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(ABSTRACT)

As construction of the nation’s interstate highway system nears completion, the
emphasis must now be focussed on the rehabilitation of many of the older sections of
the system which have undergone damage or deterioration. The efficiency and
effectiveness of the concrete removal operation will profoundly affect the outcome of
the bridge rehabilitation. Pneumatic breakers, milling machines and hydrodemolition
are three concrete removal technologies utilized to remove concrete which has

experienced various levels of damage or deterioration.

A general examination of the three technologies is presented in the following five
areas: the equipment, the work, production, cost, and quality. The information was
primarily obtained through interviews and discussions with persons involved in bridge
rehabilitation: contractors, State Highway Agency personnel, and equipment
manufacturers and distributors. It is anticipated that the information presented will
enable persons involved in the bridge rehabilitation industry to more effectively utilize

the technologies discussed.



Acknowledgements

The input and contributions made by the advisory committee greatly aided in the
preparation and presentation of this thesis. Dr. Michael Vorster’s continual guidance
and support throughout my graduate studies and especially as chairman of my advisory
committee is evidenced by the quality of this work. Dr. Richard Weyers’ knowledge
of bridge rehabilitation and concrete deterioration and Dr. Jesus De la Garza’s input

regarding the format and structure of the work are also appreciated.

The input and effort put forth by Robert Lewis and Tarun Bafna in performing this
and related research also greatly contributed to the thesis. I would like to thank my
wife, Beth, and my family for their continuing support and encouragement of both my

academic and personal pursuits.

Finally, I would like to dedicate this thesis to my father, Larry Merrigan, the Civil

Engineer.

iii



TABLE OF CONTENTS

1 Introduction . . . ........... . ... . ... ... 1
1.1 Background and Significance of the Problem . . ... .............. 2
1.2 Research Methodology and Sources of Data . .................. 5
1.3 Outlineof the Thesis . ........... ...t iiiieeennnn.. 8

2 Pneumatic Breakers as a Concrete Removal Technology . . ... ......... 11
2.1 Technical Description . . ..................0iiiirennn.. 12

2.1.1 Pneumatic Breakers . ............. ...t 12
2.1.2 COmMPIESSOTS . . o o vttt et 19
2.1.3 Matching and Air Distribution . .................... 20
214 Operators . .. ..ottt e e 22
2.2 Work Characteristics . .. ... ... .oviin et 22
2.2.1 Project Type and Location . ....................... 23
2.2.2 Type and Extent of Deterioration . .................. 25
2.2.3 Preparatory Work and Traffic Control . ............... 26
2.2.4 The Material tobe Removed . ..................... 27
225 The Areaof Removal ........................... 29
226 Depthof Removal . ........ ... ... .. ... ...... 30
2.2.7 Debris Removal and Cleanup . .............ounn... 31
2.3 Production Estimating . . ... ... ... . ... ... 32
2.3.1 Instantaneous Production ......................... 33
2.3.2 Production Modifiers . ............ ... ... 34
2.3.3 Realistic Production . . ............ .. ... . . ... 37
24 ECONOIMECS . ..ttt et ettt ettt et e et et 37
2.4.1 Job Specific Parameters . ................. ... ..... 39
2.4.2 Equipment Production Parameters . .................. 41
2.4.3 Equipment Rental Cost . . ...............ouu.n... 42
244 Labor Cost . . ..ot e 43
2.4.5 Mobilization COSt . . ... ..ottt 44
246 Operating Cost . ... ...ttt 45

iv



2.4.7 Total Direct Cost and Indirect Cost . . ... .. .. ... ...... 46

2.4.8 Sensitivity Analysis . .. .......... ... .. ... ... ..., 47

2.5 Managing and Controlling Quality . ........................ 49
2.5.1 Quality Requirements . .......................... 49

252 Residual Concrete . .............coiiiiiiiiinn.... 52

2.5.3 Occupational Safety . ............... .. .. .......... 53

2.5.4 Specifications . . ... .... ... 54

3 Milling as a Concrete Removal Technology . ...................... 57
3.1 Technical Description . .. ... ..... ...t 58
3.1.1 Cutting Mandrel .............. ... . ... ........ 58
3.12Mandrel Drive .. ... ... ... . ... 62

3.1.3 Depth Control and Leveling . ...................... 64

314 EngIne .. ... e 65

3.15 Travel Mechanism . . ......... ... ..., 66

3.1.6 Debris Conveyor . . ..........i it 68

3.2 Work CharaCteristics . . ..o vviv e it ettt e e 69
3.2.1 Project Type and Location . ....................... 69

3.2.2 Type and Extent of Damage . ...................... 70

3.2.3 Preparatory Work and Traffic Control Requirements . . . ... 71

3.2.4 The Material to be Removed ...................... 72

325 The Areaof Removal ............. ... .......... 73

3.2.6 The Depthof Removal . .......................... 74

327 ObSIUCHiONS . . .o ittt e e 75

3.3 Production Estimating . . ... ...... ... ... ... ... 75
3.3.1 Instantaneous Production . ............... ... ..... 76

3.3.2 Modification Factor .. ... ........ ... ... .. ... 78

3.3.3 Realistic Production . . . ............... . .. ... ... 79

3.4 Economics of Milling Operations . . .............. ... 80
3.4.1 Job Specific Parameters . ............. PRSP 80

3.4.2 Equipment Production Parameters . .................. 83

3.43 Equipment Rental Cost . ............. .. ... ....... 83

344 Labor Cost . ... ...t e e 84

3.4.5 Mobilization Cost . .. ..... ...t 85

34.6 Operating Cost . . ... ... ittt 86

3.4.7 Direct Cost, Indirect Cost, and Profit . ................ 86

3.4.9 Sensitivity Analysis . ... ..... ... 87



3.5 Managing and Controlling Quality . ........................ 88

3.5.1 Quality Requirements . ....................0.c.0.... 90

352 Residual Concrete . ......... ... . ... ..., 93

353 Specification . . . ... ... L 94

4 Hydrodemolition as a Concrete Removal Technology ................ 97
4.1 Technical Description . . ... ... ... ..uuiiiiiiineennnnn.. 98
411 Power Unit . .... ... 98

4.1.2 Demolishing Unit for Bridge Decks . . ............... 100

4.1.3 Equipment for Vertical and Overhead Surfaces . ........ 102

4.1.4 Operating System . . ... ......itiinernneennn.. 103

4.2 Work Characteristics . .. ... ... ... uit i 106
4.2.1 Project Type and Location . ...................... 106

4.2.2 Type and Extent of Deterioration . ................. 108

4.2.3 Preparation Work and Traffic Control ............... 108

4.2.4 The Material tobe Removed ..................... 109
4.2.5The Areaof Removal .......................... 111

426 Depthof Removal . .......... ... ... iiienn.. 112

4.2.7 Debris Removal and Clean-up . .................. 114

4.3 Production Estimating . . ... ... .. ... . e 119
4.3.1 Instantaneous Production . ....................... 119

4.3.2 Modification Factors . ...................0oou... 122

4.3.3 Realistic Production . . .......... ... ... .. ... .... 123

4.4 Economics of Hydrodemolition Operations . ................. 123
4.4.1 Job Specific Parameters . ................cou.... 124

4.4.2 Equipment Production Parameters . ................. 127

4.43 Equipment Rental Cost . ........................ 128

444 Labor CoSt . . ..ottt 131

4.4.5 Mobilization Cost . ... ... ... ... 132

4.4.6 Maintenance and Operating Cost . . ................. 133

447 Indirect Cost . . ... v i ittt 134

4.4.8 Hydrodemolition Total Price & Unit Price ............ 135

4.4.10 Hydrodemolition Unit Price Sensitivity ............. 135

4.5 Managing and Controlling Quality ........................ 137
4.5.1 Quality Requirements . .............c.coceuu.oon.. 137

452 Residual Concrete . ..........0i it 143



SConclusion . ... ... .. 147
5.1 The Technologies . . ... ... ... ... ... . . . i, 149

5.1.1 Technical Description .. ........................ 149

5.1.2 Work CharacteristiCs . . . . . . o vt et e et e e e e 152

S.13 Production . ... ... ... e 155

S5.1.4 ECONOMICS . . o o ot it e e e e e e e e e e e e e 158

5.1.5 Managing and Controlling Quality . . .. .............. 161

52 The Project . .. ... e 164

5.3 Matching the Technology and the Project . .................. 167

5.3.1 Combination One . ...... ... 0. 168

5.3.2 Combination TWO . . ... .. i 169

5.3.3 Combination Three . ... ... ... e 171

5.34 Combination Four . .......... ... . . 173

5.4 Conclusion . ... . ... e 174
Appendix 1 . ... e 176
Appendix 2 . ... e 179
Bibliography . ........ .. .. . ... 180
VA . e 182

vii



LIST OF FIGURES

Figure 2.1 Pneumatic Breaker Components . . . " ....................... 14
Figure 2.2 Handheld Pneumatic Breaker Weight . . ... .................. 16
Figure 2.3 Impact Energy for Handheld Pneumatic Breakers .............. 17
Figure 2.4 Frequency of Blows for Handheld Pneumatic Breakers .......... 17
Figure 2.5 Air Consumption for Handheld Pneumatic Breakers ............ 18
Figure 2.6 Air Pressure Required for Handheld Pneumatic Breakers . ........ 18
Figure 2.7 Relationship Between Weight, Air Consumption,

and Impact Energy . ........ ... . ... . . .. . 19
Figure 2.8 Typical Air Distribution System . ......................... 21
Figure 2.9 Deck Sounding Using Chain Drag Method . ... ............... 28
Figure 2.10 Air Wand Blowing Away Small Debris and Dust . . ... .......... 32
Figure 2.11 Range of Production for Handheld Pneumatic Breakers . ......... 36
Figure 2.12 Pneumatic Breaker Cost Estimating Work Sheet . . ... .......... 38
Figure 2.13 Sensitivity Analysis of Pneumatic Breaker Prices . ............. 48
Figure 3.1 Milling Machine Components . .. .............0ueeeunnn... 59
Figure 3.2 Range of Available Mandrel Widths . ...................... 60
Figure 3.3 Carbide-Tungsten Tipped Cutting Teeth . ... ................. 61
Figure 34 Mounting Block . .......... .. .. . .. . . . .. . . 61

viii



Figure 3.5 Cutting Action of a Milling Machine .. ..................... 63

Figure 3.6 Power Range for Milling Machines . ....................... 65
Figure 3.7 Weight Range for Milling Machines ....................... 66
Figure 3.8 Speed Ranges .. ... ... ... ... .. ... .. . . . ... 68
Figure 3.9 Factors Affecting Milling Machine Production . ............... 76
Figure 3.10 Milling Cost Estimating Work Sheet . .. .................... 81
Figure 3.11 Sensitivity Analysis of Milling Prices . ..................... 89
Figure 4.1 Hydrodemolition Power Unit . ............... ... ......... 99
Figure 4.2 Hydrodemolition Demolishing Unit . ...................... 101
Figure 4.3 Summary of Hydrodemolition Calibrating Process . . ........... 105
Figure 4.4 Mean Depth of Removal as a Function of Aggregate Size ....... 111
Figure 4.5 Affect of Impingement Angle on Removal Depth . ............ 113
Figure 4.6 Affect of Impingement Time on Removal Depth . . ... ......... 114
Figure 4.7 Hydrodemolition Setup Utilizing a Vacuum Truck ............ 116
Figure 4.8 Hydrodemolition Setup Utilizing Manual Cleanup . . ........... 118
Figure 4.9 Hydrodemolition Productivity Estimating Process . ............ 120
Figure 4.10 Range of Hydrodemolition Equipment Instantaneous

Productivity . ... ... ... .. .. . e 122
Figure 4.11 Hydrodemolition Cost Estimating Work Sheet . .............. 125
Figure 4.12 Range of Hydrodemolition Equipment Purchase Price . ......... 128

Figure 4.13 Sensitivity of Hydrodemolition Unit Price to
Total Quantity . . . ... ... ... .. .. e 136

ix



Figure 4.14 High Strength Patch in a Bridge Deck . .. .................. 139

Figure 4.15 Nozzle Advance and Rebar Shadow . ..................... 141
Figure 5.1 Technology Evaluation Matrix . ......................... 148
Figure 5.2 Technical Description Summary . .............c.couveeennnn 151
Figure 5.3 Work Characteristics Summary . . ........................ 154
Figure 5.4 Production Estimating Summary . ........................ 157
Figure 5.5 Sensitivity Analysis for the Three Technologies .............. 159
Figure 5.6 Economics of Operations Summary . ...................... 160
Figure 5.7 Quality Management and Control Summary ................. 163
Figure 5.8 Possible Combinations of the Three Technologies . ............ 167



LIST OF TABLES

Table 1.1 List of Persons Contacted . . . ... ... ... it

Table 2.1 Advantages and Disadvantages of Breakers Powered
by Various Energy Sources .. ............ ... ... ... ...

xi



1

Introduction

This thesis presents an examination of concrete removal techniques used in the bridge
rehabilitation process. This is accomplished through an analysis of three selected
technologies for concrete removal: pneumatic breakers, pavement milling and
hydrodemolition. A similar format is used in the evaluation of each method to

facilitate a comparison of the areas of interest between the various methods.

The goal of this thesis is to provide persons involved in the bridge repair and
rehabilitation industry with a common, unbiased baseline for evaluating the identified
methods of concrete removal. It is expected that this evaluation will enable State
Highway Agencies (SHAs) and contractors to more efficiently and effectively utilize

the methods discussed for bridge rehabilitation work.
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The research is being done as a part of the Strategic Highway Research Program
(SHRP) research contract C-103 Task 3, "Concrete Removal, Bar Cleaning and
Surface Preparation". SHRP is a highly focused, five year research program aimed at

attacking practical issues of financial importance in the highway industry.

1.1 Background and Significance of the Problem

In the 1950s the Federal Highway Administration adopted the bare pavement policy to
ensure that the nation’s major highways would be clear of snow throughout the year.
This was accomplished through the application of deicing salts to the roadway to melt
the snow. As a result of this liberal salt application there has been an acceleration in

the deterioration of concrete bridges.

The chloride ions from the salt permeate the concrete and engage in an electro-
chemical reaction with the reinforcing steel. Rust is formed as a by-product of this
reaction. The rust takes up approximately six times the volume of the steel, causing
tensile stresses to form in the concrete. Cracking occurs in the concrete when the rust

induced tensile stresses exceed the tensile strength of the concrete.
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At present it is estimated that approximately one third of the nation’s half a million
bridges are structurally deficient or functionally obsolete. The estimated cost to repair
all the damaged bridges is twenty billion dollars and is increasing at an estimated rate
of $500 million a year. This cost includes replacing some bridges as well as

rehabilitating those not in need of complete reconstruction.

The traditional method for rehabilitating bridges which have become contaminated or
deteriorated by the ingress of chloride ions is to patch the damaged area or to overlay
the entire deck with an additional layer of material. Although patching is effective for
small areas and overlaying is sufficient as a temporary solution, new methods of
bridge rehabilitation must be developed and utilized to effectively repair damaged
bridges. This thesis seeks to make a contribution to this endeavor by examining well

established and emerging concrete removal technologies.

The primary tool which has been traditionally used in these bridge repair operations is
the pneumatic paving breaker. Breakers have been in use since the turn of the century
and are a well established and widely accepted construction tool. The primary
advantage associated with breakers is the ability to remove small isolated areas of
deteriorated concrete from all bridge structural components. However their low

production and high dependency on labor make them uneconomical for rehabilitation
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projects which require the removal of a large volume of deteriorated or contaminated

concrete.

Pavement milling and hydrodemolition are two methods which have been developed
for concrete removal on bridge rehabilitation projects. These methods are equipment
intensive and capable of attaining very high production rates. However their

effectiveness hinges upon them being used in the appropriate situation.

Milling utilizes the impact of numerous cutting teeth mounted on a rotating drum to
fracture and remove the concrete. Although this concept has been in practice in the
mining industry since the late 1920s, it was not introduced into the road construction

industry until the mid 1970s.

Hydrodemolition employs the energy of a highly pressurized water-jet to destroy the
concrete bond matrix and thus remove the damaged concrete. The technology was
derived from the materials cutting and cleaning industry and although there is some

equipment commercially available it is basically still in the developmental stages.
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1.2 Research Methodology and Sources of Data

The research began with an investigation of the various methods and equipment used
for concrete removal, steel cleaning and surface preparation. From this review it was
concluded that pneumatic breakers, milling and hydrodemolition were the technologies
most widely utilized for bridge rehabilitation work and therefore represented the area
in which improvements would have the greatest potential impact. The remainder of
the research and the content of this thesis is dedicated to the examination of these

technologies.

As a first step in collecting information on pneumatic breakers and milling machines,
a comprehensive literature review was conducted at Virginia Tech’s Newman Library
in Blacksburg, Virginia. Appropriate subject headings were referenced in scientific
and engineering journals to identify articles and publications pertaining to bridge
rehabilitation or a particular method of concrete removal being studied. This work
built on and expanded a data base of related information developed as part of the

SHRP C-103 research.

The major portion of chapter one on hydrodemolition came from a previously prepared
thesis entitled "Hydrodemolition for Concrete Removal in Bridge Rehabilitation” by

Robert W. Lewis. This work was also done as a part of the SHRP research contract
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C-103, task 3. References cited in sections of Lewis’ work which appear in this thesis

are cited in the bibliography.

The primary source of information for the research for pneumatic breakers and milling
machines came from personal discussions and interviews with the people directly
involved in the industry: contractors, equipment representatives, and SHA personnel.

Table 1.1 presents a partial list of individuals in these areas who were contacted.

The contractors who use the various methods and equipment provided the majority of
the information regarding methods of operation, costs and production rates. They also
provided knowledgeable insight into problems associated with the methods and areas
of possible improvement. Field visits to jobs in progress provided additional

background into operations and procedures for performing bridge rehabilitation work.

Equipment manufacturers and distributors provided information concerning the various
models available, the prices of the models and, where applicable, literature was
requested. Information was requested and obtained from numerous SHAs both in the
U.S. and Canada pertaining to current contract specifications for the concrete removal

methods being studied and recommendations for improving these specifications.
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Table 1.1 List of Persons Contacted




1.3 Outline of the Thesis

The ensuing three chapters will address the selected concrete removal technologies:

pneumatic breakers, milling machines, and hydrodemolition, one per chapter. Each

chapter, and therefore each method, is discussed in terms of the following five areas:

1)

2)

The equipment. The first section in each chapter presents a technical
description of the equipment being studied. The physical components of the
equipment are described as are the principles by which they operate. This
section also contains a description of the operating system associated with the
method. Support equipment and the number and type of workers required to

perform the work are also be discussed.

The work. The focus of the second section in each chapter is on the
characteristics of the work for which the equipment is suited. The scope and
complexity of a bridge rehabilitation project varies considerably based
primarily on four parameters: The depth of removal, the area of removal, the
location of the concrete to be removed and the properties of the material to be
removed. These parameters are considered with respect to the advantages and
limitations of each method to illustrate how the project environment may affect

the ability of a machine to operate at full potential.



3)

4)

5)

9

Production. The third section addresses the production rate at which the
method is able to remove the material. An instantaneous production rate is
first determined based on the maximum rate at which a machine can operate
unimpeded. This is followed by an examination of the factors and conditions
which will cause a reduction in the instantaneous rate of production either due

to limitations of the method or characteristics of the project.

Costs. The economical aspect of performing concrete removal using each of
the methods is examined in the forth section by means of a standardized cost
estimating work sheet. The work sheet is broken down into distinct sections
which contain inputs for defining the project and determining the estimated
cost of performing the work. Each of the parameters is analyzed to illustrate
the affect on the estimated cost. A sensitivity analysis comparing the unit cost
of the concrete removal operation to the quantity of removal is generated from

the work sheet for each method.

Quality. The fifth and final section of chapters two, three and four considers
the issue of managing and controlling quality. Although the concrete removal
operation represents only a portion of the bridge rehabilitation process, the
quality of the work performed is paramount to the quality of the project as a

whole. This section addresses the aspects of the operation in which quality



10

management is critical, such as removal in the vicinity of the reinforcing steel
and the condition of the residual concrete. The role of the specifications in
assuring that the necessary quality is achieved and in dictating the terms of

measurement and payment is also discussed.

The fifth and concluding chapter of the thesis reviews and summarizes the information
developed in the preceding three chapters. The information is graphically presented by
means of a matrix which has the three technologies of concrete removal on one axis
and the parameters for which each technology is evaluated on the other and a series of
figures which depict the primary characteristics of each technology as it relates to the
particular parameter being considered. The characteristics of the project which will
impact the effectiveness and utilization of a particular technology are also discussed as

is the process of matching the technology to a particular project.
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Pneumatic Breakers as a Concrete
Removal Technology

Hand-held breakers are widely used and well established tools for removing
contaminated and deteriorated concrete. Their light weight and excellent
maneuverability make them ideally suited to remove damaged concrete from small,
isolated areas and from vertical and overhead surfaces on all bridge structural
elements. This chapter presents an examination of pneumatic breakers through the
analysis of five components which comprise the operating environment: the tools, the

work, production, cost and quantity.

11



12

2.1 Technical Description

This section will provide a basic technical description of the equipment, components
and operating parameters associated with concrete removal operations which utilize
pneumatic breakers. An understanding of the equipment and equipment components is

a first step in developing an appreciation for the technology.

2.1.1 Pneumatic Breakers

Breakers can be powered by a variety of energy sources including: pneumatic pressure,
hydraulic pressure, gasoline engine, or electric motor. Table 2.1 illustrates some of
the primary advantages and disadvantages of breakers powered by the various energy

sources.

Hydraulic breakers use a pressurized fluid to actuate the tool. Although there are
small hydraulic breakers, most are larger than is permitted for the selective removal of
damaged bridge concrete. Gas and electric breakers are generally heavier than
hydraulic or pneumatic breakers of similar productive capacity, due to the fact that the
power supply is attached to the instrument. The mechanics of these units are also

more complicated than those of hydraulic or pneumatic breakers making them costlier
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Advantages and Disadvantages of Breakers Powered
by Various Energy Sources

|| Energy Sources

Advantages Disadvantages
Hydraulic Higher Production Primarily for Demolition
Greater Impact Energy Damage to Residual Conc/Steel
Require Hydraulic Compressor
Gas/Electric Self Contained Greater Weight
Suitable to Sites with More Complicated
Limited Access Higher Cost
Pneumatic Light Weight Require Air Compressor
Durable

to purchase and maintain. These units are however self contained, requiring no

additional support equipment and therefore very useful in situations where access is

restricted.

This chapter focuses on pneumatic breakers due to the fact that they are more effective

and economical than breakers powered by other energy sources when used to remove

deteriorated or contaminated concrete from bridge structural elements. Figure 2.1

presents a schematic diagram of a typical pneumatic breaker broken into the following

three sections:




Control Mechanism Operating Handle

UPPER SECTION

S

/

*

e

Intake Nozzle Power Cylinder

4__/ MIDDLE SECTION

Exhaust Port

-

Tool Retaining Mechanism
LOWER SECTION

Cutting Tool

Figure 2.1 Pneumatic Breaker Components
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D Upper section. This consists of the operating handle and control mechanism.
The handle on most breakers is T-shaped, but D-shaped handles are also used
on some of the very small units. Incorporated into the top of one side of the
handle is a throttle valve for controlling the amount of air supplied to the
breaker. As the operator grips the handle the throttle is opened thus supplying

air to the cylinder.

2) Middle section. This comprises the power cylinder. Air is supplied to the

cylinder in amounts controlled by the operator via the throttle valve. The air is
applied to alternating ends of the cylinder causing the piston within the
cylinder to reciprocate. The volume of the cylinder determines the volume of

air consumed and the power generated by the breaker.

3) Lower section. This section of the breaker consists of the tool and tool
retaining mechanism. The tool is driven by the piston to deliver repeated
impacts on the material to be fractured. Breakers can be fitted with a variety of
tools depending on the material to be broken. Either a pointed or wedge

shaped tool is typically used for concrete removal in bridge rehabilitation work.

Pneumatic breakers of various sizes are distributed by several manufacturers. They are

typically classified by their weight, despite the fact that breakers of a similar weight
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do not necessarily generate the same impact force. Figure 2.2 represents the range of
weights for which pneumatic breakers are typically available. This ranges from under
twenty pounds for small chipping hammers suited for light duty applications to just
under 100 pounds for large production breakers. The upper limit governed by the

weight which can be handled by the operator with ease and safety.

Weight (Pounds)
0 25 50 75 100
Small Chipping Hammer Large Production Breaker

Figure 2.2 Handheld Pneumatic Breaker Weight

The percussive force used by pneumatic breakers to fracture concrete is primarily
determined by the energy of the impact and the frequency at which the impacts occur.
Figures 2.3 and 2.4 illustrate the range of these values for various types of pneumatic
breakers. The impact energy is based on the mass of the piston, the size of the
cylinder and the inlet port diameter. Impact energy ranges from approximately fifteen
pounds per blow for small tools to over 180 pounds per blow for large tools. The
frequency of impact, or blows per minute, range from 900 blows per minute to over

2000 blows per minute depending on the valve design.
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Impact Energy (Pounds per Blow)
0 50 100 150 200
il - —
15 Ibe/blow Typical Range 185 Ibe/blow

Figure 2.3 Impact Energy for Handheld Pneumatic Breakers

Frequency (Blows per Minute)

500 1000 1500 2000 2500

- ———

900 blows/min Typical Range 2150 blows/min

Figure 2.4 Frequency of Blows for Handheld Pneumatic Breakers

Figures 2.5 and 2.6 illustrate the range of values for the air consumption and operating
pressure required by a pneumatic breaker. Air consumption can be directly calculated
as the cylinder capacity times the strokes per minute. Air consumption generally

ranges from approximately 35 cubic feet per minute to just over 70 cubic feet per
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Air Consumption (Cubic Feet per Minute)
15 2 45 60 75

B -

Figure 2.5 Air Consumption for Handheld Pneumatic Breakers

feallf - P
60 PSI Typical Range 90 PSI

Figure 2.6 Air Pressure Required for Handheld Pneumatic Breakers

minute. The air pressure required by most pneumatic breakers is between sixty and

ninety pounds per square inch (PSI).

































