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FLOW DIAGRAM OF COMMUNBCATION BETWEEN DBV8SION OFFICE~ 
AND CENTRAL COMPUTER UNIT fOR DESIGN E.AR1»11WORK CALCUt .. ATiON~ 

DIVISION OFF&CE.S 

SURVEY PARTY COMPLETES 
FIELD SURVEY~ 

GROUND PROFILE. PLO'TTE.D AND 
TRIAL GRADES SELECTED~ 

CENTRAL COMPUYER UN IT 

FROM THE PROCEDURE U.SE.0 BY THE 
ILLINOIS DIVISION OF H!GHWAVS 

MA~L I 
DUPLICATE COPY 
---~ 

MAIL 
OR 

PHONE 
·--~ 

CROSS-SECTION TAPES 
PREPARED AND STORED. 

QUANTITIES FOR TR9AL GRADES 
COMPUTED<; .SUMMARIES 

PREPARED. 
MAIL OR I 

----------·A..--------------~---~ PHONE 

Ft ELD CHECK ON TRIAL GRADES. 

FiNAL GRADE SELECTED .. 

CROSS-5E.CT~ON REF~NEMENTS 
D£CRDED UPON .. 

f 
PLANS COMPLETED., 

MAIL 

MAIL 

------------------------------=---
FSNAL QUANTITiES COMPUTED. 

GRADE AND FINAL CALCUL.ATBON 
RECORO.S PREPAkEtL 
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U. S. DEPARTi..,lENT OF COMMERCE 

BUREAU OF PUBLIC ROADS 
Office of Operations 

Division of Development 
Washington, D.C. 

November 1958 

The Bureau of Public Roads' Electronic Computer 

Program Library we.s established by the Federal Highway 

Administrator to serve as a central point for the receipt end 

distribution of computer programs .developed for use in the 

highway field, and the dissemination of collateral information, 

in order to minimize duplication and to expedite the development 
-

of electronic computer applications. Each program received for 

the library is adjusted to remove terminology peculair to the 

computer for vhich it was develpped and to assure completeness 

and clarityo The fii1al library version of the program, expressed 
'L 

solely in English and mathematical terms, can then be coded for 

use·. with any digital computer.. 1;1 

This is the fourth of a series of memoranda issued 

periodically to provide information on programs received for 
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the Bureau1 s -orogram library, nrograms available in library 

form and other nertinent developments. It contains a11 the 

~rograms listed in earlier memoranda as well as those re-

ceived or converted to library form since those memoranda 

were prepared. 

Inquiries regarding the availability of these 

~rograms should be addressed to the Di v:i.sj.on of Develo1?ment, 

Office of Operations, Bureat1 of Public Roa,ds, Washington 25, 

D.C. 

BPR Librarv Form 
~ -- PCWW.:4 I El "WJIPW~ 

(i) Program BPR E-1 

Earthwork Gtuanti ties develoned in ID_inois 

Division of .Highways.~ (Originally develoned for 

Bendix G-15) 

This is a design ~Jrogram arranged as a series 

of 8 subroutines which may be modified to meet 

requirements different from those of Illinois. 

The subroutines are: 
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)~ 

(1) Cro~m Elevations 

(2) TemiJlate Simulation 

(3) Slope Selection 

(4_) Slone Stake Coordinates 

(5) Trapezoid Coordinates for Area 

Computations 

(6) Areas 

(?) Shrinkage 

(S) Voltunes and Cumulative Volumes 

The program in its nresent forr.a is used in the 

design of undivided roadways and of di vi.ded roadways 

in which the two pavements, although separated by a 

median, b.ave the same profile grades. A modification 

of this program, to accomodate grades that are 

parallel (not necessarily at -t,he same level), has 

been com2!leted by the Illinois Division of 

Highways but has not yet been converted to library 

f ormo 

(i:t) P-.cogram BPR E-~;--c 

Earthwork Quantities - developed in :ttissouri 

Highway Department. (Originally develoned for IBH-650) 
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'rhis is a design nrogram which is used for 

both unc1i .,.J"ided and di v""ided roadways. In addition, 

it com11utes roc1-c excavation quantities separately 

from earth excavation quantities. · The 'Jrogram is 

divided into 7 segments of comnutatioh as follows: 

(1) Station Seouence Check ... 

(2) Conversion_of Rod Readings to Elevations 

(3) Computation of Template Points and 

Corrections for .Superelevation and 

Variable Width 

(4.) ,Slope Selection and Slope Stake Co-

(5) 

(6) 

(7) 

( . . . ) ll:L 

ordinates 

Total Areas 

Earth and Rock Areas 

Shri n..k:age, Vol1-1rJ.es and Cumulative Vol1-unes 

Program BPR. E-3 

Borrow Pit Cluantities - develoued in Bureau of 

Public Roads, Division of Development. (Developed 

directly in library form) 
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This nrogram nermits the com1)Utation of the 

volume of material removed from a borrow nit 

directly from Dreliminary and final survey notes 

with a minimum of ·nroceDsing. It can be used to 

determine either ·orogress t;)ayments or final 

nayment for 11 borrown and also to estimate the 

quantity of material available from a nroposed 

borrow Dit based on borings or other methods of 

subsurface exploration. 

(iv) Program BPE HA-1 

S-oiral Coordinates - developed by Vogt, Seaman 

and Associates, Engineers-Architects, Cincin...~ati, 

Ohio. (Originally developed-for Bendix G-15) 

This 9rogram is used to comuute the coordinates 

of a11.y point on a -S1:Jiral and/ or the coordinates of 

any point on a radial line through a 9oint on the 

sniral. 

(v) Program BPR S-1 

Reduction of Triaxial Test Data - developed in 

Texas Highway DeDartment. (Originally develoued for 

IBH-650) 
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This urogram is usecJ. for the reduction of 

data from the triaY.ial sheer test. The comnuter 

1?roduces the data for plotting the stress-strain 

diagram and for determining the choesion and the 

coefficient of internal friction either 

analytically, or gra~Jhically through the use of 

Eohr' s s-Gress circles. 

(vi) Program BPH ST-1 

Continuous Steel Beam Bridge Design -

develoned in Bureau of Public Roads Division of 

Development. (Develo~ed directly in library form) 

This ~rogram applies to continuous steel 

beam bridges bf 3, 4 or 5 equal or unequal·spans 

for which ~Tide flange beams are appropriate. 

Given the nurnber of spans, snan lengths, loading 

and allO"wable unit stress, the r.:)rogram nrovides 

for the computation of the sizes.of interior and 

eJ.-:terior beams required and the number and 

sizes of cover plates needed over the piers. 
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(vii) Pror;ram BP~. ST-2 

Comnutation of Continuous Beam Character-

istics - develoned in IJebraska Denartment of 

T') d ..!.l.08. s. (Originally develo-oed for IDH-650). 

'11his ~rogram is used to determine carry-over 

factors, stiffness factors and fixed-end moments 

for a continuous beam ·which is 1Jart of a strr.ic-

ture or frame, given the span le!1,gths and moments 

of inertia. The continuous beam is solved a 

snan at a time e.nd each s1Jan is treated as an 

individual pro bl em •. 

(Viii) Pro~ram BPR ST-3 · ... ; 

Skewed Bridge Geometry (Straight Alig:nment) 

developed in Texas BJ_ghway Department. 

(Originally developed for IBl-1-650) 

This !)rogram is used for finding the 

station of any des~red point on any working 

line; the skew distance along the line to the 

point; the elevation at the uoint for finished 
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grade, also for top of canelevation for the 

noint if it is a T)oint ,over a beam su9port; 

and the length ·and slope of the beam between 

a corresponding noi.nt on a prevlous working 

line and the (Joint, if it is a noint ·where top 
I 

of can elevation is com~)uteti. The nrogra:m 

thus nrovides most of the dimensions needed 

for the design and construction of bridges 

with skewed bents, constant road~1ay widths and 

straight road·way alignment. 

(ix) Program BPR ST-4 
' 

Analysis of Rectangular Reinforced 

Concrete Golt1.l1Uis - c1evelo9ed by Richardson, 

Gordon and Ae.sociates; Consulting Engineers, 

Pittsburgh, Pennsylvania. (Originally de-
'' 

veloned for Bendix G-15) 

This program is used to com?ute the 

maximum coLcrete and steel stresses in a 

rectangular or square reinforced concrete 
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column subjected to :J.xial load and one­

way or t1.Jo-way bending. 

(x) Px·ograrn BPR ST-5 

Comuosite Beam Analysis and Design -

develoned by Michael Baker, Jr., Inc. Con­

sul ting Engineers, Rochester, Pennsyl w.nia 

(Origi:nall;r develoned for IBH-650) 

This program is used for the analysis 

or design of simply sup~orted comnosite concrete 

slab a.nd rolled steel section beams in accordance 

with the 1957 AASHO Standard Syecifications for 

Eighway Bridges. It ·was develo-oed·primarily for 

the compilation of design tables for composite 

beams but is equally ap~licable to the analysis 

or design of any sim9ly sunnorted comoosite 

.concrete slab and steel stringer bridge deck. 
',. 

(xi) Progra.m BPR SU-1 

Hight-of-Hay Traverse and Area Comnutation -

develoned in Nebraska Deuartment of Roads. . 

(Originally develoned for IBM-650) 
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This pro~ram is divided into two parts, 

first the comnutation of lengths and bearings 

for each course of a right-of-way parcel for 

use in °,1rcparing the deed description, and 

second the comnutation of the area of the oo.rcel • 
.J,. 

Given data consists of an initial bearing, and 

the stations and centerline or baseline off-

sets of the corners of right-of-way takings 

along the project. The nro.r:,-ram nrovides for 

the comoutation of length, bearings and areas 

for successive right..:.of-way ~!arcels alon~ a 

pro9osed l}roject as a continuous comouter 

operation. 

Program BPR. T-1 

Forecast-ing Interzonal Trarr:ic Hovements 

(F-.catar Method) - develoned in Bureau .of ?ublic 

Roads, Division of Development. (Originally 

de-veloned for IBH-705). 
l(.1 

This ~rogram uses a system of successive 

approximations to project present interzonal 
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traffic volumes to some future time based on 

individual growth factors for each zone. It 

consists of three major narts for performing 

the com:Jutations on: 

(1) Conventional nunched card equipment 

·· and externally programmed electronic 

com1_1uters with limited storage. 
-

(2) Intermediate ,size electronic comr:ruters. 

(3) Large high-speed electronic.comnuters. 

(xiii) Program BPR T-2 

Prepar~tion of Data for a Trip Desire 

Contour Chart - develoned in California Division 

of Highways. (Originally develoned for IB11-650) 

This :9ro_gram is used to com-oute the desire-

line trin density data necessar<J to plot a 

1_ trip desire contour chart for origin and 

destination so.rvey data. The survey area is 

Drocessed a swath at a time until the whole 

area has been covered. 
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The 1)rogram enbodies the princi·.'Jles 

originally set forth in a i)aper, 11 The 

Coordinate Method of 0 and D Analysis" by 

K.A. MacLachlan, of the California Division 

of Highways, Dresented at the 29th Annual 

Heeting of the Hic~hway H.esearch Board, 

December, 1949. 

(xiv) Pro~rarn BPR T-3 

W-6 Loadometer Tr-t..lck Weight Table -

develoned in California Di-vision of Highways. 

(Originally develoned for IBH.-650) 

This 11rogram is used to edit and analyze 

loadometer survey data and to comnile a listing 

of comm.ercial vehicle weights, axle loads, 

axle spacings and load limitation violations. 

(xv) P-.cogram BPR T-4 

Traffic Assignment developed by Ed1.mrds 

and Kelcey, Engineers and Cons1:i_ltants, Newark, 

New Jersey. ( OriginaJJ.y develo1Jed for IBN-650) 

105 



/ 

)~ 

This nrogram is used to determine the 

traffic volumes that would be attracted to 

a ?ro9osed freeway using Origin and Destination 

Survey Data. The output data is in sufficient 

detail to Drov:i.de all necessary volumes for 

interchange ram1? design, number of freeway 

traffic lanes and cost benefit studies. The 

program uses the American Association of State 

Highway Officials' traffic diversion curve. 

It may be adanted to any time ratio diversion 

curve. 

(~-vi) Program BPR T-5 

SDeed Check Ari2.lys:ts developed:· in 

Washj_n.gton State Department of Highways. 
- -

(Originally develoned for IB}i-650) 

- This program is used to analyze traffic 

sueed checks for from one to.six vehicle ty~e 

classifications with 9rovision for a range of 

sneeds from 5 to GO miles per hour. 

JL06 



Avai~able in B:Pli.k~brary Form_9.:t tl:is Time 

Contributor 

Arizona Highway 
. Department 

tt 

n 

fl 

tt 

n 

ft 

California 

Division of 

Highways 

n . 

n 

n 

n 

tl 

Subj ec"l! 

'l ertical Alignment 

Earthwork (Prelim.) 

E:: .. rthwork (Staked) 

-T • J... J II "] • t horizonua _ .l.1...ignr.aen 

Traverse Coordinat,es 

Bridge Deflections 

Least Squares Trend Line 

I . ) Earthwork 1..Prelim. & Final 

Computer j.J seg 

Univac 120 

u 

n 

ti 

t1 

11 

ti 

IBH 601~ 

Earthwork (P-.celim. & Firial) IBM 650 

Traverse Com1Jutation u 

Traverse Adjustment ti 

Three-centered Curves f1 

-

Comuosite Beam Desi~n 
0 

n 

Traffic Assignment tt 

Reinforcing Steei Quantities ti 

Four Factor Quantity Col'ilputations11 

Approximations of Future Trip 

Transfers (Fratar :Method) 
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Contributor __ ..._ __ _ Subject Qgmputer Used 

California General Freeway Assignment IBH 650 

Division of San Diego Freeway Assigrunent n 

Highways 

Connecticut PJ..ane Coordinate Traverse 

Highway Depart- Computation Univac 120 

ment. Borrow Bank Comnutations n 

ff Earthwork (Prelim.) 11 

t1 Permanent Traffic Recorder 

Counts n 

Georgia Highway Geometry of Skewed Bridges 

Denartment' on Curves 
.J,. 

IBN 650 

Idaho Department Earthwork (frelim. and Univac 120 

of Highways Final) 

Illinois Division Earthwork Qnantd.ties 

of Highways (Dual High-viay Design) Bendix G-15 

.. , 
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Contributor - ·- §.llb.i ec~ Comnuter Used --
Illinois Earthwork Quantities 

Division of (Widening) Bendix G-15 

Hightvays Earthwork Qt.i_anti ties 

tt (Final for Roadways or 

Borrow Pits) ff 

ft Azimuth Determi11 .. n.-Gion 

from Sun Observation n 

t1 EmbarJcment Stability Design ft 

tJ Bridge Deck Elevations n 

Indiana Hj_ghway Profile Grades IBH 650 

Department Ditch Grade Analysis n 

Maryland Roads Earthwork Quantities 

Commission (P-.relim. ) Univac 120. 

n Traverse Comnutation 

ti Soil Constants n 
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Con_1~ibutor Subject Comouter Used -·----------
1-Li.chigan Highway Earthwork (Prelim.) Bendix G-15 

Department Vertical Alignment t1 

n 'l1raverse Closure 

Minnesota De- Earthwork (Design) Univac 120 

nartment of 

Highways 

Hissouri H.ghway R.C. Box Cul.vert Design 
I 

IBM 650 

. Desartment .... 

Nebraska Denart- E-3.rthwork (li,inal) IBM 650 

ment of Roads Bridge Deflections 

u R.C. Box Culvert Design n 

n Roadvray Design n 

ff Templ.9.te and Grades u 

n Rectangular R.C. Colu.mn 

Analysis tt 

Extension of Continuous Beam 

C, ~ . k• Pr naracver1sv1cs J. ogram ti 
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Contributor __ ......_ __ '_ §1tbject Comnuter Used 

Ohio Department Design Template IDN 650 

of Highways Sunerolevation 

ti Eoad Design ti 

tJ Rod Readine Conversion n 

tt Survey Traverse Computaticbn ti 

ti Cut & Fill (With Seeding Areas) fl 

ti Bid Analysis & 11 abula ti on II 

Oklahoma High- Bid Checking and Tabulation Univac 120 

way Department Geometry of Skewed Bridges 

on Curves n 

.Oregon Highway Two-Span Continuous Bridge 

Department Analysis IBH 650 

Three-Spa.n Continuous 

Bridge Analysis n 

n 
I_ 

Fou.r-3uan Continuous 

Bridge Analysis n 

n E'ive-Snan Continuous 

Bridge Analysis ft 
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Contributor - . ·-· Subjec~ Comnuter Used r 
_....,........._..._...._..... ·------

Oregon Highwey' Beam Deflections IDJ.·~ 650 

Department Dead Load rlus Live Load 

Homen ts 11 

Texas Hir~hway" Geometry of Skewed Bridr~es 

Denartment 
.l. 

on Gu.rves IBE 650 

n 

·(Prelim.) fl 

fl E.:vrthwork Quantities (F'inal) u 

u Field Note Reduction and 

Construction S~aking ti 

Washington Earthwork Line Shift 

Department of Ha:dmum Density GrantU.ar 

Highways 1-Iaterials n 

n Moment Distribution ti 

u Slopes and Deflections in 

Finite Beams on Elastic 

Fotmdations tr 

ft Koments in Finite Beams on 

Elastic Foundations n 
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Contributor Subject Comnuter Used 

\Jashington Forecasting Zonal Traffic I1:::L 650 

Denartment of Voltunes 

'U. , l.:.ignways Slope Stability Analysis fl. 

tt Sus1Jension Bridge Aaalysis II 

It I::oment Distribution 8: 

Influence Line Calculations " 

Bureau of Earthwork (Staked) 650 

Public Roads Traverse n 

fl Clearing and Grubbing tt 

Slone Topography ft 

t1 Contour Interpol~tion It 

ti Equipment Cost Accounting 

Portion of AA.SRO Uniform 

kccounting System tt 

Nichael Balcer, Bearing from Polaris IBll 650 

Jr., Inc. Bar Schedu.le Steel Computations ft 

ft Highway Grade ltofile n 

t1 Earthwork (Design) n 
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Contribution 

Michael B::::Jcer, 
Jr., Inc. 

ti 

It 

ti 

.Ufred Benesch 

& Associates 

Subject 

Geometrics for Ske't-red 

Bridges on Horizontal 

Circular Ci..:i.rves 

Cross Section Note 

Reduction 

BridPe Deflections u 

Stadia Note Reduction 

Reinforcing Steel 

Ciuanti ties 

Consoer, Trn,,msend Screed & Form Elevations 

& Associates Slab Fillet Determination 

DeLeuw, Cather Retaining Uall Design 

Roadway Elevations for 

Bridges on Circular Curve 
I_ 

tt Influence Lines (2-span) 

If Traverse Comnutcition 

n Loop Interchange Corauutation 
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Comnuter Used 

IBH 650 

ti 

ti 

u 

Bendi:;( G-15 

Bendix .. G-15 

n 

Bendix G-15 

u 

ti 

ti 

n 



Contribution Sub.i ~9..°!!. Comput~_.Use.d 

Edwards & Kelcey Deflection Angles for 

Horizontal Curves Bendix G-15 

ti Horizontal Curve Data 

Enelco, Ltd. Influence Lines for 3-span 

Frame with two Integral 

Legs n 

Gannett, Fleming, Bridge Geometry (On 

Cordd.ry & Tangent) IBH 650 

Carpenter 

Good.kind & 0 1Dea Coordinate C·lculations Burroughs E-101 

J.E. Greiner,Inc. Coordinates of the Path of 

a Point on a Rolling _ 

-Lift Bascule Leaf Bendix G-15 

n Vertical Align.ment rt 

Harley, T~J.lington Steel .Column Design Bendix G-15 

& Day Grades for Indenendent Ditch .. tt 

n Abutmeiit Design tt 
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dontribu~ion Subj.W 

Lockwood, Kessler Bridge BearinG Elevations 

& Bartlett Areas by Coordinates 

ft Areas of Sectors and 

Segments 

II Comyosite Beam Design 

ti Areas of Polygon, Sector 

and Segment 

HcElhanney, l·'IcRae ,g:irthuork ;~uanti ties 

Smith & Hash 

and Computing 

Devices of 

Canc'"l.da, Ltd. 

John F. J:.ieissner Three-Point Problem Solution 

.t;ngineers, Inc. by Runge's Hethod 

f1 Foresection from Coordinate 

Data 

· Palmer & Baker Three-Col~un_n Rigid Frame 

·Engineers, Inc. Pier Analysis 
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Comnuter Used _._.... ....... ..--

n 1· DCllC l.X 

n 

ti 

ti 

ll 

It 

II 

H 

11 

G-15 



Contribution ·---- Subj.eqt . Car.muter Used - ....... ~~· 

Parsons, Com•.Josi te Beam DesiGn Bendbc G-15 

Brinckerhoff, . .., . d Crnnber II .ori rre 
'.> 

Hall r 
(.~ l·iacDonald Stringer Layout Geometry II 

II T ~ • l .::1ig11way Profiles II 

ti Alignment Subro .... 1tines 11 

Richardson, Continuous Beam Influence 

Gordon C: Lines tt 

Associates Job Costs u 

fl Beam Deflections n 

ft Cantilever Beam Deflections 11 

t1 Shear and 1-ioment Influence. 

Lines for Intermediate Panel-s 

Between Suuports for 
.k -

Continuous Beam Design n 

Tudor Engineering Four-Snan Rigid Frame Bridge 

Company Analysis 
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Contribution 
_,_.. ··-

Vogt, Ivers, Pier Analysis (Hom. Dist.) Bendix.G-15 

Seaman & Pier Analysis (Slope-Def.) II 

Associates Bridge Rein.f. Steel Quantities rr 

ti Circular R.C. Column Analysis tr 

II • Earthwork CJ,uanti ties (Prelim.) 11 

u li'iJ~ecl Arch Analysis II 

u Flow in Onen Chan:flels n 

J. SteJ;Jhen BeAfn Grid Elevations u 

Watkins 

Wilson & Com:oany Circular R~C. Column Analysis fl 

11 Horizontal Cur""·le Coml)uta ti on n 

n Com~l1tation of Pile Loads ti 

ft Beam Deflections t1 

n Variable Dimensions of 

rw-o-Centered Comnound Curves tt 

n Int~rchange Ramu Comnutations n 
i/, 
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Contribution Subj e_g,~ Com~;uter Used 
_._... .. 4 --

Bendix Comuuter BacJn.rater Corrroutation in- Bendix G-15 

Division cludinE; Dridge Loss 

City of Chicago Urban Runoff Comnutation ti 

Computing Devices Geodetic Trian;;ulatj_on 

of Canada, Ltd. ComDutation " 

U.S. Army, Corps Hydraulic B~.ckwater Comnutn.tion IBl-:i 650 

Sn:i.ral Curve Com;)utation Bendix G-15 

ti Channel L-Hall Design 11 

n Channel U-Hall Design t1 

n Conversion of Coordinates 

to Distance and Bearing It 

tr Traverse Intersection 

It nt t• ' 0 1 A 1 ° n ~ a 1Sli1Ca· na __ ysis r.or 

Quality Control (Soil 

Density and 1-Ioisture 

Control) n 
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Contributor .. Sub,j_ect 

Electronic Cal- 'rraverse and Area 

Culating Service Comnutation Bendix G-15 

.n Arc Length, Sector Area 

& Tangent Distance n 

1·:1.assachusetts Borrow Pit Quantities IBH 650 

Institute of Digital Terrain 1-lodel System ft 

Technology a. Terrain Data Edit 

b. Basic Horiz_ontal Alignment 

c. Even Station Internola.tion 

d. Parallel Off set Alig:n.7nent 

e. Specia1 Aligrunent Geometry 

f. Basic Vertical Alignment 

g. HighW?-Y Profile Geometry 

h. Preliminary Earthwork 
!_ 
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The following Questionnaire was sent to each of the 

State or Provincial Highway Departments in the United States 

and Canada. The results of this questionnaire are contained 

in Fig. 1 

•. 

ll.21 



Does your denartr:ient make use of electronic conr1uter 

techn5.ques for l1i()"hway en~~inoering calculations? 

If so, answer Part I 

If not, answer Part II 

Part I - ..... 

a. Do you: 

( • ) 1 •/ c,f n t I • 1 · ease .•••••••••.••••••••••• io or. comnn er "Gim.e 

( • • ) ak f ul.L ' 'I cf .o .i.. ' • 1J_, m _e use o_ cons uanus .• •• ;~oi. compuver "G1me 

(iii) O\fil your own comnuter·? ••••••••••••••••••••••• 

b. ~:.n1a·t ,,..,..,.,,,,.e O.L.o com' ......: .... ute~ do you· use 9 · 
' 1UCl.J.\.. 'J - - • • •. • • • • • • • • • • • • • • • • • • • • • 

c. How long have you used these techniques? ••••••••• months 

d. Are the comouter techniques used in the fol lo-vrlng 

fields: 
. 

(i) Design earthwork quantity calculations'? 

(1) •••••••••••••••••••••(yes or no) 

(2) Average volume of calculations com~leted by 

comnuter Der month •••••••.•••••••••• mile 
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(3) Wha.t nercenta~e of design earthwork cal-

culations are nresently being carried out 

by the electronic comn-uter? ••.•••••••••• % 

(4) Hhat is the averaGe cost ·which you estimate 

for calculation of one mile of desip;n earth-

·work quantities of two-lane hi.~hway or 

equivalent by electronic com·')uter 

t , • "'I ec1ni.1qtles .•••••.•••••••••••••••••••.•••••. 

( 5) What is the average number of sections 1)er 

mile which you e:x:perience? ••• • •••.•.••••••• 

(6) Uhat is the avera~e number of i)Oints ner 
~ -

t . e-; sec ion .•••••••••••••••••.•.•••••.••••• ,, •.• 

(ii) ·Final -pay earthwork quantities: 

(1) •••••••••••••••••o•••(yesorno} 

(2) Average volume of calculations completed by 

com9uter per month? •••••••••••••••• months 

( 3) What ner'centage of your final ··Jay quantity 

calcuJ..ations·are presently being carried 

out on the electronic com0uter? •••••••••••• 

(4) r,Jhat is the avera8:e cost which you estimate for 

calcviation of one mile of final nay earth1.·rork 

quantities of ti; . .;o lane hi~hway or eq11i valent 
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by electronic comnuter techniques'~" •••••••• 

(iii) Structural design calculations: 

( 1) •••••••••.•.•..•••••• (y:es or no ) 

(2) Percenta01e of total done by comnuter ••••••• ;~ 

(iv) Traffic engineering and nlanning: 

(1) •••••·•·•·•••••·•••••(yes or no) 

(2) What percentage of the total calculations 

carried out in this field are being done on 

t . t 9 · er! ne cornDu er .•••••.•.••.••••••••.••••••••• 1o 

(v) Hydrology and hydraulics: 

(1) •••.•••.•.••.•••.••. (yes or no) 

(2) What -oercentar:re of the total calcule.tions 
• l .) 

carried out in the field are bei~~~ done on 

the comnuter? •••.••••.• cl •·•••••••·•••••••••P 

(vi) Photogramrnetry: 

\ (l) Have you integrated your electronic com~uter 

to work directly from ~hotogra;1hic surveys, 

thereby elimina-r:bing much of the field sur-

. . . d? ( ) veying require ·••••·•··•·•••••• yes or no 
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(vii) Survey.calculations: such as -

(1) Traverse problems •••••••••••••••• ->••••••• 

( 2 ) :La.nd areas • • • • • • • . • . • . • • • • • • • • • • • . • . •••• 

(3) Geometric alignment calculations •••••••• 

(Li-) o·ther ••••••••• • ••••••••••••••••••••••• 

(viii) Other hi.s;hway engineering ~roblems solved 

by electronic comnuter ••••·••••·•··•••• 

•••••••••••••••••••••••••••••••••••••••••• 

"I' t t ' ~f d ha "') e. .,,. na com1Ju er S"GaI o you ve •••••••••••• 

(i) Director •••••••••••••••••• 

(ii) P1"ogramr.a.ers •••.••••••••••••• 

(iii) Coders ••••••••••••••••••• 

(iv) Machine onera.tors ••••••••• 

(v) Ke~r punch ouerators ••••••• 

(vi) Others ••••••••••••••••••••• 

Total comuuter staff••·•·•·••••••••••••••••• 

Part II ---
a. If your department is not now actively engaged in the field 

are you considering the use of electronic com-outers to assist 
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you in your highway engineering calculations? •••••••••••••• 

b. Have you undertaken a study" on the 1Jossible use of 

Electronic ComDuter Technieques~l ••••••••••••••••••••••••••• 

c. Do , 1 ~ . t you nave an e ecuronic comnu er on order? •••• ~ .•.••••••• 
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The following portion of the appendiX contains a 

series of flow charts which the author has prepared for the 

calculation of design and final earthwork quantities for 

highways in Saskatchewan. The flow charts illustrate only 

the general lines which the program will follow. The input 

and output data for each of the programs ha~ been included 

to illustrate the potential of the program. 

127 



la 
i b 

! e 

~c I 
SKETCH 5 HOWi NG 
CONTROL POINTS d 

ON THE DESIGN 
TEMPLATE OF A GRADED SECTION 
Subscript ( h) - l-lorizonto.I Di.stance. 
6ubscript (V) - Vertica.1 Dista.nce (o,. Eleva."t&on o~ Single Poin-t). 
Sub.script (S> - 51ope. 
<•> - Con.sta.nt Do.'ta. for One Project. 
(C) - Consta.nt ~or All Jobs in One Province. 
<* •>- Consta..nt ~or ..Severa. I .Sta. f'io~s. 

PROVINCE ~~~ SASKATCHEWAN ALBERTA 
~'i-

HIGHWAY CLASS ~ B C D E 
' '1 
V2 Top Width. Sto.ndcird (a.-b) h VAR IABL E I*• VARIABLE 2s'-30' 19'-24 141 12. I 

Widening on Curaves We Nil Nil Nil Nil ** 
',_ 2.' 

Widening for Slopes 
Steeper tha.n STa..nda.rd Ws 2' 2' 2.. 2' c I I 

Dista.nce Over Which 
I Sto.. \Sta.. I Stea.. I Ste.. c ' Wiclenin9 Ta.kes Plci.ce S'ta.. 

Crown Slope. S1"o.nda.rd. (o.-b)s 30:1 2s:1 25:1 ~5:1 * - 30:' 

.Super e \eva. Ti on e VAR IJASL E 
VARIABLE -lt~S:I - +12.s:1 •• 

Side. Stope. ~-ta.nda.rcl. (b-c)s 4:1 4~' 3:1 3:1 • 4-: I 

Height of Fill a:t Whicl-e 
f; 10' 10' 6' 6' s.2s ChG.nge of S\ope is ReC\u•red. * 

(b-c)h Where He'g"t o~ • 
40' 4o' 18' '8' 2.1' . Fill 's Over the Above Limit. J<•-2) * 

Heisht o~ Fil\ ca.-t Whtch the 
Mhianium (h-c).S is Used. f 2 20' 20' 9' ~o * 7' 

Minimum .Side Slope. to U..se. Sm 2:1 2: I 2: I 2:1 c 3: I 

(c-d) h (c-d) h 2.o'-3o 
VAR 1~8L E ' 

~· 
VARIA5LE 

20'-.3d IS'-25' os•-2s 10 ·- 2.0' 

Oi"tch Stope. S'ta.ndard. (C- d) Q 25:1 25:1 25!1 2s:r c (MAX. I' DROP) 
-20:1 

Ba.ck S\ope.. .Sta.ncl a.rd. (d-e) s (MAv VARY FoR SN ow) 

** 3i1 4: I 4: I 3:' 3:' 
Mcucimum Di.s'l"o. .. ce} 
(a.-e>h .eei'ore Tke.. · ~ R VAR IA.BL E •• VARIABLE 
Cha.\'lge en Ccl-e)s 1s 
Re_!uired .. 

-;ii? A& .&PE C:IFIE D 

** 
NORMALLY 

Minimum (d- e).s .S2 NOR MALL y I Y2.: I 2: I 
VAR IABL E 

(a-d) v D .3'-6' 3'-G' .:J'-6' 31-G' ** VARIABLE 



DATA INPUT 
A . .STANDARD TEMPLATE ·DATA 

'· (o.-b) h 7. s~ 

2. w~ ·8. - (c-d)$ 'Q, b e 
3. (o.-b) .s s. (d-e).s 

+. (b-c) 6 '0. 'k 

5. +. I I • . .. ·02 c d 
. G. • 

J(•-2.) . . 

·B. ·DESIGN VARIABLES. 

' 

.-

c. 

. "~ 

t. STATIOW" ELEVATION A~D L. V. C. Fo R. E~c \-\ P. \. 
FOR. TH£ ~· AND THE DITCHES. 

. 2.. STATION AND SUPER ELE VAT fON OF HORIZONTAL 
CURVE OATA. -

J. STATION AND VALUE. OF.ANY TEMPLATE C Ht\ NG E..S. 

----

4-. STATION, ~'0,'ANO (d- d) h WHERi. . THE. LATTER 
01 FF ER FROM THOSE OF THE PFtEVIO U5 6TATlON. 

5 •. STATION AWD '5._F. WHERE 'T Ot FFER.s FROM 
THAT OF TH.E PREVIOUS STATION. 

G. STATION OF NEW '5TRUCIURES WHERE THERE 
\s. ·"No F1 LL"'. 

.. 
7. CHAINAGE E~UA!ION •· 

s. 3 GRADE .OF 
' 

THE. FIRST Two G RA.DES. 
-

FIELD N-oTE 
(FOR EACH 

DATA· 
STAT ION) 

L CRoss-SECTION STATIONS. 

2. • Roo READl1'lG_5 FOR PRE Lt M \ NAFf..Y SURVEY. 

3. Hc.v~•zoNT,A'- DteTANCE TO THE PREL•M\HAR'( 

·Pot NT, 
~-

4. H. '· ( IF IT 
--
I .s Ot FF ERE.NT 'FROM THAT. OF 

THE PREVIOUS STATION. 
--
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RANGE OF IN-PUT 

Rao RE.AO t N GS OTO + .93.9~ -
HORIZONTAL D16TANcE$ 

c 

Q TO. +' 999,9 
RlGHT ANGLES To t AT 

STAii ON lN G 
. -

0 TO + 9,S3 .9 + 9 S . 9 

E.LE.VATION OR H. I. 0 ·~To,+ 9993. 93 
. . ' .. 

SLOPES - 0 TO + 99 .. 9 
' (Ml!AW,NQ S 9 .. S : 1.0) 

L.V.C. 0 io - 9_, 3 9 9 

e .. F. o.ooo TO 9.3~3 

RANGE OF ACCURACY OF RESULTS 
-..,,-

R/\NG E. ACCURACY 

ELEVATIONS 
. THE NE.ARE~T 

0 To~ 9,99S. 9~ Hut.ioa.s.DTH.oF 
- A FooT 

t.· TME NE.A REST HoRtzoNTAL ,., 

OlSTANCE.5 AT 0 TO 999. 9 · TENTM OF A FooT 
.RIGHT ANGLE& i?-, -
TO 4: -, 

THE Nt:.ARE.ST 

CLOPE.5 0 To 99. 9 TENTH OF A fooT 
) 

END AREAS 0 TO + as,.ss~ THE NEAREST 
o~uAQ..E FooT 

-.._.__ 

VOLUMES 0 TO ± 9,9~9,99~ THE NE~R.EST 
Cut\1c YARD 

-

' 
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cJ !..,..) f I::;) v +----
-~ATION ELEVATION SLOPE STAKE END AREAS 

FT. RIGHT FT.2 

Centre Lett Right Side Slope Back Slope Side Slope Back Slope 
14t11e Ditch DitchSlope Dist. Elev.Slope Dist. Elev.Slope Dist. Elev.Slope Dist. Elev. Out Fill Out 

VOLUMES 

YD) 
Adj. 

Fill Fill 

ACCUMULATED 
VOLUMES 

Cut Fill 

m:x.xx.x xm.xx xx.xx xx.xx xx.x xxx.x xx.xx xx.x xxx.x xx.xx xx.x xxx.x xx.xx xx.x xxx.x xx.xx xxxxx xxxxx: xxxxxx xxxxxx xxxxxx xxxxxxx xxxxx:xx 
9.00.0 1602.31 98.31 45.3 02.12 85.3 0,3.65 2.6 55.2 96.13 305 

10.00.0 1601.67 97.67 47.1 02.07 87.l 03.72 2.8 50.5 97.33 239 1008 1008 1008 
11.00.0 1601.02 97.02 45.7 oo.96 85.7 02.16 47.l 98.24 29 61 496 ll3 143 1504 1362 
12.oo.o 16o0.37 96.37 96.37 38.9 98.05 78.9 oo.7.3 40.8 98.u 87•6 02.65 26 66 io2 236 296 1606 1168 
Equation of Stations 12 • 25 (Back) = 12 + 75 (Ahead) 
lJ.OO.O 1600.08 95.08 95.08 45.4 99.94 85.4 00.02 42.5 99.63 86.3 00.73 158 170 61 77 1777 1262 



held 
.No I~ Doi lei. 

;.E;--__ .;.j ~· - t?- ~ e 

- Terl"""'o1·,_ 

Coo,,-. c), ·>-\ e:i f e .s 

Te>--- pl o r:::. 
cu::;~ d I '""'- c::1 te..s 

-Adj v :!ofe d di.,.1 e 
re/<J,fta.,-, vvith 

· re r-ro 1 ~ - -- :slope 
Sfo ke C:oo...-c/1;...~+e. 

A-e·d 

Volvrr--i-e ·I 

c:: 0 ,......_, /:;:1 V f ~ t I ; ""' l-1 ---:::;;~ 
-I-

t 32 

s ?"' 0)·1.,,0:....., 



Rav+ /r-"\c p~ I 

Ree1d Ree1d 
Des•cis""' 

Da-fo ·for-· 
Fie /cl (~o-fe 
Oa+~ fc'r 

S-fr:rl10 B c::1 I c:J "'c~ 

p,,. ,·"'"" t Pr.1;... r . 
c "' Cl ; ""' Cl ' f' . :s "°' -;',,&I._, 
f° q v o t / ~~ /_;_ _____ __:::_---:------::~ N,....,... 6 er 

Ad1'vs+ 
O,' $TOI,...::~ 
PI.,.. 1. 
p n,,,,,,.,, 

Ca lcvl(j e 
G,-.ode PJ,, 

t" P. I("' f '/ 

.. 

P...- I;_.. I-

E 1 e vet t' ;; ..... 

· Ca I c "' Io fe 
D,Jc.". :j 

El~ve1 J,""~ ·. 

p,....~ t 
. "'-.:. 

f\l. D .. 

At:l(;;.:sr-

01 i ta""<: 1!! 

PI~ t~ -lo 
p I ...,,.z 

Cq IC.vi~ fe 
·G-..-qde 

1'------~ p. ~"' + ~ + 0 

P t ("+~) 

I 
I 
I 
!. 

I 
-----~-....i 

Calc.v la.+~ 
co ,,-·,- E! c:-re cl 

E \e..:.,,.ct-l-10,.,,s 

· Co lcv I e:1 fe 
Toi~ i er"\ ~ 
EJevQc' f, ~'"' 

·p,.dpd1rte 

p,_,:.., t - Ow t · 
p.,,... p,,..o p-e,.. 

Ditc:..~ 



x - s'iic. tie;,_, 
c J-..ec.- k 
Ro-'-'+ ,~e 

/ 3 4 

f . - ' ' 
I Ca le vfo tt! 
P-el , ....... · 
E leve1t1~ ..... ~ 

r..._ .s e.rt. 
t'\ e ,.t!./" 

J.J. I. 



ColG'iJlat~ Make 

Te -. p I u ~ ~ +.E------------1 Te"""' e l OI t e 

Coo,,. d1~ olu A d /i.J $1,..,.,,.f:s 

./ 3 J~ 



.D.#A-
ze·'=>P /Q'~e?=-__ G_·-=o_g;- ol1"' OI ·1~ ___ s_-...c..A--:....111d~i-~i.!~.d__ Ov~ 

~~Jc;i~te~yJ 
'"' rer sec 11~-
" I [b- c ) 
vv;1~ 
fer,,-.011~ 

:<.:::a le" I 01-e 

Coo,.-du-..·c:i f.e.s 
o{ 

c:.,. le. v I ~ e . 
I-.. te.r-sec. -I •P 

(){ ~- ol) q. 

.1'e...-..-·OJ I,..., 

u :5 e. k. 1-
Ca lc u l ... ft: 

(d- e) s 

I 

. u ~.e. .if..! .. ?) f.6 
c.alc.vJt$te 
Co ordt:.,.CJ fe!S 

e> I e. 

Adjvs+ -
·0 o.-c:J ,.:.. o..fe.-$ 

C'(lb) d.v<: 

Ws 

J :!:i. (p 

Cdlcvlciie E/eJI, 
yd o /. te,.....-c;i.~ 

ve...-t,C:.1:1 lly ., . ,, 
0 p pe> s if t! 'd 

Pr:-.i···:t . 
(b-c)~ · 

'· 
p,. • ...:.. t ---~,\. 

&-e):, .:: S ~ \ ______ / 

U.:se (b-c)'""" 

----- -· j ~ -2) 
Cole {f>-c.)s 

<::a-I G cJ Io -1-c 
Coo,,.. d.".., e.. i~~ 

-+ I!! 
v.$e. (J-e):s= S..;: 



be..,'"""' """'f'l... Selee.- ,,.,~~-. 
.---~ le.f 1 Coi-lc ~- fl'-__ ,. poi._+ -t~ 

r..i'\"kt 

Ca let.> c11 e ~e 

Elevetf 1~.-,, ~I 
th.e T~.,....,.. cii i;...., 
Vterf;~ ¢1 lly 
t::Jf P"' ,+., 

Cole"" !,fl ( IJ.....-c 
elev~f~,._, ol 
1h~ ft!.r"'l""'O ,;, 

y~ ,.-f .. C<:I. Jly -
o ppt::.?11;d< l. ___ •.. 

Coi-/t:.v/d..~l'· 
A;,..eo. 

F.:..d -;'levai f,":.., 
tier----i. O'I . ~ -e 

C..,1t -r 
,c-.- JI -

f'e,..,- t:H ~ l-.lr\V.!> i 

e I e .,,.., /, ;._,, e1 -I 
te . ..,.. L.d e 

s V'l-\ r'\'"\ \.P"" I%.~ 
Cvf ,._ p,·p . 

, ;-,.... s~ f1u ... 
- p ... • ~ t ' 

1-~·c~+ "' F.11 
,q .... ec1 

I 3 7. 



Cc::flcv)e1-te 
d,".s+o...-.c.C'. 

~-..,;i~ be /._.,,.. e -e _, 

s-lcs t ,c:: ...... .:) _______ _. 

---~ .......... 
p.:::~-t . '•\ 

f.\ de}, t I 0,.., o.I I' 

VoJv ,..,.....e. / 
/ 

Ace:_ ... ~.., ldt-ed 
C: ._,,-f IV'fi;.,, u~ 

F: l J 

,,,........~. 

L-o I c v I oi 'It! 

..7--+ y I----!• c 0 ,,..,,.... -e: c.- f ~ d. 

Pr;,_,, t 
\lolvn-.e ~--311""t 

F •. ·1 I *" C "-' t- · 

- : A-:-;:::··i-~~-;;i 
; c I,) + 

....._,---5>*-

'--------~ 

I j f3 

/ 

\) 
I 

I 
{ 

D ,· ~ 1- o ,..., e- e 

Co lct..J le {I! 
A clJ° ..... 'f> i-ecJ 

F• ll 

\. 

\ 
/ __ _. .. / 



FINAL EARTHWORK CALCULATIONS 

INPUT 

If l PRELIMINARY FIELD NOTES 

(a) 
(b) 
(c) 

(d) 

Cross-section stations. 
Rod readings. 
Horizontal distance to the cross-section 
point. 
H. I. (if it is different from that of 
the previous station). 

# 2 FINAL FIELD NOTES 

(a) 
(b) 
(c) 

(d) 

Cross-section station. 
Rod readings. 
Horizontal distance to the cross-section 
point. . · 
H. I. (if it is different from that of the 
previous station). 

# 3 CONTROL DAT.A. 

(a) 

(b) 
(c) 

Value of "q" (the maximum vertical.distance 
between the preliminary and the final section). 
Chainage equation. 
Structure. 

PRINT 

1. Station Number. 
2. Area of Out. 
3. Area of Fill. 
4. Volmne of Cut. 
5. Volume of Fill. 
6. Adjusted Fill. 
7. Accumulated Cut. 
8Q Accumulated Cut Minus Adjusted Fill. 
9. Chainage Equation. 

10. Structure Omission. 
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