
"COMPUTER AIDED SYSTEMS IN CIVIL 

ENGINEERING USING DRAINAGE AS THE 

PRIME DATA BASE" 

VOLUME .2. 

DAVID MATTHEW BRAMWELL 

A THESIS SUBMITTED FOR DEGREE OF 

DOCTOR OF PHILOSOPHY 

THES LS 
DEPARTMENT OF CIVIL ENGINEERING Ge 

THE UNIVERSITY OF ASTON IN BIRMINGHAM GOA 

\ol G79 FS reR oe 

OCTOBER, 1974



APPENDIX 1 

APPENDIX 2 

APPENDIX 3 

APPENDIX 4 

APPENDIX 5 

CONTENTS 

PIPELINE AND MANHOLE WORK 
MEASUREMENT DATA 

PIPELINE ANALYSIS PROGRAMME 

MANHOLE ANALYSIS PROGRAMME 

PROJECT SIMULATION PROGRAMME 

MAIN DRAINAGE PLANNING MANUAL 

TOP 
PAGE NO. 

61 

182 

290 

395



nee 

  

APPENDIX I 

Pipeline and Manhole Work 

Measurement 

Data 

i 

 



CONTENTS 

EXCAVATION (basic minutes) 

TABLE 

ih Excavation Time CEL), Obstruction 

Factor (_)- 

2 Travelling Time (U,), Radius (R). 

3 Proportion of Bucket occupied (bc), 
Strata Grading (s). 

4 Theoretical Bucket Capacity (Bc). 

5 Digging Depth, Reach, Loading Height. 

TRENCH SUPPORT (basic minutes) 

TABLE 

6 Trench sheet. 

7 Timber strut. 

8 Steel waler. 

PIPE LAYING (basic minutes) 

TABLE 

9 Pipe laying. 

Pipe laying gang sizes. (Figure.1.) 

PIPE BEDDING (basic minutes) 

TABLE 

10 Conerete bedding. 

aA. Granular bedding. 

BACKFILL (basic minutes) 

TABLE 

12 Backfill. 

PAGE 

10 

2a 

12 

ES 

14 

ag) 

16 

a7,



woe 

PRE-CAST CONCRETE RING MANHOLES (standard time) 

TABLE 

13: Chamber Rings. 

14 Straight backed tapers. 

ns Shaft rings. 

16 Cover slabs (75 mm thick). 

17: Cover slabs (150 mm thick). 

18 Base units. 

BRICK MANHOLES (standard time) 

FIG 

2 Brick laying. (Figure.2.) 

MANHOLE FITTINGS (standard time) 

Step irons. 

Cover. 

Pormwork. 

Steel reinforcement. 

Concrete. 

TRANSPORTATION (standard time) 

FIG 

3 Travelling time. (Figure.3.) 

TABLE 

19 Wagon. 

20 Trailers. 

21 Tractors. 

PAGE 

18 

wo) 

20 

21 

ee 

2s) 

24 

25 

26 

27 

28 

28 

28 

29 

30 

31 

32 

33 

35



Hardcore     
Traps. © ek a eS @ ae a 

Pipes (general). : ag m 

Rodding eyes and covers. 50 

Reversible gullies. So 

Road breakout. 52 

Slabs. 5S 

Saddles. 54 

Steel reinforcement. 55 

 



  

pl _ GANG SIZE 

1 Machine & Driver 

1 Banksman 

 



“Ore 

  

  

  

                  

Excavation Time (E,.) in 
Study Description basic minutes for different 
Ref. en N=D/y| Obstruction Factors (gf) 

7 6 5-4 2 it 

JCB 6C 4.5 Os29NEOS 29 1'0).35. || OLS sai i ol 

Mustang TS} Ost tO. 20 Os2s || 0.36) aOG 

JCB 3c O25) | OLOSO206 MIN 065 10.109 | O28) 

JCB 6C 8.0 0038°|°0.37° | 0.46 | O72 | 2.01 

JCB 6D TS: 0.35} 0.34 | 0.42 | 0.66 11.94 

JCB 3¢ 0.5 0.13] 0.14 | 0.16 | 0.25 | 0.72 

JCB 3D b.5 O.15')"0,16 | 0.28 | 0.28 | 0.83 

JCB 5C 4.5 O.28)) 0628 |/034 110.53 | 1.56 

JCB 7¢ 6.0 0533) 110833 |'0.40 | 0.62) 2.83 

JCB 3c 8.0 0.36} 0.39 | 0.44 | 0.72 | 2.00 

JCB 3D ao O20 OLS [Os 21 OFS) | at ehO 

RH 6 0.5 0604 FIOS05 10.09 | 0.09 10.27 

JCB 7C nie 0.36450.36 |/0.43 | 0768 | 2.00 

TABLE I 
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Study Working Travelling time (U,) for Tracked 
Ref. Radius Excavators 

(M) (basic Minutes) 

0.0 0.0 QOL 0.01 0.02 

2.0 0.10 

3.0 0.20 0.21 0.19 

4.0 0.20 0.19 0.20 

a6 O.21 0.21 0.21 

5.6 0.20 0.21 O.21 

6.25 OSS6 0.35 Orso 

Ws 0.40 O63) 

8.75 0.40 0.41 0.41 0.41 

10.0 0.41 0.43 0.42 0.40 

Working Travelling time (Ut) for Centre 
Radius Post Excavators 

(™) (basic Minutes) 

0.0 0.0 0.0 0.01 0.01 

2.0 

Sed) ey 0.24 

4.0 0.30 0.33 0.31. 

5.0 0.40 

Gas 0.41 0.42 

TABLE 2 

 



  

  

  

          
  

  

  

          
  

Ref. Strata Proportion of Bucket Volume 
Grading occupied in a single stroke 

(be) 

3 0.06 0.0 0.06 

4 0.140 0.13. 0.16 

5 O.23 0.23 0.20 

6 On.30 

7 0.39 0.39 0.40 

8 0.44 0.46 

2 0.51 0.52 

10 0.54 

TABLE 3 

Machine Characteristics. 

Minimum Theoretical Maximum Theoretical 

Machine Bucket Bucket Bucket Bucket 

Type width (mm) Capacity width (mm) Capacity 

(M3) (M3) 

JCB 3 225 0.08 675 Deed 

UCR 3€ 225 0.13 675 0.29 

JCB 3D 225 Oss 675 0529 

JEB) 5C 450 0.32 1200 0.56 

JCB 6C 450 0.32 1300 0.49 

JCB 6D 450 O32 1300 0.49 

JCB 7B 450 0.32 1200 0.67 

JCB 7¢ 600 0.50 1300 1.06 

Hy-—Mac580 400 0.29 1350 OLS7 

RH 6 600 0.50 1300 1.06 

TABLE 4 
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(1) french Depth less than or 

equal to 3.0m. 

1 Banksman/Ganger. 

3 Labourers. 

(2) Trench Depth greater than 3.0 m. 
1 Banksman/Ganger. 

3 Labourers. 

1 Machine to assist. 

 



  

  

  

  

  

  

  

              
  

Trench sheet basic minute data 
Length (m) 

Ref. Operation 2 3 4 > 

Unload from 0.4 0.3 0.7 0.7 

trailer and 0.4 0.3 0.9 1.0 

stock pile at 0.5 0.2 Ou5 0.5 

trench side 0.3 0.4 0.7 0.6 

Lift from Ove One 0.6 0.6 

stock pile 0.5 Oia 06 0.6 

and place in Os Ons) 0.8 0.8 

trench 2m deep 0.4 0.4 0.8 0.8 

Locate in 0.4 0.4 0.4 0.4 

trench 0.3 O.3 0.3 0-3 

0.5 0.5 0.5 Owed 

Lift from 0.3 0.4 0.6 0.8 

trench and 0.3 0.3 0.5 0.6 

place on 025. 0.8 0.8 0.8 

trailer O25 09: 0.9 1.0 

Lift from 1.0 1.0 1.0 1.0 

trench and 1.0 ioe 1.0 1.0 

manually ve Dall! el Tne 

transport 10m 1.0 die 0 1.0. 1.0 

Lift from 0.5 0.5 0.5 0-5 

trench & place 0.6 0.8 0.8 0.8 

in stockpile at| 0.6 0.6 0.6 0.6 

side of trench On 0.9 0.9 0.9 

TABLE 6 
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rom 2m 

Transport 10m 

ft 

manually 

and place on 

and place on 

Lift from 2m 
deep trench 

stockpile 

deep trench 

trailer 
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Steel Water Basic Minute Data 
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_ Gang Size 

 



  

nelaying 

  

Pipe laying Basic minute data 

  

  

                  
  

Operation pipe length = 2.44 m 

100 300 600 900 | 1200 | 1500 | 1800 | 2100 

Prepare Base 0.4 1.15 | 2.30 | 3.30 | 3.90 | 4.25 | 4.45 | 4.50 

Lower Blocks 

(2m) 0.225 0795.) 120: a. 2heie a0 de 1S deo ui 20 

Place and 
Level blocks 2.0 5.60 | 6.80 | 6.95 | 6.95 | 6.95 | 6.95 |6.95 

Place Sling 

on Pipe 0.44 }0.94 11.36 | 1.60 |1.76 | 1.92 | 2.08 | 2.23 

Lower and 
Position pipe 

(2 m cover) O40 12,15 | 2.28: | 3.424655 | S70) 66.82 17.95 

Lower and 
Position pipe 
(4 m cover) 0.50 |2.10 | 4.50 | 7.00 | 9.10 |11.60 ]14.15 j15.80 

Place Gasket 0.12 10.33 | 0.66 | 0.99 | 1.347) 1.67] 2500 | 2.33 

Lubricate 

Socket O25 10.80!) 2557 | 2.37 | 3.17 | 3.95 |.4.75 | 5.60 

Set Jack 0.40) 2.26: | 2.35°|-3-50 | 4569 | 5-85 17.03 | 8.20 

Jack 0.43 |1..25))2.43 | 3.64 | 4.85 | 6.05 | 7.25 | 8.45 

Release Jack 0.141 0.36 [0.72 | 12.06 | 1.42 |) 1.78 | 2213 42.50 

Lower 

Traveller 04 dee 058805 75<|\ dee el. SC) | 860/222 1 2668 

Bone Ou isl | elon ey beriieeO a hG ks L7G 

Lift 
Traveller OAS | O03T 1059 || 0.86) Vo Le ptsS5 | 1.742202 

Adjust Pipe 0.10) |0.40 2.00 || 1.90: }-3.10 | 4.30 | 5.35) | 5.40 

Remove Sling 0.50 |0590 11.24 | 1.44 | 12.60 | 1.76 }1.92 ) 2.08 

Check Level 

(spirit) On v4 [O63 [iO 75a) 222 T4986: 25.23, 2 .6R 

TABLE 9 

wi Ass 

 



«16. 

 
 

  

  
   
 

 
 

 
 

  

"W(@)Hidaad 
- 

H
O
N
S
U
L
 

= 
c 

i 
9 

: 
2 

s 
t 

£ 
3 

Aad 
“
y
a
u
n
o
m
l
 

[ 
~ 

9
9
1
 

e 
M 

a
 

e
e
 

E 
7
0
0
2
 

-
O
L
(
S
4
7
M
Y
 

UP) 
Y
O
L
V
A
Y
I
X
A
 

| 
W
O
N
T
 

4 
iS 

w
a
u
n
o
g
y
1
 

| 
t 

t 
YBAVT 

Adid 
| 

o0¢ 

WAONVD 
BIVsUNSs 

| 

ES 
1 

1 aed o
o
g
 

1
9
0
0
9
 

4009 

j090! 

997i 
A
S
I
S
S
Y
 

O
L
 

p
w
r
 

uo 
2) 

I
A
N
v
y
?
 

t 

y
a
u
n
o
a
v
a
 

ot 
YBAVT 

Bdld 
| 

O94! 

YWIONVTD 
B
D
v
a
U
N
S
 

| 
j9991 

o
o
g
 

I 
I 

I 
t 

t 
t 

t 
eae 

‘
W
H
 

«WSLEWVIG) 
«adId 

ogez 

Figure.l,. 

-



  

Gang Size 

1 Ganger/Banksman. 

2 Labourers . 
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Concrete Pipe Bedding 

  

Operation 

Pipe Bedding Basic Minute Data/m? 

  

100} 300) 600] 900/1200)1500 1800 2100 
  

Concrete 
  

  

Unrestricted dis- 

charge from wagon or 

largé skip. Time 

includes shaping and 

tamping. 

Concrete placed by 

hand from a heap at 

the trench side.This 

includes shaping and 

tamping. 

Restricted discharge 

through trench sup- 

ports and services 

etc. from wagon 2 m 

cover. 

Restricted dischaze 

through trench sup- 

ports and services 

etc. from wagon 4 m 

cover.   
16.8)16.5117.0)16.1) 6.3)16.8 

28.01 28.0|27.31 2769 125.8 | 28.5 

20.3/20.6117.8/16.8)15.1)14.6 

391.3 138.6 /35.-7 |32.6)28.0 (26.3             

Less 

28.0 

14.7 

26.1 

16.0 

25.7 

  
  

TABLE 10 

14. 

 



19. 

Granular Pipe Bedding 

  

Operation 

Pipe Bedding Basic Minute Data/m= 

  

100} 300] 600 900 1200 1500 1800 2100 
  

Granular (10-20mm¢) 
  

  

Unrestricted dis- 

charge from a wagon 

or skip. Time in- 

cludes shaping. 

Discharged from 

wagon and placed by 

hand. Time inclu- 

des shaping. 

Restricted dis- 

charge through 

trench supports and 

services from a 

wagon. (2 m cover) 

Restricted dis- 

charge through 

trench supports and 

services from a 

wagon. (4 m cover) 

MS hie Os) U2: ele 

19.6) 2168 [29.3 

1963/1526 )13.08 

2728 |25.2)23.5         

EBL 

19.7 

12.5 

22.0 

11.3 

12.0 

2236     
18.3 

25.6   
ally A) 

22.3 

16.4 

e oO
 

uO
   
  

TABLE 11 
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BACKF ILL 

  

Backfill Basic Minute 

  

  

  

  

  

  

  

  

  

            
  

Data 

Layer Thickness 150 mm 300 mm 450 mm 

Description 

Backfill by hand 19.8 

from heap at trench “19.8 25.8 

side. Compacting 50.0 2522 L867 

time included. 62.5 14,3 20.0 

MEAN 562.25 20.25 2165 

Backfill using 

Dumper. Compacting 

time included. 

Yo LO; 6.50 50) 

Backfill using 6.10 4.01 

Excavator. Compac— 4.05 Bo HO 4.80 

ting time included. 5.60 4.00 4.02 

MEAN Ssi25 2.90 4.41 

Backfill using 4.00 3.05 2650 

tracked loader. 4.50 4.06 2.70 

MEAN 4.25 Sg 2.60 

TABLE 12 

17. 

2 men + Roller 

2 men + Dumper 
+ Roller 

2 men + Exca— 
vator + Roller 

2 men + Drott 
+ Roller
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BRICK MANHOLES ee 

Gang Size 

Included in the data 

 



120. NUMBER OF BRICKS PER STANDARD Hours 

    

No} 

Joa 

90 

Bol 

Tol 

604 

50L 

4oL 

Sol 

WALL THICKNESS 457mm. 

2o 
r WALL THICKNESS 343, 

344 mm. 

| WALL THICKNESS \\S, 
tol # 230, 280mm, i 

j | | 
| 

© : ; : ' 
a 0.5 lo VS 2:0 25 30 35 40 

NUMBER OF TRADESMEN 

NUMBER OF LABOURERS 

Pigure.2.| |



  

Gang Size 

‘Included in the data 
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: PB IRONS 

Standard 
No, Item Gang Unit Man-hours/ 

Unit 

Wedge and point step irons 

ne into pre-drilled concrete ug No D005: 
manhole rings. 

Drill holes, wedge and point 
2 step irons into pre-cast + No Oo55) 

concrete manhole rings 

3 Set and point step irons into 1 No 0.05 
brick work. 

Drill holes, wedge and point 
4 step irons into brick manhole _ Ne Oe 

COVER 

Standard 
No. Item Gang Unit Man-hours/ 

Unit 

1 Place and pane manhole cover 2 No! 40 
on mortar bed. 

FORMWORK 

Standard 
No. Ttem Gang Unit Man-hours/ 

Unit 

Fix and strike light-weight 
My formwork to circular concrete No 1.50 

manholes. 

Make form work for manhole 2D 
a slabs and sides. : ooo 

Fix form work for manhole 2 
3 slabs and sides. is rie? 

4 Strike form work for manhole M2 0.538 
slabs and sides. 

  

Se 

  

  

 



-33. 

STEEL REINFORCEMENT 

  

No. Ttem Gang inde Standard Man 

  

      

Hours/Unit 

y Cutting 

i 5 See Section (8) 

. pele Hoa eae Miscellaneous 
(SEecLy 

3 Power Bending 

4 Fixing 

CONCR 

  

  

Standard Man 
I re 3 he 

Now Item Gang Unit Hours/Unit 
  

  

150mm Concrete Z 3 3 

surround to manholes . x poe 

In situ concrete 
base to form 
channels and branch 
connections. 

No. of No. of 
Channels Branches 

1 0 2 Me 2.691 
1 1 z Me 2.906 
a 2: Bs Me 3.122 

ap 3 é Me 35337 

1 4 2 me 3.552     
329. 
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37 
7.4 Trailers 

  

  

TABLE 20 

TRAILERS 

Location : 
Make & Model Deck eae of wees. 

Wheels Pp Y 

Wheatley Fiat or Wheels set 
'Princess' with 2 below deck 2.5 ton 
low loading sides level 
Trailer 

Wheatley Prat or Wheels set Ssvor 6 
'Deeping' with a below deck ton 

sides level 

Wheatley Wheels set 
Crawler Flat 2 at deck 4 ton 
Carrier centre 

line     
Manufacturer: 

Agents: 

Other Manufacturers: 

(a) 

(b) Power Trailer System: 

(c) Power Trailer System: 

396 

F. W. Wheatley (Trailers) Ltd., 
Padholme Road, 
Peterborough, 
England. Tel: 67077 (4 lines) 

Bristol Street Equipment, 
Alcester Road, 
Portway. Tel: Wythall 2041/3 

Weeks and Co. (Engineers) Ltd., 
Hessle, 
Yorkshire, 
England. Tel: Hukl (0428) 

642171/4 

Land Drive Ltd., 
Canonbie, 
Dumfrieshire. 
Tel: Canonbie 355. 

Pinfold Plant 
Victoria Road, 
Fenton, 
Stoke-on-Trent. 
Tel: 22943 

Tt. 4 
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240. 

MANUFACTURERS AND AGENTS 

1 Muir-Hill Ltd., 

Bristol Road, 
Gloucester GL1 5RX. 
Tel: (0452) 21481. 

County Commercial Cars Ltd., 
Fleet, 
Hants. 
Tel: 02-51422111. 

International Harvester Company 
of Great Britain Ltd., 

259 City Road, 
London EC1l. 

Shire Tractors: 

Perry's, 
Potters Bar, 
Herts. 
Tel: Potters Bar 53211. 

Ford Motor Company Ltd., 
Tractor Operations, 
Basildon, 
England. 

236.



  

Gang Size 

Given within © 

 



  

BRICKWORK 

pe Standard 
ve Item Description Gang Unit Man Hrs/Unit 

  

Construct two course of 
225 mm brick work to take 
a manhole cover. The item 1 Metre 
includes for building to Lin 
line and level and point- 
ing the inner face. 

Break out small quantities 
2 of manhole brickwork by m3 

hand. 

Break out small quantities 3 
Ss of manhole brickwork using M 

pneumatic tools. 

38. 

0.30



BENDS 

43. 

  

Item 
No. 

nm 
w 

Item Description 

Fix 150mm diameter spigot 
and socket bend. The item 
includes setting to line 
and level and jointing 
with yarn and mortar. 

Fix 225mm diameter spigot 
and socket bend. The item 
includes setting to line 
and level and jointing with 
yard and mortar. 

Fix 300mm diameter spigot 
and socket bend. The item 
includes setting to line 
and level and jointing 
with yarn and mortar. 

>, SO 

Gang Unit 

No 

No 

No 

Standard Man 
Hours/Unit 

0.56 

0.80



44. 

CHANNELS 

  

item 
No. 

Item Description Gang Unit 
Standard Man 
Hours/Unit 

  

w 

Lay 150mm diameter channels 
on a lean concrete bed. The 
item includes for position- 
ing to line and level and 
cutting where necessary. 

Lay 225mm diameter channels 
on a lean concrete bed. The 
item includes for position- 
ing to line and level and 
cutting where necessary. 

Lay 300mm diameter channels 
on a lean concrete bed. The 
item includes for position- 
ing to line and level and 
cutting where necessary 

Ay 

No 

No 

No 

0.38



  

  

CONCRETE 

item ee 5 Standard Man 

No. Item Description Gang Unit Hours/Unit 

l Break out smail quantities me 7.0 

of cured mass concrete by F 

hand. 

Break out cured mass 

2 concrete using pneumatic ve 4.98 

equipment. 
* 

Break out cured rein- 

5 forced concrete using M 4.98 

pneumatic equipment. 

Break out cured mass 

concrete carriageway 

4 using an IPH or other M 1.54 

heavy mechanised 

pneumatic equipment. 

AT



416. 

COVERS (IRON) 

  

  

Item * é iz . Standard Man 
No. Ttem Description Gang Unit Hours/Unit 

L Bed and lay iron manhole 
covers to line and level. 

Weight 

0 = “S0ikg 2 No 0.60 

50 - 100 kg 2 No 0.94 

100 - 150 kg 2 No LesL 

above - 150 kg 2 No 1.62 

> Unload and stack iron 
5, manhole covers. 

Weight 

0 - 50 kg ) No 0.08 
Cc 50 - 100 kg e ee. No 0.15 

100 - 150 kg ) No 0.20 

above - 150 kg } No 0.25 
) 

42.



AT. 

GULLIES 

  

Item Standard Man 

  

NG. Item Description Gang Unit Hours/Unig 

Yard Gullies, the item 
includes excavate, 

* position and surround with No 0.56 

concrete. 

Reversible Gullies, the 
2 item includes excavate, 

position and surround 
with concrete. 

No. of inlets:— 

1 only No 0.75 
2 only No 0.88 

Road Gullies, the item 
3 includes excavation, 

positioning and concrete 
surround. 

Diameter Depth 
(mm ) (mm) 

229 600 No Leis 
225 750 No 1.31 
300 600 No 1.26 
300 750 No 1.50 
300 900 No Lets 
375 600 No 1.62 
375 750 No 1.88 
375 900 No 2.18 
450 750 No 2.06 
450 900 No 2.42 

~43.
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GULLY CONNECTIONS 

  

  

Item gee 5 Standard Man 
No. Item Description Gang Unit Hours/Unit 

Fix first 2m of 150mm 
oe diameter clay pipe for Gully 0.465 

gulley connection. 

2 Fix straight 150mm x Metre 0.13 
1220mm long clay pipes. Lin e 

44,
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GULLY FRAMES AND GRATINGS 

  

Item No Item Description Gang Unit 
Standard Man 
Hours/Unit 

  

Assemble to line and level 
and set on mortar bed 
Gully Prame and grating. 

Ok The item includes the 
brick construction 
between the base of the 
frame and the top of 
the gully. 

Weight 

Oo = LOO! kg: No 

above 100 kg No 

Unload gully frames and 
grade from wagon and 
stock pile. 

ie)
 

Weight 

0. 50 kg 2+M/C No 

50 - 100 kg 2+M/C No 

100 - 150 kg 24M/C No 

above 150 kg 2+M/C No 

1.88 

aee5 

0.08 

0.15 

0.20 

0.25



  

  

GULLIES 

Item a : Standard Man 
Hor Item Description Gang Unit Hours/Unit 

1 Unload Gullies from wagon 24M/C No 0.15 
and stock pile 

46.



obi. 

HARDCORE. 

  

  

Item Sea . Standard Man 
No. Item Description Gang Unit neers rane 

Spread and level hardcore 3 

a in 100mm layers and blind 2+M/C M 2.0 

with ash. 

Spread and level hardcore 3 

2 in 150mm layers and blind 24+M/C M 1.88 

with ash. 

Spreak and level hardcore 3 

3 in 225mm layers and blind 24+M/C M 178 

with ash. 

47,



TRAPS 

  

Item Standard Man 

  

No. Item Description Gang Unit Hours /Unit 

Excavate, position, joint 
1 and surround with concrete No 06375 

'p’ traps. 

Excavate, position, joint 
2 and surround with concrete No dele 

intercepter traps. 

48.



  

  

PIPES 

Item i ie : Standard Man 
Now Item Description Gang Unit Hours/Unit 

Lay and joint clay ware 
spigot and socket pipe. The 

a item includes jointing with 
yarn and mortar, and cut— 
ting, where necessary. 

Diameter 
(mm) 

100 Metre 0.098 
tin 

156) Metre OLS 
lin 

225 Metre 0.143 
. lin 

300 Metre 0.187 
lin 

2 Unload and stock pile 
clay ware pipes individually. 

Diameter 
(mm ) 

100 3 10 Os: 
pipes 

150 3 10 0.2 
pipes 

225 3 10 0.2 
pipes 

300 3 10 0.2 
pipes 

49.



RODDING EYES AND COVERS 

  
Item 
No. 

Item Description Gang Unit 

Fix 150 mm diameter spigot 
and socket Rodding Eye. 
The item includes setting l No 

to line and level and 
jointing with yarn and 
mortar. 

Standard Man 
Hours/Unit



REVERSIBLE GULLIES 

  

Item 
No. 

Item Description 

Excavate, position, joint 
and surround with concrete. 
Reversible Gullies con- 
taining one inlet only. 

Excavate, position, joint 
and surround with concrete. 
Reversible Gullies con- 
taining two inlets only. 

Unit 

No 

No 

Standard Man 
Hours/Unit 

0.75 

0.88



ROADS 

56. 

(Breakout) 

  

  

Item gone + Standard Man 
ie. Item Description Gang Unit Mours/Unit 

Break out metalled road 
surface, using an IPH or 3 

- other heavy mechanised - uetS 
pneumatic equipment. 

Break out cured mass 
concrete carriageway using 3 

2 an IPH or other heavy M 1.54 
mechanised pneumatic 
equipment. 

«O25



aid) Tie 

SLABS 

  

  

item : * * Standard Man 
NOL Item Description Gang Unit Houes Unit 

Unload precast manhole 
a slabs and bases from wagon 

and stock pile. 

Diameter 

Oo - 686 mm No 0.5 

686 - 914 mm No 0.53 

914 - 1067 mm No 0.56 

1067 - 1219 mm No 0.67



  

  

  

Tem Standard 

N Item Description Gang Unit Man Hours/ 
O. ‘ 

Unit 

Cut and trim a 225 mm 
diameter clayware pipe 

- and bed a 225 x 300 mm Ne ore 

saddle to concrete line 
and level.



  

  

STEEL 

Item Bate - Standard Man 
Aer Item Description Gang Unit Hours/Unit 

Cut, bend and fix 10 mm 
diameter steel. The cut— 

is ting and bending should be 
performed by powered 
machines. 

Power Cut ic 22D 

Power Bend is 8.70 

Fix = 21.80 

Cut, bend and fix 12 mm 
diameter stee. The cut- 

2 ting and bending should be 
performed by powered 
machines. 

Power Cut £ Be 

Power Bend c 7.18 

Pix t Lieto 

Cut, bend and fix 16 mm 
diameter stee. The cut— 

3 ting and bending should be 
performed by powered 
machines. 

Power Cut + 1.28 

Power Bend 5 Seis 

Fix ic 12.80 

n v1
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NOTATION 

Standard Mean Rate of Excavation 

Standard Rate of Excavation at depth 
increment 'i' 

Actual quantity of material excavated 
in one digging stroke 

Standard cycle time at depth increment 
‘qt 

Above ground cycle time component 

Below ground cycle time component 

Integer 

Theoretical bucket capacity 

Strata Grading 

Machine bucket width 

Proportion of the theoretical bucket 
capacity utilised 

Depth of Excavation 

Width of Excavation 

Depth to width ratio 

Required machine working reach 

Apparent Earth Pressure 

Constant 

Coefficient of Active Earth Pressure 

Density 

Cohesion 

Angle of Internal Friction 

Permissible Bending Stress 

Bending Moment 

ol. 

UNIT 

Mw /he 

M?/nr 

mins 

mins 

mins 

KN/M 

kg/m? 

kg/m? 

degs 

N/MM 

KNM



gr 

H 

64. 

Second moment of Area 

Section Modulus 

Maximum permissible waler spacing 

Required Waler spacing 

Applied compressive stress 

Allowable compressive stress 

Depth/width of timber struts 

Radius of Gyration 

Effect length of the member 

Required Section Modulus 

Working Radius 

Unloading Height 

UNIT 

CM 

cM 

N/M™ 

N/MM 

M 

KG/M?
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ies Latroduction 

This programme is designed for use by contractors and 

design engineers. It analyses the pipeline operation which 

is assumed to consist of:- 

(a) Road Breakout 

(b) Excavation (including machine selection) 

(c) Trench Support 

(da) Pipe Laying 

(e) Pipe Bedding 

(£) Backfill 

The results produced contain design information where neces- 

sary (Trench Support), together with recommended gang sizes, 

material quantities and construction durations at standard 

performance. 

2. Software Language 

FORTRAN 

3. Hardware Configuration 

1905E Central Processing Unit with hardware floating point 

96K words of 1.8 sec store (K = 1024, word = 24 bits) 

Operators! console 

Input: 2101 card reader, 2000 cards/minute 

1916 paper tape reader, 1000 characters/second 

Output: 1933 lineprinter, 1350 lines/minute, 120 characters 

line 

1925 paper tape punch, 110 characters/second
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1934 graph plotter, 30" wide, 300 steps/second, step 

size 0.005" 

Magnetic Tapes: 

4 magnetic tape decks using 0.5" magnetic tapes. 

Information is stored across 7 tracks at a density 

of 556 characters/inch. The maximum transfer rate 

is 20,800 characters/second. 

2 magnetic tape decks using 0.5" magnetic tape. 

Information is stored across 9 tracks at a density 

of 1600 characters/inch. The maximum transfer rate 

is 160,000 characters/second. 

Magnetic Discs: 

4 exchangeable disc drives, each drive holding 

8,192,000 characters stored on 200 tracks. The 

transfer rate is 208,000 characters/second. 

3 exchangeable disc drives, each drive holding 

60,000,000 characters. 

Magnetic Drum: 

1 drum with a storage capacity of 512K (K = 1024) 

words. The maximum transfer rate is 100,000 

characters/second. 

7007 Multiplexor 

7008 Telegraph Data terminals 

7010 Telephone Data terminal 

In the main building, room 416, the following equipment 

is installed:- 

7022 Card reader, 300 cards/minute % 

7021 Lineprinter, 300 lines/minute 

Operators' console 

418A teletype terminals
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4. Programme Configuration and Theory 

The programme processes the pipeline operation in 

technological sequence. To maintain flexibility, all elements 

of the operation are processed in 'sub-programmes' each of 

which contain several ‘element subroutines' which store the 

work measurement information, calculate material quantities 

and determine the gang sizes. The ‘element subroutine' are 

supported by ‘ancillary subroutines' which prepare the input 

and output information. The sub-programmes deal with:- 

(1) Road Breakout 

(2) Excavation 

(3) Excavation Support 

(4) Pipe Laying 

(5) Pipe Bedding 

(6) Backfill 

All ‘element subroutines' and most of their associated 

"ancillary subroutines', are controlled from the master pro- 

gramme segment (Figure.1.). After processing each element 

of the pipeline operations, the ancillary subroutines produce 

a comprehensive output and, on completion of the analysis, a 

general summary is given. i 

The programme produces several alternative methods for 

the Road Breakout, Excavation Support, and Backfill opera- 

tion elements, thus permitting the user to specify the method 

used. On completing the pipeline analysis, the programme 

gives overall construction time and the labour and plant re- 

quired.
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The following sections of this Appendix present the 

theory and a detailed breakdown of each sub-programme, the 

associated flow diagram being referenced to the master segment 

flow diagram (Figure.1.). 

4.1 Road Breakout Sub-Programme 

This (Figure.2.) contains two ‘element subroutines' each 

storing the work measurement information given in Appendix 1. 

The first calculates the standard breakout time for a gang 

using medium breakers (essentially a manual process). The 

second calculates the standard breakout time for a gang 

assisted by a machine. Both results are output and the user 

selects the one applicable. 

The sub-programme determines the breakout time and gang 

size for either flexible or rigid road construction and the 

quantities of breakout do not allow for over dig. 

4.2 Excavation Sub-Programme 

This sub-programme contains four ‘element subroutines':— 

(a) Machine Selection 

(b) Excavation Rate 

(c) Standard Trench Shape Volume 

(ad) Unique Trench Shape Volume 

4.2.1 Machine Selection Element Sub-routine 

The excavation machine required is selected from 10 

hydraulic excavators frequently used by the company. Their 

physical characteristics (Appendix 1) are stored within the 

‘element subroutine'(Figure.3.). The machines considered 

are?— 

29
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Machine Selection 

B 
\ 
  

Call machine lection 
subroutine 

  

  

  

  Retrieve machine     

    

  

data array 
fee ~t 

  

meee 
Machine code MC=1 

Bucket (Dy 
width > minim 

Yes 

    

   

\ No 
2 < maxdinuir 

ele 
Yes 

5 gaa = $ 
Sdepth < es 
ee 

yes 

No 

  

  

  

    

  

No. 
  

‘orang 
height ae 

Yes   

    

    

  

MC=MC + 1   

—— Yes 

No 
  

Error Message 
  

    
Set bucket width 
to 450 mm 
  

  

  

  
  

    

No ——+ Error Message 

Set bucket width 
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Mc <10 nya 

——No ——_| Error Message 
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Assume Double 
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ell. 
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(DY "SCB 3 

(2) JCB 3¢ 

(3) JCB 3D 

(4) JCB 5C 

(5) JCB 7B 

(6) Hy-Mac 580 

CZ) 7SCB' 6C 

(8) JCB 6D 

($9), SEB 7C 

(10) RH 6 

The machine is selected using the depth, bucket width, 

loading height and horizontal reach information supplied by 

the user. Several ‘ancillary subroutines! detect and inform 

the user if a machine, to satisfy the requirements, cannot 

be found. The errors are non-fatal but are necessary to 

indicate where excess demands have been made on the element 

subroutine. If the bucket width requested is too large or 

too small, maximum or minimum widths are assumed from the 

data stored. Similarly, if the digging depth, horizontal 

reach and/or the loading height requested is too great, they 

are halved, thus assuming double handling of excavated 

material. 

4.2.2 Excavation Rate Element Subroutine 

The standard mean rate of excavation (Rs) expected from 

the machine selected is determined analytically. 

in general terms, the standard mean rate of excavation 

at a depth 'D;' is given by:- 

213.



Ree 
si 

Qe/CTL Metical a 

where Coy Up + Ey Siew ee peice wiki) 

Hence, the mean standard rate of excavation at a total 

trench depth of 'D' is given by the mean rate observed from 

‘'n' depth increments in the form:- 

ceverserer( 3s ) 
+ Epi 

  

The quantity of material excavated (Qe) is dependent upon 

the theoretical bucket volume (Bc) and the type of strata 

being excavated (s). Relationships between bucket width (b) 

and their theoretical capacity (Bc) produced by the machine 

manufacturers are given in Figure-4-). 

The proportion of the theoretical bucket volume uti- 

lised (be) was determined by site investigation (Appendix 1, 

Table.3.), the strata excavated being categorised according 

to Table.l.and the bc/s relationship used in the element 

subroutine is given in figure .5. 

Studies indicated that the above ground cycle time 

component (Ut) is primarily dependent upon the slewing action 

of the excavation machine. Machine types 1 to 3 inclusive 

exhibit 'centre post' slewing actions, (the body of the machine 

remains stationary, only the slewing are moved), the remain-— 

der exhibit a 'Radial' slewing action (the body of the 

machine and the slewing are moved). Figures.6. and .7.show 

the relationships between (Up) and the working radius for 

both slewing configurations. 

14,



Tle 

The below ground excavation time component (Eq) is 

assumed to be independent of the type of excavation machine 

used, but dependent upon the trench shape (defined by the 

depth/width ratio (N)) and the frequency of obstruction, 

five categories of obstruction grading (gf) are used. 

(Table-2.). The relationship between Eqy/N for the obstruc- 

tion gradings is given in figure.8.). 

The element subroutine stores all the relationships and 

the method used for calculating the mean standard rate of 

excavation is presented in flow diagram form in Figure.9 . 

4.2.3 Standard and Unique Trench Shape Volume Element 
Subroutine 

The volume of excavated material is calculated in one 

of two ways. Firstly, it is determined from basic data 

input by the user which is associated with specified standard 

trench shapes (Figure.10). Secondly, by using change in 

level co-ord nates supplied by the user. (Figure-11l). 

4.3 Excavation Support Sub-Programme 

This sub-programme contains three 'element subroutines! 

which determine:- 

(1) The apparent earth pressure 

(2) Several feasible support structures 

(3) The erection time, gang size and plant 

requirements. 

15.
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TABLE. 1. 

STRATA GRADING 

  

DESCRIPTION GRADING 
  

  

"ROCK' shall mean those geological strata 
and individual boulders exceeding 6 cubic 
fect (0.17m) in size or other masses of 
hard material outside those strata which 
necessicate the use of blasting or approved 
pneumatic tools for their removal.* 

‘MEDIUM ROCK! As ‘A' above but not exceed- 
ind 6 cubic feet (9.17m) but exceeding 1 
cubic foot (0.028m). 

'SOPT ROCK! As 'B' but not exceeding J] cubic 
foot (0.028m) and possessing bedding plains 
to allow breakage. 

‘SOFT LAMINATED ROCK' As 'C' but with excess 

laminations or bedding plains (slate, soft 
sandstone, shale). 

"COHESIVE SOIL' (stiff) includes clays and 
marls with up to 20 per cent of gravel having 
a moisture content not less than the value 
of the plastic limit (BS 1377) minus 4; also 
chalk having a saturation moisture content 
ef 20 per cent or greater.* 

‘SOFT COHESIVE SOIL' (medium) As '5-6' but 
excluding marls and including all clays and 
approximately 10 per cent sand or below. 

Well-graded granular and dry cohesive soils, 
include clays or marls containing more than 
20 per cent gravel.* 

Well-graded sand and gravels with uniform-— 
ity coefficient exceeding 10, also clinker 
and spent domestic refuse. 

Uniformity graded material includes sands 
and gravels with uniformity coefficient of 
10 or less, all silts and pulverised fuel 
ashes. * 1C     

* "Specification for Road and Bridge Works". 
Clause GOly 2. (ive ec (i), 2oCtt eR 2.aas). 

7206 

1969. 
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ABLE. 2. 

OBS'TRUCTION GRADING 

  

DESCRIPTION GRADING 
  

Excavation involving the breaking out 
of metalled road surfaces or other 
such obstructions situated on top of 
frequently occurring services. 

Excavating i. ground possessing fre- 
quently occurring major services and 
house connection. 

  

(a) Excavating in ground possessing 
infrequent major services but fre- 
quently occurring house services. 

(b) Excavating in ground possessing 
infrequent major services and in- 
frequent minor services. 

(c) Excavating in ground possessing 
infrequent minor services and for 
tree roots etc. 

  

  Excavating in ground possessing 
minor obstructions only, i.e. tree 
roots, small quantities of hard core, 
etc. 

Excavating in ground possessing no 
obstructions other than those which 
are an integral part of the strata.       

eel.
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4.3.1 Apparent Earth Pressure Element Subroutine 

The apparent earth pressure (Ap) is calculated using:- 

Ap = C. K, -d.D oe cceccecerensee (4 ) 

The element subroutine (Figure-1l2) permits the user to 

specify which strata grading (Table.l-) is predominant. How- 

ever, it is permissible to combine gradings to produce a more 

accurate representation of a strata which may possess several 

characteristics. 

The pressure distributions are assumed to be rectangular. 

If the density, cohesion and angle of internal friction are 

unknown, values of 2082.6 kg/m, 1400.0 kg/m? and 25 degs. 

are assumed by the element subroutine. 

4.3.2 Support Structure Design Element Subroutine (Figure.13.) 

The element subroutine produces several feasible design 

structures. Starting with a vertical strut/waler spacing of 

0.5 m increasing in increments of 0.5m to the maximum per- 

missible, the designs being intended for estimating and 

planning purposes only. A basic structural configuration 

(Pigure.14) is hypothesised based on the following design 

theory and assumptions :— 

(a) B.S.P. type T5 trench sheets are used 

width = 0.33 M 

Section Modulus = 56 x 107° wm? 

Allowable Bending Stress = 165 MN/M* 

(b) The horizontal strut spacing is 2.5m (the length 

of one pipe). 

eee
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(c) Each 2.5M structural unit is independently 

assembled. 

(d) Grade 43 steel walers are used. 

(e) Grade 2 square section struts are used. 

4.3.3 Maximum Vertical Waler Spacing (L) 
  

  

  

        

Giese he 
ry ‘ ' 

ig sen eet ce 

Peer 
i Ap ' 

' 
bop eenenernces 

! eerie 
‘ 

Romo ao onl 
' 

ere roreeeeeert 
| 

oe t 
SN 

\ 

Maximum Bending Moment M = Apt? 

8 

M os f.2 

per trench sheet 0.33ApL2 = £.2 
8 

es -6 3 
0.33ApL = SO 100 ies 310 

8 

L? = 56x 165 x 1077 x8 
0.33 x Ap 

Deo AS, Ap -(M) wie oh aitle wialeaie SOR) 
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4.3.4 Magnitude of the Timber Struts 

  
Reese et 

R, + Ry = ApLy.2.5 

R = Ap.Lp-1.25 a eerie Mneare rw Ole) 

let applied compressive stress = Ca 

Allowable compressive stress = Cp 

From C.P.112 

Ca < 0.90 
Ke Cp 

where K, = 0.61 (for l/r = 90) 

2 
Cp = 5.516 MN/M 

Standard used in the company is given by 

Caass 0.429 
Cp 

3 2 Ca 1s 505429 10> 18.5168 EKN/MS OSes. won (2) 

229.
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Sep tee tee eek) 

Therefore substituting (6) and (7) into (8 ) 

2 fe PaMlaper tas 
429 x 5.516 

Bo = Ap.L).528.236 —-—(MM") 

B = 22,9833 / Ap.Lp Bie otic sayssal eet Oka) 

To satisfy slenderness, irrespective of stress. 

re B4/12 and A = Be 

ie Eo = B2/12 

ros -B/ sViZ 

from Cp 112 

L/ce= 90 letl = trench width 

  

oe B= 0.03849.w cerecrcvceeees CO ) 

Hence B 2 22.9833 /Ap.Lyp) 2} 0.03849.w 
  
  

4.3.5 Magnitude of Steel Waler 

M = £f.3 

M = yelp ems: KNM 
8 

165 MN/M? Hh
 u 

230%.
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Trench Support Construction Time 

H 

  

Call construction time subreutine 
  

  

  
  

Determine the number of 

(a) Walers 
(pb) Struts 
(c). Trench Sheets 
  

  

Retrieve work measurement 
data 
    
  

  

Calculate element tim 
determine gang si 

- 
H 

    Ss and 
   

  

FIGURE.15. 

Pipe Laying Time 

a 
i 
  

Call Pipe Laying Subroutine 
  

  

Retrieve work measurement data     
  

    

    

Read pipe diameter, length and 
interpolate or extrapolate 

to find time element 

  

    

  

Combine time elements 
    
  

    Select gang size 

| 
i 
  

FIGURE.16. 
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wal Abus ase) = 065.107 .a 
8 

Z = Ap.b, oUS NOe cm? 
8.165.107 

A = 4.734.Ap.L, A PUPA cooper eB 

4.3.6 Erection Time, Gang and Plant Requirements Element 
Subroutine 

This subroutine (Figure-15) uses the various design con- 

figurations produced by the design subroutine. It calculates 

the number of structural members required and uses stored work 

measurement data (Appendix 1) to determine the standard 

erection time and resources req irements. The user then 

selects the design configuration to be used in the total pipe- 

line operation analysis. 

4.2 Pipelaying Sub-Programme 

This (Figure.16) stores the work measurement information 

(Appendix 1) for 16 different elements of the pipelaying 

operation. It calculates the construction time for any number 

of pipes, for pipe diameters ranging from 100 to 2100 mm and 

any pipe length specified. The times and gang sizes produced 

depend on the diameter of the pipes and the depth to which 

they are laid. A detailed summary is produced for each pipe 

analysed culminating in an intermediate summary at the end 

of the pipe laying element. 

«32.
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4.5 Pipe Bedding Sub-Programme 

Two ‘element subroutines' deal with this construction 

element. The first, (Figure.17.) calculates the volume of 

material to be used (excluding wastage) and the second, 

(Pigure.18) calculates the construction time and gang size 

required. The material volumes calculated are betes on 8 

(Table.3.) structural shapes most commonly used. The construc- 

tion time and gang size calculations depend on the material 

used and the depth at which it is laid. One of three material 

types are considered: — 

(1) Concrete 

(2) Granular 

(3) Selected Backfill 

The user can input specific bedding structure dimensions 

based on the shapes available or use the standard minimum 

dimensions given in Table.3. 

The output produced details the information required for 

each pipe. A general summary is produced when all bedding 

structures have been processed. 

4.6 Backfill Sub-Programme 

This sub-programme contains one ‘element subroutine! 

(Figure.19.) which calculates the volume of the backfill 

material and produces four backfill methods, one of which is 

selected by the user. The construction time is calculated 

for each gang and is based on the thickness of the compaction 

layers. Individual summaries are produced, the main items of 

information being stored to produce an overall pipeline 

operation summary on completion of the analysis. 

+33.



96. 

4.7 Overall Standard Output and Resources for the 
Pipeline Operation (Figure.20.) 

After processing the individual elements of the pipeline 

operation, the construction times and gang sizes are stored. 

The user specifies which Road Breakout, Excavation Support 

and Backfill method is to be used. The programme then cal- 

culates the overall standard output and the resources re- 

quired. A single gang is assumed. 

The programme processes only the main construction 

elements of pipeline operation, hence the resultant gang size 

is based on the actual productive work anticipated. In 

practice, many minor ancillary operations take place which 

are non-productive, tidying up, removing the occasional 

obstacle, checking the excavator etc. These occur infrequently 

and are, to a certain extent, allowed for when standardising 

the work meas rement data. However, site observations 

indicate that the flexibility produced by not minimising the 

waiting time is necessary. 

34.
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TABLE .3. 

STANDARD BEDDING STRUCTURES 

TYPE |__STanDARD DIMENSIONS | 
foie aa ee Gs Internal 2TeL oF pips 

WRE AL Bey External. diametec_ot pipe 
  

  

  

  

  

    
  

  

Bp = 0.25 Be 

Br =0.25D Cioomm min) 

Bp | Bw 425@c or Beo+2oomm (which 
Bw By || over is greater ) 

© =30° 

gees : Hs = CBw- Be)/2:0 
2 

Has Ha 

3 Br.0-26D (100 mm mun) 

es Bw +25 Be of Be + Zoomm 

Bw. ic 

TYPE... 

Br: 0-25D (Cioomm win) 

Bw 2125 Be or Be + 200mm 

| @ =30° 

  

  

Br: 0-255 Ctoomm mum) 

Bw: 125 Be or Be +200 mm 

  

  

ae ° Ke @=30 

— te | 

Be eas 

oer Br: o-25p Cioomm min) 

Bw +25 Be or Bes 200 mm 

@ = 30° 

2 |,                 

continued aver leat. 
+36.
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  HS CBw-Bc)/2-.0 
rs = v4

 

Bre 0-280 Cloamm mind 

Bws 1:25 Be or Be + 200mm 

  

  

  

  

  

  
  

@ + 30° 

TYPE..7. 

Br: 0-25 Cioomm min) 

Bweh2s Be of Re + 200 mm 

Bw 

TYPE..b.     Br=0-250 Ci0o mm min) 

" Bu « 125. Be or Bet 200rmn. 
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Sel, Restrictions 

103. 

(a) All dimensions must be metric. 

(b) Data must be entered for all sections unless 

stipulated otherwise. 

(c) All column numbers are inclusive in the field 

specification. 

(d) Data must be entered 'right bias' (the last 

figure of the item of data should be entered 

in the right most column). 

(e) * In the field specification signifies that 

there is no column restriction. 

5-2 General Information Input 

Card Number Field 

cf . 

2 1 to 24 

S 1 to 4 

4 1 to 4 

5 1 to 4 

6 a to 5 

6 to 13 

14 to 21 

22 to 26 

27 to 31 

41. 

Input Description 

Number of pipeline items 

to be analysed. 

Job description. 

Bill Number. 

Page Number. 

Item Number. 

Diameter of largest pipe 

in millimeters. 

Class of pipe. 

Class of Bedding material. 

Mean depth to invert in 

metres to 3 decimal places. 

Maximum depth to invert in 

metres to 3 decimal places.



-104, 

Card Number Field Input Description 

32°to) 39 Length of pipeline in metres 

to 3 decimal places. 

5.3 Road Breakout 

‘Card Number Field Input Description 

x * If road breakout is not to 

be included enter O. If 

it is to be included, enter 

dive: 

(carry on with tis section only if 1 was entered previously. 

If O was entered, start section 4) 

2 Fs Enter 1 if road is) concrete, 

Enter O if road is Tarmac— 

cadam. 

2 ie to:.5 Width to be broken out in 

metres to 3 decimal places. 

6 to 10 Thickness to be broken out 

in millimetres. 

12eco. 18 Length to be broken out 

in metres to 3 decimal places. 

5.4. Machine Selection and Excavation Input 

Card Number Field Input Description 

2 * Machine bucket width in 

millimetres. 

Maximum digging depth in 

millimetres. 

~42.



Card Number Field 

«105< 

input Description 

Strata Grading (see table 1) 

Obstruction Grading (see 

table 2); 

Width of excavation in metres. 

Horizontal reach required 

in metres. 

Vertical unloading height 

required in metres. 

© if the volume of the exca- 

vation is to be calculated 

by co-ordinates. 1 if the 

volume of the excavation is 

to be calculated from stan- 

dard shapes. 

(If O was entered, go to section 5.4.2,if 1 was entered, carry 

on with section 5.4.1). 

5.4.1 Standard Trench Shape 

Card Number Field 

1. to" 10 

I Eoie0 

SIE ORS O 

+43. 

Input Description 

Trench shape from table 4. 

Total depth (D) in metres 

to 3 decimal places. 

Prime width (W) in metres 

to 3 decimal places. 

Secondary depth (Di) in metres 

to 3 decimal places.



TABLE .4. 

STANDARD “TRENCH SHAPES. 

  

    

    

  

  

  

    

  

      

  

Bag aha ae 

D 

DB 

Ww 

coe 

D 

Pa W 

Bos 
eS 

DB 

| 
vd wW 

4. 

6, 

D 

  

       



LOTS 

Card Number Field input Description 

31 to 40 Secondary width (W,) in 

metres to 3 decimal places. 

41 to 50 Third depth (Dy) in metres 

to 3 decimal places, 

51 to 55 Primary Angle @]) in degrees. 

36 860 Secondary Angle (@2) in 

degrees. 

(If the shape applicable does not contain the variables 

specified above, leave the field width blank). Having 

completed section 5.4.1, start section 5.5. 

5.4.2 Co-ordinate Trench Shape 

Existing Ground Level Co-ordinates 

Card Number Field input Description 

1 3 Enter O. 

2 Peto: 10 Enter the horizontal co-— 

ordinates of the existing 

ground in metres to 3. 

decimal places. 

iE to 20) Enter the vertical co- 

ordinate of the existing 

ground in metres to 3 

decimal places. 

21 Enter O if there are more 

existing ground co-ordinates 

to follow. Enter 1 if there 

are no more to follow. 

3 ¢ Enters ls 

245.



Excavation Co-ordinates 

Card Number Field 

4 1 tO. 10. 

11 “te 20 

21 

« LOB. 

input Description 

Enter the horizontal co- 

ordinate of the trench to 

be excavated. They should 

be in metres to 3 decimal 

places. 

Enter the vertical co- 

ordinates of the trench to 

be excavated. They should 

be in metres to 3 decimal 

places. 

Enter O if there are more 

co-ordinates to follow. 

Enter 1 if there are no more 

to follow. 

There are as many card 6's and card 8's as there are changes 

in the line and level. 

Example showing the input of cards 

    

5! gr to inclusive:~ 

  

+46.  
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Procedure 

(a) Construct axes X and Y on the sketch at the 

lowest and the most left extremities of the 

excavation. 

(b) Note all the points on the diagram where 

changes in line or level occur (A,B,C,D,E,F, 

G,H). All the change points must be ref- 

erences to the X and Y axes. 

Example 

The co-ordinates of change point A are:- 

x 0.000 

Me 6.321 

The co-ordinates of change point B are:-— 

Kee 2.000 

Ys S000) 

How to fill in cards 5 to 8 inclusive:- 

Cy) Consider the existing ground only. 

(ii) Enter '0' in column '5' of card 5 (this 

tells the computer that the existing ground 

level co-ordinates will follow. 

(iii) Enter the 'X' and 'Y¥' co-ordinates of point 

'A' between columns 1 to 10 and 11 to 20 

respectively of card 6. Enter 'O' in column 

'21' of card 6 to indicate that point 'H! 

has still to be referenced. 

(iv) Enter the 'X' and 'Y¥' co-ordinates of point 

‘H' between columns 1 to 10 and 11 to 20 

respectively, but enter '1' in column 21 to 

show that it is the last existing ground 

47,
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co-ordinate to be entered. 

(v) Consider the Excavation only. 

(vi) Enter 11" in column 5 of card 7 (this 

tells the computer that the excavation is 

now being considered and the trench co- 

ordinates will follow). 

(vii) Card 8, enter the 'X' and 'y! 

of points "A' to 'H! 

I to 10 and 11 to 20. Enter 'O' in 

co-ordinates 

(inclusive in columns 

column 21 of every card 8 except the last 

  

  

when '1' should be entered. 

Worked Example 

y 
ee 

oe cae == 

Pi ee eg 

3.000 

3-000 

8 1-500 c 

000 

40. e me) 2-000 e x       
See the following data sheet for solution. 

48.
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5.5. Trench Support Design and Construction 

Card Number Field 

L . 

(If O was entered, go to section 

2 a 

10 

1S 

16 ta) 25 

26 to 35 

3 i t6ial0. 

50. 

input Description 

O if support is not re- 

required, 1 is support 

is required. 

5/6) 

Enter 1 if the strata to 

be supported contains sand. 

Enter O if not. 

Enter 1 if the strata to be 

supported contains clay. 

Enter O if not. 

Enter 1 if the strata con- 

tains stiff fissured clay. 

Enter \O if not. 

Enter the depth of the strata 

to be supported in metres to 

3 deciman places. 

Enter the width of the 

trench to be supported in 

metres to 3 decimal places. 

Enter the density of the 

strata in kg/m? to 1 decimal 

place. If it is unknown, 

put 99.0



Card Number Field 

aco.) 

16 hoses 

5-6. Pipe Laying Input 

Card Number Field 

ton 

6 to 10 

41 cores 

-113. 

spke 

Input Description 

Enter the Angle of Internal 

Friction of the Strata, 

in degrees to 1 decimal 

place. If it is unknown, 

put 99.0. 

Enter the value of cohesion 

for the strata in kg/m? to 

one decimal place. If it 

is unknown, put 99.0. 

1 if close sheeted support. 

2 if medium sheeted support. 

3 if open sheeted support. 

input Description 

Enter the number of pipes 

in the trench (on cross 

section). 

Enter pipe diameter in 

millimeters. (refer to 

table 5), 

Enter pipe length in metres 

to 3 decimal places. (refer 

to table 5). 

Enter the depth to which 

the pipe is laid in metres
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TABLE.5. 

Overall Wall 
Diameter Length Thickness 

(mm) (m) (mm ) 

100 1.83 26 

150 1.83. 26 

225 1.83 30 

300 1.83 34 

B75 1583 38 

450 1.83 2.44 41 

eco 1.83 2.44 48 

600 1.83 2.44 52 

675 1.83 2.44 56 

750 1.83 2.44 60 

825 1.83 2.44 64 

900 1.83 2.44 67 

975 1.83 2.44 oe 

1050 1.83 2,44 78 

ee 1.83 2.44 82 

1200 1.83 2.44 86 

1275 1.83 2.44 86 

1350 1.83 2.44 93 

1425 1.83 2.44 oT 

1500 1.83 2,44 101 

2S75 1.83 2.44 114 

1650 1.83 2.44 LES: 

Ly 25 1.83 2.44 115 

1800 1.22 1.83 2.44 116 

1875 eee 1683). 2044 123 

1950 1.22 1,83 2.44 130 

2025 1.22 1,83 2.44 137 

2100 Leee, tesaie2.ds 144     
  

woes 
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to 3 decimal places. 

Card number 2 should be repeated as many times 

as there are pipes in the trench. 

5.7. Bedding Structure Input 

Card Number Field 

FE * 

2 « 

2 * 

4 1 to''5 

6 to 10 

TS 

2536 

Input Description 

Enter the number of pipes 

in the trench (on cross 

section). 

Enter 1 if the bedding 

material is concrete. Enter 

2 if the bedding water is 

granular fill. Enter 3 if 

the bedding material is 

Selected backfill. 

Enter the bedding structure 

type to be analysed. (See 

table 3). 

Enter the inside barrel 

diameter of the pipe in 

millimetres. 

Enter the wall thickness of 

the pipe in millimetres 

(refer to table 5). 

Enter O if you wish to 

specify your own bedding 

structure dimensions. Enter



-116. 

1 if you wish to use 

standard dimensions. 

(Table 3). 

If 'O' was entered in column 15 of card 4, carry 

on to card number 5 in this section. If '1' was 

entered, repeat from card 2 for the next pipe in 

the trench. However, 

on to section 5.8. 

if there are no more, go 

Select the bedding structure type from table Ge 

Card Number Field 

5 Lo cO 3 

6 to 10 

Lt 

16 

eu 

26 

31 

36 

to 

to 

to 

to 

to 

to 

Ley 

20 

25 

30 

35 

40 

Input Description 

Bed width (Bw) in millimetres. 

Bed thickness (Bt) in 

millimetres. 

Bed depth (Bd) in milli- 

metres. 

Bottom cover (h1) in 

millimetres. 

Top cover (h2) in millimetres. 

Side cover (hz in milli- 

metres. 

Angle top cover (hy) in 

millimetres. 

Angular displacement (@) in 

degrees. 

Leave the field widths blank if the variables speci- 

fied are not relevant to the shape selected. 

Repeat from card 2 for the next pipe in the trench, 

However, if there are no more, go on to section 5.8. 
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TABLE. 6. 

PIPE BEDDING STRUCTURE 
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5.8. Backfill 

Card Number Field Input Description 

1 * The compaction layer 

thickness in millimetres. 

5.9. Summary Input (Refer to Table.7.) 

Card Number Field Input Description 

1 a's Road breakout method number. 

6 to 10 Trench support method 

number. 

Th to) 15 Backfill method number. 

Table 7 

Method Number Table 

  

  

  
  

  

  

  

De iption Method Method Number 
= 

Road Breakout Medium breaker 1 

Road Breakout I.P.H. 2 

Trench support 0.5 m Waler spacing 4 

LO am Mi " 5 

Leo) im af es 6 

2.0 m Hs At Ti 

250 v W 8 

3.0 m mM aM a 

BD) It a ua 10 

4.0 m i M ad 

Backfill Manual 22 

Dumper assisted 23 

Excavator assisted 24 

Tracked loader 25         

Repeat from section 2, card 3 for subsequent pipeline items. 

~ 56.
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5.10 Example Input and Output 

wes SS aes 
SSS Ny a Road construction 

500mm 

4.0m 

1500mm @ length 2.44 m (S) 

  
bee oa Bedding structure type.1l. 
KS Neer eae concrete 9, Pee" Woe.       

4 2 

1.87m 

Assume a strata grading of 7 and an obstruction grading 

of 5. The trench is to be supported with an open support con— 

figuration. The strength of the strata is unknown. See 

figure.21. for input format and page 59 to 71 for output.
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BILL ITEM TIME ANALYSIS 

HERE EERE EEE EEC EEE 

CONTRACT DESCRIPTION 

ee 

DRATEPIP TEST 3 

BILL NUMBER 8 

PAGE NUMBER 8 

ITEM NUMBER 8 

PIPE INTERNAL DIAMETER = 1500. MM 

CLASS OF PIPE = s 
CLASS OF BED 3 A 

MEAN DEPTH OF TRENCH = 4.000 M 

MAXIMUM DEPTH OF TRENCH = 4.000 M 

LENGTH OF RUN = 100.000M 

ROAD BREAKOUT 
taeeeessecuss 

CONCRETE ROAD CONSTRUCTION 
Oe eeeeeeeeeeeteseeeseeeses 

WIDTH OF BREAKOUT = 1.870 M 

THICKNESS OF ROAD = 500. MM 

LENGTH OF BREAKOUT =  10.00M 

VOLUME OF BREAKOUT 0.935M3/MLIN 

fl 
i



122. 

TWO ALTERNATIVE GANGS 

SERRE REE REESE EE EEE 

GANG NUMBER.1.. 

NUMBER OF COMPRESSORS el. 

NUMBER OF LABOURERS ee 

STANDARD MANHOURS = 4.656HRS/MLIN 

STANDARD DURATION = 2.328HRS/MLIN 

GANG NUMBER. 2.. 

NUMBER OF MACHINES(IPH) = 1. 

NUMBER OF LABOURERS 

STANDARD MANHOURS 

STANDARD DURATION 

u 
u 1.440HRS/MLIN 

0.720HRS/MLIN 

MACHINE EXCAVATION RATE 

SRC E EERE REE EEE EEE 

MACHINES CONSIDERED 
ee eeeeeeeensceeeess 

CODE MACHINE NAME 
u JCB 3 

JCB 3c 
JCB 3D 
JCB 5C 
JCB 7B 
HY-MAC 580 
JCB 6C 
JCB 6D 
JCB IC 

0 RH 6 F
o
 

OM
AN

I 
H 

UH
 

F&F
 
W
N
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EXCAVATION DETAILS 

FREER SESE EE ERE RE 

STRATA GRADING = 7. 

OBSTRUCTION GRADING = 5. 

BUCKET WIDTH = 1300.MM 

LOADING HEIGHT = 2.000M 

REQUIRED REACH = 2.000M 

USE MACHINE TYPE = 6 

STANDARD OUTPUT = 39',613M3/HR 

TRENCH DEPTH = 4,00M 

TRENCH BASE WIDTH = 1.870M 

VOLUME OF EXCAVATION = 7.480M3/M 

STANDARD DURATION = 0.189HRS/M 
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124, 

TRENCH SUPPORT SYSTEM DESIGN 

SHEE H EERE HERE REE HEH ER EH E RE EEO EEE 

TRENCH DETAILS: DEPTH=4.000 M 

WIDTH=1.870 M 

SOIL DETAILS: ANGLE OF INTERNAL FRICTION (PHI)=25.00 DEGS 

COHESION (COH)=1400.00 KG/M2 

SPECIFIC WEIGHT (GAMA)=2082.60 KG/M3 

TRENCH SHEET DETAILS: 

B.S.P. TYPE.T5. ELASTIC MODULUS=56.0CM3 

WIDTH=0.33M 

STRUT DETAILS: HORIZONTAL SPACING=2.50M 

WALTER DETAILS: 

SECTION SECTION SECTION D B © ELASTIC MODULUS 
NOTATION SHAPE WEIGHT (MM) (MM) (MM) (Z2XX) (CM3) 

(KG/M) 

1 I 13.38 T27-* 76 7.6 S12 

2 i 17.10 a52 7989 eos 115.90 

3 I 20.82 178s 976 10.3 150.40 

4 Et 23.80 203). 76 1732 192.00 

5 at 25.00 203\-_ 1s3 7208 231.00 

6 r 30.00 207° «434 9.6 279.00 

7 a 31.00 251 146 8.6 352.00 

8 I 43.00 POO Ayes elie) 504.00 

9 E 31.00 307, 166) 1k 8 646.00 ‘ 

62.



25. 

OPEN SHORING CONSTRUCTION DETAILS 

SERRE EEE EEE EEE EEE HE ETE SHEE EEE HEE 

VERTICAL WALER/STRUT SPACING = 0.500 M 

BERET EEE EEE EEE EEE ERE EEE ER EERE KEE HE EEE 

NO OF TRENCH SHEETS = 6./2.5M 

LENGTH OF TRENCH SHEETS = 4.333 M 

NO OF TRENCH STRUTS = 18./2.5M 

LENGTH OF STRUTS = 1.870 M 

THICKNESS/WIDTH OF STRUTS = 93. MM 

NO OF WALERS Sel Oei/e's OM 

USE WALER TYPE = 2 

WEIGHT OF WALER = 17,10 KG/M 

NUMBER OF MEN = 4. 

NUMBER OF MACHINES +DRIVERS = 1. 

STANDARD DURATION = 0.907 HR/M 

STANDARD MANHOURS = 4.537 HR/M 

OPEN SHORING CONSTRUCTION DETAILS 
Ee ee eee eeeeeeeseeeeeeEeEHeESeeNeS 

VERTICAL WALER/STRUT SPACING = 1.000 M 
ee Reese eeeeereveseseeusseereeseeEEsoND 

NO OF TRENCH SHEETS s 6./2.5M 

LENGTH OF TRENCH SHEETS = 4.333 M 

NO OF TRENCH STRUTS = 10./2.5M 

LENGTH OF STRUTS = 1.870 M 

THICKNESS/WIDTH OF STRUTS = 131. MM 

NO OF WALERS = 10./2.5M 

USE WALER TYPE = 4 

WEIGHT OF WALER = 23.80 KG/M 

NUMBER OF MEN = 4, 

NUMBER OF MACHINES + DRIVERS = l. 

STANDARD DURATION = 0.690 HR/M 

STANDARD MANHOURS = 3.448 HR/M 

63.
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OPEN SHORING CONSTRUCTION DETAILS 

BORER EE EE EERE EER ER EERE EE EEE EERE 

VERTICAL WALER/STRUT SPACING = 1.500 M 

HEREC RE EEE EEE EEE RENEE RHE RE EEE RHE EEE 

NO OF TRENCH SHEETS = 6./2.5M 

LENGTH OF TRENCH SHEETS = 4.333 M 

NO OF TRENCH STRUTS = 7./2.5M 

LENGTH OF STRUTS = 1.870 M 

THICKNESS/WIDTH OF STRUTS = 161. MM 

NO OF WALERS = Te eas 

USE WALER TYPE = 6 

WEIGHT OF WALER = 30.00 KG/M 

NUMBER OF MEN = 4. 

NUMBER OF MACHINES +DRIVERS = 1. 

STANDARD DURATION = 0.608 HR/M 

STANDARD MANHOURS = 3.041 HR/M 

OPEN SHORING CONSTRUCTION DETAILS 

AREER EEE EEE E EERE EERE ESRC EERE ES 

! 

VERTICAL WALER/STRUT SPACING = 2.000 M 

EERE EEE EE ESE ESE EE HEHE EEE HE KE EEE HE EE EE 

NO OF TRENCH SHEETS 6./2.5M 

LENGTH OF TRENCH SHEETS = 4.333 M 

NO OF TRENCH STRUTS = 6./2.5M 

LENGTH OF STRUTS = 1.870 M 

THICKNESS/WIDTH OF STRUTS = 186. MM 

NO OF WALERS = 6./2.5M 

USE WALER TYPE = 7 

WEIGHT OF WALER = 31.00 KG/M 

NUMBER OF MEN = 4. 

NUMBER OF MACHINES +DRIVERS = l. 

STANDARD DURATION =: 0.588 HR/M 

STANDARD MANHOURS = 2.941 HR/M 

04.
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OPEN SHORING CONSTRUCTION DETAILS 

CREE EEE EERE E HEREC ER RE EEE HERES 

VERTICAL WALER/STRUT SPACING = 2.500 M 
HEHE EEE EEE EEE EEE HEE ES EKO SORE EKER EES 

NO OF TRENCH SHEETS = 6./2.5M 

LENGTH OF TRENCH SHEETS = 4.333 M 

NO OF TRENCH STRUTS = 5.2/2. 5M 

LENGTH OF STRUTS = 1.870 M 

THICKNESS/WIDTH OF STRUTS = 208. MM 

NO OF WALERS = 5./2.5M 

USE WALER TYPE = 8 

WEIGHT OF WALER = 43.00 KG/M 

NUMBER OF MEN = 4. 

NUMBER OF MACHINES +DRIVERS = 1, 

STANDARD DURATION = 0.605 HR/M 

STANDARD MANHOURS = 3.023 HR/M 

OPEN SHORING CONSTRUCTION DETAILS 

FEC E HETERO ESHER EE EEE EEE HEE EK 

VERTICAL WALER/STRUT SPACING = 2.699 M 

HOEK OREO EHEC EEE HERE REE EERE E EEE 

NO OF TRENCH SHEETS = 6./2.5M 

LENGTH OF TRENCH SHEETS = 4.333 M 

NO OF TRENCH STRUTS = 4./2.5M 

LENGTH OF STRUTS = 1.870 M 

THICKNESS/WIDTH OF STRUTS = 216. MM 

NO OF WALERS = 4./2.5M 

USE WALER TYPE = 8 

WEIGHT OF WALER = 43.00 KG/M 

NUMBER OF MEN = 4. 

NUMBER OF MACHINES +DRIVERS = 1. 

STANDARD DURATION = 0.514 HR/M 

STANDARD MANHOURS = 2.568 HR/M 
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PIPE LAYING 

Kee eee eee ee 

PIPE NUMBER.1. 

PIPE DIAMETER 

PIPE LENGTH 

DEPTH OF PIPE 

NO OF EXCAVATORS 

NO OF CRANES 

NO OF MEN 

STANDARD DURATION 

STANDARD DURATION 

128. 

1500.MM 

2.440M 

3.750M 

QO. 

ses 

2 

1.074HRS/PIP/ 

0.440HRS/MLIN 

TOTAL FOR MULTIPLE PIPE TRENCH 

CREEK EEE HEE EERE MERE RE SERRE EE 

COMBINED STANDARD DURATION 

NO OF PIPES IN TRENCH 

0.440HRS/MLIN 

1 
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130. 

TOTAL DETAILS 

ERR RES ER EEE 

VOLUME OF BEDDING MATERIAL = 0.0483M3/MLIN 

TOTAL STANDARD MAN-HOURS = 0.1115HRS/MLN 

STANDARD DURATION = 0.0372HRS/MLN 

TRENCH BACKFILL 

SERRE EER ERE OE 

BACKFILL VOLUME 7.409 M3/M LIN u 

GANG NUMBER =i. 

NO OF PEGSON RAMMERS ely 

NO OF MEN = tee 

STANDARD MANHOURS = 8.205 HRS/MLIN 

STANDARD DURATION = 4.103 HRS/MLIN 

GANG NUMBER . = ae 

NO OF PEGSON RAMMERS = 1. 

NUMBER OF MEN ew 

NO OF DUMPERS = bes 

STANDARD MANHOURS = 1.037 HRS/MLIN 

STANDARD DURATION = 0.519 HRS/MLIN 

GANG NUMBER = 3. 

NO OF PEGSON RAMMERS el. 

NUMBER OF MEN ee 

NO OF MACHINES(JCB 3C) =i. 

STANDARD MANHOURS = 0.852 HRS/MLIN 

STANDARD DURATION = 0.284 HRS/MLIN 

GANG NUMBER = 4, 

NO OF LOADERS(DROTT175) ls 

NO OF PEGSON RAMMERS Sule 

NUMBER OF MEN = ie 

STANDARD MANHOURS = 0.630 HRS/MLIN 

STANDARD DURATION = 0.210 HRS/MLIN 
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SECTION 6 

PIPELINE ANALYSIS PROGRAMME 

"LISTING 

 



LIST (LP) 
PROGRAM (FXXX) 
INPUP 1 = CRO 
OUTPUT 2 =LPO 
COMPRESS INTEGER AND LOGICAL 
EXTENDED 
END 

MASTER 
DIMENSION SUMRY (25,15) 
REAL LD,L,MENZ,LB,LPP,LS,LT1,LJ,J1 
INTEGER RDTYPE 
CALL DRTA(NNN) 
COUNT2=0.0 

2 CONTINUE 
COUNT2=COUNT2+1.0 
CALL DRTB(DESC ,DESD ,DESE ,DESF , DESG, DESH) 
CALL DRTC(BILL,PAGE, TEM) 
CALL DRTD(DESC ,DESD ,DESE ,DESF ,DESG, DESH, BILL, PAGE, TEM) 

CALL DRTE(D,CLASS ,CLASR,TBED , TBDE , ZMEAND , ZMAXD , ZLENGTH) 

9002 CONTINUE 
CALL DRTF(D,CLASS,CLASR, TBED , TBDF , ZMEAND , ZMAXD , ZLENGTH) 

CALL SUMMARY (1,DESC ,DESD,DESE,DESF ,DESG, DESH, BILL, PAGE, 

L'TEM,D,CLASS,CLASE, TBED , TBDE , ZMEAND , SUMRY ) 
CALL SUMMARY (2,ZMAXD, ZLENGTH,COUNT2,0.0,0.0,0.0,0.0,0- 
10,0.0,0-.0,0.0,0.0,0.0,0.0,0.0,SUMRY) 
CALL DRTG(JROAD) 
IF (JROAD.EQ.O) GO TO 5018 

CALL DRTH(RDTYPE, RWIDTH, RTHICK, RLENGTH) 
9004 CONTINUE 

CALL ROD(RDTYPE,RWIDTH RTHICK,RLENGTH, ZGN1,ZMAC1 ,GANG1, 

1RATEL, OVR1,RVOLU ) 
CALL ROD1(RDTYPE, RWIDTH, RTHICK, RLENGTH , ZGN2 , ZMAC2 , 

1GANG2, RATE2, OVR2,RVOLU) 
CALL“ DRIT 
IF(RDTYPE.EQ.1) TO TO 5021 

CALL DRTJ 
GO TO 5023 

5021 CONTINUE 
CALL DRTK 

5023 CONTINUE 
CALL DRPL(RWIDTH, RTHICK,RLENGTH, RVOLU, ZGN1,ZMAC1, 

1GANG1, RATE1,OVR1,ZGNZ, ZMAC2 , GANG2, RATE2 ,OVR2) 
OVRA=OVR1 *RLENGTH 
CALL SUMMARY(3,1.0,0.0,RVOLU,0.0,0-0,0.0,0.0,0.0,ZMAC1, 
10.0,0.0,GANG1,RLENGTH, OVR1,OVRA, SUMRY) 
OVRB=OVR2*RLENGTH 
CALL SUMMARY (4,2.0,0.0,RVOLU,0.0,0-.0,0.0,0.0,0.0,0.0, 
12ZMAC2,0.0,GANG2, RLENGTH, OVR2 , OVRB, SUMRY ) 

M=5 
GO TO 3 

5018 RVOLU=0.0 
M=3 

3 CONTINUE 
CALL DRTM 
CALL EXDATA(B,DPT,W,OF,S,R,H) 
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CALL MCSEL(B,DPT,H,R, TYPE) 
CALL DRTO 
T=IFPIX (TYPE) 
CALL EXRAT(S,1,B,DPT,OF,W,R,H,RS) 
CALL DRTP(S,OF,DPT,W,B,H,R,I,RS) 
CALL DRTQ(IDO) 
IF(IDO.EQ.0) GO TO 8881 
CALL EXSHAPE(ISHAPE,2ZZD,ZZW,AREAEXC,RATE,RS) 
CALL DRTR(ZZD,2ZZW) 
GOTO 8882 
CONTINUE 
CALL EXCAL(RS,AREAEXC, RATE) 
CONTINUE 
CALL DRTS(AREAEXC, RATE) 
RATEZ=ZLENGTH*RATE 
CALL SUMMARY(M,3.0,0.0,AREAEXC,1.0,0.0,0.0,0.0,0.0,0. 
10,0.0,0.0,0.0, ZLENGTH, RATE , RATEZ, SUMRY) 
CALL DRTT 
CALL DRTU(ISING) 
IF(ISING.EQ.0) TO TO 2225 
CALL DRTV 
CALL DES(H,W,GAMA,PHI,COH, APA) 
CALL DRTW(H,W,PHI,COH,GAMA) 
CALL; DRTX (IA, ID, IS, TF, 1G, ITH, 1L,IM,1N,;10,1P, iT; LU, TV, rie) 
L=15.43/SQRT(APA) 
ZMTD=3.0 
19=M 
SUM=0.0 
LD=0.5+SUM 
19=1941 

ZMTD=ZMTX+1.0 
CALL DESA(APA,WGT,B,LD,IS,L,W) 
CALL TZME(W,B,WGT,H,LD,YY,SMTH,G,SL,GI,IA,ID,IF,IF,IG, 
1IH,II,IM,IN,IO,IP,IT,IU,1IV,IIP,YS,XN,WN) 
IF(IIP.EQ.1) GO TO 4901 
IF(IIP.EQ.2) GO TO 4902 
CALL DRTY 
GOTO 4903 
CONTINUE 
CALL DRTZ 
GOTO 4903 
CONTINUE 
CALL DRAA 
CONTINUE 
CALL DRAB(YS,SL,XN,W,B,WN,IS,WGT,LD,G,GI,YY,SMTH) 
YY1=YY*ZLENGTH 
Gl=G-1.0 
CALL SUMMARY (I9,ZMTD,LD,O.0,GI,0.0,0.0,0.0,0.0,0.0,0. 
10,1.0,G1,ZLENGTH, YY, YY1, SUMRY) 
IF(LD.EQ.L) GO TO 2221 
IF(LD.GE.4.0) GO TO 2221 
SUM=LD 
GO TO 999 
19=5 
CONTINUE 
CALL DRAC(ICOM) 
TIN+ICOM
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ZSUM=0.0 
M=0 
L9=19 
CONTINUE 
CALL DRAD(DI,PIPEL,PDEPTH) 
CONTINUE 
1951941 
M=M+1 
CALL PIPE(DI,PIPEL,PDEPTH,PDUR,DURM,EX,CR,MENZ ) 
CALL DRAE(M,DI,PIPEL,PDEPTH,EX,CR,MENZ,PDUR, DURM) 
ENZ1=MENZ-1.0 
DURM1=ZLENGTH*DURM 
CALL SUMMARY (L9,0.0,0.0;0.0,EX,CR,0.0,0.0,0.0,0.0,0. 
10,1,0,ENZ1,ZLENGTH, DURM, DURM1.,, SUMRY ) 
ZSUM=ZSUM+DURM 
ICOM=ICOM-1 
IF (ICOM.GE.1) GO TO 3913 
L8=L9+1 
CALL DRAF (ZSUM,IIN) 
ENZ2=MENZ-1.0 
SZUM1=ZSUM*ZLENGTH 
CALL SUMMARY (L8,20.,0.0,0.0,EX,CR,0.0,0.0,0.0,0.0,0. 
10,1.0,ENZ2,ZLENGTH, ZSUM, SZUM1 , SUMRY ) 
CALL DRAG(IDUAL) 
CALL DRAH 
SUM 
SUM 
SUM3=0.0 
SUM4=0.0 
L7=L8 

CALL BED(IBDT,IBDS ,D,T,JSELECT,BW,BT,H1,H2,H3, THETA, 
1H4,BD,AT) 
CALL BEDTME(D,~IBDT,AT,SMHM,SDM,GB,GL,PL,SMHML,SDML,ZZD) 
L7=L7+1 
CALL DRAI(GB,GL,PL,SMHML, SDML) 
SDML1=SDML*ZLENGTH 
CALL SUMMARY(17,0.0,0.0,AT,0.0,0.0,0.0,0.0,PL,0.0,0.0, 
1GB,GL,ZLENGTH,SDML, SDML1, SUMRY) 
AT1=SUM1+AT 
BC1l=(D+2.0*T)/1000.0 
ARPIPE=3.142*BC1*BC1/4.0 
AT2=SUM4+AT+ARPIPE 
SMHML2=SUM2+SMHML 
SDML3=SUM3+SDML 

  

   

  

  

    

JL=IDUAL-1 
IDUAL=JL 

L6=L7+1 
IF(JL.GE.1) GO TO 80 

CALL DRAJ(IDUAL,SUM1,SUM2,SUM3) 
SUM31=SUM3*ZLENGTH 

CALL SUMMARY(L6,21.,0.0,SUML,O.0,0.0,0.0,0.0 PL,0.0, 
10.0 GB,GL, ZLENGTH , SUM3 , SUM31 , SUMRY ) 

CALL DRAK(ZLAYER) 
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CALL DRAL 
PIG=21.0 
I=0 
L5=L6 
I=I+1 
L5=L5+1 
PIG=PIG+1.0 
CALL BACK(AREAEXC,SUM4 ,RVOLU,ZLAYER,1,DROT,PR,ZMEN, 
1CBJ,DMP,GNBR,YSMH,XSMH, VBKF ) 
CALL DRAM(VBKF , GNER, DROT, PR, ZMEN,CBJ, DMP, YSMH, XSMH) 
XSMH1=XSMH*ZLENGTH 
CALL SUMMARY(L5,PIG,0.0,VBKF,CBJ,0.0,DROT,DMP .PR,O. 
10,0.0,0.0,ZMEN , ZLENGTH , XSMH, XSMH1 , SUMRY) 
IF(I.LT.4) GOTO 9014 
MMM=NNN-1 
NNN=MMM 
CALL OUTSY1(SUMRY,K9,I9,L8,L7,L6,L5,JROAD,L9) 
M5=L5 
CALL OVERATE(M5 , SUMRY) 
IF(MMM.GE.1) TO TO 2 
STOP 
END 

SUBROUTINE DRTA(NNN) 
READ(1,1) NNN 
FORMAT (10) 
RETURN 
END 

   
SUBROUTINE DRTB(DESC,DESD,DESE ,DESF ,DESG,DESH) 

READ(1,5000) DESC,DESD,DESE,DESF ,DESG, DESH 

FORMAT( 6A4 ) 
RETURN 

END 

SUBROUTINE DRTC(BILL,PAGE, TEM) 
READ(1,5003) BILL 
READ(1,5003) PAGE 
READ(1,5003) TEM 
FORMAT (A4) 
RETURN 
END 

SUBROUTINE DRTD(DESC,DESD,DESE,DESF ,DESG,DESH,BILL, 

‘PAGE, TEM) 

5002 

5003 

5004 

5005 

WRITE (2, 5002) 
FORMAT(1H1,20X,23HBILL ITEM TIME ANALYSIS, /) 
WRITE(2, 5003) 
FORMAT (1H 720X, DZHA EMS OES HSK ARR ESS ETE E eT) 

WRITE(2, 5004) 
FORMAT (1H ,20X,20HCONTRACT DESCRIPTION,/) 
WRITE (2, 5005) 
FORMAT(1H 20, QOHtt tee ke Ree RRR RR ER ER 7/7) /) 

WRITE(2,5006) DESC , DESD , DESE , DESF , DESG, DESH
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5006 FORMAT(1H ,20X,6A4,///) 
WRITE(2,5007) BILL 

5007 FORMAT(1H ,20X,11HBILL NUMBER,3X,A4,//) 
WRITE(2,5008) PAGE 

5008 FORMAT(1H ,20X,11HPAGE NUMBER, 3X,A4,//) 
WRITE(2,5009) TEM 

5009 FORMAT(1H ,20X,11HITEM NUMBER, 3X,A4,//) 
RETURN 
END 

SUBROUTINE DRTE(D,CLASS,CLASR,TBED,TBDE, ZMEAND , 
1ZMAXD , ZLENGTH) 
READ(1, 5010) D,CLASS, CLASR, TBED, TBDE, ZMEAND, ZMAXD, 

1ZLENGTH 
5010 FORMAT( F5.0,4A4,F5.3,F5.3,F8.3 ) 

RETURN 
END 

SUBROUTINE DRTF(D,CLASS CLASR,TBED,TBDE,ZMEAND, 
1ZMAXD , ZLENGTH) 
WRITE(3,5011) D 

5011 FORMAT(1H ,20X,26HPIPE INTERNAL DIAMETER = ,F5.0,3X, 
12HMM, //) 
WRITE(2,5012) CLASS,CLASR 

5012 FORMAT(1H ,20X,2GHCLASS OF PIPE = ,2A4,//) 
WRITE(2,5013) TBED,TBDE 

5013 FORMAT(1H ,20X,26HCLASS OF BED = ,2A4,//) 
WRITE (2 ? 5014) ZMEAND 

5014 FORMAT(1H ,20X,26HMEAN DEPTH OF TRENCH = ,F5.3,3X, 
11HM,//) 
WRITE (2,5015) ZMAXD 

5015 FORMAT(1H ,20X,2GHMAXIMUM DEPTH.OF TRENCH = ,F5.3,3X, 
11HM, //) 
WRITE(2,5016) ZLENGTH 

5016 FORMAT(1H ,20X,26HLENGTH OF RUN = ,F8.2,1HM) 
RETURN 
END 

SUBROUTINE DRTG(JROAD) 
READ(1,5017) JROAD 

5017 FORMAT (IO) 
RETURN 
END 

SUBROUTINE DRTH(RDTYPE,RWIDTH, ae RLENGTH) 
INTEGER RDTYPE 
READ(1,6000) RDTYPE 

6000 FORMAT( I1 ) F 
READ(1,6001) RWIDTH,RTHICK , RLENGTH 

6001 FORMAT( F5.3,F5.0,F8.3) 
RE'TURN 
END 

oT
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SUBROUTINE ROD(RDTYPE , RWIDTH, RTHICK,RLENGTH, ZGN1, 
1ZMAC1,GANG1, RATE1,OVR1,RVOLU) 
INTEGER RDTYPE 
RVOLU=RWIDTH*RTHICK/1000. 
RVOL/‘T=RVOLU* RLENGTH r 
IF (RDTYPE.EQ.1) GO TO 6002 
ZGN1=1.0 
ZMAC1=1.0 
GANG1=2.0 
RATE1=2.5*RVOLU 
OVR1=RATE1/2.0 
GO TO 6003 
7GN1=1.0 
ZMAC1=1.0 
GANG1=2.0 
RATE1=4.98*RVOLU 
OVR1=RATE1/2.0 
RETURN 
END 

SUBROUTINE ROD1(RDTYPE,RWIDTH,RTHICK,RLENGTH, ZGN2, 
1ZMAC2,GANG2,RATE2,OVR2,RVOLU) 
INTEGER RDTYPE 
RVOLU=RWIDTH*RTHICK/1000.0 
RVOL'T=RVOLU*RLENGTH 
IF(RDTYPE.EQ.1) GO TO 6002 

  

  

6004 

6002 

6003 

5019 

50 2 

OVR2=RATE2/2.0 
WRITE (2,6004) RVOLU,RATE2,OVR2 
FORMAT(1H ,10X,F8.3,10X,F8.3,13X,F8.3,//) 
GO TO 6003 
ZGN2=2.0 

  

GANG 
RATE2=1.54*RVOLU 
OVR2=RATE2/2.0 
RETURN 
END 

SUBROUTINE DRTI 

WRITE (2.5019) 
FORMAT (1H1, 20X, 1 3HROAD BREAKOUT ) 

WRITE (2, 5020) 
FORMAT (1H OO ones eS eee were 7) 

RETURN 
END 

SUBROUTINE DRTJ : 
WRITE (2,5022) 
FORMAT (1H ,20X,26HFLEXIBLE ROAD CONSTRUCTION) 

WRITE (2,5023)
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5023 FORMAT(1H ,20X,'*#***eeeeaceesevevssceeeenr //) 

RETURN 
END 

SUBROUTINE DRTK 
WRITE (2,5024) 

5024 FORMAT(1H ,20X,26HCONCRETE ROAD CONSTRUCTION) 
WRITE(2,5023) 

5023 FORMAT(1H ,20X,'******etesteeeeerernereess 7) 

RETURN 
END 

SUBROUTINE DRTL(RWIDTH,RTHICK ,RLENGTH ,RVOLU,ZGN1,ZMAC1, 
1GANG1, RATE], OVR1, ZGN2,ZMAC2,GANG2, RATE2, OVR2) 
WRITE(2,5025) RWIDTH 

5025 FORMAT(1H ,20X,26HWIDTH OF BREAKOUT 
WRITE(2,5026) RTHICK 

5026 FORMAT(1H ,20X,26HTHICKNESS OF ROAD 
WRITE(2,5027) RLENGTH 

5027 FORMAT(1H ,20X,26HLENGTH OF BREAKOUT = ,F8.3,1HM,/) 
WRITE(2,5555) RVOLU 

5555 FORMAT(1H ,20X,26HVOLUME OF BREAKOUT = ,F8.3,7HM3/ 
1MLIN,//) 
WRITE (2,5028) 

5028 FORMAT(1H ,20X,'TWO ALTERNATIVE GANGS") 
WRITE(2,5021 ) 

5021 FORMAT(1H ,20X,'**#*seeeseeeseseesene:  //) 

WRITE(2,5029) ZGNL 
5029 FORMAT(1H ,20X,12HGANG NUMBER. ,F2.0,1H.,/) 

WRITE(2,5030) ZMAC1 
5030 FORMAT(1H ,20X,26HNUMBER OF COMPRESSORS = ,F2.0,/) 

WRITE(2,5031) GANG1 
5031 FORMAT(1H ,20X,26HNUMBER OF LABOURERS = ,F2.0,/) 

WRITE(2,5032) RATE1 
5032 FORMAT(1H ,20X,26HSTANDARD MANHOURS = ,F8.3,8HHRS/ 

1MLIN,/) 
WRITE(2,5033) OVR1 

5033 FORMAT(1H ,20X,26HSTANDARD DURATION = ,F8.3,8HHRS/ 
1MLIN,///) 
WRITE(2,5034) ZGN2 

5034 FORMAT(1H ,20X,12HGANG NUMBER. ,F2.0,1H.,/) 
WRITE (2,5035) ZMAC2 

5035 FORMAT(1H ,20X,26HNUMBER OF MACHINES(IPH) = ,F2.0,/) 
WRITE(2,5036) GANG2 

5036 FORMAT(1H ,20X,26HNUMBER OF ‘LABOURERS = ,F2.0,/) 
WRITE(2, 5037) RATE2 

5037 FORMAT (1H ,20X,26HSTANDARD MANHOURS = ,F8.3,8HHRS/ 
1MLIN,/) 
WRITE(2,5038) OVR2 

5038 FORMAT(1H ,20X,26HSTANDARD DURATION = ,F8.3,8HHRS/ 
1MLIN,/) 
RETURN 
END 

,F5.3,3X,1HM,/) 

,F5.0, 3X, 2HMM,/) 

oh Die:
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SUBROUTINE DRTM 
WRITE (2,30) 

30 FORMAT(1H1,20X,23HMACHINE EXCAVATION RATE ) 
WRITE (2,31) 

31 FORMAT(1H ,20X,23H******e¥eeteeteesesese ) 

WRITE(2,32) 
32 FORMAT(1H ,/ ) 

WRITE (2,33) 
33 FORMAT(1H ,20X,19HMACHINES CONSIDERED) 

WRITE (2,331) 
331 FORMAT(1H ,20X,19H******eeeeteueewees 17) 

WRITE (2,34) 
34 FROMAT(1H ,19X,4HCODE,6X,12HMACHINE NAME,/ ) 

WRITE (2,35) 
35 FORMAT(1H ,20X,1H1,9X,5HJCB 3,/,20X,1H2,10X,6HJCB 3c, 

1/,20X,1H3,10X,5HJCB 3D,/,20X,1H4,10X,6HJCB 5C,/,20x, 
21H5,10X,6HJCB 7B,/,20X,1H6,10X,10HHY-MAC 580,/,20X, 
31H7,10x,6HJCB 6C,/,20X,1H8,10X,6HJCB 6D,/,20X,1H9,10x, 
46HJICB 7C,/,20X,2H10,10X,4HRH 6,/ ) 
RETURN 
END 

SUBROUTINE EXDATA(B,DPT,W,OF,S,R,H) 
READ (1,1) B,DPT,S 

1 FORMAT (3F0.0) 
READ(1,2) OF 
READ(1,2) W 

2 FORMAT(FO.0O) 
READ(1,3) R,H 

3 FORMAT( 2F0.0) 
RETURN 
END 

  

SUBROUTINE MCSEL(BB,DP,H,R,TYPE) 
DIMENSION D(10,6) 
DATA DUD cys sos ng On pug Teo Be 9 9010s (229.2255 ,450,, 

14500, 400.7,250. 450: 1,'600.1,600. 76 75...,675.,, 1200. 1200.4 
2235013005 ,2500.,,2300..,1300, ,3-7,4.19',5.7656.1,6.425,, 
36.535,6.73,6.70, So4lsbe5 7, 5-57 59-02,999059.093, 9.2, 
49\.2;,9), 73.10.50, 3.45; 3-38, 3229, 6.27,,.54,5.358.6-.05,6.10, 
53.0/ 
DPP=DP/1000.0 
HH=H 
RR=R 
COUNT=0.0 

999 I=0 
COUNT=COUNT+1.0 
IF (COUNT.GE.10.0) GO TO 8 

2 T=I41 
IF(BB.GE.D(I.2)) GO TO 3 
IF(I.LT.10) GO To 2 
CALL ERRORL 
BB=450.0 
GO To 999 

3 IF(BB.LE.D(I,3)) GO TO 4 

80.
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LP/ TELE. 10) GO TO 2 
CALL ERROR2 
BB=1300.0 
GO TO 999 
IF (DPP.LE.D(IT,4) GO To 5 
PECL. EMO): Go fo: 2 
CALL ERROR3 
DPP=DP/2..0 
GO TO 999 
IF(RR.LE.D(I,5)) GO TO 6 
IF(I.LT.10) GO TO 2 
CALL ERROR4 
RR=R/2.0 
GO TO 999 
IF(HH.LE.D(1,6)) Go To 7 
IP(T.LT.10) GO To) 2 
CALL ERRORS 
HH=H/2.0 
GO TO 999 
I=9 
DYPR=Dp (1a) 
RETURN 
END 

   

SUBROUTINE ERROR1 
WRITE(2,1) 
FORMAT (1H1,2X, "REQUIRED BUCKET WIDTH TOO SMALL") 
WRITE(2,2) 
FORMAT(1H ,2X,'450 MM WIDTH ASSUMED") 
RETURN 
END 

SUBROUTINE ERROR2 
WRITE(2,1) 
FORMAT (1H1,2X,'REQUIRED BUCKET WIDTH TOO LARGE") 
WRITE (2,2) 
FORMAT(1H ,2X,'1300 MM WIDTH ASSUMED") 
RETURN 
END 

SUBROUTINE ERROR3 

WRITE (2,1) 

FORMAT (1H1, 2X, ‘REQUIRED DEPTH TOO LARGE' ) 
WRITE (2,2) 
FORMAT (1H 2X, 'DOUBLE EXCAVATE WITH JCB7C') 
RETURN 

END 

SUBROUTINE ERROR4 
WRITE (2,1) 
FORMAT (1H1,2X,'REQUIRED REACH TOO LARGE!) 
WRITE(2,2) 
FORMAT(1H ,2X,'DOUBLE HANDLE WITH JCB 7C') 
RETURN 
END 

+81.
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SUBROUTINE ERRORS 
WRITE(2,1) 
FORMAT (1H1,2X, "REQUIRED LOADING HIEGHT TOO LARGE") 
WRITE (2,2) 
FORMAT(1LH ,2X,'DOUBLE HANDLE WITH JCB 7C') 
RETURN 
END 

SUBROUTINE DRTO 
WRITE(2, 24) 
FORMAT(1H ,20X,'EXCAVATION DETAILS!) 
WRITE (2,241) 
FORMAT (1H 220K, USFS see Stee eee rere en 7 7) 

RETURN 
END 

SUBROUTINE EXRAT(S,ITMC,B,D,OF,W,R,H,RS) 
B=B/1000.0 
IF (TTMC.EQ.1) GO TO 15 
IF (ITMC.EQ.2) GO TO 16 
IF (ITMC.EQ.3) GO TO 17 
IF(ITMC.EQ.4) GO TO 18 
IF (ITMC.EQ.5) GO TO 19 
IF (ITMC.EQ.6) GO TO 20 
TE(LTMC.EQ.7) GO TO 21 
IF (ITMC.EQ.8) GO TO 22 
IF (ITMC.EQ.9) GO TO 23 
IF (ITMC.EQ.10) GO TO 24 
CALL DRAR 
GO TO 2222 
IF(B.LT.O.225) B=0.225 
IF(8.GT.0.675) B=0.675 
BC=0. 3904*8-0.0128 
GO! TO. 3333: 
TE(B.LT.0..225) B=0. 225 
TH(B.CT.0.1675) 98=0.675 
BC=0.3714*B+0.0465 
GO TO 3333 
TE(B.1D0-225) B=0,225 
IF(B.GT.0.675) B=0.675 
BC=0.371*B+0.0465 
GO TO 3333 
IF(B.LT.0.450) B=0.450 
IF (BSGT.1.200) B=1.200 
BC=0. 2866*B+0.1961 
GO TO 3333 
IF(B.LT.0.450) B=0.450 
IF(B.GT.1.200) B=1.200 
BC=0.46*B+0.1181 
GO TO 3333 
If(B.LT.0.400) B=0.400 
TE(BSCT.1. 350) B=15350 
BC=0.28*B+0.1920 
GO TO 3333 
IF(B.LT.0.450) B=0.450 

  were
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IF(B.GT.1.300) B=1.300 
BC=0.1941*B+0.2377 
GO TO 3333 
IF(B.LT.0.450) B=0.450 
IF(B.GT.1.300) B=1.300 
BC=0.1941*B+0.2377 
GOTO 3333 
IF(B.LT.O.600) B=0.600 
TP(B.GT.1.300) B=1.300 
BC=0.8*B+0.0200 
GOuto 3333 
IF(B.LT.O.600) B=0.600 
TF(B.GT.1.300) B=1. 300 
BC=0.8*B+0.0200 
CONTINUE 
BIC-0.13531*S-0. voa7e72¢s+s-0. 32589 
QE=BC*BIC 
R2=R*R 
H2=H*H 
T2=R2+H2 
T=SQRT(T2) 
IF (ITMC.LE.3) UT=0.0055278-0.010534*T+0.039124*T*T-0. 

10042776*T*T*7 
IF (ITMC.GT.3) UT=0.0174370+0.038475*T+0.0027197*T*T-O. 

1000249*T*T*T 
SUM=0.0 
D=D/1000.0 
ZINC=D/10.0 
TAG=0.0 
TAG=TAG+1.0 
ZN=ZINC*TAG/W 
IF(OF.EQ.1.) ET=0.051219+0.8015*ZN-0.1397*ZN*ZN+0. 0088 

195 ZN*ZN 
IF(OF.EQ.2.) ET=0.022858+0.2703*ZN-0.0480*ZN*ZN+0.0031 

138°ZN*ZN*ZN 
IF(OF.EQ.3.) ET=0.041371+0.1366*ZN-0.0216*ZN*ZN+0.0012 

141*ZN*ZN*ZN 
IF(OF.EQ.4.) ET=0.020984+0.1402*ZN-0.0252*ZN*ZN+0.0016 

156*ZN*ZN*ZN 
IF(OP.EQ.5) ET=0.026574+0.1285*ZN-0.0215*ZN*ZN+0.0013 

149*ZN*ZN*ZN 
RSINC=50. 7099*QE/(UT+ET) 
DEPTH=ZINC*TAG 
WRITE(2,88) DEPTH, RSINC 
FPORMAT(1H ,2F12.4) 
SUM=SUM+RSINC 
IF(TAG.LT.10.) GO TO 777 
RS=SUM/10.0 
ITMC=ITMC 
CONTINUE 
RETURN 
END 

  

   

  

SUBROUTINE DRTP(S,OF,HI,W,B,H,R,I,RS) 
WRITE(2,36) S 
FORMAT(1H ,20X,'STRATA GRADING =',F3.0) 

© w



WRITE(2,37) OF 
37 FORMAT(1H ,20X,'OBSTRUCTION GRADING =',F3.0) 

B=B*1000. 
WRITE(2,39) B 

39 FORMAT(1H ,20X,'BUCKET WIDTH =',F6.),'MM') 
WRITE(2,40) H 

40 FORMAT(1H ,20X,'LOADING HIEGHT = ',F6.3,'M') 
WRITE(2,41) R 

41 PORMAT(1H ,20X,'REQUIRED REACH = ',F6.3,'M',//) 
WRITE(2,42) I 

42 FORMAT(1H ,20X,'USE MACHINE TYPE = ',12) 
WRITE(2,43) RS 

43 FORMAT(1H ,20X,'STANDARD OUTPUT = ',F7.3,'M3/HR',//) 
RETURN 
END 

SUBROUTINE DRTQ(IDO) 
READ(1,9995) IDO 

9995 FORMAT(IO) 
RETURN 
END 

SUBROUTINE DRAR 
WRITE(2,25) 

25 PORMA(1H1,GHERROR: ,4X,23HCHECK MACHINE TYPE DATA) 
RETURN 
END 

  

SUBROUTINE EXSHAPE (ISHAPE,ZZD,ZZW,AREAEXC, RATE ,RS) 
CALL DRAT(ISHAPE) 
CALL DRAU(ZZD,ZZW,ZZD1,ZZW1,ZZD2,TH1,TH2) 

9010 CONTINUE 
IF (ISHAPE.EQ.1) GO TO 
IF (ISHAPE.EQ.2) GO TO 
IF (ISHAPE.EQ.3) GO TO 
IF (ISHAPE.EQ.4) GO TO 
IF (ISHAPE.EQ.5) GO TO 
IF (ISHAPE.EQ.6) GO TO 
IF (ISHAPE.EQ.7) GO TO 
ZVOL=ZZD*ZZW 
TH1=0.0174533*THL 
ZA1=ZZD/TAN(TH1) 
ZVOL1=ZA1*ZZD 
ZVOL'P=ZVOL+ZVOLL 
GO TO 10 

2 CONTINUE 
ZVOLT=ZZD*ZZW 
Go TO 10 

3 CONTINUE 
ZVOL=ZZD*ZZW 
ZVOL1=Z2ZD-ZZD1 
ZVOL1—ZVOL1 *ZZW1 
ZVOLT=ZVOL+ZVOL1 
GO TO 10 

4 CONTINUE 

O
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ZVOL=Z2D* ZZW 
ZVOL1-Z2ZD-ZzD1 
ZVOL1=2.0*ZVOL1*Z2ZW1 
ZVOLT=ZVOL+ZVOL1 
GO TO 10 
CONTINUE 
ZVOL=ZZw* ZZD 
ZVOL2=ZZD-ZZD1 
ZVOL1=2.0*ZVOL2*ZZW1 
TH =0201.74533*TH1 
ZA1=ZVOL2/TAN(TH1) 
ZVOL3=ZA1*ZVOL2 
ZVOLT=ZVOL+ZVOL1+ZVOL3 
GO TO 10 
CONTINUE 
ZVOL=ZZD*ZZW 
TH1=0.0174533*TH1 
ZA1L=ZZD1/TAN(TH1 ) 
ZVOL1=ZZD1*ZAL 
ZVOLA=ZZD-ZZD1 
ZVOL2=ZA1 *ZVOLA*2.0 
TH2=0.0174533*TH2 
ZA2=ZVOLA/TAN (TH2 ) 
ZVOL3=ZA2*ZVOLA 
ZVOLT=ZVOL+ZVOL1+ZVOL2+ZVOL3 
GO TO 10 
CONTINUE 
ZVOL=Z2ZD*ZZW 
ZVOLA=ZZD2-ZZD1 
TH1=0.0174533*TH1 
ZA1L=ZVOLA/TAN(TH1) 
ZVOL1=ZA1*ZVOLA 
ZVOLB=ZZD-ZZD2 
ZVOL2=ZVOLB*ZA1 *2.0 
TH2=0.0174533°*TH1 
ZA2=ZVOLB/TAN(TH2 ) 
ZVOL3=ZVOLB*ZA2 
ZVOLT=ZVOL+ZVOL1+ZVOL2+ZVOL3 
GO TO 10 
CONTINUE 
ZZVL=ZZD* ZZw 
ZVOLA=ZZD-ZZD1 
TH1=0.0174533*TH1 
ZAL=ZVOLA/TAN(TH1 ) 
2NOL1=ZA1*ZVOLA 
ZVOLT=ZZVL+ZVOL1 
AREAEXC=ZVOLT 
RATE=AREAEXC/RS 
RETURN 
END 

  

    

  

SUBROUTINE DRTR(ZZD,ZZwW) 
WRITE(2,1190) 2ZD 
FORMAT(1H ,20X,'TRENCH DEPTH = ',F7.3,'M') 
WRITE (2,1191)Z2W 
FORMAT(1H ,20X,'TRENCH BASE WIDTH =',F7.3,'M') 
RETURN 
END 
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SUBROUTINE DRAT(ISHAPE) 
READ(1,1) ISHAPE 
FORMAT (IO) 
RETURN 
END 

SUBROUTINE DRAU(ZZD,ZZW,ZZD1,ZZW1,ZZD2,TH1,TH2) 
READ(1,9)Z2D,Z2W,ZZD1,ZZW1 ,ZZD2,TH1, TH2) 
FORMAT( 5F10.3,2F5.0) 
RETURN 
END 

SUBROUTINE EXCAL(RS,AREAEXC, RATE) 
DIMENSION XG(100) 
DIMENSION YG(100) 
DIMENSION XD(100) 
DIMENSION YD(100) 
CONTINUE 
CALL DRAV(JS) 
© OR 1 IF GROSS OR DEDUCT COORDINATES FOLLOW 
IF(SS.6Q.1) GO TO 12 
SUM=0.0 
I=0 
CONTINUE 
CALL DRAW(X,Y,IS) 
CONTINUE 
IsI+l 
XG(I)=X 
YG(I)=Y 
IF(IS.EQ.0) GO TO 14 
IN=I 
DO 444 I=1,IN,1 
K=I+1 
IF(K.GT.IN) GO TO 15 
A=(¥G(I)+YG(K))/2.0 
B=(XG(K)=XG(1) ) 
GO TO 16 
A=0.0 
B=0.0 
SUM=SUM+ (*B) 
CONTINUE 
AREAGROSS=SUM 
GOTO 17 
SUM=0.0 
J=0 
CONTINUE 
CALL DRA1(X,Y,IS) 
CONTINUE 
dade] 
XD(J)=X 
YD(T)=¥ 
IF(IS.£Q.0) GO TO 19 
JN=J 
DO.555 J=l,JN,1 
L=j+l 

B86.



IF(L.GT.JIN) GO TO 20 
A=(YD(J)+YD(L))/2.0 
B=(XD(L)-xXD(J)) 
GO TO 21 

20' A=0.0 
B=0.0 

21 SUM=SUM+(A*B) 
§55 CONTINUE 

AREADEDUCT=SUM 
AREAEXC=AREAGROSS-AREADEDUCT 
RATE IN HOURS/METRE LIN 
RATE=AREAEXC/RS i 
RETURN 
END 

SUBROUTINE DRTS(AREAEXC, RATE) 
WRITE(2,1515) AREAEXC 

1515 FPORMAT(1H ,20X,'VOLUME OF EXCAVATION =',F7.3,'M3/ 
LM / YE) 
WRITE(2,1555) RATE - 

1555 FORMAT(LH ,20X,'STANDARD DURATION =',F7.3,'HRS/M! ) 
RETURN 

END 

SUBROUTINE DRIT 
WRITE (2, 3333) 

3333 FORMAT(1H1) 
RETURN 
END 

SUBROUTINE DRTU(ISING) 
READ(1,4951) ISING 

4951 PORMAT(IO) 
RETURN 
END 

SUBROUTINE DRTV 
WRITE(2, 700) 

700 FORMAT(1H ,24X,28HTRENCH SUPPORT SYSTEM DESIGN) 
WRITE(2,701) 

7O1l FORMAT(1H ,21X, 34H*****# tee eeeerereseresesesestseses ) 

RETURN 
END 

SUBROUTINE DRAV(JS) 
READ(1,11) JS 

11 FORMAT(IO) 
RETURN 
END 
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SUBROUTINE DRAV(JS) 
READ(1,11) JS 
FORMAT (IO) 
RE'TURN 
END 

SUBROUTINE DRAW(X,Y,IS) 
READ(1,13) X,Y,IS 
PORMAT( F10.3,F10.3,I1 ) 
RETURN 
END 

SUBROUTINE DRA1(X,Y,IS) 
READ(1,18) X,Y,IS 
FORMAT( F10.3,F10.3, EL) 
RETURN 
END 

SUBROUTINE DES(H,W,GAMA,PHI,COH,APA) 
CALL DRAX(IS1,IS2,1S3,H,W) 
CONTINUE 
K1=IS1*2 
K1=K1+IS2 
K2=K1*2 
K2=K2+1S3 
CALL DRAY(GAMA, PHI,COH) 
CON'TINUE 
TE(K2-EQ.4) GO TO) 11 
IF(K2.EQ.2) GO TO 12 
IF(K2.EQ.0) GO TO 13 
IF(K2.EQ.1) GO TO 14 
IF(K2.6Q.3) GO TO 15 
IF(K2.EQ.5) GO TO 16 
IF(K2.EQ.6) GO TO 17 
IF(K2.EQ.7) GO TO 18 
CONTINUE 
IF (GAMA.EQ.99.) GAMA=2082.6 
IF (GAMA.NE.99.) GAMA=GAMA 
IF (PHI.EQ.99.) PHI=15.0 
IF(PHI.NE.99.) PHI=PHI 
IF (COH.EQ.99.) COH=0.0 
IF(COH.NE.99.) COH=0.0 
THT=0.0174533*PHI 
A=1.0-SIN( THT) 
B=1.0+SIN(THT) 
BKA=A/B 
APA=0.65*GAMA*BKA*H 
APA=APA*0.00980665 
GO TO 21 
CONTINUE 
IF (GAMA.EQ.99.) GAMA=2082.6 
IF (GAMA.NE.99.) GAMA=GAMA 
IF(PHI.BQ.99.) PHI=0.0 
IF (PHI.NE.99.) PHI=0.0 
IF (COH.EQ.99.) COH=1400.0 
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IF (COH.NE.99.) COH=COH 
AN=GAMA*H/COH 

IF(AN.LE.4.0) GO TO 23 
APA=0.4*GAMA*H 

APA=APA*O.00980665 
GO TO 21 
A=4.0*COH 
B=GAMA*H 
A=A/B 
BKA=1.0-A 
IF (BKA.LE.O.0) BKA=0.40 
APA=BKA*GAMA*H 

APA=APA*O.00980665 
GOTO 21 
CONTINUE 
IF (GAMA.EQ.99.) GAMA=2082.6 

IF (GAMA.NE.99.) GAMA=GAMA 

APA=0,4*GAMA*H 

APA=APA*O.00980665 
GO TO 21 
CONTINUE 
IF (GAMA.EQ.99.) GAMA=2082.6 

IF (GAMA.NE.99.) GAMA=GAMA 

APA=0.4*GAMA*H 
APA=APA*O.0098665 
GO-TO 21 
CONTINUE 
IF GAMA.EQ.99.) GAMA=2082.6 

TF (GAMA.NE.99) GAMA=GAMA 

IF (PHI.EQ.99.) PHI=15.0 

IF (PHI,NE.99.) PHI=PHT 

IF (COH.EQ.99.) COH=1400.0 

IF (COH.NE.99.) COH=COH 

APA1=0.4*GAMA*H 
AN=GAMA*H/COH 

IF(AN.LE.4.0) GO TO 27 

APA2=0.4*GAMA*H 
GO TO 28 
A=4.0*COH 
B=GAMA*H 
A=A/B 
BKA=1.0-A 
IF (BKA.LE.O.0) BKA=0.40 

APAZ=BKA*GAMA*H 
CONTINUE 
IF (APA2.GE.APAl) APA=APA2*0.00980665 

TF (APA2.LT.APAL) APA=APA1L*O.00980665 

Go TO 21 
CONTINUE 
IF (GAMA.EQ.99.)GAMA=2082.6 

IF (GAMA.NE.99.) GAMA=GAMA 

IF (PHT.EQ.99.) PHI=15.0 

IF (PHI.NE.99.) PHI=PHI 

TIF (COH.EQ.99.) COH=1400.0 

IF (COH.NE.99.) COH=COH 

THT=0.0174533*PHL 

A=1.0-SIN(THT) 
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B=1.0+SIN(THT) 
BKA=A/B 
APA1=0.65*GAMA*BKA*H 
APA2=0.4*GAMA*H 
TF (APA1.GE.APAl) APA=APA2*0.00980665 
TF (APA2.LT.APAl) APA=APA1"0.00980665 
GO TO 21 
CONTINUE 
IF (GAMA.EQ.99.) GAMA=2082.6 
IF (GAMA.NE.99.) GAMA=GAMA 
IP (PHE.BQ.99..))\PHT=15..0 
IF (PHI.NE.99.) PHI-PHI 
IF (COH.EQ.99.) COH=1400.0 
IF (COH.NE.99.) COH=COH 
THT=0.0174533*PHI 
A=1.0-SIN(THT) 
B=1.04+SIN(GHT) 
BKA=A/B 
APA1=0.65*GAMA*BKA*H 
AN=GAMA*H/COH 
IF(AN.LE.4.0) GO TO 31 
APA2=0.4*GAMA*H 
GOlTOs 32 
A=4.0*COH/(GAMA*H) 
BKA=1.0-A 
IF (BKA.LE.O.0) BKA=0.40 
APA2=BKA*GAMA*H 
CONTINUE 
IF (APA2.GE.APAl) APA=APA2*O0.00980665 
IF (APA2.L'T.APAL) APA=APA1*0.0980665 
GOTO 21 
CONTINUE 
IF (GAMA.EQ.99.) GAMA=2082.6 
IF (GAMA.NE.99.) GAMA=GAMA 
IF(PHI.BQ.99.) PHI=15.0 
IF (PHI.NE.99.) PHI=PHI 
IF(COH.EQ.((.) COH=1400.0 
IF (COH.NE.99.) COH=COH 
THT=0.0174533*PHI 
A=1.0-SIN(THT) 
B=1.0+SIN(THT) 
BKA=A/B 
APA1=0.65 *GAMA*BKA*H 
AN=GAMA*H/COH 
IF(AN.LE.4.0) GO TO 34 
APA2=0.4*GAMASH 
GO TO 35 
A=4.0*COH 
B=GAMA*H 
A=A/B 
BKA=1.0-A 
IF (BKA.LE.O.0) BKA=0.40 
APA2=BKA*GAMA*H 
APA3=0.4*GAMA*H 
IF (APA2.GE.APA1) APA4=APA2 
IF (APA2.LT.APAl) APA4=APAL 
IF (APA4.GE.APA3) APA=APA4*0.00980665 
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IF (APA4.LT,APA3) APA=APA3*0.00980665 

21 CONTINUE 

RETURN 

END 

SUBROUTINE DRIW(H,W,PHI,COH,GAMA) 
WRITE(2,702) H 

702 FORMAT(1H ,5X ,15HTRENCH DETAILS: ,47X,6HDEPTH=,F5.3, 

11X,1HM) 
WRITE (2, 703) W 

703 FORMAT (1H ,67X, 6HWIDTH=,F5.3,1X,1HM ) 
WRITE(2, 704) PHT 

704 FORMAT (1H ,5X,13HSOIL DETAILS: ,22X,33HANGLE OF INTERNAL 

1FRICTION (BHI) =, F5.2,1X,4HDEGS ) 
WRITE(2, 705) Col 

705 FORMAT (1H ,58X,15HCOHESION (COH)=,F7,2,1X,5HKG/M2) 

WRITE(2, 706) GAMA 
706 FORMAT (1H ,50X23HSPECIFIC WIEGHT (GAMA)=,F7.2,1X,SHKG/ 

1M3) 
WRITE (2,707) 

707 PORMAT(1H ,5X ,21HTRENCH SHEET DETAILS: ,14X,14HB.S.P. 

1TYPE. T5.,3X, 23HELASTIC MODULUS=56.0CM3) 

WRITE (2,708) 
708 FORMAT (1H ,67X,11HWIDTH=0.33M ) 

WRITE (2,709) 
709 FORMAT(1H ,5X ,1l4HSTRUT DETAILS: ,35X,25HHORIZONTAL 

1SPACING=2.50 M) 
WRITE (2,710) 

710 FORMAT(1H ,5X ,14HWALER DETAILS:,// ) 

WRITE (2,711) 
711 PORMAT(1H ,20X,60HSECTION SECTION SECTION D B T 

LELASTIC MODULUS ) 
WRITE(2,712) 

712 FORMAT (1H ,20X,58HNOTATION SHAPE WIEGHT (um) = (MM) 

1(™M) (2xx) (CM3) ) 
WRITE (2,713) 

713 PORMAT(1H 341X,6H(KG/M) ,//) 
WRITE(2, 714) 

714 FORMAT(1H ,22X,1H1,9X, 47HI 13.38 127 76 7.6 7 

15.12 | +/, 28% 57H2—.2. 17210 9152 (89 6-301 15.90 

2,/,23%,1H3,9X%, 470 20.82 178 76 10.3 150.40 

3,/,23X,57H4 C 23.80 203 76 11.2 192.00 ,/) 

WRITE (2,777) 
777 PORMAT(1H ,22X,1H5,9X, 35HI 25.00 203 133 7.8 

1,2X,10H231.00 ,/,23X,57H6 I 30.00 207 134 9.6 

2279.00 ,/,23X,57H7 I 31-00 251 146 8.6 352.00 

3,/,23X,57H8 I 43.00 260 147 12.7 504.00 ,/) 

WRITE (2,778) 
778 FORMAT(1H ,22X,1H9,9X, 47HI 31.00 307 166 11.8 

EA. 600) 7) 
RETURN 
END 

SUBROUTINE DRTX(IA,ID,IE,IF,IG,IH,II,IM,IN,10,1P,1T, 
1IU,IV,IIP) 
TA=O 
TD=0 
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IE=0 
IF=0 
IG=0 
TH=1 
IT=0 
IM=1 
IN=0 
I0=0 
IP=0 
IT=1 
IU=0 
IV=0 
READ(1,1414) ITIP 

1414 FORMAT (IO) 
RETURN 
END 

SUBROUTINE DRAX(IS1,1IS2,1S3,H,W) 
READ(1,10) IS1,1S2, ts3, H ,W 

10 FORMAT ( Bos Los 15, F10. ae F10. Sa). 
RETURN 

END 

SUBROUTINE DRAY (GAMA, PHI ,COH) 
READ(1,20) GAMA,PHT,COH 

20 FORMAT( F1O.1,F5.1,F10.1 ) 
RETURN 
END 

SUBROUTINE DESA(APA,WGT,B,LD,IS,L,W) 
REAG Ly, kD, LP 
DIMENSION Z(9 ) 
DATA Z/75.12,115.90,150.40,192.00,231.00,279.00,352.00, 

1504.00,646. 00/ 
O CALCULATE THE VERTICAL STRUT SPACING PERMISSIBLE (L) 
IF(LD.LT.L) GO TO 38 
LD=L 

38 B1l=38.4*wW 
B2=14.36*SQRT (APA) *SQRT(LD) 
IF(B1L.GE.B2) B=Bl 
IF(b1.LT.B2) B=B2 
ZR=2.367*APA*LD 
TCOUNT=0 

39 I=1+ICOUNT 
IF(I.LE.9) GO TO 40 
CALL ti DRAZ(Z2) 

  

GO to 2222 
40 CONTINUE 

IF(ZR.LT.Z(I)) GO TO 42 
TCOUNT=1 
GOTO 39 

D's
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42 IS=1 
ZX=2( 1) 
TPCTS.EO.1) WGT=13.68 
IF(TS.EQ.2) WGT=17.10 
IF(IS.EQ.3) WGT=20.82 
IP(1S.EQ.4) WGT=23.80 
IF(IS.EQ.5) wG 
IF(IS.EQ.6) WGT=30.00 
IF(IS.EQ.7) WGT=31.00 
IF(IS.EQ.8) WGT=43.00 
IF(IS.EQ.9) WGT=31.00 

2222 CONTINUE 
RETURN 
END 

   

SUBROUTINE DRAZ(ZR) 
WRITE(2,41) ZR 

41 FORMAT(1H1, 8X, 50HSECTION MODULUS NOT AVAILABLE SEE 
TABLES FOR ZR= ,F10.2, 2X 3HCM3) ° 
RETURN 
END 

SUBROUTINE TZME(STL,B,WGT,H,ZLD,YY,SMTH,G,SL,GI,IA,ID, 
LIE, IF ,IG,IH,II,IM,IN,10,1P,IT,1U,IV,IIP,YS,XN,WN) 
SL=H+0. 333 

WL=2.500 
TRENCH SHEETS 
Vieeeesucenes 
TA=0.12925*SL+0.0745 
TB=0.121*SL+0.13025 
TC=0.4025 
TD=0,129*SL+0.176 
TE=0.003*SL+1.0232 
TF=0.02925*SL+0.57325 
TIMBER STRUTS 
Ryerss 
B2=B/100. 
B2=B2*B2 
AG=-0.0045276+0.017435*B2 
AH=-0.0156+0.057902*B2 
AT=-0.051737+0.047466*B2 
AJ=0.029488+0.025636*B2 
AK=0. 3438940.037109*B2 
AL=0. 2358340.013164*B2 
AM=0.13054+0.0017042*B2 
AN=0.14083+0.022655*B2 
AO=0.059572+0.025717*B2 
CG=0.18887-0.0027834*B2 
CH=0.97452+0.62216*B2 
CT=0,4972340. 26224 *B2 
CJ=0.254+0.0017595*B2 
CK=0. 77333+0.084156*B2 
CL=0. 38558+0.12197"B2 
CM=0.044055+0.1137*B2 
CN=0.2342740.0231*B2
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CO=0.21614+0.023599*B2 

    

    

  

TG=AG*STL+CG 
TH=AH*STL+CH 
qr 

TI=AT*STL+CI 
TK=AK*STL+CK 
TL=AL*STL+CL 
TM=AM*STL+CM 
TN=AN*STL+CN 
CO=AO*STL+CO 
STEELWALERS 
eee ee EER EEE 
AP=0.4785-0.011725*wGT 
AQ=0.071+0.004175 *WGT 
AR=0.039+0.002875 *wGT 
AS=0.145-0.00025 *wGT 

0. 39366+0.019683*WGT 
-1745-0.002225*wGT 
-158-0.0034*wGT 
0.59475+0.018975*wGT 
0.16975+0.00795*wGT 
0.39775+0.04325*WGT 
0.26970+0.04161*WGT 

CT=0.010689-0.03332*WGT 
CU=-0247+0.023475*WGT 
c - 303+0.026400* wor 
TP =AP *WL+CP 
TQ=AQ*WL+CQ 
TR=AR*WL+CR 
TS=AS*WL+CS 
TP=AT*WL+CT 
TU=AU*WL+CU 
TV=AV*WL+CV 
TP CLIP. EQ. 2) ¥S=14.0 
TF (TIP.EQ.2) YS=8.0 
IF(IIP.EQ.3) ¥S=6.0 
XN=(H/ZLD+1.0)*2.0 
x INT (XN) 
WN=XN 
IPCTASEOSIVCTAS TA 
TEX TALNE . 1) ASO 20 
IF(ID.EQ.1) GO TO 20 
IF(IE.EQ.1) GO TO 21 
IF (IF.EQ.1) GO TO 22 

20 TD=TD 

    

  

   

      

TY=0:.'0 

  

TE=0.0 
1111 CONTINUE 
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24 

29) 

2222 

oy: 

28 

29 

3333 

31 

32 

33 

4444 

IF (IG.NE.1) 
TP (IH EQ. 1) 
2Ri(TT EQ. 2} 
TH=TH 
Tr=-0.0 
GO TO 2222 
TI=TI 
TH=0.0 
CONTINUE 
IP (IM.EQ.1) 
IF(IN.EQ.1) 
IF(IO.EQ.1) 
TM=TM 
TN=0.0 
TO=0.0 
GO TO 3333 
TN=TN 
TM=0.0 
TO=0.0 
TO "TO. 3333 
TO=TO 
TM=0.0 
TN=0; ) 
CONTINUE 
IF (IP.EQ.1) 
TF (LP NE. 1) 
IF (IU.EQ.1) 
IF ( IPSEQ=1) 
IP(IV.EQ.1) 
TT-TT 
PU=O/50 

TV=0.0 

GO TO 4444 
TU=TU 
T=0.0 
TV=0.0 
GO TO 4444 
TV=TV 
TT=0.0 
TU=0.0 
CONTINUE 

GO 
GO 

  

GO 
GO 
GO 

VP: 

GO 
GO 

=e. 
TP=0... 
GO TO 32 

TO 31 
TO 33 

=A Ss 

TEs050) 
TO 24 
TO 25 

TOU AT 
TO 28 
TO 29 

0 

T1=YS* (TA+TB+TC+TD+TE+TF ) 
P2=XN*(TG+TH+TI+TI+TK+TL+TM+TN+TO) 
T3=WN* (TP+TQ+TR+TS+TT+TU+TV) 
OVERALL DURATION 
P=T14+T2+T3 
OVERALL DURATION 
TSTD=T*1.02*1.16 
OVERALL DURATION 
TSTDH=TSTD/60.0 
OVERALL DURATION 
XX=TSTD/2.500 
OVERALL DURATION 
YY=TSTDH/2.500 
STD MAN MINS/M 

IN BASIC MINS 

IN STD MINS 

IN STD HOURS 

IN STD MINS/M 

IN STD HOURS/M 

TPH. LE.3.0) GO TO “35 
SMT=XX*5.0 
G=4.0 

7956



eLobe 

  

GO TO 5555 * 
35 SMT=XX*4.0 

Suan -YY*4.0 

  

Suiso CONTINUE 
RETURN 
END 

SUBROUTINE DRTY 
WRITE (2,2900) 

2900 FORMAT (1H1, 5X, 33HOPEN eaceiye CONSTRUCTION DETAILS) 
WRITE(2,1001) 

1001 FORMAT (1H Sx Dip eentectccsctectieetesdecery cases) 

RETURN 
END 

SUBROUTINE DRTZ 
WRITE (2,4904) 

4904 FORMAT(1H1,5X,34HCLOSE SHORING CONSTRUCTION DETAILS) 
WRITE (2,4905) 

4905 FORMAT(1H ,5X, 34Ht** ot eeeeteceeeececesececesecenyss)) 

RETURN 
END 

SUBROUTINE DRAA 
WRITE (2, 4906) 

4906 FORMAT(1H1,5X,35HMEDIUM SHORING CONSTRUCTION DETAILS) 
’ WRITE (2,4907) 
4907 FORMAT(1H ,5X,35H**##**¥ tee eeenteesereeeceeesererese) 

RETURN 
END 

SUBROUTINE DRAB(YS,SL,XN,W,B,WN,IS,WGT,LD,G,GI,YY, 
1SMTH) 
REAL LD 
WRITE(2,1007) LD 

1007 FORMAT(1H ,22X,31LVERTICAL WALER/STRUT SPACING = ,F5.3, 
12H M ) 
WRITE (2,1017) 

1017 PORMAT (1H ,22X, (#*## #4 tet ee eeeesererenretcesenseseses 

we) 
WRITE(2,4908) YS 

4908 FORMAT(1H ,22X,31HNO OF TRENCH SHEETS = ,F5.0,5H/2.5M) 
WRITE(2,1002) SL 

1002 FORMAT(1H ,22X,31HLENGTH OF TRENCH SHEETS = ,F5.3, 2H M ) 
WRITE(2,4909) XN 

4909 FORMAT(1H ,22X,31HNO OF TRENCH STRUTS = ,F5.0,5H/2.5M) 
WRITE(2,1003) W 

1003 FORMAT(1H ,22X,31HLENGTH OF STRUTS = ,F5.3, 2H M ) 
WRITE(2,1004) B 

«96.



1004 FORMAT(1H ,22X,31HTHICKNESS/WIDTH OF STRUTS = ,F5. 
10,3H MM ) 
WRITE(2,4910) WN 

4910 FORMAT(1H ,22X,31HNO OF WALERS = ,F5.0,5H/2.5M) 
WRITE(2,1005) IS 

1005 FORMAT(1H ,22X,31LHUSE WALER TYPE = ,11) 
WRITE(2,1006) wer 

1006 FORMAT(1H ,22X,31HWIEGHT OF WALER = ,F5.2,5H KG/M ) 
WRITE (2,1008) G 

1008 FORMAT(1H ,22X,31HNUMBER OF MEN = ,F2.0) 
WRITE(2,1009) GI 

1009 FORMAT(1H ,22X,31HNUMBER OF MACHINES + DRIVERS = 
gee s0.) 
WRITE(2,2901) YY 

2901 FORMAT(1H ,22X,31HSTANDARD DURATION = ,F10.3,SH HR/M ) 
WRITE(2,1011) SMTH 

1011 FORMAT(1H ,22X,31HSTANDARD MANHOURS = ,F10.3,5H HR/M ) 
RETURN 
END 

SUBROUTINE DRAC (ICOM) 
READ(1,3900) ICOM 

3900 FORMAT (IO) 
RETURN 
END 

SUBROUTINE DRAD(DI, PIPEL,PDEPTH) 
READ(1,3901) DI,PIPEL ,PDEPTH 

3901 FORMAT( F5.0,££.3,F5.3) 
RETURN 
END 

SUBROUTINE PIPE(DI,PIPEL,PDEPTH,PDUR ,DURM,EX,CR,MENZ) 
REAL MENZ,LB,LPP,LS,LT1,LJ,J1 
DIMENSION P(17,8) 
DATAP/100.,0.40,0.22,2.00,0.44,0.40,0.12,0.25,0.40,0. 
145,0.14,0.14,1.16,0.10,0.10,0.50,0.14,300.,1.15,0.95, 
25.60,0.94,1.15,0.33,0.80,1.16,1.25,0.36,0.38,1.16,0. 
330,0.40,0.90,0.38,600.,2.30,1.20,6.80,1.36,2.28,0.66, 
41.57,2.35,2.43,0.72,0.75,1-16,0.58,1.00,1.24,0.75,90 
50.,3.30,1.20,6.95,1.60,3.42,0.99,2.37,3.50,3.64,1.06, 
61.12,1.16,0.86,1.90,1.44,1.12,1200.,3.90,1.20,6.95,1. 
776,4.55,1.34,3.17,4.69,4.8,1.42,1.49,1.16,1.16, 3.10, 
81.60,1.49,1500.,4.25,1.20,6.95,1.92,5.70,1.67,3.95,5+ 
985,6.05,1.78,1.86,1.16,1.45,4.30,1.76,1.86,1800.,4.4 
150020 ,.659572-08,6.82,2,00)4075..7.03, 7,25 2505.2. 23, 
21.16,1.74,5.35,1-92,2.23,2100.,4.50,1.20,6.95,2.23,7 
3.95,2.33,5.60,8.20,8.45,2.48,2.61,1.16,2.02,5.40,2.08 
4,2.61/ 
J=0 

Tasted 
IF (DI.LE.P(1,J))GO TO 2 
GO TO 1 

2 PB=P(2,0)-P(2, (J-1)) 

Oo?



LB=P(3,J)—-P(3, (J=1)) 
PLB=P(4,J)—P(4, (J-1)) 
PS (5 ,J)—P(5, (J-1))) 
LPP=P(6,J)-P(6, (J-1)) 
PG=P(7,J)—-P(7, (J-1)) 
LS=P(8,J)-P(8, (J-1)) 
SJ=P(9,J)—P(9, (J-1)) 
JL=P(10,J)-P(10, (J-1)) 
RJ=P(11,J)-P(11,(J-1)) 
LP1=P(12,5)-P(12, (5-1) ) 
BeP(13,d)-P(13,(de1)) 
LT=P(14,J)-P(14, (J-1)) 
AP=P(15,30)=P(15, (J-1)) 
RS=P(16,J)-P(16, (J-1)) 
CES=P(17,5)-P(17, (3-1) } 
DDIF=P(1,J3)-P(1, (J-1)) 
DDF=DI-P(1, (J-1)) 
RATIO=DDF/DDIF 
PB=P(2, (J-1))+PB*RATIO 
LB=P (3, (J-1) )+LB*RATIO 
LB=LB*PDEPTH/2.0 
PLB=P (4, (J-1))+PLB*RATIO 
PSP=P(5,(J-1))+PSP*RATIO 
LPP=P(6, (J-1) )+LPP*RATIO 
LPPP=LPP 
GRUMP=PDEPTH-DI/1000.0 
LPP=LPP* (GRUMP+0.0001)/2.0 
IF(LPP.LT.LPPP) LPP=LPPP 
PG=P(7, (J-1) )+PG*RATIO 
LS=P(8, (J-1))+LS*RATIO 
SJ=P(9, (J-1) )+ST*RATIO 
J1l=P(10, (J-1) )+J1*RATIO 
RJ=P(11, (J-1))+RI*RATIO 
LT1=P(12, (J=1))+LT1*RATIO 
B=P(13,(J-1))+B*RATIO 
LT=P(14, (J-1) )+LT*RATIO 

(15, (J-1))+AP*RATIO 
(16, (J=1))+RS*RATIO 

CLS=P(17, (J=1))+CLS*RATIO 
IF (PIPEL.LT.1.44) GO TO 3 
ZMULT=PIPEL/2.440 
GoTO4 
ZMULT=1.0 
PB=PB*ZMULT 
LB=LB*ZMULT 
PLB=PLB* ZMULT 
CLS=CLS*ZMULT 
BMPP=PB+LB+PLB+PSP+LPP+PG+LS 
BMPP=BMPP+SJ+J1+RJ+LT1+B+LT+AP+RS+CLS 
BWC=BMPP*1.18 
TWC=BWC*1.02 
PDUR-TWC*1.01/60.0 
DURM=PDUR/PIPEL 
IF (PDEPTH.LE.3.0) GO TO 5 
IF (PDEPTH.LE.5.0) GO TO 6 
EX=0.0 
CR=1.0 
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MENZ=3.0 
GO TO: 7 
CONTINUE 
IF (DI.ET.600;.)- Go. 10 8 
EX=0.0 
GRE}. 0 
MENZ=3.0 
GO TO 7 
CONTINUE 
EF (DIED S25) GO TO: 
EX=0.0 
CR=1 20 
MENZ=3.0 
GO TO 7 
CONTINUE 
LP(DLESLT. 375.160 16 10 
EX=1.0 
CR=0.0 
MENZ=3.0 
GO TO 7 

  

3902 

3903 

3904 

3905 

3906 

3907 

3908 

3909 

3910 

3911 

SsoTZ 

SUBROUTINE DRAE(M,DI,PIPEL,PDEPTH,EX,CR,MENZ,PDUR, 
1DURM) 
REAL MENZ 
WRITE (2, 3902) 
FORMAT (1H1,20X,11HPIPE LAYING) 
WRITE (2,3903) 
FORMAT(1H ,20X,11H***#**eeeees 77/7) 
WRITE(2,3904) M 
FORMAT(1H ,20X,12HPIPE NUMBER. ,I1,1H.,//) 
WRITE(2,3905) DI 
FORMAT(1H ,20X,26HPIPE DIAMETER = ,F5.0,2HMM,/) 
WRI'TE(2,3906) PIPEL 
FORMAT (1H ,20X,26HPIPE LENGTH = ,F5.3,1HM,/) 
WRITE(2,3907) PDEPTH 
FORMAT(1H ,20X,26HDEPTH OF PIPE = ,F5.3,1HM,/) 
WRITE(2,3908) EX 
PORMAT(1H ,20X,27HNO OF EXCAVATORS = ,F2.0,/) 
WRITE (2,3909) CR 
FORMAT(1H ,")X,26HNO OF CRANES = ,F2.0,/) 
WRITE(2,3910) MENZ 
FORMAT(1H ,20X,26HNO PF MEN = ,F2.0,/) 
WRITE(2,3911) PDUR 
FORMAT(1H ,20X,26HSTANDARD DURATION = ,F5.3,8HHRS/ 

1PIPE,/) 
WRITE (2, 3912) DURM 
FORMAT(1H ,20X,26HSTANDARD DURATION = ,F5.3,8HHRS/ 
IMLIN,///) 
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3914 

3905 

3916 

eT] 

x x 

78 

10 

12 

14 

iS 

16 

9022 

9030 

9031 

~ 162. 

RETURN 
END 

SUBROUTINE DRAF(ZSUM,IIN) 
WRITE (2, 3914) 
FORMAT (1H1,20X,30HTOTAL FOR MULTIPLE PIPE TRENCH) 
WRITE (2,3915) 
FORMAT (1H AO arg NUS ta BN MF gail her Sarat lad ts chee 0 

WRITE(2,3916) ZSUM 
FORMAT(1H ,20X,29HCOMBINED STANDARD DURATION = ,F5. 
13,8HHRS/MLIN,/) 
WRITE(2,3917) IIN 
FORMAT(1H ,20X,29HNO OF PIPES IN TRENCH = ,I&£) 
RETURN 
END 

SUBROUTINE DRAG(IDUAL) 
READ(1,77) I DUAL 
FORMAT (IO) 
RETURN 
END 

SUBROUTINE DRAH 
WRITE (2,78) 
FORMAT (1H1,20X,18HBEDDING CONDITIONS) 
WRITE (2,79) 
FORMAT(IH 20K, LOH*S* * 8s eee eee sees 77) 

RETURN 
END 

SUBROUTINE BED(IBDT,IBDS,D,T,JSELECT,BW,BT,H1,H2,H3, 
1THETA,H4,BD,AT) 
CONTINUE 
CALL DAAA(IBDT) 
CONTINUE 
CALL DAA1(IBDS) 
IF(IBDT.LT.2) GO TO 14 
IF(IBDT.LT.3) GO TO 15 
CALL DAAB 
GO TO 16 
CONTINUE 
CALL DAAC 
GO TO 16 
CONTINUE 
CALL DAAD 
CONTINUE 
CALL DAAF(D,T,JSELECT) 
CONTINUE 
IF (JSELECT.EQ.0) GO TO 9030 
GO TO 9031 
CONTINUE 
CALL DAAH(BW,BT,BD,H1,H2,H3,H4, THETA) 
CONTINUE



24 

21 

wt63.. 

CALL DAAE(IBDS) 
IF(IBDS.LT.3)) GO T0°17 
IF(IBDS.LT.4) GO TO 18 
IF(IBDS.LT.6) GO TO 19 
IF(IBDS.LT.8) GO TO 20 
CONTINUE 
IF (JSELECT.EQ.0) GO TO 21 
IF(D.LE.400.0) BT=100.0 
IF(D.GT.400.0) BT=D*O.25 
BC=D+2.0*2 
IF(BC.LE.800.0) BW=BC+200.0 
IF(BC.GT.800.0) BW=BC*1.25 
Al=3.142/8.0 
A2=BC*BC 
A2=Al1*A2 
A3=BT+T+0.5*D 
A3=BW*A3 
AT=A/=A2 
H1=BT 
H2=0.00 
H3=(BW-BC)/2.0 
THETA=0.00 
AT=AT/1000000.0 
CALL DAAG(D,T,BW,BT,H1,H2,H3, THETA, AT) 
GO TO 60 
CONTINUE 
Al=3.142/8.0 
BC=D4+1.0*T 
A2=BC*BC 
A2=Al*A2 
A3=BT+T+0.5*D 

  

H3=(BW-BC)/2.0 
THETA=0.00 
AT=A3~A2 

t/1000000.0 
CALL DAAG(D,T,BW,BT,H1,H2,H3, THETA, AT) 
GO TO 60 
IF(IBDS.LT.2) GO TO 25 
CONTINUE 
IP(JSELECT.EQ.0) GO TO 26 
IF(D.LE.400.0) BT=100.0 
IF(D.GT.400.0) BT=D*0.25 
BC=D+2.0*T 
IF(BC.LE.800.0) BW=BC+200.0 
IF(BC.GT.800.0) BW=BC*1.25 
Al=BW-BC 
A1-A1/2.0 
H2=Al 
BC=A1+BC+BT 
Al=BW*BD 
A2=BC*BC 
A3=3.142/4.0 
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30 

164, 

H3=H2 
THETA=0.00. 
A 1-A3 

  

AT=sAT/1000000.0 
CALL, DAAG(D,T,BW,BT,H1,H2,H3,THETA,AT) 
GO TO 60 
CONTINUE 
BW=D+2.0*T+".O*H3 
BD=D+2.0*T+H1+H2 
Al=BW*BD 
BC=D+1.0°T 
A2=BC*BC 
A3=3.142/4.0 
A3=A2*A3 
eae 
THETA=0.0 
AT=A1=A3 
AT=AT/1000000.0 
CALL DAAG(D,1T,BW,BT,H1,H2,H3, THETA, AT) 
GO TO 60 , 
CONTINUE 
IF(JSELECT.EQ.0) GOTO 30 
IF(D.LE.400.0) BT=100.0 
IF(D.GT.400.0) BT=D*0..25 
BC=D+1.0*T 
IF (BC.LE.800.0) BW=BC+200.0 
IF (BC.GT.800.0) BW=BC*1.25 
BD=BT+BC 

1=BD*BW 
A2=BC*BC 
A3=3.142/4.0 
A3=A3 *A2 

c/2.0 
4/0.5 

A6=BW/2.0 
A7=A5-A6 
AM=055'773503*A7 

4-A7 
AS=A8*A8 
A8=A8/0.5773503 

  

   

    

C*BC 
ALO=A9*A10 
Al1=A2/2.0 

=0.2679492*Al1 

11=A10 

  

   
H2=0.0 
H3=(BW-BC)/2.0 
THETA=30.0 
AT=A1-A3-A8-Al2 
AT=AT/1000000.0 
CALL DAAG(D,T,BW,BT,H1,H2,H3, THETA, AT) 
GO TO 60 
CONTINUE 
THT=0.0174533*THETA 
BC=D+2.0*T 

arose
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BD=BT+BC 
BW=BC+2.0*H3 
Al=BD*BW 
A2=BC*BC 
A3=3.142/4.0 
A3=A3*A2 
A4=BC/2.0 
A5S=A4/SIN(THT) 
A6=BW/2.0 
A7=A5-A6 
A7=A7*TAN( THT) 
AS=A4-A7 
A8=A8*A8 
A8=A8/TAN (THT) 
A9=THETA/360.0 
A9=A9*3.142/4.0 

BC*BC 

    

2/2.0 
HLF=THT/2.0 

Al1=A11*TAN(HLF ) 

A12=A11=A10 
HL=Br 

H2=0.0 

AT=A1-A3-A8-Al1 2 

AT=AT/1000000.0 
CALL DAAG(D,T,BW,BT,H1,H2,H3,THETA,AT) 
GOTO 60 

IF (IBDS.LT.5) GOTO 34 

CONTINUE 

IF(JSELECT.EQ.0) GO TO 35 

IF(D.LE.400.0) BT=100.0 
IF(D.GT.400.0) BT=D*0.25 

BC=D+2.0*T 
IF (BC.LE.800.0) BW=BC+200.0 

IF(BC.GT.800.0) BW=BC*1.25 
AlL=BT+T+0.5*D 
Al=BW*AL 

A2=BW*BW 
A2=0. 25*A2*0.5773503 
A3=3.142/3.0 
A3=A3*0). 25 
A3=A3/(0.8660254*0.8660254) 
A4=BW*BW 

A4=A3*A4 

A5=BC*BC 

A6=3.142/4.0 
A6=A6*A5 
Hl=BT 

-5*BW/0.8660254 
2-0.5*BC 
BW-BC)/2.0 

THETA=30.0 

AT=A1+A2+A4—-A6 

AT=AT/1000000.0 

CALL DAAG(D,T,BW,BT,H1,H2,H3,THETA,AT) 
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42 

34 
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TO TO 60 
CONTINUE 
BC=D+2.0*T 
BW=BC+2.0*H3 
BN=BC/2.0 
BN=BN+BT 
THT=0.0174533* THETA 
Al=BW*BN 
A2=BW*BW 
A3=0.25*A2*TAN(THT) 
A4=180,0-2.0*THETA 
A4=A4/360.0 
AS=3.14250'25 *A2 
AG=COS (THT) *COS (THT) 
A5=A5/A6 
AT=A4*A5 
A8=3,142/4.0 
A9=BC*BC 
AQ=A8*A9 
H1=BT 
H2=0.5* BW/COS(THT) 
AT=A1+A3+A7-A9 
AT=AT/1000000.0 
CALL DAAG(D,T,BW,BT,H1,H2,H3,THETA,AT) 
GOTO 60 
IF(IBDS.LT.7) GO To 39 
CONTINUE 
IF(JSELECT.EQ.O) GO TO 42 
IF(D.LE.400.0) BT=100.0 
IF(D.GT.400.0) BT=D*0.25 
BC=D+2.0*T 
IF(BC.LE.800.0) BW=BC+200.0 
IF (BC.G?.800.0)) "BW=BC*L 25 

  

(BW-BC)/2.0 
THETA=0.0 
AT=BW*BT 
AT=AT/1000000.0 
CALL DAAG(D,T,BW,BT,H1L,H2,H3,THETA,AT) 
GO TO 60 
CONTINUE 
H1=BT 
H2=0.0 
BC=D+0.5*T 
H3=(BW-BC/2.0 
THETA=0.0 
AT=BW*BT 
AT=AT/1000000.0 
CALL DAAG(D,?T,BW,BT,H1,H2,H3, THETA, AT) 
GO TO 60 
CONTINUE 
IF(JSELECT.EQ.0) GO TO 44 
IF(D.LE.400.0) BT=100.0 
IF(D.GT.400.0) BT=D*0.25 ‘i 
BC=D+2.0°T 
IF(BC.LE.800.0) BW=BC+200.0 
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IF(BC.GT.800.0) BW=BC*1.25 
BD=BT+).5*BC 

BW*BD 
BC*BC 

A3=3.142/8.0 
A3=A3*A2 
A4=BW*BW 
A4=0.25*A4 
A5=0.5773503*A4 
AG=3.142/24.0 
AG=AG6*A2 
AT=A5-A6 
H1=BT 
H2=0.0 
H3=(BW-BC)/2.0 
THETA=30.0 
AT=A1-A3-A7 
AT=AT/1000000.0 
CALL DAAG(D,T,BW,BT,H1,H2,H3, THETA, AT) 
GO TO 60 : 
CONTINUE 
BC=D+2.0*T 

   

    

A2=BC*BC 
A3=3.142/8.0 

3*A2 
BW*BW 

A4=0.25*A4 
THT=0.0174533*THETA 

A*TAN (THT) 
THETA*3.142 

A6=A6/720.0 
AG=AG6*A2 

  

        

5-A6 

  

AT=A1-A3-A7 
AT=AT/1000000.0 
CALL DAAG(D,T,BW,BT,H1,H2,H3, THETA, AT) 
GO TO 60 
CONTINUE 
IP(JSELECT.EQ.0) GO TO 47 
TF(D.LE.400.0) BT=100.0 
IF(D.GT.400.0) BT=D*0.25 
BC=D+2.0*T 
IF(BC.LE.800.0) BW=BC+200.0 
IF (BC.GT.800.0) BW=BC*1. 25 
H3=(BW-BC)/2.0 
BD=BT+BC+H3 
1=BD*BW 

R=0.5*BC+H3 
AB=R*0. 2679492 
A2=2.0*R*AB 
A3=3.142/4.0 
R2=R*R 
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A3=A3*R2 
A4=A2-A3 
DB=0.5*BW-AB 
DE=0.5773503*DB 
A5=DE*DB 
A6=3.142/4.0 
A7=A6*BC*BC 
H1=BT 
H2=H3 
THETA=30.0 
AT=A1-A4—A5-A7 
AT=AT/1000000.0 
CALL DAAG(D,T,BW,BT,H1,H2,H3,THETA,AT) 
Go TO 60 
CONTINUE 
PHI=THETA 
RADPHT=PHI*0.0174533 
BC=D+2.0*T 
BW=BC+2.0*H3 
BD=BT+BC+H4 
Al=BD*BW    R2=R*R 
THT2=RADPHI/2.0 
AB=R*TAN(THT2) 
A2=2.0*R*AB 
A3=2.0"PHI/360.0 
A3=A3*3.142*R2 
A4=A2-A3 
DB=0.5*BW-AB 
DE=DB* TAN (RADPHT) 
A5=DE*DB 
A6=3.142/4.0 
A7=A6*BC*BC 
H1=BT 
H2=H4 
THETA=PHI 
AT=A1—A4—A5-A7 
AT=AT/1000000.0 
CALL DAAG(D,T,BW,BT,H1,H2,H3,THETA,AT) 
GO TO 60 
CONTINUE 
IF (JSELECT.EQ.O) GOTO 50 
IF(D.LE.400.0) BT=100.0 
IF(D.GT.400.0) BT=D*0.25 
BC=D+2.0*T 
IF (BC.LE.800.0) BW=BC+200.0 
TF(BC.GT.800.0) BW=BC*1.25 
BD=0. 25*BC+BT 
Al=BD*BW 
A2=3.142/12.0 
A2=A2*BC*BC 
A3=BC/2.0 
THT=60.0*0.0174533 
A4=A3*SIN (THT) 
A5=BT+A3-BD 
AG=A4*A5 
H1-BD 
H2=0.0 

  

     

a al



H3=(BW-BC) /2.0 
THETA=30.0 
AT=A1-A2+A6 
AT=AT/1000000.0 
CALL DAAG(D,T,BW,BT,H1,H2,H3,THETA,AT) 
GO TO 60 

50 CONTINUE 
BC=D+2.0*T 
Al=BW*BD 
A2=BC*BC 

180.0-2*THETA) *3.142 
A3=A3/(360.0*4.0) 
A4=A2*A3 
A5=BC/2.0 
THT2=(180.0-2.0*THETA)/2.0 
RAD=THT2*0.0174533 
A6=A5*SIN(RAD) 
A7=0.5*BC*COS (RAD) 
A8=A6*A7 
BT=BD+A7-0.5*BC 
H1=BD 
H2=0.0 
H3=(BW-BC)/2.0 
AT=A1-A4+A8 
AT=AT/1000000.0 
CALL DAAG(D,1T,BW,BY,H1,H2,H3,THETA,AT) 

60 CONTINUE 
RETURN 
END 

   

  

SUBROUTINE (DAAA(IBDT) 
READ(1,11) IBDT 

11 FORMAT(IO) 
RETURN 
END 

SUBROUTINE DAA1(IBDS) 
READ(1,13) IBDS 

13 FORMAT (IO) 
RETURN 
END 

SUBROUTINE DAAB 
WRITE(2,111) 

111 FORMAT(1H ,20X,'BEDDING CLASS C ( SELECTED BACKFILL )') 
WRITE (2,1) 

ie FORMAT (1H ,20X, DEERE KEE EEE REE EEE EE EERE REE EE ERO EEE EEE EE 

ee 
RETURN 
END 

SUBROUTINE DAAC 
WRITE (2,112) 

= 107.
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112 FORMAT(1H ,20X,'BEDDING CLASS A ( CONCRETE STRUCTURE )') 
WRITE (2,1) 

1 FORMAT(1H ,20X, (###4e¥eeeeesceucencceseccseceuncencsuae 
Lee) 
RETURN 
END 

SUBROUTINE DAAD 
WRITE (2,113) 

113 FORMAT(1H ,20X,'BEDDING CLASS B ( GRANUALR STRUCTURE )') 
WRITE(2,1) 

TLPORMATOLH [20K 1 Steel VER CeCe ew Seen ee eee Oe aes SEe ESSE Ss 

ar) 
RETURN 
END 

SUBROUTINE DAAE(IBDS) 
WRITE (2,777) 

777 FORMAT(1H ,4X,1HD, 12X,1HT,9X, 2HBW,8X, 2HBT, 26X,1H*/ 
165X,1H* ) 
WRITE (2,778) 

778 FORMAT(1H , SHINTERNAL,7X,4HWALL, 7X, 3HBED,7X,3HBED, 
BeOS es, LHe 
WRITE (2,779) 

779 FORMAT(1H , SHDIAMETER,5X,9HTHICKNESS, 3X, SHWIDTH, 3X, 
LOHTHICKNESS, 2X, 2HH1, 3X, 2HH2, 2HH3, 2X, SHTHETA, 1X, 27H* 
2VOLUME OF BEDDING MATERIAL ) 
WRITE(2,780) IBDS 

780 FORMAT(1H ,3X,4H(MM) ,9X,4H(MM),7X,4H(MM) ,5X,4H(MM) ,4x, 
14H(MM),1X,4H(MM) ,1X,4H(MM) ,1X,5H(DEG),1X,23H*FOR CON 
2STRUCTION TYPE. ,I1,1H.) 
WRITE (2,781) 

781 FORMAT(1H ,65X,16H* (M3/M LIN) ) 
WRITE (2,782) 

782 FORMAT(1H ,65X,1H*) 
WRITE (2,783) 

783 FORMAT(1H ,65X,1H*) 
RETURN 
END 

SUBROUTINE DAAF(D,T,JSELECT) 
READ(1,22) D,T ;JSELECT 

22 FORMAT( F5.),F5.0, 15) 
RETURN 
END 

SUBROUTINE DAAG(D,'‘T, BW,BT,H1,H2,H3,THETA,AT) 
WRITE(2,59) D,T,BW,BT,H1,H2,H3,THETA,AT 

59 FORMAT(1H ,3X,F5.0,8X,f@.0,6X,F5.),4X,F5.0,3X,F5.0, 
TIX, F4/0F1X,F4.0, 2%, F400, 1x, LH* 7X, 86.4) 
RETURN 
END



23 

90 
93: 

94 

91 
BS: 

96 

eifl. 

SUBROUTINE DAAH(BW,BT,BD,H1,H2,H3,H4, THETA) 
READ(1,23) BW,BT,BD,H1,H2,H3,H4, THETA 
FORMAT (8F5.0) 
RETURN 
END 

SUBROUTINE BEDTMS(D,IBDT,AT,SMHM,SDM,GB,GL,PL,SMHML, 
1LSDML ,2ZZD) 
DIMENSION C(28,3) 
DIMENSION G(28,3) 
DATA C/100.,150.,225.,300.,375.,450. ,525.,600.,750., 

1825. ,900.,975.,1050. ,1125.,1200. ,1275.,1350.,1425., 
21500. ,1575.,1650.,1725.,1800. ,1875.,1950.,2025.,2100., 
B15 20 te 20st 201.220 51 Oost 0550605 ,1.05,0.9950 090, 
40.99,0.99,0.90,0.90.0.90,0.84,0.84,0.84,0.84,0.78,0.78, 
50.78,0.78,0.78,0.78,0.78,0.78,0-40,0.40,0.40,0.40,0.35, 
60.35,0.35,0.35.0.35,0.33,0.33,0.33,0.33,0.30,0.30,0.30, 
70.28,0.28,0.28,0.28,0.26,0.26,0.26,0.26,0.26,0.26,0.26, 
80.26/ 
DATA G/100.,150.,225.,300. ,375.,450. ,525.,600. ,675., 
1750,..,825.,900.,975. 1050. ,1225.,1200.,1275.,1350.,,1425 
2.,1500.,1575.,1650. ,1725. ,1800.,1875.,1950.,2025. ,2100 
3.,0.90,0.90,0.90,0.90,0.78,0.78,0.78,0.78,0.78,0.72,0. 
A472? 0.72 {0e7250.63,0s63,0.163,0057,0.57,0.57,0.57, 0.51, 
50.51,0.51,0.51.0.51,0.51,0-51.0.51,0.30,0.30,0.30,0.30, 
60.26,0.26,0.26,0.26,0.26,0.24,0.24,0.24,0.24,0.21,0.21, 
70.21 ,0.19,0.19,0.19,0.19,0.17,0.17,0.17,0.17,0.17;0.17, 
80.17,0.17/ 
IF(IBDT.EQ.1) GO TO 90 
IF(IBDT.EQ.2) GO TO 91 
SMHM=0.12 
SDM=0.04 
PL=1.0 
GO TO 92 
I=0 
ial 

IF(D.LE.C(I,1)) GO TO 94 
GO TO 93 
DFF=C(I,1)-C((I-1),1) 
DF1=D-C((I-1),1) 
RATIO=DF1/DFF 
DF2=C(I,2)-C((I-1),2) 
DF3=C(I,3)-C((1-1),3) 
SMHM=C ((I=1) ,2)+RATIO*DF2 
SDM=C((I-1),3)+RATIO*DF3 
PL=0.0 
GO TO 92 
I=0 
T=I+1 

IF(D.LE.G(I,1)) GO TO 96 
GO TO 95 
DFF=G(I,1)-G((I-1),1) 
DF1=D-G((I-1),1) 
RATIO=DF1/DFF 
DF2=G(I,3)-G((I-1) ,2) 
DF3=G(I,3)-G((I-1) ,3) 

«09%.
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SMHM=G((I-1) ,2)+RATIO*DF2 
SDM=G( (I-1),3)+RATIO*DF3 
PL=0.0 

92 SMHML=SMHM*AT 
SDML=SDM*AT 
CRAP1=SDML 
CRAP=SMHML 
GRUM=ZZD-D/1000.0 
SMHML=SMHML* (GRUM+0.0001)/2.0 
TF(SMHML.LT.CRAP) SMHML=CRAP 
SDML=SDML* (GRUM+0.0001)/2.0 
IF(SDML.LT.CRAP1) SDML=CRAP1 
GB=1.0 
GL=2.0 
RETURN 
END 

SUBROUTINE DRAI(GB,GL,PL,SMHML,SDML 
WRITE (2,7777) 

7777 FORMAT(1H ,/// ) 
WRITE(2,81) GB 

81 FORMAT(1H ,20X,31HNUMBER OF GANGERS = ,F2.0) 
WRI'TE(2,82) GL 

82 FORMAT(1H ,20X,31HNUMBER OF GENERAL LABOURERS = ,F2.0) 
WRITE(2,83) PL 

83 FORMAT (1H ,20X,31HNUMBER OF PEGSON RAMMERS = ,F2.0) 
WRITE(2,84) SMHM c 

84 FORMAT(1H ,20X,31HSTANDARD MAN HOURS = ,F7.4,7H HRS/ML) 
WRITE(2,85) SDML 

85 PORMAT(1H ,20X,31HSTANDARD DURATION = ,F7.4,7H HRS/ML,/ 
WITT) 
RETURN 
END 

SUBROUTINE DRAJ(IDUAL, SUM1 , SUM2,SUM3) 
WRITE (2,86) 

86 FORMAT(1H1,20X,13HTOTAL DETAILS) 
WRITE (2,87) 

ST RORM AU = 20%, SEs set S¥S8e ey eI) 
WRITE (2,89) SUM1 

89 FORMAT(1H ,20X,32HVOLUME OF BEDDING MATERIAL = ,F7.4, 
17HM3/MLIN ) 
WRITE(2,90) SUM2 

90 FORMAT(1H ,20X,32HTOTAL STANDARD MAN-HOURS = ,F7.4,7 
THHRS/MLN) 
WRITE(2,91) SUM3 

91 PORMAT(1H ,20X,32HTOTAL STANDARD DURATION = ,F7.4,7H 
1HRS/MLN) 
RETURN 
END 

SUBROUTINE DRAK(ZLAYER) 
READ(1,8999) ZLAYER 

8999 FORMAT(FO.0) 
RETURN 
END 

BRC S:



9000 

9001 

1000 

1001 

1002 

SUBROUTINE DRAL 

WRITE (2,9000) 
FORMAT (1H1,20X,15HTRENCH BACKF ILL) 

WRITE (2,9001) 
PORMAD (LHS, 20x, 15H **** "sees ee 4438 77 /') 

RETURN 

END 

SUBROUTINE BACK (AREAEXC,SUM4,RVOLU,ZLAYER,I,DROT,PR, 
1ZMEN ,CBJ, DMP ,GNBR,Y¥SMH,XSMH, VBKF ) 
VBKF=AREAEXC-SUM4 
IF(I.EQ.1) GOTO 1000 
IF(I.EQ.2) GOTO 1001 
IF(I.EQ.3) GOTO 1002 
DROT=1.0 
PR=1.0 
ZMEN=2.0 
CBJ=0.0 
DMP=0.0 
GNBR=4.0 

IF (ZLAYER.LT.500.) ZSMH=0.10-0.0001*ZLAYER 
IP (ZLAYER.GE.500.) ZSMH=0.05 
YSMH=VBKF * ZSMH 

XSMH=YSMH/3.0 
GO TO 1100 
DROT=0.0 

PR=1.0 
ae ° 

  

GNBR=1.0 
IF (ZLAYER.LT.307.) ZSMH=1.8575-0.005*ZLAYER 
IF (ZLAYER.GE.307.) ZSMH=0.32 
YSMH=VBKF *ZSMH 
XSMH=YSMH/2.0 
GO TO 1100 
DROT=0.0 
PR=1.0 
ZMEN=2.0 
CBJ=0.0 
DMP=1.0 
GNBR=2.0 
IF (ZLAYER.LT.500.) ZSMH=0.155-0.0001*ZLAYER 
IP (ZLAYER.GE.500.) ZSMH=0.105 
YSMH=VBKEF *ZSMH 
XSMH=YSMH/2.0 
GO TO 1100 
DROL=0.0 
PRE .0 
ZMEN=2.0 
E€BI=1L.(0 
DMP=0.0 
GNBR=3.0 
IF (ZLAYER.LT.500.) ZSMH=0.13-0.0001*ZLAYER 
IP (ZLAYER.GE.500.) ZSMH=0.08 
YSMH=VBKF*ZSMH 

_ PAS
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XSMH=YSMH/3.0 
1100 RETURN 

END 

SUBROUTINE DRAM(VBKF,,GNBR,DROT,PR,ZMEN,CBJ,DMP ,YSMH, 
1XSMH) 
IF(GNBR.GT.1.0) GO TO 9999 
WRITE(2,9002) VBKF 

9002 FORMAT(1H ,20X,27HBACKFILL VOLUME = ,F7.3,9H M3/M 

1LIN,/) 
9999 WRITE(2,9003) GNBR 
9003 FORMAT(1H ,20X,27HGANG NUMBER = ,F3.0) 

IF (DROT.EQ.0.0) GOTO 9004 
WRITE (2,9005)DROT 

9005 FORMAT(1H ,20X,27HNO OF LOADERS(DROTT175) = ,F3.0) 
9004 WRITE(2,9006)PR 
9006 FORMAT(1H ,20X,27HNO OF PEGSON RAMMERS = ,F3.0 ) 

WRITE(2,9007) ZMEN 

9007 FORMAT(1H ,20X,27HNUMBER OF MEN = ,F3.0 ) 
IF (CBJ.EQ.0.0) GOTO 9008 
WRITE(2,9009) CBJ 

9009 FORMAT (1H ,20X,27HNO OF MACHINES(JCB 3C) = ,F3.0 ) 

9008 IF(DMP.EQ. }. 0) GOTO 9010 
WRITE(2,9011) DMP 

9011 FORMAT(1H ,20X,27HNO OF DUMPERS = ,F3.0 ) 
9010 WRITE(2,9012) YSMH 

9012 FORMAT(1H ,20X,27HSTANDARD MANHOURS »F6.3,9H HRS/ 
1MLIN) 
WRITE(2,9013) XSMH 

9013 FORMAT(1H ,20X,27HSTANDARD DURATION = ,F6.3,9H HRS/ 

1MLIN,//) 
RETURN 
END 

SUBROUTINE OUTSY1(SUMRY,K9,19,L8,L7,L6,L5,JROAD,L9) 
DIMENSION SUMRY(25,15) 
WRITE (2,1) 

a FORMAT (1H1, 25X,16HANALYSIS SUMMARY, /) 
WRITE (2,2) 

PURORMAT(IH (25x, LOH ** este ees ceene) 
WRITE (2,3) 

3 FORMAT(1H ,//) 
WRITE(2,4) SUMRY(1,1),SUMRY(1,2) ,SUMRY(1,3),SUMRY( 

ua 5), SUMRY(1, 6), sumRy (1, 10) 
4 PORMAT(1H ,5X, 1 2HDESCRIPTION=, 2X, 6A4,6X18HPIPE DIAM 
1ETER = ,F5.0, 1x, 2HMM,/) 
WRITE (2,5) SUMRY (1, oh SUMRY (1,11) ,SUMRY(1,12) 

5 FORMAT (1H sox, 14HBILL NO = Ad, 27%, 17HPIPE CLASS 
1,.2A45/) 
WRITE(2, 6) SUMRY(1,8),SUMRY(1,13),SUMRY(1,14) 

6 FORMAT (1H sods 14HPAGE NO = wAd, 27x, 17HBED CLASS = 
1,2A4,/) 
WRITE (2, 7) SUMRY(1,9),SUMRY(1,15) 

7 FORMAT (1H Pichi 14HITEM NO = wad »27X,17HMEAN DEPTH 
1,P5.3,1X,10M,/)



ee 5. 

WRITE(2,8) SUMRY(2,1) 
8 FORMAT(HIH ,50X,17HMAX DEPTH = ,F5.3,1X,1HM,/) 

WRITE(2,9) SUMRY(2,2) 
9 FORMAT(1H ,50X,17HLENGTH OF RUN = ,F.3,1X,1HM,/) 

WRITE (2,10) 
10 FORMAT(1H ,////) 

WRITE (2,11) 
11 PORMAT(1H ,78HOPRATION * M W V E C D D 

LG? ol L s 2) 
WRITE (2,12) 

12 FORMAT(1H ,78H Ee) OLN Ral Seu, 
ieee AN E a 0) 
WRITE (2,13) 

13 FORMAT(1H ,78H See oC) Ap OM 
Ne eB N D T) 

WRITE (2,14) 
14 FORMAT(1H ,78H Sa Hy eeu AW Nee ee 

ence 20 G A) 
WRITE(2,15) , 

15 FORMAT(1H ,78H S10 5R Mav on or 
1 Er vy T D L) 
WRITE (2,16) 

16 FORMAT(1H ,78H nee) Esa Se" S oR 
VeR R H U ) 
WRITE (2,17) 

17 FORMAT(1H ,78H * Ss 7 5 
ses R D) 

WRITE(2,18) 
18 FORMAT(1H ,78H = Ne OP ° 

L R oO A U) 
WRITE (2,19) 

19 FORMAT(1H ,78H SOA R 
1 s F ay R) 
WRITE (2,20) 

20 FORMAT(1H ,78H * c 
1 I A) 
WRITE(2,21) 

21 FORMAT(1H ,78H * I T 
uy R oO I) 
WRITE (2,22) 

22 FORMAT(1H ,78H * N Y 
fl U N c) 
WRITE (2,23) 

23 FORMAT(1H ,78H : G P 
i N oO) 
WRITE (2,24) 

24 FORMAT(1H ,78H . E 
if N) 
WRITE (2,25) 

25 FORMAT(1H , 78H . 
it x4) 
WRITE (2,26) 

26 FORMAT(1H ,80H * (M) M3/M 
1 (M) HR/M (HRS) ) 
IF(JROAD.EQ.O) GO TO 100 
WRITE (2,27) 

27 PORMAT(1H ,11HROAD BRK *) 
WRITE (2,70) 

a
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70 PORMAT CI He 1X OOH SS *S* ee eee Coker meres ses Settee” 

[KH RR RH ESE Se EEE EE TE THE EE) 

WRITE(2,177) ((SUMRY(M9,J),J=1,15),M9=3,4) 
177 PORMAT(1H ,10X,1H*,F3.0 ,1X,P4.2,1X,F5.2,1X,F2.0,2x 

1,F2.0,2X,F2.0,2X,F2.0,2X,F2.0,2X,F2.0,2X,F20,2X,F2.0, 
22X,F2.0,1X,F6.2,1X,F5.2,1X,F6.2) 
WRITE (2,160) 

160 FORMAT(1H ) 
116 CONTINUE 

M9=5 
GO TO 101 

100 CONTINUE 
M9=3 

101 WRITE(2,28) 
28 FORMAT(1H ,11HEXCAVATION* ) 

WRITE (2, 7) 
2 FORMAT (1H+, 11X, GOH* tt HHH RN Reon en eeecereneeeenreneeees 

[keeeeeeseecenseseusessees) 

WRITE(2,800) ((SUMRY(I,J),J=1,15) ,T=M9,M9) 
800 FORMAT(1H ,10X,1H*,F3.0  ,1X,F4.2,1X,F5.2,1X,F2,0,2x, 

1F2.0,2x (eae 0, 2x, F2.0, 2u,re. a, 2x, F2.0, ae Pe.0, 2x, P2. Or 
22%, a Oe BGs 21%; B5u2, Le F6.2) 
WRITE (2,159) 

159 FORMAT(1H ) 
IF(19.EQ.5) GO TO 102 
WRITE (2,29) 

29 FORMAT(1H ,11HTRENCH SPT*) 
WRITE (2, 72) 

72 PORMAT(1H+,11X, OOH**tteeeeeseeeaseeeesereresneseceess 
]esbesseueeuseeseesevenses) 

M9+1 

WRITE(2,811) ((SUMRY(M9,J),J=1,15),M9=M5,19) 
811 FORMAT(1H ,10X,1H*,F3.0 ,1X, P4.2,1%, F522, 1X, 82.05.2%, 

1F2.0,2X .F2.0;, 2x, ¥2.0,2%,Fe.0, 2x, Fe.0, 2x 782205 2x, F2.0, 
Bom Fl. eX F6.2,1X, F5.2,1%, F6s2) 
WRITE(2, "158) 

158 FORMAT (LH ) 
224 CONTINUE 

19=194+1 
GO TO 222 

102 CONTINUE 
T9=19+1 

222 CONTINUE 
WRITE(2, 30) 

30 noes ,1LHPIPE LAY *) 
WRITE ( a73) 

7S Phat TUK COUN*HASEHAEN CSS SERESEHSE EER DENS USES OTS 

[Be eeseeeeesvessgeseusenss) 

WRITE (2,822) ((SUMRY(I,J),J=1,15),I=M9,L9) 
822 FORMAT(1H ,10X,1H*,F3.0  ,1X,F4. 2 1x PS. 21K, F250 2X 

1,F220,2%, FQ. oO, 2x, F2. 0,2x, aoe O52%5 F2. 0,2x, F2. Oa, F2.0 
rai Pes 0,1x, Fé. 2,1X, FS. 21x, F6.2) 
WRITE(2, 157) 

157 FORMAT(1H ) 
228 CONTINUE 

WRITE (2,31) 
31 PORMAT(1H ,11H TOTAL") 

WRITE(2,74) 

     

MS 
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TA BORMAD (Vis LIK COUPEE SES SESE IRAE T EERE RL CHRO Ee eRe Se 
[FER ERE RR EERE REE EEN EEE EEE) 

M9=L8 
WRITE(2,833) ((SUMRY(I,J),J=1,15) ,T=M9,M9) 

833 FORMAT(1H ,10X,1H*,F3.0 ,1X,F4.2,1X,F5.2,1X,F2.,0.2 
UX pW 02s F2. O,2%5 FQ. 0,2X, F2. 0, 2x noe } 28,82.) ,2X,F2. 
2) seks, F2.0,1X, F§.2,1X,F5.2,1X, F6.2) 
WRITE(2, 156) 

156 FORMAT (1H ) 
WRITE (2,32) 

32 FORMAT(1H ,11HPIPE BED *) 
WRITE(2, 75) 

75 FORMAT (1H+, 11x, COTES FERCSS SER ESSERE SEES SEDER ELE OEY 

[ee kaeeeeeeesseneeeeceees) 

L8=L8+1 
WRITE (2,844) ( (SUMRY (M9, D) 0a 15) {Mo=L8 57) 

844 FORMAT (1H MUX, LH* FSCO Ba, Pa, OI 5.2, IG BAO, eX, 
TH? 0, 2X, Res ‘0, 2X,F2.0, 2X, F2. iS 2x,F2.), 2x,F2.0, 2x, £2.00, 
22k, F2. OFix FS. 21% FS. Onde; F6.2) 
WRITE (2, 158) 

155 FORMAT(1H ) 
36 CONTINUE 

WRITE(2,33) 
33 FORMAT(1H ,11H TOTAL*) 

WRITE (2,76) 
716 FORMAT (1H+, 11X, COM SANS CEESECEHERE SEA EERE KEE ESS EVR SE OS 

] teen eee en eeseneeseeeeeee) 

M9=L7+1 

WRITE(2,855) ((SUMRY(I,J),J=1,15),T=M9,M9) 
855 FORMAT(1H ,10X,1H*,F3.0 ,1X,F4.2,1X,F5.2,1X,F2.0,2x 

US F220),2X) P2, Nie 3x EB. Oe 2x, FP, 0, 2x, F2, 0,2Xx, F2. 0,2x, F2.0 
2, ony F2. 0; EXS: FG. iy lk, FS. pkg F6, 2) 

WRITE(2, 154) 
54 FORMAT (1H ) 

WRITE (2,34) 
34 FORMAT(1H ,11HBACKFILL *) 

WRITE(2, 77) 
apa FORMAT (1H+,11X, GOHF ATER EERE REE RHEE REE EE EERE ERE EEE 

[ease eeeseeaneeceneeeeeees) 

M8=L6+1 
WRITE(2,866) ((SUMRY(M9,J),J=1,15) ,M9=M8,L5) 

866 FORMAT(1H ,1OX,1H*,F3.0 ,1X,F4.2,1X,F5.2,1X,F2.0,2x, 
oe 0, 2X, F2. 0, 2x, F2.0,.2%, Pee Ors 2x, F260, 2x, Pe.0), 2x, H2505 

2x, F2.0, Tay FG. 2.1% FS. 2X re. 2) 

ee 153) 
153 FORMAT(1H ) 

WRITE (2,78) 
718 FORMAT (1H+.10X, JOH* TA ERAS ERASERS EERE EE EERE EERE E ETRE ED 

ee ecccenecceveseeeseeevens) 

45 CONTINUE 

RETURN 

END 

SUBROUTINE SUMMARY(1I,A,B,C,D,E,F,G,H,P,R,S,T,U,V,W, 
1SUMRY) 
DIMENSION SUMRY(25,15)
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SUMRY (I, 1) 
SUMRY(I,2) 
SUMRY (I, 3) 
SUMRY (TI, 4) 
SUMRY (1,5) 
SUMRY (1,6) 
SUMRY (1,7) 
SUMRY(I,8) 
SUMRY(I,9)= 
SUMRY(I,10)=R 
SUMRY (1, l1)=s 
SUMRY(I,12)=T 
SUMRY (I, 13)=U 
SUMRY (I,14)=V 
SUMRY(I,15)=W 
RETURN 
END 

L
e
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SUBROUTINE OVERATE(L5,A) 
DIMENSION A(25,15),B(25,15) 
CALL RELATION(2Z1,2Z2,2Z3) 

1 CONTINUE 
J=0 
J=S¥1 
I=2 

T+1 
*(A(I,d)-8Q.3.0 GO TO 2 

3 CONTINUE 
Tr CA(T,J) 80,21) GO To 4 
I=T41 

4 CONTINUE 
€ ROAD BREAKOUT INCLUDED 

b= 
CALL BFORM(L,1I,A,B) 
I=5 
Le2 

€ EXCAVATION 
CALL BFORM(L,I,A,B) 
Go TO 5 

2 CONTINUE 
C NO ROAD BREAKOUT 

Lal 
CALL BFORM(L ,1,A,B) 

5 CONTINUE 
T=I+l 
IF(A(I,J).EQ.20.0) GO TO 6 
K=1 

7 CONTINUE 
IP (A(t, J) .EO.Z2)>Co TORS 
IF(A(I,J).EQ.20.0) GO TO 9 
secret 

GO T0 7 
9 Z2=22-1.0 

I=K 
GO Tor] 

8 CONTINUE 
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TRENCH SUPPORT INCLUDED 
LeL+1 
CALL BFORM(L,1I,A,B) 

6 CONTINUE 
I=0 

10° [S141 : 
TRCACT 3).BO5 20.0) GO 70 Li 
GO TO 10 

LE bebe) 
PIPE LAY TOTAL 

CALL BFORM(L,T,A,B) 
15 I=Ie1 

IF (A(1,J).EQ.21.0) GO TO 14 
GO TO 15 

14 L=L+l1 
BEDDING TOTAL 

CALL BFORM(L,I,A,B) 
12 T=I+1 

If (AC GEO.23) GO TO.13 
GO TO 12 

13 CONTINUE 
BACKFILL 

L=L+1 
CALL BFORM(L,1I,A,B) 
CALL UTBFORM(B,L,A) 
RETURN 
END 

SUBROUTINE RELATION(Z1,22,23) 
READ(1.1) Z1,22,2Z3 

1 FORMAT (3F5.0) 
RETURN 
END 

SUBROUTINE BFORM(L,1I,A,B) 
DIMENSION A(25,15),B(25,15) 
DO 1 J=1,15 
B(1,J)SA(I,J) 

1 CONTINUE 
RETURN 
END 

SUBROUTINE UTBFORM(B,L,A) 
DIMENSION A(25,15),B(25,15),C(1,9) 
SUM=0.0 
J=3 

sear 
REG=0.0 
i=0. 

2 T=I+1 
IF(B(I,J).GE.REG) GO TO 3 
IF(I.LT.L) GO TO 2 
GO TO 4 

3 REG=B(I,J) 
IF(1I.L2.L) GO To 2 

       

is te)
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C(1,J-3) =REG 
TE (T.LE.02): \GOyto 1 
SUM=0.0 
DO $ I=1,L 
SUM=B(1I,15)4+SUM 
CONTINUE 
ZLENGTH=A(2,2) 
SUMPU=SUM/ZLENGTH 
WRITE(2,62) 
FORMAT(1H ,11HSUMMARY *) 
WRITE (2,63) 
FORMAT (1H+,11X, 69H********e"9eeseees 

Lettre ween eee sete teres sees) 

WRITE(2,6) A(2,3),C(1,1),C(1,2),C(1,3),€(1,4),¢(1,5), 
1c(1,6),C(1,7),C(1,8),C(1,9) , ZLENGTH , SUMPU , SUM 

FORMAT(1H ,10X,1H*,F3.0,12X,F2.0,2X,P2.0,2X,F2.0,2X, 

1F2,0.2X,F2.0,2X,F2.0 2X,P2.0,2X,F2.0,2X,F2.0,1X,F5.2 
2,1X,F5.2,1X,F6.2) 
WRITE (2,64) 
FORMAT (1H LOK, TOMO NES Ss SERCO CEEE ELEN SS CRESS SOE SS 

[eRe RRR eR ERR ER EE EE EEE HEE) 

RETURN 
END 

FINISH 

SrVas 

EERE EERE EEE HR EES
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1. Introduction 

This programme analyses manhole construction, It 

produces material quantities, labour and plant requirements 

and the construction time at standard performance. Both 

brick and pre-cast concrete ring manholes may be analysed. 

Insitu reinforced concrete manholes are not considered. 

2. Software Language 

FORTRAN 

3. Hardware Configuration 

1905E Central Processing Unit with hardware floating point 

96K words of 1.8 psec store (K = 1024, word = 24 bits) 

Operators' console 

Input: 2101 card reader, 2000 cards/minute 

1916 paper tape reader, 1000 characters/second 

Output: 1933 lineprinter, 1350 lines/minute, 120 characters/ 

line 

1925 paper tape punch, 110 characters/second 

1934 graph plotter, 30" wide, 300 steps/second, 

step size 0.005" 

Magnetic Tapes: 

4 magnetic tape decks using 0.5" magnetic tapes. 

Information is stored across 7 tracks at a density 

of 556 characters/inch. The maximum transfer rate 

is 20,800 characters/second. 

ol.
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2 magnetic tape decks using 0.5" magnetic tape. 

Information is stored across 9 tracks at a den- 

sity of 1600 characters/inch. The maximum transfer 

rate is 160,000 characters/second. 

Magnetic Discs: 

4 exchangeable disc drives, each drive holding 

8,192,000 characters stored on 200 tracks. The 

transfer rate is 208,000 characters/second. 

3 exchangeable disc drives, each drive holding 

60,000,000 characters, 

Magnetic Drum: 

1 drum with a storage capacity of 512K (K=1024) 

words. The maximum transfer rate is 100,000 

characters/second. 

7007 Multiplexor 

7008 Telegraph Data terminals 

7010 Telephone Data terminal 

In the Main Building, room 416, the following 

equipment is installed. 

7022 Card reader, 300 cards/minute 

7021 Lineprinter, 300 lines/minute 

Operators' console 

418A teletype terminals 

4. Programme Configuration and Theory 

This programme (Figure-l.) contains eleven sub- 

programmes, each of which analyse different manhole construc— 

tion operations. Each sub-programme contains one or more
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'element subroutines' to calculate material quantities, 

gang sizes and construction times, data input and output 

being controlled by ‘ancillary subroutines’. 

The sub-programmes are:— 

(1) Road Breakout 

(2) Excavation 

(3) Excavation Support 

(4) Base Binding 

(5) Channel Construction 

(6) Pre-Cast Concrete Ring Manhole Analysis 

(7) Brick Manhole Analysis 

(8) Insitu Concrete Slab Construction 

(9) Concrete Surround 

(10) Benching and Finishing 

(11) Backfill 

The sub-programmes which analyse the road breakout, 

excavation support and backfill are similar to those presented 

earlier (Appendix 2) for pipeline analysis. 

Work measurement information (Appendix 1) is stored 

within each sub-programme and detailed analyses of each con- 

struction element is output after each is processed. Although 

the object of this programme is primarily to produce gang 

sizes and construction times, a great deal of emphasis is 

placed on calculating the net material quantities (excluding 

wastage). 

Each sub-programme contained in the manhole analysis 

programme will now be discussed in more detail.
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4.1 Base Blinding, Channel Construction and Benching 

Although these sub-programmes deal with different con- 

struction elements, their individual structures are similar. 

Each sub-programme contains one element sub-routine 

which calculates the material quantity, gang size and con- 

struction time at standard performance from stored work 

measurement data and the relevant dimensions provided by 

ancillary sub-routines. ~A detailed output is produced after 

each is processed, the main items being stored so that an 

overall summary of the manhole construction can be produced. 

4.2 Pre-Cast Concrete Ring Manhole Analysis 

This sub-programme (Figure.2.) contains six element 

subroutines, each dealing with separate structural elements. 

(1) Chamber Rings 

(2) Straight Backed Tapers 

(3) Shaft Rings 

(4) 75 mm Flat Slabs 

(5) 150 mm Flat Slabs 

(6) Base Units 

Any combination of the various structural elements may 

be specified. If pre-cast base units are used, the channel 

analysis sub-programme (described in 4.1) is omitted from the 

analysis. 

4.3 Brick Manholes Analysis 

From manhole dimensions obtained either from the Bills 

of Quantity or Detail Drawings, this group of element sub-
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routines calculates the number of bricks, step irons, volume 

of mortar, construction time and gang size. The sub-programme 

(Pigure.3.) is capable of analysing single or dual chamber 

manholes. All material quantities calculated do not include 

wastage and the construction time is based on standard work 

measurement data (Appendix 1). 

4.4 Insitu_ Concrete Slabs and Surround Analysis 

These sub-programmes (Figure 4) contain two element 

subroutines. One calculates the material quantities and the 

area of formwork required. The second element subroutine 

determines the construction time and gang size necessary. 

Both sub-programmes are optional, 

25.
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FIGURE. 1. 
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Brick Manholes 
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Insitu Concrete Slabs and Surround 
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5.1. Restrictions 
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(a) All dimensions must be metric. 

(b) Data must be entered for all sections unless 
stipulated otherwise. 

(c) All column numbers are inclusive in the field 
specifications. 

(d) Data must be entered 'right bias' (the last 
figure of the item of data should be 
entered in the right most column). 

(e) * In the field specification signifies that 
there is no column restriction, 

5.2. General Information Input 

Card Number 

u 

Field 

* 

1 to 24 

1 to 4 

1 to 4 

1 to 4 

5.3. Road Breakout Input 

Card Number 

i 

If 0 was entered, 

Field 

* 

Input Description 

Number of manhole items 
to be analysed. 

Job description. 

Bill number. 

Page number. 

Item number. 

1 if Brick manhole, 0 if 
Pre-cast concrete Ring 
manhole. 

External width in metres, 

External length in metres. 

Depth of manhole in metres. 

Input Description 

1 if Road Breakout required, 
0 if Road Breakout not 
required. 

start section 4.
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Card Number Field Input Description 

z : 1 If concrete road con- 
eeruction, 246 
Tarmacadam road con- 
struction. 

3 > Road breakout thickness 
in millimetres, 

5.4. Machine Selection and Excavation Input 

Card Number Field Input Description 

- * Machine Bucket width in 
millimetres. 

* Strata Grading. (Table 1) 

* Construction Grading. 
(Table 2) 

* Horizontal reach in metres. 

= Vertical unloading height 
in metres. 

2 = Required trench shape. 
(Table 3) 

Table 3 

Trench Shape 

Trench Shape 1 

    

  

    
  

oh Bie:
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TABLE. 1 . 

STRATA GRADING 

  

DESCRIPTION GRADING 
  

  

'ROCK' shall mean those geological strata 
and individual boulders exceeding 6 cubic 
feet (0.17m) in size or other masses of 
hard material outside those strata which 
necessitate the use of blasting or approved 
pneumatic tools for their removal.* 

‘MEDIUM ROCK' As 'A' above but not exceed— 
ind 6 cubic feet (0.17m) but exceeding 1 
cubic foot (0.028m). 

"SOFT ROCK' As 'B' but not exceeding 1 cubic 
foot (0.028m) and possessing bedding plains 
to allow breakage. 

‘SOFT LAMINATED ROCK' As 'C' but with excess 
laminations or bedding plains (slate, soft 
sandstone, shale). 

"COHESIVE SOIL' (stiff) includes clays and 
marls with up to 20 per cent of gravel having 
a moisture content not less than the value 
of the plastic limit (BS 1377) minus 4; also 
chalk having a saturation moisture content 
of 20 per cent or greater.* 

'SOPT COHESIVE SOIL' (medium) As '5-6' but 
excluding marls and including all clays and 
approximately 10 per cent sand or below. 

Well-graded granular and dry cohesive soils, 
include clays or marls containing more than 
20 per cent gravel.* 

Well-graded sand and gravels with uniform- 
ity coefficient exceeding 10, also clinker 
and spent domestic refuse. 

Uniformity graded material includes sands 
and gravels with uniformity coefficient of 
10 or less, all silts and pulverised fuel 
ashes.*   10 
  

* "Specification for Road and Bridge Works", 1969. 
Clause G01, Ua kiv) eee C 20 eos. (ta), oot je 

216. 
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TABLE. 

  

OBSTRUCTION GRADING 

  

  

DESCRIPTION GRADING 
  

Excavation involving the breaking out 
of metalled road surfaces oc other 
such obstructions situated on top of 
frequently occurring services. 

Excavating in ground possessing fre-— 
quently occurring major services and 
house connection. 

  

(a) Excavatiig in ground possessing 
infrequent major services but fre- 
quently occurring house services. 

(b) Excavating in ground possessing 
infrequent major services and in- 
frequent minor services. 

(c) Excavating in ground possessing 
infrequent minor services and for 
tree roots etc. 

  

  Excavating in ground possessing 
minor obstructions only, i.e. tree 
roots, small. quantities of hard core, 
etc. 

Excavating in ground possessing no 
obstructions other than those which 
are an integral part of the strata.     
  

217.



Trench Shape 2 

  

w201s 

    

  

    

5455 

Card Number 

If O was entered, start 

2 * 

Trench Support System Input 

Field Input Description 

1 If trench support re- 
quired, O if trench sup- 
port not required. 

section 6, 

aoe 

1 If strata 
0 if not. 

contains sand, 

1 Tf strate 
0 if not. 

contains clay, 

1 If strata 
sured clay, 

contains fis- 
0 if not. 

Density of the strata in 
kg/m’, if unknown, enter 
99.0. 

Angle of internal friction 
in degrees for strata, 
if unknown enter 99.0. 

Cohesion in kg/m*, if un- 
known enter 99.0. 

1 If close support requir- 
ed, 2 if medium support 
required, 3 if open sup- 
port required.



5.6. Base Blinding 

Card Number Field 

1 * 

202. 

If the manhole being analysed is 

Input Description 

Thickness of blinding in 
millimetres. 

Brick start section-5.7. 

If the manhole being analysed is Pre-Cast Concrete Ring, 
start. section 5.80 

5.7. Brick Manhole Input 

Card Number Field 

1 * 

2 * 

* 

3 * 

If the manhole being analysed is 

input Description 

1 If the manhole is dual, 
0 if the manhole is 
single. 

Chamber wall thickness in 
millimetres. 

Chamber height in metres. 

Shaft wall thickness in 
millimetres. 

Shaft height in metres. 

Shaft internal width in 
metres, 

Shaft internal length in 
metres. 

Brick stage section 5.9% 

Pre-Cast Concrete Ring Manhole Input 
  

5.8 

Card Number Field 

3 * 

* 

2 * 

woe 

Input Description 

Chamber internal diameter 
in millimetres. 

Shaft internal diameter in 
millimetres. 

Length of chamber rings in 
metres.
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Card Number Field Input Description 

* Number of straight backed 
tapers. 

im Length of shaft rings in 
metres. 

m Number of 75 mm cover slabs. 

* Number of 150 mm cover slabs. 

* Number of pre-cast base 
units. 

If pre-cast concrete base units are used, start section 5.10. 

5.9. Channel Construction Input : 

Card Number Field Input Description 

st *, Manhole outlet diameter in 
millimetres. 

5-10. Insitu Slab Construction Input 

Card Number Field Input Description 

1 * 1 If insitu slabs are re-— 
quired, 0 if insitu slabs 
not required. 

if Of;was entered, start section 5.11. 

2 * Shaft slab thickness in 
millimetres. 

* Chamber slab thickness 
in millimetres. 

5.11. Insitu Concrete Surround Input 

Card Number Field Input Description 

4 Q 1 If concrete surround is 
required, O if concrete 
surround is not required. 

If O was entered start section 5,12, 

20.



Card Number 

204, 

Field input Description 

= Concrete surround thickness 
in millimetres. 

5212. Backfill Input 

Card Number Field Input Description 

Compaction layer thickness 
in millimetres. 

5.13. Construction Method Input 

Card Number Field input Description 

Refer to table 4. 

% Road Breakout method num- 
ber. 

number. 
Trench Support method 

= Backfill method number. 

If the methods are not included in the analysis, enter 0 in 

the appropriate fields. 

Table 4 
Construction Method Numbers 

  

Operation Method Description Method Number 
  

  

  

    

Road Breakout Medium Breaker 1 
Road Breakout I.P.H. 2 

Trench Support 0.5 vertical waler spacing 4 
" " 1.0 " " " 5 
" " eS " " " ie 

" " 2.0 " " " 7 

" " 2.5 " " " 8 

” " 3 a ” " " 9 

" " 3.5 " " " 10 

” " ae 0 " " py 

Backfill Hand backfill 90 
a Dumper assisted OL 
Hr Excavator assisted 92 
" Tracked Loader 93     
  

Re-start at section5.2,card number 3, for subsequent manhole 

analyses. 

s2l.



5.14. Example Input and Output 

(a) Brick Manhole Analysis 

  CNTY [ 1 1 a ez 
  

  

  

— os 20m 

      
      

  

    1-450 

  

Input Sheet 1 

(b) Pre-cast Concrete Ring Manhole Analysis 

  

  

  

    
    

      

               
  

TES % 

2-925 
= 

pe 60m 

20m 

ae 23]       

Input Sheet 2 

In both examples, strata and obstruction gradings of 5 are 
assumed. The trench is supported and the strength of the 
strata is unknown, 
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BILL ITEM TIME ANALYSIS 

SEC ESE SEER ERE EE EERE EEE 

CONTRACT DESCRIPTION 
SCPE HE EEE HERE HERES 

DRATEMAN TEST 1 BRICK 
BILL NUMBER 1 
PAGE NUMBER 1 
ITEM NUMBER 1 

ROAD BREAKOUT 

SeeeeeeeHeeeee 

FLEXIBLE ROAD CONSTRUCTION 

PERSE HEE ERE KORE E ETE O EEE 

WIDTH OF BREAKOUT = 2.950 M 
THICKNESS OF ROAD = 300. ™™ 
LENGTH OF BREAKOUT = 2.950M 
VOLUME OF BREAKOUT = 2.611M3 

TWO ALTERNATIVE GANGS 
ee eveeeeseeaeeceecens 

GANG NUMBER.1.. 
NUMBER OF COMPRESSORS = 1. 
NUMBER OF LABOURERS = 2. 
STANDARD MANHOURS = 6.527HRS 
STANDARD DURATION = 3.263HRS 

GANG NUMBER. 2.. 
NUMBER OF MACHINES(IPH) = 1. 
NUMBER OF LABOURERS #1. 
STANDARD MANHOURS = 3.002HRS 
STANDARD DURATION = 1.501HRS 

seeds
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MACHINE EXCAVATION RATE 

SESE EEE KER ET ERE ER HR EH 

MACHINES CONSIDERED 

Teeter eee eee eee 

CODE MACHINE NAME 

JCB 3 

JCB 3c 

JCB 3D 

JCB 5C 

JCB 7B 

HY-MAC 580 

JCB 6C 

JCB 6D 

JCB 7C 

0 RH 6 

Ye 
F
o
U
O
 
O
N
D
A
 

H
F
 

W
H
 

EXCAVATION DETAILS 

SHEESH ER ER ERE HEE 

STRATA: =TYPE. 5.. 

OBSTRUCTION GRADING =TYPE. 5.. 

TRENCH DEPTH = 2.000 M 

TRENCH WIDTH = 2.950 M 

BUCKET WIDTH = 600.MM 

LOADING HEIGHT = 2.000 M 

REACH = 2.000 M 

USE MACHINE TYPE =k 

STANDARD OUTPUT = 9.964 M3/HR 

VOLUME OF EXCAVATION = 17.405M3 

STANDARD DURATION = 1.747HRS
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TRENCH SUPPORT SYSTEM DESIGN 

Pee eee eter C ree eee eee eee eer 

TRENCH DETAILS: DEPTH=2.000 M 

WIDTH=2.950 M 

SOIL DETAILS: ANGLE OF INTERNAL FRICTION (PHI)=25.00 DEGS 

COHESION (COH)=1400.00 KG/M2 

SPECIFIC WEIGHT (GAMA)=2082.60 KG/M3 

TRENCH SHEET DETAILS: 

B.S.P TYPE.T5. ELASTIC MODULUS=56.0CM3 

WIDTH=0.33M 

STRUT DETAILS: HORIZONTAL SPACING=2.50 M 

WALER DETAILS: 

SECTION SECTION SECTION D B it ELASTIC MODULUS 
NOTATION SHAPE WEIGHT (MM) (MM) (MM) (ZXX) (CM3) 

(KG/M) 

ne I 13.38 L27 76 TG To eu2 

2 o L710 152 89 eas) 115.90 

3 z 20.82 178 76 7! 10.3 150.40 

4 2 23.80 203 i omar 2 192.00 

5 ns 25.00 203 Voges 7.8 231.00 

6 2 30.00 207 TS4 956 279.00 

7 zc 31.00 251 146 «68.6 352.00 

8 I 43.00 260 Taj 2. 7 504.00 

9 z 31.00 307 166 11.8 646.00 

«26.
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CLOSE SHORING CONSTRUCTION DETAILS 

SEEKS KE HEHE KEES ERE HERE EH EERE ED 

VERTICAL WALER/STRUT SPACING = 0.500 M 

SORE OEE EEE EEE EERE RHEE EEE HERES HEHE EE OH 

NO OF TRENCH SHEETS = 33 

LENGTH OF TRENCH SHEETS = 2.333 M 

NO OF TRENCH STRUTS a omed. 

LENGTH OF STRUTS = 2.950 M 

THICKNESS/WIDTH OF STRUTS = 113, MM 

NO OF WALERS = 245 

USE WALER TYPE eas 

WEIGHT OF WALER = 13.38 KG/M 
NUMBER OF MEN ea 

NUMBER OF MACHINES +DRIVERS = 0. 

STANDARD DURATION = 1.602 HRS 

STANDARD MANHOURS = 6.409 HRS 

CLOSE SHORING CONSTRUCTION DETAILS 

SRE ER EE HEE TEES OEE EE EH ER EEE RENE ED 

VERTICAL WALER/STRUT SPACING = 1.000 M 

SOSH E REE EE EEE E EEE E EEE EO KOE 

NO OF TRENCH SHEETS ar ESS) 

LENGTH OF TRENCH SHEETS = 2.333 M 

NO OF TRENCH STRUTS = hs 

LENGTH OF STRUTS = 2.950 M 

THICKNESS/WIDTH OF STRUTS = 113. ™ 

NO OF WALERS w LAs 

USE WALER TYPE zl 

WEIGHT OF WALER = 13.38 KG/M 

NUMBER OF MEN = 4, 

NUMBER OF MACHINES +DRIVERS = 0. 

STANDARD DURATION 

STANDARD MANHOURS 

1.096 HRS 

4,384 HRS 

276



well 

CLOSE SHORING CONSTRUCTION DETAILS 

SECRET EKER KERE EC EEE EEK REE EE 

VERTICAL WALER/STRUT SPACING = 1.500 M 

FREER KE EEE EEE EEE EEE EE EKER HEE EERE REED 

NO OF TRENCH SHEETS = 33. 

LENGTH OF TRENCH SHEETS = 2.333 M 

NO OF TRENCH STRUTS = a. 

LENGTH OF STRUTS = 2,950 M 

THICKNESS/WIDTH OF STRUTS = 113. MM 

NO OF WALERS = 9 

USE WALER TYPE =2 

WEIGHT OF WALER = 17.10 KG/M 

NUMBER OF MEN = atts. 

NUMBER OF MACHINES +DRIVERS = 0. 

STANDARD DURATION = 0.878 HRS 

STANDARD MANHOURS = 3.511 HRS 

CLOSE SHORING CONSTRUCTION DETAILS 

FRECHE ERS EEE ROHR RHEE EEE ERO E EES 

VERTICAL WALER/STRUT SPACING = 2,000 M 

PERSO EOE EEE RHEE EERE HEREC ER ERO ERED 

NO OF TRENCH SHEETS = 33. 

LENGTH OF TRENCH SHEETS #2sS50 M 

NO OF TRENCH STRUTS = 9. 

LENGTH OF STRUTS = 2.950 M 

THICKNESS/WIDTH OF STRUTS = 113, MM 

NO OF WALERS = 9. 

USE WALER TYPE =i 

WEIGHT OF WALER = 17.10 KG/M 

NUMBER OF MEN = 4, 

NUMBER OF MACHINES +DRIVERS = 0. 

STANDARD DURATION = 0.878 HRS 

STANDARD MANHOURS = 3.511 HRS 

+28.



BASE BLINDING 

eee eee ee eee Re 

THICKNESS OF BLINDING 

VOLUME OF BLINDING 

NUMBER OF LABOURERS 

NUMBER OF GANGERS 

STANDARD DURATION 

BRICK MANHOLE 

eee eeeeeeeeee 

NUMBER 

VOLUME 

NUMBER 

NUMBER 

NUMBER 

NUMBER 

OF 

OF 

OF 

OF 

OF 

OF 

BRICKS 

MORTAR 

STEP IRONS 

MIXERS 

LABOURERS 

BRICKLAYERS 

STANDARD DURATION 

CHANNEL LAYING 

ee ROKER E ESE EEE 

OUTLET DIAMETER 

NUMBER OF LABOURERS 

NUMBER OF GANGERS 

STANDARD DURATION 

INSITU SLABS 

eeeeeseeeeee 

VOLUME OF CONCRETE 

WEIGHT OS STEEL 

AREA OF FORMWORK 

NUMBER OF LABOURERS 

NUMBER OF TRADESMEN 

NUMBER OF GANGERS 

STANDARD DURATION 

= 150.MM 

= 1,313 

26 

1. 

0.43 HRS 

u 
uv 

=1025.NO 

0.43M3 

6.NO 

1.NO 

1. 

1. 

=13.49HRS 

0 

3.00.MM 

a 

0. 

0.75HRS 

u 
ul 

0.32M3 

= 0,091 

5.07M2 

1. 

0. 

1. 

4.91 HRS 

u 
w 

229.



BENCHING 

eeeeeeee 

AREA OF BENCHING 

NUMBER OF LABOURERS 

STANDARD DURATION 

W 
u 

+213. 

2.10M2 

2. 

2.10HRS 

TRENCH BACKFILL 

ERR RE REE EED 

BACKFILL VOLUME 

GANG NUMBER 

NO OF PEGSON RAMMERS 

NUMBER OF MEN 

STANDARD MANHOURS 

STANDARD DURATION 

GANG NUMBER 

NO OF PEGSON RAMMERS 

NUMBER OF MEN 

NO OF DUMPERS 

STANDARD MANHOURS 

STANDARD DURATION 

GANG NUMBER 

NO OF PEGSON RAMMERS 

NUMBER OF MEN 

NO OF MACHINES(JCB 3C) 

STANDARD MANHOURS 

STANDARD DURATION 

GANG NUMBER 

NO OF LOADERS (DROTT175 ) 

NO OF PEGSON RAMMERS 

NUMBER OF MEN 

STANDARD MANHOURS 

STANDARD DURATION 

13.173 

=l. 

See 

= 2. 

=14.590 

heeds 

i 
" 

wines 

= il. 

Sree 

=l 

= 1.844 

= 0.922 

eae 

Boas 

le 

= 1.515 

= 0.505 

= 1.120 

=] 0eo73 
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M3 

HRS 

HRS 

HRS 

HRS 

HRS 

HRS 

HRS 

HRS
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BILL ITEM TIME ANALYSIS 

BREESE REE ERE RE REE EEE 

CONTRACT DESCRIPTION 
Ree erennerenewenense 

DRATEMAN PRE-CAST TEST 1 
BILL NUMBER 12 
PAGE NUMBER 12 
ITEM NUMBER 12 

ROAD BREAKOUT 

RRR ERE RRR EE 

FLEXIBLE ROAD CONSTRUCTION 

PERCE ER EEE HERE E EE ROE REE 

WIDTH OF BREAKOUT = 4,900 M 

THICKNESS OF ROAD = 300. MM 

LENGTH OF BREAKOUT = 4.900M 

VOLUME OF BREAKOUT = 7.203M3 

TWO ALTERNATIVE GANGS 

HERE REE KEKE EKER EEE EE 

GANG NUMBER.1.. 

NUMBER OF COMPRESSORS 

NUMBER OF LABOURERS 

STANDARD MANHOURS = 18.007HRS 

STANDARD DURATION = 9.004HRS 

GANG NUMBER.2.. 

NUMBER OF MACHINES(IPH) = 1. 

NUMBER OF LABOURERS SS 

STANDARD MANHOURS = 8.283HRS 

STANDARD DURATION = 4,142HRS 

3  



«219, 

MACHINE EXCAVATION RATE 

SEE RKO ERE EERE REE HEE KEK 

MACHINES CONSIDERED 

eee eee ee eee ee 

CODE MACHINE NAME 

ee JCBRS 

JCB 3c 

JCB 3D 

JCB 5C 

JCB 7B 

HY-MAC 580 

JCB 6C 

JCB 6D 

9 JCB 7C 

10 RH 6 

EXCAVATION DETAILS 

SERRE EEE RE ERE EEE D 

o
r
n
 

oO 
& 

wW
 

PP
 

STRATA: =TYPES Si. 

OBSTRUCTION GRADING = TYPE. 5.. 

TRENCH DEPTH = 6.000 M 

TRENCH WIDTH = 4,900 M 

BUCKET WIDTH =1200.MM 

LOADING HSIGHT = 2.000 M 

REACH = 2.000 M 

USE MACHINE TYPE 5) 

STANDARD OUTPUT = 33.000 M3/HR 

VOLUME OF EXCAVATION = 144.060M3 

STANDARD DURATION = 4.365HRS



TRENCH SUPPORT SYSTEM DESIGN 

CERO EERE KEE ER EERE REE RR EE ERE EH EE EE 

TRENCH DETAILS: DEPTH=6.000 M 

WIDTH=4.900 M 

SOIL DETAILS: ANGLE OF INTERNAL FRICTION (PHI)=25.00 DEGS 

COHESION (COH)=1400.00 KG/M2 

SPECIFIC WEIGHT (GAMA)=2082.60 KG/M3 

TRENCH SHEET DETAILS: 

B.S.P. TYPE.T5. ELASTIC MODULUS=56.0CM3 

WIDTH=0,. 33M 

STRUT DETAILS: HORIZONTAL SPACING=2.50 M 

WALER DETAILS: 

SECTION SECTION SECTION D B v ELASTIC MODULUS 
NOTATION SHAPE WEIGHT (MM) (MM) (MM) (Z2XX) (CM3) 

(KG/M) 

os I T3CSGe Ley hwin76 7.6 75.12 

2 t L750 us2- Bs ag 115.90 

3 # 20.62, 478) 76 10.3 150.40 

4 i 23580 203- 76 11.2 192.00 

5 t 25200. §203:-.133 7.8 231.00 

6 I 30,00) 207° 184 9.6 279.00 

7 E 31,00 49251 “146 8.6 352.00 

8 1 45100. e2bOr Ve LAte Tee 9 504.00 

9 r 300). 307. 166 5.11.8 646.00 

Lat



wecle 

CLOSE SHORING CONSTRUCTION DETAILS 

ERR EE EEE EEE R EERE EEO K EERE EE EEE 

VERTICAL WALER/STRUT SPACING = 0.500 M 

PERE RE RE EER EEE ES HERE ERE KEK ERE REE REED 

NO OF TRENCH SHEETS = 55s 

LENGTH OF TRENCH SHEETS = 6.333 M 

NO OF TRENCH STRUTS = 102, 

LENGTH OF STRUTS = 4.900 M 

THICKNESS/WIDTH OF STRUTS = 188. MM 

NO OF WALERS = 102. 

USE WALER TYPE =o 

WEIGHT OF WALER = 20.82 KG/M 

NUMBER OF MEN = 4. 

NUMBER OF MACHINES +DRIVERS = 1. 

STANDARD DURATION = 71.532 HRS 

STANDARD MANHOURS = 57.661 HRS 

CLOSE SHORING CONSTRUCTION DETAILS 

HEUER EKER EERE EER EERE KER EE KEE EEE 

VERTICAL WALER/STRUT SPACING = 1.000 M 

CHEROKEE KEE ER SER EEE KE CER ERE REDE EEE 

NO OF TRENCH SHEETS = 55). 

LENGTH OF TRENCH SHEETS = §OscsseM 

NO OF TRENCH STRUTS = 55%. 

LENGTH OF STRUTS = 4,900 M 

THICKNESS/WIDTH OF STRUTS = 188. M™ 

NO OF WALERS = 55. 

USE WALER TYPE = 6 

WEIGHT OF WALER = 30.00 KG/M 

NUMBER OF MEN = 4. 

NUMBER OF MACHINES +DRIVERS 

STANDARD DURATION 

STANDARD MANHOURS 

ie 

Wi 7.167 HRS 

35.836 HRS i 

ae  



CLOSE SHORING CONSTRUCTION DETAILS 

SEK ER ERD ESE SE EE KERR EERE SEER ER REET 

VERTICAL WALER/STRUT SPACING = 1.500 M 

FREER EER ERE EEE REESE EEE RE CER REDE ER OOH 

NO OF TRENCH SHEETS = 556 

LENGTH OF TRENCH SHEETS = Ge ss3aM 

NO OF TRENCH STRUTS ES 396 

LENGTH OF STRUTS = 4.900 M 

THICKNESS/WIDTH OF STRUTS = Lo. MM 

NO OF WALERS = oo) 

USE WALER TYPE =r 

WEIGHT OF WALER = 31500 KG/M 

NUMBER OF MEN = 4. 

NUMBER OF MACHINES +DRIVERS = 1. 

STANDARD DURATION = 5.612 HRS 

STANDARD MANHOURS = 28.061 HRS 

CLOSE SHORING CONSTRUCTION DETAILS 

WERE E EERE E ERE KE EEE EEE EEE REE EE EE ED 

VERTICAL WALER/STRUT SPACING = 2.000 M 

BEER EERE ERECT HE EEE RHEE OEE RE REO EE 

NO OF TRENCH SHEETS = 35). 

LENGTH OF TRENCH SHEETS = 6.333 M 

NO OF TRENCH STRUTS = 31. 

LENGTH OF STRUTS = 4.900 M 

THICKNESS/WIDTH OF STRUTS = beesee 

NO OF WALERS = el. 

USE WALER TYPE = 

WEIGHT OF WALER = 43.00 KG/M 

NUMBER OF MEN =A, 

NUMBER OF MACHINES +DRIVERS = 1. 

STANDARD DURATION os 5.576 HRS 

STANDARD MANHOURS = 27.879 HRS 

. 36



ees. 

CLOSE SHORING CONSTRUCTION DETAILS 

HERR ER EEE EKER EERE EEE EERE RE RE RE 

VERTICAL WALER/STRUT SPACING = 2.204 M 

PRK EE EERE EEE EERE EERE RE EEE ER ERE EERE 

NO OF TRENCH SHEETS = 55. 

LENGTH OF TRENCH SHEETS 2NGees3_ 

NO OF TRENCH STRUTS = 27. 

LENGTH OF STRUTS = 4.900 M 

THICKNESS/WIDTH OF STRUTS Se O25, Pe 

NO OF WALERS = 27. 

USE WALER TYPE =o 

WEIGHT OF WALER = 31.00 KG/M 

NUMBER OF MEN = a. 

NUMBER OF MACHINES +DRIVERS = 1. 

STANDARD DURATION = 4.860 HRS 

STANDARD MANHOURS = 24.299 HRS 

BASE BLINDING 

eee E RET RE EE 

fi THICKNESS OF BLINDING = 150.MM 

VOLUME OF BLINDING = 3. 60M3 

NUMBER OF LABOURERS = ae 

NUMBER OF GANGERS = Le. 

STANDARD DURATION = 1.98HRS 

VAD.



PRECAST RING MANHOLE 

ee 

CHAMBER DIAMETER 

SHAFT DIAMETER 

CHAMBER HEIGHT 

SHAFT HEIGHT 

STRAIGHT BACKED TAPERS= 

COVER SLABS (75MM) 

COVER SLABS (150MM) 

BASE UNITS 

MACHINE +DRIVER 

NUMBER OF LABOURERS 

NUMBER OF PIPELAYERS 

NUMBER OF GANGERS 

ul 
u 

i 

7224, 

TOTAL VOLUME OF MORTAR= 0.08M3 

STANDARD DURATION 

CHANNEL LAYING 

Sek HERRERO OE 

OUTLET DIAMETER 

NUMBER OF LABOURERS 

NUMBER OF GANGERS 

STANDARD DURATION 

CONCRETE SURROUND 

Ke RE RRR KEE EEE OE 

VOLUME OF CONCRETE 

AREA OF FORMWORK 

NUMBER OF LABOURERS 

NUMBER OF TRADESMEN 

NUMBER OF GANGERS 

STANDARD DURATION 

tt 

25.77HRS 

1500.MM 

1. 

Ae 

3.75HRS 

5.40M3 

38.29M2 

1. 

1. 

1. 

23.14HRS 

ease



rhe
 

nm
 

ee 

BENCHING 

ee 

AREA OP BENCHING Sa 7 OMe 

NUMBER OF LABOURERS = 2s 

STANDARD DURATION = 7.07HRS 

TRENCH BACKFILL 

FOKKER EE EOD 

BACKFILL VOLUME Soe Le 

GANG NUMBER aE elie 

NO OF PEGSON RAMMERS ay dy 

NUMBER OF MEN See 

STANDARD MANHOURS = *110.430° HRS 

STANDARD DURATION 55.215 HRS i 

GANG NUMBER See. 

NO OF PEGSON RAMMERS = Ms. 

NUMBER OF MEN ae pies 

NO OF DUMPERS = 1d. 

STANDARD MANHOURS = 13.960 HRS 

STANDARD DURATION = 6.980 HRS 

GANG NUMBER ess 

NO OF PEGSON RAMMERS = 

NUMBER OF MEN Sas 

NO OF MACHINES(JCB 3C) = eee 

STANDARD MAHOURS = 11.467 HRS 

STANDARD DURATION = 3822 HRS 

GANG NUMBER = 4. 

NO OF LOADERS(DROTT175) = 1. 

NO OF PEGSON RAMMERS = ls 

NUMBER OF MEN ates 

STANDARD MANHOURS = 8.475 HRS 

STANDARD DURATION = 2.825 BRS.
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«230% 

LIST (LP) 

PROGRAM (FXXX) 

INPUT 1 = CRO 

OUTPUT2 = LPO 

COMPRESS INTEGER AND LOGICAL 

EXTENDED 

TRACE 2 

END 

Nl 

MASTER 

DIMENSION S(25,16) 

REAL LD,L,MENZ,LB,LPP,LS,LT1,LJ,J1 

INTEGER RDTYPE 

CALL DRTA(NNN) 

COUNT=0.0 

CALL DRTB(DESC ,DESD ,DESE,DESF ,DESG ,DESH) 

CONTINUE 

CALL ZEROS(S) 

COUNT=COUNT+1.0 

CALL DRTC(BILL, PAGE, TEM) 

CALL DRTD(DESC ,DESD ,DESE,DESF ,DESG,DESH, BILL, PAGE, TEM) 

CALL DRTE(IB,WDT,ZLNG,DPT) 

PIB=FLOAT(IB) 

CALL SUMMARY (1,DESC,DESD,DESE,DESF ,DESG,DESH,BILL, 

1PAGE, TEM, PIB,WDT,ZLNG,DPT,0.0,0.0,0.0,S) 

WDT=WDT+1.50 

SLNG=ZLNG+1.50 

CALL DRTG(JROAD ) 

IF (JROAD.EQ.0.) GO TO 3 

CALL DRTH(RDTYPE ,RTHICK) 

CALL ROD(RDTYPE ,WDT,RTHICK,ZLNG,ZGN1,ZMAC1,GANG1, 

LRATE1, OVR1, RVOLT) 

CALL SUMMARY(2,1.0 ,0.0,RVOLT,O.0,0.0,0.0,0.0,0.0,0.0, 

1ZMAC1 ,0.0,0.0,0.0,0.0,GANG1,OVR1,S) 

CALL ROD1(RDTYPE ,WDT,RTHICK,ZLNG,ZGN2,ZMAC2,GANG2, 

LRATE2, OVR2, RVOLT) 

347,



3000 

231s 

CALL SUMMARY (3,2,0,0-0,RVOLT,O.0,0.0,0.0,0.0,0.0,0. 

10,0.0,ZMAC2,0.0,0.0,0.0,GANG2,OVR2,S) 

CALL DRTI , 
IF(RDTYPE.EQ.1) GO TO 4 

CALL DRTJ 

GO TO 5 

CONTINUE 

CALL DRTK 

CONTINUE 

CALL DRTL(WDT,RTHICK, ZLNG ,RVOLT,ZGN1,ZMAC1,GANG1, 

1RATE1 ,OVR1,ZGN2, ZMAC2,GANG2 , RATE2, OVR2) 

GO TO 3000 

CONTINUE 

RVOLT=0.0 

CALL DRTM 

CALL EXDATA(B,OF,SS,R,H) 

CALL MCSEL(B,DPT,H,R,TYPE) 

CALL DRTO 

I=IFIX(TYPE) 

CALL EXRAT(SS,I,B,DPT,OF ,WDT,R,H,RS) 

CALL DRTP(SS,OF,DPT,WDT,B,H,R,I,RS) 

CALL EXSHAPE(ISHAPE,DPT,WDT,AREAEXC , RATE, RS, ZLNG) 

CALL DRTS(AREAEXC , RATE) 

ZML=FLOAT (I) 

CALL SUMMARY(4,3,0,0.0,AREAEXC,0.0,ZMI,0.0,0.0,0.0,0. 

10,0.0,0.0,0.0,0.0,0.0,0.0,RATE,S) 

M=4 

ZM=3.0 

CALL DRTT 

CALL DRTU(ISING) 

IF (ISING.EQ.O) GO TO 11 

CALL DRTV 

CALL DES(DPT,WDT,GAMA,PHI,COH,APA) 

CALL DRTW(DPT,WDT,PHI,COH,GAMA) 

CALL DRTX(IA,ID,IE,IF,IG,IH,II,IM,IN,10,1P,IT,1IU,IV, 

1IIP) 

L=15.43/SQRT(APA) 
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ocas 

ZMTD=0.0 

SUM=).) 

999 LD=0.5+SUM 

ZMID=ZMTD+1.0 

M=M+1 

ZM=ZM+1.0 

CALL DESA(APA,WGT,B,LD,IS,L,WwDT) 

IF(WGT.EQ.0.0) GO TO 11 

CALL TZME(WDT,B,WGT,DPT,LD,YY,SMTH,G,SL,GI,IA,ID,IE, 

1IF,IG,IH,II,IM,IN,I0,IP,IT,1IU,IV,IIP,YS,XN,WN,ZLNG) 

IF (IIP.HQ.1) GO TO 8 

IF(LIIP.EQ.2) GO TO 9 

CALL DRTY 

GO TO 10 

8 CONTINUE 

CALL DRTZ 

GO TO 10 

9 CONTINUE 

CALL DRAA 

10 CONTINUE 

CALL DRAB(YS,SL,XN,WDT,B,WN,IS,WGT,LD,G,GI,YY,SMTH) 

ZGANG=G-1.0 

CALL SUMMARY(M,ZM,LD,0.0,0.0,GI,0.0,0.0,0.0,0.0,0.0, 

10.0,0.0,1.0,0.0,ZGANG, YY ,S) 

IF(LD.EQ.L) GO TO 11 

IF(LD.GE.4.0) GO TO 11 

IF(LD.GE.DPT) GO TO 11 

SUM=LD 

GO TO 999 

11 CONTINUE 

CALL BLINDC(DPT,WDT,ZLNG,THICK,CVOL,SD,ZLAB,GANG) 

CALL OUTBLINDC (THICK ,CVOL, SD ,ZLAB ,GANG) 

M=15 

CALL SUMMARY (M,20.0,0.0,CVOL,0.0,0.0,0.0,0.0,0.0,0. 

10,0.0,0.0,0.0,GANG,0.0,ZLAB,SD,S) 

IF(IB.EQ.1) GO TO 12 
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CALL PRERINGS(CR,SBT.,SR,CS75,CS150,BU,VM1,SD1, 

1ZMC ,ZLAB,PL,GANG,DS ,DC) 

CALL OUTRINGS(CR,SBT,SR,CS75,CS150,BU,DS,DC,VM1, 

1SD1,ZMC ,ZLAB ,PL,GANG) 

M=16 

CALL SUMMARY (M,30.0,0.0,0.0,0.0,ZMC,0.0,0.0,0.0,0.0, 

10.0,0.0,0.0,GANG,PL,ZLAB,SD1,S) 

IF(BU.GT.0.0) GO TO 13 

113 CONTINUE 

CALL CHANNEL (OUTDIA, SD ,ZLAB ,GANG) 

CALL OUTCHANNEL (OUTDIA, SD ,ZLAB,GANG) 

M=18 

CALL SUMMARY(M,50.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0. 

10,0.0,0.0,0.0,GANG,0.0,ZLAB,SD,S) 

GO TO 13 

12 CONTINUE 

CALL BRICKCAL(WDT,ZLNG,CWT,CH,SWI,SH,SLNG,SWDT,TB, 

1TMV, TBC, TBS) 

CALL TIMBERICK(TBC,TBS ,CWI,SWL,CH,SH,SD,ZLAB,ZTRADE, 

1ZMC ,ZNST) 

CALL OUTBRICK(TB,TMV,ZNSI,ZLAB,ZTRADE, ZMC ,SD) 

M=17 

CALL SUMMARY(M,40.0,0.0,TMV,TB,O.0,0.0,0.0,0.0,0.0, 

10.0,0.0,ZMC,0.0,ZTRADE,ZLAB,SD,S) 

To To 113 

13 READ(L,14)ISL 

14 FORMAT (IO) 

IF (ISL.EQ.1) GO TO 15 

VISC=0.0 

16 READ(1,17)Is 

17 FORMAT (IO) 

IF(IS.EQ.1) GO TO 18 

TCONCV=0.0 

19 CALL BENCHING(IB,DC,WDT,ZLNG,ZLAB,AB,TB,BU) 

CALL OUTBENCH(ZLAB,AB,TB) 

M=21 

CALL SUMMARY(M,80.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0. 

10,0.0,0.0,0.0,0.0,0.0,ZLAB,RB,S) 
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GO TO 20 

15 CALL INSITUSLAB(IB,VISC,TWS,ASH,SBT,DC,DS,ZLNG,WDT, 

1SWDT,SLNG, SWT) 

CALL SLABTIME(VISC,TWS,ASH ,SD,GANG,ZLAB,ZTRADE) 

CALL OUTSLAB(VISC,TWS,ASH,ZLAB ,GANG,SD,ZTRADE) 

M=19 

CALL SUMMARY(M,60.0,0.0,VISC,ASH,0.0,0.0,0.0,0.0, 

10.0,0.0,0.0,0.0,GANG, ZTRADE, ZLAB, SD ,S) 

TO TO 16 

18 CALL CONSURD(IB,CR,DC,SR,DS,WDT,ZLNG,CH,SWT,SH,SLNG, 

1SWDT,ZLAB,GANG,CTIME,FTIME,TCONCV,TASH,SD , TRADE) 

CALL OUTSURD(TCONCV,TASH,ZLAB,GANG ,TRADE,SD) 

M=20 

CALL SUMMARY(M,70.0,0.0,TCONCV,TASH,0.0,0.0,0.0,0. 

10,0.0,0.0,0.0,0.0,GANG, TRADE, ZLAB,SD,S) 

GO TO 19 

20 CONTINUE 

CALL BACKPREP(CVOL,IB,CR,DC,SR,DS,TCONCV,WDT,ZLNG, 

SWT ,SLNG ,SWDT , ZMANV, VISC ,SBT) 

CALL DRAK(ZLAYER) 

CALL DRAL 

I=0 

ZM=89.0 

M=21 

9014 I=I+1 

ZM=ZM+1.0 

M=M+1 

CALL BACK(AREAEXC ,ZMANV,RVOLT, ZLAYER,I,DROT,PR,ZMEN, 

1CBJ,DMP ,GNBR, YSMH,XSMH, VBKF ) 

CALL DRAM(VBKF ,GNBR,DROT,PR,ZMEN ,CBJ,DMP , YSMH, XSMH) 

CALL SUMMARY (M,ZM,0.0,VBKF,0.0,CBJ,0.0,DROT,DMP,PR, 

10.0,0.0,0.0,0.0,0.0,ZMEN,XSMH,S) 

M1=M 

IF(I.LT.4) GO TO 9014 

MMM=NNN-1 

NNN=MMM 

CALL OUTSUMRY(S,M1) 
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IF(MMM.GE.1) GO TO 2 

STOP 

END 

SUBROUTINE DRTA(NNN) 

READ(1,1) NNN 

1 FORMAT (IO) 

RETURN 

END 

SUBROUTINE DRTB(DESC ,DESD ,DESE, DESF ,DESG, DESH) 

2 READ(1,5000) DESC,DESD ,DESE,DESF ,DESG ,DESH 

5000 FORMAT( 6A4) 

RETURN 

END 

SUBROUTINE ZEROS(S) 

DIMENSION S(25,16) 

DO detains 

DO 1 J=1,16 

S(I,J)=0.0 

1 CONTINUE 

RETURN 

END 

SUBROUTINE DRTC (BILL, PAGE , TEM) 

READ (1,5003) BILL 

READ (1,5003) PAGE 

READ(1,5003) TEM 
5003 FORMAT(A4) 

RETURN 

END 

Dee
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SUBROUTINE DRTD (DESC ,DESD ,DESE,DESF ,DESG,DESH,BILL, 

1PAGE, TEM) 

WRITE (2,5002) 

FORMAT(1H1, 2X,23HBILL ITEM TIME ANALYSIS,/) 

WRITE(2,5003) 
FORMAT (1H , 2X, 23H##*###¥#eeeerereeeseoes) 

WRITE(2,5004) 

FORMAT(1H , 2X,20CONTRACT DESCRIPTION, /) 

WRITE(2,5005) 
FORMAT(1H , 2X,20H****#eeeeeeeresoucs 7/7/77) 

WRITE(2,5006) DESC ,DESD ,DESE,DESF ,DESG,DESH 

FORMAT(1H , 2X,6A4,///) 

WRITE(2,5007) BILL 

FORMAT(1H , 2X,11HBILL NUMBER, 3X,A4,//) 

WRITE(2,5008) PAGE 

FORMAT(1H , 2X,11HPAGE NUMBER,3X,A4,//) 

WRITE(2,5009) TEM 

FORMAT(1H , 2X,11HITEM NUMBER,3X,A4 ) 

RETURN 

END 

SUBROUTINE DRTE(IB,WDT,ZLNG,DPT) 

READ(1,1) IB 

FORMAT (IO) 

READ(1,2)WDT,ZLNG,DPT 

FORMAT (3F0.0) 

RETURN 

END 

SUBROUTINE DRTG(JROAD) 

READ(1,5017) JROAD 

FORMAT (IO) 

RETURN 

END 
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SUBROUTINE DRTH(RDTYPE ,RTHICK) 

INTEGER RDTYPE 

READ(1,1)RDTYPE 

1 FORMAT (IO) 

READ(1,2) RTHICK 

2 FORMAT(FO.O) 

RETURN 

END 

SUBROUTINE ROD(RDTYPE, RWIDTH, RTHICK, RLENGTH ,ZGN1,ZM 

1AC1,GANG1,RATE1,OVR1,RVOLT) 

INTEGER RDTYPE 

RVOLU=RWIDTH*RTHICK/1000. 

RVOLT=RVOLU* RLENGTH 

IF (RDTYPE.EQ.1) GO TO 6002 

ZGN1=1.0 

ZMAC1=1.0 

GANG1=2.0 

RATE1=2.5*RVOLT 

OVR1=RATE1/2.0 

GO TO 6003 

6002 ZGN1=1.0 

ZMAC1=1.0 

GANG1=2.0 

RATE1=4.98*RVOLT 

OVR1=RATE1/2.0 

6003 RETURN 

END 

SUBROUTINE ROD1(RDTYPE ,RWIDTH, RTHICK,RLENGTH, ZGN2, 

1ZMAC2,GANG2 , RATE2 ,OVR2,RVOLT) 

INTEGER RDTYPE 

RVOLU=RWIDTH*RTHICK/1000.0 

RVOLT=RVOLU*RLENGTH 

IF(RDTYPE.EQ.1) GO TO 6002 
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ZGN2=2.0 

ZMAC2=1.0 

GANG2=1.0 

RATE2=1.15*RVOLT 

OVR2=RATE2/2.0 

GO TO 6003 

ZGN2=2.0 

ZMAC2=1.0 

GANG2=1.0 

RATE2=1,54*RVOLT 

OVR2=RATE2/2.0 

RETURN 

END 

SUBROUTINE DRTI 

WRITE (2,5019) 

FORMAT(1H1, 2X,13HROAD BREAKOUT) 

WRITE(2,5020) 

FORMAT(IH: j) 2%, 13H*e8 esses snes e. /7) 

RETURN 

END 

SUBROUTINE DRTJ 

WRITE (2, 5022) 

FORMAT(1H , 2X, 26HFLEXIBLE ROAD CONSTRUCTION) 

WRITE(2,5023) 
FORMAT (1H 12 UENCE Sas PRS See eS weet 77/1) 

RETURN 

END 

SUBROUTINE DRTK 

WRITE (2,5024) 

FORMAT(1H , 2X,26HCONCRETE ROAD CONSTRUCTION) 
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WRITE(2,5025) 
5025 FORMAT(1H NOX, | PS SSReh esse toeeeeeaeereres 777) 

RETURN 

END 

SUBROUTINE DRTL(RWIDTH, RTHICK, RLENGTH ,RVOLT,ZGN1, 

1ZMAC1,GANG1, RATE1, OVR1, ZGN2 ,ZMAC2 ,GANG2 , RATE2 , OVR2) 

WRITE(2,5025) RWIDTH 

5025 FORMAT91H , 2X,26HWIDTH OF BREAKOUT 

11HM,/) 

WRITE(2,5026) RTHICK 

5026 FORMAT(1H , 2X,26HTHICKNESS OF ROAD a 

12HMM,/) 

WRITE(2,5027) RLENGTH 

5027 FORMAT(1H ,2X,26HLENGTH OF BREAKOUT 

1/) 

WRITE(2,5555) RVOLT 

5555 FORMAT(1H , 2X,26HVOLUME OF BREAKOUT = 

13 ahh) 

WRITE (2,5028) 

5028 FORMAT(1H ,2X,21HTWO ALTERNATIVE GANGS) 

WRITE(2,5039) 
5039 FORMAT(1H LEX, | OSE H REET SEAS Ce eK er EET /) 

WRITE(2,5029) ZGN1 

5029 FORMAT(1H , 2X,12HGANG NUMBER. ,F2.0,1H.,/) 

WRITE(2,5030) ZMAC1 

5030 FORMAT(1H , 2X,26HNUMBER OF COMPRESSORS 

WRITE(2,5031) GANGL 

5031 FORMAT(1H , 2X,26HNUMBER OF LABOURERS 

WRITE(2,5032) RATEL 

5032 FORMAT(1H , 2X,26HSTANDARD MANHOURS + 

1HRS ah 

WRITE(2,5033) OVR1 

5033 FORMAT(1H , 2X,26HSTANDARD DURATION 

1HRS ptLT) 

WRITE(2,5034) ZGN2 

u 
" 

_ss. 

{5c 3, 3X5 

»F5.0,3X, 

,F8.3,1HM, 

,F8,3,2HM 

ar2sOs/) 

sPesOye. 

,F8,3,3H 

,F8.3,3H



5034 FORMAT(1H , 2X,12HGANG NUMBER. ,F2.0,1H.,/) 

WRITE(2,5035) ZMAC2 

5035 FORMAT(1H , 2X,2G6HNUMBER OF MACHINES (IPH) 

WRITE(2,5036) GANG2 
5036 FORMAT(1H , 2X,26HNUMBER OF LABOURERS 

WRITE(2,5037) RATE2 

pHes0,/) 

sF220,/) 

5037 FORMAT(1H , 2X,26HSTANDARD MANHOURS = ,F6.3,.3HHRS 

ey) 
WRITE(2,5038) OVR2 

5038 FORMAT(1H ,2X,26HSTANDARD DURATION = ,F8.3,3HHRS 

1,/) 

RETURN 

END 

SUBROUTINE DRTM 

WRITE(2, 30) 

30 FORMAT(1H1,2X,'MACHINE EXCAVATION RATE') 

WRITE 
31 FORMAT(1H , 2X,23H**eeeeeeereeeseceecece ) 

WRITE (2,32) 

32 FORMAT(1H ,/ ) 

WRITE(2,33) 

33 FORMAT(1H , 2X,19HMACHINES CONSIDERED) 

WRITE (2,331) 

331 FORMAT(1H . 2X, LOHF Sete Oesederverens (7) 

WRITE(2, 34) 

34 FORMAT(1H , 4HCODE ,6X,12HMACHINE NAME,/ ) 

WRITE(2,35) 

35 FORMAT(1H , 1X,1H1,9X,5HJCB 3,/, 2X,1H2,10X,6HJCB 3C 

1,/, 2X,1H3,10XBRA1L2200,6HJCB 3D,/, 2X,1H4,10X,6HJCB 

25C,/, 2X,1H5,10X,6HJCB 7B,/, 2X,1H6,BRA1230010X,10HH 

3Y-MAC 580,/, 2X,1H7,10X,6HJCB 6C,/, 2X,1H8,10X,6HJCB 

46C,/, 2X,1H8,10X,6HJCB 6D,/,BRA12400 2X,1H9,10X,6HJC 

5B 7C,/, 2X,2H10,10X,4HRH 6,///) 

RETURN 

END



SUBROUTINE EXDATA(B,OF,S,R,H) 
READ(1,1) B,OF,S,R,H 

1 FORMAT (5FO.0) 

RETURN 

END 

SUBROUTINE MCSEL(BB,DP,H,R, TYPE) 

DIMENSION D(10,6) 

DATA D/1 254 So, de (Dey Gey 77 Oe Dep WOm ced. cen. ecb. 5 

1450. ,450.,400. ,450. ,450. ,600. ,675. ,675.,675.,1200. ,12 

200.,1350. ,1300.,1300. ,1300,,1500. ,3.7,4.19,4.19,5.76, 

36.1 16.425, 6.35, 5.35,0.73,6. 70,5641 /5.57,5.57/9,02,9.3 

40;,9.093,9.2,9.73,10.50,3.545,3.38.3.29,6.27,5.54,5.35 

58,6.05,6.05.10,3.06/ 

DPP=DP 

HH=H 

RR=R 

COUNT=0.0 

999 I=0 

COUNT=COUNT+1.0 

IF(COUNT.GE.10.0) GO TO 8 

Ao ceit 

IF(BB.GE.D(I.2)) GO TO 3 

IF(I.LT.10) GO TO 2 

CALL ERRORL 

BB=450.0 

GO TO 999 

3 IF(BB.LE.D(I,3)) GO TO 4 

IF (E.LT.10) GO TO 2 

CALL ERROR2 

BB=1300.0 

GO TO 999 

4 IF(DPP.LE.D(I,4)) GO TO 5 

IF (L.LT.10)0GO "Tov? 
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CALL ERROR3 

DPP=DP/2.0 

GO TO 999 

IF(RR.LE.D(1I,5)) GO TO 6 

IF(E.LT.10) Go To 2 

CALL ERROR4 

RR=R/2.0 

GO TO 999 

IF (HH.LE.D(I,6)) GO TO 7 

Ir(I.LT.10) GO To:2 

CALL ERRORS 

HH=H/2.0 

GO TO 999 

B reo 

TYPE=D(I,1) 

RETURN 

END 

SUBROUTINE ERROR1 

WRITE(2,1) 

FORMAT (1H1,2X,'REQUIRED BUCKET WIDTH TOO SMALL") 

WRITE (2,2) 

FORMAT(1H ,2X,'450 MM WIDTH ASSUMED!) 

RETURN 

END 

SUBROUTINE ERROR2 

WRITE (2,1) 

FORMAT(1H1,2X,!REQUIRED BUCKET WIDTH TOO LARGE") 

WRITE(2,2) 

FORMAT(1H ,2X,'1300 MM WIDTH ASSUMED' ) 

RETURN 

END 
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SUBROUTINE ERROR3 

WRITE(2,1) 

FORMAT (1H1,2X,'REQUIRED DEPTH TOO LARGE!) 

WRITE(2,2) 

FORMAT(1H ,2X,'DOUBLE EXCAVATE WITH JCB 7C') 

RETURN 

END 

SUBROUTINE ERROR4 

WRITE(2,1) 

FORMAT (1H1,2X, "REQUIRED REACH TOO LARGE!) 

WRITE (2,2) 

FORMAT(1H ,2X,'DOUBLE HANDLE WITH JCB 7C') 

RETURN 

END 

SUBROUTINE ERROR5 

WRITE(2,1) 

FORMAT (1H1,2X,'REQUIRED LOADING HEIGHT TOO LARGE!) 

WRITE (2,2) 

FORMAT(1H ,2X,'DOUBLE HANDLE WITH JCB 7C') 

RETURN 

END 

SUBROUTINE DRTO 

WRITE (2,24) 
FORMAT(1H ,2X,'EXCAVATION DETAILS') 

WRITE(2, 241) 
FORMAT(1H ,2X,!****eeeeeeeeeeeeeer 7/7) 

RETURN 

END 
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SUBROUTINE EXRAT(S,ITMC,B,D,OF,W,R,H,RS) 

B=B/1000.0 

IF(ITMC.EQ.1) GO TO 15 

IF (ITMC.EQ.2) GO TO 16 

IF (ITMC.EQ.3) GO TO 17 

IF (ITMC.EQ.4) GO TO 18 

IF (ITMC.EQ.5) GO TO 19 

IF (ITMC.EQ.6) GO TO 20 

IF(ITMC.EQ.7) GO TO 21 

IF(ITMC.EQ.8) GO TO 22 

IF(ITMC.EQ.9) GO TO 23 

IF (ITMC.EQ.10) GO TO 24 

CALL DRAR 

GO TO 2222 

IF (B.LT.0.225) B=0.225 

IF(B.GT.0.675) B=0.675 

BC=0. 3904*B-0.0128 

GO TO 3333 

IF(B.LT.0.225) B=0.225 

IF(B.GT.0.675) B=0.675 

BC=0.3714*B+0.0465 

GO TO 3333 

IF(B.LT.0.225) B=0225 

IF(B.GT.0.675) B=0.675 

BC=0.3714*B+0.0465 

GO TO 3333 

IF(B.LT.O.450) B=0.450 

IF(B.GT.1.200) B=1.200 

BC=0. 2866*B+0.1961 

GO TO 3333 

IF(B.LT.0.450) B=0.450 

ZIF(B/GT.1.200) B=1.200 

BC=0.46*B+0.1181 

GO TO 3333 

IF(B.LT.O.400) B=0.400 

IF(B.GT.1.350) B-1.350 
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BC=0.28*B+0.1920 

GO TO 3333 

IF(B.LT.O.450) B=0.450 

IF(B.GT.1.300) B=1.300 

BC=0.1941*B+0. 2377 

GO TO 3333 

IF(B.LT.0.450) B=0.450 

IF(B.GT.1.300) B=1.300 

BC=0.1941*B+0.2377 

GO TO 3333 

IF(B.LT.O.600) B=0.600 

IF(B.GT.1.300) B=1,300 

BC=0.8*+B0.0200 

GO TO 3333 

IF(B.LT.0.600) B=0.600 

IF(B.GT.1.300) B=1.300 

BC=0.8*B+0.0200 

CONTINUE 

BIC=0.13531*S-0.0047672*S*S-0. 32589 

QE=BC *BIC 

R2=R*R 

H2=H*H 

T2=R2+H2 

T=SQRT(T2) 

IF(ITMC.LE.3) UT=0.0055278-0.010534*T+0.039124*T*T-O. 

10042776*T*T*T 

IF (ITMC.GT.3) UT=0.0174370+0.038475*T+0.0027197*T*T-O 

1.000249*°T*T*T 

SUM=0.0 

ZINC=D/10.0 

TAG=0.0 

TAG=TAG+1.0 

ZN=ZINC*TAG/W 

IF (OF.EQ.1.) ET=0.051219+0,8015*ZN-O,1397*ZN*ZN+0.00 

18895*ZN*ZN*ZN 
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IF (OF .EQ.2.) ET=0.022858+0.2703*ZN-0.0480*ZN*ZN+0.003 

1138*ZN*ZN*ZN 

IF (OF .EQ.3.) ET=0.041371+0.1366*ZN-O.0216*ZN*ZN+0.001 

1241*ZN*ZN*ZN 

IF(OF.EQ.4.) ET=0.020984+0.1402*ZN-0.0252*ZN*ZN+0.001 

1656*ZN*ZN*ZN 

IF (OF .EQ.5.) ET=0.026574+0.1285*ZN-O0.0215*ZN*ZN+0.001 

1349*ZN*ZN*ZN 

RSING=50. 7099*QE/(UT+ET) 

DEPTH=ZINC*TAG 

WRITE(2,88) DEPTH,RSINC 

FORMAT(1H ,2F12.4) 

SUM=SUM+RSINC 

IF(TAG.LT.10.) GO TO 777 

RS=SUM/10.0 

ITMC=ITMC 

CONTINUE 

RETURN 

END 

SUBROUTINE DRTP(S,OF,HI,W,B,H,R,I,RS) 

WRITE(2,36) S 

FORMAT(1H , 2X, 7HSTRATA: ,13X,6H=TYPE.,F3.0,1H.,/ ) 

WRITE(2,37) OF 

FORMAT(1H , 2X,26HOBSTRUCTION GRADING =TYPE,,F3.0,1H 

1.,/ ) 

WRITE(2,38) HI 

FORMAT(1H , 2X,19HTRENCH DEPTH #,86.3,2H M,/ ) 

WRITE(2,381 ) W 

FORMAT(1H , 2X,19HTRENCH WIDTH =,F6.3,2H M,/ ) 

B=B*1000. 

WRITE(2,39) B 

FORMAT(1H , 2X,19HBUCKET WIDTH =,F5.0,2HMM,/ ) 

WRITE(2,40) H 

FORMAT(1H , 2X,2OHLOADING HEIGHT =,F6.3,2H M,/ ) 
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WRITE(2,41) R 

41 FORMAT(1H , 2X, 20HREACH SiF6.os2H My/ ) 

WRITE(2,42) I 

42 FORMAT(1H , 2X,20HUSE MACHINE TYPE =,12,/ ) 

WRITE(2,43) RS ; 

43 FORMAT(1H , 2X,20HSTANDARD OUTPUT  =,F7.3,6H M3/HR 

1,/) 
RETURN 

END 

SUBROUTINE DRAR 

WRITE(2,25) 

25 FORMAT(1H1,6HERROR: ,4X,23HCHECK MACHINE TYPE DATA ) 

RETURN 

END 

SUBROUTINE DRAS 

WRITE (2,26) 

26 FORMAT(1H1,6HERROR: ,4X,61HBUCKET WIDTH TOO SMALL OR 

1T00 LARGE FOR THE MACHINE SELECTED. ) 

RETURN 

END 

SUBROUTINE EXSHAPE(ISHAPE ,DPT ,WDT,AREAEXC,RATE,RS,2Z 

1LNG ) 

W=WwbT 

ZLG=ZLNG 

CALL DRAT(ISHAPE) 

IF (ISHAPE.EQ.1) GO TO 1 

V1=0.34*DPT*W*ZLG 

Al=W*ZLG 

Wl=2. )*)357735%0..66*DPT 

W2=W+W1 

W3=ZLG+W1 
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A2=W2*wW3 

A3=(A1+A2)/2.0 

V2=A3*0.66*DPT 

ZVOLT=V1+V2 

GO TO 3 

1 CONTINUE 

ZVOLT=W*DPT*ZLG 

3 AREAEXC=AVOLT 

RATE=AREAEXC/RS 

RETURN 

END 

SUBROUTINE DRAT(ISHAPE) 

READ(1,1) ISHAPE 

1 FORMAT(IO) 

RETURN 

END 

SUBROUTINE DRTS(AREAEXC , RATE) 

WRITE(2,1515) AREAEXC 

1515 FORMAT(1H , 2X,26HVOLUME OF EXCAVATION = ,F10.3,2 

1HM3 0. 

WRITE(2,1555) RATE 

1555 FORMAT(1H , 2X,26HSTANDARD DURATION = ,F10.3,3 

1HHRS ) 

RETURN 

END 

SUBROUTINE DRIT 

WRITE (2, 3333) 

3333 FORMAT(1H1) 

RETURN 

END 
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SUBROUTINE DRTU(ISING) 

READ(1,4951) ISING 

4951 FORMAT(IO) 

RETURN 

END 

SUBROUTINE DRTV 

WRITE (2,700) 

700 FORMAT(1H ,24X,28HTRENCH SUPPORT SYSTEM DESIGN ) 

WRITE (2,701) 

7OL FORMAT(1H. ,21X, 34H*eeeseseestegeeceseeeeeeetesseses 

ms) 

RETURN 

END 

SUBROUTINE DES(H,W,GAMA,PHI,COH,APA) 

CALL DRAX(IS1,IS2,1S3) 

9016 CONTINUE 

Kl=ISI*2 

K1=K1+IS2 

K2=K1*2 

K2=K2+IS3 

CALL DRAY(GAMA, PHI,COH) 

9018 CONTINUE 

IF(K2.EQ.4) GO TO 11 

IF (K2.EQ.2) GO TO 12 

IF(K2.EQ.0) GO TO 13 

IF(K2.EQ.1) GO TO 14 

IF (K2.EQ.3) GO TO 15 

IF(K2.EQ.5) GO TO 16 

IF(K2.EQ.6) GO TO 17 

IF (K2.EQ.7) GO TO 18 

11 CONTINUE 

IF (GAMA.EQ.99.) GAMA=2082.6 

IF (GAMA.NE.99.) GAMA=GAMA 

IF(PHI.EQ.99.) PHI=25.0 
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IF (PHI.NE.99.) PHI=PHI 

If (COH.EQ.99.) COH=0.0 

IF (COH.NE.99.) COH=0.0 

THT=0.0174533*PHI 

A=1.0-SIN(THT) 

B=1.0+SIN(THT) 

BKA=A/B 

APA=0.65*GAMA*BKA*H 

APA=APA*0.00980665 

GO TO 21 

12 CONTINUE 

IF (GAMA.EQ.99.) GAMA=2082.6 

IF(GAMA.NE.99.) GAMA=GAMA 

IF(PHI.EQ.99.) PHI=0.0 

IF (PHI.NE.99.) PHI=0.0 

IF (COH.EQ.99.) COH=1400.) 

IF (COH.NE.99.) COH=COH 

AN=GAMA*H/COH 

IF(AN.LE.4.0) GO TO 23 

APA=0.4*GAMA*H 

APA=APA*0.00980665 

GO TO 21 

23 A=4.0*COH 

B=GAMA*H 

A=A/B 

BKA=1.0-A 

APA=BKA*GAMA*H 

APA=APA*0.00980665 

GOTO 21 

13 CONTINUE 

IF (GAMA.EQ.99.) GAMA=2082.6 

IF(GAMA.NE.99.) GAMA=GAMA 

APA=0.4*GAMA*H 

APA=APA*0.00980665 

GO TO 21 

14 CONTINUE 

IF (GAMA.EQ.99.) GAMA=2082.6 

IF (GAMA.NE.99.) GAMA=GAMA 
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APA=0.4*GAMA*H 

APA=APA*O.00980665 

GO TO 21 

CONTINUE 

IF (GAMA.EQ.99.) GAMA=2082.6 

IF (GAMA.NE.99.) GAMA=GAMA 

IF (PHI.EQ.99.) PHI=25.0 

GE PHIANE. 99. )) " PHL=PHE 

IF (COH.EQ.99.) COH=1400.0 

IF(COH.NE.99.) COH=COH 

APA1=0.4*GAMA*H 

AN=GAMA*H/COH 

IF(AN.LE.4.0) GO TO 27 

APA2=0.4*GAMA*H 

GO TO 28 

A=4.0*COH 

B=GAMA*H 

A=A/B 

BKA=1.0-A 

APA2=BKA*GAMA*H 

CONTINUE 

IF (APA2.GE.APAL) APA=APA2*0.00980665 

IF (APA2.LT.APAl) APA=APA1*0.00980665 

GO TO 21 

CONTINUE 

IF (GAMA.EQ.99.)GAMA=2082.6 

IF(GAMA.NE.99.) GAMA=GAMA 

IF (PHT.EQ.99.) PHT=25.0 

IF (PHI.NE.99.) PHI=PHI 

IF (COH.EQ.99.) COH=1400.0 

IF (COH.NE.99.) COH=COH 

THT=0.0174533*PHI 

A=1.0-SIN(THT) 

B=1.0+SIN(THT) 

BKA=A/B 

APA1=0.65*GAMA*BKA*H 

APA2=0.4*GAMA*H 

IF (APA2.GE.APA1) APA=APA2*0.00980665 
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IF(APA2.LT.APAl) APA=APA1*O.00980665 

GO TO 21 

CONTINUE 

IF (GAMA.EQ.99.) GAMA=2082.6 

IF (GAMA.NE.99.) GAMA=GAMA 

IF (PHI.EQ.99.) PHI=25.0 

IF(PHI.NE.99.) PHI=PHI 

IF (COH.EQ.99.) COH=1400.0 

IF(COH.NE.99.) COH=COH 

THT=0.0174533*PHI 

A=1.0-SIN(THT) 

B=1.0+SIN(THT) 

BKA=A/B 

APA1=0.65*GAMA*BKA*H 

AN=GAMA*H/COH 

IF(AN.LE.4.0) GO TO 31 

APA2=0.4*GAMA*H 

GO TO 32 

A=4.0*COH/(GAMA*H) 

BKA=1.0-A 

APA2-BKA*GAMA*H 

CONTINUE 

IF (APA2.GE.APAL) APA=APA2*0.00980665 

IF (APA2,LT.APA1) APA-APA1*0.00980665 

GOTO 21 

CONTINUE 

IF (GAMA.EQ.99.) GAMA-2082.6 

IF (GAMA.NE.99.) GAMA=GAMA 

IF(PHI.EQ.99.) PHI=25.0 

IF(PHI.NE.99.) PHI=PHI 

IF (COH.EQ.99.) COH=1400.0 

IF (COH.NE.99.) COH=COH 

THT=0.174533*PHI 

A=1.0-SIN(THT) 

B=1.0*SIN(THT) 

BKA=A/B 

APA1=0.65*GAMA*BKA*H 

AN=GAMA*H/COH 
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IF(AN.LE.4.0) GO TO 34 

APA2=0. 4*GAMA*H 

GOL TOSS 5) 

34 A=4.0*COH 

B=GAMA*H 

A=A/B 

BKA=1.0-A 

APA2=BKA*GAMA*H 

35 APA3=0.4*GAMA*H 

IF (APA2.GE.APA1) APA4=APA2 

IF(APA2.LT.APAL) APA4=APA1 

IF (APA4.GE.APA3) APA=APA4*0.00980665 

IF (APA4,LT.APA3) APA=APA3*0.00980665 

21 CONTINUE 

RETURN 

END 

SUBROUTINE DRAX(IS1,IS2,IS3) 

READ(1,1)IS1,1S2,IS3 

1 FORMAT (3I0) 

RETURN 
END 

SUBROUTINE DRAY (GAMA, PHI ,COH) 

READ(1,1) GAMA,PHI,COH 

1 FORMAT (3F0.0) 

RETURN 

END 

SUBROUTINE DRTW(H,W,PHI,COH,GAMA) 
WRITE(2,702) H : 

702 FORMAT(1H ,5X ,15HTRENCH DETAILS: ,47X,6HDEPTH=,F5.3 

1,1X,1HM ) 

WRITE(2,703) W 

703 FORMAT(1H ,67X,6HWIDTH=,F5,3,1X,1HM ) 

ea



WRITE(2,704) PHI 

704 FORMAT(1H ,5X,13HSOIL DETAILS: ,22X,33HANGLE OF INTE 

IRNAL FRICTION (PHI)=,F5.2,1X,4HDEGS ) 

WRITE(2,705) COH 

705 FORMAT(1H ,58X,15HCOHESION (COH)=,F7.2,1X,5HKG/M2 ) 

WRITE(2,706) GAMA 

706 FORMAT(1H ,50X,23HSPECIFIC WEIGHT (GAMA)=,F7.2,1X,5 

1HKG/M3 ) 

WRITE(2,707) 

707 FORMAT(1H ,5X ,21HTRENCH SHEET DETAILS: ,14X,14HB.S. 

1P TYPE.TS.,3X,23HELASTIC MODULUS=56.0CM3) 

WRITE (2,708) 

708 FORMAT(1H ,67X,11HWIDTH=0.33M ) 

WRITE(2,709) 

709 FORMAT(1H ,5X ,14HSTRUT DETAILS: ,35X,25HHORIZONTAL 

1PACING=2.50 M) 

WRITE (2,710) 

710 FORMAT(1H ,5X ,14HWALER DETAILS: ,// ) 

WRITE(2,711) 

711 FORMAT(1H ,20X,60HSECTION SECTION SECTION D 

Lad) T ELASTIC MODULUS ) 

WRITE(2,712) 

712 FORMAT(1H ,20X, 58HNOTATION SHAPE WEIGHT (MM) 

1(MM) (MM) (ZXX) (CM3) ) 

WRITE(2,713) 

713 FORMAT(1H ,41X,6H(KG/M) ,/ 

WRITE (2,714) 

714 FORMAT(1H ,22X,1H1,9X, 47HI 13.38 127: 76 

ee PS.a ke yf) 23%, 57H2 ne 

eel TsO 152 89 8.3 115.90 PAPE) 

3X,1H3,9X, 47H 20,82 178 P76) 10.3 

42 -150.40 17 323%, 5704 23.00) 203 

576 0 21.2 192. 00%H) 33/7) 

WRITE (2,777) 

777 FORMAT(1H ,22X,1H5,9X, 35HI 25.00) 203 3133 

is LSS ye 78: »2X,10H231.00 3/,23X,57H6 

ar 30.00 207 “1e4m 9.6 279.00 dl 

3,23%,57H7 r 31,00 251 71467 6.6 

ry
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4 352.00 ,/,23X,57H8 u 43.00 260 
5147 12.7 504.00 mp) 
write ‘2,778) 

778 FORMAT(1H ,22X,1H9,9X, 47HI 30.00 eeO ru 
166 11.8 646.00 ,/) 
RETURN 
END 

SUBROUTINE DRTX(IA,ID,IE,IF,IG,IH,IL,IM,IN,10,IP,IT 

1,20; LViyaEe) 

IA=0 

ID=0 

IE=0 

IF=0 

IG=0 

TH=1 

II=0 

IM=1 

IN=0 

I0=0 

IP=0 

IT=0 

IU=0 

Iv=0 

READ(1,1414) IIP 

1414 FORMAT (IO) 

RETURN 

END 

SUBROUTINE DESA(APA,WGT,B,LD,IS,L,W) 

REAL | Dyenpy) LP 

DIMENSION Z(i ) 

DATA Z/75.12.115.90,150.40.192.00,231.00,279.00,352 

1.00,504.00,646.00/ 
Cc TO CALCULATE THE VERTICAL STRUT SPACING PERMISSIBLE 

(L) 
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39 

40 

42 

2222 
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IF(LD.LT.L) GO TO 38 

LD=L 

B1=38.4*W 

B2=22.9833*SQRT (APA) *SQRT(LD) 

IF(B1.GE.B2) B=Bl 

IF(B1.LT.B2) B=B2 

ZR=4.734*APA*LD 

ICOUNT=0 

I=1+ICOUNT 

IF(I.LE.9) GO TO 40 

CALL DRAZ(ZR) 

WGT=0.0 

B=0.0 

LD=0.0 

Is=0 

GO TO 2222 

CONTINUE 

IF(ZR.LT.Z(L)) GO TO 42 

ICOUNT=I 

GOTO 39 

IS=I 

ZXaZ (TL) 

IF(IS.EQ.1) WGT=13.38 

IF(IS.EQ.2) WGT=17.10 

IF(IS.EQ.3) WGT=20.82 

IF(IS.EQ.4) WGT=23.80 

IF(IS.6Q.5) WGT=25.)) 

IF(IS.EQ.6) WGT=30.00 

IF(IS.EQ.7) WGT=31.)) 

IF(IS.EQ.8) WGE=43,)) 

IF(IS.EQ.9) WGT=31.00 

CONTINUE 

RETURN 

END 

SUBROUTINE DRAZ(ZR) 

WRITE(2,41) ZR 

hoe



eel. 

41 FORMAT(1H1, 8X, 5OHSECTION MODULUS NOT AVAILABLE S 

1EE TABLES FOR ZR= ,F10.2, 2X, 3HCM3 ) 

RETURN 

END 

SUBROUTINE TZME(STL,B,WGT,H,ZLD,YY,SMTH,G,SL,GI,IA, 
1ID,IE,IF,IG,IH,IZ,IM,IN,10,IP,I,IU,IV,IIP,YS,XN,WN 
2,W1) 
SL=H+0.333 
WL=2.500 
TRENCH SHEETS 
shecovescsece 

TA=0.12925*SL+0.0745 
TB=0.121*SL+0.13025 
TC=0.4025 
TD=0.129*SL+0.176 
TE=0.003*SL+1.0232 
TP=0.02925*SL+0.57325 
TIMBER STRUTS 
eeaceceectece 

B2=B/100. 
B2=B2*B2 
AG=0.0045276+0.017435*B2 
AH=-0.0156+0.057902*B2 
AI=-0.051737+0.047466*B2 
AJ=0.029488+0.025636*B2 
AK=0. 34389+0.037109*B2 
AL=0. 23583+0.013164*B2 
AM=0,13054+0.0017042*B2 
AN=0.14083+0.022655*B2 
A0=0.059572+0.025717*B2 
CG=0.18887-0.0027834*B2 
CH=0.97452+0.62216*B2 
CT=0.49723+0.26224*B2 
CJ=0.2544+0.00017595*B2 
CK=0.77333+0.084156*B2 
CL=0.38558+0.12197*B2 
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CM=0.044055+0.1137*B2 

CN=0. 23427+0.023103*B2 

CO=0. 21614+0.023599*B2 

TG=AG*STL+CG 

TH=AH*STL+CH 

TI=AL*STL+CLI 

TI=AJ*STL+CI 

TK=AK*STL+CK 

TL=AL*STL+CL 

TM=AM*STL+CM 

TN=AN*STL+CN 

TO=AO*STL+CO 

STEELWALERS 

eee EERE ES 

AP=0.4785-0.011725*wGT 

AQ=0.071+0.004175*WGT 

AR=0.039+0.002875*WGT 

AS=0.145-0.00025 *WGT 

AT=-0.39366+0.019683*WGT 

AU=0.1745-0.002225*WGT 

AV=0.158-0,0034*WGT 

CP=-0.59475+0.018975*WGT 

CQ=-0.16975+0.00795 *WGT 

CR=-0.39775+0.04325*wWGT 

CS=-0.26970+0.041615 *WGT 

CT=0.010689-0.03332*WGT 

CU=-0. 247+0.023475*WGT 

CV=-0.303+0.026400*WGT 

TP=AP *WL+CP 

TQ=AQ*WL+CQ 

TR=AR*WL+CR 

TS=AS*WL+CS 

TT=AT*WL+CT 

TU=AU*WL+CU 

TV=AV*WL+CV 

IF(IIP.EQ.1) YS=14.0 

SPCLIIP.BO.2) YS=870 

IF(IIP.EQ.3) YS=6.0 
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XN=(H/ZLD+1.0)*2.0 

XN=AINT (XN) 

WN=XN 

ZLG=STL+W1 

YSSZLG*¥S/2.50 

XN=ZLG*XN/2.50 

WN=XN 

IF(IA.EQ.1) TA= TA 

IP(IA.NE.1) TA=0.0 

IF(ID.EQ.1) GO TO 20 

IF(IE.EQ.1) GO TO 21 

IF(IF.EQ.1) GO TO 22 

TD=TD 

TE=0.0 

TF=0.0 

GO TO 1111 

TE=TE 

TD=0.0 

TF=0.0 

GO TO 1111 

TR=TF 

TD=0.0 

TE=0.0 

CONTINUE 

IF(IG.EQ.1) TG=TG 

IF(IG.NE.1) TG=0.0 

IF(TH.EQ.1) GO TO 24 

IF(II.EQ.1) GO TO 25 

TH=TH 

TI=0.0 

GO TO 2222 

TI=TI 

TH=0.0 

CONTINUE 

IF(IM.EQ.1) GO TO 27 

IF(IN.EQ.1) GO TO 28 

IF(IO.EQ.1) GO TO 29 
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28 

29 

3333 

31 
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4444 
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TM=TM 

TN=0.0 

TO=0.0 

GO™T0 3333 

TN=TN 

TM=0.0 

TO=0.0 

GO TO 3333 

TO=TO 

TM=0.0 

TN=0.0 

CONTINUE 

IF(IP.EQ.1) TP=TP 

IF (IP.NE.1) TP=0.0 

IF(IU.EQ.1) GO TO 32 

IF CIP<EO.1) “GO TO 31 

IF(IV.EQ.1) GO TO 33 

TT=TT 

TU=0.0 

TV=0.0 

GO TO 4444 

TU=TU 

TT=0.0 

TV=0.0 

GO TO 4444 

TV=TV 

TT=0.0 

TU=0.0 

CONTINUE 

PL=YS* (TA+TB+TC+TD+TE+TP ) 

T2=XN* (TG+TH+TI+TI+TK+TL+TM+TN+TO ) 

T3=WN* (TP+TQ+TR+TS+TT+TU+TV) 

OVERALL DURATION IN BASIC MINS 

TaT1+T2+7T3 

OVERALL DURATION IN STD MINS 

TSTD=T*1.02°1.16 

OVERALL DURATION IN STD HOURS 

TSTDH=TSTD/60.0 
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OVERALL DURATION IN STD MINS/M 

XX=TSTD/2.500 

OVERALL DURATION IN STD HOURS/M 

YY=TSTDH/2.500 

STD MAN MINS/M 

TE9H LESS. )) GO TO 35 

SMT=XX*5.0 

G=4.0 

Gi=1.0 

SMTHEYY*5<0 

GOeTO S555 

35 SMT=xx*4.0 

SMTH=YY*4.0 

G=4.0 

GI=0.0 

5555 CONTINUE 

RETURN 

END 

SUBROUTINE DRTY 
WRITE (2,2900) 

2900 FORMAT(1H1,2X,33HOPEN SHORING CONSTRUCTION DETAILS) 

WRITE (2,1001) 
2001. FORMAT(IM ,2%, 22H* 9 Ota et eessasereesteneeseceeesees 

1//) 

RETURN 
END 

SUBROUTINE DRTZ 

WRITE (2,4904) 

4904 FORMAT(1H1,2X,34HCLOSE SHORING CONSTRUCTION DETAILS) 

WRITE(2,4905) 
4905 FORMAT(1H (ONG SAHP SPER SERVES SESS S CEE CES RIESE CSE SES 

1//) 

RETURN 

END 
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SUBROUTINE DRAA 

WRITE(2,4906) 

4906 FORMAT(1H1,2X,35HMEDIUM SHORTING CONSTRUCTION DETAI 

1LS) 

WRITE(2,4907) 
4907 FORMAT (1H ey SOY Me + eee ee wee See SOS 9 6 8808s tS eS 

meas /) 

RETURN 

END 

SUBROUTINE DRAB(YS,SL,XN,W,B,WN,IS,WGT,LD,G,GI,YY,S 

1MTH) 

REAL LD 

WRITE(2,1007) LD 

1007 FORMAT(1H , 2X,31HVERTICAL WALER/STRUT SPACING = ,F 

15.3.) 2H Me) 

WRITE (2,1017) 
1OL7 FORMAT (1H 2X, ) (OOS SR tees ereseeeCeveseeeteeteree ess 

Tee ie 

WRITE(2,4908) YS 

4908 FORMAT(1H , 2X,31HNO OF TRENCH SHEETS = ,F 

15.03) 

WRITE(2,1002) SL 

1002 FORMAT(1H , 2X,31HLENGTH OF TRENCH SHEETS = ,F 

15.3, 2H M ) 

WRITE(2,4909) XN 

4909 FORMAT(1H , 2X,31HNO OF TRENCH STRUTS = ,F 

15.0) 

WRITE(2,1003) W 

1003 FORMAT(1H , 2X,31HLENGTH OF STRUTS = ,F 

15.3, 2HM ) 
WRITE(2,1004) B 

1004 FORMAT(1H , 2X,31HTHICKNESS/WIDTH OF STRUTS = ,F 
1.5.0,3H M™ ) 
WRITE(2,4910) WN 

4910 FORMAT(1H , 2X,31HNO OF WALERS = ,F 
15.0) 
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WRITE(2,1005) IS 

1005 FORMAT(1H , 2X,31HUSE WALER TYPE 

WRITE(2,1006) wor 

1006 FORMAT(1H , 2X,31HWEIGHT OF WALER = ,F 

15.2,5H KG/M ) 

WRITE(2,1008) G 

11) 

1008 FORMAT(1H , 2X,31HNUMBER OF MEN = ,F 

12.0) 

WRITE(2,1009) GI 

1009 FORMAT(1H , 2X,31HNUMBER OF MACHINES +DRIVERS = ,F 

12,07) 

WRITE(2,2901) YY 

2901 FORMAT(1H , 2X,31HSTANDARD DURATION = ye 

110.3,4H HRS) 

WRITE(2,1011) SMTH 

1011 FORMAT(1H , 2X,31HSTANDARD MANHOURS = ,F 

110.3,4H HRS) 

RETURN 

END 

SUBROUTINE BLINDC(DPT ,WDT,ZLNG,THICK,CVOL,SD,ZLAB,G 

1ANG) 

READ(1,1) THICK 

1 FORMAT(FO.O) 

WDT1=wDT 

ZLNG1=ZLNG 

CVOL=WDT1*ZLNG1*THICK/1000.0 

TE(DPT.LE.3.0) GO TO 2 

SD=CVOL*0.55 

GO TO 3 

2 SD=CVOL*0O. 33 

3 ZLAB=2.0 

GANG=1.0 

RETURN 

END 
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SUBROUTINE OUTBLINDC (THICK ,CVOL,SD,ZLAB,GANG) 
WRITE(2,1) 

1 FORMAT(1H1,2X,13HBASE BLINDING) 

WRITE (2,2) 

2 FORMAT(1H ,2X,13H******#¥eeees) 

WRITE(2,3) THICK 

3 FORMAT(1H ,2X,23HTHICKNESS OF BLINDING =,F5.0,2HMM, 

1/) 

WRITE(2,4) CVOL 

4 FORMAT(1H ,2X,23HVOLUME OF BLINDING =5F Ose gens, /) 

WRITE(2,5) ZLAB 

5 FORMAT(1H ,2X,23HNUMBER OF LABOURERS =,F5.0,/) 

WRITE(2,6) GANG 

6 FORMAT(1H ,2X,23HNUMBER OF GANGERS ys e07) 

WRITE(2,7) SD 

7 FORMAT(1H ,2X,23HSTANDARD DURATION =,F5.2), 3HHRS) 

RETURN 

END 

SUBROUTINE CHANNEL (OUTDIA, SD, ZLAB,GANG) 

READ(1,1) OUTDIA 

1 FORMAT(FO.0O) 

SD=0. 75 *OUTDIA/300.0 

IF (OUTDIA.LE.450.0) GO TO 2 

ZLAB=1.0 

GANG=1.0 

GO TO 3 

2 ZLAB=1.0 

GANG=0.0 

3 CONTINUE 

RETURN 

END 

SUBROUTINE OUTCHANNEL (OUTDIA, SD ,ZLAB ,GANG) 

WRITE(2,1) 

1 FORMAT(1H1,2X,14HCHANNEL LAYING)
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WRITE(2,2) 

2 PORMAT CH 42% d 4H" ee one 852 Ses /7)) 

WRITE(2,3) OUTDIA 

3 FORMAT(1H ,2X,23HOUTLET DIAMETER =,P5.0,2HMM,/) 

WRITE(2,4) ZLAB 

4 FORMAT(1H ,2X,23HNUMBER OF LABOURERS =,F5.0,/) 

WRITE(2,5) GANG 

5 FORMAT(1H ,2X,23HNUMBER OF GANGERS =,F5.0,/) 

WRITE(2,6) SD 

6 FORMAT(1H ,2X,23HSTANDARD DURATION =,F5.2,3HHRS) 

RETURN 

END 

SUBROUTINE PRERINGS(CR,SBT,SR,CS75 ,CS150,BU,VM1,SD1 

1,2ZMC ,ZLAB,PL,GANG,DS,DC) 

READ(1,1) DC,DS 

1 FORMAT (2F0.0) 

READ(1,2) CR,SBT,SR,CS75,CS150,BU 

2 FORMAT (6FO.0) 

VM1=0.0 

SD1=0.0 

CALL CHAMBER(CR,DC,VM,SD,ZMC,ZLAB,PL,GANG) 

VM1L=VM+VML 

SD1=SD+SD1 

CALL SBTAPER(SBT,DC,DS,VM,SD) 

VM1L=VM+VML 

SD1=SD+SD1 

CALL SHAFT(SR,VM,SD) 

VM1L=VM+VML 

SD1=SD+SD1 

CALL COVER75(CS75,DS,VM,SD) 

VM1=VM+VML 

SD1=SD+SD1 

CALL COVER150(CS150,DC,VM,SD) 

VM1=VM+VML 

SD1=SD+SD1 

CALL BASEU(BU,DC,VM,SD) 
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VM1=VM+VM1L 

SD1=SD+SD1 

RETURN 

END 

SUBROUTINE CHAMBER(CR,DC,VM,SD,ZMC ,ZLAB,PL,GANG) 
$D=4.15*DC/1750.0 
SD=SD*CR 
VM=0.008*DC/914.0 
VM=VM*CR 
ZMC=1.0 
ZLAB=1.0 

PL=1.0 
GANG=1.0 
RETURN 
END 

SUBROUTINE SBTAPER (SBT,DC,DS,VM,SD) 

SD=2.20*DC/1500.0 

SD=SD*SBT 

VM=0.003*DC/914.0 

VM=VM* SBT 

RETURN 

END 

SUBROUTINE SHAFT(SR,VM,SD) 

SD=2.0*SR 

VM=0.006*SR 

RETURN 

END 

SUBROUTINE COVER75(CS75,DS,VM,SD) 

SD=(1.63*DS/1500.0)+0.2 

VM=0.003*DS/686.0 
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SD=SD*CS75. 

VM=VM*CS75 

RETURN 

END 

SUBROUTINE COVER150(CS150,DC,VM,SD) 
SD=(2.04*DC/1500.0)+0.1 
VM=0.003*DC/686.0 
SD=SD*CS150 
VM=VM*CS150 
RETURN 
END 

SUBROUTINE BASEU(BU,DC,VM,SD) 

SD=2.16*DC/1500.0 

VM=0.010*DC/686.0 

SD=SD*BU 

VM=VM*BU 

RETURN 

END 

SUBROUTINE OUTRINGS(CR,SBT,SR,CS75,CS150,BU,DS,DC,V 

1M1,SD1,2ZMC,ZLAB,PL,GANG) 

WRITE(2,1) 

FORMAT (1H1.2X.20HPRECAST RING MANHOLE) 

WRITE(2,2) 
PORMAT(1H 2X, 20H***¢***9seeeeeessss0) 

WRITE(2,3)DC 

FORMAT(1H ,2X,23HCHAMBER DIAMETER =,F5.0,2HMM,/) 

WRITE (2,4)DS 

FORMAT(1H ,2X,23HSHAFT DIAMETER =,F5.0,2HMM,/) 

WRITE(2,5)CR 

FORMAT(1H ,2X,23HCHAMBER HEIGHT 

WRITE(2,6)SR 

FORMAT(1H ,2X,23HSHAFT HEIGHT =,F5.2,1HM,/) 

,F5.2,1HM,/) 

oO4s
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WRITE(2,7) SBT 

FORMAT(1H ,2X,23HSTRAIGHT BACKED TAPERS=,F5.0, 2HNO,/) 
WRITE(2,8) CS75 

FORMAT(1H ,2X,23HCOVER SLABS (75MM) 

WRITE(2,9) CS150 
FORMAT(1H ,2X,23HCOVER SLABS (150MM) 

WRITE(2,10) BU 
FORMAT(1H ,2X,23HBASE UNITS 
WRITE(2,11) ZMC 
FORMAT(1H ,2X,23HMACHINE +DRIVER 
WRITE(2,12) ZLAB 
FORMAT(1H ,2X,23HNUMBER OF LABOURERS 

WRITE(2,13) PL 

FORMAT(1H ,2X,23HNUMBER OF PIPELAYERS 

WRITE(2,14) GANG 

FORMAT(1H ,2X,23HNUMBER OF GANGERS 

WRITE(2,15) VML 
" 

»F5.0,2HNO,/) 

»F5.0,2HNO,/) 

»F5.0,2HNO,/) 

»F5.0,/) 

gre Oye) 

Ew On) 

ye SCO Ws). 

FORMAT(1H ,2X,23HTOTAL VOLUME OF MORTAR=,F5.2,2HM3,/) 

WRITE(2,16) SD1 
FORMAT(1H ,2X,23HSTANDARD DURATION 

RETURN 

END 

)P5.2, 3HHRS) 

SUBROUTINE BRICKCAL(WDT,ZLNG,CWT,CH,SWT,SH,SLNG,SWDT, 

1TB, TMV, TBC ,TBSO 

WDT=WDT-1.50 

ZLNG=ZLNG-1.50 

READ(1,1) IDUAL 

FORMAT (IO) 

READ(1,2) CWT,CH 

FORMAT (2F0.0) 

CWP1=CWT/1000.0 

CBV=(ZLNG-2.0*CWT1) *CH*2.0*CWT1 

CBV=CBV+(WDT*CH*2.0*CWT1) 

IF (IDUAL.EQ.1) GO TO 3 

4 CONTINUE(1,5) SWT,SH,SLNG,SWDT 

FORMAT (4F0O.0) 
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GO TO 6 

CBV=CBV+WDT*CH*CWT1 

GO TO 4 

SWT1=SWT/1000.0 

SBV=(SLNG+2.0*SWT1)*SH*2.0*SWT1 

SBV=SBV* (SWDT*SH*2.0*SWT1) 

IF (IDUAL.EQ.1) GO TO 7 

TBV=CBV+SBV 

GO TO 9 

SBV=SBV+(SWDT*SH*SWT1) 

Go TO 8 

TBC=CBV*1000.0/1.99 

TBS=SBV*1000.0/1.99 

TB=TBC+TBS 

TMV=TB*O.4148/1000.0 

RETURN 

END 

SUBROUTINE TIMEBRICK(TBC,TBS,CWT,SWT,CH,SH,SD,ZLAB, 

1ZTRADE,ZMC ,ZNST) 

ZNSI=(CH+SH)/0.300 

ZNSI=AINT (ZNSI) 

BPSHC=(22.5*CW2L/500.0)+67.0 

BPSHS=(22.5*SWT/500.0)+67.0 

SMC=TBC/BPSHC 

SMS=TBS/BPSHS 

DC=SMC 

DS=SMS 

SD=DC+DS+(2.0*ZNSI/60.0 

ZLAB=1.0 

ZTRADE=1.0 

SMC=1.0 

RETURN 

END 

SUBROUTINE OUTBRICK(TB,TMV,ZNSI,ZLAB,ZTRADE,ZMC ,SD) 
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WRITE(2,1) 
FORMAT(1H1,2X,13HBRICK MANHOLE) 

WRITE(2,2) 
RORMAT(IH 2X1 SH* ee eesesesese ) 

WRITE(2,3) TB 

FORMAT(1H ,2X,23HNUMBER OF 
WRITE(2,4) TMV 
FORMAT(1H ,2X,23HVOLUME OF 
WRITE(2,5) ZNSI 

FORMAT(1H ,2X,23HNUMBER OF 
WRITE(2,6) ZMC 

FORMAT(1H ,2X,23HNUMBER OF 

WRITE(2,7) ZLAB 

FORMAT(1H ,2X,23HNUMBER OF 

WRITE(2,8) ZTRADE 

FORMAT(1H ,2X,23HNUMBER OF 

WRITE(2,9) SD 

FORMAT(1H ,2X,23HSTANDARD DURATION 

RETURN 

END 

BRICKS =,F5.0,2HNO,/) 

MORTAR =,F5.2,2HMS,/) 

STEP IRONS =,F5.0,2HNO,/) 

MIXERS =,F5.0,2HNO,/) 

LABOURERS =,F5.0,/) 

BRICKLAYERS=,F5.0,/) 

=,F5.2,3HHRS) 

SUBROUTINE BENCHING(IB,DC ,WDT,ZLNG,ZLAB,AB, TB ,BU) 

ZLAB=2.0 

IF(IB.EQ.1) GO TO 1 

DC1=DC/1000.0 

DC2=DC1*DC1 

AB=3.142*DC2/4.0 

TB=AB*1.0 

IF (BU.GT.O.0) TB=TB/2.0 

GO TO 2 

CONTINUE 

AB=WDT*ZLNG 

TB=AB*1.0 

RETURN 

END 

“ON. 
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SUBROUTINE OUTBENCH(ZLAB,AB,TB) 

WRITE(2,1) 

1 FORMAT (1H1, 2X, 8HBENCHING ) 

WRITE(2,2) 

2 FORMAT(1H ,2xX,eHeeeeesee) 

WRITE(2,3) AB 

3 FORMAT(1H ,2X,23HAREA OF BENCHING =,°5,2,2HM25/) 

WRITE(2,4) ZLAB 

4 FORMAT(1H ,2X,23HNUMBER OF LABOURERS =,F5.0,/) 

WRITE(2,5) TB 

5 FORMAT(1H ,2X,23HSTANDARD DURATION =,F5.2, 3HHRS) 

RETURN 

END 

SUBROUTINE INSITUSLAB(IB,VISC,TWS,ASH,SBT,DC,DS,ZLNG, 

1WDT, SWDT, SLNG, SWT) 

READCI, 1) ist scot 

1 FORMAT(2F0.0) 

IF (IB.EQ.1) GO To 2 

DC1=DC/1000.0 

DC2=DC1*DC1 

ST1=ST/1000.0 

CST1=CST/1000.0 

vCS=(3.142*DC2)/4.0 

VCS3=VCS*CST1 

VCS3=VCS3* (SBT=1.0) 

DS1=DS/1000.0 

DS2=DS1*DS1 

VCS1=(3.142*DS2)/4.0 

VES2=VCS1*ST1 

VCS2=VCS2 

C VOLUME OF CONCRETE =VISC 

VISC=VCS3+VCS2 

TLS=DC*2.0/150.0 

TLS=TLS*DC1l 

TLS1=DS*2.0/150.0 

TLS1=TLS1*DS1 
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TTLS=TLS+TLS1 

WPM=1.579/1000.0 

TWS=TTLS *WPM 

C TOTAL WEIGHT OF 16MM M.S. =TWS 

ASC=VCS+VCS1 

ASC1=3.142*DC1*CST1 

ASC2=3.142*DS1*ST1 

ASH=ASC+ASC1+ASC2 

GO TO 3 

2 CONTINUE 

ST1=ST/1000.0 

CST1=CST/1000.0 

VCS=ZLNG*WDT 

VCS3=VCS*CST1 

SWT1=SWT/1000.0 

VZ=2.0*SWT1 

VCS1=VZ+SWDT 

VCS2=VZ+SLNG 

vCS4=VCS1*VCs2 

VCS5=VCS4*ST1 

C VOLUME OF CONCRETE =VISC 

VISC=VCS3+VCS5 

TLS=ZLNG*1000.0/150.0 

TLS1=WDT*1000.0/150.0 

TLS2=VCS1*1000.0/150.0 

TLS3=VCS2*1000.0/150.0 

TLS=TLS*ZLNG 

TLS1=TLS1* WDT 

TLS2=TLS2*VCS1 

TLS3=TLS3*VCS2 

TTLS=TLS+TLS1+TLS2+TLS3 

WPM=1.579/1000.0 

C TOTAL WEIGHT OF 16MM M.S. =TWS 

TWS=TTLS*WPM 

ASC=VCS+VCS4 

ASC1=2.0* (ZLNG+WDT) 

ASC1=ASC1*CST1 

ASC2=2.0*(VCS1+VCS2) 
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ASC2=ASC2*ST1 

C AREA OF FORMWORK = ASH 

ASH=ASC+ASC1+ASC2 

3 RETURN 

END 

SUBROUTINE SLABTIME(VISC ,TWS,ASH,SD,GANG, ZLAB, ZTRADE) 

TCUT=1.28*TWS 

TFIX=12,80*TwS 

TMF IX=1.130*ASH 

TMSTRIKE=0.538*ASH 

TFORM=TMFIX+TMSTRIKE 

TST=TCUT+TFIX 

TCONC=0.33*VISC 

TTIME=TST+TFORM+TCONC 

GANG=1.0 

ZLAB=1.0 

ZTRADE=0.25* (ASH-4.0) 

ZTRADE=AINT (ZTRADE ) 

TGANG=GANG+ZLAB+ZTRADE 

SD=TTIME/TGANG 

RETURN 

END 

SUBROUTINE OUTSLAB(VISC,TWS,ASH, ZLAB,GANG , SD, TRADE) 

WRITE(2,1) 

1 FORMAT(1H1,2X,12HINSITU SLABS) 

WRITE(2,2) 

2 PORMAT(1H ,2X,12H***¥e4eeeeer) 

WRITE(2,3) VISC 

3 FORMAT(1H ,2X,23HVOLUME OF CONCRETE 

WRITE(2,4) TWS i 

4 FORMAT(1H ,2X,23HWEIGHT OF STEEL 

WRITE(2,5) ASH 

5 FORMAT(1H ,2X,23HAREA OF FORMWORK =,F5.2,2HM2,/) 

WRITE(2,6) ZLAB 

,F5.2,2HM3,/) 

)F5.2,1HT,/)
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6 FORMAT(1H ,2X,23HNUMBER OF LABOURERS =,F.0,/) 

WRITE(2,7) TRADE 

7 FORMAT(1H ,2X,23HNUMBER OF TRADESMEN =,F5.0,/) 

WRITE(2,8) GANG 
8 FORMAT(1H ,2X,23HNUMBER OF GANGERS =,F5.0,/) 

WRITE(2,9) SD 

9 PORMAT(1H ,2X,23HSTANDARD DURATION =,F5.2,3HHRS) 

RETURN 

END 

SUBROUTINE CONSURD(IB,CR,DC,SR,DS,WDT,ZLNG,CH,SWT,S 

1H,SLNG , SWDT, ZLAB,GANG ,CTIME ,FTIME , TCONCV,TASH,SD , TR 

2ADE) 

READ(1,1) CTHICK 

1 FORMAT (FO.0) 

IF(IB.EQ.1) GO TO 2 

DC1=DC/1000.0 

EXTD=DC1+0.2*DC1 

EXTD2=EXTD*EXTD 

AC=3.142*EXTD2/4.0 

CTHICK1=CTHICK/1000.0 

OUTD=EXTD+2.0*CTHICK1 

OUTD2=OUTD*OUTD 

AS=3.142*OUTD2/4.0 

ACONC=AS-AC 

C VOLUME OF CONCRETE = VCONC 

VCONC=ACONC*CR 

ASH=3.142*OUTD*CR 

C AREA OF FORMWORK = ASH 

DS1=DS/1000.0 

EXTDS=DS1+0.2*DS1 

EXTDS2=EXTDS*EXTDS 

ASHAFT=3.142*EXTDS2/4.0 

OUTDS=EXTDS+2.0*CTHICK1 

OUTDS2=OUTDS*OUTDS 

AS1=3.142*OUTDS2/4.0 

ACONC1=AS1-ASHAFT 

VCONC1=ACONC1*SR 
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C VOLUME OF CONCRETE =VCONC1 

ASH1=3.142*OUTDS*SR 

C AREA OF FORMWORK =ASH1 

TCONCV=VCONC+VCONC1 

TASH=ASH1+ASH 

ZLAB=1.0 

GANG=1.0 

TRADE=TASH/20.0 

IF (TRADE.LE.O.0)TRADE=0.0 

TRADE=AINT (TRADE) 

GANG1=ZLAB+GANG+TRADE 

CTIME=1.130*TASH/GANG1 

STIME=0.538*TASH/GANGL 

FPTIME=FTIME+STIME 

SD=FTIME+CTIME 

Go TO 3 

2 CONTINUE 

AC=WDT*ZLNG 

CTHICK1=CTHICK/1000.0 

WDT1=WDT+2.0*CTHICK1 

ZLNG1=ZLNG+2.0*CTHICK1 

AS=WDT1*ZLNG1 

ACONC=AS~AC 

VCONC=ACONC *CH 

ASH=2.0* (WDT1+ZLNG1) *CH 

SWT1=SWT/1000.0 

SLNG1=SLNG+2.0*SWT1 

SWDT1=SWDT+2.0*SWT1 

AS1=SLNG1*SWDT1 

SLNG2=SLNG1+2.0*CTHICK1 

SWDT2=SWDT1+2.0*CTHICKL 

AC1=SLNG2*SwDT2 

ACONC1=AC1-AS1 

VCONC1=ACONC1*SH 

ASH1=2.0* (SLNG2+SWDT2) *SH 

TCONCV=VCONC+VCONC1 

TASH=ASH+ASHL 

ZLAB=1.0 

GANG=1.0 

22
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TRADE=TASH/20.0 

IF (TRADE.LE.O.0) TRADE=0.0 

TRADE=AINT (TRADE) 

GANG =ZLAB+GANG+TRADE 

CTIME=1.027*TCONCV/GANGL 

FTIME=1.130*TASH/GANG1 

STIME=0.538*TASH/GANG1 

FTIME=FTIME+STIME 

SD=CTIME+F TIME 

CONTINUE 

RETURN 

END 

SUBROUTINE OUTSURD(TCONCV,TASH,ZLAB,GANG, TRADE, SD) 

WRITE(2,1) 

FORMAT (1H1,2X,17HCONCRETE SURROUND) 

WRITE(2,2) 
FORMAT (1H NOX, LTHee eres st eeesne ses) 

WRITE(2,3) TCONCV 

FORMAT(1H ,2X,23HVOLUME OF CONCRETE =,F5.2,2HM3,/) 

WRITE(2,4) TASH 

FORMAT(1H ,2X,23HAREA OF FORMWORK =,F5.2,2HM2,/) 

WRITE(2,5) ZLAB 

FORMAT(1H ,2X,23HNUMBER OF LABOURERS =,F5.0,/) 

WRITE(2,6) TRADE 

FORMAT(1H ,2X,23HNUMBER OF TRADESMEN =,F5.0,/) 

WRITE(2,7) GANG 

FORMAT(1H ,2X,23HNUMBER OF GANGERS =h 55.057) 

WRITE(2,8) SD 

FORMAT(1H ,2X,23HSTANDARD DURATION =,F5.2, 3HHRS) 

RETURN 

END 

SUBROUTINE BACKPREP(CVOL,IB,CR,DC,SR,DS,TCONCV,WDT, 

1ZLNG , SWT,SLNG, SWDT, SMANV,VISC , SBT) 

(IF(IB.EQ.1) GO TO 1 

DC1=DC/1000.0
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EDC=DC1+0.2*DC1 

EDC2+EDC *EDC 

AC=3.142*EDC2/4.0 

VC=AC*CR 

DS1=DS/1000.0 

EDS=DS1+0.2*DS1 

EDS2=EDS*EDS 

AS=3.142*EDS2/4.0 

VS=AS*SR 

TECSBT UT. U0) GO 10° 3 

AC1=AC/3.0 

AS1=AS/3.0 

IF (DC.LE.1219.0)ZL1=0.610 

IF(DC.GT.1219.0)ZL1=0.914 

ZL=EDC *ZL1/(EDC-EDS) 

FCONEV=AC1*ZL 

HCONEV=AS1 * (ZL-ZL1 

VSBT=FCONEV-—HCONEV 

Go TO 4 

CONTINUE 

VSBT=0.0 

CONTINUE 

ZMANV=VC * VS+VSBT+CVOL+TCONCV+VISC 

GO TO 2 

CONTINUE 

AC=WDT*ZLNG 

VC=AC *CH 

SWT1=SWT/LO00.0 

SLNG=SLNG+2.0*SWI1L 

SWDT1=SWDT+2.O0*SWTL 

AS=SLNG1 *SWDT1 

VS=AS*SH 

ZMANV=VC+VS+CVOL+TCONCV+VISC 

CONTINUE 

RETURN 

END ” 
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SUBROUTINE DRAK(ZLAYER) 

READ(1,8999) ZLAYER 

FORMAT (F'O.0) 

RETURN 

END 

SUBROUTINE DRAL 

WRITE(2,9000) 

FORMAT (1H1,20X,15HTRENCH BACKFILL) 

WRITE(2,9001) 
FORMAT (1H VELOX, LOHS SSeS See SSR Ree 87/17) 

RETURN 

END 

SUBROUTINE BACK(AREAEXC ,SUM4,RVOLT,ZLAYER,I,DROT,PR 

1,ZMEN,CBJ,DMP ,GNBR, YSMH, XSMH, VBKF ) 

VBKF=AREAEXC-SUM4—RVOLT 

IF(I.EQ.1) GOTO 1000 

IF(I.EQ.2) GOTO 1001 

IF(I.EQ.3) GOTO 1002 

DROT=1.0 

PR=1.0 

ZMEN=2.0 

CBJ=0.0 

DMP=0.0 

GNBR=4.0 

IF (ZLAYER.LT.500.) ZSMH=0.10-0.0001*ZLAYER 

IF (ZLAYER.GE.500.) ZSMH=0.05 

YSMH=VBKF *ZSMH 

XSMH=YSMH/3.0 

GO TO 1100 

DROT=0.0 

PR=1.0 

ZMEN=2.0 

CBJ=0.0 

DMP=0.0 

GNBR=1.0 
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IF (ZLAYER.LT.307.) ZSMH=1.8575-0.005*ZLAYER 

IF (ZLAYER.GE.307.) ZSMH=0.32 

YSMH=VBKF'*ZSMH 

XSMH=YSMH/2.0 

GO TO 1100 

DROT=0.0 

PR=1.0 

ZMEN=2.0 

CBJ=0.0 

DMP=1.0 

GNBR=2.0 

IF (ZLAYER.LT.500.) ZSMH=0.155-0.0001*ZLAYER 

IF (ZLAYER.GE.500.) ZSMH=0.105 

YSMH=VBKF *ZSMH 

XSMH=YSMH/2.0 

GO TO 1100 

DROT=0.0 

PR=1.0 

ZMEN=2.0 

CBJ=1.0 

DMP=0.0 

GNBR=3.0 

IF (ZLAYER.LT.500.) ZSMH=0.13-0.0001*ZLAYER 

IF (ZLAYER.GE.500.) ZSMH=0.08 

YSMH=VBKF * ZSMH 

XSMH=YSMH/3.0 

RETURN 

END 

SUBROUTINE DRAM(VBKF,GNBR,DROT,PR,ZMEN,CBJ,DMP , YSMH 

1,XSMH) 

IF(GNBR.GT.1.0) GO TO 9020 

WRITE(2,9002) VBKF 

9002 FORMAT(1H , 2X,27HBACKFILL VOLUME 2 E78, 

13H M3) 

9020 WRITE(2,9003) GNBR 

9003 FORMAT(1H ,2X,27HGANG NUMBER q 4 w oO 

IF(DROT.EQ.0.0) GOTO 9004 
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9005 

9004 

9006 

9007 

9009 

9008 

9011 

9010 

9012 

9013 
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WRITE(2,9005) DROT 

FORMAT(1H , 2X,27HNO OF LOADERS(DROTT175) 923.0 ) 

WRITE(2,9006) PR 

FORMAT(1H , 2X,27HNO OF PEGSON RAMMERS poosO) 

WRITE(2,9007) ZMEN 

FORMAT(1H , 2X27HNUMBER OF MEN 7E350)) 

IF (CBJ.EQ.0.0) GOTO 9008 

WRITE(2,9009) CBI 

FORMAT(1H , 2X,27HNO OF MACHINES(JCB 3C) 73.0 ) 

IF (DMP.EQ.0.0) GOTO 9010 

WRITE(2,9011) DMP 

FORMAT(1H , 2X27HNO OF DUMPERS AO?) 

WRITE(2,9012) YSMH 

FORMAT91H , 2X,27HSTANDARD MANHOURS yF603,4 

1H HRS) 

WRITE(2,9013) XSMH 

FORMAT(1H , 2X,27HSTANDARD DURATION jFO5a54 

1H HRS,//) 

RETURN 

END 

SUBROUTINE SUMMARY(I,A,B,C,D,E,F,G,H,P,Q,R,S1,T,U,V, 

1w,S) 

DIMENSION S(25,16) 

S(I,1)=A 

S(I,2)=B 

S(I,3)=¢ 

S(I,4)=D 

S(I,5)=E 

S(I,6)4F 

S(I,7)=G 

S(I,8)-H 

S(I,9)=P 

S(T,10)=q 

S(I,11)=R 

S$(I,12)=S1 

976
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SkI513)=T 

S(2,14)=u 

Sttsi5)ev 

S(I,16)=W 

RETURN 

END 

SUBROUTINE OUTSUMRY(S,M1) 

DIMENSION S(25,16) 

WRITE (2,1) 

1 PORMAT(1H1,32X16HANALYSIS SUMMARY) 

WRITE(2,2) 

2 FORMAT(1H ,31X,18H**#**eseeesveveve 777) 

LE (SCL, 10) EQ.1.0)' GO TO 4 

WRITE(2,3) S(1,1),S(1,2),S(1,3),5(1,4),S(1,5),S5(1,6) 
3 FORMAT(1H ,10X,13HDESCRIPTION =,6A4, 2X,29HMANHOLE T 
1YPE = CONCRETE RING,/) 

GO TO 5 

4 WRITE(2,/6) 8(1,1) ,S(1,2),8(1,3),8(1,;4),8€,5),8(1.6) 
6 FORMAT(1H ,10X13HDESCRIPTION =,6A4,22X,29HMANHOLE TY 
1PE = BRICK 77) 

5 WRETE(2,7) S@L57)ES(1 12) 

7 FORMAT(1H ,10X13HBILL NO 

au, =,F5.2,1HM,/) 

WRITE(2,8) S(1/8),S(1,11) 

8 FORMAT(1H ,10X,13HPAGE NO 

1 =,P5.2,1HM,/////) 

WRITE(2,10) 

98. 

=, A4,22X,15HLENGTH 

=, A4,22X,15HDEPTH
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10 FORMAT(1H , 78HOPERATION * M 

20 Mo SegN PN oN ON. Ss) 

WRITE(2,11) 

11 FORMAT(1H , 78H °—E 

Soy ise Og Ome 28 0 7) 

WRITE(2,12) 

12 FORMAT(1H , 78H 20 

Seas D) 

WRITE(2,13) 

13 FORMAT(1H , 78H * i 

eis 20200 Oe Omer ) 

WRITE(2,14) 

14 FORMAT(1H , 78H 50 

Ome da bee olen D) 

WRITE (2,15) 

15 FORMAT(1H , 78H iD 

1 M U) 

WRITE(2,16) 

16 FORMAT(1H , 78H . 

y Mie Gen Ty R) 

WRITE (2,17) 

17 FORMAT(1H , 78H “N 

1s Te Bye a A) 

WRITE (2,18) 

18 FORMAT(1H , 78H oO 

es Cle N noe nS 2) 

WRITE(2,19) 

19 FORMAT(1H , 78H “M 

15 En cer Dy So 1) 

WRITE(2,20) 

20 FORMAT(1H , 78H * 3B 

LA Reb ob. ow 0) 

WRITE(2,21) 

21 FORMAT(1H , 78H *—E 

Wk Sree hos.) N) 

WRITE(2,22) 
22 FORMAT(1H , 78H *R 

Beare cs Se i elie? ) 
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WRITE(2, 23) 

23 FORMAT(1H , 78H * E 

LR Beek ) 

WRITE (2,24) 

24 FORMAT(1H , 78H . 

ees Ns ) 

WRITE(2,25) 

25 FORMAT(1H , 79H s (mM) (M3) (M2)NO 

1 HRS) 

WRITE (2,26) 

26 FORMAT(1H , 80H . 

1 ) 

IF(S(2,1).EQ.0.0) GO .TO 27 

WRITE (2, 28) 

WRITE (2,261) 

261 FORMAT(1H ,10H ROAD BRK ) 
28 FORMAT(1H+, 80H SCHEER HEE EE EHH HEHEHE EH HED 

LEMP H eee REE EEE EEE EE EH ERE SETH TERE HEE EES) 

WRITH(2,29) CCS(1,d),d=1,16) ,T=25 3) 

29 FORMAT(1H ,10X1H*,F3.0,1X,F4.2,2X,F6.2,2X,F6.2,1X,F3.0, 

L2XGH2,0,1%, FOO ,1X sr 2.0,9%,P2,070X, Fl, 01x, Fa. 0 1x re. O 

DUIK P2051, R20, 2X, F2s0, 2x reac) 

WRITE (2,30) 

30 FORMAT(1H , 80H . 

1 ) 

27 CONTINUE 

WRITE(2,271) 

271 FORMAT(1H ,1OHEXCAVATION) 

WRITE (2,28) 

WRITE(2,29) (S(4,J),J=1,16) 

WRITE(2, 30) 

IF(S(5,1).EQ.0.0) GO TO 31 

WRITE(2,32) 

32 FORMAT(1H ,1OHTRENCH SPT) 

WRITE(2,28) 

I=5 

321 WRITE(2,29) (S(I,J),J=1,16) 
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I=I+1 

LECS(T,1D)SEQ.00) GO TO 33 

GO TO 321 

33 WRITE(2,30) 

31 WRITE(2,34) 

34 FORMAT(1H ,10HBASE BLIND) 

WRITE (2,28) 

WRITE(2,29) (S(15,J),J=1.16) 

WRITE (2,30) 

TF(S(16,1).EQ.0.0) GO TO 35 

WRITE(2,36) 

36 FORMAT(1H ,1OHMANHOLE  ) 

WRITE(2, 28) 

WRITE C2,29) (S(16,0) ,J=1516) 

WRITE(2,30) 

GO TO 37 

35 WRITE(2,38) 

38 FORMAT(1H ,10MANHOLE ) 

WRITE(2,28) 

WRITE (2,299) (S(17,J) ,J=1.16) 

299 FORMAT(1H ,10X,1H*,F3.0,1X,F4.2,2X,F6.2,2X,F6.0,1X, 

UPS20;, 244 F2.0,1%, F2.0 1X ihe .0yaX,F2.0,1X,F2.0,1X, Fa. 

20,1X,F2.0,1X,F2.0,1X,F2.0,1X,F2.0, 2X,F6.2) 

WRITE(2, 30) 

37 CONTINUE 

IF(S(18,1).EQ.0.0) GO TO 39 

WRITE(2,40) 

40 FORMAT(1H ,10HCHANNEL  ) 

WRITE(2, 28) 

WRITE(2,29) (S(18,J),J=1.16) 

WRITE(2,30) 

39 CONTINUE 

IP (S(29 51). -EQ.0.0)\'G TO 41 

WRITE(2,42) 

42 FORMAT(1H ,lOHINSITU SLB) 

WRITE(2,28) 

«LOL.
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WRITE(2,29) (S(19,J),J=1,16) 

WRITE (2,30) 

CONTINUE 

IF(S(20,1).EQ.0.0) GO TO 43 

WRITE(2.44) 

FORMAT(1H ,10HSURROUND  ) 

WRITE (2,28) 

WRITE(2,29) (S(20,J),J=1.16) 

WRITE(2, 30) 

CONTINUE 

IF(S(21,1).EQ.0.0) GO TO 45 

WRITE(2,46) 

FORMAT(1H ,1OHBENCHING ) 

WRITE(2,28) 

WRITE(2,29) (S(21,J),J=1.16) 

WRITE(2, 30) 

CONTINUE 

WRITE (2.47) 

FORMAT(1H ,1lOHBACKFILL ) 

WRITE (2,28) 

WRITE(2,;29) ((S(T.0)j0=1526)),f-22,25) 

WRITE(2, 30) 

WRITE(2,48) 

FORMAT(1H ,lLOHSUMMARY  ) 

WRITE (2,28) 

READ(1,49) Z1,Z2,Z3 

FORMAT (3FO.0) 

I=1 

I=I+1 

IF(S(T,1).8Q+21.) GO) TO 51 

IF(I.LT.4) GO TO 50 

I1=0 

GO TO 52 

Tl=I 

I=4 

T=I+1 

oL02
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56 

SY 

58 

$9 
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IF(S(I,1).EQ.0.0) Go To 54 

IF(S(I,1).EQ.22) GO TO 55 

IP(LsLT 215)! GO Ton53, 

Z2=Z2=1.0 

GO TO 52 

12=0 

GO TO 56 

121 

T=21 

T=I+1 

IF(S(I,1).EQ.Z3) GO TO 58 

TF(L.LT.25) GO To 57 

I3=0 

GO TO 59 

I3=I 

CALL RELDATA(S,I1,12,13) 

RETURN 

END 

SUBROUTINE RELDATA(S,I1,12,13) 

DIMENSION S(25,16),P(11,16) 

IF(11,EQ.0) GO TO 1 

DO 1 J=1,16 

P(1 0) =S (11,9) 

CONTINUE 

DO 2 J=1,16 

P(2,J3)=S(4,J) 

CONTINUE 

IF(I2.EQ.0) GO TO 3 

DO 3 J=1.16 

P(3,J)=S(12,J) 

CONTINUE 

DO 4 I=4,LO 

DO 4 J=1,16 

P(I,J)=S(1411,7) 

CONTINUE 
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DO 5 J=1,16 

PGi ss) =Str3 5.0) 

5 CONTINUE 

CALL SUMTOT(P) 

RETURN 

END 

SUBROUTINE SUMTOT(P) 

DIMENSION P(11,16),C(1,16) 

Dao 

e(1,d)=1-0 

1 J=J3+1 

REG=0.0 

I=0 

2 f=T+) 

IF(P(I,J).GE.REG) GO TO 3 

TP(L.10.41) G0 To. 2 

GO TO 4 

3 REG=P(I,J) 

IP(I.LT.11)) GO! PO 2 

4 C(1,J)=REG 

En(o.be.lo) GO TO 2 

SUM=0.0 

po 5) L=1,11 

SUM=P(I,16)+SUM 

5 CONTINUE 

¢(1,16)=SUM 

WRITE(2,6) (C(1,J),J=5,16) 

6 FORMAT (1H ,26X,F3.0,2X,F2.0,1X,F2.0,1X,P2.0,1X,F2. 

10,1X,F2.0,1X,F2.0,1X,F2.0,1X,F2.0,1X,F2.0,1X,
F2.0 

2,1X,F6.2) 

WRITE(2,7) 

7 FORMAT(1H , 80H CSR TERE EEE EEE EH E DE SEH ESE 

eee enenecenenecereceeseseseeeeen
seeereseeress)
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NOTATION 

Random Fraction 

Dependent Variant 

Positive Integer 

Positive Integer 

Total Activity Quantity 

Quantity produced in period 'm!' 

Time period increment 'i' 

Quantity left after 'm' periods 

Minimum Practical Gang Size 

Standard man-hours per unit quantity 

Operative Performance Index 

Site Performance Index 

Working day duration 

Productive unmeasured time 

Actual Gang Size 

Actual productive man-hours 

Performance forced waiting time 

Total forced waiting time 

Zero Production Coefficient 

Overloading forced waiting time 

Basic Rate 

Plus Rate 

Guaranteed Bonus 

Cost of Living Allowance 

Fall Back Bonus 

Worked overtime 

els 

UNIT 

hrs 

hrs 

hrs 

hrs 

hrs 

hrs 

p/hr 

p/hr 

p/hr 

&/week 

p/hr 

hrs
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Subsistence Allowance 

Travelling Allowance 

Tool Money Allowance 

National Insurance Allowance 

(H.W.P.) Allowance 

(P.H.W.P.) Allowance 

Wet time addition 

Total Productive Bonus 

Total Fall Back Bonus 

Total Guaranteed Bonus 

Actual Attendance 

Total Labour Cost 

Labour cost for a given period 

Total plant cost for a single weekly 

period 

Unit cost of plant type ‘i" 

Total material cost for a single 
weekly period 

Unit cost of material type 'i' 

Transport cost of material type 'i' 

Quantity of material type 'i' in 
activity 'j* 

Unit bonus for plant type 'i' 

Number of Operatives type 'i' required 
for activity 'j' 

Intercept Point 

Adjustments 

Operative class increase 

Slope 

Number of plant type 'i' in activity 'j' 

Actual Attendance 

uNrr 
&/week 

£/week 

&/week 

&/week 

&/week 

£/week 

% 

& 

&
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1. Introduction 

This suite of computer programmes is designed to com— 

bine planning and estimating into a single function. The 

programmes attempt to simulate a working project and in so 

doing, enable the user to estimate the cost of variation 

in operative and site performances, absenteeism and gang 

overloading. The suite is capable of quantifying antici- 

pated fluctuations in labour, plant and material costs and 

of spreading the cost of preliminaries over the project 

activities. Although the suite of programmes is designed 

for use by contractors, it is flexible enough to fit many 

design situations which demand an unbiased cost estimate. 

2. Software Language 

FORTRAN 

3. Development Hardware Configuration 

1905E Central Processing Unit with hardware floating 

point 96K words of 1.8 psec store (K = 1024, word = 24 bits) 

Operators' console, 

Input: 2101 card reader, 2000 cards/minute. 

1916 paper tape reader, 1000 characters/second. 

Output: 1933 lineprinter, 1350 lines/minute, 120 characters/ 

line. 

1925 paper tape punch, 110 characters/second. 

1934 graph plotter, 30" wide, 300 steps/second, 

step size 0.005". 

Magnetic Tapes: 

4 magnetic tape decks using 0.5" magnetic tapes. 

Information is stored across 7 tracks at a density 

woe
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of 556 characters/inch. The maximum transfer rate 

is 20,800 characters/second. 

2 magnetic tape decks using 0.5" magnetic tape. 

Information is stored across 9 tracks at a density 

of 1600 characters/inch. The maximum transfer rate 

is 160,000 characters/second. 

Magnetic Discs: 

4 exchangeable disc drives, each drive holding 

8,192,000 characters stored on 200 trancs. The 

transfer rate is 208,000 characters/second. 

3 exchangeable disc drives, each drive holding 

60,000,000 characters. 

Magnetic Drum: 

7007 

7008 

7010 

1 drum with a storage capacity of 512K (K=1024) words. 

The maximum transfer rate is 100,000 characters/second. 

Multiplexor 

Telegraph Data terminals 

Telephone Data terminal 

In the Main Building, room 416, the following equipment 

is installed:- 

7022 Card reader, 300 cards/minute 

7021 Lineprinter, 300 lines/minute 

Operators' console 

418A teletype terminals.
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4. Programme Configuration and Theory 

The suite (Figure.l) contains eight programmes, each 

of which deal with a different aspect of the project sim- 

ulation. Information generated by each programme is entered 

and stored on ten data files which either output it to the 

lineprinter or retain it for future use. The information 

stored in each data file is given in Table.1. 

TABLE.1. 

File Name Information Stored 

(1) Day Number 
(2) Activity Number 
(3) Ideal Gang Size 
(4) Actual Gang Size 
(5) Productive Man-Hours 
(6) Operative Performance Index 

DAYTA (7) Overloaded forced waiting man-hours 

(8) Performance forced waiting man-hours 
(9) Total forced waiting man-hours 

(10) Productive Unmeasured Hours 
(11) Site Performance Index 
(12) Quantity of Activity Produced 
(13) Quantity left to produce 
(14) Labour Cost 
  

PERTA (1) Lost daily period recorded 
  

ACTRATE (1) Activity Number 
(2) Man-hours per unit of production 
3) Total number of units to be produced 

  

COUNT (1) Total number of different activities 
occurring each week 
  

WEEK (1) DAYTA information summarised and 

grouped into week numbers 

  

LCOSTA (1) WEEK information grouped into week 
numbers and activity numbers 

(2) Week number 
(3) Activity number 
(4) Quantity of activity produced 
(5) Labour cost 
  

<r
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LPCOSTA (1) LCOSTA plus plant cost information 

LMPCOSTA (1) LPCOSTA plus material cost in- 
formation 

LMPSCOSTA (1) LMPCOSTA plus sub-contractor cost 
information 

LMPSPCOSTA (1) LMPSCOSTA plus preliminaries cost 
information 
  

4.1 Day by Day Project Simulation Programme (SIMCOMP) 

The simulation is based on the interdependence exhibited 

by the various project activities. Consequently, it requires 

a Precidence Network for the project as a whole and standard 

man-hours, gang sizes and quantities for each project 

activity. Initially the project is simulated in daily incre- 

ments (figure.2.) which are subsequently sorted into weekly 

summaries, 

The programme configuration (figure.3.) contains three 

prime components:- 

(a) Project Sequencing 

(b) Variable Performance Selection and Manipulation 

(c) Labour Cost 

4.1.1 Project Sequencing Subprogramme 

Project sequencing is used twice during the simulation. 

Firstly, to provide a framework of the project at standard 

performance. Secondly, to adjust the project and activity 

duration according to preselected levels of performance. 

The precedence network is input in matrix form (figure 

-4) in which each activity is positioned by the number and 

description of its immediate predecessors. 

77s
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(SIMCQMP ) 

Figure. 2. 
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CALL Accumulative CALL Mean and Standard 

frequency sub- Deviation Subroutine for 

routine for OPI OPI, SPI, PU, AB       
  

  
         

    

  

CALL Accumulative 
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Calculate Quantity 
Produced       
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onfiguration 
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Figure.4. 

Precedence Network Matrix 

  

  

    

a es 

Activity Number Immediate Predecessors Total Number 

ay 0 1 

2 1 AL 

3 ic 1 

4 ay 1 

5 2 1 

6 3 1 

7 4 as 

8 S i 

9 6 ii 8 3 

Initially the 'Early Starts' for each project activity 

are calculated at standard performance. At this stage, no 

production losses due to varying performance levels are 

considered. 

The simulation start 'PERIOD' (figure 3 ) is set to 

unity and all activities occurring within it are processed 

in turn, the adjusted activity duration being determined in 

the following way:- 

14.
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'Q' produced at Standard Performance 
  

  

  

  
  

  

  
  

    

Adjusted 

ay Q-ay produced at Standard Performance 

Adjusted | Adjusted Q-(q, +45) produced at Standard 

ty dg Performance 

ty to   
Duration at Standard Performance 

Duration after one adjustment period 

Duration after two adjustment periods   
Hence the construction duration time 'Tm' for a single 

project activity after 'm' periods of simulated adjustment 

is given by:- 

ism 

tm = Codes Sub. Com) Ae aos CL.) 

As the period increments are integer steps only, the 

totally adjusted construction duration 'Tc' occurs when the 

quantity left to produce becomes zero. This may not (in 

fact hardly ever) occur on an integer step and hence requires 

adjusting for toverrun'. (Quantity left becoming zero after 

'm' integer steps and before 'm+1' integer steps). Hence:— 

Toes Mm ee Su. (Gn). = 0.0 sBopeuooso anno" 
n 

15.
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or fon = Tm ae) ate eS (On) <0.0 o200.-sscesen (>) 
n 

‘ ism 

where Su.(Qn) = Su (Q- > Chae Jin leneeera Meili ete eater (Clk) 
n n 

eae 

and e= it Baie ey s beak OR) 
Qmn—1. + di \ 

{ Qm 

Equations to inclusive primarily depend on the 

project activity quantity produced, which in turn is deter- 

mined by the production, various waiting times incurred and 

the degree of absenteeism or overloading of labour resources. 

4.1.2 Variable Performance Selection and Manipulation 
Subprogramme 

Performance data required for adjusting the standard 

  

production rate is selected psuedo-randomly for either normal 

or actual (Chapter 3) accumulative frequency distributions 

using the Inverse Transformation Methoa‘?) which assumes that 

the probability of a variate according to 'F(x)* as its 

density function is less than, or equal to, 'x' in the form:- 

Peoulee (<i Peon le corer = FGe...( 59 

where 

rx = Psuedo Random Fraction 

x = The Dependent Variate 

Psuedo-random numbers 'R' being generated using the 

CTT C2) 
Multiplicative Congraential Method » which takes the 

form:—
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R = a. R, , (Mod™) segcopesacaueosln ) 

where Ro = Positive Integer 

a = Positive Integer 

|u| = Large Positive Integer 

(x) Psuedo-random fractions are, therefore, created by 

forming the sequence (aia | 5 

After selecting the relevant performance data for the 

activity being considered, the quantity produced (q) is 

calculated and subtracted from the total quantity (Q). All 

activities occurring are processed in turn in a similar way. 

The quantity produced and total waiting time incurred are 

dependent upon the performance levels anticipated. 

Quantity Produced and Total Forced Waiting Time 

Performance data psuedo-randomly selected either from 

Normal or Actual Distributions is used to determine the 

quantity produced in any one period in the following way:- 

Let ¢ = Operative Performance Index 

S =. Site Performance Index 

Z = Work day per man (hrs.) 

_pu = Productive Unmeasured time (hrs.) 

n = Ideal Gang Size 

na = Actual Gang Size 

Su = Standard Man-hours allowed per unit. 

q = Quantity of work produced 

Ap = Actual Productive Man-hours 

fw = Performance force waiting time 

17.
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by definition 

s ul 100.Su.g G Realities sie ss eC!) 
Ap + Tfw 

s u 100.Sueq sede civeiteieewene ('9 ) 
Ap 

The Total Attendance Man-hours is given by:- 

Z.na = Ap + Tfw + na.pu Baa nec emece scl) 

Now from equations (8) and (9 ):- 

Tfiw = 100.Su.q. _ re } 
s @ 

Hence Tfw = 100. Su-4- GL SUS / GS) esate ote oier~ wee tds) 

and q = on ae eta he eine ocean) 
100. Su. (1-87) 

The total force waiting time 'Tfw' is assumed to have 

two prime components:— 

(a) ¢fw or ufw, one or the other depending on 

whether the gang pa loventesded or underloaded 

respectively. 

(b) fw natural forced waiting derived from the 

differences in performance between 'g' and 'S'. 

When there is no absenteeism or overloading, the total forced 

waiting time 'Tfw' is dependent upon the performance dif- 

ferences only. 

Tew = fw = na.(S = pul. (1 = 8/9) .e2----- (13) 
  

However, if the gang becomes overloaded 'Tfw' is modified 

depending upon the degree of overloading. 

18.
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Tfw = fw.+- dfw 

oe Tfw = na. (Z- pu). (1-S/g) + (na - n).(2 - pu) 

Tiw = (2 ~ pu). {na (1-S/d) + (na-n)} Seitcwoet le) 
  

If there is absenteeism, the total forced waiting time 

is again increased, but only to a certain critical point at 

which production must cease. This level is denoted by 'x!' 

and the relationship between the forced waiting time 'fw' 

is assumed to be linear. 

  

  

Thw 

(na-n) 

= a ee ee ep perelimit.. Caw ="nate—pu) 

te ewieg ee lower limit Tfw = 
na(Z-pu).(1-S/d) 

+ve 
nt 

production ceases nt, = on 

s f g 
Hence Tfw = -m.n +E 

, 
where Cc. = na.(Z-pu).(1-S/¢) 

mas Aa (Z-pu) = _na(%-pu) (1-S/o/) 
on 

m = na(Z-pu) (1 - (1-S/d)) 
on 

m = na (Z-pu) S 
~.n.gd 

219.
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Tfw = na(Z-pu)(1-S/d) - na(Z-pu).S.(na=n) 
“n.d 

TEw = na(é-pu) (1-8/4) = s(na-n) | 

xX.ned 

T£w = na (d-pu) {2 - sv - stnaca)} -.+++++-(05) 

o.n. 

An average value of = - 0.5950 was established which 

implies that production ceases when:= 

na 0.4050.n (or 59.5% absenteeism) 

4.1.3 Labour Cost Subprogramme 

The programme 

of which 

(1) 

(2) 

(3) 

(4) 

(5) 

All direct labour in the above categori 

a 100% incentive scheme o 

(SIMCOMP) accepts five labour types, all 

are commonly used during estimating. They are:- 

Working Foreman 

Gangers 

Tradesmen 

Skilled Labourers 

Labourer 

Department. 

Let b 

P 

= Basic Rate 

= Plus Rate 

= Guaranteed Bonus 

= Cost of Living Allowance 

= Fall Back Bonus 

= Work Overtime 

= Subsistance Allowance 

" 
hy 

es is included in 

perated by the Company's Production 

(p/hr. ) 

(p/hr.) 

(p/hr. ) 

(£/week) 

(p/hr.) 

(hrs. /week) 

(S/week)
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t = Travelling Allowance (£/week) 

= = Tool Money Allowance (£/week ) 

n’ = National Insurance Allowance (T/week) 

h = H.W.P. Allowance (£/week) 

p’ = P.H.W.P. Allowance (£/week) 

wl = Wet Time Addition (%) 

ct = Adjustments : 

ae Operatives Class Increase (%) 

pb = Total Productive Bonus 

fb = Total Fall Back Bonus 

gb = Total Guaranteed Bonus 

= Maximum attendance possible (hrs. ) 

zg = Actual Attendance (hrs. ) 

from equation (10 ) 

gi & Ap (+e 2iw a pu, 

For 100% incentive scheme 

pb = p.clt ap @ - 1.0 Bie eieis a's ties sisi LO7), 
15.0 

and fb = £29 (Pew + pu) Aiea aera ais aie/e soleil): 

and gb = g.3t 
3 spe ew ears e vie ele 5 wie LG), 

Therefore, the total Bonus paid 'Tb' is given by the 

greater of 

Mb) pda fb or gb + £b --~-p/hr. ....(19) 
T T (2° - w) (a= a) 

o2le
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The total wage is made up broadly of five segments:- 

(1) Overtime 

(2) Bonus and Basic 

(3) Allowances 

(4) Wet Time Addition 

(5) Adjustment 

Hence, the total labour cost Ty is given by:- 

Te a= pow D + (b + p + Tb) (zt -_w) + 
100.0 100.0 

le es te tmaen hee e 

+ wt 1.5.wb + (b + p+ Th) (ew) + eal pes (26)) 
100.0 100 100 

Hence the total labour cost (L) for a given period con-— 

  

  

  

taining 'n' activities and 'm' categories of labour 

L = Cij.Tei)— (nj - naj) Ci, Bei wa hOD) 

  

where 'i!' in the latter part of equation 21 is chosen at 

random from the gang and ici takes the value of zero if there 

are no operatives of type 'i' present and unity if there are. 

4.2 Weekly Summaries (WEEKSUM), (WEEKADD) 

These programmes perform two ancillary functions. Firstly 

WEEKSUM (figure 5 ) sorts the daily performance, production 

o22e
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and labour cost data into weekly and activity categories. 

Secondly, WEEKADD (figure-6.) calculates and outputs to the 

lineprinter the anticipated production information which is 

summarised in period totals, accumulative period totals, 

activity totals and accumulative period totals (a typical 

output produced by WEEKADD is given subsequently. 

4.3 Plant Cost Addition (PLANT1) 

A maximum of ten types of plant are analysed by this 

programme (figuré-7.), the cost of each being calculated in 

the following way:~ 

iz10 

Cpj = (epi + bpt).«Npij 9. .cese es scewcce es (22) 

isl 

where 

Cpj = Total plant cost for a single weekly period 

cpi = Unit cost of plant type ‘i! 

bpi = Unit bonus for plant type 'i' 

Npij = Number of plant type 'i' in activity 'j'. 

Activity and week number information is used from files 

LCOSTA and COUNT to produce a new file LPCOSTA. Plant hire 

rates per week or per hour are accepted by the programme. 

The labour cost file LCOSTA is retained so that amendments can 

be made to the plant data without having to re-run the whole 

of the simulation programme. 

«236
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Figure. 7. 
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4.4 Material Cost Addition (MATERIAL) 

This programme (figure.8.) calculates and adds the 

anticipated material costs to the previously created LPCOSTA 

file, to create LMPCOSTA. 

Material and transport costs per specified quantity are 

required by the programme. The material cost for ‘mt types 

of material per activity being calculated in the following 

way:— 

ism 

Cnj =. xij (cmi + Tmi) ........-----(23) 
Q : 

a-0 

where 

xij = Quantity of. material type 'i' in the 
activity being considered i 

cmi = Unit cost of material type 'i' 

Tmi = Unit cost of transport for material type 'i' 

Cmj = Total material cost for a single weekly 

period for activity 'j'. 

If required, the programme calculates material cost 

increases from anticipated percentage increases. The in- 

creases may be applied to all or some of the material types 

in any pre-determined period range, a linear increase being 

pesumed peuween the period range limits. If the period in 

which the material used is underestimated, then the material 

iis assumed to increase in cost at a rate given by the previous 

cost increase period used by the programme. 

28.
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MATERTAL/SUBCONTRACTORS 

  

ACTRATE 

    

   

     

  

Read quantity of 
material per activity 

matrix B 

Call BINCREASE Subroutine - >¢—- Increase size of 
B to include act- 
ivity quantity 

  

  
  

     

  

   
        

   

    Call CFORM Subroutine I~ -Pq- - Create a new matrix | 
o ‘c® from B to con— 

tain material quan- 
tities/unit activity 

quantity 
Read labour, plant / 

and week label 
data from file / eee 

is on Read Cost Increases / 

' J 
La aed 

Call SNEWA Subroutine = Calculate new matrix 
A in accordance with 
anticipated cost in- 

creases 

  

  

      

  

COUNT 

  

  

  

  

Call DFORM Subroutine F-M-~ Calculate material 
cost/unit of measure 
from matrix C to form 

matrix D 

  

  

  

Call EFORM Subroutine [77] Total material cost 
from matrix D (per 
unit activity quant- 
ity) to form E 

            
22%.



a2l. 

  

Call MATCOST Subroutine Ft —- 
  Calculate total mat— 

erial costs from E 
and add to LPCOSTA 

  

        

  

     
NO 

    activities processe 

   
     

Create 
new file 

  

    

Pigure.8 . 

-30.



soe. 

4.5 Subcontractor Cost Addition (SUBCONTRACTORS ) 

Subcontractor costs are calculated using a similar pro- 

gramme structure to that used for material cost addition. 

However; increased subcontractor costs are not included at 

this stage. 

The programme reads from files LMPCOSTA and COUNT to 

form LMPSCOSTA, LMPCOSTA being retained for possible future 

use. 

Refer to figure .8. and section4.4 for the programme's 

flow diagram and theory. 

4.6 Preliminaries Cost Addition (PRELIMS ) 

Preliminaries costs, which are time pases costs (Super- 

vision, Multi-purpose Plant etc.) are calculated and stored 

on file LMPSPCOSTA. 

The programme (figure.9.) apportions preliminaries costs ¥ 

over specified activities and period ranges. An unlimited 

number of preliminaries may be processed. On completion of 

the simulation, this programme can be used to re-arrange the 

amount of money applied to any activity at any time period. 

4.7 SUMMARY Programme 

This programme (figure-10) uses the information stored 

on file LMPSPCOSTA. The information is stored and antici- 

pated labour, plant, sub-contractor and preliminaries cost 

increases are applied and the results re-stored and output to 

the lineprinter. The summary produced contains activity ' 

totals, accumulative activity totals, period totals and 

ae



adese 

accumulative period totals. Subsequently, two tables are 

produced which give the total net cost and net cost rate for 

each activity. A typical output summary is given subsequently. 

mony
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PRELIMINARIES 

Gan) 

Read preliminaries 
information, create 

matrix PR 

  

  NO 

Read labour, material 
and plant data, and 
week/activity labels 

   
   

  

     

     
   
   

  

LMPSCOSTAI 

  

  
Call PRELIM Subroutine 

  

Distribute pre- 
  

    
      

    

    

  

B 

All activities 
considered 

YES 

cre 

  

  

  

Figure.9 . 

ooas 

liminaries over 
relevant act— 
ivities in spe- 
cified periods       

LMPSPCOSTA 
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SUMMARY 

Start 

Read labour, plant, subcontractors 
and preliminaries cost increases 

Read labour,materials, 
plant, subcontractor 

preliminaries and 
week/activity labels 

  

    
    

  

                
  

    

  

11 AVARADJ Subroutine In 

Output each 
activity in period 

Calculate period totals 

Output period 
totals 

Calculate eee ee 
period totals i 

7 Adjust for | 
period cost increases 

  

  

  

      

  

    

      Output accumulative 
period totals         

34.
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| 
Call ACTACCUM Subroutine [~M-7 Calculate accu- 

mulative activ— 

Output acc 
ac 

  

  

      

    ity totals 
  

  

   
    

  

  
    

    
   

     

      

e 
All activities 

processed 

Output table 
of total activ— 
ity nett costs 

Output table 
of total activ— 
ity nett rates \ 

   

     

  

    
         

per unit 
quantity 

FPigure.10. 
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5.1 Restrictions 

(a) All dimensions should be metric. 

(b) The data should be 'right bias'. 

5.2 Simulation Programme (SIMCOMP) 

This programme sets up the following ‘card punch files':- 

(1) ACTRATE ) 
) 

(2) PERTA ) Refer to table .1. 

) 
(3) DATA ) 

5.2.1 Network and Resource Input 

Card Number Field Input Description 

1 dl COS Total number of activities 

in network. 

6 to 10 Maximum number of pre- 

decessors. 

Ti to, 15 Number of hours in a work- 

ing day. 

2 1 to 4 Maximum number of pre- 

decessors plus 2. 

3 tO 55 Activity number. 

Geto 1S Standard man-hours per unit 

of activity production. 

16 "to 25 Total activity quantity. 

26° to 30 Recommended gang size 

(labour only). 

SI to 35 1 if the activity is com- 

pleted by subcontract 

labour only. Otherwise 

leave blank, 

22
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There must be as many card 3's as there are 
activities. 

Card Number Field Input Description 

4 1 to 5 Activity number. 

6 to 10 ) 
) 

Ee : Entry activity numbers. 

16 to 20 2 
) 

etc ) 

x to x+5 Total number of entry 

activities. 

There must be as many card 4's as there are 
activities. 

5.2.2, Performance Input 

i . 

5 prime starters 

2 * 1 if standard normal dis- 

tributions are to be used. 

O if natural distributions 

are to be input. 

If O was entered, proceed with section 5.2.2.1 if 1 
was entered, start section 5.2.2.2 

5.2.2.1 Natural Distribution Input 

Card Number Field Input Description 

1 Arata 1S Number of rows of distri- 

bution data. 

+39.
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Card Number Field Input Description 

2 1 tors Operative performance index. 

6 to 10 Frequency of occurrence. 

® COE Number of rows of distri- 

bution data. 

4 1 to. 5 Site performance index. 

“6 to 10 Frequency of occurrence. 

5 Ire ors Number of rows of distri- 

bution data. 

6 L405 Productive unmeasured data 

(%). 

6 to 10 Frequency of occurrence. 

1 tte 3 Number of rows of distri- 

bution data. 

8 Lae 5 Absenteeism and overloading 

data (%). 

6" to. £0 Frequency of occurrence. 

There must be as many card 2's, 4's, 6's and 8's 
as there are rows of distribution data. 

Proceed with Section 5,2.3 

5.2.2.2 Standard Normal Distribution Input 

Card Number Field Input Description 

a > Mean operative performance 

index. 

% O.P.I. standard deviation. 

2 * Mean site performance 

index. 

, S.P.I. standard deviation, 

-40.



Card Number Field 

If O was entered, 

v ecOeS. 

e336 

Input Description 

Mean productive unmeasured 

time. 

P.U. standard deviation. 

Mean Absenteeism and over- 

loading. (A/0O) 

A/O standard deviation, 

1 if the performance data 

is to vary through the 

contract duration. O if 

it is not, 

proceed with section 2.3. 

6 to 10 

a1 

16 

22 

28 

34 

40 

46 

52 

58 

to 

to 

to 

to 

to 

to 

to 

to 

to 

ae 

21 

27 

33 

39 

45 

51 

57 

63 

Number of rows of data. 

Activity number, 

Variation start day number. 

Variation finish day number 

New mean O.P.I, 

New O.P.I. standard devia— 

tion, 

New mean S.P.I. 

New S.P.I. standard devia- 

tion. 

New mean Pu (%) 

New 'Pu' standard devia- 

tion. 

New mean A/O (%). 

New A/O standard deviation. 

If O is entered for the new performance, the originals 

input on cards 1 to 4 inclusive will be assumed. 

es



5.2.3 Labour Cost Input 

sao 

Complete Table.2. and enter each row onto separate 

cards in the following way:- 

Card Number Field 

To be entered from Table.1. 

1 to a5) * 

16 LD to.$ 

6 to 10 

Teo rus) 

16 to 20 

2Letone5 

26 to 30 

Input Description 

Working foreman wage data. 

Ganger wage data. 

Craftsmen wage data. 

Skilled labourer wage data, 

Labourer wage data. 

Activity Number. 

Number of working foremen. 

Number of Gangers. 

Number of craftsmen. 

Number of skilled 

labourers, 

Number of labourers. 

There must be as many card 16's as there are 
activities. 

5.3 Plant Cost Addition Programme (PLANT1) 

This programme reads from, and creates, the following 

files: 

(1) LCOSTA ) 

) 
(2) COUNT ) 

(3) LPCOSTA 

Input Data 

(creates) 

eae.
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Table.2. 

Wage Composition 

  

  

  

S n n 
d ro 4 

os a eo | od 0 
ao S a oy 4 

Element Description Unit eee et eae S 
wu S o© Jada] a 
00 0 4 | Xo ‘O 
Sh oO Uv nod 4 

sls Basic Rate p/hr 

2 Plus Rate p/hr 

3 Guaranteed Bonus p/week 

4 Cost of Living 
Allowance &/week 

5, Fall Back Rate p/hr 

6 Worked Overtime hr/week 

t Subsistence 
Allowance &/week 

8 Travelling 
Allowance £&/week 

9 Tool Money Allow- 
ance £/week 

10 Graduated Pension 
& National In- &/week 
surance 

LD H.W.P. &/week 

12 P.H.W.P. &/week 

1 Wet Time Allow- 
ance % 

14 Adjustments x 

us Operatives class 
Adjustment x               
  

Where variables are not included, input 0.0 

43. 

 



5.3.1 Plant Cost Input 

Card Number Field 

Iter ze 

di “to: 20 

335. 

Input Description 

Total number of activities. 

Number of hours in a 

working week. 

Complete table.3. and enter each row on separate 

cards in the following way:- 

2 tomy 

8 to 14 

15 

ae 

29 

36 

43 

50 

57 

64 

to 

tO 

to 

to 

to 

to 

to 

to 

ea 

28 

35 

42 

49 

56 

63 

70 

pe tor Ly, 

8 to 14 

15 to 22 

ae 

29 

36 

43 

50 

oe 

64 

to 

to 

to 

to 

to 

to 

to 

28 

3 

42 

49 

56 

63 

70 

ata 

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

Hire Rates. (£) 

1 if hire rate/hr. 

0 if hire rate/week.



336. 

Table.3. 

PLANT RATES 

  

  

  

  

  

      
  

  

  

PLANT TYPE 

Ss 4 5 6 9 10 

Hire Rate 
& 

Hire rate/hr 
énter 1 ,hire 
rate/week, 
enter O. 

& 

Bonus or 
fuel 
addition 
per week. 

Table. 4. 

MATERIAL RATES 

MATERIAL TYPE 

a 4 5 6 o 8 OT Glee Ss Le 
  

Cost/Unit 
x 

  

Additional 
Cost/Unit 

& 
    Unit   
  

45. 
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Card Number Field Input Description 

4 1 stow? ) 

8 to 14 ; 

1S tore) ; 

22-028 ; 
: ) Bonus or fuel addition 

29° to 35 ) 
) per week. (£) 

36 to 42 ) 

43 to 49 } 

50. to S56 ; 

57° to 6s 5 

64 to 70 } 

5 I to''S) Activity Number. 

6 to 12 Number of plant type l. 

13 to 19 Number of plant type 2 

20 to 26 Number of plant type 3. 

27, £0 35 Number of plant type 4. 

34 to 40 Number of plant type 5. 

41 to 47 Number of plant type 6. 

48 to 54 Number of plant type 7. 

55 to 61 Number of plant type 8. 

62 to 68 Number of plant type 9. 

69 to 75 Number of plant type 10. 

There must be as many card 5's as there are activities. 

+46.
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5.4 Material Cost Addition Programme (MATERIAL) 

This programme uses and creates the following files:- 

(1) 

(2) 

(3) 

(4) 

LPCOSTA 

COUNT 

ACTRATE 

LMPCOSTA 

) 
) 
; Input Data 

) 

created 

5.4.1 Material Cost Input 

Complete table.4. 

in the following way:- 

Card Number 

and 

Field 

deton's 

6 to 10 

ii 

16 

21 

26 

31 

36 

4l 

46 

51 

56 

61 

66 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

LS) 

20 

25) 

30 

35) 

40 

45 

50 

55: 

60 

65 

70 

247. 

enter each row on separate cards 

Input Description 

Cost/Unit in &. (Table. 4.)



Card Number 

2 

Field 

toes 

6 to 10 

TLS O75: 

16 to 20 

ZN TO! 25 

26 to 30 

3F to735 

36 to 40 

41 to 45 

46 to 50 

51 0" 55 

56 to 60 

61 to 65 

66 to 70 

eto S| 

6 to 10 

11 to 18 

16 to 20 

Zl to 125 

26 to 30 

SL tOmso 

36 to 40 

41 to 45 

46 to 50 

-339. 

Si to 55 

56 to 60 

61 to 65 

66 to 70 

48. 

input Description 

Additional Cost/Unit (Table.4.) 

Unit (Table.4.)



Card Number Field 

4 1 to 5 

6 to 10 

abe 

16 

eel 

26 

31 

36 

4l 

46 

52 

56 

61 

66 

71 

to 

co 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

15 

20 

25) 

So 

35 

40 

45 

50 

55 

60 

65 

70 

15 

340. 

Input Description 

Activity Number 

Quantity 

Quantity 

Quantity 

Quantity 

Quantity 

Quantity 

Quantity 

Quantity 

Quantity 

Quantity 

Quantity 

Quantity 

Quantity 

Quantity 

5.4.2 Material Cost Increases Input 

Card Number Field 

of 

of 

of 

of 

of 

of 

of 

of 

of 

of 

of 

of 

of 

of 

material 

material 

material 

material 

material 

material 

material 

material 

material 

material 

material 

material 

material 

material 

type 1. 

type 2. 

type 3. 

type 4. 

type 5. 

type 6. 

type 7. 

type 8. 

type 9. 

type 10. 

type 11. 

type 12. 

type 13. 

type 14. 

input Description 

Number of data rows. 

If O was entered, proceed with section 5.0. 

2 i toes 

6 to 10 

ii te 15 

16 to 20 

+49, 

Increased cost start week 

number. 

Increased cost finish week 

number. 

% rise for material type 1. 

% rise for material type 2.



Card Number Field 

2 tore5 

26 

Su 

36 

41 

46 

41 

56 

61 

66 

v2 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

30 

35 

40 

45 

50 

55 

60. 

65 

70 

US 

76 to 80 

341, 

w
o
e
 

Bw
 

Ww
 

BW
 

WwW
 

WB 
BW
 

BW
 

BW
 

BW 
we

 

There must be as many card 2's 
specified by card, 1. 

input Description 

PLE tor 

rise for 

Zisesror 

vise for 

rise for 

rise for 

tise for 

rise for 

rise for 

wise for 

rise for 

rise for 

as there 

material type 

material type 

material type 

material type 

material type 

material type 

material type 

material type 

material type 

material type 

material type 

material type 

are rows, 

5.5 Subcontractors Cost Addition Programme (SUBCNTR) 

This programme reads from the following files:- 

(1) ACTRATE 

(2) LMPCOSTA 

(3) COUNT 

and creates 

(4) LMPSCOST. A 

Refer to table.1l. 

5.5.1 Subcontractors Cost Input 

Complete table.5. 

in the following way:- 

and enter each row, 

250. 

10. 

ll. 

12. 

13. 

14, 

on separate cards,



Card Number Field 

I tons. 

6 to 10 

and 

16 

21 

26 

Sue 

36 

41 

46 

SL 

56 

61 

66 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

aly 

20 

20 

30 

35 

40 

45 

50 

55 

60 

65 

70 

eoeG 

6 to 10 

il 

16 

21 

26 

3 

36 

41 

46 

Sil 

56 

61 

66 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

Lo 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

342, 

ool. 

Input Description 

Cost/Unit (£) (Table.5.) 

Additional cost/unit (£) 
(Table.5.)
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Table. 5. 

SUBCONTRACTOR COSTS 

  

SUBCONTRACTOR TYPE 
  

Simin O) Gis eee Ole di ue ess 14 
  

Cost/Unit 

& 
  

Additional 
Cost/Unit 

& 
    Unit      



Card Number 

8 

Field 
Ty ORS: 

Sito LO, 

iT ite £8 

16 to 20 

Chto. eS 

26 to 30 

Sito S5 

36 to 40 

41 to 45 

46 to 50 

51. to755 

56 to 60 

61 to; 65 

66 to 70 

1 to 5 

6 to 10 

ii to 15 

16 to 20 

2S EG 125) 

26 to 30 

Sate 335) 

36 to 40 

41 to 45 

46 to 50 

SL to 55 

56 to 60 

344, 

aa. 

Input Description 

Unit (Table.5.) 

Activity 

Quantity 

Quantity 

Quantity 

Quantity 

Quantity 

Quantity 

Quantity 

Quantity 

Quantity 

Quantity 

Quantity 

Number. 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

be 

be 

be 

be 

be 

be 

be 

be 

be 

be 

be 

allotted 

allotted 

allotted 

allotted 

allotted 

allotted 

allotted 

allotted 

allotted 

allotted 

allotted 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

s/c 

s/c 

s/c 

s/c 

s/c 

s/c 

s/c 

s/c 

s/c 

8/c 

s/c 

o
n
 

10 

Eb
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Card Number Field 

61 to 65 

66 to 70 

TL to 75 

Input Description 

Quantity to be allotted to s/c 12 

Quantity to be allotted to s/c 13 

Quantity to be allotted to s/c 14 

4 

5.6 Preliminaries Cost Addition Programme (PRELIMS ) 

The programme uses one, creates the following 'card 

punch' files:- 

(1) LMPSCOSTA ) 
) 

(2) COUNT ) 

(3) LMPSPCOSTA Bs 

5.6.1 Preliminaries Cost Input 

Card Number Field 

i * 

2 Sl cO 85) 

36 to 40 

41 to 45 

oA. 

Input Data 

created 

Input Description 

Number of preliminaries. 

Activity number over which 

the preliminaries are to be 

spread. Enter 0 if all 

activities are to be included. 

Start week number. Enter O 

if the spread is to start 

as soon as the activity 

occurs. 

Finish week number. Enter O 

if the spread is to stop 

when the relevant activity 

stops.
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Card Number Field Input Description 

46 to 55 Preliminaries cost/period 

(£). 

56 to 60 Period. 

5.7 Summary Programme (SUMMARY) 

This programme reads from the following ‘card punch" 

files: 

(1) LMPSCOSTA 

(2) COUNT 

5.7.1 Increased Cost Input 

Card Number Field Input Description 

Ae Number of lines of increased 

costs. 

If O was entered, omit the remainder of this section. 

2 = Start week number for in- 

creased costs. Enter O if 

the increase is to start at 

the beginning of the contract 

period. 

- Finish week number for in- 

creased costs. Enter a 

large integer figure if 

duration is unknown, 

0556
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Card Number Field Input Description 

, % increase in labour cost 

in period. 

* % increase in plant cost 

in period. 

. % increase in cost of sub- 

contractors in period. 

* % increase in cost of 

preliminaries, 

There must be as many card 2's as specified in 
card 1. 

5.8 Example Input and Output 

The following six activity networks will be analysed to 

illustrate the method of data input and the output produced. 

4 

y
R
 3 

Refer to the following tables of data and the data input 

sheets. 

56.
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2357. 

LIS? (LP) 
LIST (LP) 
PROGRAM (FXXX) 
INPUT 1 = CRO 
OUTPUT 2 = LPO 
OUTPUT 4 =CPO 
OUTPUT 6 =CP1 
OUTPUT 8 = CP2 
COMPRESS INTEGER AND LOGICAL 
EXTENDED 
TRACE 2 
END 

MASTER 
DIMENSION A(100,2),A1(100, 5), B(100,100) ,Cc(100,7), 

1FMT (4) 
DATA FMT(1)/' (1/7, FMT (3)/'F5.0'/,FMT(4)/') v7 
READ(1,50) N,IW,Z 
FORMAT( 215,F5.2 ) 
FMT(2)=IW+2 
READ(1,577) FMT(2) 
FORMAT (A4) 
WRITE(2,109) N,IW,Z 
FORMAT (1H ALOXG LS LOK LS 5 LOK, Boe 2) 
WHERE N-NUMBER OF ACTIVITIES 

IW=MAXIMUM NO OF ENTRIES 
WRITE(8,110) N 
FORMAT (I5 ) 
DO 100 I=1,N 
READ(1,52) "al (I, VN, ALCL, 2), ALCL, 4), ALCL; 4) Al (t,5) 
FORMAT( F5.0, 2Fi0. A, F5. }, F5.0 
WRITE(8,111) Al(I, 5 Al (I, 2) ,AL(Z, 3) 
FORMAT (P5.0,2F10. 3) 
C(,5)-AL(T,3) 
C(I,7)+AL(1,5) 
ACT, Fis SAL Cr: 1) 
A(I,2)=A1(J,2)*A1 (1,3) 
A(I,2)+A(I,2)/(A1(I,4)*Z) 
WRITE (2, 101) I ,A(T, 15m Wii, Sev kyo) 
FORMAT (1H ,10X,15, 10X}F5. 6, 10x, F10.3,10X,F10.3) 
CONTINUE 
TW=IW+2 
READ(1,FMT) ((B(I,J),J=1,IW),I=1,N) 
WRITE (2, FMT) ((B(1I,J),d=1,2W) ,I=1, ™) 
CONTINUE 
DO 199 I=1,N 
C(1,1)=0-0 
C61; 2) 20.0 
Cr, 3)=0.0 
CONTINUE 
CALL SEQ2(A,B,C,N,IW) | 
DOnsso) dal, N 
G(T, 4)=A(1T, 2) 
CCL 7) =C(L, 7) 
GK 59 =C.00415)) 
C(I,6)=A1(I,4) 

GG.



WRITE (2,557) GCL, 1) Chao, CGR, 3) 51,4) ,C( a5) C(t, 6) 

Meola) 
557 FORMAT(1H ,F5.0,5X,F10.3,5X,F10.3,5X,F10.3,5X,F10.3,5 

1X, F5.0; 5x, F5.0) 
555 CONTINUE 

CALL (VPS(A,C,N,Z,B,1W) 
STOP 
END 

SUBROUTINE SEQ2(A,B,C,N, IW) 
DIMENSION A(100, ). B9100, 100) ,c(100,7) 
I=0 

54 I=I+1 
IF (B(I,IW).EQ.1.0) GO TO 55 
IF(B(I,IW).EQ.0.0) GO TO 56 
K=2 
ZLIM=B(1I, IW) 
ESTART=0.0 

92 ACT=B(I,K) 
CALL SEARCH(C,N,ACT,EFINISH) 
IF (EFINISH.GE.ESTART) GO TO 57 
CC ig Cn, 1), 
C(E,2)=01,.2) 
CCE BI =C(2 73) 
ESTART=C(I,2) 

91 ZLIM=ZLIM-1.0 
IF(ZLIM.GF.1.0) GO TO 58 

90 CONTINUE 
IF(I.LT.N) GO TO 54 
GO TO 80 

55 ACT=B(I,2) 
CALL SEARCH(C,N,ACT,EFINISH) 
Cit eB GL, 1) 
eC 2 EFINISH 
€(1,3)=C(1,2)+A(1,2) 
Go TO 90 

56 C(r 2) =Bir 2) 
C2 -O 
C(I, 3)=C(1I,3)+A(T,2) 
GO fo 90 

STC Wy amOn le 
C(I, 2)=EFINISH 
C(I, 3)=C(1,2)+aA(1,2) 
ESTART=C(I,2) 
GO TO 91 

58 K=K+1 
GO TO 92 

80 CONTINUE 
RETURN 
END 

    

     

  

SUBROUTINE SEARCH(C,N,ACT,EFINISH) 
DIMENSION C(100,7) 
M=0 

93 M=M+1



96 

94 
95 

35 
34 

Le 

1277 

127) 

TAY 
23 

21 

1103 

1102 

128 

+359. 

IF(C(M,1).EQ.ACT) GO TO 94 
IF(M.LT.N)GO TO 93 
WRITE (2,96) 
FORMAT (1H ,10X,19HERROR IN SUBROUTINE) 
GO TO 95 
EFINISH=C(M, 3) 
CONTINUE 
RETURN 
END 

SUBROUTINE VPS(A,C,N,Z,B, IW) 
DIMENSION R(27,2) ,H(200,4) ,F(200,4)C(100,7),A(100,2), 

1E(200,4)B(100,100) ,2P(100,1) ,W(15,5) ,W1(100,6),SF(100 

2,11) ,ST(1,11),QA(200,49) "+ 
UM1=2.0**16 : r 
CALL INPRIME(R20,R21,R22,R23,R24) 
DO 34 I=1,27 
READ(1,35) R(I,1),R(1,2) 
FORMAT( F5.3,F6.3) 
CONTINUE 
CALL RDA(NORM) 
IF (NORM.EQ.1) GO TO 127 
CALL FREQOPI(NROWS ,F) 
CALL FREQSPI(IROWS,F) 
CALL FREQPU(JROWS ,H) 
CALL FREQAB(KROWS , QA) 
GO! TO 1271 
CALL RDB(OMEAN,OSTDEV, SMEAN , SSTDEV,PMEAN ,PSTDEV, ZMEAN , 

1STDEV) 
READ(1,1277) IVAR 
FORMAT (IO) 
IF(IVAR-EQ.0) GO TO 1271 
CALL PERA(SF,NA,OMEAN,OSTDEV, SMEAN,SSTDEV,PMEAN, PSTDE 

1V,ZMEAN, STDEV, ST) 
ZI=1.0 
CALL WAGRID(W) 
CALL ACTRID(N,W1) 
DO e777) =1,N 
ZE( Tg )=0.0 
CONTINUE 
I=0 
T=I+1 

DS1=C(I,3)-C(I,2) 
DS=DS1 
EF(ZL.LT.C(I,2))) GOTO 5 
IF(C(I,5).GT.0.0) GO TO 6 
Go TO 5 
Q=C(T, 5) 
IF(NORM.EQ.1) GO TO 128 
CALL RANDOPI(OP ,NROWS,E,UM1,R20) 
CALL RANDSPI(SP,IROWS ,F,R21,UM1) 
IF(SP.LE.OP) GO TO 1102 
GOTO 1103 
CALL RANDPU(PU,JROWS ,H,R22,UM1) 
CALL RANDAB(S,KROWS,QA,R24,UM1) 
GO TO 129 
CONTINUE



ld, 
1280 
130 

isk 

129 

1001 

1002 

1003 

24 

360. 

cti=d(r,1) 
IF (IVAR.EQ.0) GO TO 1280 
CALL VARSEL(SF ,CI1,2ZI,OMEAN, OSTD 
1PSTDEV, ZMEAN, STDEV,NA, ST) 
WRITE (2,71)Z1,CI1,OMEAN,OSTDEV,S 

1DEV, ZMEAN , STDEV 
FORMAT(1LU ,2F5.0,2X,8F6.2) 
CALL NORMOPI(R20,UM1,OP,R,OMEAN, 
CALL NORMSPI(R21,UM1,SP,R,SMEAN, 
IF(SP.LE.OP) GO TO 131 
GO TO 130 

EV, SMEAN, SSTDEV, PMEAN , 

MEAN , SSTDEV,PMEAN , PST 

OSTDEV) 
SSTDEV) 

STDEV) CALL NORMPU(R22,UM1,PU,R,PMEAN,P 

CALL RANDMAN(R23,UM1,S,R,ZMEAN , STDEV) 

CONTINUE 
PU=Z*PU/100.0 
$0=Q/DS 
BACK1=S*C(1,6)/100.0 
ZNA=C(I,6)-BACK1 
ZNL=ZNA-C(1,6) 
ZN=C(1,6) 
TEST=-2.0*%C(I,6)/3.0 
IF(ZNL.LT.TEST) GO TO 1001 

IF(ZNL.LE.O.0) GO TO 1002 
OFW=Z-PU 
OFW=ZNL* OFW 
DIF=Z-PU 
RAT=1.0-(SP/OP) 
FW=ZNA*DIF*RAT 
GO TO 1003 
OFW=0.0 
FW=ZNA* (Z-PU) 
GO TO 1003 
OFW=0.0 
BACK2=SP/OP 
SMID=3.0*SP*SNL/(2.0*OP*C(I,6)) 

BKT=1.0-ZMID-BACK2 
DIF=Z-PU 
PW=ZNA*DIF *BKT 
TFW=FW+OFW 
DIF=Z-PU 
PRI=ZNA*DIF 
APMH=FRT-TFW 
TO CALCULATE QUANTITY PRODUCED 

ZINS=ZNA* (Z-PU) 
BTM1=C(I,4)*100.0 
TP2=ZINS-TFW 
X=OP *TP2/BIML 
IF(Q.GE.X) GO TO 24 
Q2=0.0 
DS1=Q/X 
X=Q 
APMH=C(I,4)*X*100.0/0P 
TPW=ZINS—APMH 

ACL, 2yensi42P Ce, 1) 
C(I,5)=0.0 
GO TO 25 

Q1=Q-X



9001 
9902 

901 

900 

904 

903 

905 

906 

361. 

Q2=Ql 
DS1=C(1,4)*Q2/c(1,6) 
DS1=DS1/Z 
A(1,2)=DS1+ZP(1,1)+1.0 
CEES eee 
CONTINUE 
IF(C(1I,7).EQ.1.0) GO TO 9908 
IF(ZNA.GT.ZN) GO TO 900 
IF(ZNA.EQ.ZN) GO TO 901 
IF(ZNA.EQ.0.0) GO TO 9001 
ZRATIO=ZN/ZNA 
Go TO 9002 
ZRATIO=1000000.0 
ZAPMH=ZRATIO* APMH 
ZTFW=ZRATIO*TFW 
ZPU=ZRATIO*PU*ZNA 
ZMULT=-1.0 
ZDIF=ZN-ZNA 
RATIO=ZDIF/ZN 
WHOLE=ZN 
OAPMH=RATIO*ZAPMH 
OTFW=RATIO*ZTFW 
OPU=RATIO*ZPU 
GO TO 904 
SUM=0.0 
RAPMH=APMH/ZN 
RTFW=TFW/ZN 
RPU=PU 
WHOLE=ZN 
GO TO 905 
ZDIF =ZNA-ZN 
RATIO=ZDIF/ZNA 
WHOLE=ZN 
OAPMH=RATIO* APMH 
OTFW=RATIO*TEW 
OPU=RATIO*PU*ZNA 
SMULT=1.0 
CONTINUE 
SUM=0.0 
CALL ABSELECT(R24,UM1,CI1,W1,J,IE) 
J=J 
CALL WAGE (OP ,W(1,J) ,W(2,J),W(3,5) ,W(4,5) ,W(6,J) W(7, 

1g) ,W(8,5) ,W(9,5) W(10,S) ,WCIL, 3) ,W(12,d) ,W(13,5) WO 

214,J),OPU,W(5,J) ,OAPMH ,OTFW,Z,SP,TWW, TOTIME »W(15,5)) 

SUM=TWW* ZMULT 
IF (ZMULT.LT.O.0) GO TO 903 
RAPMH=(APMH-OAPMH ) /WHOLE 
RTFW= (‘TFW-OTFW) /WHOLE 
RPU= (PU*ZNA-OPU) /WHOLE 
GO TO 905 
RAPMH=ZAPMH/WHOLE 
RTFW=ZTFW/WHOLE 
RPU=ZPU/WHOLE 
COUNT=0.0 
J=0 
J=J+1 
IF COUNT.GE.WHOLE) GO TO 908 

  

 



-362. 

IF(W1(IE,J+1).LT.1.) GO TO 907 
COUNT=COUNT+W1 (IE ,J+1) 
IF (COUNT.GT.WHOLE) GO TO 918 
CALL WAGE (OP ,W(1,J),W(2,J),W(3,J) ,W(4,J) ,W(6,J) ,w(7, 

1J) ,W(8,J) ,W(9,J) ,W(10,J),W11,J) ,W(12,J) ,W(13,J) ,w(14 
2,J),RPU,W(5,J),RAPMH,RTFW,Z,SP,TWW,TOTIME ,W(15,J)) 
TWW=TWW*W1 (IE ,J+1) 
SUM=SUM+TWW 
IF(J.LT.6) GO TO 906 
GO TO 908 

907 IF(J.LT.6) GO TO 906 
GO TO 908 

918 WDEB=COUNT-WHOLE 
CALL WAGE(OP,W(1,J),W(2,J),W(3,J5) ,W(4,J) ,W(6,J) ,W(7 

1,5) ,W(8,J5) ,W(9,5),WO10,5) ,W(11,J) ,W(12,J) ,W(13,J) ,w 
214,J),RPU,W(5,J),RAPMH,RTFW,Z,SP,TWW,TOTIME ,W(15,J) 
TWW=TWW*WDED 
SUM=SUM+TWW 
GO TO 908 

9908 SUM=0.0 
908 CONTINUE 

CALL WEEK(CI1,C(1I,6),ZNA,APMH,OP ,OFW,FW,TFW,PU,SP,X,C 
1(1,5) ,A(1, 2), SUM, Zr) 
ZP(I,1)=ZP(I,1)+1.0 

5 IF(I.LT.N) GO TO 2 
IF(I.EQ.N) GO TO 8 
GO TO 9 

8 II=0 
121 II=II+1 

IF(C(II,5).GT.0.0) GO TO 51 
TECLI-LEN) GO2T0) 121 
GO TO 9 

51 CONTINUE 
CALL SEQ2(A,B,C,N,1IW) 

122 ZI=Z1+1.0 
GO TO 23 

9 CALL SEQ2(A,B,C,N,IW) 
CALL FINALZ1(ZI) 
DO 10 I=1,N 
WRITE COC Cha OCT, 2),CXb. 2) 4c( 1,4) .C(i. 6) CCE i6) 
dab 7) 

11 FORMAT(1H ,F5.0,5X,F10.3,5X,F10.3,5X,F10.3,5X,F10.3,5 
1X, F103, 5X, F5505,5%, 75.0) 

10 CONTINUE 
RETURN 
END 

SUBROUTINE INPRIME(R20,R21,R22,R23,R24) 
READ(1,1) R20,R21,R22,R23,R24 

1 FORMAT (5FO.0) 
RETURN 
END 

SUBROUTINE FREQOPI(NROWS ,E) 
DIMENSION D(200,2),E(200,4)



20 

22 
21 

23 

24 

20 

22 

23 

24 

126 

e305. 

READ(1,20) NROWS 
FORMAT( 13 ) 
DO 21 I=1,NROWS 
READ G22), DOL,1), D152) 
FORMAT( F5.0,F5.0 ) 
CONTINUE 
SUM=0.0 
I=0 
tal+l 
ECE, Dep (isd) 
E(T,2)=D(1, 2) 
SUM=SUM+E (1,2) 
IF(I.LT.NROWS) GO TO 23 
TOTAL=SUM 
SUM1=0.0 
I=0 
I=I+1 
E(1I,3)=B(1,2)/TOTAL 
SUM1=SUM1+E(I, 3) 
E(1I,4)=SUM1 
IF(I.LT.NROWS) GO TO 24 
RETURN 
END 

SUBROUTINE FREQSPI(IROWS ,F) 
DIMENSION F(200,4) 
DIMENSION G(200, 2) 
READ(1,20) IROWS 
FORMAT( 13 ) 
DO 21 I=1,IROWS 
READ(1,22) G(I,1),G(1, 2) 
FORMAT (F5.0,F5.0) 
CONTINUE 
SUM=0.0 
I=0 
I=I+1 
PCL, 1 )=G(T51) 
F(I,2)=G(1,2) 
SUM=SUM+F (I, 2) 
IF(I.LT.IROWS) GO TO 23 
TOTAL=SUM 
SUM1=0.0 
I=0 
I=I+1 

ECD, Ser (1,2) / TOTAL 
SUM1=SUM1+F (TI, 3) 
F(I,4)=SUML 
IF(I.LT.IROWS) GO TO 24 
RETURN 
END 

SUBROUTINE RDA(NORM) 
READ(1,126) NORM 
FORMAT (10) 
RETURN 
END 
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SUBROUTINE RDB(OMBAN , OSTDEV, SMEAN, SSTDEV, PMEAN ,PSTDEV, 

1ZMEAN , STDEV) 
READ(1,140) OMEAN,OSTDEV 

READ(1,140) PMEAN,PSTDEV 

READ(1,140) ZMEAN,STDEV 
FORMAT (2F0.0) 

SMEAN=1.34*OMEAN-47 «82 

SSTDEV=OSTDEV-1.40 
RETURN 
END 

SUBROUTINE PERA(SF,NA,A,B,C,D,£,F,6,H,ST) 

DIMENSION SF(100,11),ST(1,11) 

READ(1,1) NA 
FORMAT (IO) 
READ(1, 2) ((SF(I,J),J=1,11) ,I=1,NA) 

FORMAT (3F5.0,8F6.2) 

ST(1,1)=0.0 
sT(1,2)=0.0 
$T(1,3)=0.0 
$T(1,4)=A 
st(1,5)=B 
$T(1,6)=C 
st(1,7)=D 
$T91,8)=E 
sT(1,9)=F 
S$T(1,10)=G 
ST(1,11)=H 
I=0 
T=I+1 

po 5 J=4,11 
IF(SF(I,J)-EQ.0.0) GO TO 6 

GO TO 5 
SF(I,J)=ST(1,J) 
CONTINUE 
IF(I.LT.NA) GO TO 3 
WRITE (2,8) ((SF(Z,J),J=1,11) ,I=1,NA) 

FORMAT(1H ,3F5.0,8F6.-2) 

RETURN 
END 

SUBROUTINE FREQPU(JROWS ,H) 

DIMENSION H(200,4) 
DIMENSION P(200,2) 
READ(1,20) JROWS 
FORMAT (13) 
DO 21 I=1,JROWS 
READ(1, 22) POE, 1) 4P(£,2) 

FORMAT( F5.0,F5.0) 
CONTINUE 
sUM=0.0 
I=0 
nie 

H(1,1)=P(1,1) 
(I, 2)=P (252)
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SUM=SUM+H(T,2) 
IF(I.LT.JROWS) GoTO23 
TOTAL=SUM 
SUM1=0.0 
I=0 
T=I+1 
H(Z,3)=H(1,2)/TOTAL 
SUM1=SUM1+H(I, 3) 
H(I,4)=SUML 
IF(I.LT.JROWS) GO TO 24 
RETURN 
END 

SUBROUTINE FREQAB(KROWS,Q) 
DIMENSION P(200, 2) ,Q(200,4) 
READ(1,20) KROWS 
FORMAT (13) 
DO 21 I=1,KROWS 
READ(1,22) P(I,1),P(I,2) 
FORMAT (2F5.0) 
CONTINUE 
SUM=0.0 
I=0 
IsI+1 
Q(T, 1) =P(1j1) 
QUT. 2y=P (1 2) 
SUM=SUM+Q(I,2) 
IF(I.LT.KROWS) GO TO 23 
TOTAL=SUM 
SUM1=0.0 
I=0 
I=I+1 
Q(T, 3)=Q(1,2)/TOTAL 
SUM1=SUM1+Q(I, 3) 
Q(I,4)=SUML 
IF(I.LT.KROWS) GO TO 24 
RETURN 
END 

SUBROUTINE RANDOPI(IO,NROWS,E,UM1,R20) 
DIMENSION E(200,4) 
R1O=R20 
PRODCT=259.0*R10 
FACTOR=INT (PRODCT/UML ) 
R20=PRODCT-FACTOR *UML 
Y=R20/UM1 
Y=Y+0.00001 
I=0 
I=I+1 
IF(Y.LE.E(I,4)) GO TO 35 
GO TO 34 
FIRST=Y-E((I-1),4) 
SECOND=E(I,1)-E((I-1),1) 
BOTTOM=E(1I,4)-E((I-1),4) 
OP=FIRST*SECOND/BOTTOM 

Nee Oo
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OP=E( (I-1),1)+0P 
RETURN 
END 

SUBROUTINE RANDSPI(SP,IROWS ,F,R21,UM1) 
DIMENSION F(200,4) 
R11=R21 
PRODCT=259.0*R11 
FPACTOR=INT(PRODCT/UM1L 
R21=PRODCT-FACTOR*UML 
Y=R21/UM1 
Y=¥+0.00001 
I=0 
T=I+1 

IF (Y.LE.F(1,4)\) Go! TO "35 
GO TO 34 
PIRST=Y-F ((I-1),4) 
SECOND=F(I,1)-F((I-1),1) 
BOTTOM=F(I,4)-F((I-1) ,4) 
SP=FIRST*SECOND/BOTTOM 
SP=F((I-1),1)+SP 
RETURN 
END 

SUBROUTINE RANDPU(PU,JROWS,H,R22,UM1) 
DIMENSION H(200,4) 
R12=R22 
PRODCT=259.0*R12 
FACTOR=INT(PRODCT/UM1) 
R22=PRODCT-FACTOR*Um1 
Y=R22/UM1 
Y¥=¥+0.00001 
I=0 
I=I+1 
IF(Y.LE.H(I,4)) GO TO 35 
GO TO 34 
FIRST=Y-H((I-1),4) 
SECOND=H(I,1)-H((I-1) ,1) 
BOTTOM=H(I,4)-H((I-1) ,4) 
PU=FIRST* SECOND/BOTTOM 
PU=H((I-1),1)+PU 
RETURN 
END 

SUBROUTINE RANDAB(S,KROWS,Q,R23,UM1) 
DIMENSION Q(200,4) 
R13=R23 
PRODCT=259.0*R13 
FACTOR=INT(PRODCT/UM1 ) 
R23=PRODCT-FACTOR*UML 
Y=R23/UML 
Y=Y+0.00001 
I=0 
T=I+1
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IF(Y.LE.Q(I,4)) GO TO 35 
GO TO 34 

35 FIRST=Y¥-Q((I-1),4) 
SECOND=Q(I,1)-Q((I-1),1) 
BOTTOM=Q(1I,4)-Q( (I-1),4) 
S=FIRST* SECOND/BOTTOM 
$=Q((I-1),1)+S 
RETURN 
END 

SUBROUTINE VARSEL(SF,CI1,Z1I,A,B,C,D,E,F,G,H,NA,ST) 
DIMENSION SF(100,11),ST(1,11) 
I=0 

1 I-I+1 
J=2 
IP(ZI.GEISP(1.d)))) GO TO.2 
GO TO 3 

2 IF(ZI.LE.SF(I.J+1)) GO TO 4 
GO TO 3 

4 IF(SF(I,1).EQ.0.0) Go'TO 5 
IF (SF(1,1).BQ.CI1) (GO TO: 5 

3 IF(I.LT.NA) GO TO 1 
A=ST(1,4) 
B=ST(1,5) 
C=St G6) 
D=STiCy, 1) 

(15.8) 
F=ST(1,9) 
G=ST(1,10) 
H=ST(1,11) 
GO TO 6 

5 A=SF(I,4) 
B=SP(T, 5) 
S=SP( 0,6) 
D=SPCL Ti) 
EESPr(1,8) 
B=SP\C1 9) 
G=SF(I,10) 
H=SF(1I,11) 

6 RETURN 
END 

      

SUBROUTINE NORMOPI(R20,UM1,OP,R,OMEAN,OSTDEV) 
DIMENSION R(27,2) 
R10=R20 
PRODCT=259.0*R10 
FACTOR=INT(PRODCT/UML1 ) 
R20=PRODCT-FACTOR*UML 
Y=R20/UM1 
Y=Y¥+0.00001 
I=0 

34 I=I+1 
Tr (Y.LE,R(T,1)) GO TO°Sss 
GO TO 34 

35 PIRST=Y-R((I-1),1) 

of Os
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SECOND=R(I,2)-R((I-1),2) 
BOTTOM=R(I,1)—-R( (1-1) ,1) 
Z1=FIRST*SECOND/BOTTOM 
@-RU(i—-1)) 20421 
OP=OMEAN+Z1 *OSTDEV 
RETURN 
END 

SUBROUTINE NORMSPI(R21,UM1,SP,R,SMEAN, SSTDEV) 
DIMENSION R(27.2) 
R11=R21 
PRODCT=259.0*R11 
FACTOR=INT(PRODCT/UM1 ) 
R21=PRODCT-FACTOR *UML 
Y=R21/UML 
Y=¥+0.00001 
I=0 
I=I+1 
Tr. Ue. RCL, eGo TOU85 
GO TO 34 
FIRST=¥-R((I-1),1) 
SECOND=R(I,2)=R((I-1) ,2) 
BOTTOM=R(I,1)-R((I-1) ,1) 
Z1=F IRST*SECOND/BOTTOM 
Z1=R((I-1),2)+Z1 
SP=SMEAN+Z1*SSTDEV 
RETURN 
END 

SUBROUTINE NORMPU(R22,UM1,PU,R,PMEAN,PSTDEV) 
DIMENSION R(27.2) 
R12—R22 
PRODCT=259.0*R12 
FACTOR=INT(PRODCT/UML 
R22-PRODCT-FACTOR *UML 
Y=R22/UM1 
Y=Y+0.00001 
I=0 
I=I+1 
IF(YsLE.R(I,1)) GO TO 35 
GO TO 34 
FIRST=Y-R((I-1),1) 
SECOND=R(I,2)-R((I-1),2) 
BOTTOM=R(I,1)-R((I-1),1) 
Z1=FIRST*SECOND/BOTTOM 
Z1=R((I-1),2)+2Z1 
PU=PMEAN+Z1*PSTDEV 
RETURN 
END 

SUBROUTINE RANDMAN(R23,UM1,S,R,ZMEAN,STDEV) 
DIMENSION R(27,2) 
START OF RANDOM SELECTION 
R13=R23 
PRODCT=259,0*R13
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FACTOR=INT (PRODCT/UM1 ) 
R23=PRODCT-FACTOR* UML 
Y=R23/UML 
Y¥=Y¥+0.00001 
I=0 
I=I+l 
IF(Y.LE.R(I,1)) GO TO 35 
GO TO 34 
FIRST-Y-R( (1-1) ,1) 
SECOND=R(1,2)-R((I-1) ,2) 
BOTTOM=R(1I,1)-R((I-1) ,1) 
Z1=FIRST*SECOND/BOTTOM 
Z1=R((I-1),2)+Z1 
S=ZMEAN+Z1*STDEV 
RETURN 
END 

SUBROUTINE WAGRID(W) 
DIMENSION W(15,5) 
DO 1 T=1,15 
READ(1,2) W(I,1),W(1,2),W(I,3),W(I,4) ,w(I,5) 
FORMAT (5FO.0) 
WRITE(2,3) W(I,1),W(I,2),W(I,3),W(I,4) ,W(I,5) 
FORMAT(1H ,10X,5F10.2) 
CONTINUE 
RETURN 
END 

SUBROUTINE ACTRID(N,W1) 
DIMENSION W1(100,6) 
READ(1,2) ((W1(I,J),d=1,6),I=1,N) 
FORMAT (6F5.0) 
WRITE(2,3) ((W1(I,J),J=1,6),I=1,N) 
FORMAT(1H ,10X,6F10.2) 
RETURN 
END 

SUBROUTINE ABSELECT(R24,UM1,ACT,W1,J,I) 
DIMENSION W1(100,6) 
R14=R24 
PRODCT=259.00*R14 
FACTOR=INT(PRODCT/UM1 ) 
R24=PRODCT-FACTOR* UML 
Y=R24/UM1 
IF (¥.LE.0.2) GO TO 2 
IF(Y.LE.O.4) GO TO 3 
IF(¥.LE.0,6) GO 10.4 
ZF(Y.LE.O+8) GO POS 
J=5 
GO TO 6 
J=1 
Go TO 6 
gaa 
GO TO 6 

“9Q.



370. 

J=3 
GO TO 6 
J=4 
Go TO 6 
CONTINUE 
I=0 
T=I+1 
IF(W1(1,1).EQ.ACT) GO TO 8 
GO T0 7 
IF(W1(I,J+1).GE.1.0) GO TO 9 
GO TO 1 
RETURN 
END 

SUBROUTINE WAGE (OP ,BRPH,PRPH,GBA,CLA,WOT, SUBS, TRAV, TM 
1,ZNI,AHWP ,PHWP ,WTL,ADJ,PU,FBB,BNSTME ,WAIT,Z,SP,TWW,T 
20TIME , OAT) 
GBA=GBA/5 .0 
CLA=CLA/5.0 
woT=woT/5.0 
SUBS=SUBS/5.0 
TRAV=TRAV/5.0 
TM=TM/5.0 
ZNI=ZNI/5.0 
AHWP=AHWP/5 .0 
PHWP=PHWP/5.0 
TOTIME=BNSTME=WAIT+PU 
IF(TOTIME.LE.O.0) GO TO 5 
ZPERF=OP/75.0 

PBONUS=BRPH* (ZPERF-1.0) *OAJ 
TPB=BNSTME*PBONUS 
TPB=(WAIT+PU) *FBB 
FGB=GBA*TOTIME/Z 
IF(TPB.GE.FGB) GO TO 1 
GO TO 2 
TBPW=TPB+TFB 
GO To 3 
TBPW=FGB+TFB 
CONTINUE 
WOT=WOT*TOTIME/Z 
TOTBPH=TBPW/ (TOTIME-WOT ) 
WAGE] =BRPH+PRPH* TOTBPH 
WAGE2=(WOT*1.5) *BRPH 
WAGE 3=WAGE2+WAGE1 * (TOTIME-WOT ) 
WAGE 3=WAGE3/100.0 
WAGE4=SUB+TRAV+TM 
OGW=WAGE3+WAGE4+CLA 
GP=0.0475 *WAGE3 
REDSK=0,015*WAGE3 
WAGE5 =GP +ZNI+AHWP+PHWP+REDSK 
TOTWIL=WTL*WAGE3/100.0 
TWW=OGW+WAGE5+TOTWTL+ADJ 
THW=TWW/TOTIME 
WRITE(2,4) BRPH, TOTIME , BNSTME , TWW,THW 
FORMAT(1H ,20X,5F10.2) 
GO TO 6 

WO.
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5 THW=0.0 
TWW=0.0 

6 RETURN 
END 

SUBROUTINE WEEK(YI,CC,ZNA,APMH,OP,OFW,FW,TFW,PU,SP,X, 
1CI,AA,SUM, ZT) 
WRITE(2,1) ZI,YI,CC,ZNA,APMH,OP ,OFW,FW,TFW,PU,SP,X,CI 
1,AA,SUM 

1 FORMAT(1H ,2F5.0,2F6.1,5F6.0,F4,0,F6.0,F8.2,F9.2,F7.2 
1,F10.2) 
WRITE(4,2) Z2I,YI,CC,ZNA,APMH,OP,OFW,FW,TFW,PU,SP,X,CI 

1,SUM 
2 FORMAT ( F6.0,F5.0,F4.0,F5.2,F7.2,F6.2,4F7.2,F6.2/3 
1F10.2) 
RETURN 
END 

SUBROUTINE FINALZ1 (ZI) 
WRITE(6,1) ZI 

1 FORMAT(F10.0) 
RETURN 
END 

FINISH 

eos
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LIST (LP) 
PROGRAM (FXXX) 
INPUT 1=CRO 
INPUT 
INPUT 
INPUT 7 

OUTPUT2=LPO 
QUTPUT 4 = CPO 
OUTRUN 6.1= CPL 
OUTPUT 8=CP2 
COMPRESS INTEGER AND LOGICAL 
EXTENDED 
TRACE 2 
END 

  

MASTER 
DIMENSION (C2(100,14),D2(100,2) 
READ(7,19) NL 

19 FORMAT (I5) 
DO 110 I=1,N1 
READ(7,111) ACTD,STDT 

111 FORMAT(F5.0,F10.3) 
D2(I,1)=ACTD 
D2(t, 2)=STDr 

110 CONTINUE 
PERIOD=1.0 
READ(5,2) PINALZI 

2 FORMAT(F10.0) 
7 I=0 
6 READ(3,1) ZI,¥I,CC,ZNA,APMH,OPI,OFW,FW,TFW,PU,SPI,X, 
1QLEFT , ZMONEY 

1 FORMAT(P6.0,F5.0,F4,0,F5.2,P7.2,4F7.2,F6.2/3F10.2) 
99 RATIOZI=ZI/5.0 

IF(RATIOZI.LE.PERIOD) GO TO 3 
9 CONTINUE 

WRITE(2,999) ((C2(Z,J),J=1,14),I=1,ILIMIT) 
999 FORMAT(1H ,14F8.2) 

CALL SORTCOL(C2,ILIMIT,PERIOD ,D2 
DO 900 I=1,ILIMIT 
DO 900 J=1,14 
CotE3)=00 

900 CONTINUE 
IF(PERIOD.LT.FINALZI/5.0) GO TO 4 
Go TO 5 

3 I=I+1 
Cat 1)=2E 
Cer Zar 
C2(T,3)=ce 
C2(I,4)=ZNA 
€2(1,5)=APMH 
C2(1,6)=OPL 
C2(I,7)=OFW 
C2(1,8)=FW 
C2(1,9)=TFW 
C2(I,10)=PU 
C2(1,11)=SPL



61 

12 

23136 

C2(1,12)=x 
C2(I,13)=sQLEFT 
C2(I,14)=ZMONEY 
ILIMIT=I 
IF (RATIOZI.EQ.PERIOD) GO TO 61 
IF(Z1I.EQ.FINALZI) GO TO 9 
GO TO 6 
PERIOD=PERIOD+1.0 
I=0 
GO TO 99 
CONTINUE 
ICOUNT=50000 
WRITE(4,12) ICOUNT 
FORMAT (110) 
STOP 
END 

SUBROUTINE SORTCOL(C2,ILIMIT,PERIOD,D2) 
DIMENSION C2(100,14),D2(100,2) 
I=1 
TAG=C2(I,2) 
IF(I.EQ.ILIMIT-1) GO TO 2 
K=I+1 
CONTINUE 
IF(C2(K,2).PQ.TAG) GO TO 4 
IF(K.LT.ILIMIT) GO TO: 5 
GO TO 2 
K=K+1 
GO TO 3 
ZM1=C2(I+1,1) 
2M2=C2(I+1,2) 
2ZM3=C2(I+1,3) 
2M4=C2(I+1,4) 
2M5=C2(I+1,5) 
ZM6=C2(I+1,6) 
ZM7=C2(1I+1,7) 
ZM8=C2(I+1,8) 
ZM9=C2(I+1,9) 
ZM10=C2(I+1,10) 
2M11=C2(I+1,11) 
ZM12=C2(I+1,12) 
2M13=C2(I+1,13) 
2M14=C2(I+1,14) 
€2CEt¥, 1)=Ci(K, 1) 
C2(I+1, 2)=C2(K, 2) 
C2(i+1, 8)=C2(K,S) 
C2(I+1,4)=C2(K,4) 
Cartel 5) =c2(k, 5) 
C2(I+1,6)=C2(K,6) 
Cais), 7) =C2CK7) 
C2(I+1,8)=C2(K,8) 
C2(I+1,9)=C2(K,9) 
C2(I+1,10)=C2(K,10) 
C2(I+1,11)=C2(K,11) 
C2 (Tel 512) =C2(K,12) 
C2(t41 3 )=C2(K, 13). 

  sore
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C2(I+1,14)=C2(kK,14) 
C2(K, 1) =2M1 
C2(K,2)=zZM2 
C2(K,3)=2M3 
C2(K,4)=zM4 
C2(K,5)=ZM5 . 
C2(K,6)+ZM6 
C2(K,7)=ZM7 
C2(K,8)=ZM8 
€2(K,9)=ZM9 
C2(K,10)=ZM10 
C2(K,11)=ZM11 
€1(K,12)=ZM12 
C2(K,13)=ZM13 
C2(K,14)=ZM14 
CONTINUE 
IF(K.LT.ILIMIT) GO TO 6 
WRITE(2,999) ((C2(I,J) ,d=1,14),I=1,TLIMIT) 
FORMAT(1H ,14F8.2) 
CALL SUMRY(C2,ILIMIT,PERIOD,D2) 
GO TO 7 
I=I+1 
GO TO 1 
RETURN 
END 

SUBROUTINE SUMRY(C2,ILIMIT,PERIOD,D2) 
DIMENSION C2(100,14) ,D2(100,2) 
ICOUNT=0 
M=0 
I=0 
T=I+1 
IF(I.GE.ILIMIT) GO TO 2 
TP(C2(L, 2) .FQ°C2(1+1,2)) GO TO 1 
IMARK=I 
SUMA=0.0 
SUMB=0.0 
SUMC=0.0 
SUMD=0.0 
SUME= 
SUMF 
SUMG=0.0 
SUMH=0.0 
SUMI= 
SUMJ= 
SMARK=1.0 
M=M+1 
WKN=PERIOD 
ACTN=C2(M, 2) 
IP=IFIX(ACTN) 
ZMN=C2(M, 3) 
SUMA=SUMA+C2(M, 4) 
SUMB=SUMB+C2(M, 5) 
SUMC=SUMC+C2(M, 6) 
SUMD=SUMD+C2(M, 7) 
SUME=SUME+C2(M,8) 

          283%



eliisis 

SUMF=SUMF+C2(M,9) 
SUMG=SUMG+C2(M,10) 
SUMH=SUMH+C2(M,11) 
SUMI=SUMI+C2(M,12) 
QLEFT=C2(M,13) 
SUMJ=SUMJ+C2(M, 14) 
IF(M.LT.IMARK) GO TO 4 
SUMA=SUMA/ZMARK 
SUMG=SUMA* SUMG 
SUMC=D2( IP ,2)*SUMI/SUMB 
SUMH=D2 (IP ,2)*SUMI/(SUMB+SUMF ) 
SUMC=SUMC*100.0 
SUMH=SUMH* 100.0 
WRITE(6,7) WKN,ACTN,ZMN,SUMA,SUMB,SUMC,SUMD, SUME , SUMF 

1, SUNG, SUMH , SUMI, QLEFT , SUMS 
7 FORMAT( 8F10.2/6F10.2) 

WRITE(8,9) WKN,ACTN,SUMI,SUMJ 
9 FORMAT (4F10.2) 

ICOUNT=ICOUNT+1 
IF (IMARK.LT.ILIMIT) GO TO 1 
GO TO 6 

4 ZMARK=ZMARK+1.0 
GO TO 3 

6 WRITE(4,8) ICOUNT 
8 FORMAT (I10) 

RETURN 
END 

  

FINISH
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LIS? (LP) 
PROGRAM (FXXX) 
INPUT 1=CRO 
INPUT 3 
INPUY 5 
OUTPUT 2=LPO 
COMPRESS INTEGER AND LOGICAL 
EXTENDED 
TRACE 2 
END 

   

  

MASTER 
DIMENSION A(100,14),B(100,8) 
TOT1=0.0 

  

TOTF=0.0 
DO 1 I=1,100 
DO 1 J=1,8 
B(I,J)=0.0 

1 CONTINUE 
READ(3,2) Il 

2 FORMAT (I10) 
IF(I1.EQ.50000) GO TO 3 

Ko) 

  

SUMF=0.0 
N=0 

4 N=N+1 
READ(5,5) WKN,ACTN,ZMN,ZNA,APMH,OP1,OFW,FW,TFW,PU,SP 
1I,X,QLEFT, ZMONEY 

5 FORMAT( 8F10.2/6F10.2) 
A(N,1)=WKN 
A(N,2)=ACTN 
A(N,3)=ZMN 

   A(N,4 
A(N,5)=APMH 
A(N,6)=OPI 
A(N,7)=OFW 
A(N,8)=FW 
A(N,9)=TFW 
A(N,10)=PU 
A(N,11)=SPI 
A(N,12)=X 
A(N,13)=QLEFT 
A(N,14)=ZMONEY 
IF(N.LT.I1) GO TO 4 
WRITE (2,6) 

6 FORMAT (1H1,2X,98H WEEK ACT IDEAL ACTUAL PROD POL_OFW 
1 FW TFW PU SPI X QLEFT LABOUR)
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WRITE (2,61) 
61 FORMAT(1H ,2x,98H GANG GANG HRS HRS 

7 

10 

i 

1 HRS HRS HRS cost ) 
DO 15 K=1,11 

ITE(2,7) A(K,1),A(K,2),A(K,3) ,A(K,4) ,A(K,5),A(K,6), 
TACK, 7) 5 ACK, 8), A(K,9) ,A(K, i110). Atk, ne Auk, 126 ACK, 13), 
2a(K, 143 
FORMAT (1H ,14F7.1) 
WKN=A(K,1) 
SUMA=A(K,5)+SUMA 
SUMB=A(K,7)+SUMB 
SUMC=A(K,8)+SUMC 
SUMD=A(K,9)+SUMD 
SUM! (K,10)+SUME 
SUMF=A(K,14)+SUMF 
WRITE(2,8) : 
FORMAT(1H_ , 20H PERIOD TOTALS) 
WRITE(2,9) WKN _,SUMA,SUMB,SUMC,SUMD , SUME, SUMF 
FORMAT(1H ,F7.1,21X,F7.1,7X,4F7.1,21X,F7.1) 
TOT1=WKN 
TOTA=SUMA+TOTA 

      

   
TOT: UMB+TOTB 
TOTC=SUMC+TOTC 
TOTD=SUMD+TOTD 
Tor UME +TOTE 

  

TOTF=SUMF+TOTF 
WRITE (2,10) 
FORMAT(1H ,27H ACCUM! PERIOD TOTALS) 
WRITE(2,11) TOT1,TOTA, TOTB,TOTC, TOTD, TOTE, TOTE 
FORMAT(1H ,F7.1,21X,F7.1,7%,4F7.1,2X,F7.1) 
CALL ACTACCUM(A,B,1I1) 
GO TO 1 
CON'TINUE 
STOP 
END 

SUBROUTINE ACTACCUM(A,B,1I1) 
DIMENSION A(100,14),B(100,8) 
N=0 
N=N+1 
R1=A(N,2) 
I2=IFIX(R1) 
ZMARK=A(N,1) 
B(I2,1)=A(N,1) 
B(I2,2)=A(N,2) 
B(12,3)=A(N,5)+B(12,3) 
B(I2,4)=sA(N,7)+B(I2,4) 
B(I2,5)=A(N,8)+B(12,5) 
B(I2,6)=A(N,9)+B(I2,6) 
B(I2,7)=A(N,10)+B(I2,7) 
B(12,8)=A(N,14)+B(12,8) 
IF(N.LT.I1) GO TO 1 

WRITE (2,2) 
FORMAT(1H ,29H ACCUM! ACTIVITY TOTALS) 
DO 3 M=1,100 
IF(B(M,1).EQ.0.0) GO TO 3 

86.
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IF(B(M,1).NE.ZMARK) GO TO 3 i 
WRITE(2,4) B(M,1),B(M,2),B(M,3),B(M,4),B(M,5),B(M,6), 
1B(M,7),B(M,8) 

4 FORMAT(1H ,2F7.1,14X,F7.1,7X,4F7.1,21X,F7.1) 
3 CONTINUE 

RETURN 
END 

FINISH 

i se.



100 

102 
101 

104 
103 

900 

903 
ni 

2 

711 
15 

ears 

LIST (LP) 
PROGRAM (FXXX) 
INPUT 1 = CRO 
INPUT. 3 i= CRi 
INPUT 5 = €CR2 
OUTPUT 2= LPO 
OUTPUT 4=CPO 
COMPRESS INTEGER AND LOGICAL 
EXTENDED 
TRACE 2 
END 

f 

MASTER 
DIMENSION A(100,5) » ,HIRATE(3,10),PLACT(100,11) 
READ(1,100) N,Z ; 
FORMAT (I10,F10,2) 
DO 101 I=1,3 
READ(1, 102) HIRATE(I,1),HIRATE(I,2),HIRATE(I,3),HIRA 

1TE(I, 4}, HIRATE(I,5), HIRATE(L, 6), HIRATE (I, Tis HIRATE (I 
2,8), HIRATE(Z, 9), HIRATE (I, 10) 
FORMAT ( 10F7.2) 
CONTINUE 
DO 103 I=1,N 
READ(1,104) PLACT(I,1),PLACT(I,2),PLACT(I,3),PLACT(I 

1,4) ,PLACT(I,5),PLACT(I,6),PLACT(I,7) ,PLACT(I,8) ,PLAC 
27(1,9) ,PLACT(I,10) ,PLACT(I,11) 
FORMAT( F5.0,10F7.0) 
CONTINUE 
WRITE(2,900) ((HIRATE(I,J),J=10),I=1,3) 
FORMAT(1H ,10X,10F7.2) 
WRITE(2,903) ((PLACT(I,J),J=1,11),I=1,N) 
FORMAT(1H ,10X,10F7.0) 
CONTINUE 
READ(3,2) I1 
FORMAT (110) 
IF(I1.EQ.50000) GO TO 3 
N=0 
N=N+1 
READ(5,5) WKN,ACTN,X,ZMONEY 
FORMAT (4F10.2) 
A(N,1)=WKN 
A(N,2)=ACTN 
A(N,3)=X 
A(N, 4) =ZMONEY 
CALL PCOST(ACTN,Z,SUMZ,PLACT,HIRATE ) 
A(N,5)=SUMZ 
IF(N.LT.I1) GO TO 4 
DO 15 K=1,21 
WRITE(4,711) A(K,1),A(K,2),A(K,3),A(K,4) ,A(K,5) 
FORMAT (5F10.2) 
CONTINUE 
GO TO l 
CONTINUE 
STOP 
END 

hl = Y= ae
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SUBROUTINE PCOST(ACTN,2Z,SUMZ,PLACT,HIRATE ) 
DIMENSION HIRATE(3,10) ,PLACT(100,11) 
I=0 f 
T=E+1 

IF(PLACT(I,1).EQ.ACTN) GO TO 2 
GO TO 1 
SUMZ=0.0 
J=0 
J=J+1 

IF(J.LE.10) GO TO 4 
Go TO 5 
SUM=PLACT(I,J+1)*HIRATE(1,J) 
IF (HIRATE(2,J).EQ.1.0) GO TO 6 
SUM=SUM 
GO TO 7 
SUM=SUM*Z 
CONTINUE 
IF(PLACT(I,J+1).GE.1.0) GO TO 8 
SUM=SUM 
GO TO 9 
SUM=SUM+HIRATE (3,J) 
SUMZ=SUMZ+SUM 
GO TO 3 
RETURN 
END 

PINISH 

po



21 

22 

1001 

1002 

1003 

1007 

woele 

LIST (LP) 
PROGRAM (FXXX) 
INPUT 1=CRO 
INPUT 3=CR1 
INPUT 5=CR2 
INPUT 7=CR3 
OUTPUT2=LPO 
OUTPUT 4=CPO 
COMPRESS INTEGER AND LOGICAL 
EXTENDED 
TRACE2 
END 

MASTER 
DIMENSION A(3,14) ,B(100,16) ,C(100,15),D(100,15) ,E(100, 

12) ,F(100,6) ,P (100,16) ,UPA(3,14) 
READ(7,1) N 
FORMAT (15) 
READ(1,2) ((A(Z,J9) ,J=1,14) ,I=1,3,2) 
FORMAT (14F5.2) 
READ (E,3) ((A(T, J) ,Jd=1, 14), D=2,.2) 
FORMAT (14F5.0) 
WRITE(2,21) ((A(I,J),J=1.14),I=1,3) 
FORMAT(1H ,14F8.2) 
READ(1,4) ((B(I,J),J=1,15),I=1,N) 
FORMAT (15F5.0) 
CALL BINCREASE(B,N) 
WRITE(2,22) ((B(I,J),J=1,16),I=1,N) 
FORMAT(1H ,16F7.2) 
CALL CFORM(C,B,N) 
L=N 
READ(1,1001) Nl 
FORMAT (IO) 
IF(N1.EQ.0) GO TO 5 
READ(1,1002) ((P(T,J),J=1,16),2=1,N1) 
FORMAT (16F5.0) 
WRITE(2,1003) ((P(I,J),J=1,16),I=1,N1) 
FORMAT(1H ,16F5.0) 
CONTINUE 
READ(3,6) Il 
FORMAT (I10) 
IF(I1.EQ.50000) GO TO 99 
N=0 
N=N+1 
READ(5,8) WKN,ACTN,X,ZLAB,ZPLANT 
FORMAT (5F10.2) 

WKN 

  

F(N,4)=ZLAB 
F(N,6)=7PLANT 
IF(N1L.EQ.0) GO TO 1007 
CALL ZNEWA(WKN,A,UPA,N1,P) 
CALL DFORM(UPA,C,D,L) 
GO TO 1005 
CALL DFORM(A,C,D,L) 

an.



1005 

12 

99 

mr
e 
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CALL EPORD(D,E,L) 
CALL ZMATCOST(ACTN, SUMZ,X,E) 
F(N,5)=SUMZ 
IF(N.LT.I1) GO TO 7 
DO 11 K=1,I1 
WRITE(4,12) F(K,1),F(K,3),F(K,3) ,F(K,4) ,F(K,5),F(K,6) 
FORMAT (6F10.2) 
CONTINUE 
GO TO 5 
CONTINUE 
STOP 
END 

SUBROUTINE BINCREASE(B,N) 
DIMENSION B(100,16),B1(100,3) 
DO 2 I=1,N 
BEAD (71> BEC eal lye), Bett.) 
FORMAT(F5.0,2F10.3) 
CONTINUE 
I=0 
T=I+1 
IF(B(I,1).BQ.B1(1,1)) Go To 4 
K=I 
K=K+1 
IF(K.GT.N) GO TO 7 
IF(B(I,1).EQ.B1(K,1)) GO TO 8 
GO TO 5 
K=0 
GO TO 6 
BCT, 16)=B1(K, 39 
IF(I.LT.N) GO TO 3 
GO TO 9 
B(I,16)=B1(1I,3) 
IF(I.LT.N) GO TO 3 
CONTINUE 
RETURN 
END 

SUBROUTINE CFORM(C,B,N) 
DIMENSION C(100,15),B(100,16) 
DO 1 I=1,N 
DO 1 J=2,15 
C(1,J)=B(L,5)/B(2,16) 
CON'TINUE 
DO 2. T=1,N 
C(I,1)=B(I,1) 
CONTINUE 
RETURN 
END 

SUBROUTINE DFORM(A,C,D,N) 
DIMENSION A(3,14),C(100,15),D(100,15) ,UPA(3,14) 
DO 1 I=1,N 
DO 1 J=2,15 

ai.
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IF(A(2,J-1).EQ.0.0) GO TO 3 
D(I,J)=C(I,J)*A(1,J-1)/A(2,J-1) 
D(I,J)=D(1,J)4+C(2,J)*A(3,J5-1)/A(2,5-1) 
GO TO 1 
D(I,J)=0.0 
CONTINUE 
DO 2 I=1 ,N 
BCT, 1 )=C( 5,1) 
CONTALNUE 
RETURN 
END 

SUBROUTINE EFORM(D,E,N) 
DIMENSION D(100,15),8(100,2 
DO 1 I=1,N 
SUM=0.0 
DO 1 J=2,15 
SUM=SUM+D (I,J) 
E(1I,2)=SUM 
CONTINUE 
DO 2 I=1,N 
Ease) 1) 00s 1) 
CONTINUE 
RETURN 
END 

SUBROUTINE ZMATCOST(ACTN,SUMZ,X,E) 
DIMENSION E(100,2) 
I=0 
T=I+1 
IF(E(I,1).EQ.ACTN) GO TO 2 
GO TO 1 
CONTINUE 
SUM=X*E(I,2) 
SUMZ=SUM 
RETURN 
END 

SUBROUTINE ZNEWA(W,A,UPA,N2,P) 
DIMENSION A(3,14),P(100,16),UPA(3,14) 
I=0 
T=I+l 

IF(W.GE.P(I.1)) GO TO 2 
GO TO 1 
CONTINUE 
IF(W.LE.P(I,3)) GO TO 3 
IF(I.LT.N2) GO TO 1 
I=N2 
CONTINUE 
J=0 
J=S41 
IF(I.EQ.1) GO TO 6 
RATIO=(P(1I,J+2)-P(I-1,3+2))/(P(1I,2)-P(I,1)) 
Y¥2=RATIO* (W-P(I,1)) 

QO
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Y¥2=Y2+P(I-1,d+2) 
GO TO 7 
CONTINUE 
Y2=P(1,J+2)*(W-P(1I,1)) 
Y2=Y2/(P(1,2)-P(I,1)) 
UPA(1,J)=A(1,J)+¥2*A(1,J)/100.0 
UPA(2,J)=A(2,J) 
UPA(3,J)=A(3,J3)+¥2*A(3,J)/100.0 
IF(J.LT.14.0) GO T0 5 
RETURN 
END 

PINISH 

“92



900 

901 

Re. 
dk 

99 

385. 

LIst (LP) 
PROGRAM (FXXX) 
INPUT 1=CRO 
INPUT 3=CR1 
INPUL 5=CR2     

OUTPUT 4=CPO 
COMPRESS INTEGER AND LOGICAL 
EXTENDED 
TRACE2 
END 

MASTER 
DIMENSION A(3,14),B(100,16),C(100,15),D(100,15) ,E(10 

10,2) ,F(100,7) 
READ(7,1) N 
FORMAT (I5) 
READ(1,2) ((A(I,d),J=1,14) ,T=1,3,2) 
FORMAT (14F5.2) 
READ(1,3) ((A(I,J),J=1,14),T=2,2) 
FORMAT (14F5.0) 
READ(1,4) ((B(1,J),d=1,15),T=1,N) 
FORMAT (15F5.0) 
CALL BINCREASE(B,N) . 
WRITE(2,900) ((A(I,J),J=1,14) ,T=1,3) 
FORMAT(1H ,14F8.2) 
WRITEC2,901) ((B(1,7),J=1,16),2=1,N) 
FORMAT(1H ,16F7.2) 
CALL CFORM(C,B,N) 
CALL DFORM(A,C,D,N) 
CALL EFORM(D,E,N) 
CONTINUE 
READ(3,6) Il 
FORMAT (I10) 
IF(I1.EQ.50000) GO TO 99 
N=0 
N=N+1 
READ(5,8) WKN,ACTN,X,ZLAB,ZMAT , ZPLANT 
FORMAT (6F10.2) 
F(N,1)=WKN 
F(N,2)=ACTN 
F(N,3)=X 
F(N,4 
F(N,5)=ZMAT 
F(N,6)=ZPLANT 
CALL ZSUBCOST(ACTN,SUMZ,X,E) 
P(N, 7)=SUMZ 
IF(N.LT.I1) GO TO 7 
DO 11 K=l.21 
WRITE(4,12) F(K,1),F(K,3),F(K,3) ,F(K,4),F(K,5) ,F(K,6) 

1,P(K,7) 
FORMAT (7F10.2) 
CONTINUE 
GO TO 5 
CONTINUE 

  ae



e
s
)
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STOP 
END 

SUBROUTINE BINCREASE(B,N) 
DIMENSION B(100,16) ,B1(100, 3) 
DO 2 Is1,N 
READ( 7510 Bi(L,1) BIT, 2), BIT 3) 
FORMAT (F5.0,2F10.3) 
CONTINUE 
I=0 
T=I+1 

IF(B(I,1).EQ.B1(I,1)) GO To 4 
K=I 
K=K+1 
IF(K.GT.N) GO TO 7 
IF(B(I,1).EQ.B1(K,1)) GO TO 8 
Go TO 5 
K=0 
GO TO 6 
B(T,16)=B1(K,3) 
IF(I.LT.N) GO TO 3 
GO TO 9 
B(I,16)=B1(I,3) 
IF(I.LT.N) GO TO 3 
CONTINUE 
RETURN 
END 

SUBROUTINE CFORM(C,B,N) 
DIMENSION C(100,15),B(100,16) 
DO 1 I=1,N 
DO 1 J=2,15 
C(Zj,0)=B(2,3)/B(T,16) 
CONTINUE 
DO 2 I=1,N 
C(I,1)=B(1,1) 
CONTINUE 
RETURN 
END 

SUBROUTINE DFORM(A,C,D,N) 
DIMENSION A(3,14),C(100,15),D(100,15) 
DO 1 I=1,N 
DOo1 ide2g05. 
IF(A(2,J-1).EQ.0.0) GO TO 3 
D(I,J)=C(1,J)*A(1,J-1)/A(2,J-1) 
D(I,J)=D(1,J3)+C(I,J)*A(3,J5-1)/A(2,J5-1) 
Go TO 1 
D(I,J)=0.0 
CONTINUE 
DO 2 I=1 ,N 
D(L, LEC (151) 
CONTINUE
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RETURN 
END 

SUBROUTINE EFORM(D,E,N) 
DIMENSION D(100,15),E(100,2) 
DO 1 {=1,N 
SUM=0.0 
DO 1 J=2,15 
SUM=SUM+D(I,J) 
E(1,2)=SUM 
CONTINUE 
DO, 2 I=1,N 
RiGrs0 Sp (54) 
CONTINUE 
RETURN 
END 

  

SUBROUTINE ZSUBCOST(ACTN,SUMZ,X,E) 
DIMENSION E(100,2) 
I=0 
I=I+1 
IF(E(I,1).EQ.ACTN) GO TO 2 
GO TO 1 
CONTINUE 
SUM=X*E(I,2) 
SUMZ=SUM 
RETURN 
END 

FINISH 

96,
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LIST (LP) 
PROGRAM (FXXX) 
INPUT 1=CRO 
INPUT 3=CRL 
INPUL § 
ourPpurT 
OUTPUT4=CPO 
COMPRESS INTEGER AND LOGICAL 
EXTENDED 
TRACE 2 
END 

   

  

MASTER 
DIMENSION PR(100,6) 
READ(1,1) M 
FORMAT (IO) 
READGE;2) CCPR(Q,J) ,J=1,9),, t=), M) 
FORMAT (30X, 3F5.0,F10.3,F5.0) 
CALL PRINCR(PR,M ) 
WRITE(2,900 ((PR(I,J),J=1, 6),I=1,M) 
FORMAT(1H ,6F10.3) 
READ(3,4) I1 
FORMAT(1I10) 
IF(I1,EQ.50000) GO TO 5 
MM=0 
ZI1=FLOAT(I1) 
READ(5,7) WKN,ACTN,X,ZLAB,ZMAT , ZPLANT ,ZSC 
FORMAT (7F10.2) 
MM=MM+1 
CALL PRELIM(WKN,ZI1,ACTN,PR,M,SUM) 
WRITE (4,8) WKN,ACTN,X,ZLAB, ZMAT, ZPLANT ,ZSC , SUM 
FORMAT (8F10.2) 
IF(MM.LT.I1) GO TO 6 
GO TO 3 
CONTINUE 
STOP 
END 

SUBROUTINE PRINCR(PR,M) 
DIMENSION PR(100,6) 
DO 1 I=1,M 
PR(I,6)=PR(I,4)/PR(I,5) 
CONTINUE 
RETURN 
END 

SUBROUTINE PRELIM(WKN,ZI1,ACT,P,N,SUM) 
DIMENSION P(100.6) 
SUM=0.0 
I=0 
T=T+1 
IF(P(I,1).EQ.0.0) GO TO 1 
IF(P(I,1).EQ.ACT) GO TO 2 
GO TO 99



-389, 

2 IF(P(I,2).EQ.0.0) GO TO 3 
IF(WKN.GE.P)I,2)) GO TO 4 
GO TO 99 

3 (F(P(1,3).EQ.0.0) GO TO 5 
IF (WKN.LE.P(I,3)) GO TO 5 
GO TO 99 

4 PP (T,3),.BO.0-0) GO TO 5 
IF (WKN.LE.P(I,3)) GO TO 5 
GO TO 99 

5 SUM=SUM+P (1,6) 
GO TO 99 

C INDEPENDENT OF ACTIVITY NOTATION 
1 DIV=P(1,6)/ZI1 

IF(P(I,2).EQ.0.0) GO TO 6 
IF (WKN.GE.P(I,2)) GO TO 7 
GO TO 99 

6 IF(P(I,3).EQ.0.0) GO TO 
IF (WKN.LE.P(I,3)) GO TO 
GO TO 99 

7 IF(P(I,3).EQ.0.0) GO TO 
IF(WKN.LE.P(I,3)) GO TO 
GO TO 99 

8 SUM=SUM+DIV 
99 IF(I.LT.N) GO TO 990 

RETURN 
END 

o
o
 

o
o
 

FINISH
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22 
ar 

31 
114 
101 

a 
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LIST (EP) 
PROGRAM (FXXX) 
INPUT 1= CRO 
INPUT 3= CR1 
INPUT 5= CR2 
OUTPUT2= LPO 
COMPRESS INTEGER AND LOGICAL 
EXTENDED 
TRACE 2 
END 

MASWER 
DIMENSION A(100,8),B8(100,8) ,PINC(100,7),BR(100,8) 
TOT1=0.0 
TOTA=0.0 
TOTB=0.0 
TOTC=0.0 
TOTD=0.0 
TOTE=0.0 
DO 111 I=1,100 
DO 111 J=1,8 
B(I,J)=0,0. 
CONTINUE 
READ(1,150) NI 
FORMAT (IO) 
IF(N1.EQ.0) GO TO 114 
DO 21 I=1,Nl 
READ(1,22)PINC(I,1),PINC(I,2),PINC(I,3),PINC(I,5),PI 

1NC(I,6),PINC(I,7) 
FORMAT (6FO.0) 
PINC(I,4)=0.0 
WRITE (2,31) ((PINC(I,J),J=1,7),I=1,N1) 
FORMAT(1H ,7F5.0) 
CONTINUE 
READ(3,1) Il 
FORMAT (I10) 
IF(I1.EQ.50000) GO TO 3 
SUMA=0.0 
SUMB=      

SUME=0.0 
N=0 
N=N+1 
READ(5,4) WKN,ACTN,X,ZLAB,ZMAT, ZPLANT ,ZSC, ZPRE 
FORMAT (8F10.2) 
A(N,1)=WKN 
A(N,2)=ACTN 
A(N,3)=X 
A(N,4)=ZLAB 
A(N,5)=ZMAT 
A(N,6)=ZPLANT 
A(N,7)+ZSC 
A(N,8)=ZPRE 
IF(N.LT.I1) GO TO 2 
WRITE (2,5) 

“99.
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5 PORMAT(1H1,4HWEEK,2X,4H ACT,2X,10H QUANTITY ,2X,10H 
1LABOUR ,2X,10H MATERIAL ,2X,10H PLANT  ,2X,10H 
QUOTAL 2X, 10H SUBGTRS Ox, 10H TOTAT) S = 2%, 10H 
3PRELIM ,2X,10H TOTAL ) 
WRITE (2,6) 

6 FORMAT(1H ,4H NO ,2X,4H NO ,2X,10H PRODUCED ,2X,10H 
TEOSP S| Sen lon. Coser 2.20) “COST ie ox LOH 
2,2X,10H cost »2X,10H »2X, 10H cost 
3,2X,10H sec. 
IF(N1.EQ.0) GO TO 112 
CALL AVARADJ(I1.A.PINC,N1) 

112 CONTINUE 
DO 15 K=1,I1 
WRITE(2,7) A(K,1),A(K,2),A(K,3),A(K,4) ,A(K,5),A(K,6), 
1A(K,7),A(K,8) 

7 FORMAT(1H ,F4.0,2X,F4.0,2X,P10.2,2X,F10.2,2X,F10.2, 2X 
1,fLO.252%,, LOX 52x, F1052,2%, OX) 2% F10.2, 0%, 20%) 
WKN=A(K,1) 
SUMA=A(K,4)+SUMA 
SUMB=A(K,5)+SUMB 
SUMC=A(K,6)+SUMC 
SUMD=A(K, 7)+SUMD 

15 SUME=A(K,8)+SUME 
WRITE(2,151) 

151 FORMAT(1H ,//) 
WRITE (2,8) 

8 FORMAT(1H ,20H PERIOD TOTALS  ) 
WRITE(2,9) WKN,SUMA,SUMB,SUMC,SUMD , SUME 

9 FORMAT(1H ,F4.0,2X,4X,2X,10X, 2X,F10.1,2X,F10.2,2X,F10 
Leek, F10ec, 2%, 0X5 2%, F10.2,2X, 10%, 2% P1062) 
TOTAL1=SUMA+SUMB+SUMC 
TOTAL2=TOTAL1+SUMD 
TOTAL 3=TOTAL2+SUME 
WRITE(2,10) TOTAL1, TOTAL2,TOTAL3 

10 FORMAT(1H ,60X,F10.2,2X,10X, 2X,F10.1,2X,10X,2X,F10.2 
5/7) 
TOT1=WKN 
TOTA=SUMA+TOTA 
TOTB=SUMB+TOTB 
TOTC=SUMC+TOTC 
TOTD=SUMD+TOTD 
TOTE=SUME+TOTE 
WRITE (2,11) 

11 FORMAT(1LH ,26H ACCUM' PERIOD TOTALS) 
WRITE (2,12) TOT1,TOTA, TOTB,TOTC, TOTD, TOTE 

12 FORMAT(1H ,F4,0,2X,4X,2X,10X,2X,F10.2,2X,F10.2,2X,F10 
1.2,2X,10X, 2%, F10.2,2X,10X,2X,F10.2) 
TOTAL1=TOTA+TOTB+TOTC 
TOTAL2=TOTAL1=TOTD 
TOTAL3=TOTAL2+TOTE 
WRITE(2,13) TOTAL1,TOTAL2,TOTAL3 

13 FORMAT(1H ,60X,F10.2,2X,10X,2X,F10.2,2X,10X,2x,F10,2, 
1//) 
CALL ACTACCUM(A,B,11) 
Go TO 101 

3 CONTINUE 
WRITE (2,199) 

199 FORMAT(1H1) 

1002
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WRITE(2,1990) 
1990 FORMAT(1H ,23X,'ACTIVITY NETT COST SUMMARY') 

WRITE(2,1991) 
1991 FORMAT(1H 123%, | Seseeseseeeescsueceseeeeerer) 

WRITE (2,206) 
WRITE(2,207) 
WRITE (2,208) 
NOTE=0 
DO 200 I=1,100 
IF(b(I,2).EQ.0.0) GO TO 200 
WRITE(2,202) (B(I,J) ,J=1,8) 
NOTE=NOTE+1 

202 FORMAT(1H ,8F10.2) 
BR(T.1)=8Cl 1) 
BR(I,2)=B(I,2) 
BR(T,3)=B(1,3) 
BR(1I,4)=B(1I,4)/B(I, 3) 
BR(I,5)=B(1,5)/B(I, 3) 
BR(1I,6)=B(1,6)/B(I, 3) 
BR(I,7)=8(1,7)/B(1, 3) 
BR(I,8)=B(1,8)/B(I,3) 

200 CONTINUE 
WRITE (2,203) 

203 FORMAT (1H1) 
WRITE (2,204) 

204 FORMAT(1H ,23X,'ACTIVITY NETT RATE SUMMARY’) 
WRITE (2,205) 

205 FORMAT(1H s2ON, APP ET SHES ORS TEO RS SRST ES EES 1) 

WRITE (2,206) 
206 FORMAT(1H ,///) 

WRITE (2,207) 
207 FORMAT(1H ,'COMPLETION ACTIVITY QUANTITY 

1MATERIAL PLANT SUBCTRS PRELIM!) 
WRITE (2,208) 

208 FORMAT(1H ,! WEEK CODE PRODUCED 
cost cost cost cost’ ,//) 
WRITE(2,209) ((BR(I,J),J=1,8),I=1,NOTE) 

209 FORMAT(1H ,2F10.0,6F10.3) 
STOP 
END 

SUBROUTINE ACTACCUM(A,B,I1) 
DIMENSION A(100,8),B(100,8) 
N=0 

1 N=N+1 
R1=A(N, 2) 
I2=IFIX(R1) 
ZMARK=A(N,1) 
B(I2,1)=A(N,1) 
B(12,2)=A(N, 2) 
B(12,3)=A(N, 3)+B(12,3) 
B(12,4)=A(N,4)+B(12,4) 
B(I2,5)=A(N,5)+B(12,5) 
B(12,6)=A(N,6)4+B(I2,6) 
B(I2,7)=A(N,7)+B(12,7) 
B(I2,8)=A(N,8)B(12,8) 
IF(N.LT.I1) GO TO 1 

Sah Sera 

LABOUR 

cost
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IF(N.LT.I1) GO TO 1 
WRITE(2,2) 

2 FORMAT(1H ,29H ACCUM' ACTIVITY TOTALS ) 
DO 3 M=1,100 
IF(B(M,1).EQ.0.0) GO TO 3 
IF(B(M,1).NE.ZMARK) GO TO 3 
WRITE (2, 4) B(M,1),B(M,2),B(M,3),B(M,4),B(M,5), B(M,6), 

1B(M,7),B(M,8) 
4 FORMAT(1H »P4.0,2X,P4.0,2X,F10.2,2X,F10.2,2X,F10.2,2 
1X,F10.2, 2x; 10xX 12x, F10.2 2X, 10x 12x ,F1OL2, 2x 10x ) 
TOTALI= =B(M, 4)+B(M, 5)4B(M, i) 
TOPAL2=TOTAL1+B(M, 7) 
TOTAL3=TOTAL2+B(M,8) 
WRITE(2,5) TOTAL1,TOTAL2,TOTAL3 

5 FORMAT(1H ,60X,F10.2,2X,10X,2X,F10.2,2X,10X,2X,F10.2,//) 
3 CONTINUE : 

RETURN 
END 

SUBROUTINE AVARADJ(I1,A,PINC,N1) 
DIMENSION A(100,8),PINC(100,7) 
K=0 

7 K=K+1 
I=0 

1 IsT+1 
IF(A(K,1).GE.PINC(I,1)) Go To 2 
Go TO 1 

2 IF(A(K,1).LE.PINC(I,2)) GO TO 3 
IF(I.LT.N1) GO TO 1 
I=N1 

3) J=2 
6 J=J+1 

IF(I.EQ.1) GO TO 4 
TOP=PINC(I,J)-PINC(I-1,J) 
BOT=PINC(I,2)-PINC(I,1) 
SLOPE=TOP/BOT 
Y2=A(K,1)-PINC(I,1) 
Y¥2=(¥2*SLOPE)+PINC(I-1,J) 
A(K, J+1)=A(K,J+1)+¥2*A(K,J+1)/100.0 
GO TO 5 

4 CONTINUE 
TOP-PINC(I,J) 
BOT=PINC(I, 2) 
SLOPE=TOP/BOT 
Y2=A(I,1)*SLOPE 
A(K,J+1)-A(K,J+1)+¥2*A(K,J+1)/100.0 

5 CONTINUE 
IF(J.LT.7) GO TO 6 
TF(K.LT.21) GO! To 7 
RETURN 
END 

FINISH 

“3302;
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SUMMARY 

There are five main elements of 

drainage construction which can be 

classified separately. In construction 

sequence they are:— 

The trench which will receive the 

pipes is excavated, usually by mechanical 

equipment. The machine is assisted by 

a small gang of men who trim the base of 

the trench after excavation, and ensure 

that it is excavated to the required line 

and level. 

If necessary, after excavation, the 

trench is supported. The excavation 

machine often assists the gang in this 

operation (lowering the structural 

members into the trench). 

The pipes are lowered into the 

trench manually or mechanically. 

Flexibly jointed concrete or clayware 

pipes are frequently used, but pipes 

manufactured from asbestos or plastic 

are becoming more popular with designers, 

Small diameter pipes (below 375 mm) are 

connected manually by simply pushing 

two pipes together. However, large 

diameter pipes are connected, using 

hydraulic or mechanical jacks. The pipes 

are usually placed on blocks or saddles 

which are placed on the bottom of the 

trench prior to pipe laying. The blocks 

We
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400. 

help the pipe layer to adjust the pipes 

to the correct line and level and ensures 

that the bedding material fully surrounds 

the pipes. 

After laying, the pipes are then 

surrounded by a bedding material. 

Concrete or granular materials are 

commonly used, More designers are now 

taking advantage of the high strength 

pipes which are available in order to 

reduce the need for bedding structure to 

protect the pipes. 

The trench support system is 

removed, and the remainder of trench is 

filled with acceptable material. The 

originally excavated material is often 

used, but where pipelines are constructed 

through unsuitable strata (tips, etc.,) 

fill material is imported. 

The Manual is presented in eight 

sections. Each section is designed to 

provide the user with standard times, 

sizes and composition of gangs necessary 

for carrying out the drainage con- 

struction, 

Section one deals with mechanical 

excavation only. A method is provided 

which will help the user to select the 

best excavation machine to use under 

certain pre-determined site conditions. 

A method is then provided for calculating 

the excavation rate which may be



Section 2 
Trench Support 
Structure 

401. 

expected from the pre-selected machine. 

The variables used in the formulae are 

presented graphically for ease of 

reference. 

This section deals with the design 

of the trench support structure and the 

determination of the gang size and 

standard time required to construct it. 

Various formulae are provided for 

calculating the earth pressure exerted 

on the structure and the magnitude of 

the members required to withstand it. 

However, to simplify the calculations 

necessary, one type of trench sheet* 

and only steel waters* are considered. 

The trench struts* are also assumed to be 

(4) 
square section grade two timber . 

* Por definition see Section 2, page 

Section 3 
Pipe Laying 

Section 4 
Pipe Bedding 

This section gives details of 

the pipe laying operation, A table 

is presented which recommends the gang 

size, gang composition and the standard 

time necessary to lay the pipes. 

Eight different types of bedding 

structure are provided for in this 

section. Standard dimensions are then 

usea‘>? to calculate the volumes of the 

bedding material. The volumes are 

presented in tabular form together with 

the relevant dimensions of the bedding 

ae



Section 5 
Backfill 

Section 6 
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structure, 

Concrete (type A) and Granular 

(type B) bedding materials are con- 

sidered, but selected back fill 

(type C) is not, owing to the lack 

of detailed information. 

Three tables are given at the 

rear of this section which list the 

standard time, gang size and compo-— 

sition for forming the bedding 

structure. 

This section provides various 

graphical relationships which may be 

used to determine the standard time 

required to backfill the trench, to- 

gether with various gang sizes and 

compositions. 

Precast concrete and brick man- 

holes are considered in this section. 

Standard time data and gang inform- 

ation is presented in several tables, 

each dealing with a separate element 

of manhole construction. 

A small appendix is presented 

at the rear of this section which 

gives standard time data for such 

items as manhole covers, step irons 

and other manhole fittings. 

4.
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There are many drainage items 

which are an integral part of drain- 

age construction, but do not warrant 

a separate section, (Road Gullies, 

Yard Gullies, Breaking out of Concrete 

and Brickwork etc.), The miscel- 

laneous section brings together, in 

alphabetical order as many of these 

as possible, giving standard time and 

gang size information for each, 

Pipe and Pipeline testing is 

not covered in this manual, mainly 

due to the lack of current work 

study data. However, supplements 

will be distributed when the inform- 

ation does become available.
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NOTATION 

Mean Standard Rate of Excavation 

Theoretical Bucket Capacity 

Proportion of the theoretical bucket 
capacity utilised. 

Depth of the Excavation 

Width of Ene Excavation 

Depth to Width Ratio 

Excavation Time 

Unloading Time 

Working Radius 

The quantity of material excavated 
by a single digging stroke 

Strata Grading 

Apparent Earth Pressure 

Internal Angle of Friction 

Cohesion 

Density 

Coefficient of Active Earth Pressure 

Maximum permissible waler spacing 

Required waler spacing 

Required section modulus 

Width/Depth of timber struts 

Weight of Waler 

Length of Trench Sheets 

Standard duration per trench sheet 

Standard duration per trench strut 

Standard duration per waler 

06. 

UNIT 

we /hr 

mins 

mins 

KN/M2 

degs 

kg/M2 

kg/m? 

cm 

kg/m 

mins 

mins 

mins
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An ever increasing proportion of 

the Civil Engineering construction taking 

place today involves working in Urban 

areas. This creates several immediate 

problems for the contractor. 

The construction work must be 

phased so that the inconvenience caused 

to pedestrians and traffic is minimised. 

Existing buildings and roads are often 

situated near the construction site, 

thus restricting the size of the working 

area. The continuity of construction is 

affected by the presence of services, 

(water, gas, post office and electricity 

pipes and cables). 

Existing planning and estimating 

techniques tend to involve the appli- 

cation of a gross rate to an item of 

construction. This method is satisfactor 

if the construction is unaffected by the 

type of external restrictions mentioned 

above. However, as the required con- 

struction procedure becomes more complex, 

so the validity of the gross rate becomes 

suspect, primarily for three reasons:— 

(a) Established gross rates, although 

originally based on accurate elemental 

data tend to become distorted,due to 

alterations which are made to the gross 

rate as a whole and not to the elemental 

data on which it is based. 

-7.
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(b) The gross rate tends to be 

accepted at face value, irrespective of 

inherent complications which may be 

caused by working in difficult condi- 

tions, i.e. Urban Areas. 

(c) The gross rate is not flexible. 

It cannot be altered to produce more 

than one solution to the complex phasing 

and work output problems inherent in 

Urban Area construction, 

The aim of this manual is not to 

completely replace the gross rate (as 

it is still extremely effective in many 

situations), but to provide the exist- 

ing gross rates with an elemental data 

base and to help the planner and estim- 

ator create new rates for unique 

construction methods. 

+8.
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1.1 Definitions 

408. 

Mean Standard Rate of Excavation (Rs) 

This is the mean output which can 

be expected from a Hydraulic Excavator 

working at standard performance under 

pre-determined site conditions. 

Theoretical Bucket Capacity (Solid) 
for the Machine considered (Bc) 

The bucket capacity published 

by the machine manufacturers. It is 

dependent upon the type of machine 

and the width of its buckets. A 

graph Showing these relationships is 

given in figure.1 . 

Proportion of the Theoretical Bucket 
Capacity Utilised (be) 

The quotient of the observed 

volume utilised and the theoretical 

volume available. It is primarily 

dependent upon the strata being ex- 

cavated. See figure.2. 

Trench Shape Factor (N) 

The ratio of the depth of the 

excavation (D) and the width of the 

excavation (W) 

-10.



1.2 Machine 
Selection 

+409. 

Excavation Time (Et) for Strata 
Grading 10 

The time required to excavate 

per machine cycle. It is assumed 

to be affected by the physical 

characteristics of the trench and 

the strata being excavated only. 

Unloading Time (UT) for Strata 
Grading 10 

The time required to unload 

the excavated spoil, per machine 

cycle. It is assumed to be depen- 

dent upon the working radius (R),. 

The required machine should 

be selected using the information 

given in Tables.1. and .2. 

ell,
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TABLE.1. 

Machine Minimum} Theoretical | Maximum] Theoretical 

Type Bucket Bucket Bucket Bucket 

width Capacity Width Capacity 
(mM) (m3) (MM) (m3) 

(b) (Bc) (b) (Bc) 

*JCB3 225 0.08 675 Ov25 

* JCB3C 225; 0.13 675 0.29 

*JCB3D 225 Usis 675 0.29 

JCBS5C 450 0.32 1200 0.56 

JCB6C 450 0.32 1300 0.49 

JCB6D 450 0.32 1300 0.49 

JCB7B 450 0.32 1200 0.67 

JCB7C 600 0.50 1300 1.06 

Hy-Mac580 400 Os29 1350 0.57 

RH6 600 0.50 1300 1.06         
  

* Centre Post Skewing Action 

wee 
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1.3 Excavation Rate 

Step by Step 
Solution 

412, 

The mean standard rate of 

excavation may be determined in either 

of the following ways:- 

(a) Graphically using figure.6. 

(b) Analytically using the following 

formulae:— 

isn 

Rs = Qe A 
n Up + Eqy 

t=7 

The calculation of 'Rs' using the 

formulae is repetitive. Therefore, 

for simplicity, use table.3. 

Ls Having selected the machine, 

determine the Theoretical Bucket 

Capacity (Bc) from figure.1. 

2. Select the strata grading from 

table.4., using figure.2. Determine 

the proportion of the Theoretical 

Bucket Capacity utilised (bc). 

3, Determine 'Qe' from 

Qe = Be x be 

4. Knowing the required working 

radius (R), determine the unloading 

time (Ur) from either figure.3. or 

figure.4. Refer to table.l. to 

14.



Example 
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determine whether the machine selec- 

ted exhibits a 'Centre Post! or 

"Radial' skewing action. 

2 Determine the Obstruction 

Grading from table.5. 

6. Divide the depth of the trench 

into 10. Calculate N for each depth 

increment. Using figure.5 . deter- 

mine the respective Excavation Time 

(Et). Enter the results in table.3. 

  

5m 

  
2m 

Working radius (R) = 4M 

Strata Grading a 

Obstruction Grading = 3 

Use a Hy-Mac 580, bucket width (b) 

1350MM, theoretical bucket capacity 

(Be) 0.57m>. 

215.
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A el 

Ze ue 

3. Oe 

4. Ut 

Be oan aie 

= 0.45 

= 
= 0.57x0.45 = 0.256 M 

= 0.195 mins, 

5. Obstruction Grading = 3 

6. See table.3. 

  

  

                

TABLE. 3. 

Qe Dy w Ni Eti Up Epi+ 7 

i 2.0 0.25 0.04 0.195 0.235 

20) 2-0 0.50 -0.08 0.275 

1.5 250 Onto 0-10 0.295 

2.0 2.0 1.0 0.16 0.355 

225 2.0 125 0.18 0.375 

3.0 2.0 L350 On2h 0.405 

3.5 1.75 0.24 0.435 

esl) Osie5 0.445 

2.0 2525 0.26 0.455 

: 2.0 2509 0526 0.475 

0.256| m3 Total | 3.70 

+ 10 0.37 

mean RS = 60.0 x 0.256 
0.370 

mean Rs = 41.51 Me /hr 

16 

minutes
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TABLE. 4. 

STRATA GRADING 

  

DESCRIPTION GRADING 
  

  

"ROCK! shall mean those geological strata 
and individual boulders exceeding 6 cubic 
feet (0O.17m) in size or other masses of 
hard material outside those strata which 
necessitate the use of blasting ur approved 
pneumatic tools for their removal.* 

‘MEDIUM ROCK' As 'A' above but not exceed- 
ind 6 cubic feet (C.17m) but exceeding 1 
cubic foot (0.028m). 

‘SOFT ROCK' As 'B' but not exceeding 1 cubic 

foot (0.028m) and possessing bedding plains 
to allow breakage. 

‘SOFT LAMINATED ROCK' As 'C' but with excess 

laminations or bedding plains (slate, soft 
sandstone, shale). 

‘COHESIVE SOIL' (stiff) includes clays and 
marls with up to 20 per cent of gravel having 
a moisture content not less than the value 
of the plastic limit (BS 1377) minus 4; also 
chalk having a saturation moisture content 
of 20 per cent or greater.* 

'SOFT COHESIVE SOIL' (medium) As '5-6' but 

excluding marls and including all clays and 
approximately 10 per cent sand or below. 

Weli-graded granular and dry cohesive soils, 
include clays or marls containing more than 
20 pei cent gravel.* 

Well-graded sand and gravels with uniform- 
ity coefficient exceeding 10, also clinker 
and spent domestic refuse. 

Uniformity graded material includes sands 
and gravels with uniformity coefficient of 
10 or less, all silts and pulverised fuel 
ashes.* 10     

* "Specification for Road and Bridge Works". 
Clause 601g 1.(iy)5 ee. (4) 2etat)e Setlist). 

17. 

1969. 
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TABLE. 5). 

OBSTRUCTION GRADING 

  

DESCRIPTION GRADING 
  

Excavation involving the breaking out 
of metalled road surfaces or other 
such obstructions situated on top of 
frequently occurring services. 

Excavating in ground possessing fre- 
quently occurring major services and 
heuse connection. 

  

(a) Excavating in ground possessing 
infrequent major services but fre- 
quently occurring house services. 

(b) Excavating in ground possessing 
infrequent major services and in- 
frequent minor services. 

(c) Excavating in ground possessing 
infrequent minor services and for 
tree roots etc. 

  

  Excavating in ground possessing 
minor obstructions only, i.e. tree 
roots, smal] quantities of hard core, 
etc. 

Excavating in ground possessing no 
obstructions other than those which 
are an integral part of the strata.       

18.
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Detinitions 
Soil 
Properties 

424, 

Apparent Earth Pressure (Ap) 

For design purposes, the real 

distribution of earth pressure is 

assumed to be rectangular, trapezoidal 

or a combination of both. Various other 

assumptions dealing with cohesion (C) 

and the angle of internal friction (@) ar 

also made to simplify the calculations. 

For these reasons the pressure calculated 

is designated the apparent earth pressure 

(ap) *). 

Cohesion (C) and the Angle of Internal 
Friction (@) 

All soils possess shearing resist-— 

ance. It has two main components 

[vert ical Force 

ae 
‘      

Horizontal 
Force. 

Vertical Farce 

Diagram (a) 

ls Assume that the two particles 

(Diagram (a)) of soil 'A' and 'B' are 

subjected to vertical forces which tend 

to push the particles together, and a 

horizontal force which is attempting to 

push 'A' over 'B' into the new position 

'Al' (shown dotted). The movement of 

‘A' is physically resisted by particle 

'B'. The angle of internal friction (@)
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is a measurement of 

resistance, (the lar 

the larger the value 

possess angular part. 

degree of physical r 

ment. 

23 The particles o 

covered with a minut 

The 

and its overall magn. 

the physical and chel 

the soil particles, 

AD 
VWF MS 

Sand 

Diagram (b) 

Small area of con- 
tact. The Electro- 
static force of 
attraction is 
neutralised by the 
chemical composition 
of the particles, 
hence a minute 
overall attractive 
force is exhibited. 

Cohesion (c) is 

the electrostatic at 

soil particles. (Th 

attraction, the larg 

In conclusion:- 

Shearing Resi 

Electrostat 
Attraction 

276 

this physical 

ger the resistance, 

of @). Sands which 

icles exhibit a high 

esistance to move— 

£ all “solls' are 

e film of water. 

water possess an electrostatic change 

itude is affected by 

mical properties of 

eee: 

———— 
———— — 
——S> 

Clay 

Diagram (c) 

Large area of con- 
tact. The Electro- 
static! force of 
attraction is not 
neutralised by the 
chemical compositio 
of the particles, 
hence a large 
overall attractive 
force is exhibited 

a measurement of 

traction between 

e larger the 

er the value of 'c'). 

stance = 

ce Physical 
Resistance to 
Movement



Structural 
Members 

2426. 

Sands (Diagram 'b') possess 

angular particles, hence they exhibit 

a minute electrostatic attraction (c) 

but a large physical resistance to 

movement (%). 

Clays (Diagram 'c') possess flat 

particles, hence they exhibit a large 

electrostatic attraction (c) but a 

minute physical ‘resistance to movement 

(O). . 

Coefficient of Active Earth Pressure (Ka) 

This is a measurement of the 

component of vertical pressure which is 

transmitted in a horizontal direction, 

It is dependant upon the Angle of 

Internal Friction (g) in cohesionless 

soils, and is given by 

KA = (1 - Sin @) 
(I ¥ Sin @) 

In cohesive soils it is dependant 

upon the soil density (%), the value of 

the cohesion (c) and the depth of 

excavation (D) in the form 

Ka = 1- 4c 
BD 

Walers 

They are steel members, placed 

horizontally parralled to the vertical 

centre line of the trench. It supports 

the trench sheets which in turn support 

the strata. The walers are supported 

by trench struts. (See Figure .10.) 

72



2.2 The Apparent 
Earth 

Pressure 

2.2.1 Excavation 
in Sand 

427. 

Struts 

They are timber members, placed 

horizontally and at right angles to the 

vertical centre line of the trench. The 

struts are subjected to compressive 

stresses induced by the transmition of 

load from the strata through the waters. 

(See Figure.10.) 

Trench Sheets 

They are corrugated steel members, 

approximately 0.33 m wide. The trench 

sheets are placed vertically in direct 

contact with the fact of the strata being 

supported. (See Figure.10.) 

Three types of strata are considered 

in this section. Formulae are presented 

which will permit the user to calculate 

the magnitude of the Apparent Earth 

Pressure (Ap) imposed on the trench 

support structure. 

The value of the Apparent Earth 

5) 
Pressure (Ap) can be shown to 

approximate to 

Ap = 6.3743.Kq. 8 .D Ky/M2 
1000 

where:— 

Ka = Coefficient of Active 
Earth Pressure 

Ka = (1-Sin@)/ (1+Sin@) 

seus
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% = Unit weight of the strata 
in Kg/M3. 

D = Depth of Excavation in M 

@ = Angle of Internal Friction 
in Degrees. 

2.2.2 Excavation in Soft 
to Medium Clay (2) 

It can be shown that 

Ap = 9.8066.Ka. ¥ .D Ky/M2 
1000 

where:— 

Aten) Tee. 
D 

C = Cohesion in kg/M2 

2.2.3 Excavation in 
Stitt Fissured 2 

Clay It can be shown ) that 

Ap =) 3.922.520 KN/M? 
1000 

The distribution of earth pressure 

varies both with the depth of excavation 

and the type of strata. For design 

purposes, the distribution is generally 

assumed to be rectangular, trapezoidal 

or a combination of both. All assump— 

tions use the maximum Apparent Earth 

Pressure (Ap) as their prime ordinate. 

Thus the assumed distributions yield 

conservative results. 

To simplify the calculations 

necessary later in this section, two 

initial assumptions are made. 

(a) The Apparent Earth Pressure 

distributions for the three types of 

Seah.
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strata mentioned (in 2.21,2.22 and 2.23) 

are similar in form. 

(b) The pressure distributions are 

rectangular. 

The relationship between the 

Coefficient of Active Earth Pressure 

(Ka) and the Angle of Internal Friction 

(@) given in 2.21, is shown graphically 

in Figure 57. 

These graphs are presented in 

Figures.8. and .9. which should be used 

if detailed information about the strata 

is unknown, All three curves were 

derived assuming that the unit weight of 

the strata (8) was constant at 2082.6 kg/ 

(130 1b/fe >). A value which is high but 

commonly used. 

If none of the variables (%,9%,C) 

are known. 

Assume 

% = 2082.6 kg/m 

Came 5 

C = 1400 kg/m? 

and use Figures.8. or .9, to find the 

Apparent Earth Pressure (Ap). The 

result obtained will be an over estimate, 

Some stratas will not fall into 

any of the categories mentioned earlier 

(in 2.21,2.22 and 2.23), If this occurs 

take the largest value of Apparent Earth 

Pressure (Ap), obtained from the two 

31.
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categories considered to be most 

representative of strata being studied. 

if the strata falls into the 

'Fissured Clay' category (2.23), use 

the curve marked 'A' in riguce. 2 to 

determine the value of the Apparent 

Earth Pressure (Ap). 

e326



'Step by Step' 
Solution for 
the Apparent 
Earth Pressure 

(Ap) 

Step 1 

Step 2 

Step 3 

Example (1) 

Eg (1) Steps 1 
to 3 

Establish the type of strata. If 

it does not fall into any of the three 

categories mentioned in 2.21, 2.22 and 

2.23, select two categories which may 

apply. 

If the values of 'S', '@' and 'C! 

are known, use the relevant formulae to 

calculate 'Ap'. Take the largest 

value if two formulae are used. 

If any of the values are unknown, 

assume 

¥ = 2082.6 kg/m? 

g's 25° 

2 © = 1400 kg/m 

and use Figures .8. and/or .9. to determine 

the value of 'Ap'. 

A trench is to be excavated in 

sand with an Internal Angle of Friction 

O= 10°. If the trench is to be 4.0 m 

deep, determine the value of the 

Apparent Earth Pressure 'Ap', 

From Figure ,8. knowing @ = 10° 

and D = 4.0 m 

Ap = 27.50 Ky/M> 

NOTE: The unit weight ¥ must be assumed 

to be 2082.6 kg/m? as it is not 
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Example (2) Two trenches are to be excavated 

in strata which has a Cohesion C = 

1400 kg/M>. The trenches are 3.0 m 

wide and 6.0 m deep respectively. What 

is the value of the Apparent Earth 

Pressure ADT? 

3) Steps 1 
to 3 NOTE: The unit weight is unknown, 

therefore,it is assumed to be 

2082.6 kg/M>. 

From Figure .9. knowing C = 

1400 kg/m? 

Tranch (a) 3.0 m deep 

Ap = 25 Ky/Me 

(b) 6.0 m deep 

Ap = 67.5 Ky/M- 

34.
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Steel Waters 
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2.3 Design of the 
Support Structure 

Step by Step 
Solution 

437. 

The structural design of the 

support structure given in this 

section is for estimating and plan- 

ning purposes only. The following 

equations have been developed to 

simplify the procedure:- 

Tee MISS (m) 

¥ Ap 

LD < L (M) 

Ze >  4.734xApxLD (cm?) 

B > 22.9833x /Ap.Lp »38.49.w (MM) 

1. Determine the Apparent Earth 

Pressure 'Ap!'. 

2. Calculate the maximum permissible 

vertical waler spacing 'L' from 

oS) 1Ss43s 

J 
3. Select a vertical waler spacing 

  

'Lp'. It must be less than or equal 

tos 

4. Calculate the required waler 

section modulus 'ér' from 

Zr = 4.734 x Ap x Lp (cm?) 

5. Select the standard waler to be 

used from table. 6. 

39.
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6. Calculate the breadth/width of 

the timber struts from 

Bee 22,0633 x /Ap x Ly 

and 

B ui 38.49 x W 

the largest value of B must be used. 

Example 1. Assume Ap = 27.5 KN/M2 

Depth = 4.0M and Width = 1.0M 

2. °L = 15.43 =) 15.43 

27.5 S525 

L = 2.94 M 

3. ip = 7.0eu 

4, ar 4,734 x 27.5 x 2.0 

3 

" 
ul ar 260.37 cm 

5. Selection Section number 6 

Weight = 30.0 kg/m 

6. 
Bre 22.9833 27, 0.x 220, 

Be= 22.9933 x 7.416 = 170.44M 

B = 38.49 x 1,0 = 30.49 

Use 170.44 mm square timber struts 

2.3.1 Gang Size 
(1) Trench Depth less than or equal to 

3.0 m. 

1 Banksman/Ganger 

3 Labourers 

(2) Trench Depth greater than 3.0 m. 

1 Banksman 

3 Labourers 

1 Machine to assist 

-40,
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TABLE, 6. 

PERMISSIBLE STEEL WALER_ SECTIONS 

  

  

  

ELASTIC 
SECTION | SECTION | SECTION D B 7 | MODULUS 
NOTATION} SHAPE | WEIGHT | (mm) | (mm) | (mm) (cm3) 

kg/M 

x iE 13.36 127| 76 WAS TSsL2 

to
 17.10 | 152] 89 | 8,3] 115.90 

3 = 20.82 178 | 76 | 10.3] 150.4 

4 i< 23.80 203] 76 | 11.2} 192.00 

5 ale. 25.00 203 | 133 7.8| 231.00 

6 als 30.00 207] 134 9.6] 279.00 

7 rls 31-00 251| 146 8.6| 352.00 

8 ae 43.00 260/147 "| 12.7] 504.00 

9 nis 31.00 307| 166 | 11.8] 646.00             
  

41. 
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2.4 Erection Duration 
"Step by Step! 
Procedure to 
find the 
Standard 
Construction 
Time 

Step 1 

Step 2 

Step 3 

Step 4 

Step 5 

Knowing the trench and strata date, 

design the trench support structure. 

Thus calculating 

(a) Dimensions of struts 'b! 

(b) Weight of waler per metre 'Wgt! 

Select the length of the trench 

sheets 'Ls' in metres and calculate the 

total number of trench sheets, walers 

and timber struts per 2.5 m bay. 

Knowing the length of the trench 

sheets, use Figure .11.to determine 

'Tgy' (the standard duration/trench 

sheet),multiply this by the number of 

trench sheets to be used. 

Knowing the dimensions of struts to 

be used, use Figure.12. to determine 

'Tst' (the standard duration/strut), 

multiply this by the total number of 

struts. 

Knowing the weight of the walers 

to be used, use Figure .13.to determine 

'Tw' (the standard duration/waler), 

multiply this by the total number of 

walers. 

Add the times obtained from Steps 

2, 3 and 4 to obtain the total standard 

duration per 2.5 m bay (in minutes)



Eg 

441, 

Step 6 Select the gang size to be employed 

from 2.3.12 

Example 1 A structure has been designed to 

support a trench 4.0 m deep and 1.5 m 

wide. 

Use the following information to 

determine the standard duration and 

standard man hours per metre of a 2.5 m 

bay. 

Weight of Waler (Wgt) = 20.82 kg/M 

vertical strut/waler 

Spacing = 2.0m 

Width/Depth of timber 

Struts (8B) = 114 mm 

Width of B.S.P. Type 5 trench sheets 

  

    

= 0.33 m 

(1) Step 1 Let the length of the trench sheets 

is = Faso. 

TTR yore 
y 2 

2n q i 

1. A 
z| a 4m 

S Ss Z S 
an! ie 

aaa 
Nay 

Total number of trench sheets:— 

205 S200 ae 14.7 
O33 

Say 14 

Total number of trench struts = 6 

Total number of walers =6 

AS
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From Figure -1l. knowing Ls 4.33 m 

Tsy = 3.475 mins/sheet 

Total duration 3.475 x 14 " 

48.65 mins 

From Figure .12. knowing W 1.5m 

B 114 mm 

Tot 4.25 mins/Strut 

Total duration = 4.28 x 6 

25.68 mins. 

From Figure -13. knowing Wgt 20.82 

Tw 0.625 mins/Waler 

Total duration 0.625 x 6 

3.75 mins. 

Total standard duration per 2.5 m 

48.65 + 25.68 + 3,75 78.08 min 

Standard duration per metre 

78.08 31.16 mins 
2650) 

0.5190 Standard Hours 
  

From 2.3.1 the required gang size 

BK Banksman/Ganger 

Labourers 

# Machine (on tracks) to assist 
plus driver 

Rg (1), step 

Eg (1) Step 3 

and 

Eg (1) Step 4 

Eg <(1) ‘Step, 5 

bay 

Eg (1) Step 6 

is:- 

Total 5 men 

Total standard man hours per metre 

0.5190 x 5 2.5950 man hours 
  

44,
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PIPE LAYING 

 



3.1 Operatives 

447. 

The pipe laying operation comprises 

of 16 individual tasks, several of which 

require two or more operatives to work 

at the same time. The standard time and 

gang size for the pipe laying operation 

is given in Table 7. In some circum- 

stances, the user may find it necessary 

to adjust the gang size and consequently 

the standard time allowed. 

However, when considering gang 

size, use the following rules as a 

general base from which to start. 

(a) If the pipe diameter is 300 mm or 

less, and the trench is less than or 

equal to 2.5 m in depth, the gang should 

contain:- 

1 Surface Ganger 

1 Pipe Layer 

1 Labourer 

(b) If the pipe diameter is 450 mm or 

less and the trench is less than or equal 

to 5.0 m in depth, the gang should 

contain:- 

1 Surface Ganger 

1 Pipelayer 

1 Labourer 

1 Excavator (on tracks) to assist 

(c) If the pipe diameter is less than 

or equal to 2100 mm in diameter and the 

trench is less than or equal to 7.5 m 

in depth, the gang should contain:- 

49.



~448. 

1 Surface Ganger 

1 Pipe Layer 

1 Labourer 

1 Crane (on tracks) to assist 

(See Figure 14 at the rear of this 

section), 

50.
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3.2 Pipe Laying 
Duration 

Basic minute data was compiled 

from studies made on site'??, The 

data was then adjusted by applying 

Relaxation and Contingency Allowances of 

18% and 3% respectively. 

Table-7.(overleaf) shows the 

final standard time data. It must be 

used in conjunction with the gangs and 

pipe details given. 

252.
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TABLE -.7- 

STANDARD TIME DATA FOR PIPE LAYING ONLY 

  

  

  

Depth Std.Duration (min) 
Diam—- Depth Depth Above 

eter Length QO -3m 2 oom 5m per per metre 
(mm ) (mm) EX Cr Lbr| Bx Cr Lbr| Ex Cr Lbr| pipe 

100 1383 3 a 3 eS one 5.0 

150 1.83 3 L 3 de 3 jes 6.7. 

225 1.83 3 b 3 ~ “3 | 15.0 8.2 

300 1,83 3 a 3 135} 20).'5 et se 

a75 L383. 3 us s Tai 2460 13 64 

450 Leo) 25.44 3 a 3 on oe e764 15.0 11.2 

525 1.83 2.44 3 eae eo do meses 16.6 12,4 

600 1.83 2.44 TS 1 3 1 *3)°|'33.0' 18.0 13.5 

675 63 2.44 eS: Pe 13 |35.4 19.3 14.5 

750 1.83 2.44 i 3 5) 3. | 27.4 20.4 15.3 

825 1.83 2.44 c 3 i 3 1 3 {40.0 21-9 16,4 

900 1.83 2.44 Ie ie a ae 1 3 |42.7 2363 1.9 

975 183 20a Pas: Tea 3 1 3 |45.4 24.8 18.6 

1050 1.83 2.44 eS NS. 1 3 |48.1 26.3 19.7 

1125 1,83 2.44 193 a3) Past s0.7 PARES PLOY: 

1200 1.83 2.44 13 ie o3 Les Salins<0 29.0 21.7 

1275 1.83 2.44 aS te 1 3 155.5 30.3 22.7 

1350 1.83 2.44 £3 LS 3 1 2) 358.0 SCT acon ce 

1425 1.83 2.44 13 Lees 1 3 |60.5 33.1 24.6 

1500 1.83 2.44 La jee. 1 36350 34.4 25.£ 

1575 1.83 2.44 eS) 2 3 1 3 \65.6 35.8 26.5 

1650 1.83 2.44 a 3 to 1368.0 37-2 eles 

1725: 1.83 2.44 ra dels Dy se hed 38.4 28.8 

1800 Vee 1.83) 2.44 Hs, eee 3 8 4722515924 39,629. 

1875 1.22 1.83 2.44 ues 1 3. IS 3 574.5) held 40.730. § 

1950 1.22 1.83 2.44 2 gs L 3 Wau NG's) | 620K Ad cies le 

2025 1.22 1.83 2.44 de 43 eae: 1. 3° | 78.2 | 64.1 42.7 32. 

2100 Le22 1783. 2.44 re13 1 3 1 3 }80.0] 65.6 43.7 32.             
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SECTION 4 ; x 

‘THE PIPE BEDDING STRUCTURE 

 



4.1 Standard 
Bedding 
Structures 

Three main bedding conditions are 

recommended and commonly used by 

engineers as a basis for their designs. 

They are:-— 

Type A (Concrete Structure) 

      

  

      

O25 Be 

20 mn ha 0:25) 
ak 28 days Cioo mm min) 
  

1.25 Be 

et CBc + 200mm) 

  

Type B (Granular Structure) 

CL meee tr [=~ min 

ok Type B Backlil 
__180° 
  

  

soo 309 
%0 *0|| Type A Backlil 

Oe ° 

jeer 258 it     

Where 'y' in average conditions 

is not to be less than 100 mm with not 

less than 50 mm under the sockets. In 

very soft and wet conditions where the 

trench bottom is very irregular and 

where there are areas of rock,it should 

be at lease 200 mm under the barrels
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and sockets. 

Type C (Selected Backfill Structure) 

dee: Min 

Type B 

4 Beekdill 

  

  

      
Where Type A backfill is broken 

stone or gravel, 10 mm nominal size as 

specified in Table 1 BS 882, 1201: 1965. 

Type B backfill is to be selected fill 

free from large stones, tree roots, 

vegetable matter and large lumps of 

clay (over 75mm). It should be compacted 

in 100 mm layers. 

The three main bedding structures 

indicate the general form of the 

structures and give minimum dimensions. 

Many engineers extend the recommended 

bedding structure to include surrounds 

and haunches. As a result 

l— Concrete 
Succound adde, 

  

              
Ute 2
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of this, the overall bedding structures! 

dimensions differ from design to design. 

A contractor receives work from 

many different designers, consequently 

constant recalculation of the bedding 

structure volumes is necessary. 

Eight different bedding structures 

are presented in Table-8 It was 

compzled using the most commonly 

occurring dimensions used by various 

designers. 

Tables.9-to-l6.use the dimensions 

shown in Table.8.to give the volume of 

bedding material per linear metre of 

Ripe. s 

The pipe wall thicknesses shown in 

Tables.9.to,16.are mean values derived 

from several sets of manufacturers' 

data. A separate summary of these is 

shown in Table .17. 

OTe



STANDARD 

TABLE.8. 

BEDDING STRUCTURES 

  4 STANDARD DIMENSIONS 

    

  

  

  

TYPE.2. sa 

Bs Lolemnal diameter of pipe 
Be External diameter of pipe 

    
Bp = 0-25 Be 
Br =0-.25D Cicomm mind 

Bw 25Be or Be+2oomm (which 
ever 1s greater ) 

@ =50° 

    

43 | 

    
  

WeES. 

Pree: Sau aoores ie |e 

H3 = CBw- Be)/2:0 

Haz Ha 

Br=0-25D (icone oun) 

Bw 125 Be or Be + 200mm 

  

  

Br: 0-25D (Cioonm min) 

Bw 2125 Be of Be + 200mm 

© =30° 

  

[Tyre 5. 

Br: 0-25D Cioomm mia) 

Bw sl25 Be ov Be +200 mm 

O=30° 

  

    eee i 

  

Br: o-250 Cicomm min) 

Bws 125 Be or Be + 200 mm 

@ = 30°       
  continued overleaf . 

58.



  

  

TYPE .G. 

  

h52 CBw-Be)/2-0 
Has HS 

Brs 0-250 Cloamm mind 

Bws +25 Be or Be + 200mm 

@ = 30° 

  

TYPE 7. 

  

Br: 0-25n Ciooma min) 

Bwah2s Be of fe + 260 me 

  

  

  

    

    Br=0-25D Cio mm min) 

Bus 125 Be or Be+ 201m.     

59.
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~406. 

TABLE .17. 

OVERALL WALL THICKNESS 

  

Internal Diameter Overall Wall 

  

  

of Pipe Thickness 
(mm ) (mm ) 

100 26 

150 26 

225 30 

300 34 

37S 38 

450 41 

525 48 

600 52 

675 56 

750 60 

825 64 

900 67 

975 TL 

1050 78 

1125 82 

1200 86 

L275 86 

1350 93 

1425 o7 

1500 101 

S75 114 

1650 LES 

1725 LS 

1800 116 

1875 123 

1950 130 

2025 137 

2100 144 

2175 151 

  

-68. 

 



~467. 

4.2 Pipe Bedding 
Duration 

Three tables, (18. .19.and.20) are 

given in this part, each recommends 

standard time data (per cubic metre of 

bedding material) which should be applied 

to the relevant volumes determined from 

Tables.9.to .16. 

The tables are compiles assuming tha 

a constant gang size will be used and 

maintained throughout the bedding operati 

The gang should contain:- 

1 Ganger/Banksman 

2 Labourers 

If Type C Bedding Structure is 

being considered, use the standard time 

data given in Section 5 (Backfill). 

-69.



468, 

Unrestricted Discharge for Concrete and Granular 

Bedding Structures (Types A_and_B) 

TABLE.18, 

Standard Standard 

Item Man Hours Duration 

per ive) per MS 

1. Concrete discharged from 
wagon, large skip or dumper 
into large foundations, man- 

hole base or trench base. Gree paee 
The time includes finishing, 
shaping and tamping to the 
required level. 

2. Concrete placed by hand 
from a heap placed at the side 

of the trench or foundation. 1.64 0.55 

The time includes finishing, 
shaping and tamping to the 
required level. 

3. 10 mm diameter gravel dis- 
charged from a wagon, large 

skip or dumper into large 0.69 
foundations or trench base. 
The time includes finishing 
and shaping to the required 
level. 

223 

4. 10 mm diameter gravel placed 
by hand from a heap placed at 
the side of the trench or 
foundation. The time in- 
cludes finishing and shaping 
to the required level. 

70.



-469. 

Restricted Discharge for Concrete Structures (Type A) 

TABLE.19. 

  

  

Pipe Standard Standard 
Diameter man hours Duration 

mm per M3 per M3 

150 Me 20. 0.40 

225 2620 0.40 

300. 1.20 0.40 

379 1.05 0,35 

450 105 0.35 

525 1.05 0.35 

600 1.05 (OE) 

675 1.05 0535 

750 0,99 0.33 

825 0.99 0.33 

900 0.99 0.33 

O75 0.99 0.33 

1050 0.90 0.30 

1125 0.90 0.30 

1200 0.90 0.30 

1275 0.84 0,28 

1350 0.84 0.28 

1425 0.84 0.28 

1500 0.84 0.28 

1575 0.78 0.26 

1650 0.78 0.26 

2725) 0.78 0.26 

1800 0.78 0.26 

1875 0.78 0.26 

1950 0.78 0.26 

2025 0.78 0.26 

2100 0.78 0.26     
  

centile



24/0. 

Restricted Discharge for Granular Structures 

  

  

Pipe Standard Standard 
Diameter man hours Duration 
mm per M3 per M3 

150 0.90 0.30 

22) 0.90 0.30 

300 0.90 0.30 

375 0.78 0.26 

450 0.78 0.26 

525 0.78 0.26 

600 0.78 0.26 

675 0.78 0.26 

750 0.72 0.24 

825 0.72 0.24 

900 (evi73 0.24 

975 One 0.24 

1050 0.63 0.21 

Lies 0.63 0.21 

1200 0263 0.21 

L275 0.57 0.19 

1350 0.57 O6ld 

1.425 Os57, 0.19 

1500 0.57 0.19 

1575 0.51 0.17 

1650 0.51 0.17 

1725 0,51 O17 

1800 0.51 O0L7 

1875 0.51 OL 

1950 O51 O.i7) 

2025 O51 O.L7 

2100 0.51 0.17     
  

of.



 



5,1 ‘Backer 11 

Duration 

472. 

The data given in this section 

should be used for backfilling trenches 

and for bedding condition type C only. 

Figure-15.and-16.show the relation- 

ship between the standard man hours per 

cubic metre of backfill and the thickness 

of compacted material for four different 

gang sizes. They are:- 

(a) 1 Ganger 

1 Labourer 

1 Pegson Rammer Seceee Sagure “25s 

(b) 1 Ganger 

1 Labourer 

1 Pegson Rammer 

1 Dumper covees Figure 6. 

(GQ). eGanger 

1 Labourer 

1 Pegson Rammer 

1 JCB 3 with Driver .... Figure -16. 

(ad) 1 Ganger 

1 Labourer 

1 Pegson Rammer 

1 Drott 175 with Driver. Figure .16. 

774.
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6.1 Precast 
Concrete 
Manholes 

«476, 

This section contains standard 

time and gang size data for six major 

components of pre-cast concrete man- 

holes. The data is presented in tabular 

form under the following listing:- 

Table.2l. 

Table. 22. 

Table. 23. 

Table. 24. 

Table.25. 

Table. 26. 

278. 

Chamber Rings 

Straight Backed Tapers 

Shaft Rings 

Cover Slabs (75 mm Thick) 

Cover Slabs (150 mm Thick) 

Base Units (complete with 
benching, 600 mm high)
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6.2 Brick Manholes 

483. 

A graph showing the relationship 

between wall thickness, the number of 

bricks per standard man-hour and the 

tradesman-labourer ratio is given in 

Figure .17. 

The data includes transporting and 

mixing the cement mortar distances not 

exceeding 20 m. 

85.



~44. 

1290, NUMBER OF BRICKS PER STANDARD Hours 

    

NOL 

ao |. " 

90 

Bo} 

TOL 

60, 

50L 

4O} 

Boh 

WALL THICKNESS 45° 

40, 
WALL THICKNESS 543 
Bq4 mm 

WALL THICKNESS INS, 
lol 250, 280mm. 

° r = 7 ee + ny + r 
oO 0.8 Vo vs 20 25 30 a5 ‘ 

NUMBER OF LABOURERS 

Figure.17. 
Qn
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    slabs and sides. 

STEP IRONS 

Standard 
No. Item Gang Unit Man-hours/ 

Unit 

Wedge and point step irons 

re into pre-drilled concrete a No 6.075 
manhole cings. 

Drill holes, wedge and point 
2 step irons into pre-cast a No 0.55 

concrete manhole rings 

Set and point step irons into 
° brick work. - ie pele 

Drill holes, wedge and point 
: step irons into brick manhole Z No ees 

COVER 

Standard 
No. Item Gang Unit Man-hours/ 

Unit 

Place and level manhole cover 

i on mortar bed. : oo peo 

FORMWORK 

Standard 
No. Item Gang Unit Man-hours/ 

Unit 

Fix and strike light-weight 
2 formwork to circular concrete No 1.50 

manholes. 

Make form work for manhole 2 
e slabs and sides. ue ee 

Fix form work for manhole 2 
2 slabs and sides. a a 

4 Strike form work for manhole M2 0.538 

  

+88.
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SIKEL RE 

. te z ; Standard Mar 
No. Ttem Gang Unit Pees) nit 

ES Cutting 

4 sa See Section (8) 

: Bend tog one) Miscellaneous 
‘steel! 

S Power Bending 

4 Fixing 

CONCRETE 

- Rie Standard Ma 
No. Item Gang Unit Hours/Uait 

150mm Concrete 3 s 

a surround to manholes 2 a 1,027 

In situ concrete 

2 base to form 
channels and branch 
connections. 

No. of No. of 
Channels Branches 

1 0 2 Me Pascal 
1 1 2 me 2.906 
1 2 a me 3.1.22 
1 3 2 ue 3.337 
1 4 2 ue 3.552     

+89.



 



7.1 Introduction 

489, 

The information given in this 

section is presented in tabular form. 

Time data is given for each item, 

expressed in standard man-hours per 

unit. Recommended gang sizes are also 

given where possible. 

As the items are briefly described 

and the recommended gang size is not 

always given, the user should use the 

data as a basis from which the final 

standard times can be estimated. 

NOTE: 
  

All additional allowances should 

be clearly specified so that the final 

outputs used for planning and estimating 

may be traced back to the manual. 

woke



-490. 

BRICKWORK 

  

  

Ite Standard 
ie Item Description Gang Unit Man Hrs/Un: 

Construct two course of 
225 mm brick work to take 

1 a manhole cover. The item 1 Metre 0.30 
includes for building to Lin "i 
line and level and point—- 
ing the inner face. 

break out small quantities 
2 of manhole brickwork by m3 2.25 

hand. 

Break out small quantities 3 
3 ef manhole bric!work using M 1,50 

pneumatic tools. 

92.



BENDS 

7491. 

  

Item 
No. 

Item Description Gang Unit Stardard Man 
Hours/Unit 

  

Fix 150mm diameter fspigot 
and socket bend. The item 
includes setting to line 
and level and jointing 
with yarn and mortar. 

Fix 225mm diameter spigoe 
and socket bend. The item 
includes setting to line 
and level and jointing with 
yard and mortar. 

Fix 300mm diameter spigot 
and socket bend. The item 
includes setting to line 
and level ard jointing 
with yarn and mortar. 

<93% 

No 

No 

No



492. 

CHANNELS 

  

Ttem 
No. 

Item Description Gang Unit 
Standard Man 
Hours/Unit 

  

Lay 150mn diameter channels 
on a lean concrete bed. The 
item includes for position- 
ing to line and level and 
cutting where necessary. 

Lay 225mm diameter channels 
on a lean concrete bed 
item includes for pos 
ing to line and level and 
cutting where necessary. 

   

Lay 300mm diameter channels 
on a lean zoncrete bed. The 
item includes for position- 
ing to line and level and 
cutting where necessary 

94, 

a No 0,38 

0.56
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Standard Man 

  

Now Ttem Description Gang Unit Hours/Unit 

1 Break out smail quantities me 7.0 
of cured mass concrete by 

hand. 

Break out cured mass 
2 concrete using pneumatic we 4.98 

equipment. 

Break out cured rein- : 
3 forced concrete using M 4,98 

pneumatic equipment. 

   
Break out cured ma 
concrete carriageway 3 

4 using an IPH or other M 1,54 
heavy mechanised 
pneumatic equipment. ® 

+95.
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494. 

COVERS CLRKON) 

  

  

Item foe eS - % Standard Man 
hie Item Description Gang Unit Hours/Unit 

1 Bed and lay iron manhole 
covers to line and level. 

Weight 

0 - 50 kg 2 No 0.60 

50 - 100 kg 2 No 0.94 

100 - 150 kg 2 No esl! 

above - 150 kg 2 No 1.62 

Unload and stack iron 
manhole covers. 

Weight 

0 - SO kg ) No 0.08 
‘Cc 50 - 100 kg eeu 0.15 

100 - 150 kg ) No 0.20 

above - 150 kg : No 0.25 

96.
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Item ee y ‘ Standard Man 
hou Ttem Description Gang Unit Hours/Unig 

Yard Gullies, the item 
includes excavate, 

- position and surround with Ne P56 
concrete. : 

Reversible Gullies, the 
2 item includes excavate, 

position and surround 
with concrete. 

No. of inlets:- 

1 only No 0.75 
2 only No 0.88 

Road Gulli the item 
3 includes excavation, 

positioning and concrete 
surround. 

Diameter Depth 
Crom ) Gam) 

225 600 No Tele 
225 750 No Teo) 
300 600 No 1.26 
300 750 No 1,50 
300 900 No dey LD) 
375 600 No 1.62 
375 750 No 1.88 
375 900 No 2.18 
450 750 No 2.06 
450 900 No 2.42 

97,
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GULLY CONNECTIONS 

  

  

  

  

tem er See 4 Standard Man 
No. Item Description Gang Unit Hours /Unit 

Fix first 2m of 150mm 
uh diameter clay pipe for Gully 0.465 

gulley connection. 

2 Fiz: straight 150mm x Metre 0.13 
1220mm long clay pipes. Lin % 

298.
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3497. 

GULLY FRAMES AND GRATINGS 

  

  

Item ed 3 Sy Standard Man 
wan Item Description Gang Unit Hours/Unit 

Assemble to line and level 
and set on mortar bed 
Gully Frame and grating. 

a The item includes the 
brick construction 
between the base of the 
frame and the top of 
the gully. 

Weight 

QO - 100 kg No 1.88 

above 100 kg No 2.25 

Unload gully frames and 
2 grade from wagon and 

stock pile. 

Weight 

0 - 50 kg 24M/C No 0.08 

50 - 100 kg 2+M/C No 0.15 

100 - 150 kg 24+M/C No 0.20 

above 150 kg 2+M/C No 0.25 

299%
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and stock pile 

+100. 

GULLIES 

Item , : r : Standard Man 
No. Item Description Gang Unit Hours /uni 

1 Unload Gullies from wagon 24M/C No 0.15



499, 

  

  

101, 

HARDCORE 

Item aes : < Standard Man 
No. Item Description Gang Unit Hou-s/onit 

Spread and level hardcore 3 
1 in 100mm layers and blind 24+M/C M 20 

with ash. 

Spread and level hardcore 3 
2 in 150mn layers and blind 24+M/C M 1.88 

with ash. 

Spreak and level hardcore 3 
3 in 225mm layers and blind 2+M/C M de, 78 

with ash.
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TRAPS 

Item eeriay . : Standard Man 
No. Item Description Gang Unit Hours/Unit 

Excavate, position, joint 
a and surround with concrete No 0.375 

"Pt “traps. 

Excavate, position, joint 
2 and surround with concrete No a,03 

intercepter traps. 

LOZ.



PIPES 

  

  

Item 4) ait are i . Standard Man No. Item Description Gang Unit Hours/Unit 

Lay and joint clay ware 
spigot and socket pipe. The 

L item includes jointing with 
yarn and mortar, and cut— 
ting, where necessary. 

Diameter | 
(mm) 

100 Metre 0.098 
lin 

150 Metre 0.113 
lin 

225 Metre 0.143 
din 

300 Metre 0.187 
‘ lin 

Unload and stock pile 

clay ware pipes individually. 

Diameter 

(mm ) 

100 3 10 0.1 
pipes 

150 3 10 0.2 
pipes 

225 3 10 0.2 
pipes 

300 3 10 0.2 
pipes 

-103.
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RODDING EYES AND COVERS 

-502. 

  

  

ne Item Description Gang Unit 

Fix 150 ma diameter spigot 
and socket Rodding Eye. 

1 The item includes setting 
to line and level and 
jointing with yarn and 
mortar. 

a No 

104, 

Standard Man 
Hours/Unit



+503. 

REVERSIBLE GULLIES 

  

Item 
No. 

Item Description Gang Unit 
Standard Man 
Hours/Unit 

  

Excavate, position, joint 
and surround with concrete. 
Reversible Gullies con- 
taining one inlet only. 

No 

Excavate, position, joint 

and surround with concrete. 
Reversible Gullies con- 
taining two inlets only. 

No 

105. 

9.88



  

, 

504, 

ROADS (Breakout) 

  

  

Item - x i x - : Stondard Mar. 
os Item Description Gang Unit Hours/Undit 

Break out metalled road 
surface, using an IPH or 3 

£ other heavy mechanised e tot 

pneumatic equipment. 

Break out cured mass 
concrete carriageway using 3 

2 an tPH or other heavy M 1.54 
mechanised pneumatic 
equipment. 

~L06.
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SLOTs 

SLABS 

+ 

Item Aces ~ = + Standard Man 
No. Item Description Gang Unit Hours/Unit 

Unload precast manhole 
iS Slabs and bases from wagon 

and stock pile. 

Diameter 

0 - 686 mm No 0.5 

686 - 914 mm No 0.53 

914 —- 1067 mm No 0.56 

1067 - 1219 inm No 0.67



506. 

  

  

  

SADDLES 

Teen Standard 
N Item Description Gang Unit Man Hours/ 

oO. f 
Unit 

os f- 

Cut and trim a 225 mm 
1 diameter clayware pipe 

and bed a 225 x 300 mm NS Boe 
saddle to concrete line 
and level. 

-108.
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STEEL 

Item ae ee =o Standard Man 
No. Item Description Gang Unit Hours /Unie 

Cut, bend and fix 10 mm 
diameter steel. The cut-— 

a ting and bending should be 
performed by powered, 
macnines. 

Power Cut t 2525 

Power Bend 8.70 

Pix t 21.80 

Cut, bend and fix 12 nm 
diameter stee. The cut- 

2 ting and bending shoula be 
performed by powered 
machines. 

Power Cut £ 1.77 

Power Bend t 7.18 

Fix. t LTD 

Cut, bend and fix 16 mm 
diameter stee. The cut- 

3 ting and bending should be 
performed by powered 
machines, 

Power Cut t 1.28 

Power Bend £ 5.13 

Fix t 12.80 

EOS.
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