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This manual describes a suite of programs, written in 1900 FORTRAN, designed to calculate cut 
and fill volumes and associated values. The four main programs input, calculate, output and amend 
and are related to each other as shown in Figure 1.

Either British or metric units may be used for the measurements. The programs are intended 
for use in a variety of projects, such as quarrying, dredging, motorway and road design and 
construction, canals, dams, railways and airports.
If the programs are fully utilized, they will provide values at the following six stages of design and 
construction:
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The programs are arranged so that, at the preliminary design stage, various trial routes can be 
investigated in quick succession, using data derived from a survey of the terrain along the routes. At 
this stage, a minimum amount of data may be prepared and the accuracy of the results is proportional 
to the volume of data prepared.
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When one or more routes have been selected for detailed study, optimum centre-lines and grade profiles 
can be found. This is achieved by modifying the new construction data for successive runs, in the light 
of results already produced by the computer, until the most economic line has been established. The 
program arrangement is such that the minimum amount of work is necessary to make substantial 
alterations to data relating to the new construction.
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The programs will compute the volumes and areas required for the Bill of Quantities which is sent out 
to tender.
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The results of computation may be used at this stage for planning the method of construction and plant 
utilization.
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The programs may be used to obtain the volumes required to calculate interim payments.
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Figure 2a Format o f line printer output
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The output program will give results in �����������������	 and �	���������������������� forms. The following results are��
output in �����������������	 form:
1 Setting-out data at each station:

chainage,��
side slopes,
definition of slope stake points,
fence line positions,
definition of all points at each station.

The following values are given at each station and also as cumulative values:
2 Land area enclosed by the two fence lines
3 Topsoil strip areas and volumes
4 Topsoil replacement volumes
5 Turfing or seeding areas
6 Cut volumes including modifications for transportation and after consolidation
7 Values of cu t/fill
8 Cut volumes of all specified materials encountered
9 Volume of unsuitable or dump materials
The following results are output in �	���������������������� form:
10 Mass-haul diagram (on the line printer and, optionally, on a graph plotter)
11 Plot of cross-section at each station (on a graph plotter)
12 Plot of longitudinal sections (on a graph plotter)
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Data preparation will now be considered in detail. Particular attention should be paid to the use of��
tabulate, space and newline characters, which indicate to the program where one item of data finishes��
and another begins. If the instructions on data preparation are observed' by both the engineer and the��
punch operator, there should be little need for data correction. Where necessary, corrections may be��
made at the time of punching by over-punching errors with ’delete’ characters and re-punching correctly;��
or faulty tapes may subsequently be corrected by using the standard I.C.T. PROM program to re-punch��
a correct tape. Tape editing can also be carried out on some types of tape preparation equipment, e.g.

. a Flexowriter.
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The job heading is  the name and reference number of a particular job. Up to 72 characters are allowed,��
composed of any arrangement of alphabetic, numeric, space and punctuation characters. Any reference��
information required may be included in the job heading. For instance, if more than one computer run��
is  required for a particular job, the run number may be incorporated.
The job heading must be preceded by the directive HEADING and terminated by a newline character as��
shown on Data Sheet 1 (page 10).
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The unit specification indicates which units of measurement are required, British units or Metric units.��
For alphabetic characters must be used: either BRIT for British units or METR for Metric units.
When BRIT is  used, all input of offsets, levels, thicknesses, lengths, chainages, etc., must be in units��
of feet (but see 1.7.8). Similarly, if METR is  used, all input must be in metres.
The unit specification must be preceded by the directive UNIT and terminated by a newline character��
(see Data Sheet 1).
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If the program is  required to calculate grade levels at some or all of the stations, it is  necessary to��
supply grade data. The data must cover all points at which calculation is  required, either as a continuous��
set of data or as a series of sections of data, each in itself continuous.
The calculated vertical curves are parabolic and join one straight-line gradient to the next. The parabolic��
curves meet the gradients on either side tangentially and the horizontally projected distance between the��
tangent points is  the curve length supplied in the input data. Grade levels can be calculated by the pro­
gram at any point within the range of given data, i.e. on the straight-line gradients and on the vertical��
curves.
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The following variables are punched in tabular form:
Chainage��

Grade level��
Length of the curve.

The following points should be observed in the preparation of grade data.
1 Chainages must be in ascending order.
2 Care must be taken to ensure that the vertical curves specified do not overlap.
3 Grade data may be input as a series of sections (see Figure 3). Each section must contain continuous��

data and must begin with a zero curve length at the first chainage, and end with a zero curve length��
at the last chainage. Thus, the complete data will always have zero curve lengths at the first and��
last chainages and other zero values of curve length must appear in pairs. Such pairs of zeros��
indicate a break between sections of grade data and grade levels cannot be computed between
such sections.











If no standard typicals are required, the tables must be deleted, leaving the directive TYPICALS 
DATA and the terminator EODA to be punched on consecutive lines.
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The station data is necessary to complete the standard information for each station, and once specified, 
applies to subsequent stations until a change is  made.

Compulsory Variables Input for Each Station' ���'�(�'��

The following variables are punched for each station:
1 Station number. From two to eight alphanumeric characters are permitted. The station number is 

used only for station recognition purposes and never for cross-referencing.
2 Chainage at the station. This is  used for cross-referencing.

3 Grade level. If the grade level is to be calculated using grade data (see 1.4), this variable is punched 
as zero. Negative values of the grade level are not accepted.

This data is  punched on separate lines in the order given above (see Data Sheet 3a, page 14). Where none 
of the optional variables (see 1.7.2) shown on Data Sheet 3a is  to be altered, Data Sheet 3b can be used 
for subsequent stations. The examples shown on pages 14, 16 and 17 form a set of information for stations 
SI to S8 on Data Sheets 3a (Example 1), 3b and 3a (Example 2).
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Figure 4 Typicals











Note: This forms first sheet o f  Station Data or can be used for subsequent Stations where variables alter.
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Figure 7 Fill cross-section
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N ote: W ith 'B R E A K  set values are no t calculated betw een th is S ta tion  and the preceding S ta tion  i.e . a t bridges, roundabouts etc.
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Figure 12 Truncation

Figure 14
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The primary function of the amendment program is to enable the user to update the information held 
in the Cut and Fill file without having to re-input all the initial data. The amendment program is used to 
alter any quantity of data held on magnetic tape files produced by the Cut and Fill input programs or 
the Cut and Fill calculations program, so that the effect of changes in any of the input variables can be 
readily evaluated.
The amendment program can be used to update only a valid file. A file that has been produced by an 
input or amendment run in which ERROR messages (as opposed to CAUTION messages) were output 
on the line printer, will not normally be valid. Any completed file produced by the calculations program 
can be considered valid in this context. When using the amendment program, data held on the old 
master file that is not required to be amended or deleted will be copied onto the new master file.
Unlike the input program, not all the main directives described earlier in Chapter 1 need be used; the 
directives only for the parts of the data to be altered are specified. There are (in addition to those 
described earlier in Chapter 1) six directives that are peculiar to the amendment program - 
AMENDMENT, DELETE, SKIP, SNGL, CRRY and NO BREAK. The use of these is  described in 
the following sections. Apart from these additional directives, the format of the data is  very 
similar to that of the input program. Where the format is different, a suggested form of Data Sheet 
has been drawn up; otherwise, the Data Sheets included in the earlier sections of this chapter are 
also applicable for amendment data.
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If it is required to alter the job heading, the directive HEADING must be given. This is followed on the 
next line by the new job heading, which is terminated by a newline character as shown on Data Sheet 1 
(page 36).
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The directive AMENDMENT is mandatory, and follows the new job heading if one has been specified, 
otherwise it is the first item on the data tape. It is not possible to specify different units to those used 
for the input program data. (See Data Sheet 1 page 36.)
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The amended grade data must be preceded by the directive GRADE DATA and terminated with the 
characters EODA (see Data Sheet 1 page 36).

If it is required to amend the values of the grade level and curve length for a particular chainage, the 
chainage together with the amended values of the grade level and curve length are specified as for the 
input program. If the value of this chainage is exactly equal to the chainage for which the amendment 
is  required on the old master file, then the new values of the grade level and curve length will be 
substituted when the grade data is written to the new master file.
If it is required to insert additional values of chainage, grade level and curve length, the three new 
values are specified (as for the input program) and these will be inserted automatically by the program 
in the correct position on the new master file.
If it is required to delete a value of chainage, grade level and curve length from the old master file, 
it is  necessary to specify only the directive DELETE, followed on the next line by Hie relevant 
chainage.
If it is found that, after amending data held on the old master file, no further data from the old file is 
required to be copied to the new file, the directive SKIP is  given. Any further new values of grade data 
may then be given in the usual way on subsequent lines. This facility may be used, for example, if it is  
required to re-specify all the grade data held on the old master file. To achieve this, the first line of 
data should contain the directive SKIP, and all subsequent lines should specify the new grade data in the 
usual way.

hi all grade data, chainages must be in ascending order.

AMENDMENT PROGRAM - DATA ON PAPER TAPE







Note: This forms first sheet o f  Station Data or can be used for subsequent Stations where variables alter.
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ERROR: NEW TYPICAL NOT GIVEN AT STATION xxxx
ERROR: NO STATION DATA GIVEN FOR CHAINAGE ������

ERROR: SUPPLIED TYPICAL EXTENDS BEYOND TERRAIN AT CHAINAGE ������

ERROR: LINE �����! INCORRECT CURVE LENGTH

ERROR: STATION �0�0�0�0�! TYPICAL REF. NO. ����  TOO LARGE

ERROR: SUM OF MATERIAL CUT VOLUMES DOES NOT EQUAL 'VCUT' AT STATION �0�0�0�0

ERROR: STRATA INTERFACE �� EXTENDS BEYOND TERRAIN AT STATION �0�0�0�0

ERROR: OVERHANG IN SUPPLIED TYPICAL AT STATION �0�0�0�0

ERROR: OVERHANG IN CHAINAGE AT CHAINAGE ������

ERROR: OVERHANG IN INTERFACE �� AT STATION xxxx
ERROR: INSUFFICIENT GRADE DATA AT CHAINAGE ������

ERROR: WRONG DATA CARDS. PROGRAM HALTED.

ERROR: WRONG DATA TAPE. PROGRAM HALTED.

ERROR: �0�0�0�0 DATA GIVEN IN WRONG ORDER
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The input program error messages may also be output during a run of an amendment program; the main additional��
messages are listed below.

ERROR: DIRECTIVE 'AMENDMENT' OMITTED��

ERROR: SUPERFLUOUS 'EODA' FOLLOWS 'AMENDMENT*

ERROR: CHAINAGE ������  REQUIRING DIRECTION NOT FOUND ON MASTER FILE��

ERROR: INCORRECT CURVE LENGTH AT CHAINAGE ������ ��

ERROR: INCORRECT LAST VALUE OF CURVE LENGTH

ERROR: MATERIAL 'xxxx' REQUIRING DELETION NOT FOUND ON MASTER FILE

ERROR: TOO MANY MATERIALS: xxxx' NOT ADDED

ERROR: AMENDED TYPICAL NO. ���� REPEATED

ERROR: TOO MANY OFFSETS AND LEVELS FOR TYPICAL ����

ERROR: ADDED TYPICAL NO. ����  NOT CONSECUTIVE WITH LAST (NO./m)

ERROR: RESET MATERIAL CUT VOLUMES AT STATION xxxx

ERROR: STATION xxxx: INDICATOR 'xxxx' NOT RECOGNISED

ERROR: NEW TYPICAL NOT GIVEN AT STATION xxxx

ERROR: NO TERRAIN DATA GIVEN FOR INSERTED STATION xxxx

ERROR: CHAINAGE ������  GREATER THAN LAST CHAINAGE ON MASTER FILE

CAUTION: NO STRATA DATA GIVEN FOR CHAINAGE ������
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When a card reader has been allocated to the program, the following message is output on the console 
typewriter:

0 #X2C5 ; UNIT n :-FIX
and the data cards should be loaded in card reader n. The program then proceeds in exactly the same 
way as the paper tape amendment program, except that, if the program has read in all the data from 
cards before it has finished running, the card reader will be disengaged and released and the message

0 #X2C5 ; DISPLAY: ALL DATA READ IN
will be typed on the console typewriter. The data cards may then be removed from the card reader. 
�� �� ���� �� ���� ������ �� ���� �� ���� �� ������ �� ���������	�� �����	

Core store required: 11,614 words
Peripherals required: 3 magnetic tape decks, two loaded with scratch tapes and the other loaded with

the output tape from #X2C2, #X2C3, #X2C4 or #X2C5, labelled CAFCA INPUT 
(no write-permit ring). No line printer is required.

Normally the volume calculations are by the truncated cone formula as described on page 3 but if the 
'average end area' formula is required, sense switch 1 must be set by typing the following message on 
the console typewriter:

ON #X2C6 1
A confirmatory message will be typed when the program is running.
The program is activated by typing the message 

GO #X2C6 20
The data from the input tape is processed, and an output magnetic tape containing all the input and 
calculated information is written.
Every ten stations during processing, a message is typed giving the name of the station that has been 
reached. The name of the last station is also typed. When processing is complete, the message SUMS 
ALL DONE is typed and the program is deleted. The output tape is labelled CAFCA OUTPUT and. 
will be on the tape deck that was allocated to the program as UNIT 1. The write-permit ring should be 
removed from this tape, so that the tape is ready for use by the next program.
If berm slopes have been specified, and the program suspends itself and types a station name followed 
by the message TOO MANY BERMS, the program has tried to insert ten or more berms on one side of 
the named station. The data for this station should be examined, probably for a wrong grade level or 
too small an interval between berms. If a station name is typed followed by the message TYPICAL > 
LIMIT, the program has tried to use a standard half-typical that is not contained in the input data. This 
can arise only if an error message in the input or amendment programs has been ignored.
The program cannot continue beyond either of these messages and must be restarted using a correct 
input tape.

If the full typical at a station extends beyond the extreme terrain point on each side, the program 
will stop and type out the program liame, followed by the message TYPICAL TOO WIDE. The 
program may be restarted by typing GO #X2C6, but the results at that station and the next station 
will be incprrect, and the program may go illegal.

Line Printer Output Program #X2C7 3.7
Core store required: 11,520 words
Peripherals required �� 1 paper tape reader or 1 card reader (at beginning only),

1 line printer,

1 magnetic tape deck loaded with an output tape from any of the preceding pro­
grams, but usually from the calculations program, #X2C6. This tape must not 
have a write-permit ring.

If it is required to read in the steering list (see 2.5) on cards, then the message 
ON #X2C7 1

must be typed. Otherwise, the program will assume that the steering list is on paper tape.
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If on-line plotting is required, then the message 

ON #X2CB 2 or ON #X2CC 2

must be typed. Otherwise off-line plotting will be assumed. If the plotter to be used plots in increments of 0.010 
inch/step, then the message

ON #X2CB 3 or ON #X2CC 3
must be typed. Otherwise the plotter will be assumed to plot in increments of 0.005 inch/step.
If the program is to halt at the end of the first drawing, then the message 

ON #X2CB 4 or ON #X2CC 4
must be typed. Otherwise the program will produce all the drawings required before halting.

If no strata data is required for the first drawing(s), then the message 

ON #X2CB 5 or ON #X2CC 5 

must be typed. Otherwise all strata data will be given.

If only the essential text is required for the first drawing(s), then the message 

ON #X2CB 6 or ON #X2CC 6 

must be typed. Otherwise the full text will be given.

The program is activated by typing the message 

GO #X2CB 20 or GO #X2CC 20

on the console typewriter. When a card or paper tape reader has been allocated to the program, the following 
message is output:

0#X2CB; UNIT n:- FIX or 0#X2CC; UNIT n:- FIX 

and the parameters should be loaded on card reader n or tape reader n.

If more than six chainage bands have been specified, the program will type the message TOO MANY. BANDS and 
accept only the first six bands. If the second scale value is less than the first, the second scale will be ignored and 
the message SCALES ERROR typed. If a specified chainage band extends beyond the last chainage in die Cut and 
Fill output file, the program will type the message END OF FILE and produce drawings for all stations present 
on the file.

If switch 4 is on at the end of the current drawing, and switch 2 is on (that is, plotting is on-line) the program types 
the message

0#X2CB; HALTED:- PICTURE PLOTTED 

or

0#X2CC; HALTED:- PICTURE PLOTTED
The state of switches 4,5 and 6 may be changed at this stage. Resetting of switches 5 and 6 will affect the stata 
data and text fpven in subsequent drawings. If switch 4 is set off, no further program halt will occur. The program 
is reactivated by ty ping the message

GO #X2CB or GO #X2CC

At the end of the plot, if switch 2 is off, the program will terminate and type the message 

0#X2CB; HALTED:- END OF PLOT 

or

0#X2CC; HALTED:-END OF PLOT 

Otherwise the program will type the message:

0#X2CB; HALTED:- END OF RUN 

or

0#X2CC; HALTED:- END OF RUN



In both cases, drawings from any other Cut and Fill output file may be obtained by loading the file, re-setting any 
switches required, and re-activating the program.

If switch 2 is off (that is, plotting is off-line), data will be written to the scratch tape, which will be labelled CAFPLOT 
XSEC and given a reel sequence number of zero, a file generation number of zero, and a retention period of 999 days. 
The tape may be used as input to #XJGA.

The effect of the switches is summarized in the table below:

Switch ON OFF

1 Parameters input on cards. Parameters input on paper tape.

2 On-line plotting Off-line plotting.

3 Increments of 0.010 inch/step. Increments of 0.005 inch/step.

4 Halt at end of current drawing. No halt procedure.

5 No strata data required. Strata data required.

6 Essential text required. Full text required.

GRAPH PLOTTER OUTPUT PROGRAMS #X2CD AND #X2CE 3.10
These programs produce longitudinal sections and, optionally, mass-haul diagrams.

Core store required: 12,007 words (#X2CD) 

or
11,927 words (#X2CE)

Peripherals required: 1 card reader or 1 paper tape reader;

1 magnetic tape deck loaded with the output file CAFCA OUTPUT (no write-permit ring);

1 30" graph plotter (#X2CD)

or on-lining

1 12" graph plotter (#X2CE) 
or

1 magnetic tape deck loaded with scratch tape for off-lining. This tape must have a 
write-permit ring.

1 magnetic tape deck loaded with a scratch tape for computation of grade levels. This 
tape must have a write-permit ring.

After loading, the program outputs the message:

0#X2CD; HALTED:- LD or 0#X2CE: HALTED:- ID

An extra scratch tape is required if the grade levels were computed from GRADE DATA supplied to the input 
program.

If the parameters are on punched cards, then the message 

ON #X2CD 1 or ON #X2CE 1

must be typed. Otherwise the parameters will be assumed to be on paper tape.

If on-line plotting is required, then the message 

ON #X2CD 2 or ON #X2CE 2 

must be typed. Otherwise off-line plotting will be assumed.
If the plotter to be used plots in increments of 0.010 inch/step, then the message 

ON #X2CD 3 or ON #X2CE 3
must be typed. Otherwise the plotter will be assumed to plot in increments of 0.005 inch/step.



If the program is to halt at the end of the first drawing, then the message��

ON #X2CD 4 or ON #X2CE 4

must be typed. Otherwise the program will produce all the drawings required before halting.

If no mass-haul diagram is required for the first section(s), then the message��

ON #X2CD 5 or ON #X2CE 5��

must be typed. Otherwise a mass-haul diagram will be given.

The program is activated by typing the message��

GO #X2CD 20 or GO #X2CE 20

on the console typewriter. When a card or paper tape reader has been allocated to the program, the following��
message is output:

0#X2CD; UNIT n:-FIX or 0#X2CE; UNIT n:-FIX��

and the parameters should be loaded on card reader n or tape reader n.

If more than six chainage bands have been specified, the program will type the message TOO MANY BANDS and��
accept only the first six bands. If the second vertical scale value is less than the first, the second scale will be ignored��
and the message SCALES ERROR typed. If a chainage band contains more than fifty stations, it will be split into��
sub-sections of up to fifty stations and the message STATIONS >  SO typed. If a specified chainage band extends��
beyond the last chainage in the Cut and Fill output file, the program will type the message END OF FILE and��
include in the drawing all stations present in the file. If a specified chainage band contains less than three stations,��
the band will be ignored and the message <  THREE STATIONS typed; the program will proceed to the next band,��
if any.

If switch 4 is on, the program halts at the end of the current drawing, typing the message

0#X2CD; HALTED:-PICTURE PLOTTED or 0#X2CE; HALTED:-PICTURE PLOTTED

The state of switches 4 and 5 may be changed at this stage if switch 2 is on(that is, plotting is on-line). Re-setting��
of switch 5 will determine whether mass-haul diagrams are given with subsequent sections. If switch 4 is set off, no��
further program halt will occur. The program is re-activated by typing the message

GO #X2CD or GO #X2CE

If switch 2 is off, the program will terminate and type the message

0#X2CD; HALTED:- END OF PLOT or 0#X2CE; HALTED:- END OF PLOT

Otherwise the. program will type the message

0#X2CD; HALTED:- END OF RUN or 0#X2CE; HALTED:- END OF RUN

In both cases, drawings from any other Cut and Fill output file may be obtained by loading the file, re-setting any��
switches required, and re-activating the program.

If switch 2 is off (that is, plotting is off-line), data will be written to the scratch tape, which will be labelled CAFPLOT��
LONG and given a reel sequence number of zero, a file generation number of zero, and a retention period of 99 days.��
This tape may be used as input to #XJGA.

The effect of the switches is summarized in the table below:

���#���������� �4� �� �4����

1 Parameters input on cards Parameters input on paper tape

2 On-line plotting Off-line plotting
3 Increments of 0.010 inch/step Increments of 0.005 inch/step.

4 Halt at end of current drawing. No halt procedure.

5 No mass-haul diagram required with Mass-haul diagram required with current
current section. section.
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