
Appraisal of Needs and Cost Estimating 
Procedures 

Minnesota Trunk Highway Needs Study 

R. 0. KIPP and W. T. LUSSKY, Respectively, Highway Needs Engineer and Data 
Processing Program Supervisor, Minnesota Department of Highways 

Minnesota's Trunk Highway Needs Study, which was started in 
1961, is designed to utilize insofar as possible the speed and 
efficiency of electronic data processing equipment to compute, 
list, and summarize the cost of needed construction on the State 
Highway System. The computer procedures are programmed 
for the IBM 1410 computer and are so arranged that various 
parts of the basic input data may be revised periodically as 
changes occur in the factors which influence the end result of 
cost computations . 

The results of this study and related computer programs have 
been very satisfactory . The updating features of the programs 
have been utilized and found to work as expected. 

The output data are being used for construction programming, 
informational releases to the general public, and in conjunction 
with legislative inquiries and presentations. 

•PERIODICALLY every state has made studies of its highway systems to determine 
their adequacy and the estimated costs involved in correcting deficient sections. The 
degree of accuracy has run from a rough appraisal based on general averages to fairly 
concise estimates based on quantities of work and realistic unit prices for the types of 
work involved. The states have seldon1 been able to keep the studies current because 
of varying cost increases of the various items, changes in design and construction 
standards, and revisions in traffic projections. These varying components require a 
multitude of computations to maintain such a study in current status. Without the use 
of modern electronic computers , the task of maintaining these studies would be a tedious 
and prohibitive process. 

As in other states, Minnesota's highway systems have been the subject of needs 
studies in the past. Due to legislative action, the 30, 000-mile County State-Aid Highway 
and 1, 200-mile Municipal State-Aid Street Systems have had continuing needs studies 
since 1957. Work on the continuing Trunk Highway Needs Study was started in mid-1961 
with the first six to nine months spent reviewing needs study procedures used previously 
in Minnesota and several other states, designing the data collection sheets, writing the 
manual of instructions, and having preliminary conferences with the programmer for 
the computer operations. 

The Trunk Highw.i,y Needs Study computer procedures have been programmed for the 
IBM Model 1410 computer and related equipment. These procedures have been organ
ized to utilize, wherever possible, the speed and efficiency of electronic data process
ing. The computer program is so arranged that the various phases may be revised 
periodically as changes occur in design criteria, traffic data, or cost factors without 
disrupting the balance of the basic information. 

Paper sponsored by Committee on Highway Needs and presented at the 4 3rd Annual Meeting . 
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~;~;I No. 
2972 

Mlt\NE301'A IIIG HWAY OEPAHTI\TE~1 - L.S. RURF.AU OF PUBLIC ROADS 

{He\, 4-62 ) 11u;:,,:K f-lJGH\\'AY .'J t-;i-:ns SI LO \' - ROA0\\"J\Y O,'\TA S HEEf 

IDENTIFICATION 

l , Control Section 2, Segment J, District 4. T , H. 5. Lenglh 

6, Munici'pelity _____ 7. Termini _______ _________________ _ 

8, Federal Designalion: ~ ~ ~ Non-Federal 
Rural (D Rural G) Rural © Rural (D 
Urban 0 Urh,.., © Urban © Urban @ 

9, Urban Classification: Non- Municipal: Non- Urban 0 Municipal: Nan• Urban@ 

Urban 0 Urban 0 ~Fo!!._Of{itLVllu!• 

10, Service Level of Facility: Freeway (D Expressway @ Trunk Rou.t~ 0 Collector 0 V.//A) V/A 6 V.//..1 

11. Proposed Springtime Reelriction: Plan "A" Plan "B'' Final 

12, Legal Designation: Constitutional Route 0 LeJZi11lative@ V.M Coat n,111.n ~M 
t%{ I V/.A l Y././A l y_.r_,,. 

TRAFFIC DAT A 

13, Est. Present Traffic (Average Daily Trame) __________ _ 14 , Year 

16 , Year 15, ERt - Future Traffic (Average Daily Traffic) 

17 , Percent Commercial _______ _ 

19, Percent ror 30th Peak Hr . _____ _ 

21, Practical Capacity (No Parking) , . 

23 , Estimated Classification of Trucks: 

(a) Percent 2 axle single 

(c) Percent 3 axle TT -ST 

ROAD DATA (Exisling or under Conlract) 

I , Thru Roadway: 

24 . Left Roadway (Or Non-Divided Facility) 

A , Surface 

D, Shoulder 

F , Base 

B 

G. 

C. 

E, 

18 . Commercial ____ _ 

20 . 30th PH_< ______ l = 22, Vol. /Cap Ratio---

) 

(b) Percent 3 axle eingle 

(d) Percent 4 axle TT-ST ________ _ 

(e) Percent 5 axle TT-ST ________ _ 

ff) Total Percent (b) + (d) + (e) 

as. Right Roadway (Divided Highway Only) 

A. Surface __ B. ___ C, __ 

D, Shoulder __ . • .. • , . . • . . . E . 

F , Base __ G. __ _ 

H Latest Grading Year _______ H, Latest Grading Year 

I, Latest Surfacing Year _______ I Lalesl Surfacing Year 

26 , Design Speed MPH ___ _ 27 No of Traffic Lanes @Q)©@ 28 . Not Divided@ Divided 0 
29 Median: None @ Raised 0 Depressed G) 30 Medlen Width (Ft.) ________ _ 

31. Percent or Passing Sight Distance Less Than 1500 Ft, ___ 32 Geometrlc Deelgn: Rur-al G) Urban 0 
33 . Maintenance Rating: Non-Exces.sive 0 Excessive @ 
34. Terrain: Swampy 0 Flat 0 Rolling 0 Rugged 0 
35. Construction Status: No t Unde r Conslructi011 @ Surface Remaining 0 

Base & Surface Remaining@ Complete Construcllon@ 

36. Present Springtime Load Capacity (Tons) . 00®@0©0 
37, No, or Bridges fRepor-t on Form 12973) ___ 3B. No, or R R . X-ings (Repor-t on Form #2974) 

II . Interchanges (Ramp'! Only) 

39 Surface 

42 , Shoulder 

44 . Base 

40 . 41 . 46 , T otal Lengt h (Miles) _____ _ 

, •. .. •. ~- ... , , • .. 43 . 47 , Year of Construction _____ _ 

45. 

III , Frontage Roads: 

Left Side Length ( Miles) 

~ ~6 

B c . A. Surface 

D . Shoulder 

F . Base 

.... · ••• •• E . 

G. __ _ 

H. Year or Com,truction 

IV . Climbing Lanes· 

50. Surface: 

54. Base 

51 , 

55 . 

Thickness 

49 . Right Side Length (Miles) 

~~ Widlh 

A. Su.rtace __ B, ___ C. 

D. Shoulder E. 

F BaH __ G , ___ , •• 

H . Ye ar- of Construction 

Lenglh {Feet) 

52, 
53 . -------

56 . Year o r ConBtruction 

Figure l. 
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V, Urbe.n Information: 

57, Right o! Wa.y Width _____ Ft, ;,.., , Building Lrnt tO Building Line Width 

59, Parkifl8: None@ Off Peak Only: One 3t.Je 0 
Continuous: One Side(±' 

60, Tra.ff1c Flow: One Way 0 Two Way@ 

Both Sides© 

Both Sides~ 

Center(3) 

Center~) 

01. C.vrbli: Noue@ One Side (D Both Sides Q..J 62, Boulevard Width _______ _ 

63, ~ • ..!2wa.lks: None® One Side 0 Both SideB ® 64, Sidewalk Width 

6S, Illumination None@ Inter sec lions Only (D Continuous® 

66 , Access Control: None@ Partial(D Full 0 
67. Type of Drainage (De!K, ibe) 

68, Type a! Area: Reaidential 1o ______ Commercial% ______ lnduelrial '1,, 

VI , Condition Ratings & Recommended Construction Period: 

69, Conformance lo Minimum Standards: 

A, Preaenlly Adequate (D Prel!lently Deric(ent ® 
B . Future Deficiency: 1-5 Yrs, G) 6-10 Yrs . 0 11-15 Yrs . (D 16-20 Yrs.© None@ 

<;. Features Dericienl: None@ Geomfl!tnc (!) Structurfl!@ Otnfl!r@ Comorn11.t1on G) 
70, lecommended Construction Period: 

Fir•t Q,-Yr. Period(D Second 5-Yr. Period® Third 5-Yr. Perlod0 After Third 5-Yr. Period© 

71, Ratins F11.ator11: 

A, Foun.dalion B . Surface C, Load Carrying Capacity D, Safety 

E. Traffic Capacity ____ F , Total Rating G Adjusted Rating _____ _____ _ 

7l-. :iazard Condition.11: 

A, No. of Stopping Sight Dilitance Restriclione 

C. No, of Narrow Bridges D. No, of lnlersection!l at Grade 

ROAD PATA PftPPPSED 
7 3, Eetimaled Length ______ Mi. 74, PI"t'poi,eicl Width ______ Ft , 

75, Alignment: SameG) New@ 

77 . Traffic Lanes @Ci}© Other 

76. Not Divided 0 Dividfl!d 0 

79. Terrain (New Alignment): Swampy (D Fl.st 0 Rolling@ 

78, Del!lign Load (Tons) S ® 
Rugged© 

BO. Predominant Soil Class of Propo5ed Subgrade: 

A3 (50%)0 A2 (75%)0 A6 (100%)0 A7 (125%)© 

Bl, Surface Type: Rigid0 Flexible@ 82 , DeeiKn: Rura.IG) Urban0 

83 _ Number of Traffic Separations Required: (Report on Form 12973) 

84 Ramp Lengths (Total _____ Mi.) 185 , Climbing Lariee (Total _____ FL) 

86 , Frontage Roads (Total _____ Mi.) 87 Fronta~e Road Load Desiiin (Tons) @ G) ® 
BB, Number of CroBs Roads Afrected (Report on Form /12975) 

89 , uunty A • JUstmems: Nol Requtre <l 0 R~4u i 1 ~u (D 

RIGHT OF WAY NEEDS (Estimated Cosl - Item 91 Will Be Provided By R/W Section) 

90 , R/W Not Needed G) R/W Needed+ ® 
91 . Estimated Cost ., ___________ (Thousands of Doll~rs) 

"'If R/W is Needed, Complete Separate Form ~2976 , 

CONSTRUCTION ITEMS 

I. Grading 

92 . Clearing & Grubbing: None@ Light 0 Average (D Heavy (D 
93 . Demolition: None@ [ndustrial G) Urban 0 Suburban@ Rural 0 
94, Removal Items: ,Concrete Pavement (S_ Y. ) ___ _ Concrete or Masonry Slructuree (C . 'l . ) ___ _ 

Portable Culvert.!! (L, F . ) ____ _ Curb & Gutter (L , F. \~---- Sidewalk (S . F.) _____ _ 

95 . Type of Grading: None@ Reshape Only (Minor) G) Widen Only (No Grade Change) 0 
Regrade & Wl r.f.l!ln@ Regrade (Complete) 0 Complele (New Alignment)© 

96 Class of Excavation: (C Y. Per Mile): 

Class "A" ___ _ Claes "B'' _____ Claea "A" Borrow Class "B" Borrow ___ _ 

97 Swamp Excavation: Eslimate Total C Y. 

98 . Swamp Backfill: Estimate Total C . Y. , Adjacent Cute ________ Borrow _______ _ 

99 . Rock Excavalion: Estimate Total C , Y.: 

Clase "ASR" _______ Clas • "ALR" Clase "AIR" _______ _ 

100 , Minor Drainage Structures: Number Und1tr 10 Feel _________ _ 

Number 10-20 Feel ----------

Figure 1. Continued. 
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101 . Left Roadway: (Or Non-Divided Facility) Parltal Rase Only 

None © Gravel 0 . .. TIM 

Complete Base 0 Bituminous 0 T .'M 

Wic1en\ng © Soil Cement 0Inche~ SY /M 

Strengthening 0 Slip Form Concrete ~ Inches __ SV/M 

ForlTii:?d Coni.:rele Inc he.'\....__ $VIM 

L02 . Righl Roaciway: (Divided Highway Only) 
Partial Base Only 

None © Gr1t\le1 0 . . ... . .. T!M 

C::>mplele Base 0 fhturr.h1ovs 0 .. T i!VI 

Widening © Sol1 Cem~n, @inches __ 5'UM 

Slreng'.hedng 0 Slip Form Concrete ©incht-s __ SY!M 

Formed Cone rele @Inches __ SY/M 

Iii . ~!l~ 

IOJ Left Roadway: (Or Non-Divided Facility) 

Ncne 

~ 2321@ Additlona! Dituminous Inc hes TIM m,G) 
Complete 13ituminous 0 2311© 23510 

Slip Forrn C::oncrete G) Inches 
Non-Reioforced (D Reir,ior,.'E-ci(D SY/M 

Formed Conc-rete 0 Inches 

104, Right Roadw11.y: (Divided Highway Only) 

None @ 
2331@ 

Additional 8it,1minous 0 Inches T/M 
2:;21@ 

Compie te Bituminous @ n,,0 2351© 

Slip Form Concrete @ inches 
Non-Reinrorced (D Reinforced@ SY/M 

Formed Conc,•ete 0 Inches 

lV. Shouldering: 

105. None @ 
Heshouldering (D 

Complete Shoulder 0 
Quantity T/M _ ________________ _ 

V. MiJIIL'" l\NOV9UI lt:ami· (Do Not lnclude [terns To De Done By Maintenance Forces) 

lOG . Fencing (Hundredths of Miles) : Rural Urban ______ _ 

107 . Storm or Sanitary Sewers (L. F.) _____ Approximate Size (Inche•J ____ _ 

108, No. of Lighting lnstii.lla.tione: Parlia.l (Interch,angefl or [ntersections Only,_ ___ _ 

Continuous (Maybe a Portion of the Segment~) ___ _ 

109 . No. of Traffic Signal lnatallationa: Flashing Deacons ____ _ Isolated Pretimed ____ _ 

Interconnected Pretimed ____ Full Trarric Actuated or Pedestrbw Signals _____ _ 

Traffic Adju!lted (3 to 5 lnteree ctiona) __ _ Traffic Adjusted (5 or More lntersectiona.1. __ 

110. Signing: No(D YeB® 111 Curb(L.F.) ____ 112. Curb&.Guller(L. F) ___ _ 

Ll3 . Sidewalk (S. F. ) ____ J 14. Gua.rd Rail: Double Cable (L . F ,) Structural Plale (L. F.) 

115 Roadside Developmenl: (Estimated C<tal~~---------------------
116, Other (SpecHy) _ ___ _________________________ _ 

~ 

Figure 1. Continued. 
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Form No. 2973 
1-62 

MINNESOTA HIGHWAY DEPARTMENT - U, S. BUREAU OF PUBLIC ROADS 

TRUNK HIGHWAY NEEDS STUDY - STRUCTURE DATA SHEET 

IDENTIFICATION 

I . Control Section 2. Segment 3. District llo!'ns 

4. Located on T. H. ___ ---- Miles --- of Cnrd I I , 
5. M.H.D. Bridge No. 6. Bridge Sequence No. I 

2 

EXISTING CONDITIONS (Or Under Contract) i---L-
7. Type of Service: Stream X-ing 0 Hwy. /R.R. ® R.R. /Hwy. 0 LL-

Highway Separation © Highway Interchange © ,____i_ 

R.R. Grade X-ing © Local Road Crossing At Grade 0 ,____i_ 

8. Type of Structure 9. Year Built 5 

10. Structure Length Ft. 11. No. of Spans 6 

12, Roadway Width Ft. 13. Sidewalk Width: Left ___ Rlghl 7 \;' 

14. Vertical Clearance (To Tenths) 15. Safe Loading ___ Tons -1L-
16. Substructure: Steel 0 Concrete ® Timber © Other © ~ 

0 
or 

© © © 1....-L-17. Superstructure: Steel Masonry Timber Other 

18. Type of Floor: Steel 0 Concrete ® Wood © Other © L!.!L 
19. Placement: Skew 0 Square ® 20, Projected A. D. T. '' 

12 

ADE<;JUACY & RECOMMENDED CONSTRUCTION PERIOD ~ 
21. Conformance To Mi.nimum Standards 1..-.-li-

A. Presently Adequate 0 Presently Deficient © .__!.L_ 

B. Future Deficiency: ~ 
1-5 Yrs, 0 6-10 Yrs. ® 11-15 Yrs. 0 16-20 Yrs. © None@ 

C. Features Deficient: None ® Capacity 0 Structure © Other G) ...___ -~ 
22. Recommended Construction Period ~ I 2 

1st 5-Yrs. 0 2nd 5-Yrs. © 3rd 5-Yrs. 0 After 3rd 5-Yrs, © .._J_ 

2 

PROPOSED IMPROVEMENT ___.L 
23. Type of Service: Stream X-ing 0 Hwy. /R. R , © c..-2,!_ 

R.R. /Hwy. 0 Hwy. /Hwy. © Lil,_ -
24. Type of Work: Redeck 0 Recondition 0 Replace - Same Site 0 23 - -Replace - New Site © New Structure © LlL 
25. Type of Structure 26. Structure Length 25 

27. Desig:n Load: H15-S12 0 H20-S16 ® Other 0 25 

28. Roadway Width 29. Sidewalk Width: Left ___ Right 26 

30, Substructure Material: .__n.._ 

Steel 0 Concrete 0 Tr. Timber 0 Other © ~A 

31. Superstructure Material: .,.._!L 
Steel 0 Concrete © Tr. Timber 0 Other © 30 ,_ 

31 

~OST ESTIMATE (Thousands of Dollars) ,___ll_ 

32. Right of Way (See Instructions) $ 33 

33. Approaches (See Instructions) $ 34 

34. Structure Cost $ 35 ,_ 
35. Total Cost $ Ext..rn -; ·•'"' 

DESCRIPTION OF IMPROVEMENT & REMARKS: 

Figure 2 . 

Columns 

I - 2 

3 - 6 

7 - 9 

10 

11 - 13 

14 - ·17 

I I I 18 - 24 

I 25 - 29 

30 - 32 

33 - 35 

I I I 36 - 42 

I I I 43 - 49 

50 - 51 

52 - 55 

56 - 57 

58 - 60 

61 - 64 

65 - 67 

68 - 69 

I 'I 'I 70 - 76 

1 - 2 

3 - G 

7 - 9 

10 

11 - 13 

14 

15 

16 

I I I 17 - 23 

I I I 24 - 30 

31 - 34 

35 

36 - 38 

39 - 42 

43 

44 

45 - 48 

49 - 52 

53 - 56 

I I I 57 - 63 

:;f:. I I 64 - 70 



Form No. 2974 
1-62 MINNESOTA HIGHWAY DEPARTMENT - U,S, BUREAU OF PUBLIC ROADS 

TRUNK HIGHWAY NEEDS STUDY - RAILROAD CROSSING DATA SHEET 

IDENTIFICATION 

1. Control Section 2. Segment 3. District Items .lf°~flon.llon 
4. Name of Railroad 5, X-ing No, Ca rd 

6, Location: Section Town11hip Range 1 I I 
7. Located Miles ®®®© Of Depot Al 2 I 

3 
EXISTING CONDITIONS 

---1- I I I I 
8, No. of Tracks: Mainline Passing Other 5 I I 
9, Daily Train Movements: Scheduled Irregular 6 

10; Approximate Speed 11; Alignment' Tangent (D CU!"Ve ® 6 I ...--
12. No. of Accidents (1930 To Present) Injured ____ Kill ed R 

13; Type of Protection: None ©-- Sign• Only 0 ---1--- I I 
= S1gnais &. Gates G) Signals Uni~ 

~ 
14. Presently Adequate 0 Presently Deficient ® 7 I I I I -

Sketch of Location - Exiotimr Conditton• 

• 8 I I ,,_ 
I I 9 -

10 - r- -
Indicate North ,-l.L 
Arrow in Box 12 I I I I ,,_ 

,-.!L r-

T.H. ,__!.:L 
~ 

Proj. A.D. T, 15 ,__ -
Note: Distances and grade shown are from Intersection of Road and R. R. 

Bpooed Improvements 

Yes (D No® RR 15. Clear Vision at 300 Feet (All Quadrants) 

7 

PROPOSED IMPROVEMENTS 

16. Proposed Protection: None @ Signs Only 0 Signals Only 
® 

Coat Estimate 

Siinals & Gates (D Separation © ~ I I I I I I I 
Oeacrlbc: 

!l,:tr" Dal• 

I I -:1 
Exira 

NOTE: If a Separation is Proposed, Complete Form 112973 ~ 1-r 1 ·1 
17. Rec ommended Construction Period: 

1-5 Yrs. CD 6-10® 11-15 0 16-20 © None@ 

COST ESTIMATE 

18. Proposed Protection Estimated Cost $ 

REMARKS: 

Figure 3. 

Columne 

I - 2 

3 - 6 

7 - 9 

10 

I 11 - 17 

18 - 21 

22 - 23 

24 - 26 

27 - 28 

29 - 32 

33 

I 34 - 40 

41 - 44 

45 - 48 

49 - 50 

51 

52 - 57 

58 

59 

60 

61 

62 

63 - 68 



Form No. 297 5 
2-62 

MINNESOTA HIGHWAY DEPARTMENT - U.S. BUREAU OF PUBLIC ROADS 

TRUNK HIGHWAY NEEDS STUDY • LOCAL ROAD CROSSING DATA SHEET 

,IDENTIFICATION 

1. Control Section, ____ _ 2. Segment 

4. Name of Crossroad or Street _________ _ 

3, District------!---"""'-"""'-, 

5. X-ing No. 4 
6, Located on T. H. ___ , ____ Miles 

of -----------~-_!~ 
2 

EXISTING CONDITIONS 3 

7. Local Road Crossing Effected Length (Miles) --------------.+-..:.:...-1 
Thickness 5 

I!,.. Surface B. c. 6 

D. Shoulder _____ _ .•......•... •.. . •.• .. •• ,. E. G 

F. Base G. --------- • • o , I• I I•, IO• I IO I IO , •• 
G 

H. Latest Grading Year ____ _ I. Latest Surfacing Year 6 

B, No. of Traffic Lanes------ 9. No, of Parking Lanes 

~nUon 

10, Divided (D Not Divided @ U. Design Speed MPH Exlstin Conditions 

12. Present Crossroad Traffic (A. D. T.) ______ _ 

14. Projected Crossroad Traffic (A. D. T. ) ______ _ 

1-3, Year 

1·5. Year 

7 

A·C: 

16, Projected T. H. Traffic (A. D. T.) ________ _ D·E 17. Year _____ """...::;;...=c.. 

F·. 

PROPOSED CONSTRUCTION H • I 

e - 11 18. Local Road Crossing Proposed Length (Miles) --------------1----=--.:.:.. 

A. Surface _____ _ B. 

D. Shoulder _____ _ 

F, Base G. 

CONSTRUCTION ITEMS 

19, Right of Way (Complete Form #2976) 

20. Grading 

Thickness 

CY. Class: @ @ Borrow: ~ @ 
CY. Swamp Excavation 

c. 
E. 

.12-f3 

14 • 15 

Extra 

18 

CY. Swamp Backfill: Borrow (D Cuts @ 1----+-----1--=""-I 
CY. Rock Class: @ {§ @ . D·E 

21. Base i;·-o 
T/M Gravel H 

T/M Bituminous 

SY/M Inches 

22. Surface 
(Concrete Design) 10 

T/M Bituminous 20 

SY/M Inches Z'l 

23. Shoulders 
(Concrete Design) 

T/M Gravel 

T /M Bituminous 24 

24. Utilities 25 

Total of Items 20~ 21, 22 & 23 _____ X __ Percent 

25. Total Cost Estimate ................................ . 

Figure 4. 

i 1'111 ,~ i•·c1, ,,i_ lf,,J It'.! 

~.22!U?d Constru ction 

I 5 
l 

I 
I I 

I 

Cost Eatlrnn t~ 

Columns 

1 - 2 

3 - 6 

7 - 9 

10 

11 • 17 

18 - 20 

21 - 23 

24 - 27 

28 

29 • 35 

36 • 39 

40 • 44 

45 - 47 

48 - 50 

51 - 54 

55 - 59 

60 - 66 

67 - 73 

74 - 80 

1 • 2 

3 • 6 

7 - 9 

10 

11 • 14 

15 - 19 

20 • 22 

23 - 25 

26 - 29 

30 - 33 

34 - 37 

38 - 41 

42 - 45 

46 - 49 

50 - 53 

54 - 57 

58 - 64 

65 - 71 

72 - 78 
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COLLECTION OF DATA 

Five separate forms are used in the collection of data. The forms are as follows: 

Form No. 2972-Roadway Data Sheet (Fig. 1). -This form contains the full identi
fication and classification for each segment, present and future traffic data , existing 
and proposed road data, urban information, condition ratings and recommended con
struction period, space for the estimated right-of-way cost, and estimated construction 
involved in fulfilling the needs. 

Form No. 2973-Structure Data Sheet (Fig. 2). -This form contains an abbreviated 
identification section for each bridge, the existing conditions, a section to indicate the 
adequacy of the existing structure and the recommended period of construction for the 
proposed improvement, the proposed improvement, and the estimated cost of the im
provement. 

Form No. 2974-Railroad Crossing Data Sheet (Fig. 3). -This form contains in
formation regarding railroad crossings and is similar in nature to that in Form No. 
2973. 

Form No. 2975-Local Road Crossing Data Sheet (Fig. 4). -This form is used in 
those instances where it was necessary to do considerable work on a local road (city , 
county or township) in order to meet the proposed grade line or structure involved in 
the state highway improvement. 

Form No. 2976-Right-of-Way Cost Determination Work Sheet (Fig. 5).-This form 
is for the use of the district engineer and the lands and right-of-way division in deter
mining the location and estimating the cost of the right-of-way needed for the proposed 
improvement. 

Because of the continuing nature of the study, these forms were designed to provide 
for the collection of information which is pertinent now or is expected to be so in the 
future. Because the approaching construction season produced a lack of time, the urban 
information section of Form No. 2972 was not used for the initial study. The spaces 
provided for a breakdown of the heavy commercial vehicles were not used because this 
information is not available on a statewide basis. However, it is expected that the 
balance of the information will become available over the next several years. 

APPRAISAL PROCEDURES 

The appraisal of the Trunk Highway System required an inspection and evaluation of 
each road section, bridge, and railroad grade crossing to determine: (a) which sections 
are presently inadequate to handle present traffic when compared to assumed minimum 
conditions which are considered as adequate to handle present traffic, (b) which sections 
are inadequate to handle the anticipated traffic 20 years hence when compared to the 
current construction design standards, and ( c) the nature and the amount of construction 
required to bring each section up to these design standards. Also considered were 
future structural, geometric, and other inadequacies which may reasonably be anti
cipated to occur within the next two decades. Tables 1 through 4 give the minimum 
conditions and the construction design standards. 

This appraisal of the Trunk Highways was made by the district engineers and their 
staffs. For the purpose of this study, the district engineers have indicated in which 
quarter of the 20-yr period such improvements should be made if funds were available 
at that time. Factors in this determination would be the degree of adequacy of 
the existing facility, and the relative urgency of the improvements. 

DESIGN CRITERIA 

The design criteria used throughout this study are based on the current construction 
designs in use in Minnesota. Typical standard designs are included as part of the cost 
computations . As changes in the standard designs occur, they may affect the estimated 
cost, and the affected quantities in the computer program may be revised to reflect this. 

The standards to which each section of roadway and its related facilities are com
pared for adequacy are governed by the proposed service level of the facility, projected 
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traffic estimates, and rural or urban classification. The data supplied by the district 
engineers is reviewed by the Highway Needs Unit for conformance to standards, com
pleteness, and consistency between districts prior to machine processing. 

After this preliminary checking is completed, the needs study data are coded on the 
data sheets and then punched on tabulating cards to make up an input deck for the com
puter. 

Traffic Data 

The traffic data, both present and projected, were obtained from the Traffic Analysis 
Unit, The projections of the traffic volumes anticipated in 1981 are based on the trend 
of the traffic growth during the last ten years. The majority of these projections are 
the result of a computer program designed for the Traffic Analysis Unit; however, each 
projection is reviewed and the stations which appear to have irregular or decreasing 
growth rates are studied and a projection determined for each one. The needs study 
procedure is designed to provide for revisions of the projected tra ffic estimates should 
the growth rate vary considerably from the present projections. These projections are 
used by the computer in selecting the proper typical design for the cost computations 
where complete base, surface or shoulders are specified. 

Cost Data 

The major difference between this and other studies of its type is that the majority 
of its cost computations are performed by computer processes using: (a) a unit cost 
table which is programmed into the computer separately, and (b) the reported or re
quired quantities of the various work items necessary to fulfill the construction needs 
on each segment of trunk highway. To develop the unit cost data, the Department's 
Estimating Section divided the state into twelve cost areas (Fig. 6) , based on general 
topography , availability of construction material and labor rates. The unit costs for 
the work items included in the computer program are estimated for each of the twelve 
cost areas. These estimated unit costs are determined from recent construction con
tracts on the items included in the Needs Study Work Items. All bridge costs were 
computed by the Highway Needs Unit using average costs per sq ft of deck area. These 
costs, recommended by the Bridge Section, were varied by the type of service, skew, 
and bridge width; in the case of concrete box culverts, the cost per foot was estimated 
for each of the several types in use. Railroad protection costs were estimated by the 
district engineers from a range of costs furnished for each type of protection. Road
side development costs were estimated by the district engineers since this item varies 
considerably within each cost area. Right-of-way costs, though not currently available, 
are being estimated by the Lands and Right-of-Way Section. 

Computer Programs 

The needs study involves a series of computer programs which perform several 
functions. The five functions are (a) to edit the input data for invalid coding or condi
tions wherever possible, (b) to assemble a magnetic tape file containing the input data, 
( c) to update the input data tape to reflect the current conditions and proposed improve
ments on each highway segment, (d) to compute the estimated costs of construction, 
and (e) to print a variety of listings and reports showing the mileage and cost of the 
proposed construction by various breakdowns. 

The initial computer program (Program A) is designed to perform the first two of 
these. This program is written so that the edit function is always performed, while 
the tape assembly may or may not be performed. The input to this program is a deck 
of punched tabulating cards containing the information from the data sheets. The pro
gram performs approximately 150 edits on each segment for which there is a set of 
data cards, resulting in a printed list of the errors which were detected. These errors 
are invalid cards due to faulty reporting, coding, keypunching, errors in card sequence, 
or incomplete sets of cards. In assembling the tape, tabulating cards numbered 1 
through 10 which contain the data from the Roadway Data Sheet- Form No. 2972 must 
be present. The limit on the number of bridges, railroad crossings, and local road 
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crossings which can be included with each section is determined by the total number of 
positions allotted for this supplementary data. The available space provides for a 
maximum of 15 bridges per segment; however, this number would be reduced if rail
road or local road crossings are also required in the segment. Figure 7 shows the 
flow of the various operations involved in Program A and Program B. 

If an existing tape is to be updated, Program A may be used to perform the edits on 
the corrected data cards prior to the updating. When used in this manner, the instruc
tions must state that the production on this program is for edit only. In this case, a 
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Figure 7. Data tape assembly and update . 

data tape will not be assembled, although a listing of the edit errors will be printed. 
The input deck to Program A may represent the entire Trunk Highway System or any 
part of it, as long as the proper sequencing of cards entered as input is maintained; 
e-ms, each time Program A is run for editing purposes and the corrections for errors 
noted in the listing are made, only those sections which had errors need to be re-edited. 

Computer Program B is designed to update an existing Trunk Highway Needs Study 
data tape; this is the third function of the computer program. A segment which is on 
the existing tape may be corrected, deleted, or left undisturbed; a new segment may 
also be added to those already on the tape. In this program, the existing data for a 
segment to be corrected is completely removed from the tape and a new set of data is 
inserted. Thus, for segments to be corrected as well as for the new segments, the 
entire set of data cards for the segment (10 roadway data cards plus any bridge, rail
road or local road crossing cards for the segment) must be included with the input. The 
limitations on the positions available for supplementary data are the same as for Pro
gram A. To delete a segment from the tape, a delete card is used which removes all 
the data for the segment to be eliminated from the tape. 

The fourth computer function is carried out by Program C (Fig. 8). This program 
computes for each segment the costs of all the various work items that comprise the 
proposed construction on the segment. This is accomplished by using the data tape 
assembled by either Program A or Program B and a deck of cost cards containing unit 
prices for each item by cost area. Program C is split into two phases; the first pro
duces a printed image of the unit cost table as it appears within the program, and the 
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second performs the cost computations. The first phase serves as a check to make 
sure that the proper unit costs are being used in the cost computations. After comple
tion of the first phase of the program, the use of the second phase is optional; thus, the 
program may be used only for the purpose of updating and checking the unit costs. When 
it is necessary to revise any of the unit costs, the revisions are marked on the cost 
table produced from the last cost deck and the new unit costs cards are keypunched 
directly from this . 

Included in the cost computation program itself are tables of precalculated quantities 
used for the complete construction items as related to the various design specifications 
and the numerous cost computation formulas for each cost item. As changes in the 
standard designs occur, the affected quantities in the computer program may be revised 
to reflect the effect of change in design on the estimated cost. 

The input data on base, surface, and shoulder specify whether partial or complete 
construction of these items is required. If partial construction is shown, the quantities 
of materials to be used in the cost formulas are also specified as part of the input. If 
complete construction is indicated, the program determines the exact design to be used 
from the traffic volume and type of construction. After determining the proper design, 
it refers to the quantity tables to obtain the quantities associated with that design for use 
in the cost formulas. The end result of Program C, phase 2, is a cost tape. This tape 
contains the identification and classification, traffic volumes, as well as the costs for 
each item of work required within each segment. It is from this tape that the various 
summaries and listings are obtained, either directly or indirectly. 

The production of the various reports (listings and summaries) from the cost tape is 
shown schematically in Figure 9. The majority of the needs study reports come directly 
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from the cost tape (line A); three are derived from output decks (line A); and three are 
obtained from a segment listing tape derived from the cost tape (line B). The balance 
of the programs (lines C, D, and E) enable the Data Correlation Unit to utilize the con
dition ratings contained in the needs study for developing sufficiency ratings. These 
ratings and the needs study estimates are being used by the Construction Program Unit 
in establishing construction programs. A list of the programmed reports is included 
in the Appendix. 

The date of production is inserted in the tape label to differentiate between tapes 
made at different times. This date will be carried forward to the "cost tape" (see 
Program C) . The "year" portion of this date will automatically be printed on all reports 
subsequently printed directly from this cost tape. On reports which are printed from 
sorted tapes, the year must be inserted by the computer console operator using the 
date on the label of the Trunk Highway Needs Study update tape. 

CONCLUSION 

To date, the results obtained from this study and the related computer programs 
have been satisfactory. The many edits contained in the program help considerably to 
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reduce the clerical errors which appear in any large volume of work such as this study 
entails. The original assembled tape was updated three times within the 6-month period 
following its production: the first made minor corrections to the original data; the 
second update removed the needs covered by contracts awarded during the first half of 
calendar year 1962 and reflected the changes in corporate limits, Federal designation 
and load-carrying capacity which had occurred since January 1962; the third update 
reflected the results of the rearrangement of the area covered by two districts and con
tracts awarded through the first quarter of the 1963 calendar year. Listings of the cost 
of the proposed improvements on each highway segment and bridge and tabulated sum
maries of costs furnished to the district engineers and Program Development Section 
have been well received. Based on experience so far, the needs study is easily main
tained; therefore, it can be used for a number of years. We feel that the features de
signed into the Minnesota Trunk Highway Needs Study allow for enough flexibility for 
the study to be maintained on a continuing basis. 

Many of the tabulated reports are produced by the computer in a format suitable for 
inclusion in reports furnished to the legislature and highway-related organizations. 
Reproductions of portions of several of the listings and tabulations are included in the 
Appendix. 

The computer programs (IBM Model 1410) are documented and copies will be made 
available on request to the authors. 
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Appendix 

TRUNK HIGHWAY NEEDS STUDY REPORTS 

Report 

1. Segment Listing of Estimated Costs for Major Work Items with Control Section and 
District Totals. 

2. Tabulation of Estimated Costs and Proposed Miles for Individual Work Items, by 
County, District, and Statewide. 

3 . County Tabulation of Proposed Miles and Estimated Costs for Plan B and Plan A by 
Variance in Design with District and State Totals. 

4. Tabulation of Miles and Estimated Costs by Legal Designation, by County, District, 
and statewide. 

5. Tabulation of Miles and Estimated Costs by Service: Level of Facility and Urban 
Classification, by District and Statewide. 

6. Tabulation of Miles and Estimated Costs by Federal Designation and Urban Classi
fication, by County, District, and statewide. 

7. Tabulation of Miles and Estimated Costs by Urban and Municipal Classifications, 
by County, District, and statewide. 

8. Tabulation of Miles and Estimated Costs by Type of Project, by County, District, 
and Statewide, with District and state Project Type Summaries. 

9. Tabulation of Estimated Costs and Proposed Miles by Present and Proposed Load 
Restriction, by County, District, and Statewide. 

10. Segment Listing of Estimated Costs and Existing Miles of Potential Trunk Highway 
Turnbacks by Service Level of Facility with Totals by Legal Designation. 

11. Tabulation of Estimated Costs and Existing Miles by Type of Project by Period of 
Deficiency, by County, District, and Statewide. 

12. Segment Listing of 20-to-22 Foot Wide Concrete Pavement by Trunk Highway 
Number. 

13 . Canceled. 
14. Tabulation of Estimated Costs and Proposed Miles by Type of Project and Recom

mended Construction Period, by District and Statewide. 
15. Canceled. 
16. Tabulation of Estimated Costs and Existing and Proposed Miles by Federal Designa

tion by Rural/Urban Classification by Present ADT, by District and Statewide. 
17. Tabulation of Estimated Costs and Existing and Proposed Miles by Federal Designa-

tion by Rural/Urban Classification by Projected ADT, by District and Statewide. 
18. Card Output for Trunk Highway Needs and County state Aid Needs Comparison. 
19. Card Output for Miscellaneous Tabulated Summaries. 
24. Listing of Existing and Proposed Bridges with Estimated Cost of Construction or 

Reconstruction, by District. 
25. Tabulation of the Number of Existing and Proposed Bridges and Estimated Costs by 

Type of Service, by Type of Work, by County Within District, by District, and 
Statewide, with District and state Totals by Federal Designation and Service Level. 

30. A. Statewide Rural Condition Rating Listing by Adjusted Rating, Control Section, 
and Segment. 

B. Rural Condition Rating Output Deck. 
31. Rural Condition Rating Listing by District by Adjusted Rating, Control Section, and 

Segment. 
3 2. Rural Condition Rating Listing by District by Trunk Highway, Control Section, and 

Segment. 
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REPORT NO. 6 
TABULATION Of Mll£S AND ESTIMATED COSTS BY FEDERAL DESIGNATION 

(1963 Dalal 
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REPORT NO. 8 
TABULATION Of Mll£S AND ESTIMATED COSTS BY PROJECT TYPE 

(1963 0111) 
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REPORT NO. 9 
TABULATION Of MIU:S AND ESTIMATED COSTS 

BY 
PRESENT AND PROPOSED SPRINGTIME LOAD RESTRICTION 

(1963 Dalal 
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REPORT NO. 24 
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