ment provides for an integrated system of procedures designed to provide an objective 
basis for planning, organizing, staffing, directing, and controlling maintenance activities. 

Figure 1 shows a flow chart of the department's maintenance management system. 
Figure 2 shows the organizational structure of the department's maintenance operation 
from the head office to the field. With a few exceptions, lhe ma.na.gernent system is in­
dicative of what is taking place in highway maintenance in Ontario today. Progress to 
the present time is outlined in the following pages, which include some of the problems 
encountered and their solutions and the benefits obtained from the system (particularly 
utilization of the reported data from the field). 

FIELD 

Planning and Organizing 

Field crews, usually consisting of a patrol supervisor and a patrolman or crew fore­
man, condud road inspections as a prelude to the development of a summer work plan 
for the ensuing summer maintenance season. The degree of inspection is usually based 
on the type of highway, its local problems, and its history. To date, no standard pat­
tern of inspection has emerged. A second inspection is made the following spring to ob­
serve unexpected conditions caused by the spring breakup. A list of maintenance needs 
is then submitted to the district office to form a part of its maintenance work plan. 

Directing 

All field units utilize a weekly schedule, which is normally prepared on the Thursday 
or Friday prior to the work week. This schedule is made up by the patrolman or crew 
foreman, in conjunction with the patrol supervisor. The services supervisor schedules 
his crews (zone painting, electrical, forestry, etc.) in the same manner and informs 
the patrol supervisors of his requirements in order to coordinate staff and equipment in 
the best manner. Results of schedulin~ are dh;cussed lat el' in this report. 

After completion of the work, the results (man-hours worked, equipment, acomplish­
ment, and materials consumed) are reported\ on special forms for district office use. 
(Samples of the forms are included with this report.) A work remaining form (Fig. 3) 
is made out to show how well the patrol is functioning in accordance with its plan. Ser­
vice crews follow a similar procedure. This reporting system was introduced prior to 
the implementation of the maintenance management system. 

DISTRICT 

Planning and Organizing 

All districts now prepare a tentative summer maintenance work plan that is compiled 
from information on the patrol inspection reports, the work remaining form, report 12 
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Figure 3. Work remaining form. 

and report 8B [Report 12 is the report wherein standard values have been applied to 
road inventories previously submitted by the district. Report 8B contains all the 
charges (man-hours, dollars, accomplishment, and so forth) for a maintenance period.] 
_J\n even distribution is carried out by district patrol personnel to adjust the 'Nork load 
to fit the resources available. After all adjustments have been made, a plan emerges 
that is sent to head office for processing by electronic computer. All districts prepare 
these plans, and only minor localized problems exist. The district office prepares a 
work remaining form from each patrol plan and sends it to the patrol concerned. 

Controlling 

Some of the reported data (e.g., work remaining forms) are available for immediate 
analysis by district managers. The bulk of the reported data is forwarded to the elec­
tronic computing branch of DHO for processing. Reports are then prepared and sub­
mitted to the district for their analysis. Several types of reports will be described later. 

District managers are thus able to receive the type of information that formerly was 
unavailable and the reports point out many abnormalities requiring further examination. 

HEAD OFFICE 

Planning and Organizing 

Head office effort is divided into two channels: systems and methods. The systems 
section constantly updates standard values that are fundamental in making the planning 
report (report 12), for preparing a province-wide budget, and in allocating resources 
to districts. The methods section prepares, devises, and implements quality standards 
that are also used in preparing the planning report. 

Controlling 

The maintenance management section makes extensive use of reported data. This is 
chiefly in the area of updating standard values for productivity and also to control total 
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staff requireme;: .. :- and equipment. With respect to analyzing the reported data, the 
surface has only been scratched so far. 
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Although it was previously mentioned that the entire system has been fully imple­
mented, in some areas, progress has not met initial expectations. Substantial improve­
ment is being made, however, especially in the following items: introduction and 
development of cost reporting systems; development of computer reports; and analyzing 
reported data and in how the data are used. 

COST REPORTING SYSTEM 

The new maintenance management system necessitated a revised cost reporting sys­
tem, because the original system was designed to provide fiscal control only. It pro­
vided no feedback from head office to the district to ensure proper managerial control. 
For example, accomplishment was not expressed in terms of measurable units, and it 
was impossible to assess quantitatively results of expenditures. Furthermore, except 
for surface and shoulder activities, the specific highway on which work was performed 
was not reported. Thus it was impossible to relate expenditures to the type of road 
serviced. 

Effective management planning was not possible because plans could not be prepared 
by specific maintenance operation. Also, management control was limited since actual 
performance could not be evaluated against planned performance in order to identify 
areas requiring corrective action. 

The new reporting system uses five separate reporting forms for the field units. 
Three of these were familiar to the maintenance staff although modified, while two were 
entirely new. The system embodies all maintenance activities, using about 120 activity 
code numbers and supplying details on employee time, equipment time, material used, 
and accomplishment for each activity. The reporting system was started in one of the 
department's districts between 1965 and 1967. This was a development phase and, dur­
ing the 2 years, changes were made to the system almost daily. By 1967 the system 
had been stabilized, and head office approval was given to introduce it into three more 
districts. 

Development 

The maintenance management section was assigned to produce a field training manual, 
employing a programmed instruction format, to cover most situations. The develop­
ment of the training program disclosed a number of unanswered questions about the sys­
tem, and it was also evident that some activity definitions were inadequate or misleading. 

Initial Implementation 

Orientation meetings were held in each of the districts involved to familiarize the 
field supervisors and a selected number of the office staff with the system. The mem­
bers of field staff were introduced to the training program and instructed on how it 
should be completed. The results of this effort were mixed; good results were achieved 
in two districts, and very poor results were achieved in the third. It was later estab­
lished that less than 50 percent of the field supervisors had actually completed the train­
ing in the recommended way. The difference between the districts where good results 
had been achieved and the districts where results were poor appeared to be related to the 
attitude of the senior supervisors in the district. Apparently, smooth implementation 
could only be achieved with a positive attitude and effort on the part of senior supervisors. 

The remaining 14 districts were scheduled to enter the system at the rate of two dis­
tricts per month. 

The maintenance management section felt strongly that a good introduction was the 
real key to success, and to this end a more ·structured method was developed to intro­
duce other districts into the system. The important points considered were: (a) ensure 
that everyone was adequately trained; and (b) provide a good feedback system to the 
field supervisors after implementation of the system. 
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The main features of the training system were as follows: 

1. The patrol supervisors in each district completed the programmed instruction 
course at a workshop conducted by a member of the training group; 

2. The patrol supervisors then conducted similar workshops for their own patrolmen; 
3. At the end of the first two-week period following implementation of the cost re­

porting system, a member of the training group checked all relevant documents sub­
mitted1 noted errors and omissions, and returned the documents to the appropriate 
patrolmen for correction and resubmission; 

4. At the end of the second two-week period, the documents were checked in similar 
fashion to ensure that the patrolmen were performing satisfactorily; 

5. In cases where performance was considered unsatisfactory a member of the 
training group endeavored to visit patrolmen concerned; and 

6. Thereafter, feedback to patrolmen became the responsibility of the district staff 
processing the documents prior to submission for data processing. 

It is very important that the feedback to the individual supervisor be as positive as 
possible. The forms returned to the field for correction were annotated with a rein­
forcing comment. This approach was new to the field staff and the response was ex­
cellent. All 14 districts were brought into the system on schedule with very little fur­
ther trouble. 

l<'nllnm-TTn 
- ................ ""'.t' 

A survey was taken in May 1969 to determine the "state of the system." The follow­
ing information was gathered: 

1. The office staff of the various districts reported error rates from the field rang­
ing from 36 to 800 instances. The average was 190. 

2. The computer center reported error rates in the documents submitted by the 
districts, ranging from 5 to 125 instances. The average was 58. 

Because the documents were routed through the district office for correction before 
being submitted to the computer center, this meant that on the average the district 
office was correcting 70 percent of the errors. 

An examination of the methods used to keep the error rate down in each district sug­
gested that the best results were achieved where a close line of communication existed 
between the office staff who handled the documents and the field staff who produced 
them. Where a third person, often a supervisor, was involved as a liaison between the 
office staff and the field staff, results were generally poor. In some districts there 
was a reluctance to allow the office staff to communicate with the field staff directly. 
It was therefore necessary to be quite specific about the nature of the communication 
before supervisors would agree to what they considered to be a by-passing of the nor­
mal channels. 

Several interesting experiences were uncovered during the survey and are recounted 
here as a matter of interest. In one district, a comparison was made between two 
groups of patrolmen, one group considered to be well trained and the other poorly 
trained. J:t'rom the error evaluation data shown in Figure 4, it can be seen that the 
number of errors committed in the first pay period was considerably higher among the 
poorly trained. Both groups, however, were subjected to intensive feedback at the end 
of the first pay period and, by the end of the second pay period, were performing equally 
well. 

These results suggest that feedback during implementation was actually more im­
portant than the original training. The importance of the feedback is even more force­
fully shown in this second example. In another district, the training program was well 
administered and all the patrolmen were performing satisfactorily by the end of the 
second pay period. Thereafter, the patrolmen received no feedback from the district 
office. This had a significant effect on their performance. 

The error evaluation chart shows in Figure 5 that the error rate for the district was 
153 at the end of the second pay period. With no feedback, the error rate climbed to 
1, 135 by the end of the fourth pay period. 

. . 
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PATROL SUPERVISOR A PATROLMAN 1 4 0 

CONSIDERED TO HAVE DONE 2 16 0 
A GOOD JOB OF TRAINING , 3 5 

~ 
3 

4 l!l 3 u 6 
5 z 0 <! 1 -

TOTAL z 28 al 10 - 0 
PATROL SUPERVISOR 8 PATROLMAN 1 <! 31 lJJ 2 

2 ct: 55 w 2 CONSIDERED TO HAVE DONE I- 11. 
AN INADEQUATE JOB OF 3 56 5 
TRAINING. 4 44 0 

5 17 2 
TOTAL -- - -203 11 

Figure 4. Error evaluation data. 

At this stage, a feedback system was introduced that advised patrolmen as to the num­
ber of errors made but not the nature. The error rate dropped immediately but not to 
the original post-training level. This level was not attained until the patrolmen were 
advised as to the nature of their errors. 

At the completion of the survey, a recommendation was made to all districts afford­
ing guidance on what should be considered as an acceptable error rate and the steps 
that should be taken if this was not achieved. The recommendations included steps to 
improve communications between the district field staff and the district office staff and 
between the district office and the computing branch. Four months after these recom­
mendations were made, a further survey showed that the error rate had dropped by al­
most 75 percent and was well within the established guidelines. At this point the re­
porting system was felt to be fully implemented. 

COMPUTER OUTPUT REPORTS 

Since the beginning of the maintenance management project in 1965, many computer 
programs have been written, revised, or discarded in an attempt to provide clear and 
concise output information in a form suitable for use by field, district, and head office 
staff for planning, organizing, directing, and controlling maintenance operations. 

Basically, the reports have been developed with the intention of providing the infor­
mation required in the districts. Recently programs have been developed to summarize 
the district reports. These summaries facilitate comparison and evaluation of district 
activities by both head office and senior district personnel. 

The following is a description of the basic reports as well as several related sum­
mary reports. The reports may be divided into three groups: 

Figure 5. Error evaluation chart. 

1. Those providing information required 
for planning and organizing summer mainte­
nance operations on a district patrol level; 

2. Those providing information on operat­
ing results for summer maintenance; and 

3. Those providing information on operat­
ing results for winter maintenance. 

Group 1 Reports 

Report 5, Summer and Winter Maintenance 
Resource Expenditure, a typical example of 
which is shown in Figure 6, was developed to 
provide head office maintenance management 
staff with results of operations based on the 
various road types reported on the district 
patrol inventories. This report shows: ac-
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SUMMER AND WINTER MAtNTENANCE RESOURCE EXPENDITURE 

DATE OF' REPORT - MAR 2Z, 1'l70 REPORT 5 Pi.or 1'4 

DISTRICTS 1 TO 'I 

OPERATfOI\' 1001 - PATCHING-HANO TOOLS PERIO D STARTING - 69/ J / 28 E NOlNG - M/IZ /S .... .................. ... ..... . .......... ...... .. ........... .. ......... ...................... .. ....... .................................... .. .. ...... .. 
ROAD MANAGEMENT MILES ACTIY tAN. DOLLARS ACCOMPLISH MAN HRS DOLLARS ACCOMP MAN HR. DOLLARS 
TYPE UNIT HOURS Mt:Pl'f PER P£R rn PER 

..... . .... •• ~.' •. 5.l! • .P.~ ••.• • . •• •. •. . ... •.. • .• • •• • •••••• •••••••••••• ................ .. . !'-i!l:E .. , ~_I.L,E . • ¥!1:~ . . .••. "!s;~.c?0.~ ••• •• ~.~~O.":fP • • ,, 

25306 1001 " 110,00 2. 0 0, 00 o.oo o. oo \3, 00 ss . oo 
B~Oli tl,:10 1001 '"' I l!l'>. l~ ~"i . I! ll:l , lj l I j . I~ ~ . 'l. , , 1'1 " " 2:510.6 4 • 1001 2'0 1284.SS JB. 4 0, 00 o. oo 0.00 6, 51 " ., 25101:. 5 lJ 16. zo 1001 70 287,80 '·' 4. J2: 17 76 0 2' 14, 58 5Q, Q'i 

25106 l 5 " 10. 70 1001 " 52 . 00 o. o 1. -19 4. B'i 0. 00 o. oo 

25 106 DIST, ) TOTALS 107,, 20 1001 "' ]055. 60 85.0 5 l2 28. 50 0, 7Q "71 15 , lf4 

25306 I 5 12. 20 1001 •• rn " 4 . 5 S. 40 22 , 32 o. 36 14 , 66 60. 51 

25306 I ' 9.lO 0 199.9 2 6.< "4 . 6 "/ 2L7J O, (iq b 71 11 , 23 

25306 2 28 4 , 50 LOOl 24 116,08 3. 2 s. )3 25.7<! 0, 71 7 , 50 )6, 27 

25306 l 14 31.70 1001 258 1404,15 )J.6 8,\3 44.29 0.99 8.16 H.43 

25306 l I(, 18.00 1001 "' 756, 95 25,7 8.22 42.05 1,42 5,75 29,45 

25306 3 22 3,90 1001 , .. n8. 97 15.5 42,05 186.91 l , Q7 10 , 58 47.03 

25106 DIST, 4 TOTALS 95.90 lOOI 703 ]478, 40 86.9 7. 33 36.27 0. 90 8,08 40.02 

25306 I " 33.50 1001 " n. ss l.O 0. 47 2.76 o. OB 5,H Jo, as 
Z5J06 l 17 II. 20 1001 16 157.61 11.4 1.42 14. 07 t. 01 1. 40 13. 82 

25306 5 4 " 17. 40 1001 1'2 q90. n 27,5 11.03 56, 91 1. 58 6, 98 36, OJ 

25306 DIST. STOTALS 71.30 1001 224 1240.53 H.9 3,14 17,J<J 0.58 5.34 29.60 

25306 ' l 12 5.40 1001 12 50,')2 o. • 2, Z2 9. 42 0. 07 JO. DO 127 , JO 

25306 l ll 12.90 lOOl 26.24 o.o 0.62 2,03 o.oo o.oo o. 00 

25106 DIST. 6 TOTALS 21,80 1001 20 77.16 0.4 0.80 3. 11 0.01 50. 00 1qz.qo 

25306 2 4 40, 60 1001 "' 915.86 26.1 4,77 22.55 O.li4 7, 43 35 , 09 

25106 3 5 J,00 IOOL " 280,63 l.O 21.66 93. 5~ l, 00 21 . 66 93.54 

Z.5306 DIST, 7 TOTALS 73. 60 1001 25' 1196.49 29.l 3. 51 16.25 O.lq e:qo 41 , 11 

Figure 6. Report 5, summer and winter maintenance resource expenditure. 

complishment quantities; man-hours; dollars expended for each activity per mile of 
road of a type maintained; productivity (man-hours per accomplishment unit); and unit 
costs (dollars per accomplishment unit), attained for each activity while working on 
each road type. 

From this report, frequency distributions of production rates (accomplishment per 
equivalent 2-lane mile; man-hours per accomplishment unit) by road types expected to 
influence the rate are compiled. For example, a production rate for hand patching pot­
holes on a 4-lane divided highway would be expected to be different from that on a 2-lane 
highway due to differences in crew sizes and equipment requirements. 

A mode value (most frequently occurring production rate) is selected from the dis­
tribution. As a general rule, the mode production rate from reported data is suitable 
for planning and allocating resources. However, a production rate based on reported 
data will reflect all the inefficiencies in performance that may exist at the field level. 
If sufficient work measurement data are available, extra weight should be given to the 
data in determining the final production rates, inasmuch as the conditions under which 
the rate was achieved are known. 

Report 12, Maintenance Resource Requirements, a typical example of which is shown 
in Figure 7, was developed to assist district managers and field staff in the preparation 
of their summer maintenance work plans and is produced annually. It is generated from 
information contained in the district road inventories-patrol, highway, road type, and 
number of equivalent 2-lane miles-and the standard values developed from Report 
5-accomplishment per 2-lane mile, man-hours per accomplishment unit, and dollars 
per accomplishment unit. 

The total accomplishment, total man-hours, and total dollars, appearing on the right 
of the report, are used as input for the planned values shown in Report lB (Group 2 fol­
lowing) unless modified during the annual road inspection and subsequent balancing of the 
summer maintenance work load. 

Group 2 Reports 

Report lB, Comparison of Actual to Planned Expenditure, was originally developed 
to provide district managers with the information necessary to control their summer 
maintenance work plans. Also, as a year end report, it does provide the district man-
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" DATE OF REPORT SEP. 25, 1969 PAGE 10 

I PERIOD 25/04/70 TO 2li/l0/70 MAINTENANCE MANAGEMENT SYSTE~l 

"'"" MAINTENANCE RESOURCE REQUIREMENTS 

" PATROL SUPERVISOR GERRIE At-JJS REPORT 12 

c 
• p R EQUIV ACCOJ1P / MAN HOURS OOLI.ARS MANHOURS OOLLARS 

• A E HIGHWAY ROAD 2-LANE OPERATION EQUIV ACC . ACC. I ACC. I EQUIV. I EQUIV =•1. TOTAL TOTAL 
• T w NUMBER TYPE MILES CODE DESCRIPI'ION 2-LJ\NE UNIT UNIT UNIT I 2-1.ANE 2-LANE 111~ t". MAN HOURS OOLLARS 

MILE MILE MILE .... ... .... .............. ... .. .................... ................ ... .... .......... ... ... .... .. ...... ... .......... .... ..... .. .... ... ....... ............ 
• 72 253 3 13. l 1001 PATCHING- HAND root .4 TONS 6.800 li7.83 ).'l.· 35 249 

17 253 6 19.8 1001 PATCHING-HAND TOOL ,4 TONS 6.800 47.83 '·' 54 378 

t OPER, TOTAL 32.9 1001 .4 6. 793 li7.B6 2.7 19.05 ll. I 8• 627 

72 253 3 13.1 1002 PATCHING-GRADER 1.4 TONS . 720 13.96 i 8.J 13 255 

17 253 6 19,B 1002 PATCHING-CRADER 1.4 TONS . 720 13, 96 1' , 1 20 387 

t 92 72 253 3 1002 PATCHING-GRADER l.li TONS .240 3.13 57 

, 92 17 253 6 1002 PATCHING-GRADER l.li TONS .240 3.13 87 

2 OP!R. TOTAL 32,9 1002 1.4 .956 17.0B 1.3 2 3.89 li6.0 44 786 

17 253 6 19.B 1003 CRACK SEALING , 9 IJ\NE MILES B.400 64.35 17.8 150 1145 

72 253 .J 13, l 1003 CRACK SF.A.LING • 9 LANE: MILES 8.400 64.35 11.8 99 "' 
2. OPER. TOTAL 32,9 1003 .9 8.412 64.32 7.5 57.87 29.6 249 1904 

17 253 6 19.8 1004 SPRAY PATCHING 11.5 GALIDNS .240 1.97 227.7 55 449 

72 253 l 13.1 1004 SPRAY PATCHING 11.5 GAU.OHS .240 1.97 150. 7 36 2'7 

1 OPER. TOTAL 32.9 1004 .u.s .240 1.97 2.7 22.67 378.4 91 746 

t 92 601 111 l 16.1 1007 GRADING 24.0 PASS MILES .370 5.49 386.4 143 2121 

601 111 l 16.l 1008 PATCHING-Pr. TR. 16.3 CUBIC YARDS .480 Li. 78 262.4 126 125-4 

Figure 7. Report 12, maintenance resource requirements. 

ager with sufficient information to assess the degree to which the summer maintenance 
work plans of individual field units, and the district as a whole, have been achieved. 

Figure S shows a typical page from Report lB. This report is organized primarily 
by patrol, then by operation. The data are presented in five primary groups-expendi­
ture, man-hours, accomplishment, unit cost, and rate-each of which is subdivided 
into three subsidiary groups, actual, planned, and the ratio of actual to planned. 

Report lB, Summary 1, Comparison of Actual to Planned Performance, is a year­
end report that supplements Report lB. It was introduced to provide information 
whereby head office staff might identify and take action on possible problems in speci­
fic districts. It also provides information to district managers whereby they may com­
pare the performance of their districts with that of others. 

Figure 9 shows a typical page from Report lB, Summary 1. The format of this re­
port is very similar to that of Report lB except that it is organized primarily by opera­
tion and district. The data are presented in identical form to that in Report lB. 

Report SB, Summer Maintenance Resource Expenditure, is organized primarily by 
operation, then by patrol supervisor's area. The data consist of total charges (man­
hours, dollars, and accomplishment) to date. Unit cost and productivity is also shown. 
Figure 10 is a typical page from Report SB. 

Report SC, Other Agencies Resource Expenditure, was introduced to overcome a 
deficiency in the original design of the system, i.e., to provide district managers with 
detailed information on resources expended on activities other than routine maintenance 
operations, on a four-week basis. 

Until last summer, only activities routinely carried out by maintenance forces were 
reported by operation. All other activities such as work on contracts, on special proj­
ects, and for other agencies were charged to a single operation number, without ac­
complishment. It became apparent that the resources expended on these activities 
represented a considerable proportion of the total; therefore, it was desirable that they 
be reported in a similar manner to the routine maintenance operations. 



DATE OF REPORT DEC. 17 • UM! DISTRICT 20 

PATROL SUPERVISOR GERRIE AM)S 

("AT OPERATION 
CODE OESCRIPIION 

1001 PATCHING-HANO TOOL 

1 1003 CRACK SEALING 

I 100f1 61'fu\.Y l'ATCJllUIG 

l 1009 PATCHING ADDEO TR. 

1 1090 OTHER 

l 2001 GRADING _:IOlILDERS 

2002 SHOULDERING-Pf TR. 

1 2004 DUST U\YING 

l 2005 WASHOtrrS 

I 2006 GRAVEL WINDROW 

1 2990 OTHER 

l 3012 1'1JWING - 1 OR 2 SW. 

1 JOU MOWING - HAND 

1 3015 HJWING - WEEDS 

I 3018 WEED SPRAY-TRUCK 

l 3026 BRUSH SPRAY 

3031 LITTER PTCK-UP 

1 3033 SWEEPING-MANUAL 

J 3041 RD. -Pf, STANDARD 

l 3042 RD, - PT. ABOVE 

1 4101 ROU'IINE MAINT. 

COMPARISON OF ACTUAL TO PUNNED EXPENDITURE 

REPORT lB 

PERIOD STARTING 28 /03 /69 ENDING 07 /ll /69 
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ACTUAL PLANNED A/P ACTUAL PLANNED A/P ACTUAL PLANNED A/Pl ACTUAL PLANNED A/P ACTUAL r tN'N:fD A/P" 
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Figure 8. Report 1 B, comparison of actual to planned expenditure. 

DATE OF REPORT DEC 18, 1969 PAGE 1 

COMPARISON OF ACTUAL TO PUNNED KXPENDITIJRE 

REPORT lB SUMMARY 1 

OPERATION 1001 PATCHING-HAND TOOL 
ACCOMPLISHMENT lJNITS -TONS PERIOD STARTING 69/03/2B ENDING 69/11/07 ................. ......................................... ....... ...... ....... .......................... .......... ............ ... .... ... ... ...... .... 

o • o ?~~=~~~ - o o o - ~~~~~- o o • :~:?. • o o ~!~' , o o o ~~=~~~- •• . :~:? o o o . ~!:, • o o ~~~~~- •• o :~~?,~•I ~t: • o o I ~?:~~:.•• I :~~~. o I ~!:. o O o ~~~~~.'I :~~?. o • ~!~: 

10 

11 

13 

" 
16 

17 

lB 

19 

20 

TOTALS 

5530 5527 1.00 112a.o 1167,o .96 139.B 174.o .80 39.55 

12343 12448 .n 231B.5 2654.0 .B7 385.6 392.D .9B 32.00 

10086 12383 ,Bl 2042.0 2492.0 .Bl 258.0 390.0 .66 39,09 

36666 31725 1.15 7504.5 BJBO.O .89 1251.2 1269.0 .9B 29.30 

16097 14451 1.11 3174.0 316B.O 1.00 3B9.0 455,0 .B5 41.3B 

1.07 6JB:Z,O 7028,0 ,90 J66.7 860.5 .30 110.55 

1420B 26832 .52 2B32.0 5668,0 .49 453.6 845.0 .53 31.32 

55B63 41119 1.35 109B4.0 8673.0 1.26 1869. 7 1295.0 1.44 29.B7 

37325 25214 1.48 8152 . S 5322.0 1.53 714.B 794,0 .90 52.21 

89887 155766 ,57 15700.5 199B5,0 .78 3500.5 4906.0 .71 25.67 

50972 li6174 1.10 10468.5 10517.0 ,99 1470,8 1569,7 .93 34.65 

71665 B43M , 84 14li67.0 15144.0 .95 2553.0 2657.0 ,96 28.07 

59556 105li97 .56 10077.5 12313.0 .Bl 2795.7 3459.0 .BO 21.30 

24750 14734 1.67 4453.0 2505.0 1.77 932.B 464.0 2.01 26.53 

32141 2498B 1.28 6231.5 5276,0 1.18 1012.6 7B7.0 1.28 31.74 

42£182 22400 1.91 A936.5 5342,0 1.67 1034.9 800.0 1.29 ~1.43 

31957 32927 ,97 6137.5 6919,0 .8B R67,4 1037.0 .BJ 36.B4 

57986 51948 1.11 B424.5 7230.0 1.16 2910.2 1645.5 1.76 19,92 

679398 735821 . 92 129414.0 1297B3,0 '99 22B06.3 23799. 7 , 95 29.7B 

31. 76 1.24 8.06 

31. 75 1.00 6.01 

31. 75 1.23 7.91 

25.00 1.17 5.99 

31.76 1.30 8.15 

31. 75 J.118 23.92 

31.75 .9B 6.24 

31. 75 .94 5.B7 

31. 75 1.64 11.liO 

31. 75 ,BO 

29.41 1.17 

31.75 ·" 
30,49 ,69 

31. 75 .B3 

31. 75 ,99 

28,00 1.47 

31. 75 1.16 

31.56 .63 

30.91 ,96 

4.48 

7.11 

5.66 

3. 60 

4. 77 

6.15 

B,63 

7.07 

2.89 

5.67 

Figure 9. Report 1 B, Summary 1, comparison of actual to planned expenditure. 
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6.69 ,87 
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: DATE OF REPORT DEC 12, 1969 PAGEJ0]6 

REPORT BB 

• OPERJri'IION 1001 PATCHlNG-HAtW TOOL DISTRICT 20 PERIOD STi\RTING 28/0J/69 E:NDlHG 07/ll/69 

TOTAL TOlAL ACCOHPLISHKENT UNIT COST PRODUCTIVITY USAGE arl1111Hn•( 
K.4.NOOURS .,..,,.. TOMS ttJLWt HAN OOURS '"'-"J: l'Q. .COLL.WI rD. 

"' PER 2-tMiE >·l.).)ICllQL( - TON ""' ........ • ••'' '•• • • ' • ••• ' ' ' ••'' '••~ • o ooo. '' '•• • " '•••' o 'o I•• o oo o•' I ' o ooo o ou•'' '•o o ···································· ·················· ••••• ••u 
SUPEllVISOR GERRIEAl"OS 1'4 "' 24 31.lJ 6 , 000 "' 14.16 

144 96, 08 22.000 . OJ 4. 38 

67J io002 157 25 . li9 lo . 286 l, _ 1) 105,32 

J5l 1980 65 J0, 23 5, 358 1 , 96 59,82 

'ttlf'T.'li\' J• lm1A1.$ 6877 27 , 72 lo , Bt,2 1 , 58 l,] , BJ * 
l!l:tlto:VIU& ~ 1 C' 1"11CQ 221 47 26.32 4 , 712 l , 03 27,07 

30 20.u J,000 ,30 6. 04 

lO )01 1726 64 26.76 4,666 1.16 H , J2 

19 64 J40 28, JS s. J1s ,28 7,87 

tl.lrDiYl 101 l TOJ .. l ,;'.I 6l7 3505 l3J 26,25 4,621 .7 5 19,77* 

rumV1wa .u.o: SC..11 11.0 BJ1 42 19,78 2,892 1. 05 20,72 

964 69Jl 595 11,64 1,618 16,08 187,32 

536 4208 19. 66 2,504 6 . 15 120 , 92 

8337 516 16. 15 1.743 36,60 591.28 

8917 465 19.17 2. 411 21 . 7) 416,68 

SUPEllVlSOR 3 TOTALS 361,J 29226 1832 15.94 l.987 l2,4J 198,28 * 
12 870 l74 29 , 74 4.988 5 , 88 175 . 37 

14 9J4 28 ]J . 37 6 , 071 1. 01 )5 , 79 

IP 

>I " 141 i.1 . 01 7. 000 . OS 2,54 

SUPERVlSOR I, TOTA.LS 1062 6275 205 J0,53 5,165 l,/,2 43.58• 

filJtQ\l'l :&Qll UI L lWnt.lll ll "' 4231 158 26 . 77 4,J48 5.39 141, . 40 

" 39 . 06 8 , 000 1.88 

l6 650 1,399 199 22 . 10 3 . 268 11. 99 265.00 

557 )604 27,16 4.197 4.46 121.76 

JiUPUYf._ > 'T'CITAt:; 12275 490 25,01 3,877 5,09 127, 60• 

OPERATION 1001 TOTALS 8425 58158 2910 19,98 2 , B94 403 80. 57*"' 

Figure 10. Report 88, summer maintenance resource expenditure. 

Figure 11 shows a typical page from Report BC. This report is organized primarily 
by operation, then by contract or project. The data are otherwise presented in the 
same form as in Report BB. The information contained in this report is generally self­
explanatory although the second column may require clarification. 

Activities carried out for other agencies are identified by a fifth digit which precedes 
the basic operation number. Five basic prefixes used are given in Table 1. 

Group 3 Reports 

Report B, Winter Maintenance Resource Expenditure, is primarily organized by 
patrol, then by operation. Figure 12 shows a typical page from Report B. 

TABLE 1 

PREFIX CODE USED IN REPORT BC 

Prefix 
Code 

5 
B 
7 

8 
9 

Description 

Sundry and engineering on capital contracts 
Sundry and engineering on ordinary contracts 
Other ac:onc!es, municipalities, connecting links, 

other governm"nl depal"lments and agencies, 
private organizations, etc. 

Capital day labor 
Ordinary day labor 

Report BA, Winter Maintenance Re­
source Expenditure, is organized pri­
marily by operation and then by patrol. 
A typical page is shown in Figure 13. 
The information contained in this report 
is generally self-explanatory although 
three of the columns may require clari­
fication. 

Consider the first line entry. In the 
second column, the figure "2" indicates 
that Pah'ol 1 operates with a two-shift 
system. A "1" or a "3" would indicate a 
single or a three-shift system. In the 



DATE OF REPORT - FEB. 2 1, 1970 
PAGE 676 

REPORT 8C 

DI STRICT • 11. Pf.lllOO STARTING - 28/03/69 EKOINC - 05/12/69 

• CONTRACT OPE:RATION 
• NUMBER NUMBER DESCRIPl'ION 

HAN·llOURS EQUIPMEt;r •HOURS TOTAL ACOOKPLISHMENT OOLUJtS PER • 
REGUUJl OVERTIME YOTo\L REGUIAR HIRED OOLV.R EXPEND QUANTJTY UNITS ACCOMP UNIT : 

6765 

6765 

6997 

67154 

681 23 

681 23 

6812t. 

68124 

68157 

OOJ.)I 

68178 

5100I PATCHING-HAND TOOL 64.0 

TOTAL 64.0 

TOTAL EXPENDITURE MINUS STOCKPILE MATERIAL 

51001 PATCHING-HAND TOOL 16,0 

TOTAL 16.0 

TOTAL EXPENDITURE MINUS STOCKPILE MATERIAL 

51001 PAICHINC- HAND TOOL 2t.,O 

TOTAL 24.0 

TOTAL EXPENDITURE MINUS STOCKPll.E MATERIAL 

51001 PATCHING-HAND TOOL 99.0 

TOTAL 99.0 

TOTAL EXPENDITURE MINUS STOCKPILE MATERIAL 

51001 PATCHING-HAND TOOL 167.0 

TOTAL 167.0 

TOTAL e>CPENDITURE MINUS STOCKPILE MATERIAL 

51001 PATCHING-HAND TOOL 296.0 

l "UTAL 296,0 

TOTAL EXPENDITURI': HlNUS STOCKPILE MATERIAL 

51001 PATCHING-HANO TOOL 12.0 

8.0 

8.0 

... o 
"4.0 

16.0 

16.0 

2"4.0 

u .. o 

99.0 

99.0 

167,0 

167 .o 

3Clli.O 

304,0 

12.0 

8,0 

8,0 

•.o 
,,0 

16.0 

11'.>.0 

16.0 

16.0 

31,0 

31.0 

79,0 

79.0 

2.0 

5.0 

5.0 

269.94 

269.94 

225.36 

79.12 

79.12 

64. 26 

298.38 

298.38 

123. 78 

lili2.li0 

356.95 

819.92 

819.92 

597.01 

1491.03 

1491.03 

1238.41 

86 . 98 

Figure 11. Report BC, other agencies resources expenditure. 

12.0 TONS 22.49 

TONS 

23. 5 TUNS 12. 69 

11.5 TONS 38.46 

JO.O TONS 27.33 

39,0 TONS 38.23 

4,0 TONS 21. 74 

- • a-.• .... tt u ·•~•1111 H •1111 ... •1111•1i - ..... •• ••••••.a.:Hfl••H•H .... ILH • #illolll .... ""*6 ................ ,, ,...,. ......... , ................ ill*ttff • l"A ••hiHll'"l1U ... tt ........ ll .. ..... .... __. .... .. 

* DATE OF' REPORT HAY 03, 1970 PAGE fl • 
WIN!e"R MAINTENANCE RESOURCE EXPENDITURE 

REPORT 8 . 
PA'IROL SUPERVlSOR GERRIE AKJS PATROL 8 DISTRICT 20 PERIOD STARTING 20/06/69 ENDING 27/J/70 111 

• • - ............................ ..-...-.i1 ... ,..,. _ .,, _ _, ............ t-tri' ............... ..--.... . ...... - ................ _. .............. . ........... . .................................... , ........... 1' ... .. . . 
OPERATION MAN-OOURS 

CODE DESCRY PI ION REGUIJ\R OVERTIME 

2 70 ll PlDWING TRUCK 383 114 

27012 WJNGING BACK TRUCK 144 

27013 Pl.OWING GRADER 107 

27014 WINGING BA.CK GRAD 52 

27016 SNOW REMOVAL 1103 

27018 DRAINAGE 185 

27019 tCE BlAOING 63 

27012 SANDING SPREADER 

27022 SANDING PAT TRUCK 

27023 SPOT SANDING 38 

27031 S ALTING SPREADER 

2 7032 S ALTING PAT TRUCK 36 

27033 S POT SALTING 11 

27050 ROUTINE INSPECTION 647 24 

27061 STANDBY DAY 485 

27062 STANDBY NlGHT 378 

27070 STANDBY HIRED 

27081 NON-OPERATING TIME 

WINTER MAINTENANCE TOTALS 3637 152 

TOTAL 

497 

116 

52 

1103 

165 

63 

38 

36 

11 

671 

090 

376 

3789 

RATIO OF E:QUI PMENT HIRED 
OVERTIME EQUIPMENT 
TOTAL tm.S HOURS HOURS 

• 23 

. 07 

. 03 

. 01 

.04 

260 

72 

123 

52 

160 

37 

63 

117 

29 

78 

26 

13 

655 

1691 

131 

109 

260 

TOTAL ACCOHPLJSHM.Etrr 
DOLLAR 

EXPENDITURE QUAlITITY UNIT 

5059 

1474 

10'.)!l 

783 

4027 

770 

970 

2430 

13 

346 

6176 

624 

532 

3355 

1695 

1277 

12 2 l1 

45 

326'!6 

G443 PASS MI LES 

872 PASS MILES 

1110 rASS MILES 

344 PASS MILES 

306 PASS MILES 

441 CU. YD. 

5 CU. YD. 

50 CU. YD, 

2li9 TONS 

21 TONS 

19 TONS 

Figure 12. Report 8, winter maintenance resource expenditure. 

RATIO OF 
DOLLARS OVER 
ACCC1MP. UNIT 

l. 13 

1. 69 

l. G'.:i 

2.27 

3. 17 

5.51 

2. 66 

6, 92 

24. 77 

29. 7li 

28.03 
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• DATE OF REPORT MAY 0'*, 1970 PAGE 716 

WINTER MAINTENANCE RESOURCE EXPENOIT11RE 

REAJRT B A 

• OPERATION 27011 PLOWING TRUCK DISTRICT 13 STARTING 20 / 06/69 ENDING 27/03/70 
- · .. ·-· ... .... .. .. ..... .. ... ' ... ... ... ... ·-· ..... ·· ··-....... .... ...... .. ' .. .... ................. .. ........ ...... .. .. ... ... ...... .. ........ .. ....... . 
' PAT SHIFI 

SYSTEM 
STAF'F HAN OOURS HAN HOURS OVERTlHE EQUIPMENT HIRED TOTAL 

REC. OVER TI HE TOTAL ovm OOURS ~UJ PMENT OOLLARS 
TOTAL OOURS 

ACCOKPLSHMm: UNIT COST 
PASS MILES OOLIARS 

PER 
PASS MILE 

FREQUENCY 
PASS MILES 

PER 
LA.NE MILE 

EXPENDITURE 
OOLIARS 

PER 
2 -LANE MILE 

··· ··· ···· ·· ···· ·-···· ······· ·· -··· ··············· -···· ··· ···· ··· ·-· ······· ···· ······ ····· ······ ··· ······ ··· ··· ··· ··· ···· ····· ··· ··· ·· ·············· 
SUPERVISOR R. E . FENTON 

I' U 86 520 '.006 . 25 1120 17766 18584 .95 146,3 279.78 

17 1171 537 1708 .JI 855 15435 12998 1.18 73.0 173.43 

11 90' 55' 1458 .37 '" 12783 14541 .87 184.5 324.44 

SUPERVSR 1 TOTALS 3561 1611 5 112 .31 2823 45984 46123 .99 120 .2 239. 62 . 
SUPERVI SOR J. A. LEPAGE 

635 '16 1051 .39 576 9437 92ll.i 1.02 94.0 192.59 

I' 8'5 613 1468 ·" 829 14151.i 15511 .91 117. 7 214. 78 

I' 13 8'0 579 1419 ·'" 711 12999 11788 l.10 86. 7 191.16 

15 10 1 55 256 .21 17' 2049 2818 . 72 Li7. l 68.53 

SUPERV SR 2 TOTALS 252 1 1673 4194 .39 2290 38639 39331 .98 92.4 161.57 . 
SUPERVI SOR R. KRIEG 

271 75 3'6 .21 280 3114 3921 .79 59.1 93.80 

10 '6' 313 777 ,,o SO' 7509 8852 ·" 98,6 167.24 

11 1' 650 557 1207 ,,6 858 119:z4 17560 .67 1J4.9 183.16 

11 11 77 0 '" 1?.lJ .36 731 10687 12058 ,88 176.3 312.49 

16 2 13 1227 732 1959 .37 1002 18377 21'1770 ... 182 .2 322.40 

18 762 8J 3'5 "' 161 2933 4273 .68 65.S 89.97 

SUPERV SR 3 TOTALS 364'4 2203 58Li7 .37 3636 54544 67434 .80 126,J 204.28 

27011 TOTALS 9740 5487 15227 .36 8749 139252 1578~8 ,88 117.5 207.31 

Figure 13. Report BA, winter maintenance resource expenditure. 

seventh column the ratio ".25" indicates that 25 percent of the operation in question was 
carried out during overtime. In the twelfth column, the figure "146.3" signifies that the 
number of pass miles per lane-mile plowed was the equivalent to covering the complete 
patrol 146 times during the winter season. 

Report BA, Summary 1-Winter Maintenance Resource Expenditure, is a year-end 
report that supplements Report BA and was developed for the same reason as the Sum­
mary to Report lB. It provides information whereby head office staff may identify and 
take action on possible problems in specific districts. It also provides information to 
district managers whereby they may compare the performance of their districts with 
that of others. 

Figure 14 shows a typical page from Report BA, Summary 1. The format of this 
report is very similar to that of Report BA. 

Reports lB, BB, and BC for summer maintenance and Reports Band BA for winter 
maintenance were developed originally as monthly reports to assist the districts in 
controlling both the work and expenditure within the districts. There is, however, a 
considerable delay in receiving the information. In most cases, the individual opera­
tions are completed by the time the reports are received. It is too late to take any 
remedial action. (However, the data are used in the planning of operations for the next 
summer maintenance season.) 

Starting in the fall, these reports will therefore be issued at the completion of either 
summer or winter maintenance only. Two basic reports organized by operation are 
being prepared, one for summer and one for winter maintenance. These reports will 
be issued monthly during their respective seasons, and should provide the districts with 
the required information currently presented in the summer reports BB and lB, and 
winter reports B and BA. 
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..... ....... .. ...... .... ... ... .. .. ... .. ......... .. ... .... ....... .... .. ....... ...... ... .. ....... ................ ............. ... ..... .... ...... .. .... .... 
: DATE OF REPORT MAY 06 , 1')0 PAGE 1 

WI NTER Mi\ltn'ENANCE RESOURCE EXPENDITURE 

SUMMARY 1 TO RE PORT 8A 

: OPERATION 27011 PLOWING TRUCK PflUOD STARTING M /0 6 /20 ENDING 70 / 03 / 27 ...................................................... ............. ... .. ........ ..... .. ... ................... .... ... ..... ........ ... ........... .. .... 
:f)tST SHIIT STAFF HAN-HOURS ,..,"iN ffOURS OVERTIME EQUJPMENT HIRED TOTAL ACCOl1PLI SHHENT UNIT OOST FREQUENCY EXPEND!-

REC'ULJ.R OVER.THIE TOTAL OVER HOURS EQUI PMENT DOLLARS PASS MILES OOLURS PASS TURE 
TOTAL HOURS PER MILES OOLLARS 

PASS MILE PER PER 2-
TllNf'. T.ANF 

: . ...... .. ... .. ..... .. ... .. . ... .............. ... . ..... ... .. . .. ........... ....... .. . .. .. ... .. .... .. .. ....... .. . .................. . ttn~ . ..... l:!ll-1' .... • : 

148 9607 4644 l43Jl ·" RG07 12 6045 139020 . 90 95. l l72. 38 

218 1)786 654 1 20327 .)2 11079 185870 161JIJIJ2 1.09 117 .2 256.37 

24) 239 10 5655 29565 .19 13124 270395 248052 l.09 177.0 385. 81 

t,oo 12283 5592 17875 .31 9822 160370 142219 1.12 75. 11 l71.08 

319 30051 422/i 34275 .12 16874 337707 271127 1.24 ,06 . 4 'illi,OQ 

'92 10811 10169 28980 .35 1310(1 2393 78 163317 1.46 83.0 243.39 

258 12810 5267 18077 . 29 8856 164297 163138 1.00 114.9 231.44 

28• 15802 125J2 28334 .44 13550 2li8990 223346 1 . 11 119.4 266 . 12 

274 19117 5128 21f245 .21 1171.iJ 2070 74 21411 2 . 96 127 .2 245.96 

10 127 9683 3777 13460 .28 6786 120253 109543 1.09 81.9 179.76 

l l 177 13881 6593 2047/i .32 10717 373 197776 173046 1.14 126.5 289 . 13 

}3 155 9726 5487 15213 .36 A7t.9 13 9 167 152888 .91 113.8 207.19 

14 138 11998 3402 15liOO .22 7289 133875 113729 1.17 65 . 5 154 . 15 

.. ... ;:;l1 1Ti1 HML .Ll lUO / 'JU U}52H . ,. 113 . 2 17tl. 3 9 

l7 158 142)3 7758 21991 .35 12202: 195071 190672 l , 02 121.3 24B . 27 

18 163 U.289 60'4 0 2:0329 . 29 11630 180058 200008 .90 123.l 2:21. 61 

19 168 16980 5633 22613 .24 12946 2 10278 253292 ,8) 109.6 181. 95 

20 123 6619 894 75 13 .11 3784 68688 65104 l.05 33. l 69.85 

TOTAL 3958 262987 102107 36509ii . 27 187670 373 3292082 3128133 l.05 108 . 2 227 . 81 

Figure 14. Report BA, Summary 1, maintenance resource expenditure. 

Analyzing Reports in the Field 

The patrol supervisors and the patrolmen use the reports in the following manner: 

1. To compare individual patrol achievement with that of adjacent patrols. This 
enables field management staff to review unit costs, efficiency, and productivity; 

2. To analyze differences in achievement, comparing methods of work and effect of 
various crew sizes and equipment complements; and 

3. To review and compare work remaining records, thus maintaining a control of 
the quantity of work performed on individual operations. 

Analyzing reports encourages the patrol supervisors to meet with their patrolmen 
and review ways and means of improving methods of work. There has been a generally 
increased interest in efficiency amon~ the field staff as a result of receiving this infor~ 
mation on cost awareness. 

Analyzing Reports in the District 

The district management is using the reports in the following manner: 

1. To compare achievements of individual patrols and patrol supervisors' areas; 
2. To ensure that the field staff are adhering to planned work load and to review 

where there are discrepancies; 
3. To observe low-costing and expensive operations and to review operations in the 

field to ensure that patrols are adhering to quality standards; 
4. To compare efficiency and productivity with similar districts within the province; 
5. To control and compare service-crew operations such as zone painting and for­

estry; and 
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6. To plan work load, staff, equipment, and finanical requirements for the fol­
lowing season. 

Analyzing Reports at Head Office 

The head office maintenance staff is using the reports in the following manner: 

1. To compare efficiency and management of the different districts; 
2. To determine standard values for each operation and related monetary require­

ments; 
3. To use standard values and road code types in determining staff and equipment 

requirements for individual patrols, areas, and districts; 
4. To assess reconstruction requirements in light of current maintenance expendi­

tures for individual roads; 
5. To review and compare different methods, staff, and equipment complements for 

particular operations and thus recommend the most suitable methods and complements; 
6. To compare costs by day labor with costs of contracting various operations; and 
7. To review service-crew operations and determine staff and equipment require­

ments. 

With reference to some of these uses, the following is a more detailed description, in­
cluding some of the results experienced. 

Staff Requirements . 
The computer output report 12 provides the total man-hour requirements of a patrol, 

including both routine work and overheads such as vacation and sick leave. This total­
hours figure is compared with the actual total man-hours available. The difference 
gives the number of man-hours surplus or deficient within the work unit and is easily 
translated into numbers of men by dividing the difference by the total hours available 
per man. This method of calculation of work-unit staffing may be used to calculate the 
provincial staff requirements. 

A second method is used to recalculate a specific district or portion of a district 
that has been reorganized. This method involves a calculation of the man-hours re­
quired per mile of each road type on the patrol(s) multiplied by the miles of road, to 
which is added the usual overheads. This total man-hours is divided by the number of 
hours available for work per man, giving the number of men required on the patrol. 

Both of these methods are based on the latest mode values, which are determined 
from data in other reports. As a result of this system of calculating staff requirements 
there has been a substantial reduction in the department's field maintenance forces with 
little impact on the level of service provided to the motoring public. The reduction has 
taken place largely by means of attrition together with transfers of personnel where 
feasible. 

Winter Shift Systems 

Prior to the study, the department had seven types of shift systems. The use of 
specific shift systems was based almost entirely on an evaluation of need by the individ­
ual districts. The study reduced the number of shift systems to three basic types. The 
actual manpower and equipment complements used criteria such as snowplow speed, the 
rate of snow fall in inches per hour, and the maximum allowable accumulation on the 
road, which was an expression of the traffic volume with the following formula being 
derived: number of plows equals lane miles of road divided by plow speed (mph), mul­
tiplied by maximum allowable accumulation (in.) divided by snowfall rate (in. /hr). 

The equipment complement for each patrol was calculated by computer and adjusted 
where necessary to take into account a number of parameters, such as very severe 
snow-belt areas and very high traffic volumes. The cost savings are difficult to assess 
due to the variations in winter severity, although the winter maintenance staff was re­
duced by about 20 percent. Approximate savings in wages are given in Table 2. 

The winter maintenance output reports referred to elsewhere in this paper are being 
further refined but currently provide management with useful data on the unit cost of 
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the major winter maintenance activities­
snowplowing, sanding, salting, and routine 
inspection. Ratios of regular man-hours 
expended compared to overtime will point 
out where more economies may be real­
ized. Analysis of these data is really just 
beginning and, with a computer-oriented 
syslem, lhe ways in whkh dala ean be 
manipulated are unlimited. It is expected 
that the information system will provide 
the data necessary to refine further winter 
maintenance practices and continue to pro­
vide the level of service currently existent. 

Patrol and District Boundaries 

TABLE 2 

LABOR SAVINGS TO THE DEPARTMENT THROUGH 
REDUCTION OF WINTER STAFFING LEVELS 

Year 

1967-68 

1900-09 

• 1969-70 

Total 

Staff 
Reduction 

470 

914 

986 

Avg Hours 
in Winter 

Season 

862 

002 

862 

Avg Hourly 
Rate($) 

2.38 

2.00 

3.00 

Savings to 
Dept.($) 

964,230 

2,200,030 

2,549,800 

5,720,060 

In determining the recommended patrol staff, the total was usually selected by round­
ing the required staff to the nearest whole number. Due to the rounding process, the 
recommended staff usually increased slightly over the required total. This surplus was 
reviewed together with such aspects as two crews working out of the same yard and 
future changes in the highway system, with the result that patrol mileages and even dis­
trict boundaries were adjusted to approach more closely the actual staff complement 
required. The adjustment in patrol and district boundaries has decreased the number 
of patrols by about 12 percent while total mileage increased by approximately 5 percent 
during the same time span. 

Equipment Complements 

A further use of the information reporting system is in the calculation of optimum 
equipment complements. Historically, the patrol boundaries have received the same 
for both winter and summer operations. With the use of calibrated, geared-to-the-road 
spreaders and standard rates of application of chemicals and abrasives, it has been 
determined that considerable economies can accrue in the total fleet complement. It is 
apparent that a summer patrol boundary is not necessarily the optimum turnaround 
point for a sand spreader, nor are patrol years necessarily the optimum location for 
stockpiles of abrasives. These adjustments are continuing to take place, with new 
computer programs being written, which will calculate the optimum spreader comple­
ment or the optimum stockpile location or both. 

The information-reporting system has indicated other areas where the equipment 
complement can be determined more objectively. An example is the number of graders 
used for the maintenance of gravel surfaces. Standard values have been produced by 
which the number of grader operators have been allocated. Comparisons of actual to 
planned performance provide management with an objective basis for control of the 
operation. 

It has not been possible to quantify precisely the economic benefit to the department 
from implementation of the maintenance management Rystem, but an ordEir of magnitude 
can be established. A reduction in the winter maintenance staff by 10 percent with a 
similar reduction in the summer staff is in part due to the information system as is the 
reallocation of equipment for more effective use. As the information system is further 
refined, it is expected that many additional efficiencies will be introduced. 

Problems Encountered 

During the implementation of the system, the department became aware of various 
problems and some modifications were required. The following sections will explain 
some of the problems and the solutions that have been introduced or proposed. 

Field Information-The field documents originally had to be completed in duplicate to 
satisfy fiscal requirements, as well as the maintenance system. 

The documents were then forwarded to the electronic computing branch at head office 
for keypunching. This created a large backlog of keypunching in head office, as well 

. . 
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as extra work for the field and district staff. By introducing equipment in the district 
offices to keypunch cards to the bookkeeping machines, this problem in the head office and 
the duplication of documents was eliminated. 

Each line entry from the documents still had to be keypunched separately resulting 
in a heavy work load for the district keypunch operators and payroll section. For this 
reason, new documents were devised and introduced in a trial area. The trial area is 
presently being expanded to include three districts. The documents appear to have sub­
stantially reduced the work and time requirements in the district office as well as mak­
ing it more convenient for the field staff to complete the documents, which are: 

1. Attendance and Pay Document-This form verifies attendance and hours worked 
or time off and reason. The form is so simple that all employees can fill it in thereby 
lessening the patrolman's paperwork. Because no distribution is shown, the fiscal 
processing by the payroll section can proceed uninterrupted. An example is shown in 
Figure 15. 

2. Checksheet-This is a working form on which the total hours available for work 
can be checked against the hours distributed (Fig. 16). 

3. Posting Document-This document made out by operation by highway, shows total 
man-hours, equipment hours, material used, accomplishment, and hired equipment. 
Because all information can be totalled for the period, keypunch entries are reduced 
by approximately 80 percent (Fig. 17 ). 

These three forms replace six forms that are currently being completed in the non­
test areas and substantially reduce the posting and keypunching in the district offices. 
The time reported on these forms is broken down by operation and day or shift. 

Computer Reports-As mentioned previously there is a considerabl e delay in the re­
ports b e ing forwarded to the distr ict s (approximately 6 weeks after the end of a pay 
period). Some modifications in existing programs and the new posting documents should 
reduce this period to 4 or 5 weeks. 

Since the reports have this time delay, the use of the work remaining form is the 
principal means of controlling the maintenance operations. The new documents will also 
assist in providing the current status and necessary control. 

Scheduling-The department has had varying degrees of success in scheduling. Sched­
uling has always been done in one form or another, so when it was decided to write up 
a schedule the week before, a number of deficiencies came to light. The main com -
plaint was that a written schedule required constant changing as a result of weather, 
equipment breakdown, sickness, and emergencies . These constant changes proved to 
be the exception rather than the rule and the main solution to scheduling is through 
training and follow-up. Patrols that have little or no scheduling problems have dis­
covered the merits of scheduling in efficiency and lower cost. Revisions to the form 
are being considered and it is anticipated that, with continuing effort, all districts will 
find continuing advantage in increasing the efficiency of the organization. 

In order to minimize a scheduling change, all the maintenance groups in a district 
must schedule their work (i.e., the field mechanics working out of a district garage, 
the service crews, sign-shop crews, etc.). The district management should also main­
tain a control of emergency-type interruptions. 

Road Inspections-Originally the patrol supervisor and patrolman performed a de­
tailed ins pec tion of each road in the fall, noting all operations that would be required 
the following summer. This procedure occupied considerable time. The detail also 
proved to be unrealistic and impractical. The procedure has been changed so that only 
unusual or particular requirements are reviewed at the site. The routine operation 
requirements are determined from the previous summer's work, the mode values, and 
the field supervisor's knowledge of road conditions. 

QUALITY STANDARDS 

A quality standards panel which had been set up prior to the last report (1968) con­
tinued to draft, approve, and issue standards of maintenance for highway surfaces, 
shoulders, and various other elements of right-of-way. There has been some question 
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MAINTENANCE EMPLOYEES DAILY CHECK SHEET 
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Figure 16. Daily check sheet. 
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as to degree of standard by various field personnel and these standards are currently 
undergoing revision. New standards are also being drafted for discussion by the panel. 

OPERATING INSTRUCTIONS 

In order to assist in establishing standard values for planning, methods of operations 
are being observed and evaluated. A number of operating instructions are being tested 
in various parts of the province. These instructions were the result of interviews with 
district personnel, studies and methods performed by other agencies, and various sur­
veys. It is hoped that at the end of the current summer maintenance season, these in­
structions will again be reviewed and assessed with the view to standardization of 
method. 

URBAN FREEWAY OPERATIONS 

The usual methods of calculating efficient crew and equipment complements, ex­
plained before, were found to be unacceptable for urban freeways (Toronto area has ap­
proximately 250 equivalent 2-lane miles of freeway, six or more lanes divided or 
undivided). 

The head office maintenance management staff is currently undertaking a study of 
patrol functions in the freeway area to detail the total involvement of maintenance work, 
methods and standards, etc. This study is in the initial stages at present and may not 
u;olti ronnro.,..oto "'00111+0 fn"' ,.,_...n+hQ"" 't"V'lf"'l;n+n""""" ,...,... ..... ,...,.......,, J ... .._. ........ ...,,..,,.,. ... ...,.., "'"'"' .a. '-'L.11""'"""~ ... .._,.., _ _. ... ...,"..,""'-""' .&..&..l.'4.&.&.1."''-'J..&."-..l.L'-"'-" OVUOV.1..1.• 

CONCLUDING REMARKS 

Fifteen months have passed since the Ontario maintenance management system was 
fully implemented in all districts of the province. Although substantial progress has 
been made in fulfilling most of the objectives of the system, the major progress has 
been achieved in the new reporting system and the benefits derived from the informa­
tion reported. This has resulted in an updating of standard values related to produc -
tivity and quantities of work which are essential for planning purposes. Field crews 
are now proficient in the use of the reporting forms; errors continue to arise, but their 
frequency has now declined to the point where those made can be tolerated. 

Several reports, including those prepared by electronic data processing, are being 
distributed to district managers in order that they can monitor performance in their 
own district. District personnel, however, continue to express concern regarding the 
volume of reports and the lack of time to study them. This area will receive attention 
in the future to ensure that reports are received in time to take effective action. It is 
inevitable, however, that feedback will be delayed because field crews report biweekly 
and processing at head office and the electronic computing branch requires further 
time. New reporting documents are being tested, however, that have the facility of 
providing district managers with more rapid feedback. 

A staff reduction program, resulting from information obtained from the reporting 
system and other elements of the maintenance management system, has been under way 
since 1968. A reduction of 10 percent has so far been possible due to information 
b1·oughl lu light by the new reporting methods. 

Certain voids and gaps in the system flow have yet to be resolved. One example is 
the fact that the maintenance budget is not yet prepared from the reported data. This 
is not possible at the present time because the personnel reporting through the system 
represent only 65 percent of the total maintenance expenditure. The remaining 35 per­
cent is incurred by electrical and sign-shop crews, unabsorbed garage overhead, and 
major maintenance projects such as hot mix patching, gravel, liquid calcium chloride, 
surface treating, and mulch paving. It is intended to incorporate these items into the 
planning process of the system in the near future. 

In the meanwhile improved methods of training and communication are being imple­
mented and further refinements will undoubtedly take place as maintenance personnel 
become more conversant with the principal aims of the program. Overall response to 
the demands of the system is generally well received and it is anticipated that gradually • . 
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all the participants in the province's maintenance management system will eventually 
contribute more, as interest increases and new standards of maintenance are achieved. 
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