
CONTENTS

XIII

XV

Preface
List of Abbreviations and Symbols

1 Introduction

The engineer and construction / The construction industry / Types of
construction contracts / Construction economy and the
engineer / Construction economy and the contractor / Value
engineering / Making a value engineering study / Objections to value
engineering studies / Examples of value engineering studies / The time
value of money

/
2 15 \/JoD Planning and Management

Construction activities / The critical path method / Definitions
of terms and symbols / Steps in critical path scheduling / Developing a

critical path schedule / Determining total float / Determining
free float / Applying the critical path method to overlapping
activities / Updating an arrow diagram / The time-grid diagram
method / Advantages of the \ime-grid diagram / Conducting a crash
program / Determining the minimum total cost of a project / Manual
versus computer analyses of critical path methods / Preparing a
construction schedule for a highway project / Clearing the right of
way / Drainage structures / Earthwork / Concrete pavement /
Scheduling resources / Delivering materials / Scheduling
laborers / Financing the project / Job layout / Project control during
construction / Keeping equipment records / Project
supervision / Construction-cost control/ Cost-control records

3
61

Factors Affecting the Selection of Construction

Equipment
Standard types of equipment / Special equipment / The cost of
owning and operating construction equipment / Depreciation
costs / Straight-Iine depreciation / Declining-balance



vi CONTENTS

method / Sum-of-the-years-digits method / Investment

costs / Operating costs / Economic life of construction

equipment / Costs of depreciation and replacement / Costs of

investments / Maintenance and repair costs / Downtime

costs / Obsolescence costs / Economic life of equipment that serves

other equipment / Sources of construction equipment

4 89Engineering Fundamentals

Rolling resistance / The effect of grade on the required
tractive effort / The effect of grade in locating a borrow pit / The
effect of altitude on the performance of intemal-combustion
engines / The combined effect of pressure and temperature on the
performance of intemal-combustion engines / Drawbar
pull/ Rimpull / Acceleration

5 105
Soil Stabilization and Compaction '-

Glossary of terms / Properties of soils / Swell and shrinkage /
Types of soils / Soil tests / Laboratory tests / Field tests /
Nuclear determination of moisture density of soils / Soil
stabilization / Stabilizing soils with hydrated lime / Asphalt-soil
stabilization / Cement-soil stabilization / Specifications for compacting
soils / Tamping rollers / Smooth-wheel rollers / Pneumatic-tired
rollers / Pressure bulb theory of load distribution / Pneumatic-tired
rollers with variable inflation pressures / Vibrating compactors /
Densification of soils by explosive vibrations / Installation
of the explosives / Deep densification of soils using a terra-probe
vibrator / Production rates using the terra-probe vibrator / Limitations
on the classifications of ~oils that may be compacted by the terra-probe
vibrator / Cost considerations / Conclusions regarding the method of

deep-sand vibratory compaction

6 144Tractors and Related Equipment I
Tractors / Crawler tractors with direct drive / Crawler tractors
with torque converter and power-shift transmissions / Wheel
tractorS / Performance data for wheel tractors /
Gradability / Bulldozers / Crawler-mounted versus
wheel-mounted bulldozers / Moving earth with bulldozers / The output
of bulldozers / Clearing land / Types of equipment
used / Tractor-mounted bulldozers / Tractor-mounted special
blades / Tractor-mounted rakes / Tractor-pulled chains / Tractor-pulled
root plows / Tree crusher / Disposal of brush / Production rates / Cost
of clearing land / Ripping rock / Determining the rippability of
rock / Determining the speed of sound waves in rock / Types of
rippers / Economy of ripping rock / Front-end loaders / Production
rates for crawler-tractor-loaders / Production rates for
w heel- tractor -loaders



CONTENTS vii

"7
188Scrapers

Types and sizes of scrapers / Performance charts / Cycle time for a

scraper / Operating efficiency and production / Increasing the

production rates of scrapers / Applying the load-growth curve to scraper

loading / The effect of rolling resistance on the production of

scrapers / Analyzing the performance of a wheel-type scraper

8 206Excavating Equipment
u sefullives of power $hovels and backhoes, draglines and clamshells,
and cranes / Power shovels / Selecting the type and size power
shovel/Shovel dimensions and clearances / The output of power
shovels / The effect ~f the depth of cut on the output of a
power shovel/The effect of the angle of swing on the output of a power
shovel/The effect of job conditions on the output of a power
shovel/The effect of management conditions on the output of a
power shovel/ Oraglines / Types of draglines / The size of a dragline /
The output of a dragline / The effect of the depth of cut and the
angle of swing on the output of a dragline / The effect of the size of
the bucket and the length of the boom on the output of a
dragline / The effect of the class of material on the cost of excavating
earth / Cranes / Safe lifting capacities of cranes / Specifications for
cranes / Working ranges of cranes / Rated loads for hydraulic
cranes / Clamshells / Hoes / Trenching machines / Wheel-type
trenching machines / Ladder-type trenching machines / Production rates
for trenching machines / Earth-and-rock saws / Wheel
excavators / Trap-loading materials

9 262Trucks and Wagons

Rear-dump trucks / Bottom-dump wagons / Capacities of trucks and
wagons / Performance capabilities of trucks and wagons / Balancing
the capacities of hauling units with the size of excavator / The effect of
the size of trucks on the cost of hauling eal:th / The effect of the size of
the excavator on the cost of excavating and hauling earth / The effect
of grade on the cost of hauling earth with trucks / The effect of rolling
resistance on the cost of hauling earth / The effect of altitude on the
performance of hauling equipment

10 286Operation Analyses
Motion and time studies / Duration of a time study / Statistical methods
of determining the number of observations ne.eded / Time-Iapse moving
pictures / Motion and time study for a concrete paver / Example of job
planning in constructing roof trusses / Applying motion and time studies
to building houses / Applying the theory of queues to determine the most
economical number of hauling units



viii CONTENTS

309
.II Belt-Conveyor Systems

Representative belt-conveyor systems / Conveyor belts / Idlers /
Idler friction / Power required to drive a belt conveyor / Power
required to move an empty belt / Power required to move a load
horizontally / Power required to move a load up an inclined belt

conveyor / Driving equipment / Conveyor-belt take-ups /
Holdbacks / Trippers / Examples illustrating the use of belt-conveyor

systems

114
t2 Compressed Air

Definitions of gas-law terms / Boyle's and Charles' laws / Energy
required to compress air / Effect of altitude on the power required to
compress air / Air-compressor definitions and terms / Stationary
compressors / Portable compressors / Compressor capacity /
Effect of altitude on capacity of compressors /
Intercoolers / Aftercoolers / Receivers / Loss of air
pressure in pipe due to friction / Loss of air pressure through screw-pipe
fittings / Loss of air pressure in hose / Recommended sizes of pipe for
transmitting compressed air / Recommended sizes of hose for
transmitting compressed air / Diversity or capacity factor / Airrequired
by pneumatic equipment and tools / Effect of altitude on the
consumption of air by rock drills / The cost of compressed air / The
cost of air leaks / The cost of using low air pressure

36413 Drilling Rock and Earth !,~f;~

Definitions of terms / Bits / Jackhammers / Drifters / Wagon
drills / Track-mounted drills / Rotary-percussion drills / Piston
drills / Blasthole drills / Shot drills / Diamond drills / Manufacturers'
report on drilling equipment and techniques / Selecting the drilling
method and equipment / Selecting the drilling pattern / Rates of drilling
rock / The effectQf air pressure on the rate of drilling rock /
Determining the optimum air pressure for drilling rock /
Determining the increase in production resulting from an increase in
air pressure / The effect of increased air pressure on the costs of

maintenance and repairs of drills / Conducting a
study to determine the economy of increasing air pressure /
Test to determine the effect of air pressure on the rate of penetration
of a dtjill / Drilling earth / Sizes and depths of holes drilled into

earth / Removal of cuttings / Earth-boring machines

406
14 Blasting Rock

Definition of terms / DynaIniie / Ammonium nitrate

explosives / Slurries / Stemming / Firing charges / Safety

fuse / Electric blasting caps / Delay blasting
caps / Primacord / Primadet delay blasting caps / Handling



CONTENTS ix

misfires / Presplitting rock / Increasing efficiency of explosives with
holes drilled at an angle / Proper spacing of blastholes / Monitoring
the seismic effect of blasting / Care in the use of detonating
cord / Transporting and handling explosives / Storing explosives

15 d')l\
Tunneling ..

Scope of this subject / Types of earth excavated for tunnels / Types
of rocks / Physical defects of rocks / Preliminary explorations /
Number of entrances / Sequence of operations for drill and blast

construction / Driving tunnels in rock / Drilling rock / Drill mountings
for small tunnels / Drill jumbos / Drilling patterns / Loading and
shooting holes / Driving tunnels with tunnel-boring machines / The
essential parts of a mole / The operation of a mole / Methods of
transporting muck / Sizes of moles / Limits on the types of earth or rock
that can be excavated by moles / Rates of driving tunnels with
moles / Production experiences with moles / Mangla dam
(unnels / Mersey river tunnels / New developments in tunneling / SaD
Francisco bay area rapid transit system / Japan tunnel mole / Tunnel
in alluvial soil makes fast advance at low cost / Multihead tunneling
machine / Use of laser beams to guide moles / Accuracy of laser
beams / Advantages of using moles / Disadvantages of using
moles / Ventilating tunnels / Volume of air required for
ventilation / Size and capacity ofvent pipe / Dust

control/Mucking / Locomotives / Ground support / Using rock
mechanics studies to design tunnel supports and linings / Rock

bolting / Controlling groundwater / The cross sections of
tunnels / Thickness of concrete linings / Sequence of lining a

tunnel/Reinforcing steel/Forms for concrete linings / Tunnel lining
by the pumping method / Placing the concrete lining / Tunnel lining
with pneumatic placers / The use of precast concrete segments to line
tunnels

16 491Foundation Grouting

Need for grouting / Exploring to determine the need for
grouting / Material used for grout / Drilling patterns / Drilling injection
holes / Preparations for grouting / Washing the seams / Grouting
pressures / Equipment for cement grouting / Injecting cement
grout / Pressure grouting with asphalt / Clay grouting / Chemical

grouting / Examples describing grouting operations / Determining the
effectiveness of grouting

17 506Piles and Pile-driving Equipment

Types of piles / Timber piles / Precast concrete piles / Cast-in-place
concrete piles / Raymond step-taper concrete piles / Monotube

piles / Advantages and disadvantages of cast-in-place concrete
piles / Steel-pipe piles / Steel piles / The resistance of piles to



x CONTENTS

penetration / Pile hammers / Drop hammers / Single-acting steam
hammers / Double-acting steam hammers / Differential-acting steam
hammers / Hydraulic hammers / Diesel hammers / Vibratory pile
drivers / Performance factors for vibratory drivers / The Foster vibro
driver-extractor / Jetting piles / Driving piles below water / Pile-driving
formulas / Loss in energy due to impact / Energy losses due to causes
other than impact / Analysis of pile-driving problems / Michigan
pile-driving tests / Selecting a pile-driving hammer / Drilled and
underreamed foundations

18 550Pumping Equipment
Classification of pumps / Reciprocating pumps / Diaphragm
pumps / Centrifugal pumps / Air-operated centrifugal-type sump
pumps / Performance of centrifugal pumps / Loss of head due to
friction in pipe / Loss of head due to friction in rubber hose / Selecting
a pump / WellpQint systems / Capacity of a wellpoint system

19 574Cofferdams

Forces acting on a cofferdam / Seepage of water under
cofferdams / Types of cofferdams / Earth-fill cofferdams / Rock-fill
cofferdams / Ohio-River-type cofferdams / Crib-type
cofferdams / SingIe-wall steel-sheet-piling cofferdams / Diaphragrn-type
cellular cofferdams / Circular-type cellular cofferdams / Designing
circular-type cellular cofferdams / Economy of cofferdam
height / Freezing a cofferdam / Freezing soil for temporary ground
support / Cost of freezing ground / The effect of the properties of the
ground on the shape of the frozen zone / Electroosmosis

.20 602The Production of Crushed-Stone Aggregate

Types of crushers / Jaw crushers / Gyratory crushers / Cone
crushers / Hammer mills / Roll crushers / Rod and ball mills / Sizes
of stone produced by jaw and roll crushers / Log washers / Sand
preparation and classification machines / Selecting crushing
equipment / Scalping crushed stone / Feeders / Surge piles / Screening
aggregate / Revolving screens / Vibrating screens / Efficiency
factors / Deck factors / 'Aggregate-size factors / Determining the size
screen required / Portable crushing and screening plants / Flow
diagrams of aggregate-processing plants / Example of crushed-stone

aggregate plant / Handling crushed-stone aggregate

21 644Fornls for Concrete Structures

Form requirements / The cost of forms / Designing a project for form
economy / The constructor and form economy / Materials for
forms / The size of form sections / Properties of lumber / Pressure



CONTENTS xi

produced by concrete / Fundamentals of form design / Stresses due to

bending / Shearing stresses / Compression stresses / Deflection of
forms / Wall forms / Column forms / Allowable loads on wood

shores / Forms for beam-and-slab-type floor construction / Maximum

spans for wood joists and wood stringers / Forms for beams

22 670Concrete

Design of concrete mixtures / Handling and batching
materials / Batching the aggregate / Concrete mixers / Outputs of
construction mixers / Central mixing plants / Paving mixers /
Transit-mixer and agitator trucks / Handling and transporting
concrete / Hand buggies / Power-driven buggies / Buckets I Hoisting
concrete with a crane versus a material tower / Chutes / Belt

conveyors / Placing concrete with pumps / Placing concrete using the
shotcrete method / Placing concrete / Curing concrete / Placing
concrete in cold weather / Placing concrete in hot weather / Placing
concrete in water

Appendix A

699

Appendix B ?09~,-, ~ "' ;
.-

Appendix c

Cost of Owning and Operating Construction

Equipment

Definitions of Certain SI Units;"'~",-~.?0:~"i4y;,~~,~,: -"

Alphabetical List of Units with Their SI
Names and Conversion Factors 710

Appendix D

Appendix E

Appendix F

Factors for Converting Certain U.S. Customary
(English) Units to Metric Units

U.S. Customary (English) Unit Equivalents

Metric Unit Equivalents
712

'71'1

Tnc1py


